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Abstract

Phalaenopsis is one of the most popular orchids worldwide. To export the plants with growing
medium, they are shipped long distances in total darkness from the producing countries to the
destination market countries. In this study, the effects of substrate (sphagnum moss) water contents
before simulated dark shipping (SDS) on post-shipping performance were investigated in
Phalaenopsis. In experiment 1, the P. ‘“V3” and P. ‘Lovely Angel’ plants were dehydrated for 0
(control), 1, 2, 3, or 4 weeks, and they were kept in the dark for 20 days at 17°C for SDS. In
experiment 2, P. V3’ plants dehydrated from 0 to 4 weeks were packed in a box and then placed in
a refrigerated container for 30 days at 18°C. With a prolonged dehydration from 0 to 4 weeks,
substrate volumetric water contents (VWC) were decreased both before and after SDS. In
experiment 1, the relative leaf chlorophyll content (SPAD) was gradually decreased during SDS
and recovered after the end of SDS in the plants dehydrated for 0 and 1 week. The F./Fy, value was
maintained from 0.7 to 0.8 regardless of dark shipping and substrate VWC. Dehydration promoted
days to inflorescence emergence and flowering compared to control plants. In experiment 2, SPAD
value was increased in the plants dehydrated from 1 to 4 weeks rather than control plants, and the
plants had darker green leaves. Leaf abscission was increased with increased yellowed leaves at 25
days after SDS. The number of abscised leaves was decreased with prolonged dehydration and had
the greatest reduction in the plants dehydrated for 3 weeks by 31% VWC before SDS. Days to
inflorescence emergence and flowering were shortened in the plants dehydrated for 3 and 4 weeks,
and the plants dehydrated for 3 weeks had the most flowers. Therefore, we recommend substrate
relative water content of 30% VWC before shipping to reduce the detrimental effects caused by
long-term dark shipping in Phalaenopsis with moss substrate.

Additional key words: dehydration, moss, orchid, postharvest handling, volumetric water content
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M o

S A=K (Phalaenopsis spp.) AIAIA 0 & 7V tia A1 Wtk 242 Z- Sholm folabE.0 2 A Q17]7F 37| EokA| 1L
2THChen and Chen, 2011; Hou et al., 2011; Royal FloraHolland, 2018). A|AIA oA thEA Q1 315 AH]=9l u]=2]
20194 ' A=k 378 THE(USDA, 2020)2.2 2010 thH] 43% 57t A2 1,398 718t A ol vl=r
AR A AR AL e & 2 Q. 53] 2 ul=oll i A Q717 a5 0l A 87 eS| S7tste] HiRt
VR ER R B 74U =L IThaT, 2017). Al=olldes ek o 2 et 7Rt RS T & vhe 224
215 5ol 3 - 4718 B SHE F=sto] Edtol= AlAEO|TH Wang, 2007). HiZ|o AAX A HE b=l £Z517] $Ish
AMe=7HG@A e o] ashH, ol A=20173 128 rl=iah Ao FAto] eba s of ujzjofl AAZ 347 o) 4=
Z 7hs e o] niESITHAPQA, 2017).

Skl AAR A B ARt FuE 26l whzel] Avle Fol sl = Ecle Zlo] 5 3-E ol 8oke ARt &R
H|Z Aokt 4= ¢lo] k4 o|thHou et al., 2010; Cinantya et al., 2013). 12U Ak S=5A] v]=17k2] 257]710] 2 —4520]
& 9= o] I oA AEA = ol Ll EE|7HE|A] 9= 5o AE|A g o)A HtK(Cinantya et al., 2013).
Wang(2007)0] T2 47 1210] Q-2 5o AL Q0] s, T, A WA 5 R SASopIATIE ol 5 s
7ke) A A= oloj2ick. A7) At 4ol thgatel 530N eaet 4 Q= 2, 9 sl S4- S-S B0l B
TAE A4S S 4 Q= Ve R & B0 A4S =Y T Q71 QItkFan et al., 2009).

