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Abstract

:

This study compared and analyzed the qualities of cut Phalaenopsis “V3” flowers based on the place of origin and season. An investigation of the senescence type showed that flowers originating from Korea had a higher rate of aging than those from China across all three seasons. Consequently, the vase life was also 3–5 days longer for Chinese flowers than those for Korean flowers, regardless of the season. Furthermore, the vase life was the longest in autumn, followed by spring and summer, with statistically significant differences. With respect to flower diameter, Chinese cut phalaenopsis flowers were relatively larger than the Korean ones on day 1 of the experiment. As the senescence process of wilting was initiated earlier in Korean flowers with a shorter vase life, they showed higher reductions in flower diameters as well. The fresh weight, water uptake, and water balance were lower for Korean flowers than those for Chinese flowers starting on day 5 of the experiment across all three seasons. Korean cut phalaenopsis flowers experienced difficulties in maintaining water levels following their water uptake on day 1, which may have affected their vase life. Ethylene production showed a sharp increase on day 7 in Chinese cut flowers and day 5 in Korean cut flowers, with high amounts typically observed in spring, which coincided with the results of water loss. Hunter values L, a, and b and changes petal color ⊿E significantly differed not by place of origin but by season. Additionally, the sugar content of the solution inside the water tubes used when selling cut phalaenopsis flowers was investigated. Chinese flowers are subjected to pretreatment and posttreatment inside the water tube before being exported, while Korean flowers are treated with tap water. The Chinese flowers contained approximately seven times more sugar content compared to Korean flowers. This suggests that the treatment solution components, including sugar and other ingredients, of the Chinese cut flowers had a positive effect on water uptake and lowered the sensitivity to ethylene, which seemed to have an effect on the long vase life and quality. If Korean cut flowers are also distributed using a treatment agent, it is expected that the vase life will be improved and the satisfaction of consumers will be increased. However, since there are several possibilities that can affect post-harvest quality, it seems that additional experiments are needed. Moreover, as flower quality decreases in summer compared to those in spring or autumn, it will be necessary to reduce the differences in quality between seasons.
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1. Introduction


Orchids are flowering plants of high importance in South Korea, with a cultivation area of 103 ha and a total sales worth of 44.8 billion KRW [1]. Among domestic orchids, phalaenopsis (Phalaenopsis spp.) accounts for approximately 33% of the total cultivation area of orchids (34 ha) and approximately 44% of the annual sales production (19.6 billion KRW), thus constituting a critical element of the orchid industry [1]. In the past, phalaenopsis required high temperatures in winter, so the extraction period was concentrated from March to May due to problems such as heating costs and cultivation technology, but at present, advancements in cultivation technology through research on the treatment of growth regulators that promote flowering and environmental conditions related to temperature, humidity, and light have facilitated the export of phalaenopsis throughout the year [2]. Their diverse flower shapes and colors as well as long flowering periods have attracted increasing consumer interest, and the promotion of the import and export of potted and cut flowers of phalaenopsis has increased the global demand [3,4]. Until the mid-2000s, the sale of potted flowers was predominant, and that since 2010, following more active cultivation as well as the sale of cut flowers, the demand for cut flowers has steadily increased [2]. Regarding potted flowers, recent studies conducted in South Korea examined the quality of phalaenopsis, including factors such as irrigation time [5], treatment with growth regulators [5], and adaptation to CO2 conditions [6]. Regarding cut flowers, however, only one study investigated the use of vase life extenders and processing agents [7], suggesting a lack of studies on cut phalaenopsis flowers.



Cut flowers of phalaenopsis are mostly white in color, and as the use of white phalaenopsis flowers for weddings and funerals abroad increases, the interest in white phalaenopsis flowers has increased in the country [7]. White cut phalaenopsis flowers have been used for bouquets [8], and their proportion among cut flowers in flower jewelry sets used in ceremonies is the highest, indicating an increasing trend in the use of cut flowers [9]. As such, the demand for cut flowers of phalaenopsis has increased in South Korea; however, there is a shortage of growing farms. As a result, their import is high at 160,000 USD, but their export is merely 105 USD [10]. In the domestic market, both domestically grown and imported cut phalaenopsis flowers are sold at the same time, and according to [11], the most important factor of consumer decisions to purchase cut flowers was freshness of flowers, regardless of the country of origin. Thus, consumers prefer cut flowers of a high quality irrespective of their origin, but the quality differences between domestically grown and imported cut flowers have not yet been investigated. With respect to domestic cymbidium (Cymbidium spp.) flowers, growing farms have been continuously provided with information on cut flower quality so as to improve the quality of domestically grown flowers and to ultimately increase cut flower sales and exports [12]. Regarding phalaenopsis, likewise, to supplement the quality, quality information on imported and domestic cut flowers should first be analyzed to ensure the competitiveness of domestically grown cut flowers.




