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ABSTRACT

Background: When the licorice cultivated in Korea, the quality index components are lower than
the standard value, and physiological disorders occur frequently. Therefore, we evaluated the
growth and yield characteristics of resources to develop licorice varieties suitable for the domestic
environment.

Methods and Results: Glycyrrhiza resources were collected from five nations. Leaf margin has
been identified as a species-specific characteristic that distinguishes G wuralensis and G glabra.
Glycyrrhiza resources were observed in flowers and seeds for 2 years. Leaf abscission began to fall
from July and lasted until November according to the characteristics of the resources. As the num-
ber of cultivation years increased, root length, rhizome length, and rhizome number were not sig-
nificantly related, however, root diameter, root weight and rhizome weight were significantly
related. The skin root color became dark after a year. Yield (dry weight of underground part)
increased mostly from the first to second year, whereas the yield changed depending on resource
characteristics in three years. The yield was positively correlated with dry rhizome weight, plant
height, stem diameter, and root diameter. Cluster analysis indicated that, they were classified into
three clusters. Among them, the resources in group I were confirmed to be of high quantity and
quality.

Conclusions: GLY'13-05, GLY 14-02, and GLY 14-06 of Glycyrrhiza resources were evaluated as
having excellent growth and yield characteristics. Moreover, they can be cultivated in domestic
environments.
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Herbal Science, Rural Development Administration. Eumseong,
Korea)©ll -Q’ % XEOoZ RIS (Table 1).

AH]ERS N-P,0-K,0 = 17-11-14/10a2] H]-&=Z F25H7] 2
T Aol AlREA ] ARSI EH]= 2,000 kg/10a A 7]
Nl ALgE T FES GAS ARl TuaiT. A
Hxge) ANEEE A% 5 242 5] 90 en 5o
271 50 cm, F2F 20 en (AR AL, BT R
S 3 o R wiRseln. AuE fAA9e) S5 A
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A& 49 B, FEANE 19 sheol] FaeT

2. M 9l ek SMTAL

A& 54 B7ke AR AT 20 7RAY 3 R
5, % 60 MAE Yoz Aldsie] ARSI AV IS &
EEH AFEATEAE 7IE (RDA, 2012)00 w3kt
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Table 1. The list of Glycyrrhiza species used in this study.

- OISR - T - 0pES -

No. Resource Species Origin Accesion number Voucher number
1 GLY13-02 G. uralensis China 903683 MPS005322 (KMRH")
2 GLY13-03 G. uralensis China 903685 MPS004531 (KMRH)
3 GLY13-04 G. uralensis Cananda K000940 MPS005322 (KMRH)
4 GLY13-05 G. uralensis China K024694 MPS005329 (KMRH)
5 GLY13-06 G. uralensis Russia K045097 MPS005330 (KMRH)
6 GLY13-07 G. uralensis China K160944 MPS005332 (KMRH)
7 GLY13-08 G. glabra China K16082 MPS005334 (KMRH)
8 GLY14-02 G. glabra Canada K001022 MPS005336 (KMRH)
9 GLY14-03 G. uralensis Mongolia K014454 MPS005338 (KMRH)
10 GLY14-06 G. glabra Uzebekistan K155112 MPS005343 (KMRH)
11 GLY14-07 G. uralensis China K205978 MPS005344 (KMRH)

KMRH; Korea Medicinal Resources Herbarium at the National Institute of Horticultural and Herbal Science, Rural Development Administration

a ! Plant height f : Leaf width

b : Stem g . Leaf petiole length
¢ : Branch h : Leaflet length

d © Node i : Leaflet width

e . Leaf length

Fig. 1. Growth characteristics of above-ground part.
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L/
d
a : Root length
b : Root diameter
¢ : Rootlet
d : Rhizome length
e : Rhizome diameter

Fig. 2. Growth characteristics of underground part

3. SAEA

SAI*8]= SAS Enterprise Guide 4.2 (Statistical analysis
system, 2009, SAS Institute Inc., Cray, NC, USA)S o©]&
stod R Aol tigh 7t 34| Bt BEUAE A
Estal, HAREAS T AR 7He] froFQl Apole
Duncan’s Multiple Range Test (DMRT)Z ol 5% (p
< 0.05)°0A ASSE AL, JFBAI= Pearson®] & EFHASF
(Pearson’s correlation coefficient)& ©|-83l] 242 37135}
Ak ZHEA (cluster analysis)> Ha AW (average
linkage cluster)S 3R, &3 7+ FoA #AALS
DMRT #4102 AA|8I3it.
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2 HEEAH
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5 (19982} 2-& TU3 4
AN 1}401 GLY14-02 (134.3 cm),
2+ (9.8 mm, 9.0 mm)S.