_1

T2 FA G A= ol 8R1F 7F T 80%01 Y] S AEA St o] Aol dde vl
Z93F Qlo|t(Ferrante et al., 2015). ST F2 Seefjafz]of] A z5to] Afuf 2 "ZHE Ao ™, = Hapgo] o
Sloj(Hwang and Jeong, 2007) 'BH|H S04 54| 9] =2 50| 5 5 FLE =0 4] Fafet R IS
A2, Mol A7 8 5 AT o] S S A9, 101 A S S 5
LB 2 F AZRgHE AAto] U 4 9l o1 o= Bolo] ZAw} AREAS 2514 7] = olo] EtkJones, 2002; Kim

and lersel, 2011). T2t o] AL AL S8 vjz|of] Al et $-&1.9]
2] AZE St S viA Y 24 SRl AeelstaAt sk

T A gt S FAE Hell 5 A

$

12 A2 WA SPA O TG E: Phalaenopsis V3’ 288 HlH 214 O] AF P. ‘Lovely Angel’ 5= 39 HISH A
9] ‘57 (SangMi Orchids, Taean, Korea)ollA 75| A7) A2 o853t o= 7Mep7t 7Hs3t 1271 dH 2 V3 EF
& Bt G55 -6, ‘Lovely Angel’ 54— 585 HA5H 0 F+ F52] Hat A7t 2)(Leaf span)= ZF2F 46 + 3em,
30+ 3cm$AT}. 217 10cm (420mL) 2] £ HY 310l 100% <~El(Sphagnum moss, Chille)BiA] = A Agt A BA|E thAkS.
= of5iek. 22 Ag2 12 A ARt 49| Phalaenopsis V3 #6-2 tVd 2= stGir.

iRz L 2o|ded 212

1739 = Lol S2het e o278 5 °N35)ol A 2018 5D 447 E 0(FAE), 1, 2, 3, 45 B H4olHA 4]
A AT SREo] EElAE A A o 7 Axskgnt. ofwfof LA Hat 2ot g s 4225 £4/20+ 1°C, 63
+14%% 0, P Ht 2 0 2 288umol-m?-s” PPF £+50]Q1eh. AZxA 2] ¢ha & 4274 W 242 1ol 17°C5}o| A 20
A5t )= Simulated dark shipping, SDS)= AA|oF.0H ofufj o] 5= 75 + 2% T} Bola=5 2 § WA
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FLSFBOEY 0 LIRS

Fig. 1. Phalaenopsis plants packed in a box (A) and loaded boxes in a refrigerated container (B) for simulated dark shipping
in experiment 2.

2|7} 7hs 5t 240 QAlste] ZAZALE AAJGHA, 0] 7|7 59t Bt LS AFS TS 22 + 4/19 £ 2°C2H 63 + 12%9]
o}, P ol ohm 59 SR AAEHC

FZABY0]AS B3 AZES Q5] HEo| S o] 85lo] 221 A& AHEITE 2018 84 22U H 0(F-4]2), 1, 2, 3,
45 F 3t TeobA A Sk EEl A E AP oA A o & HARAIZT o o] 2AW Bt 2o At 27}
26+4/20+4°C, 75 + 15%%.0H, Fet= B4 0 & 315umol-m™>-s” PPF 50 |Qleh. AZ A2 7|7t b & AR 58
FolErA[65cm(L) x 44em(W) x £0120em(H), 5715 /d5H 127H]0ﬂ NEAE 14714 2o 2 2o} oo, A2 38F
24 20t WA o] o]l AAfslo] 3097 OUE-S AT Fig. 1). H|O|UE 21 18°C, BV 80%2 A5}
‘ﬁi} o]Z | AT FUASHA| A2 (Bt 2523 +4/19 £ 2°C, AHEE 53 + 12%)0ll Y451 Rojod¢ha 54 T2 E

55151 0 FAZAE AAJEHTh

A= AP EES 20 ol ALo] =Hiz 912 3057 AFHS A7) Aefell A PAM B2 A8 Z747)(PAM-2000, Heinz
Walz, Effeltrich, Germany)S AF851] 45199t} A2 E =2 9719] A=A E U2 A5 Quenching kinetics analysis
£ 59l SsI o, 2L FAME)T AN FAE)E G5 S L 7 148umol-ms 19} 1,250umol-

