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Abstract

:

Postharvest treatment by 1-methylcyclopropene (1-MCP) for ‘Szampion’ cultivar apples inhibits ripening of climacteric fruit by blocking ethylene receptors, preventing ethylene from binding and eliciting its action. It is also possible to apply 1-MCP preharvest, which so far has not been studied for the ‘Szampion’ cultivar. The aim of this study was to assess the effects of preharvest 1-MCP treatment on the fruit quality parameters of cold-stored ‘Szampion’ cultivar apples in a Polish experiment. Two identical groups of apple trees (6 years, experimental orchard in Warsaw) were included, to obtain studied apples (preharvest 1-MCP treatment with HarvistaTM, 150 g/ha, 7 days before the optimum harvesting window, OHW) and control apples (1-MCP not applied). Apples for the studied group were harvested twice—on 28 September (OHW) and 24 October (delayed harvesting)—and for control group once—on 28 September, as before 24 October the majority of apples fell from trees. Afterwards, apples were stored in an Ultra Low Oxygen chamber (1.2% CO2, 1.2% O2). Apples were assessed in the preharvest period (weekly, six measurements for the studied group, and five measurements for the control group) and postharvest period (monthly, three measurements separately for each harvest time for the studied group and control group). The following parameters were assessed: internal ethylene content (IEC), firmness, total soluble solids (TSS) content, starch index, Streif index, titratable acidity (TA), and color for blush. For the preharvest period, statistically significant differences between the studied group and the control group were observed for IEC, the a* coordinate of color (p < 0.05; for apples treated with 1-MCP lower results), firmness, Streif index, TA (p < 0.05; higher results), and starch index (p < 0.05; no defined trend). For the postharvest period, statistically significant differences between the studied group and the control group were observed for apples harvested in the OHW for firmness (p < 0.05; for apples treated with 1-MCP higher results) and IEC (p < 0.05; no defined trend), while for delayed harvesting the differences were only minor. It may be concluded, that preharvest 1-MCP application makes it possible not only to obtain better results for ‘Szampion’ cultivar apples’ quality parameters, but also allows delayed harvesting without deterioration in quality.
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1. Introduction


‘Szampion’ is a hybrid cultivar crossing ‘Golden Delicious’ and ‘Cox Orange Pippin’ and is almost exclusively grown in Poland. Such high production of ‘Szampion’ in Poland may be a chance for Polish export, as the apple prices are in Poland relatively low (38 EUR/100kg for November 2019, based on statistics of European Commission), as compared with other countries (European Union average price of 63 EUR/100kg) [1].



In order to increase the quality of produced ‘Szampion’ cultivar apples, various actions are taken, including spraying trees [2], modified atmosphere storage [3], and edible coatings [4], but also postharvest treatment by 1-methylcyclopropene (1-MCP) [5]. 1-MCP is commonly used in postharvest treatment also for other cultivars, such as ‘Aroma’, ‘Red Gravenstein’, ‘Summered Norvegian’ [6], ‘Idared’ [5], ‘Granny Smith’ [7], ‘Red Delicious’ [8], ‘Cripps Pink’ [9], and ‘Jonah King’ cultivars [10]. It inhibits ripening of climacteric fruit by blocking ethylene receptors, preventing ethylene from binding and eliciting its action [11]. In the study of Kolniak-Ostek [5], which evaluated the effect of postharvest 1-MCP treatment on apple physicochemical quality, after 6 months of storage, authors stated that the content of dry matter in apple increased, while total soluble solids content and acidity decreased slightly. In this study, the authors concluded that, when used postharvest in the production of ‘Szampion’ apples, 1-MCP is promising for maintaining the eating quality [5].



However, there is also a possibility of using 1-MCP preharvest, being a quite novel option, studied so far only for few a cultivars, including ‘McIntosh’, ‘Empire’ [12], and ‘Fuji’ cultivars when combined with 1-MCP postharvest treatment [13], or alone for ‘Delicious’, ‘Empire’, ‘Gala’, ‘Jonagold’, ‘Macoun’, ‘McIntosh’ [14], ‘Honeycrisp’ [14,15], ‘Golden Delicious’ [16,17], ‘Law Rome’ [17], ‘Scarletspur Delicious’, ‘Cameo’ [18], ‘Imperial Gala’, and ‘Royal Gala’ cultivars [19], but not studied so far for ‘Szampion’ cultivar. Taking this into account, the aim of the present study was to assess the effects of preharvest 1-MCP treatment on the fruit quality parameters of cold-stored ‘Szampion’ apples in the Polish experiment.




2. Materials and Methods


2.1. Experiment


The study was conducted based on the cultivation in the experimental orchard of the Warsaw University of Life Sciences, located in Warsaw (52°14′ N, 21°1′ E). The research was conducted both in-orchard (preharvest period) and in the experimental Ultra Low Oxygen (ULO) chamber (1.2% CO2, 1.2% O2; temperature of 1 °C) of the Institute of Horticultural Sciences (postharvest period) during the 2017/2018 storage season.



Within the Shampion group (classification based on the Regulation of the European Parliament and of the Council No 1337/2011 [20]), the ‘Szampion’ cultivar was chosen for assessment (classification based on the Regulation No 1337/2011 [21], in agreement with 2008/690/EC Commission Decision [22]).



The orchard was planted in an area of fertile soil [23] of the highest valuation quality (1st class in the Polish soil classification) characterized by a share of humus higher than 2% [24]. The ‘Szampion’ trees were planted at 3.5 meters by 1 meter as a tall spindle system. In 2017, when the experiment was conducted, the trees were of 6 years of age and they were not higher than 3 meters. Due to low temperatures in April–May 2017 for Warsaw and the risk of subzero temperatures during a frost night (the lowest temperature in April was −3.9 °C, based on the data of Institute of Meteorology and Water Management—National Research Institute [25]), standard over-plant sprinklers were used to obtain an active protection [26].



The scheme of the experiment is presented in Figure 1. There were two identical groups of apple trees, to obtain the studied apples (applied preharvest 1-MCP treatment) and control apples (preharvest 1-MCP treatment not applied), which were assessed in the preharvest and postharvest periods.



1-MCP was applied as a sprayable formulation for preharvest use on horticultural products (Harvista™, by AgroFresh Solutions Inc., Philadelphia, PA, USA, being the only 1-MCP formulation for preharvest use); this makes it possible to obtain better postharvest fruit firmness retention and reduced ethylene production [27]. It was applied 7 days before the optimum harvesting window (OHW) (for Poland, for ‘Szampion’ apples, 28 September), namely 20 September. The applied dose was 150 g/ha, as doses of 100 g/ha, or higher than 100 g/ha, were found to be the most positive for preventing fruit drop and minimizing the changes of quality parameters of fruits [16,28]; 400 L of water were used to apply the solution, and the application was made in the morning.