94 (repand)®] FEIE HAOH, G glabra®)
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Table 2. Growth characteristics of stem in Clycyrrhiza resources.

Resources Length Diamerter Node Lodging resistance”
(cm) (mm) (ea/plant) 0-9)

GLY13-02  104.6 8.0 39 7
CGLY13-03 84.2 6.9 40 7
CLY13-04 87.6 6.2 41 9
GLY13-05 87.8 7.3 39 3
GLY13-06 66.9 4.9 30 5
CLY13-07  109.6 8.4 34 5
CLY13-08 90.6 7.6 36 5
GLY14-02  134.3° 9.8 50" 1
GLY14-03 53.3 5.5 24 3
CLY14-06  100.4 9.0 43 3
CLY14-07 92.2 7.6 27 3
Average 92.0 7.4 37

CV(%) 2321 1988 2055 )

Iodging resistance; O (none), 1 (below 10 O%), 3 (10.1% - 30.0%),

(30.1% - 50.0%), 7 (50.1% - 70.0%), 9 (more than 70.1%). Not

5|gn|f|cant|y different based on the Duncans Multiple Range Test
(DMRT, 'p’ < 0.05).

Table 3. Growth characteristics of leaf and pod in Glycyrrhiza resources.

Resources Leaf Leaf abscission" Flowering date? Number of pod
Length (cm) ~ Width (mm)  Number (ea/plant) (1-9 (Month, Day.) 1 year 2 years

GLY13-02 17.4 7.8 35 3 June, 4. 0 0
GLY13-03 13.4 7.3 36 3 June, 15. 0 1
GLY13-04 14.6 6.9 35 9 June, 4. 0 2
GLY13-05 14.1 7.2 36 1 June, 4. 3 2
GLY13-06 14.9 6.8 23 5 June, 4. 0 0
GLY13-07 18.6° 8.9 28 5 May, 25. 0 0
GLY13-08 17.4 7.7 26 5 June, 25. 0 0
GLY14-02 17.7° 7.9 43" 1 June, 4. 0 0
GLY14-03 12.4 5.0 20 9 - 0 0
GLY14-06 18.6° 8.2 39 3 June, 27. 0 0
GLY14-07 17.1° 7.3 29 3 June, 17. 0 0
Average 16.0 7.4 32

CV(%) 13.63 13.40 22.52 ) ' ' )

Vleaf abscission; 1 (below 10%), 3 (10.1% - 30%), 5 (30.1% - 50%), 7 (50.1% - 70%) 9 (more than 70.1%). *flowering date; flowering is two years

old. Not significantly different based on the Duncan’s Multiple Range Test (DMRT, ‘p < 0.05).
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944 sie
GLY14-02, GLY13-05 5 AL7HA] o] A&E=
1 9% 545 2 (Table 3).

N3} B4 2d4eA GLY14-03S A|QJ3 RE fxa1
oA 737 #EE Wb GLY13-05% 1948014 73t 2 4
o] A=) A4S GLY13-05, GLY13-04, GLY13-06 5
3 4w #FEIY GLY13-072 713 WE 73t (59 259)
£ E3AT (Table 4).

Azo) N @ A4S g wH) 858 53 HolHE o]
Qollx ofoF 9 AP He] FE A3t 5 A=
2oz 1 ozt AX I ek FRRE $eluE Tz Al
= Aol AeEe A5H 7159 A AIZI7F HA s

R
=
il

B 2

s

N

- SIS - ITEY - 0pES

ool
- =28s -

=2ch 294 2] HES 734 cm E FAMEGOH,
o] WL 19.8 mn 2 FARYCH 3EA 2] WAL 965
cmE FAREQLOH, 2739] Bt 32.5 mnE ZALETE