'9ict. o] 22 € dPSII(Quantum yield), qP(photochemical quenching), N(on-photochemical quenching) 5-2] &%
HE ARSI TH Yoo et al., 2012). ZUA&2] F/F,y(maximum quantum efficiency)#be Fy, = i, — Fo2 S0l AH=
Eipis

ol 3 2 A4 24

e vjz] 9] 224 E3=HVolumetric water content, VWC)2 Z75}17]9J3l] STM Al4(Decagon Devices, Pullman,
WA, USA)E AH8519). 01, 4=8j| vl 2] o] gh=f Halo]| k2 STMAIA 9] Z8 3L HRkE nfelolal B Aoty VWCE= 2k
& 3L Z2o} Procheck -8 H|©]E] 27 (Decagon Devices, Pullman, WA, USA)E 59l &89 B gt Aot
ook a1 2 A Zjufj A] 242 & H(HOBO, Onset Computer, Co., USA)E 0|85} 2= A5 S S4oFTh A
& HEANFES SPAD meter(SPAD 502, Konica Minolta Sensing Inc., Sakai, Osaka, Japan) = A9 FHA] 9-& =7}

A EISICh RS S A2 AT RIS U R 2ol ST4A BTl ehfslon)
2O 24 2 29| Zo]9h B 2L, BrEAL RS AAELASE BAFEUE T LAYUAIE 7170
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= 29 Zo)7h0.5em7t = Al A Z2o] €6 ek E7kA] o A 8 U4E FALSH] Bt d = UE|gich 221 A
Aoz Bod e 25U & J3}E QIR Sk D45 FAISHIT

12 A R19] 79 A2 107047} =] =5 2 ARS M H 4920 2 ZhutE
28704 vl 2|51 eh BAEAL SAS T2 TE(SAS 9.4, SAS Institute Inc., USA)S 0]-&5}o] EAREA(ANOVA)E, 5%
GO0l A A 2] Batol tisf Duncan®] tEEH 1A A 0 8 BASH)

fru
Rt
oo,
19
jus)
ﬁ(‘
ol
£
it
ool
o
R}
o2,
ol
ol
pacs
o
_:)
[\)
_>;1_(‘

ol =
Zat 3 o3

o] 8 2] O] 8- 4-EFHVWC)2 7157 |7to] Aojrlef whef ZHavote] Moo 217 VWC7F A% 420590l A
T 58 BT 63%301L, 15004 45712 727 17to] ool whet <V3® F8-2 49, 44, 28, 19%= A5 O™, ‘Lovely
Angel’-251, 39, 19, 13%2 7FASFTHFig. 2). RO|F4=5 7|7H5t VWC7H A hAshe RS B, mojoba=go]
Tt A5 VWCE A2E Az ueh FaZo] 2-14% Q.0 M, 45F AZA| Welr| 71 nln|akitk Fig. 2).

BHHEEALTTFE B = SPADFES V3 5% 0, 15 AR A2 ollA =& Aol Z¥2} 57.5, 54.4 .04, 25 o
A% o S00lok= TASHATHFig. 3). Y48 717 5<tolh=0, 15 ARA 20| A gho] A A, 208 U456+
2A0f| thA] YAlotSkS uf HE A2ollA SPADEe] 57 otHA 215513t Fig. 3). ‘Lovely Angel’ #5041 L 057 1A%
A2ofA] V3® BEIHF U G 717HE A SPADFo| E E0 2 Attt 4 YA & el A 02 UERdTth
(Fig. 3). @54 50| fAr Qo] Ff=|= Fa3F ¢elo] H[m, Fafe 9] 3712 &1 42 Hojx|7 Hr.
Ferrante et al.(2015)0| 2 H AE49] AR = 3F0] 4570 tet 245 Ax AL =40 Bolg E3A7]1L 5
20 Y A=E ARgho 24 Q1O L5 FXIAXITHL olgiet. T3 oA gk H ol 47t F7 ok A2 FY
e ol A FRE 9] ol AAsh= AT o] LB (Hou et al., 2010), Fo] FERM el e S50l 57t

St A S(sugar)o] AR EO] Q0] 1517} 7145 SHE Th(Ferrante and Reid, 2006).
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Fig. 2. Changes of substrate volumetric water contents (VWC) depending on drying duration in Phalaenopsis V3 (A) and
‘Lovely Angel’ (B) during simulated dark shipping.
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Fig. 3. Changes of the relative leaf chlorophyll content (SPAD) and maximum quantum efficiency (A/Av) depending on
drying duration in Phalaenopsis'V3 (A and C) and ‘Lovely Angel’ (B and D) during and after simulated dark shipping (SDS).