In order to verify the harvesting time, the assessment of ethylene production was conducted each week in the preharvest period and once a month in the postharvest period after 5, 6 and 7 months of storage [29]. The analysis was conducted for the sample of 1500 g of apples, which were placed in a hermetically sealed container for 7 days with hydrated lime (reacting with carbon dioxide). Every 24 hours, 1 ml of air was analyzed using gas chromatography (HP 5890, Hewlett Packard, Palo Alto, CA, USA) to specify the amount of ethylene produced per 1 kg of apples in 1 hour.



The apples from the studied group were harvested twice—on 28 September (OHW) and 24 October (delayed harvesting). For the control group, apples were harvested only once (28 September, OHW), as before 24 October (delayed harvesting possible after preharvest 1-MCP treatment only) the majority of apples fell from the trees (89.3% until 18 October). Afterwards, apples were stored in a ULO chamber, for 5, 6 and 7 months.




2.2. Measurements


The measurements were conducted in the preharvest period (six measurements for studied group, five measurements for control group) and postharvest period (3 measurements, measurements separately for each harvest time of studied group and control group). In the preharvest period, the following parameters were assessed: internal ethylene content (IEC), firmness, total soluble solids (TSS) content, starch index, Streif index, titratable acidity (TA), and CIE L*a*b* coordinates of color for blush, while in the postharvest period, the following parameters were assessed: IEC, firmness, TSS, TA. The starch index was not assessed in postharvest period, as it is a parameter used to specify the stage of development (maturity) of apple fruit [30] and, as a result, to predict the OHW [31]. At the same time, as for Streif index and L*a*b* coordinates of color for blush the differences in the preharvest period were only minor and inconclusive, or they were not observed, so the indicated parameters were no longer monitored in the postharvest period.



The internal ethylene content [µl/l] was measured in the core space of the apples, using a 1 ml syringe to collect the samples of air. For each apple, 1 ml of air was withdrawn by a syringe from the apple’s core and analyzed using gas chromatography (HP 5890, Hewlett Packard, Palo Alto, CA, USA). Measurements were conducted in four replications using 10 apples each time.



The firmness [N] was measured with the peel removed, on the two opposite sides of the fruit, using a universal testing machine (Instron 5542, Instron, Norwood, MA, USA), and stainless steel plunger tips of 11 mm diameter with a speed of 4 mm/s. Measurements were conducted in four replications.



The total soluble solids (TSS) content] (°Bx) was measured for the pressed juice, using a digital refractometer (Atago Palette PR-32, Atago Co., Ltd., Tokyo, Japan). Measurements were conducted in four replications.



The starch index was measured based on the reaction with Lugol’s iodine solution (I3K), after visual analysis of the color of the flesh, in comparison with standards, using a dedicated 10-points scale. Measurements were conducted in four replications using 10 apples each time.



The Streif index was calculated based on the results of firmness, total soluble solids content and starch index [32].



The titratable acidity (TA), recalculated per malic acid content, was measured for the pressed juice, by titration with 0.1 M NaOH to pH 8.1, while using automatic titrator (TitroLine 5000, Xylem Analytics Germany GmbH, Weilheim, Germany). Measurements were conducted in four replications.



The color was measured in a CIE L*a*b* system for the blush of the apples, using a portable spectrophotometer (Minolta CM-508i, Konica Minolta Co., Ltd., Tokyo, Japan), calibrated against a standard white tile. Measurements were conducted in five replications using four apples each time.



Ethylene production was analyzed as the amount of ethylene produced by 1000 g of apples in 1 hour (µL·kg−1·h−1). Immediately after harvesting, 1500 grams of apples were sealed in airtight containers with calcium hydroxide to bind the carbon dioxide produced. Over 7 days, the measurements were conducted using a 1 mL syringe to collect the samples of air. 1 mL of air was withdrawn by a syringe from the containers and analyzed using gas chromatography (HP 5890, Hewlett Packard, Palo Alto, CA, USA). Measurements were conducted in two batches, 1500 g of apples each.




2.3. Statistical Analysis


The distribution of data was verified while using the Shapiro–Wilk test. To compare results obtained for the studied group and the control group, a Student’s t-test (for parametric distributions), and Mann–Whitney U test (for nonparametric distributions) were applied. A value of p ≤ 0.05 was accepted as a significant difference between groups. Statistical analysis was conducted using the Statgraphics Plus for Windows 5.1 (Statgraphics Technologies Inc., The Plains, VA, USA).





3. Results


The results for IEC in ‘Szampion’ cultivar apples in the pre- and postharvest periods, compared for the group treated with 1-MCP and the control group not treated with 1-MCP, are presented in Table 1. Statistically significant differences between the studied group and the control group were observed for preharvest period for first assessment (directly after applying 1-MCP; p = 0.0171) and afterwards for the fourth (p < 0.0001; lower IEC for apples treated with 1-MCP) and fifth assessment (p < 0.0001; lower results of IEC for apples treated with 1-MCP).



Statistically significant differences between the studied group and the control group were observed for apples harvested in the OHW for the first (p = 0.0006; lower IEC for apples treated with 1-MCP), second (p = 0.0301; lower IEC for apples treated with 1-MCP) and third assessment (p = 0.0010; higher IEC for apples treated with 1-MCP), as well as for delayed harvesting for the third assessment (p = 0.0060; higher IEC for apples treated with 1-MCP).



The results of firmness measured for ‘Szampion’ cultivar apples in the pre- and postharvest periods, compared for the group treated with 1-MCP and the control group not treated with 1-MCP, are presented in Table 2. Statistically significant differences between the studied group and the control group were observed for preharvest period only for the fifth assessment (p = 0.0003; higher firmness for apples treated with 1-MCP).



Statistically significant differences between the studied group and the control group were observed for apples harvested in the OHW for the first (p = 0.0003; higher firmness for apples treated with 1-MCP), second (p = 0.0003; higher firmness for apples treated with 1-MCP) and third assessments (p = 0.0003; higher firmness for apples treated with 1-MCP).



The results for TSS content measured in ‘Szampion’ cultivar apples in the pre- and postharvest periods, compared for the group treated with 1-MCP and the control group not treated with 1-MCP, are presented in Table 3. No statistically significant differences between the studied group and the control group were observed for preharvest period (p > 0.05).



Statistically significant differences between the studied group and the control group were observed for apples from delayed harvesting for the second assessment (p = 0.0407; lower TSS content for apples treated with 1-MCP).



The results for TA measured in ‘Szampion’ cultivar apples in the pre- and postharvest periods, compared for the group treated with 1-MCP and the control group not treated with 1-MCP, are presented in Table 4. Statistically significant differences between the studied group and the control group were observed for preharvest period for the second (p = 0.0100; higher TA for apples treated with 1-MCP), fourth (p = 0.0461; higher TA for apples treated with 1-MCP) and fifth assessment (p = 0.0021; higher TA for apples treated with 1-MCP).