2. Materials and Methods


2.1. Plant Materials


The selected test materials were the Korean and the Chinese white Phalaenopsis “V3” cultivar, as based on the auction record at the Korea Agro-Fisheries and Food Trade Corporation (AT) flower joint market of flowers distributed at wholesale markets. Flowers were purchased in May, August, and October 2020, at the Flower Arcade at the Gangnam Express Bus Terminal, Gyeongbu-line. The flowers were cut to 60 cm, and their qualities were analyzed. All Phalaenopsis “V3” are sold in a state of bloom, so the experiment was conducted at the stage when all flowers were in full bloom.




2.2. Quality Evaluation


The senescence type, vase life, flower diameter, relative fresh weight, water uptake, water balance, ratio of dry and fresh weight, ethylene production, sugar content of water tube solution, and flower color change of cut flowers of Phalaenopsis “V3” purchased at a wholesale market were recorded. To assess the senescence type, the lip browning, petal browning, lip wilting, petal wilting, peduncle necrosis, and peduncle breaking were analyzed according to the characteristics of the cut flowers. To record vase life, the flowers were categorized into Stage 1 for 20% senescence, Stage 2 for 50%, and Stage 3 for ≥50%, and the time at which two or more flowers in Stage 2 or 3 were observed was defined as the vase life. For the relative fresh weight, the calculation was based on the weight taken at day 1 of the experiment, and the water uptake was calculated by subtracting the weight on the previous day (container and solution). The water balance was calculated using the relative fresh weight and water uptake by subtracting the transpired amount from the uptake amount. The transpired amount was calculated by subtracting the weight of the previous day from the value of adding the fresh weight and water uptake. The ratio of dry and fresh weight was expressed as a percentage by dividing the dry weight by the fresh weight. To assess ethylene production, one cut flower was placed in a 500 mL conical flask within a sealed 12 L container for 4 h, after which 1 mL gas was collected from the head space for analysis using a gas chromatograph (GC-2014, Shimadzu, Japan). The sugar content of the water tube solution for the water supply attached to the end of the stem of cut flower produced in autumn was measured using a digital refractometer (PAL-1, Atago, Japan). A chromameter (CR-400, Minolta, Japan) was used to examine the changes in flower color, for which the automatic calculations of the Hunter value L (lightness 100, darkness 0), a (+ red, − green), and b (+ yellow, − blue) were used to estimate the total color difference value (⊿E) according to the following equation:


⊿E = [ ( ⊿L )2 + ( ⊿a )2 + ( ⊿b )2 ]1/2











⊿L = Lt (at senescence) − L (on day 1 of the experiment)



⊿a = at (at senescence) − a (on day 1 of the experiment)



⊿b = bt (at senescence) − b (on day 1 of the experiment)




2.3. Statistical Analyses


The data were statistically analyzed through a t-test using SPSS program (SPSS 25.0 Statistics, SPSS Inc., Palo Alto, CA, USA).