27

] ALES] vl E GLY14-027F Al d<pol] we} &
7, 270l fFeldew Sk, Al dFEE P =2 3

< Witk

Ozaki 5 (2010y> 7r=o] 7o Al drol wat fol4
o7 Foe A¥e uehiga HIs3lor], Moon &
(2019)& ]lke] Auf ol me Ag 54 WS A
A3k gt 270 BF S7beke A% SAslth E <
TolA Aol e S Zol7k BAAR, thi
A Aol meth Srkshe A Bk 2742 A ds
of w11 A 25 S7kshs Ade HA, 1dAA 2d
Ao Frkeke guoh 2dA6A 3R Frleke )
ol frelH o = HEHUT (Table 4).

o
= e

7b Hueks, 2AEA] e 58S Bk olH @ olf= { YA Al dpel] met -2 AojAle BFe Hol
T & ToE Q% 2] g g, aElal st . v, 294 ol Al 3P 540 ' 2udo] AAHEe o
wi7Abe] SAAA Wl whE e AdEe] dler Az 2 ddEd. 1dAdls Aol 7 A (GLY13-05), 0]
= 4 A (GLY13-06 &)= HAFALE 2dyox = Hdao]

2 Aol 88 FHA T GLY13-05= HI7HE Al 2 A (GLY13-05 %), ZA4o] 8 A (GLY14-06 %), S22
Al FAF el FEIR 9 AAe® HrkEW, sleld F GLY14-027F0] #Z AT 3dA = Hdde] 2 A
2 =AM Al 1dAelE sk B Aol B4 $a, 2d (GLYI13-05 5), ZAe] 8 A (GLY14-06 &), S22
A oldH FAE ATE e 7ol FdE GLY14-02%0] 2=t

Aol 2d o= Al dpel met A Ak 2

2. XJof7 4= 54 I Wsh= A 5440 wE 2pelE BTk GLY14-06 5

4 27 19404 Het ZF 628 em, 152 mmE AP 5 He Ao Zujale] Wbt giglaL, GLY13-06 T 3
Table 4. Growth characteristics of root in Clycyrrhiza resources.

Length (cm/plant) Diamerter (mm/plant) Color"
Resources
1 year 2 years 3 years 1 year 2 years 3 years 1 year 2 years 3 years

GLY13-02 73.8 75.5 84.5 16.4 17.0 36.2 B B B
GLY13-03 56.0 70.3 87.7 12.2 17.5 37.1 B B B
GLY13-04 64.3 88.0° 97.0 14.8 22.7 329 B B B
GLY13-05 82.4" 87.9" 111.4 14.7 21.5 33.2 B RB RB
GLY13-06 58.9 71.0 80.5 12.5 16.3 23.6 YB B B
GLY13-07 59.8 72.2 1121 16.1 20.5 33.7 YB RB RB
GLY13-08 54.6 66.7 92.7 15.0 16.2 30.1 YB B B
GLY14-02 616 82.5° 12037 20.0° 283 39.6° B BB BB
GLY14-03 57.7 55.8 82.3 11.6 18.2 24.5 YB

GLY14-06 61.0 76.1 107.0 17.1 23.0 36.7 B

GLY14-07 60.3 61.4 85.9 16.9 16.5 29.8 B

Average 62.8 73.4 96.5 15.2 19.8 325

CV(%) 13.17 13.86 14.46 16.21 19.24 15.75

"Color; B (brown), YB (yellow brown), RB (red brown), BB (black brown). Not significantly different based on the Duncan’s Multiple Range Test

(DMRT, ‘p < 0.05).
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FAAel A Ao WMy, GLY14-02= 2l

= 1

o, GLY13-072 o AZao =z Walgi). 2d4)
o|Foll= A o] W= YERR] kot

2yAe vEA 7z Ad xxg FgEch F3 3
oA 7hze] oAl Aol 3|7} Thdslal FE5PH
Hol 713l |7 zr) A £& E4E Uity BEo]
AT}k (Kezhi, 1989).

Aol e A A S 5 3 7] Ao

2 A=, 2 7k 2Fjdo] A 7h7ke- A
o] $4 FAAYOR GLYI13-05, GLY13-07°] A= dct
(Table 4).

257372 Al Al wet 7t FAEE A
Bk 1Al 482 cm - 109.1 cm 2] W2 FAE S
), APAZAL 33 mm - 6.4 mm o] WE ZALE T 294
A HHS 111.9 emZ ZAFEA.0™, GLY13-06 (141.9
cmye FoHoR A AU AL Het 7.7 mmE
ZAFEO™, GLY14-02 (11.0 mmy= o208 =7 B3ty
Atk 334 AL HEFS 1495 cn 2 FARE RO,
GLY14-067} 2043 cm2 9308 =7 AZ= et |81
7ol FFL 7.7 mE ZAM ] 234 gk 7S 7kS U
ERf AT

Park & (2003 ZF=o] Aui dpol] wat Ashdare} A
7o) Srkeitial Barso] it SRR ATelA= A
s77L AHH o= FUISIAARY, A Al dg

T
EE

mE AEHHo R FrtsAl= ke, A 502 {9
Z9] z}o]E HATH (Table 5).