Statistically significant differences between the studied group and the control group were observed for apples harvested in the OHW for the second assessment (p = 0.0264; higher TA for apples treated with 1-MCP).



The results for starch index measured in ‘Szampion’ cultivar apples in the preharvest period, compared for the group treated with 1-MCP and the control group not treated with 1-MCP, are presented in Table 5. Statistically significant differences between the studied group and the control group were observed for the first assessment (directly after applying 1-MCP; p = 0.0098) and afterwards for the second (p = 0.0004; lower results of starch index for apples treated with 1-MCP), third (p = 0.0005; higher results of starch index for apples treated with 1-MCP), fourth (p = 0.0008; lower results of starch index for apples treated with 1-MCP) and fifth assessment (p < 0.0001; lower results of starch index for apples treated with 1-MCP).



The results for Streif index measured in ‘Szampion’ cultivar apples in the preharvest period, compared for the group treated with 1-MCP and the control group not treated with 1-MCP, are presented in Table 6. Statistically significant differences between the studied group and the control group were observed for the second (p = 0.0008; higher results of Streif index for apples treated with 1-MCP) and fifth assessment (p = 0.0008; higher results of Streif index for apples treated with 1-MCP).



The results for the lightness L* coordinate of color of blush measured for ‘Szampion’ cultivar apples in the preharvest period, compared for the group treated with 1-MCP and the control group not treated with 1-MCP, are presented in Supplementary Materials Table S1. No statistically significant differences between the studied group and the control group were observed (p > 0.05).



The results for the a* coordinate of color of blush measured for ‘Szampion’ cultivar apples in the preharvest period, compared for the group treated with 1-MCP and the control group not treated with 1-MCP, are presented in Supplementary Materials Table S2. Statistically significant differences between the studied group and control group were observed for the fifth assessment (p = 0.0007; lower results of a* for apples treated with 1-MCP).



The results for the b* coordinate of color of blush measured for ‘Szampion’ cultivar apples in the preharvest period, compared for the group treated with 1-MCP and the control group not treated with 1-MCP, are presented in Supplementary Materials Table S3. Statistically significant differences between the studied group and the control group were observed for the first assessment (directly after applying 1-MCP; p = 0.0058).



The results of ethylene production (µL kg−1 h−1) measured for 7 days for each preharvest period for ‘Szampion’ cultivar apples, compared for the groups treated with 1-MCP and the control group not treated with 1-MCP, are presented in Supplementary Materials Table S4. Statistically significant differences between the studied group and the control group were observed for the 1st and 7th days for the first assessment (p < 0.05); for the 1st, 2nd, 5th, 6th and 7th days for the second assessment (p < 0.05); for all days, except for the 1st, for the third assessment (p < 0.05); for the 5th, 6th and 7th days for the fourth assessment (p < 0.05); as well as for the 2nd and 3rd days for the fifth assessment (p < 0.05).




4. Discussion


In the conducted experiment, it was observed that the characteristics of apples treated with 1-MCP differed in the preharvest period from the characteristics of the control ones. Such observations were indicated mainly for IEC, firmness, starch index and TA, while for Steif index and coordinates of color for blush, the differences were only minor and inconclusive.



Similar observations were indicated by other authors who applied 1-MCP in the preharvest period in cases of different cultivars. As ‘Szampion’ is a hybrid cultivar crossing ‘Golden Delicious’ and ‘Cox Orange Pippin’, studies conducted for ‘Golden Delicious’ and other ‘Delicious’ cultivars may be especially meaningful for comparison. In the study by Sakaldas & Gundogdu [16], conducted for ‘Golden Delicious’, it was observed that 1-MCP applied in the doses of 100–200 g/ha (similar to in the present study) also contributed to a lower IEC, as well as higher firmness and TA of apples. Similarly, in the study by McArtney et al. [17], conducted for ‘Golden Delicious’, it was observed that 1-MCP, applied in doses of 75–150 mg/L, also contributed to a lower IEC, as well as higher firmness of apples. At the same time, the indicated studies also confirm the lack of a defined trend for starch index [16,17], as depending on the studied group, and time, it may be higher, lower, or not differ compared with control groups. Such a situation is, by other authors, attributed to the fact that starch index may change due to natural inconsistent development and ripening associated with the cultivar [15].



In the study by Elfving et al. [18], conducted for ‘Scarletspur Delicious’, similar observations were made, as 1-MCP in the preharvest period contributed to a lower IEC and a higher firmness of apples, but did not influence TSS, or TA. Likewise, in the study by Watkins et al. [14], for ‘Delicious’, 1-MCP in the preharvest period contributed to a lower IEC and higher firmness of apples, but it did not influence TSS. Additionally, in the studies by DeEl & Ehsani-Moghaddam, conducted for ‘McIntosh’ and ‘Empire’ [12] and ‘Honeycrisp’ cultivars [15], as well as by Yoo et al. for ‘Hongro’ [33] and ‘Fuji’ cultivars [20], the higher firmness of apples was the major observation, except for the IEC.



The similar observations in the indicated studies are the result of a reduced amount of ethylene being produced, being typical after 1-MCP application [34,35,36], which prolongs harvest maturity—as stated by Sakaldas & Gundogdu [16]—for 21–28 days. In consequence, some parameters of apple, including firmness and TA, are typical for lower maturity and their changes are prevented, which allows minimizing changes of quality. At the same time, fruit drop is not observed within the experimental period, as stated both in our own study and in other studies [16,17], so delayed harvesting is possible. It is in general indicated that 1-MCP application within 7 days of anticipated harvesting time (as in the presented own study, applied 7 days before OHW) allows continued fruit growth both for normal and delayed harvesting [17]. As apple harvesting and storage are currently of the main interest of researchers in a lot of countries, and in Poland this problem is becoming vital, especially for ‘Szampion’ cultivar [37], the possibility to influence it is of a great value. However, it should be mentioned that the average percentage of bitter rot defects for all harvesting and storage periods was 3.6% (data not shown) for apples without preharvest 1-MCP applied and 4.9% (data not shown) for apples with preharvest 1-MCP applied for OHW. At the same time, for delayed harvesting, the percentage of apples with bitter rot defects was significantly higher, as it was 19.9% (data not shown).



