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The ptimum temperatures during cultivation period of
Gastrodia elata according to growth stages

Chang-Su Kim">*, Hyo-Jin Kim', Sang-Young Seo', Hee-Jun Kim', and Wang-Hyu Lee’

"Jeollabukdo Agricultural Research & Extension Services, Iksan 54591, Korea
“Department of Agricultural Biology, Chonbuk National University, Jeonju 54896, Korea

ABSTRACT: This study was carried out to investigate the optimum temperature and the cultivation period according to the
different growth stages of Gastrodia elata (G. elata). The growth period for the indoor cultivation of G. elata is divided into four
stages that require specific temperatures during the enlargement of the tuber. The optimum temperatures and cultivation periods
during the growth stages of G. elata were observed to be 20°C for 30 days during the mycelial growth stage (MGS), 25°C for 120
days during the tuber formation stage (TFS), 6-24°C for 60 days during the tuber enlargement stage (TES), and 5°C for 30 days
during the dormant stage (DS). The total cultivation period was shortened by 120 days in the indoor cultivation facilities by
reduction of 30 days from the mycelial growth stage, addition of 30 days to the tuber formation stage, and reduction of 120 days
from the dormancy stage as compared to the outdoor field cultivation. These results provide a basis for a growth model that

permits year-round cultivation of G. elata.
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(Kim and Park, 2013). gastrodin,
ergothionine, vanillyl alcohol, B-sitosterol, phenolglycoside,
palmitic acid, citric acid 5°] = A= dHA AUt
(Bin and Chen, 2004; Hayashi et al., 2002; Lee et al.,
2002; Liu et al., 2005). GastrodinS #ulol] EE314 3
frElol = MEL phenolic glycosideZA F2 Az|e
d E4o]a, ergothionine> WAle] 8 3its) E4=
Hutol] g FHrEe] Aol WA e, o] A
S Avke] kel whet gheFe] Apo|7h SlEo] B
% v} JTh(Park ef al., 2010; Choi ef al., 2011)

ks 198078 QlaAiol A=A, 1995
d FEXE0NA AvpAulg By A At ]
3 (Armillaria gallica)$t 19983 =@4tdzskdo)A 7]
Wl S5 vt (drmillaria mellea)©] RBF% o] Hnle]
AzAfEfol ofgh gAY Ak 7FssHAl =A™ (Sung er
al., 1995; Kim et al., 2000), BT (4. gallica)®)
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Fig. 1. The setting picture of optimum temperature and cultivation period required during the growth stages of Gastrodia elata.
MGS; the mycelial growth stage, TFS; the tuber formation stage, TES; the tuber enlargement stage, DS; dormant stage.

AA 2 IAE tes AFE SFUTH(Yoo e dl,
2013a, 2013b). Hrk= AA) $2utetol = 55 haol &
2ol 525 ton (M/T)o] AAFE] L QlAL, 7SS 2+ 78
o] 7,500%kel sjFshs 50| H2 AHEO|THMAFRA,
2017). AwpAinl A] EGFESRRE 40~50%7F A5,
EgrEe] AAY gow Aol AAEm, EFY] i
o] 65% o’} A& g 7t DAsH, 35% o]t
7} HW FF e gEe] AmprE A7) A& B
WA Aol PAEA] Fshthks Bavb Qth(Kim
et al., 2017). E3 Avle] AL 20~29°ColA A&l
7Fs3kaL, 30°C o) ol Aol A=, 35°C7F o
W AMESIE Aoz B Hoth(Lee ef al, 2007). €
Wb =2 A A3 2] v 7HRAE S o] 85 49%]
5 @37 AL (Kim et al, 2017), si71E Al A 6]z}
Aut =X AT} 754 B ghafo] Eobe Rt 9l
tH(Kim and Park, 2013).

71 Wsle] W £ FA4, 7 1223 AL 59 ¥
= A3l F2E Al B AAHS 7Hen 29
el 2E714 9] WE o] FHste] Al EE0|A
282} B o]H S A3 ATH(Kim ef al., 2004). ©]
3 W3tz s 8 aclel] BAIgle] S Ay
T A AET] & S B, ATEHIL e FA
OltH(Kim et al, 2011). 2 EFFold & Ay{ol 4
< HX = #F, 2FE, oRkislEA Fx, ol 5o

