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Effect of Yield and Quality for Cultivation Type and Mulching Materials
on Gastrodia elata Blume
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Abstract - This study was compared to outdoor field (OF) and rain shelter greenhouse (RSG) according to cultivation type
of Gastrodia elata Blume. Also, the effects of yield and quality for mulching materials in RSG were compared. The yield of
G. elata was investigated good merchantable quality, and the quality was investigated hardness, chromaticity, weight loss
and the contents of the major functional components. The cultivation of RSG was increased the yield, hardness, gastrodin,
and vanillyl alcohol compared to OF, and the weight loss, chromaticity, and ergothioneine were almost equal. Rice straw
treatment showed higher than those of the control and other treatments on the yield and hardness. As a result, the yield and
the quality of RSG, which can control the soil moisture, were better than that of OF. And the lower the soil moisture content

according to the mulching material, the harder the surface and the higher the hardness.
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AR, Gastrodia elata Blume)="A2(B5H, Orchidales), GAS] & AksIaLE

[} 10, O O~ 10, 0O &E1

U2 INE AR}, Orchidaceae)o] £581= WA]Eo] 903 71 Spuul glol= = XA A Adle] wilr} Q= A 0= ok
ST 3t e} o] Tl s HEE  glon], VAS 24 3 AT o BURA 7, 4
A ZEAEo|THRI, 1990). E3T Hul= HF2(ER), A2 H o Sofl A7) Qe Ao B EICHKim et al,
ALY, F5-CUEED), G R, Az etile & 9013). ERGL= 2284 ofn|wAko] el 0 @ walz) 70 ko]
2|0 XIth(Huang, 1985; Xu et al, 1998; Ha et al,, 2000), oAl = o] Hrf ko] 79 FAA QL FpH Al
Znto]] SR AELS- gastrodin (GA), [3—sitosterol, cholesteral, o3} shA = ERGo] Aulz Adw|o] ZAE = H 17} glo

p—hydroxylbenzyl alcohol, vanillin, vanillyl alcohol (VA), ] Hup= AE 2 7 WO ERGE §H85 A o 7 ok A Q)
ergothioneine (ERG) 5| 1o (Kim, 1969; Kim, 1974; (Park et al., 2010). ERGE= 2|4 0 &2 SAAE A7 1ALt
Shaz and Sun, 1985; Zhou et al,, 1980; Taguchi et al,, 1981; FASE T A0 S A7) = GRS 5, ALATIAL oY
Lin et al,, 1996 Noda et al,, 1995), 2179 ($i), 2173 (), 29| St HoA FHs wHAUSY B4 283 W]
B0l et 25 A5 Sk A= HAlE A QIeH(Kim and
*WAMKRL: florigen5329@korea.kr Park, 2013), Au} 2229] g4kt 9 &t &4 (Heo et al,,
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2006), Hnte] 3
AL/ (Paik et al,, 1995)5-9] A|gd A7t
w31 glom, ol Hupe] ufl9- AL Bolgh Ao 18]
wfiEo] ARLRE =7A Ho] w5, £, 8 5oE 7
& 7ol e E|o] gk, o]t URS stz HupkE
vk 2]12](Choi, 2012), 244 2](Chang and Ahn, 2011), 4
A2](Chu et al,, 2012) 529 HA 2] E sto] Huke] vt} WAE
adt7] gt Ak A =i 9l

Aoz f-efubet Aol A ZFAARA © 2 Z}AP5}e]
ot 1970 o SHEELE] 1980 T ZHtof Mule] f5o0] U
Sl YA A TR HH7E e, SHA
o 4= glo] b H Aol wafigh oS
A B4 0= Qlaf APl A A9 21
= @AY B30k A 95 R A KD
S RE HE| oF Rt AER
al., 2010), Fvh= 1980 At HE Q1F A o] At/ =|of
7Y 53 hao] H2{ofA] 458 ton (M/T)o] AYAF=] a1 9l o™, 57}
A50RE 689 T000vHA Fohs AAIAQ] AEo|ct
(MIFAFF, 2016).