As, in the presented study, during the postharvest period, the quality parameters of apples treated with 1-MCP in the preharvest period, after delayed harvesting, did not differ from those of control apples after OWH harvesting, the applied treatment creates a possibility of not harvesting in the moment of OWH, but delaying. As, without 1-MCP, delayed harvesting is associated with decreased quality of apples [38], and cannot be extended due to fruit drop, the conducted study indicates that preharvest 1-MCP application allows harvesting in late October, while the quality is still at the level required by consumers. However, based on the previous studies of other authors, other issues associated with 1-MCP application should be mentioned. If apples are harvested too early, or ripening after fruit storage is lacking [39], 1-MCP application can adversely affect ripening, including firmness, color and aroma formation [40]. The mechanism for aroma formation in such cases was described in the review study by Espino-Díaz et al. [41]; they indicated that 1-MCP suppresses ethylene production, so, as a result, it causes a decrease in the production of adenosine triphosphate molecules and reduces the synthesis of fatty acids, the main precursors of volatile compounds. A similar influence of 1-MCP was also observed for other fruits; e.g., in the study of Lia et al. [42], an application of 1-MCP changed the aroma components in ‘Ruanerli’ and ‘Alexander Lucas’ pears. Therefore, it must be emphasized that the proper harvesting time and other conditions of storage are crucial for the quality of fruits.



It is generally observed that potential postharvest benefits, associated with preharvest application of 1-MCP, depend on cultivar, fruit maturity, days between application and harvest, and storage conditions [14]. However, other potentially influential factors may be indicated, such as, e.g., weather conditions for the season. Taking this into account, further studies are necessary, as the presented study is the first conducted so far for the ‘Szampion’ cultivar.



In spite of the fact that interesting observations were made for the preharvest use of 1-MCP for ‘Szampion’ cultivar, which has not been studied so far, some limitations of the conducted study should be mentioned. The most important limitation is associated with the fact that the study was conducted during one harvest and storage season only, so it should be reproduced to verify the observations made. It would also be meaningful to include other variables, such as respiration rate, which is an important parameter for climacteric products such as apples. Last, but not least, sensory analysis would also make it possible to observe the consumer acceptability of the obtained apples.




5. Conclusions


It may be concluded that preharvest 1-MCP application makes it possible not only to obtain better results for ‘Szampion’ cultivar apples’ quality parameters, but also allows delayed harvesting without deterioration in quality. There is a need for further studies to analyze the observed effect, considering characteristics of trees and fruits, weather conditions, season, and applied procedures, including 1-MCP concentration.








Supplementary Materials


The following are available online at https://www.mdpi.com/2077-0472/10/3/80/s1, Table S1. Results for the lightness L* coordinate of color of blush measured for ‘Szampion’ cultivar apples in the preharvest period, compared for the group treated with 1-MCP and the control group not treated with 1-MCP (assessments conducted weekly); Table S2. Results for the a* coordinate of color measured for ‘Szampion’ cultivar apples in the preharvest period, compared for the group treated with 1-MCP and the control group not treated with 1-MCP (assessments conducted weekly). Table S3. Results for the color parameter (b*) [-] measured for ‘Szampion’ cultivar apples in the preharvest period, compared for the group treated with 1-MCP and the control group not treated with 1-MCP (assessments conducted weekly). Table S4. Results for ethylene production [µL/·kg−1·h−1] measured over 7 days in each of the preharvest periods for ‘Szampion’ cultivar apples, compared for groups treated with 1-MCP and the control group not treated with 1-methylcyclopropene.





Author Contributions


Conceptualization, K.T., D.G. (Dominika Guzek) and D.G. (Dominika Głąbska); methodology, K.T., M.G., D.G. (Dominika Guzek) and D.G. (Dominika Głąbska); formal analysis, D.G. (Dominika Guzek) and D.G. (Dominika Głąbska); investigation, K.T. and M.G.; writing—original draft preparation, K.T., M.G., D.G. (Dominika Guzek), D.G. (Dominika Głąbska) and K.G.; writing—review and editing, K.T., M.G., D.G. (Dominika Guzek), D.G. (Dominika Głąbska) and K.G. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by Polish Ministry of Science and Higher Education within funds of Institute of Horticultural Sciences and Institute of Human Nutrition Sciences, Warsaw University of Life Sciences (WULS), for scientific research. The experiment was financed by AgroFresh Polska Sp. z o. o., who provided Harvista™ (being the only 1-MCP formulation for preharvest use).




Acknowledgments


Authors would like to thank Małgorzata Stępniewska (Department of Pomology, Institute of Horticulture Sciences, Warsaw University of Life Sciences – WULS) for her participation in the experiment.




Conflicts of Interest


The authors declare no conflict of interest. The authors report, that Marek Grzęda is currently an employee of AgroFresh Polska Sp. z o. o. (being the only producer of 1-MCP formulation for preharvest use), working there since 16 July 2018, but during conducting the experiment he had no relation with the company.




References


	



DGAGRI Dashboard: Apples. Available online: https://ec.europa.eu/info/sites/info/files/food-farming-fisheries/farming/documents/apple-dashboard_en.pdf (accessed on 21 January 2020).

	



Tomala, K.; Soska, A. Effects of calcium and/or phosphorus sprays with different commercial preparations on quality and storability of Sampion apples. Hort. Sci. 2004, 31, 12–16. [Google Scholar]

	



Kårlund, A.; Moor, U.; Sandell, M.; Karjalainen, R.O. The Impact of Harvesting, Storage and Processing Factors on Health-Promoting Phytochemicals in Berries and Fruits. Processes 2014, 2, 596–624. [Google Scholar] [CrossRef]

	



Chlebowska-Smigiel, A.; Gniewosz, M.; Swinczak, E. An attempt to apply a pullulan and pullulan-protein coatings to prolong apples shelf-life stability. Acta Sci. Pol. Technol. Aliment. 2007, 6, 49–56. [Google Scholar]

	



Kolniak-Ostek, J.; Wojdyło, A.; Markowski, J.; Siucińska, K. 1-Methylcyclopropene postharvest treatment and their effect on apple quality during long-term storage time. Eur. Food Res. Technol. 2014, 239, 603–612. [Google Scholar] [CrossRef]

	



Falagán, N.; Terry, L.A. 1-Methylcyclopropene maintains postharvest quality in Norwegian apple fruit. Food Sci. Technol. Int. 2019, 26, 1082013219896181. [Google Scholar] [CrossRef] [PubMed]

	



Karagiannis, E.; Michailidis, M.; Tanou, G.; Samiotaki, M.; Karamanoli, K.; Avramidou, E.; Ganopoulos, I.; Madesis, P.; Molassiotis, A. Ethylene -dependent and -independent superficial scald resistance mechanisms in ‘Granny Smith’ apple fruit. Sci. Rep. 2018, 30, 11436. [Google Scholar] [CrossRef]

	



MacLean, D.D.; Murr, D.P.; DeEll, J.R.; Horvath, C.R. Postharvest variation in apple (Malus x domestica Borkh.) Flavonoids following harvest, storage, and 1-MCP treatment. J. Agric. Food Chem. 2006, 54, 870–878. [Google Scholar] [CrossRef]

	