SEIRII| M

Table 5. Growth characteristics of rhizome in Glycyrrhiza resources.

ajl

= 1o
3. 4 HESH

A5 Al Q57 2715 we ol Stk A%
S BATh 194 1259 HdS 6047 g2 AN,
GLY14-06 (114.00 g/5), GLY14-02 (96.40 g/7), GLY13-
05 (95.80 g/7) A9 Loz A #AEHALE 234
GLY14-02 (13430 g/5), GLY13-05 (115.08 g/5), GLY14-
06 (103.80 g&°) 5ol 7NAT 100 g o1 ZARES . 394
o] W 259.04 gFE RAENCH, GLY14-02 (557.30
g/7), GLY14-06 (398.70 g/57), GLY13-05 (368.70 g/5)A
o] o =A AAE A

Ozaki 5 (2010)°] <3P Z5-2 APl QW57 S71eol o}
2} folHo R FolAs AFS JEpdT Bl Medzt
oF fAkek AFghe BT 53] A2 1dAA 234
o2 Z7K R 2dAA 3dAez A uf fojHo
2 =2 7 (59.6%)ys YERNATE (Table 6).

AT A Al wh} it F7lske AEe B
R, AA7ke] B2 Sgwste] wet fe]Hog & Ao
7F ATk 2dA el ZR17ke] 2|51 o] 15.00 g/
10240 g2 & o7 AN, 3FAL 61.64 g5
247.50 g/=2] HLIE ZARESITE (Table 8). YUA| S22
o] B4 194 e F= el Ho] o] FE e
U= Ao Yeht b wAo] wu|Eiith. 2\ A HE]

A7) Afol= ARAA T, AeHEe] o] e 7S Bt
S AAgT b7 54 Zolo] wt 2dA T 3dA
NN FAY FEo] Skt A4S B
AdreEe 1dAolA 2307 Al 37t F715l w

2 folHoE F7kshe AT ehiAAR, 29494 33

N

<
T

Length (cm/plant)

Diameter (mm/plant)

Number (ea/plant)

Resources

1 year 2 years 3 years 1 year 2 years 3 years 1 year 2 years 3 years

GLY13-02 108.4" 120.3 153.5 4.5 6.6 6.2 3 2 8
GLY13-03 48.2 110.4 130.4 3.3 6.6 5.8 2 5 12
GLY13-04 77.9 112.9 144.6 4.9 7.9 7.3 4 4 8
GLY13-05 80.2 128.7 169.1 4.4 7.5 7.5 3 3 11
GLY13-06 106.6" 141.9° 190.2 5.6 7.1 7.4 3 3 6
GLY13-07 102.2" 113.1 108.1 6.0 9.0 6.6 3 3 4
GLY13-08 106.6" 109.3 119.4 59 7.5 7.4 2 2 5
GLY14-02 69.3 92.7 143.0 6.3" 11.0° 1.4 2 2 2
GLY14-03 73.2 66.0 122.5 4.5 8.3 6.3 3 2 5
GLY14-06 97.4 126.6 204.3 6.4 9.1 11.2° 3 3 14
GLY14-07 109.1° 108.7 156.7 6.3 7.5 7.7 3 3 6
Average 89.0 111.9 149.5 5.3 7.7 7.7 3 3 7
CV(%) 22.89 17.80 19.83 19.25 11.46 24.35 21.40 32.45 49.81