bl 2212 BRI 40 ~ 50%7}F Agsin] B
Fo] WA A o Ago] A E] AL, EggRo] 65% o]
A5 T 9| sl 7F AYsh 85% o] sk 4Rk ATt |,
U7k AlE7] ARl Fte] wtAkG o] A E|A] Sttt Eet
Znte] 377220 ~ 25 CollA] AKo] 7Fg31, 30T ogellA
£ Ao] A= 35T O APESICHLee et al,, 2007),

Znte] Al 1Rt Aol A A1 7)Aol| oEste
AR, Hvp 5494 2ot o) sl wiZel $-2juket
O] 749 Ado| whg 2= Ap7F 231 ol Fofl F97F A5 Ye
£ 71dolell A Hukg 3 Apieh] Hsiale QfdeR
= 59 S 28T 4= Yl uZFA A o]
o}, whebA] 2 At Huke] QP A AARS: Q19 A7l
ab7] S18l 7129 A Al et e vl7 R A A A e
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ul LR A BT,

AL A (Huh et al, 1995), TFEAT,
s %)

il

>

e gf

to < rlo
ot
ot

i

R

=

Of

4
ot nL
p=)
il
i)
o

aj
=

=13
o

W= =
Hup B4
A 212 2011 4of|A] #E

A4

Qe kol aAfgt

B B2 ok Ho| A 4351 1L, o] S

-79-

A3 s w7} dupe] et 8] vjle 9%

>

109 42k} HhAl 0.2 20154717 ol wkEalo] 17 4
el Aolae] 2L 100 e, £50] ol 50 n, 1%
o= 90 cnz 37 o]eS BHE T, Ao Wagt Fuls n
i QHgRe) 5710l Al RS Aslo] AR, T

A7H15 ~ 20 g9l F0FE 120 ~ 150 ke/10a0.2 HAJ5H3ITh

=
=

L
s

A 11 ~ 287gof M5 RS S04 60 ~

90U7H A% & A7 10 ~ 12 em, Zo] 30 ~ 35 ez Hrsto]
5= B3I, 4,500 ~ 4,800 7H/10aS AE-5}
Aok, A FHEE o] A FFRuAEAT
ol A vkt B A H( Armillaria galica)s ¥ WS
(1,000 ml) 8%z} &2 Aekslo] 900 ~ 1,000 /1022 A5}
ek g4 oAl de i, T AHE Frtoldle ok F e

718 5 ~ 10 (i 223}

?_]__I:I:

A 4]

H7FA A A A e oA Aol 35(21 2t %6
3m, Z°] 30 m), -t QHIH AuE 7ol =
0] 3.2m, Z°] 40 m)& Ax|5}t1L, PEZE(0,1 mn)2 A
of mlEslolom, 649 259 ~ 99U 109744 95% AF kS €]
off A2)st5iet, A el AR AEA(165 m)e} =
Qb gm0l A] Aulj a2 o) WiekS este] FERH660 m) 334
660 m) 23202 AASISITE AR B4 B AIYE
F7lEREol oF 0.5%°] 3tk

m,

y

1 é‘i:o
9= (217} E

o]

a4 m,

%
QL

N\

.

bl o

HZ7HA A B B A= A
HI7FAV A S 913t Auke] A4 wEA = A

G, B, ARSI 454D & AMg3h AL,
a2 AAsion, g B 5 ang i vjas
. o] RS B TN EFeE AT AAE R =
Ao AAslaL, eFt7eo] w2 57IRH6E 2% ~ 99
10%) Fetoll= vI7FAIE 2150 95% ARguhs AA3i3ioh
A v Y] 3Rk e = AASHIT

ints

i
“
=]

o

%

LT U EPSEYF

EeEE 127] 8919 ~ 31, A7 128159 ~ 19
149] 717} 319 SRelolR, EPRTFS SR
(Gravimetric water content, W/W, %) 2.2 JERH O 6¥ 1
A ~ 8910 1Y B SRt T o R AT A
£ 75 9 3E ARl A & 2 A T E ok o 17
~ 21%2 A BBt 99 104 0% BrE TSI



HHZNEGE Korean J, Plant Res, 30(1) : 78~87(2017)