Hoang, N.T.; Golding, J.B.; Wilkes, M.A. The effect of postharvest 1-MCP treatment and storage atmosphere on ‘Cripps Pink’ apple phenolics and antioxidant activity. Food Chem. 2011, 1, 1249–1256. [Google Scholar] [CrossRef]

	



Xu, F.; Liu, S.; Xiao, Z.; Fu, L. Effect of ultrasonic treatment combined with 1-methylcyclopropene (1-MCP) on storage quality and ethylene receptors gene expression in harvested apple fruit. J. Food Biochem. 2019, 43, 12967. [Google Scholar] [CrossRef]

	



Gwanpua, S.G.; Verlinden, B.E.; Hertog, M.L.; Nicolai, B.M.; Geeraerd, A.H. A mechanistic modelling approach to understand 1-MCP inhibition of ethylene action and quality changes during ripening of apples. J. Sci. Food Agric. 2017, 97, 3802–3813. [Google Scholar] [CrossRef]

	



DeEll, J.R.; Ehsani-Moghaddam, B. Effects of preharvest and postharvest 1-methylcyclopropene treatment on external CO2 injury in apples during storage. Acta Hortic. 2012, 945, 317–324. [Google Scholar] [CrossRef]

	



Yoo, J.; Kang, B.K.; Lee, J.; Kim, D.H.; Lee, D.H.; Jung, H.Y.; Choi, D.G.; Choung, M.G.; Choi, I.M.; Kang, I.K. Effect of Preharvest and Postharvest 1-Methylcyclopropene (1-MCP) Treatments on Fruit Quality Attributes in Cold-stored ‘Fuji’ Apples. Kor. J. Hort. Sci. Technol. 2015, 33, 542–549. [Google Scholar]

	



Watkins, C.B.; James, H.; Nock, J.F.; Reed, N.; Oakes, R.L. Preharvest application of 1-methylcyclopropene (1-mcp) to control fruit drop of apples, and its effects on postharvest quality. Acta Hortic. 2010, 877, 365–374. [Google Scholar] [CrossRef]

	



DeEll, J.R.; Ehsani-Moghaddam, B. Preharvest 1-Methylcyclopropene Treatment Reduces Soft Scald in ‘Honeycrisp’ Apples during Storage. HortScience 2010, 45, 414–417. [Google Scholar] [CrossRef]

	



Sakaldas, M.; Gundogdu, M.A. The effects of preharvest 1-methylcyclopropene (Harvista) treatments on harvest maturity of ‘Golden Delicious’ apple cultivar. Acta Hortic. 2016, 1139, 601–608. [Google Scholar] [CrossRef]

	



McArtney, S.J.; Obermiller, J.D.; Schupp, J.R.; Parker, M.L.; Edgington, T.B. Preharvest 1-methylcyclopropene delays fruit maturity and reduces softening and superficial scald of apples during long-term storage. Am. Soc. Hortc. Sci. 2008, 43, 366–371. [Google Scholar] [CrossRef]

	



Elfving, D.C.; Drake, S.R.; Reed, A.; Visser, D.B. Preharvest Applications of Sprayable 1-methylcyclopropene in the Orchard for Management of Apple Harvest and Postharvest Condition. HortSci. Horts 2007, 42, 1192–1199. [Google Scholar] [CrossRef]

	



Scolaro, A.M.T. Management of Apple Fruit Maturation on the Tree and Quality Maintenance by the Inhibition of Ethylene Synthesis or Action. Available online: http://www.tede.udesc.br/handle/tede/1366 (accessed on 29 January 2020).

	



Regulation (EU) No 1337/2011 of the European Parliament and of the Council of 13 December 2011 Concerning European Statistics on Permanent Crops and Repealing Council Regulation (EEC) No 357/79 and Directive 2001/109/EC of the European Parliament and of the Council Text with EEA Relevance. Available online: https://eur-lex.europa.eu/legal-content/EN/LSU/?uri=CELEX:32011R1337 (accessed on 29 January 2020).

	



Eurostat Handbook for Structural Statistics on Orchards (Regulation 1337/2011, Annex 1). Available online: https://ec.europa.eu/eurostat/cache/metadata/Annexes/orch_esms_an4.pdf (accessed on 21 January 2020).

	



2008/690/EC: Commission Decision of 4 August 2008 Amending Directive 2001/109/EC of the European Parliament and of the Council and Decision 2002/38/EC, as Regards the Statistical Surveys Carried out by the Member States on Plantations of Certain Species of Fruit Trees (Notified under Document Number C 4070). Available online: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:32008D0690 (accessed on 29 January 2020).

	



IUSS Working Group WRB. World Reference Base for Soil Resources 2014, Update 2015. World Soil Resources Reports 106; FAO: Rome, Italy, 2015; ISBN 978-92-5-108369-7. [Google Scholar]

	



Regulation of the Council of Ministers, September 12, 2012 on Soil Classification of Land (Dz.U. z 2012 r. poz. 1246) [in Polish]. Available online: http://prawo.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WDU20120001246 (accessed on 29 January 2020).

	



Institute of Meteorology and Water Management—National Research Institute. Available online: https://www.imgw.pl/ (accessed on 21 January 2020).

	



Snyder, R.L.; de Melo-Abreu, J.P.; Matulich, S. Frost Protection: Fundamentals, Practice, and Economics; Food & Agriculture Org of the UN: Rome, Italy, 2010; p. 240. [Google Scholar]

	



Varanasi, V.; Shin, S.; Johnson, F.; Mattheis, J.P.; Zhu, Y. Differential Suppression of Ethylene Biosynthesis and Receptor Genes in ‘Golden Delicious’ Apple by Preharvest and Postharvest 1-MCP Treatments. J. Plant. Growth Regul. 2013, 32, 585–595. [Google Scholar] [CrossRef]

	



Sakaldas, M.; Gundogdu, M.A.; Gur, E. The effects of preharvest 1-methylcyclopropene (Harvista) treatments on harvest maturity of ‘Santa Maria’ pear cultivar. Acta Hortic. 2019, 1242, 287–294. [Google Scholar] [CrossRef]

	



Rudell, D.R.; Mattinson, D.S.; Fellman, J.K.; Mattheis, J.P. The Progression of Ethylene Production and Respiration in the Tissues of Ripening ‘Fuji’ Apple Fruit. HortScience 2000, 35, 1300–1303. [Google Scholar] [CrossRef]

	



Peirs, A.; Scheerlinck, N.; De Baerdemaeker, J.; Nicolaï, B.M. Starch Index Determination of Apple Fruit by Means of a Hyperspectral near Infrared Reflectance Imaging System. J. Near Infrared Spec. 2003, 11, 379–389. [Google Scholar] [CrossRef]

	



Blanpied, G.D.; Silsby, K.J. Predicting Harvest Date Windows for Apples; Cornell Cooperative Extension: New York, NY, USA, 1992. [Google Scholar]