3. Results


The result of examining the senescence type of the cut phalaenopsis flowers (Table 1) showed that, in Chinese cut flowers of phalaenopsis produced in spring, lip and petal wilting and peduncle breaking were mainly observed, and Korean cut flowers of phalaenopsis showed lip and petal wilting, petal browning, and peduncle breaking. In addition, Chinese cut phalaenopsis flowers produced in summer showed petal wilting and peduncle necrosis, whereas Korean cut phalaenopsis flowers produced in summer were similar to those produced in spring in terms of senescence type. Regarding flowers produced in autumn, Korean and Chinese flowers showed quality degradation due to petal wilting. Across all three seasons, the rate of senescence was slightly higher in Korean than in Chinese cut flowers. Based on this, the vase life was estimated, which was 3–5 days longer in Chinese than in Korean flowers, regardless of the season (Table 1). Among the flowers produced in spring, the vase life of Chinese flowers was 12.6 days and that of Korean flowers was 8.7 days; among the flowers produced in summer, it was 11.5 days in Chinese and 7.3 days in Korean flowers; and among the flowers produced in autumn, it was 14.2 days in Chinese and 8.9 days in Korean flowers; all differences were statistically significant. In the study of [13], the typical senescence type was reported to include upward folding, discoloration, and petal wilting, all of which may cause quality degradation and reduce vase life. Compared with Chinese flowers, domestic flowers showed all these symptoms, and their ornamental value was lowered, indicating that the vase life was significantly shorter in all three seasons. In addition, the vase life was the longest in the flowers produced in autumn, followed by those produced in spring and summer, among Korean and Chinese flowers, compared to the autumn, when the senescence type was less; the expression of senescence type in spring and summer was more diverse and higher. This is in line with previous reports of a shorter vase life in flowers produced in summer than those produced in other seasons [14,15], and there was a slight difference from the study of [16], where winter and autumn generally lowered the quality compared to spring and summer in several cut flower species including roses. According to a recent study, this seasonal difference is related to the stomatal regulation of water loss [17]. However, unlike cut flowers with leaves and stomata such as roses, the cut flower phalaenopsis is cut except for the leaves, so it is less affected by these effects, so the results may differ from previous studies. Vase life is an important factor of the quality of cut flowers, which depends on water uptake and transpiration [14], and [18] investigated consumer purchase behavior regarding cut flowers and found that, for all major cut flowers, the effect of vase life was crucial.



Flower diameter was slightly larger in Chinese than in Korean flowers, based on the measurements made on day 1 of the experiment (Figure 1). Flower uniformity and size are essential factors for the purchase of cut flowers [19], and Chinese cut flowers with a slightly larger flower diameter are generally assumed to be preferred by consumers. In addition, the flower diameter on day 7 of the experiment when the senescence type was observed showed that, compared to Chinese cut flowers, Korean flowers exhibited a faster rate of senescence due to petal wilting, with a greater reduction in flower diameter. Phalaenopsis flowers are typically commercially distributed in full bloom, thus factors such as lip wilting after harvest probably lead to reduced flower diameters, so water content should be maintained to prevent quality degradation.



The relative fresh weight was lower in Korean cut flowers with a shorter vase life than in Chinese flowers on day 5 of the experiment, across all three seasons (Figure 2A), and the margin of decrease was the lowest in autumn when the vase life of the Korean and Chinese cut flowers was longer than during the other seasons. Based on this, the water uptake (Figure 2B) showed an increase on day 3 of the experiment, followed by a decrease on day 5, with lower levels across Korean flowers for all three seasons, as was the case with the relative fresh weight. Phalaenopsis is sold in bloom, but like Curcuma and Onisogalum, the leaves do not stick to the stem when cut, making it difficult to increase transpiration after harvest [20]. For this reason, it is judged that the water uptake increased at the beginning of the experiment, but deceased later on owing to insufficient water uptake. The water balance (Figure 2C) showed a decrease to below 0 from day 3 of the experiment, and the values were lower in Korean cut flowers, which showed the first signs of senescence earlier than the Chinese flowers, reaching the end of the vase life by day 9 of the experiment. This is presumed to be because the Korean flowers did not intake water as efficiently as in the first day compared to the Chinese flowers, affecting the vase life of the cut flower.



The ratio of dry and fresh weight of plants showed a higher value as the stress increased [21], and Korean flowers with a low moisture balance also showed a high ratio of dry and fresh weight in spring (Figure 3).



Ethylene production (Figure 4) was markedly increased on day 7 of the experiment with the observation of the senescence type in Chinese cut flowers and on day 5 in Korean cut flowers produced in spring. As in the case of water balance, a slow decrease occurred in Chinese cut flowers until day 7 of the experiment, whereas Korean cut flowers showed a continuous decrease to “-” after day 3 of the experiment to reach a level approximately seven-fold lower than that of Chines flowers by day 9 of the experiment (Figure 2). With respect to seasonal effects, the production was slightly higher in spring, in line with the markedly reduced water content at this time of year. The authors of [22] reported a correlation of increased ethylene production and loss of moisture in phalaenopsis, which is in line with the results of the current study. In addition, Korean flowers produced more ethylene than Chinese flowers, as in the study of [23,24], as orchids, including Phalaenopsis, are sensitive to ethylene, so they are considered to be affected by ethylene to have a short vase life. The authors of [25] used a 1-MCP agent to extend the vase life of cymbidium and reported the results of reduced ethylene production to implicate the need for a study to investigate the inhibition of ethylene production in phalaenopsis.