Not significantly different based on the Duncan’s Multiple Range Test (DMRT, “p < 0.05).
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T e Bl
olFd A= 1dAelM Hel Wde] Bse fAlsk=T
g Aow AgHy, 2dgdM s &40 wet Akl 7F

o] W) fape] Z7h Ei bk APS Hole AOE I
g}
AZTFHE 1AM Ha 423 g/nl 2 FALE Ao H,

GLY14-06 (815 g/m)eo] fe]Ho= =A yehsdtt. 2949
A5 et 849 g/niz AU S, GLY14-02 (1,617
gyt fojdog A Jepdth 3dAe] Ao Wt
532 g/nt 2 ZAFIACH, GLY13-05 (963 g/mi)7} 2] o
2 =7 Yebdth GLY13-055 134014 629 g/niolA 2@
Ao e 1,468 g/t 2 <F 2 ¥ =718k AdS BTt &
ARt 3 @AYo ME 963 g/t B 7Hhdhe A3ES BTh
Douglas & (2004y ¢-2Jutehel HIS=8t A% 2= (13.9C
b e (1,315 mmye Hole A9 (Rukuhia)dl|A] 7439
A B gl BEEr]e] A 290 3dAle R
Al d7E So1sl Wl 15.6 % 5718 Axke tEA|, 2
04%101]*1 294 o] %o FHARFAS] R o] Hadhe
7BEE Bt )¢} o] hastke AR A FAE A
AlakA] Eglont, AxAE g 2ARA xR =2 A Al
o] woll & YuARE HF7t FAKE] dAfske AHdEC]
d fojF oz FTISk] wet el dEE rAS AoR

Kim % (1998bH Ao Frle] A Aul Y5t
Z7¥eol me} 2, 2] 1dAlel mls) 2ol 7} 55%,

78% BER FTISIAN, HFHOE AIFTF0] 148%=E 5
Fote 25 Btk & AT E x Bee 1dAelA
Aol 7ol F= Uehton, 2d42 AlE 1l feoHow
] o] ool mt AAAQL ol 1dAel val
2ARA FA3] FTIBIGITE olE Fate] #xe] AAA
A 717k 234 o] Fe] =7kl Feke Aol fEE A
o2 AT (Table 6 and Fig. 3).

4. MZ U LY SaRIo] MEH
U AL A% B4T £ 5 70 e
HE SRR, Fg 0 54 T AFE 22 (=

0.910, p<0.01), 37 (r=0.851, p<0.01), B+ (r=0.822,
p<0.01), A3 }737%( =0.822, p<0.01), =74 (©=0.755,
p<001), = ©=0653, p<005), & =065, p<
0.05) ¥¢] FHAAE HepIITh e AeEds
(r=0.889, p<0.01), 2% (r=0872, p<001) AdS (r=
0.840, p<0.01), A7 (r=0.796, p <0.01), =7 (r=0.778,
p<001) a4 (r=0.701, p <0.05), V= (r:0691 p<
r=0.652, p <005} ¥ JAAAE BATH

( =
e, 9% 4, WA, T, AN, ATFE 1% T4 =
EE B A7 9A 2o 383 A540) A5 A T & Jol AuAE Yehigi
3 DA AR ARNE BANA +F BA7) ool Mok B (1981 k] 2] 4%, AF, A7, 2%
2 Roz WYEH, ol FlHow A7Y Bayel Ak 7 Pl ARVAT YTk BISUL, Park 5 (2000)2
Table 6. Yield characteristics of Glycyrrhiza resources.
Resources Dry rhizome weight (g/plant) Dry root weight (g/plant) Dry yield (g/ni)
2 years 3 years 1 year 2 years 3 years 1 year 2 years 3 years
GLY13-02 51.40 122.56 72.60 46.87 238.10 467 541 712
GLY13-03 61.90 196.92 43.10 56.94 350.70 367 854 607
GLY13-04 55.83 124.00 48.90 88.64° 241.40 298 585 884
GLY13-05 70.94 183.51 95.80 115.08" 368.70 629 1,468 963
GLY13-06 71.85 129.36 16.30 31.25 78.80 219 525 313
GLY13-07 56.39 61.64 57.50 66.51 259.60 375 941 497
GLY13-08 38.03 81.83 50.50 33.33 137.20 312 706 509
GLY14-02 102.40° 169.50 96.40 134.30° 557.30" 650 1,617 436
GLY14-03 15.00 78.50 16.30 12.83 98.50 86 42 208
GLY14-06 82.32 247.50" 114.00° 103.80 398.70 815 1,347 322
GLY14-07 42.47 111.91 53.80 31.61 120.40 438 712 405
Average 58.96 137.02 60.47 65.56 259.04 423 849 532
CV (%) 39.66 41.43 52.40 60.53 57.52 49.50 55.12 44.95

Not significantly different based on the Duncan’s Multiple Range Test (DMRT, ‘p < 0.05).
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Fig. 3. Growth characteristics of underground part in Glycyrrhiza resources. [A; GLY13-05 (1 year), B; GLY13-05 (2 years), C;
GLY13-05 (3 years), D; GLY14-02 (1 year), E; GLY14-02 (2 years), F; GLY14-02 (3 years), G; GLY14-06 (1 year), H; GLY14-06 (
years), I; GLY14-06 (3 years)].
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Table 7. Correlation coefficients between growth and yield characteristics in Glycyrrhiza resources (2 years old).