Table 1. Maximum quantum efficiency (A/F), actual quantum yields (dpsy), photochemical quenching (gP), and
non-photochemical quenching (aN) at upper spots of the leaves of Phalaenopsis‘V3' and ‘Lovely Angel’ at 50 days after
simulated dark shipping. ®ps 1, gP, and gN were measured with actinic light of 200 umol-m™?-s™ PPF

Cultivar Drying duration (weeks) F, Fn FJ/Fy Pps1r qP gN
V3 0 0.419 b* 220b 0.809 a 0450 a 0.662 a 0.562 a
1 0443 b 225b 0.802 a 0412 ab 0.612 ab 0.625a
2 0.465b 2.39ab 0.805 a 0475a 0.700 a 0.575a
3 0.459b 2320 0.802 a 0444 a 0.655a 0.600 a
4 0.514a 253a 0.796 a 0.366 b 0.555b 0.622a
Lovely Angel 0 0.485a 236a 0.794 a 0.566 a 0.811a 0.566 a
1 0.4% a 224 a 0.779a 0.500 a 0.800 a 0.577 a
2 0.511a 230a 0.769 a 0.500 a 0.775a 0.525a
3 0.497 a 2.16a 0.773 a 0.528 a 0.814a 0.542a
4 0.510a 226a 0.766 a 0.533a 0.766 a 0.500 a
Significance Cultivar (C) * NS ok o ok NS
Treatment (T) NS NS NS NS NS NS
©)*x(D NS NS NS NS NS NS

“Mean separation within columns by Duncan's multiple range test, 5% level.
NS,*, and ***: Non-significant or significant at »<0.05 and 0.001, respectively.
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2ot Qg #1227kl fro Al Zfol= HoA] ¢httH Table 1). HFA.0 = A I ©f 2| Fotot4 Fehd a2 et
= E/Eaa520.7-0.8H 104 A1EA| 2] A7SHAFEE LERATH Bolhar-Nordenkampf et al., 1989). W24 Phalaenopsis
O] 78 hzxzdo] Aol AFaglo] BA I 9] Fo4Q1 &4 Y0712 b= A& ¢ 5 810 H, o]=Hou et al.(2010)2] H17
of| A 217t LA ol e FA 2|9t 5Lt Phalaenopsis7} 0.8 3hs 7HAIH 4748 Fbd B-8-& F-AI9H A7t vl
B ERE DendrobiumOI A = 2197 0] 46 A% BT F/FW k0] 0.77 - 0.83 02 fA Hhe 2 0. 2 LiERgT
(Cinantya et al., 2013). 24 4 509 F FA 9] FeMdsdS oot AB=H OPSI(Quantum yield), qP
(Photochemical quenching) AP A= V3’ E50] ‘Lovely Angel” 2R T 52 43S H Y oL A2j7He] #2914
Qlztol= $dTK Table 1). 45 & EAYEE wrdol= S o RS/ 13 Aol A Ao Adatglo] 27 248614
AT, Phalaenopsis= CAM(Crassulacean acid metabolism) @€l 2] 32+ 712k Holi= 45 (Endo and Ikusima, 1989;
Guo and Lee, 2006)=4] H| 2] F748- ol Bef & 712 11 §lo] i -4 2] 5-8o] Qlat 3gof| tigt 84L&} ol A7)
-5 R AR Ae Y-S 7HA AL Al Ao & WETKSu et al., 2001).