The flower color changed, based on the Hunter values L, a, and b, on day 1 of the experiment and at senescence, the L value was high due to the white color of the “V3” cultivar (Table 2), with significant seasonal differences based on slightly higher L values in spring; however, no effect of the country of origin was observed. The L value on day 7 of the experiment was lower than that on day 1, except in autumn. The difference was particularly high in spring, which was in line with the results regarding the senescence type; wilting alone without browning led to senescence in autumn whereas browning occurred in spring (Table 1). The changes in L, a, and b values and chromaticity were found to vary significantly between seasons, rather than between countries of origin.



The sugar content of the water tube used for the sale of cut phalaenopsis flowers was approximately 0.7° Brix in the Chinese cut flowers and 0.1° Brix in Korean flowers, with the former showing an approximately seven-fold higher sugar content (Figure 5). The sugar content of tap water was 0~0.1° Brix—an inquiry to the seller revealed that Chinese cut phalaenopsis flowers were pretreated before exportation using a defined post treatment agent added to the water tube, while Korean cut flowers were treated with tap water only. Various treatment agents are used on cut flowers after harvest to increase vase life and maintain freshness, by which the flower quality is enhanced and senescence is delayed [26].



Among them, the sugar content can extend the vase life of cut flowers after harvest, and if the carbohydrate status is not sufficient, the physiological process after harvest changes and the flowers senescence faster [27]. Under these conditions, sugar can be added to supplement the required energy [27], and it affects the inhibition of the biosynthesis of ethylene or its sensitivity to it [28]. In the case of cut flower hydrangeas, there is a study that showed that the sugar component in the holding solution promotes transpiration rather than water uptake, thereby reducing the vase life of cut flowers [29]. On the other hand, in the case of Phalaenopsis, it seems that sugar components do not promote transpiration due to the absence of leaves, but rather play a role in facilitating water absorption. However, the sugar solution is also suitable for the growth of microorganisms, so a biocide must be additionally added to the solution [27]. In the study of [7], cut flowers of phalaenopsis were treated with the agent Professional Clear, which is reported to be effective in increasing the vase life in relation to the sugar content. The treatment solution containing sugar and other ingredients in the water tube of the Chinese cut flower phalaenopsis had a positive effect on water uptake and lowering of ethylene sensitivity, thus extending the vase life. Since the use of an appropriate treatment solution after harvesting cut flowers is one of the factors that determines the vase life [28], a similar method applied to Korean cut flowers of phalaenopsis, i.e., treatment solution to the water tube before distribution, can be assumed to extend vase life and increase customer satisfaction. Further research is needed in the future.



Therefore, even for an identical cultivar of Phalaenopsis “V3”, Chinese cut flowers showed a higher quality in terms of a longer vase life, higher water uptake, and lower ethylene production than Korean flowers, regardless of the season. Notably, as differences were found due to the addition of a treatment agent to the water tube upon distribution, efforts in post-harvest quality management are predicted to convey a competitive advantage to the Korean cut phalaenopsis flowers through a more efficient water uptake and reduced ethylene production, so as to improve their quality. Furthermore, as the flower quality was lower in summer than in spring and autumn in both Korean and Chinese cut flowers, efforts should be made to reduce seasonal variation to ensure consistent quality.
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Figure 1. Flower diameter of cut Phalaenopsis “V3” flowers based on the place of origin and season on day 1 and day 7 of the experiment when the senescence type was observed. 
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Figure 2. Changes of fresh weight (A), water uptake (B) and water balance (C) of cut Phalaenopsis “V3” flowers based on the place of origin and season. 
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Figure 3. Changes of ratio of dry and fresh weight of cut Phalaenopsis “V3” flowers based on the place of origin and season. 
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Figure 4. Changes in ethylene production of cut Phalaenopsis “V3” flowers based on the place of origin and season. 
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Figure 5. Sugar content of the water tube solution used for cut Phalaenopsis “V3” flowers in Fall based on the place of origin. 
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Table 1. Vase life and senescence type of cut Phalaenopsis “V3” flowers based on the place of origin and season.
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Season