EQg2 o}l kRl 242 H|o|E] 27 (Data Logger Em
50, DECAGON, USA)2} 5TM Moisture/Temperature probeS
AFgto] mOFZlo] 15emel 245,

ok

)7}l A A Al 2| Aol A AYARE] 2BHEC 9015 B
59 ool A 85 71l POl we, 4 £ 100
gOlA}, FE 1 50 ~ 99 g, 315 : 49 guTh o2 HEslort

4

24 97154 2384

Hupo] TRAZARS 24 Ayt 6‘_4 M Az d
£2 ZA31=Y|(Choi et al, 2011), SA S Y3l &3t A
S M| Zsto] 11957 E 7] (Autoclave SX—700, Tomy Co.,
Japan) & 105 Col|A] 12087F At MEle 243 Hulo] £
2 AX}FA (Minolta Spectrophotometer CM—3500d, Minolta
Co., Ltd,, Japan)2 &A3}91, A= A7 5 ] needle
probeS ARESH EAJZA7](TA, XT. plus Texture Analyser,
Stable Micro Systems, UK) 2 &43}9 o0 EATAES 2
% 703} 5:9) RAZ 2gofo] YA 2 HASHIEHChot e
al, 2011),

k] 754 BARAE ] wet Tio] 4
Zute] A Group [ (50 g ©]8}), GroupII (50 g ~ 100 g),
Group III (100 g OJAH) & U=0] GA, VA, ERGS EA1519iT)
GAR} VASHF Z2AHH.0 A A 2w Hu} 50 mg A 5= 50%
methanol 2.5 ml Z7}5}0] 108 S0t Ao A 2ot & 55 =0t
ZoapAEfshaL A2l 55 AR, 4500 rpme] 207 5
ot AHERE sk3lth A5 filtering T - HPLCE o|§
sto] BA51IT} Mobile phase 29| =+ 0.5% formic acid
Agalgon, f42
0.7 ml/min, S3YEL 270 nm, column-2- Luna C18 (250 X 21,2

7-]] AN

water2} 0.5% formic acid methanol-&

ARSI THLiu et al, 2005; Ong et al, 2007),
=74 A% Hu} 0.2 gof 10 ml cold
ethanolic extraction buffer (10 mM DTT, 100 uM betain, 100
UM MMI in 70% ethanol)S A 7}8}o] vortexdt & 38 =0t %
La}x]8]8}al, 1% ethanolic solution 2 mlS A78li o, 15
o Akeof AR|FH B 4500 rpmof| 4] 205 HoF YAl D] E
sisich, 4590 3 nl& ol Hol-%sio] HPLC 14 o)
(50 mM sodium phosphate, 3% acetonitrile)of =64} A5}
&It} Mobile phase® 50 mM sodium phosphate®]] 3% acetonitrile
£ A718EE 0.1% triethylamineE ©|-85}0] pHE 7,302 %
Halglom, 942 1 ml/min, THEE 254 mE o] &3¢k
column-& Ecomosphere C18 colume (4,6 X 250 mm, 5 tm)S- A}
L5} tHLee et al, 2009),

mm, 5 pM)<
ERGEF S

lm

g|o]E] 2] SAS (Statistical Analysis System) 7] &
o g B4 1l om, pd0.052] 2704 Duncan's Multiple
Range Test (DMRT)%} Least Significant Difference (LSD)=
291 2ol F/5H4h

7:1;_)_'. | _Tl"g

=

Aegel v Aot AN, $% L I

Aol e B Aol 5 vk A}, 127 8Y
19 ~ 31 3197 HFEF T H|7FIA A ) 24.8C, e

Z| Al 24,1Co] 11, W5 Hato57] 23 8C T} =3t
HNEF = v A A e} e A Al 1 25 7CE 7
SAE, HAEFREE HZFAEA 23.4°C, =] Au)
20.8C2 A A7} AR o] B8] LEx}o]7} o A
AY5tglchTable 1, Fig, 1), E3H A27] 129 159 ~ 19 14Y

Table 1. Soil temperature by different cultivation methods in summer and winter season period from 2011 to 2012

Summer season period” (C)

Winter season period” (C)

Treatment - — - —
Average Maximum Minimum Average Maximum Minimum
os* 23.3 28.8 18.9 -4.5 -2.5 -8.6
Soil® OF' 24.1 25.7 20.8 14 1.5 1.3
RSG" 24.8 25.7 23.4 5.8 59 5.7
“Summer season period : 8. 1~8. 31, *Winter season periods : 12. 15~1. 14.