HrE TRl E S AR AV ErE AR Y 7 BF B 07 AR A Yo A S715 = 73ke Bloh o
Tk ‘Lovely Angel’> 45 1 Z A 2jo| A T2 A2 T ZeE8 4 8 U547 5710k 2 0 = Ut Table 2). 7H3}
A USE= V3 TN 3, 45 AXA YA 057 AZRA Y HTH0- 139 Fo 02 ZX1E] T, ‘Lovely Angel’2 1 -3
AZAA] 07 AZXATEY et ZXE T} 45 AZA 2ol Adx= A o® WeEthTable 2). 2t
‘Lovely Angel’o|A] AFA] 2] 2 0 & Z7F615] 0Lt 0] 2 Q) Afol= gigl o, Zeijdol, 24-9] 749 F5 1 Afol9h ol
B A2 gol] fro)d-e YERA] 944 TH Table 2).

AR 2T SRt 208 A 8ot 22 RS Fofl |0 E ARgote] o] fEAlE oS AARE 2] =
Ot 717 &t Al old YR k= A4k R 18°CE A7 QLo A AW 2 7L e o] A 7kA] E
o2l =t 29 A= £ Q= QITHFig. 4). AA|R FoldAtel AEAE 2 cto] AH oY= $EA] AP 7] Rl

o

[

Table 2. Subsequent flowering performance of Phalaenopsis V3 and ‘Lovely Angel’ depending on drying duration after
simulated dark shipping

Cultivar d?rrg](i inﬂl?)?ZsSc:lce Days .to . No. of Inflorescence No. of flowers Floversize em
(weeks) emergence flowering  inflorescences  length (cm) width length
V3 0 55.0 a* 162a 1.000 a 8a 84a 11.7a 9.8a
1 478a 156 ab 1.000 a 80a 84a 110a 9.1 ab
2 459a 156 ab 1.000 a 75a 76a 11.7a 89b
3 470a 152 ab I.111a 79a 79a 109a 8.8b
4 46.1a 149b 1.000 a 76a 7.1a 11.7a 9.3 ab
Lovely Angel 0 4782 133a 1.000 a 42a 112b 62a 56a
1 383b 121c 1.000 a 43a 11.8ab 62a 59a
2 354b 123 be 1.125a 44 a 11.8 ab 62a 58a
3 37.5b 127 abe 1.167a 45a 11.8 ab 6.1a 6.0a
4 43.5ab 132 ab 1.125a 46a 13.6a 6.1a 6.1a
Significance Cultivar (C) sokok Kok NS okok sokok Hkok sekok
Treatment (T) ok * NS NS NS * *
©)x(T) NS NS NS NS * NS NS

“Mean separation within columns by Duncan's multiple range test, 5% level.
NS,*, **_ and ***: Non-significant or significant at p <0.05, 0.01, and 0.001, respectively.
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Fig. 4. Environmental conditions in the refrigerated container and box packed with plants during simulated dark shipping.
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Fig. 5. Substrate volumetric water contents (VWC) depending on drying duration in Phalaenopsis V3’ before and after
simulated dark shipping (SDS) in a refrigerated container.
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t=

3 -4 4.9 ¥+ 237} H]S=3H 239 th(Chen and Chen, 2017). At = 5 7178 A4 BEAY S 7t 7|0 Y
] ST 7 519 0, B AT o4 83%, Aol 64 ololck Fis. 4). o= 2o} o]
A BASH Qs Rol IAY FEE QA 0 2 ws|w, 45 5 Ui H 2ol &2 55t 37] ko] Aol 7o
lgtie=s %7}/‘]7]1" A Ao E FXA7 1= F-837 Ylo] Eh(Ferrante et al., 2015). 2% 5 Fe AL H1H ol
O] 5F = 5ol ZEL 5 Ylom pH o i 2 Bl IS S E HE o= B, Yo et 5& AaAd
ok 0} %TH Chen and Chen, 2017).

Zlold A2 VWC= 05 A 204 65.6% 301, T1x7]7t0] S7ktel whet VWC7F 4xste] 1 - 45714 58, 41,
31, 24%& A5 Fig. 5). 3097t Bojota 77t & 24 AA], AERFA (050l = 62%= HiA W] B 22
HA5k Q= W, 45 A3 A 2ol A= 15%7HA] Atk (Fig. 5).

No. of abscised leaves
P

0.5 Ill
0.0 . . . 'L

0 1 2 3 4
Drying duration (weeks)

Fig. 6. The symptoms of leaf injury (A) and the number of abscised leaves (B) depending on drying duration in Phalaenopsis
V3 at 25 days after simulated dark shipping in a refrigerated container.