S|

=
T Aol 7hsshe AEe ) FHE 2EY &
Je +3E AENMEHE gt (Kozai et dl,
2015). H< Zeo|vd MM ETHA Y-S AA S,
LED3ES o] &3t A A4t Aol gt Bart ik
(Jo et al., 2017).
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B ATE 2x vidE SRS 9Hem 24
g ¢ JE 2oE QA (VIR 4.8 mxAR 7.5 mxE
o] 5.5 m) Wl oA AAsIACE Hrp FAe 98 72
44 cmxA| 2 32 emxE©] 18 cm Z7](SF 25 L)2] A}l
273 30 mme] ¥lTEE 57 Eol ARSI Al
522 AdE 11~12€¢] ¥HES FFEFRE A4
60~90L7F AX F 27 10~12 cm, A°] 20 cmE A3}
o 3 A T 2NE ARSI AblEES SHEE
SHT] 2AF JAFLNA wUFE BUEBAE (4.
galica)ys ¢ W (1 L) 8=7te 2 Autste] g A2 o 4
27FS ARESIGTh WMYEE JERZXS HulolEE
7:3(vv) BIERE 410] ARSI H2] AlE AdA) vl
HIYJE 10 cmE 23, 95 Wi, T 7, T oA
3 H, A HIYE 10 cmE BESNL BE $ X3l
£ 3 oS HlYE SEAElE 97 P70 30 kPa,
Au|t)7]oll= —50 kPaZ AT Hule] ASTAI=
AR, A4 FA7], A6, FH7IE Jrer,
A& E= FAMEZ7] 20+1°C, AARA 7] 25+1°C, 73
Hlgl7] 15+1°C, FH7] s£1°CE AR AL (Fig. 1), Al
717k (A IR 7+ FZHH 7S 7E0 R T 1809 R A
Asldon | 7HF 304 +150Y, 602 +120%, 909 +90%,
1202 +60, 1502 +90, 180U +0U = A 2|5t
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Fig. 2. Treatment methods of alternating temperature change for the tuber enlargement stage of Gastrodia elata. TMAT1;
control, 15+1°C (1 day)x60times, TMAT2; {20+1°C (1 day)~10£1°C (1 day)}x30times, TMAT3; [{24+1°C (1 day)~14+1°C (1
day)}x6times]~[{22+£1°C (1 day)~12+1°C (1 day)}x6times]~[{20£1°C (1 day)~10£1°C (1 day)}x6times]~[{18+1°C (1 day)~
8+1°C (1 day)}x6times]~[{1621°C (1 day)~6x1°C (1 day)}x6times].

Table 1. Comparison of yield by the treatment temperature and cultivation period in indoor facilities cultivation of Gastrodia

elata
TES+TES” EATY Mature rhizome Immature rhizome Total weight Yield
(days) 0 weight (g) ratio (%) weight (g) STR* (%) (g/box) index (%)

30+150 1,500 53c" 15 299¢ 44c 352d 100
60+120 1,800 107c 18 487ab 64ab 593bc 169
90+90 2,100 296a 31 659a 72a 955a 272
120+60 2,400 338a 34 656a 74a 993a 282
150+30 2,700 185b 23 619a 60b 803ab 228
180+0 3,000 65¢ 17 317bc 48¢c 382cd 109

“TFS+TES: tuber formation stage (days, 25+1°C)+tuber enlargement stage (days, 15£1°C).
"EAT (effective accumulated temperature) = (vo-v))t (v,: average temperature of growing period, v,: minimum growth temperature, t: elapsed

days).

*Seed tuber ratio (%): immature rhizomes with a weight of 10 g or more.
“Mean with the same letter indicate no significant difference according to Duncan's multiple range test at significant level of 5%.
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A 60Y7F WE AP dROem, TMATIS 24+1°C (6¥)
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Fig. 3. Growth stages in indoor facilities cultivation of
Gastrodia elata. A; Failure of symbiosis between Gastrodia
elata and mycelium of Armillaria galica, B; TFS+TES (30
days+150 days), C; TFS+TES (120 days+60 days), D;
TFS+TES (180 days+0).

5, 18, 31, 34, 23, 17%°]IQ 3L, Fvl&
v|th7 1 z}z} 44, 64, 72, 74, 60, 48%
2 vehsth. A4 F A7+ 73H[ 7] 904 +90d A2+
o} 1204 +60d A= thE Aol vl AATE,
Aukg, FvHE 5 o] §943 Al ST (Table 1).
Fig. 3014 @ dukz o g Aulr} Aol WAl
a3 FATAE FAA EehH A7t G Axs)
t A AES FASA FIIATHA). AA A7+ 3|t 7]
309 +1504 Aete Amke] AAL Ao, Lol &
XIL(B), 1208 +60Y A &]F= Amke] #7219k o7t <&
AL, TR EROH(C), 1804 +0Y A ++= A
uke] Zole= ohE ARt Aoy, #7)= wig- 7t
SATHD). A7 AAAN] Al wE2H, A7) )
Hj Al ASEAE A X 22l 23°C, A7) 20°C,
H|th7] 17°C, A%7] F7Fe-o2 e she o] Agsitt