	



Lötze, E.; Bergh, O. Evaluating the Streif index against commercial subjective predictions to determine the harvest date of apples in South Africa. S. Afr. J. Plant. Soil. 2012, 29, 53–59. [Google Scholar] [CrossRef]

	



Yoo, J.; Win, N.M.; Park, M.Y.; Kweon, H.J.; Kwon, S.I.; Kim, J.H.; Kim, D.H.; Kang, I.K. Effect of Preharvest and Postharvest 1-Methylcyclopropene (1-MCP) Treatments on Fruit Quality Attributes in Cold Stored ‘Hongro’ Apples. Fruit Sci. Technol. 2015, 1, 99–103. [Google Scholar]

	



Fan, X.; Mattheis, J.P. Impact of 1-methylcyclopropene and methyl jasmonate on apple volatile production. J. Agric. Food Chem. 1999, 47, 2847–2853. [Google Scholar] [CrossRef]

	



Lurie, S.; Pre-Aymard, C.; Ravid, U.; Larkov, O.; Fallik, E. Effect of 1-methylcyclopropene on volatile emission and aroma in cv. Anna apples. J. Agric. Food Chem. 2002, 50, 4251–4256. [Google Scholar] [CrossRef]

	



Mattheis, J.P.; Fan, X.; Argenta, L.C. Interactive responses of gala apple fruit volatile production to controlled atmosphere storage and chemical inhibition of ethylene action. J. Agric. Food Chem. 2005, 53, 4510–4516. [Google Scholar] [CrossRef]

	



Skic, A.; Szymańska-Chargot, M.; Kruk, B.; Chylińska, M.; Pieczywek, P.M.; Kurenda, A.; Zdunek, A.; Rutkowski, K.P. Determination of the Optimum Harvest Window for Apples Using the Non-Destructive Biospeckle Method. Sensors 2016, 16, 661. [Google Scholar] [CrossRef]

	



Shafiq, M.; Singh, Z.; Khan, A.S. Delayed harvest and cold storage period influence ethylene production, fruit firmness and quality of ‘Cripps Pink’ apple. Int. J. Food Sci. Tech. 2011, 46, 2520–2529. [Google Scholar] [CrossRef]

	



Blanke, M. Challenges of Reducing Fresh Produce Waste in Europe—From Farm to Fork. Agriculture 2015, 5, 389–399. [Google Scholar] [CrossRef]

	



Mattheis, J.P.; Rudell, D.R. Diphenylamine metabolism in “Braeburn” apples stored under conditions conducive to the development of internal browning. J. Agric. Food Chem. 2008, 56, 3381–3385. [Google Scholar] [CrossRef]

	



Espino-Díaz, M.; Sepúlveda, D.R.; González-Aguilar, G.; Olivas, G.I. Biochemistry of Apple Aroma: A Review. Food Technol. Biotechnol. 2016, 54, 375–397. [Google Scholar] [CrossRef] [PubMed]

	



Lia, G.P.; Jia, H.J.; Li, J.H.; Li, H.X.; Teng, Y.W. Effects of 1-MCP on volatile production and transcription of ester biosynthesis related genes under cold storage in ‘Ruanerli’ pear fruit (Pyrus ussuriensis Maxim.). Postharvest Biol. Technol. 2016, 111, 168–174. [Google Scholar] [CrossRef]








[image: Agriculture 10 00080 g001 550] 





Figure 1. The scheme of the experiment. 






Figure 1. The scheme of the experiment.



[image: Agriculture 10 00080 g001]







[image: Table] 





Table 1. Results for internal ethylene content (µl/l) measured in the core space for ‘Szampion’ cultivar apples in the pre- and postharvest periods, compared for groups treated with 1-MCP and a control group not treated with 1-MCP.






Table 1. Results for internal ethylene content (µl/l) measured in the core space for ‘Szampion’ cultivar apples in the pre- and postharvest periods, compared for groups treated with 1-MCP and a control group not treated with 1-MCP.





	
Assessment

	
No Preharvest 1-MCP Treatment

	
Preharvest 1-MCP Treatment

	
p






	
1st preharvest

	
Mean ± SD

	
0.20 ± 0.24

	
0.15 ± 0.11

	
0.0171




	
Median (min–max)

	
0.07 * (0.04–0.77)

	
0.12 * (0.07–0.74)




	
2nd preharvest

	
Mean ± SD

	
0.24 ± 0.25

	
0.2 ± 0.23

	
0.0531




	
Median (min–max)

	
0.16 * (0.09–1.07)

	
0.13 * (0.08–0.98)




	
3rd preharvest

	
Mean ± SD

	
1.70 ± 2.16

	
1.88 ± 4.15

	
0.1449




	
Median (min–max)

	
0.42 * (0.11–10.80)

	
0.16 * (0.06–23.60)




	
4th preharvest

	
Mean ± SD

	
10.96 ± 6.79

	
1.31 ± 3.14

	
<0.0001




	
Median (min–max)

	
9.15 * (2.04–26.00)

	
0.67 * (0.09–19.60)




	
5th preharvest

	
Mean ± SD

	
30.95 ± 13.81

	
3.22 ± 6.28

	
<0.0001




	
Median (min–max)

	
30.95 (3.15–60.38)

	
0.95 * (0.03–29.00)




	
6th preharvest

	
Mean ± SD

	
-

	
3.81 ± 5.00

	
-




	
Median (min-max)

	
-

	
0.89 * (0.14-17.70)




	
OHW harvesting




	
1st postharvest

	
Mean ± SD

	
14.44 ± 5.53

	
2.06 ± 0.31

	
0.0006




	
Median (min–max)

	
17.46 * (4.71–18.93)

	
2.07 (1.52–2.48)




	
2nd postharvest

	
Mean ± SD

	
21.08 ± 15.12

	
6.35 ± 4.73

	
0.0301




	
Median (min–max)

	
16.48 (5.54–41.89)

	
3.40 (2.28–14.09)




	
3rd postharvest

	
Mean ± SD

	
10.39 ± 7.89

	
30.85 ± 9.76

	
0.0010




	
Median (min–max)

	
6.88 (1.86–22.26)

	
32.29 (11–39.80)




	
Delayed harvesting




	
1st postharvest

	
Mean ± SD

	
14.44 ± 5.53

	
16.74 ± 8.55

	
0.7493




	
Median (min–max)

	
17.46 * (4.71–18.93)

	
16.87 (4.63–28.74)




	
2nd postharvest

	
Mean ± SD

	
21.08 ± 15.12

	
19.88 ± 11.80

	
0.8712




	
Median (min–max)

	
16.48 (5.54–41.89)

	
15.04 (6.29–36.28)




	
3rd postharvest

	
Mean ± SD

	
10.39 ± 7.89

	
25.53 ± 7.36

	
0.0060




	
Median (min–max)