Table 3. The relative leaf chlorophyll content (SPAD) and maximum quantum efficiency (A/A.) depending on drying
duration in Phalaenopsis V3’ at the end of simulated dark shipping (SDS) and 25 days after the end of SDS in a
refrigerated container

SPAD F/Fy
Drying duration
25 days after the end of 25 days after the end of

(weeks) at the end of SDS at the end of SDS

SDS SDS
0 57.7b* 578b 0.810a 0.758 a
1 60.9 ab 62.6a 0.807 a 0.747 a
2 613a 625a 0.799 a 0.750 a
3 60.7 ab 62.7a 0.802 a 0.737 a
4 635a 634a 0.805 a 0.736 a
Significance * HkE NS NS

“Mean separation within columns by Duncan's multiple range test, 5% level.
NS, *, and ***: Non-significant or significant at »<0.05 and 0.001, respectively.

Horticultural Science and Technology 59



BiZ|LH ~2 R0l 37| & & TeilshlA Z20| 02l S

Table 4. Subsequent flowering performance of Phalaenopsis V3 depending on drying duration after simulated dark
shipping in a refrigerated container

Drying duration ' Days to . No. of Inflorescence Flower size (cm)
(weeks) inflorescence  Days to flowering nflorescences length No. of flowers
Wi .

emergence (cm) width length
0 37.8 a 141.1b 1.20b 76a 8.13bc 12.6a 109a
1 378a 141.8b 1.06 b 8la 8.93 ab 12.8a 113a
2 38.0a 144.0a 1.50a 76a 793¢ 12.6a 11.1a
3 348¢ 142.1b 1.14b 8la 9.07a 127a 112a
4 36.3b 136.9¢ 1.00b 80a 8.67 abc 127a 11.0a
Significance ok o ok NS * NS NS

“Mean separation within columns by Duncan's multiple range test, 5% level.
NS, *, ** and ***: Non-significant or significant at »<0.05, 0.01, and 0.001, respectively.

T H|SRE E2 2 0.7 - 0.8 4| 5|22 m A 2|Te] o4 Ql 2fol= fIIHK Table 3). SPAD
1% 07 A2A R EG AEA A STt e H, AU 259 F Az Aol e & fofs A54 o

ERATH Table 3). Angelonia®l M= 4% 71 vl A1 o] 2ot WA 2785152 w i A] o] s edado] =9k
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=~
)
rlo
R
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el

F

o

)
rlo
uics
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_I

[o
£ 0

9,

Al
19] SPADgIO] 570 24 o] Z13h =A9)-8- 71XIT}al 5f9th(Jacobson et al., 2015). #2H2] AREAQ1 4=
sht7t ¢lo] gstoln e wli= @40 2 0]of2] 7| & sl=H|(Ferrante et al., 2015), ZIE|o|UH oA AFg=Fo] Bt 2
EFLY A 7157 BRFE A i S7ER o]tk Fig. 6). 0 AxA ol HAerH 7P BekeH, HxA
Sl FA57H A Asto] VWC 31%2] 35 A5 A4 2ol 71 ZAastolet. of 6 2 VWC 24%9] 45 A 2]
Q58 DY47t 57k A4S HAAtHFig. 6). o= =2 ALl SRAEH AT} @o]2] Qo] kolE EXg duts
EEEA4 Y3, 457 A2A oA 07 XA EH 3, 7Nt da
AZA A 49D SR}, Z4-=3F A3 A 2ol A 71 F7 ke 2 0 = UESiTth Table 4). Jacobson et al.(2015)
2 23554 5 Aol Pk U BN 5552 Ao, 23}, Wk o gl HAY 5 AEH A 2o
of Z3}0] £ iet BAS =Y 4 vkl shleh. A, AH]o] Soll A TR RS AAAIXT A
g0 oA 1, 7 AH[ERS TFAA]F] 0 24 A% TG ol A] Al 22 3POFS FA|5to] -2 AE | A0 of
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2485 2 4o} gF QQloj=m, syeto] A 749 Aol Eht 4l7o] fhastal AlEe] At o] Tofsl=
ARRRE-S RSk A0 2 B arH v Qltk(Hsiao, 1973).
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