3 B 3% vb 137 (Shin, 2000), A2 20]S AR 75
2217] 22.5°C, A&=27] 20°C, BS57] 18°C, AHF7]
ApAR &7} Aol vl 79% Z5E A7t ATk B
¥8} Qdtk(Lee ef al, 1996). ©14 38 UukzE<] Zeo}
2015 AldAuolA] ASTAE Heoz FE|gho zH
oY Aol vlE| Sraart e AoE Hofp Mupw
AgAe atEe 442 9 7174 44T & 3le
Aoz AGHe}h, F=3, B Aol AR =
25+1°COlA] 90~120¢, AABI 7= 15+1°CollA 60~90
A=z AZshd £L o= FAoEy, A7 2o
A AUAE Wdhir)e] A5y Zev)rt Bold A
o2 AztEo] AARY e 60Ye] HFe oz Hot
P=

Aot 2| Ad|ch7|o] HaX2| g1t

Anp AAu) 7|5 "2 Wl wet 6047 Az
3 Ay, FaFHARLEE TMATIOA 2,400°C, TMAT?2
oA 2,400°C, TMAT39A 2,436°CE 2|7kl & x}o]
£ 9o, TMAT3IA 36°C B3tttk AAd Hul &=
2 TMATI191A4 1,068 g, TMAT214 1,132 g, TMAT3
oAl 1,212 g0 2 W2 W] F24Q1 AolE H
ATh vk W22 W 22t 35, 38, 43% ©]AL,
TS A HE 747 75, 78, 85%= UFERLEA
TMAT3 A = the A2l vla) AA s, duks,
T 5 o] fFelH R FalSth(Table 2). UHHA 2
2 At =2 480 BAS FoEA HFAMEERR
A &o0] 10~20°Coll HF=HE 5~6¥97F 60Y Fx=, I3
A8 20~29°Col| P EHE 7~9¥7F 3MY A=, HZHY
= 10~20°Col fFH = 10~11€97F 60Y BE 28937,
10°C o]3}o) sdee 129~2d 497 1508 A= FH
< 3laL ATt & A A, AUAEAf el A AR
7= 20°CelA 30, AP 7]= 25°CAA 1204,
B 7] 6~24°ColA 60, FH7]E 5°CollA 30U =,
Z HlS71ZE 24092 A ST whEba] A Al A u ol
A EAAM R #AMEY = 309 ©Eeksla, A7

Table 2. Comparison of yield according to the treatment methods of alternating temperature for the tuber enlargement stage of

Gastrodia elata

TMAT* EATY Mature rhizome Immature rhizome Total weight Yield
(0 weight (g) ratio (%) weight (g) STR* (%) (g/box) index (%)
TMAT1 2,400 374b" 35 694a 75 1,068b 100
TMAT2 2,400 430ab 38 702a 78 1,132ab 106
TMAT3 2,436 521a 43 691a 85 1,212a 113

“TMAT (treatment methods of alternating temperature for the tuber enlargement stage): TMAT1 (control); 15+1°C (1 day)x60times, TMAT?2;
{20£1°C (1 day)~10£1°C (1 day)}x30times, TMAT3; [{24+1°C (1 day)~14+1°C (1 day)}x6times]~[{22+1°C (1 day)~12+1°C (1 day)}x6times]
~[{20£1°C (1 day)~10+£1°C (1 day)}x6times]~[{18+1°C (1 day)~8+1°C (1 day)}x6times]~[{16£1°C (1 day)~6+1°C (1 day)}*6times].

"EAT (effective accumulated temperature) = (v=v))t (V,: average temperature of growing period, v,, minimum growth temperature, t: elapsed days).
*Seed tuber ratio (%): the ratio of immature rhizomes with a weight of 10 g or more.

“Mean with the same letter indicate no significant difference according to Duncan's multiple range test at significant level of 5%.
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Fig. 4. Comparison of cultivation temperature and cultivation period by cultivation methods of Gastrodia elata. “Cultivation
method: OFC (outdoor field cultivation), IFC (indoor facilities cultivation). "Growth stages: MGS (the mycelial growth stage),
TFS (the tuber formation stage), TES (the tuber enlargement stage), DS (dormant stage). *CT: cultivation temperature. “CP:

cultivation period.
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FIFS A73 A3, YellE 23°C, Wl 17°CE A 2st
Re AT, 17°C FA it &97 FAF=7F wstar,
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