	
6.88 (1.86–22.26)

	
26.59 * (10.03–31.68)








* non-parametric distribution (verified using Shapiro-Wilk test—p ≤ 0.05); OHW—optimum harvesting window; 1-MCP—1-methylcyclopropene.
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Table 2. Results for firmness [N] measured in ‘Szampion’ cultivar apples in the pre- and postharvest periods, compared for groups treated with 1-MCP and a control group not treated with 1-MCP.
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Assessment

	
No Preharvest 1-MCP Treatment

	
Preharvest 1-MCP Treatment

	
p






	
1st preharvest

	
Mean ± SD

	
65.7 ± 1.6

	
68.0 ± 3.2

	
0.1489




	
Median (min–max)

	
65.1 (64.7–68.0)

	
66.6 * (66–72.7)




	
2nd preharvest

	
Mean ± SD

	
64.8 ± 2.5

	
67.4 ± 1.4

	
0.1066




	
Median (min–max)

	
64.3 (62.4–68.0)

	
67.5 (65.9–68.9)




	
3rd preharvest

	
Mean ± SD

	
64.9 ± 1.8

	
63.7 ± 3.6

	
0.5839




	
Median (min–max)

	
64.9 (62.9–67.0)

	
64.3 (59.6–66.7)




	
4th preharvest

	
Mean ± SD

	
61.4 ± 1.1

	
63.5 ± 3.5

	
0.3034




	
Median (min–max)

	
61.7 (59.9–62.3)

	
64.3 (58.9–66.3)




	
5th preharvest

	
Mean ± SD

	
53.6 ± 2.8

	
67.7 ± 2.4

	
0.0003




	
Median (min–max)

	
53.2 (50.7–57.4)

	
67.2 (65.2–71)




	
6th preharvest

	
Mean ± SD

	
–

	
58.5 ± 2.7

	
-




	
Median (min–max)

	
–

	
57.8 (56.1–62.3)




	
OHW harvesting




	
1st postharvest

	
Mean ± SD

	
60.4 ± 0.7

	
70.1 ± 2.5

	
0.0003




	
Median (min–max)

	
60.4 (59.7–61.1)

	
69.7 (67.7–73.3)




	
2nd postharvest

	
Mean ± SD

	
58.4 ± 2.6

	
69.9 ± 1.7

	
0.0003




	
Median (min–max)

	
58.4 (55.5–61.2)

	
70.4 (67.6–71.2)




	
3rd postharvest

	
Mean ± SD

	
57.2 ± 2.1

	
64.4 ± 2.1

	
0.0003




	
Median (min–max)

	
57.9 (54.2–58.6)

	
65.1 (61.4–66.0)




	
Delayed harvesting




	
1st postharvest

	
Mean ± SD

	
60.4 ± 0.7

	
56.0 ± 4.8

	
0.1165




	
Median (min–max)

	
60.4 (59.7–61.1)

	
55.2 (51.2–62.2)




	
2nd postharvest

	
Mean ± SD

	
58.4 ± 2.6

	
50.9 ± 5.9

	
0.0592




	
Median (min–max)

	
58.4 (55.5–61.2)

	
50.4 (44.3–58.6)




	
3rd postharvest

	
Mean ± SD

	
57.2 ± 2.1

	
54.6 ± 4.2

	
0.3067




	
Median (min–max)

	
57.9 (54.2–58.6)

	
53.7 (50.6–60.3)








* non-parametric distribution (verified using Shapiro-Wilk test—p ≤ 0.05); OHW—optimum harvesting window; 1-MCP—1-methylcyclopropene.
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Table 3. Results for total soluble solids content (°Bx) measured in ‘Szampion’ cultivar apples in the pre- and postharvest periods, compared for groups treated with 1-MCP and a control group not treated with 1-MCP.
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Assessment

	
No Preharvest 1-MCP Treatment

	
Preharvest 1-MCP Treatment

	
p






	
1st preharvest

	
Mean ± SD

	
12.6 ± 0.1

	
12.6 ± 0.3

	
0.7970




	
Median (min–max)

	
12.6 (12.4–12.7)

	
12.7 (12.2–12.9)




	
2nd preharvest

	
Mean ± SD

	
13.1 ± 0.3

	
12.7 ± 0.1

	
0.2147




	
Median (min–max)

	
13.2 (12.8–13.4)

	
12.7 (12.6–12.8)




	
3rd preharvest

	
Mean ± SD

	
13.1 ± 0.4

	
12.9 ± 0.2

	
0.3903




	
Median (min–max)

	
13.0 (12.8–13.6)

	
12.9 (12.6–13.2)




	
4th preharvest

	
Mean ± SD

	
13.0 ± 0.5

	
12.9 ± 0.2

	
0.5415




	
Median (min–max)

	
13.2 (12.3–13.4)

	
12.9 (12.6–13.1)




	
5th preharvest

	
Mean ± SD

	
14.0 ± 0.4

	
13.3 ± 0.3

	
0.1421




	
Median (min–max)

	
14.0 (13.6–14.5)

	
13.3 (12.9–13.5)




	
6th preharvest

	
Mean ± SD

	
–

	
13.3 ± 0.1

	
–




	
Median (min–max)

	
–

	
13.3 * (13.2–13.4)




	
OHW harvesting




	
1st postharvest

	
Mean ± SD

	
13.5 ± 0.6

	
13.4 ± 0.6

	
0.8662




	
Median (min–max)

	
13.5 (12.8–14.3)

	
13.5 (12.6–14.0)




	
2nd postharvest

	
Mean ± SD

	
13.2 ± 0.2

	
13.0 ± 0.1

	
0.7545




	
Median (min–max)

	
13.2 (13.0–13.4)

	
13.0 (12.8–13.1)




	
3rd postharvest

	
Mean ± SD

	
12.7 ± 0.2

	
12.6 ± 0.3

	
0.1939




	
Median (min–max)

	
12.6 * (12.6–13.0)

	
12.5 (12.3–13.0)




	
Delayed harvesting




	
1st postharvest

	
Mean ± SD

	
13.5 ± 0.6

	
13.0 ± 0.5

	
0.2771




	
Median (min–max)

	
13.5 (12.8–14.3)

	
12.9 (12.5–13.7)




	
2nd postharvest

	
Mean ± SD

	
13.2 ± 0.2

	
12.9 ± 0.2

	
0.0407




	
Median (min–max)

	
13.2 (13.0–13.4)

	
12.9 (12.7–13.1)




	
3rd postharvest

	
Mean ± SD

	
12.7 ± 0.2

	
12.5 ± 0.5

	
0.2482




	
Median (min–max)

	
12.6 * (12.6–13.0)

	
12.3 (12.0–13.2)