	
Country

	
Vase Life (Days)

	
Senescence Day (%)




	
Lip Browning

	
Petal Browning

	
Lip Wilting

	
Petal Wilting

	
PeduncleNecrosis

	
Peduncle Breaking






	
Spring

	
China

	
12.6

	
0.0

	
23.3

	
53.3

	
50.0

	
23.3

	
43.3




	
Korea

	
8.7

	
0.0

	
76.7

	
86.7

	
93.3

	
0.0

	
73.3




	
t=

	
7.554

	

	

	

	

	

	




	
p=

	
0.000 ***

	

	

	

	

	

	




	
Summer

	
China

	
11.5

	
0.0

	
0.0

	
0.0

	
100.0

	
6.7

	
0.0




	
Korea

	
7.3

	
3.3

	
60.0

	
60.0

	
76.7

	
6.7

	
60.0




	
t=

	
8.275

	

	

	

	

	

	




	
p=

	
0.000 ***

	

	

	

	

	

	




	
Fall

	
China

	
14.2

	
0.0

	
0.0

	
0.0

	
100.0

	
0.0

	
0.0




	
Korea

	
8.9

	
0.0

	
3.3

	
0.0

	
100.0

	
0.0

	
0.0




	
t=

	
23.644

	

	

	

	

	

	




	
p=

	
0.000 ***

	

	

	

	

	

	




	
Significant

	
Season (A)

	
***

	

	

	

	

	

	




	

	
Country (B)

	
***

	

	

	

	

	

	




	

	
A × B

	
NS

	

	

	

	

	

	








NS and *** mean no significant and significant at p ≤ 0.001, respectively.
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Table 2. Hunter value L, a, b, and changes of petal color ⊿E of cut Phalaenopsis “V3” flowers based on the place of origin and season.
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Season

	
Country

	
Day 1

	
Day 7

	
⊿E y




	
Lz

	
a

	
b

	
L

	
a

	
b






	
Spring

	
China

	
96.3

	
0.7

	
2.6

	
84.4

	
−0.3

	
1.8

	
11.9




	
Korea

	
94.9

	
−1.4

	
2.2

	
86.8

	
−0.3

	
2.9

	
8.3




	
t =

	
1.906

	
5.977

	
2.406

	
−1.342

	
−0.449

	
−3.022

	
1.840




	
p =

	
0.065 NS

	
0.000 ***

	
0.230 *

	
0.188 NS

	
0.657 NS

	
0.008 **

	
0.075 NS




	
Summer

	
China

	
90.2

	
−0.3

	
1.6

	
86.2

	
−0.3

	
1.5

	
5.7




	
Korea

	
89.0

	
−0.3

	
2.2

	
86.3

	
−0.5

	
2.8

	
5.6




	
t =

	
0.781

	
0.564

	
−3.728

	
−0.069

	
3.275

	
−4.650

	
−0.256




	
p =

	
0.440 NS

	
0.577 NS

	
0.001 ***

	
0.945 NS

	
0.003 **

	
0.000 ***

	
0.799 NS




	
Fall

	
China

	
88.5

	
−0.5

	
1.6

	
89.8

	
−0.7

	
2.7

	
5.9




	
Korea

	
88.2

	
−0.3

	
1.6

	
88.1

	
−0.4

	
2.1

	
5.5




	
t =

	
0.150

	
−7.817

	
0.494

	
1.146

	
−6.353

	
4.740

	
0.287




	
p =

	
0.881 NS

	
0.000 ***

	
0.625 NS

	
0.260 NS

	
0.000 ***

	
0.000 ***

	
0.776 NS




	
Significant

	
Season (A)

	
***

	
***

	
***

	
*

	
***

	
**

	
***




	
Country (B)

	
NS

	
***

	
NS

	
NS

	
NS

	
**

	
NS




	
A × B

	
NS

	
***

	
***

	
NS

	
**

	
**

	
NS








z L, lightness (100 = white, 0 = black); a, redness (− green, + red); b, yellowness (− blue, + yellow). y ⊿E = [(⊿L)2 + (⊿a)2 + (⊿b)2]1/2 NS, *, **, and *** means no significant and significant at p ≤ 0.05, 0.01 or 0.001, respectively.
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