*Outside (OS) temperature measured on the hight of 70 cm.
“Soil temperature measured in the underground of 15 cm,
“Cultivation methods : outdoor field (OF), rain shelter greenhouse (RSG); Outside (OS).
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Fig. 1. Soil temperature by different cultivation methods in summer sand winter season period from 2011 to 2012. Summer season
periods : 8. 1 ~ 8. 31 (S); Winter season periods : 12. 15 ~ 1. 14 (W); Cultivation methods : outdoor field (OF), rain shelter

greenhouse (RSG); Outside (OS).

I 17.2
r 1e.4

11.4

---OF

--RSG

Average 22.2 17.9

6/1 6/6 6/11 6/16 6/21 6/26 7/1

(Watering)

7/1

7/6 7/11 7/16 7/21 7/26 7/31 8/5 8/10

Fig. 2. Change of soil moisture content according to different cultivation methods. Measurement period : 6. 1 ~ 8.10 (Watering date
: 7.1); Cultivation methods : outdoor field (OF), rain shelter greenhouse (RSG).
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Table 2. Comparison of yield by different cultivation methods of Gastrodia elata

Good merchantable quality Seed tuber ) Yield
. . . . X Total weight .
Treatment  Good Fair Poor Sum weight Ratio Weight  Ratio (ke/10a) index
(kg/10a)  (kg/10a)  (ke/10a) (kg/10a) (%) (kg/102) (%) (%)
OF” 178430°b"  430+86b  518+101b  1,126+215b 74 399+51a 26 1,525£266b 100
RSG” 261£35a  909+140a 690+131a 1,860+303a 82 414+63a 18 2,273+366a 149

“Cultivation methods : outdoor field (OF), rain shelter greenhouse (RSG).
YEach values represented meantstandard error (n=5).

*Mean with the same letter indicate no significant difference according to Least significant difference (LSD) at significant
level of 5%.

Table 3. The changes of characteristics on Gastrodia elata after steaming before drying experiment

Treatment Steaming Hunter’s color value” Hardness The. loss of
L a b (kg/5 mm) weight (%)
OF Before 66.1£0.5"a" 1.6+0.3a 5.7+0.4a 4.8+1.7a -
After 61.7+0.6b -0.0+£0.2b 3.5+0.3b 3.4+0.7b 9.1
RSG Before 70.7+1.4a -1.140.0b -1.0+0.2a 5.1£1.4a -
After 68.2+0.2a -1.9+0.0a -1.2+0.1a 3.7+0.7b 10.3

“Cultivation methods : outdoor field (OF), rain shelter greenhouse (RSG).
"L : lightness, a : redness, b : yellowness.
*Each values represented meantstandard error (n=10).

“Mean with the same letter indicate no significant difference according to Least significant difference (LSD) at significant
level of 5%.

AR A Aeof] B8] A o] MEr} 29T, s A 09 T OF mRSG
At )7L Al Aol A B Stk B7k A Ao A ol 2 .

RYAVE o= 1| Aelloll ] AARE ool uls) Aol vkt 1 206 1 T

wo] 7gsto] A A mEAR BEE9 T, w7} chslo] 305 T [ . 3
Srsh Al B ] ] SPY o9l S5 5 R gage) goa | i I

745 A A 9,19 7819 Lt ] 7HE Al A 10,3% oz | i

21.2% o HAE| QK Table 3), AE7} 2 vl 71 Al A o . .

o] S8lo] 24 F 1A g 2L Aoleks AS o) GA VA ERG

© HE 23S e

Fig. 3. Changes in the contents of the major functional
A ke vl 5 ATl oF 100 gQl Auke] 71s