PH" SD? LN? LLY LW RLY RD” RhLY RhD? DRhW'? DRW'" DY
PH 1.000  0.953 0.847" 0.633° 0.607° 0511 0.8217" 0215 0.684° 0.800” 0910" 0.872"
SD 1.000 0.857" 0548 0.525 0.523  0.832"° 0.143 0739”7 0.7677 0.8517 0.796"
LN 1.000 0238 0.188  0.630° 0.855" -0.037 0.648" 0.778" 0.822" 0.652
LL 1.000 09577 0.399  0.382 0.706° 0202 0547  0.651° 0.701
LW 1.000 0.318  0.368 0.619° 0280 0499 0.581  0.691
RL 1.000 0.693° 0371 0242 0.8477 0.653° 0.601
RD 1.000 -0.087 0.8377 0.923" 0.755" 0.778"
DRhL 1.000 -0.381 0.194 0461  0.304
DRhD 1.000 0592 0476  0.534
DRhW 1.000 0.8227 0.889"
DRW 1.000  0.840"
DY 1.000

DPH; plant height, #SD; stem diameter, ?LN; leaf number, “LL; leaf length, “LW; leaf width, “RL; root length, ”RD; root diameter, ®RhL; rhizome
length, “RhD; rhizome diameter, ""DRhW; dry rhizome weight, ""DRW; dry root weight, "?DY; dry yield. Significant difference by Pearson
correlation analysis (p < 0.05 and “p < 0.01).

8 and Fig. 4). th S B4 =4 23 GLY14-02 2% (134.3 cm), 47
w A7e e A S R s A5 5 (1004 mmel M -3 BE 5SS UERAL, GLY14-02,
B £ SAS el A SRS AR GLY 13052 1197 998 s o A SA4o] uEH
' GLY13-02,
’ [ GroupI
GLY13-06. E3 Groupll
v} Grouplll
. GLY13-04,——
. GLY13-08,
GLYH-O?.:I L
. GLY13-03,
© GLY13-07.
E GLY14-03. II
7] GLY13-05,—————
GLY14-06. III.
AZ GLY14-02.
0.0 01 UvZ 0.3 04 05 0.6 0.7 0.8 0@ 1.0 1.1 1.2 1.3 1.4

Average Distance Between Clusters

Fig. 4. Dendrogram of Glycyrrhiza resources classified by cluster analysis using qualitative characters. Group I ; GLY13-02, GLY13-
03, GLY13-04, GLY13-06, GLY13-07, GLY13-08, GLY14-07, Group II; GLY14-03, Group II; GLY13-05, GLY14-02, GLY14-06].
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Table 8. Major growth characteristics of Glycyrrhiza resources group.
PH" SD? LN? LY LW RLY RD” RhLY  RhD? DRhW'@ DRW' DY
Group I 63.71 572 1555 18.05 854" 7213 1796 116.65° 746  50.74 53.98 = 694.87
Group IT  34.25 3.77 11560 10.22 589  61.00  17.11 66.00 833" 12.83 15.00  41.80
GroupIl 92.09° 7.52° 22.73° 20.10° 931 8225 2424 11597° 919" 117.73° 8522° 147730

DPH; plant height, #SD; stem diameter, LN; leaf number, “LL; leaf length, “LW; leaf width, ®RL; root length, ”RD; root diameter, ®RhL; rhizome
length, “RhD; rhizome diameter, "”DRhW; dry rhizome weight, ""DRW; dry root weight, "?DY; dry yield. Not significantly different based on the

Duncan’s Multiple Range Test (DMRT, ‘p < 0.05).
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=" A (entire)?] FEHZ AT
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GLY13-05, GLY13-07°] AzZoa 3E4 7= 7=
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g/n), GLY14-06 (1,347 g/ni) 5o] 9 Aho2 Hri=ch
webA] A S BP0 R T A AFo] gk A
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