* non-parametric distribution (verified using Shapiro–Wilk test—p ≤ 0.05); OHW—optimum harvesting window; 1-MCP—1-methylcyclopropene.
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Table 4. Results for titratable acidity measured in ‘Szampion’ cultivar apples in the pre- and postharvest periods, compared for groups treated with 1-MCP and a control group not treated with 1-MCP.
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Assessment

	
No Preharvest 1-MCP Treatment

	
Preharvest 1-MCP Treatment

	
p






	
1st preharvest

	
Mean ± SD

	
0.488 ± 0.027

	
0.547 ± 0.048

	
0.0833




	
Median (min–max)

	
0.500 * (0.448–0.504)

	
0.545 (0.498–0.603)




	
2nd preharvest

	
Mean ± SD

	
0.432 ± 0.038

	
0.540 ± 0.044

	
0.0100




	
Median (min–max)

	
0.432 (0.386–0.476)

	
0.536 (0.499–0.586)




	
3rd preharvest

	
Mean ± SD

	
0.418 ± 0.021

	
0.453 ± 0.046

	
0.2094




	
Median (min–max)

	
0.418 (0.396–0.437)

	
0.455 (0.396–0.506)




	
4th preharvest

	
Mean ± SD

	
0.446 ± 0.034

	
0.520 ± 0.048

	
0.0461




	
Median (min–max)

	
0.446 (0.408–0.482)

	
0.510 (0.471–0.587)




	
5th preharvest

	
Mean ± SD

	
0.381 ± 0.015

	
0.429 ± 0.011

	
0.0021




	
Median (min–max)

	
0.383 (0.362–0.396)

	
0.426 (0.420–0.444)




	
6th preharvest

	
Mean ± SD

	
–

	
0.483 ± 0.042

	
-




	
Median (min–max)

	
–

	
0.474 (0.441–0.540)




	
OHW harvesting




	
1st postharvest

	
Mean ± SD

	
0.398 ± 0.030

	
0.407 ± 0.063

	
0.8079




	
Median (min–max)

	
0.386 (0.378–0.442)

	
0.415 (0.327–0.470)




	
2nd postharvest

	
Mean ± SD

	
0.334 ± 0.025

	
0.423 ± 0.055

	
0.0264




	
Median (min–max)

	
0.334 (0.309–0.361)

	
0.427 (0.351–0.485)




	
3rd postharvest

	
Mean ± SD

	
0.305 ± 0.008

	
0.358 ± 0.099

	
0.3255




	
Median (min–max)

	
0.304 (0.295–0.316)

	
0.332 (0.278–0.490)




	
Delayed harvesting




	
1st postharvest

	
Mean ± SD

	
0.398 ± 0.030

	
0.380 ± 0.022

	
0.3745




	
Median (min–max)

	
0.386 (0.378–0.442)

	
0.374 (0.361–0.410)




	
2nd postharvest

	
Mean ± SD

	
0.334 ± 0.025

	
0.345 ± 0.027

	
0.6000




	
Median (min–max)

	
0.334 (0.309–0.361)

	
0.335 (0.325–0.383)




	
3rd postharvest

	
Mean ± SD

	
0.305 ± 0.008

	
0.283 ± 0.051

	
0.4456




	
Median (min–max)

	
0.304 (0.295–0.316)

	
0.297 (0.211–0.328)








* non-parametric distribution (verified using Shapiro-Wilk test—p ≤ 0.05); OHW—optimum harvesting window; 1-MCP—1-methylcyclopropene.













[image: Table] 





Table 5. Results for starch index measured in ‘Szampion’ cultivar apples in the preharvest period, compared for the group treated with 1-MCP and a control group not treated with 1-MCP.
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Assessment

	
Preharvest 1-MCP Treatment

	
No Preharvest 1-MCP Treatment

	
p






	
1st preharvest

	
Mean ± SD

	
4.4 ± 1.1

	
3.8 ± 0.7

	
0.0098




	
Median (min–max)

	
4.0 * (2–7)

	
4.0 * (2–5)




	
2nd preharvest

	
Mean ± SD

	
5.4 ± 0.9

	
6.7 ± 1.1

	
0.0004




	
Median (min–max)

	
5.0 * (4–7)

	
6.5 * (5–8)




	
3rd preharvest

	
Mean ± SD

	
8.1 ± 1.2

	
7.3 ± 1.2

	
0.0005




	
Median (min–max)

	
8.0 * (6–10)

	
7.0 * (5–10)




	
4th preharvest

	
Mean ± SD

	
9.5 ± 0.6

	
9.8 ± 0.4

	
0.0008




	
Median (min–max)

	
10.0 * (8–10)

	
10.0 * (9–10)




	
5th preharvest

	
Mean ± SD

	
8.9 ± 1.1

	
10.0 ± 0.0

	
<0.0001




	
Median (min–max)

	
9.0 * (6–10)

	
10.0 * (10–10)




	
6th preharvest

	
Mean ± SD

	
9.2 ± 0.9

	
–

	
–




	
Median (min–max)

	
9.5 * (7–10)

	
–








* non-parametric distribution (verified using Shapiro-Wilk test—p ≤ 0.05); 1-MCP—1-methylcyclopropene.
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Table 6. Results of Streif index measured for ‘Szampion’ cultivar apples in the preharvest period compared for the group treated with 1-MCP and the control group not treated with 1-MCP.
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Assessment

	
Preharvest 1-MCP Treatment

	
No Preharvest 1-MCP Treatment

	
p






	
1st preharvest

	
Mean ± SD

	
0.126 ± 0.020

	
0.141 ± 0.019

	
0.3063




	
Median (min–max)

	
0.125 (0.103–0.148)

	
0.14 (0.119–0.166)




	
2nd preharvest

	
Mean ± SD

	
0.100 ± 0.006

	
0.074 ± 0.005

	
0.0008




	
Median (min–max)

	
0.102 (0.091–0.104)

	
0.073 (0.070–0.082)




	
3rd preharvest

	
Mean ± SD

	
0.061 ± 0.005

	
0.070 ± 0.014

	
0.2814




	
Median (min–max)

	
0.060 (0.056–0.068)

	
0.067 (0.058–0.086)




	
4th preharvest

	
Mean ± SD

	
0.052 ± 0.003

	
0.048 ± 0.003

	
0.1087




	
Median (min–max)

	
0.053 (0.048–0.055)

	
0.047 (0.046–0.052)




	
5th preharvest

	
Mean ± SD

	
0.058 ± 0.006

	
0.038 ± 0.001

	
0.0008




	
Median (min–max)

	
0.057 (0.051–0.067)

	
0.038 (0.037–0.040)




	
6th preharvest

	
Mean ± SD

	
0.048 ± 0.003

	
–

	
–




	
Median (min–max)

	
0.048 (0.045–0.051)

	
–








1-MCP—1-methylcyclopropene.
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