components in Gastrodia elata tubers cultivated under rain

A B4 S AR A1), GAE= HIZ7FH AR 0,7 meg/g shelter greenhouse. G. elata was cultivated under rain shelter
DW, | A4} 0,5mg/g DW2] SeFS B Sl VAL H|7FI A A greenhouse or outdoor field. Approximately 100 g fresh
Al 0.6 mg/g DW, x| A8l 0.1 ng/g DWe] 30 2 2.04 Welgl.lt tubers were collected and used .to measure tl}ree
o)Al Z1E] A0 Brolah 2 olol o Saro. walt ofo] functional components, such as gastrodin (GA), vanillyl
SV 57 2E BRI = i, ERG RS Wsk7F alcohol (VA), and ergothioneine (ERG). 'Cultivation
THFig. 3). ol= a7FHS sl $hol 5] 543 EYF 259 methods : outdoor field (OF), rain shelter greenhouse
Ayak A uhol 20 2 0135] GAS} VAL] AetA]o] Ysh (RSG). The data represent mean value + SD (n=5). The same
317 SA|Elo] 7]A] B o] dleko] Z7lErhe ¥ 19} 9} superscript letters indicate the corresponding components that

do not differ statistically (p < 0.05; t-test).
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3t AlE H QTtH(Kim and Park, 2013). ERGS] 73 A Q] +
AE A& o7 e o EEe SA5E7] Hoks Aol B
S UAIE RGO 2 Qlsf Aol B EES T
A ko7 wiZell(Sung et al., 1998) A O 2 HE A
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Fig. 4. Differences in the contents of the major functional
components depending on tuber weight. Three major functional
components including gastrodin (GA), vanillyl alcohol (VA),
and ergothioneine (ERG) were measured from three different
sizes of tubers; Group I (< 50 g fresh weight/tuber), Group II
(50 ~ 100g fresh weight/tuber), and Group III (> 100 g fresh
weight/tuber). "Cultivation methods : outdoor field (OF),
rain shelter greenhouse (RSG). The data represent mean
value £ SD (n = 5). The same superscript letters indicate the
corresponding components.
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Table 4. Average and maximum soil temperature by mulching materials in high temperature period from 2011 to 2012

Soil temperature (C)*

Treatment

FLY RS’ SN’ NM

Average 23.6 22.7 22.5 23.2

Maximum 27.8 26.8 26.8 28.6
Minimum 22.7 20.6 20.7 19.4

“Temperature measurement period : 8. 1~8. 31.

*Mulching methods : fallen leaves (FL), rice straw (RS), shade net (SN), no mulching (NM).

Table 5. Change of soil moisture content according to mulching materials in rain shelter greenhouse from 2011 to 2012

Soil moisture contents (%)

Measurement . ; . "
FL RS SN M
Average’ 24.0 17.1 19.9 18.7
L before 19.9 13.0 18.4 14.1
Watering
after 31.2 25.2 21.3 30.7
Pre-harvest 17.3 10.8 14.2 134
"Mulching methods : fallen leaves (FL), rice straw (RS), shade net (SN), no mulching (NM).
YAverage measurement period : 6. 1 ~ 8. 10, *Watering date : 7. 1.
Table 6. Comparison of yield by different mulching materials of Gastrodia elata
Good merchantable quality Seed tuber Total Yield
Treatment  Good Fair Poor  Sum weight Ratio Weight  Ratio weight index
(kg/10a)  (kg/10a)  (kg/10a) (kg/102) (%) (kg/102) (%) (ke/10a) (%)
FL’ 205+43"a"  964+128a 674481b  1,8444238a 84 361+44b 16 2,203+267ab 126
RS” 258+60a 942+118a 800+77a  2,001+222a 79 525+65a 21 2,526+232a 144
SN* 217+54a 806+£130a 707+69ab  1,731+214a 81 411+£60b 19 2,141+£250b 122
NM’ 235+57a  595+126b 564+73¢  1,395+213b 80 353+46b 20 1,7494+244¢ 100

“Mulching methods : fallen leaves (FL), rice straw (RS), shade net (SN), no mulching (NM).

*Each values represented meansstandard error (n=5).
*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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Table 7. Hardness comparison according to different mulching materials

A A} B A= o] 4 E2

of mlA oo

Hardness (kg/ <5 mm)

Treatment FL*

RS’

SN* NM’

Hardness 42+1.2°p"

6.1+1.3a

5.0+0.9ab 5.2+1.4ab

“Mulching methods :
*Each values represented meantstandard error (n=10).

fallen leaves (FL), rice straw (RS), shade net (SN), no mulching (NM).

*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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