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Characteristics and breeding of a new brown variety of
Flammulina velutipes ‘Asakgold’ for high quality and yield

Kwan-Woo Lee"*, Bo-Min Seo', Seung-Deok Kim', Jong-Ock Jeon', Min-Ja Kim', Ju-Hyoung Kim',
and Myoung-Jun Jang’

'Chungcheongbuk-Do Agricultural Research & Extension Services, Cheongju, 28130
’Department of Plant Resource, Kongju National University, Yesan, 32439

ABSTRACT: A new brown variety of Flammulina velutipes, referred to as ‘Asakgold,” was bred by crossing two monokaryons
isolated from the “Geumhyang2ho” and “Garlmoe” varieties. The pileus color of the new variety is light brown and its shape is
hemispherical. During bottle cultivation, the period necessary for mycelial growth was 40 days, 9 days for primordia formation
and 15 days for fruiting body growth. The total cultivation period was 64 days, which was similar to that of the control variety
“YeoreumhyangTho.” The pileus of the new variety was similar and the stipe was thinner and longer than that of the control. The
number of valid stipes per bottle was 495, which was 37 % higher than that of the control (362), and the yield was 214 g, 16 %
higher than that of the control (185 g). The f-glucan content was 28.69 %, which was observed to be 1.6 times more than that
of the control.
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N =2 A& (Flammulina)®| &shs HAF-IHORE =S HE

gk 2ol Shholl AX Aol de] EEFTH(Im er al.,

WOl (Flammulina velutipes)> RSP OE @2k 2018). B3 shiprsiMlolgtals shH == =7k
T (Basidiomycota), BAHF7d (Agaricomycetes), & BE AL &35 IAFRIA AAEH AL FE7}
A E-(Agaricales), U437} (Physalacriaceae), = ©]H Z WAo]7] Wl ALHAl (Winter mushroom)’©|2}3L
FE2T(Im et al., 2019). AREA O 2 == Po|HAl
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Aol f83 7154 Aol Bol grEo] Aok I
237t = flammulin AEo] AT LM (Younis et
al., 2014) w7179 S-S oAlsk= AAAE 2
GABA(y-Aminobutyric acid) &3] o2 WA KT &
tH(Kim er al., 2009). WA A< B2d E4
HERZ T $hHyetal lom, HRkd o=z b sfoln
Alo] WAl sfolmAle] vls| wWElaF3E o] wrhal B
228 ¥} Atk(Im et al., 2022).

SUelA] AstE]E WolMAlS o WA FFo=
gt} ool -FstaL 7HA7EA] AgEate] w9 oAl
WA AT i dEollA =3 FEoln S 543
EF0 HFES 31.6%(20)° ZX JTH(Im et dl.,
2021). o]e) L=FETS FAFTOZ gAE] As &
T 579 At FE3] W] o, WA sfolHA
FE2 FEATHAMNA = Hx=2 9302001 54
gl o] % w(Woo ef al., 2017), “23(Im et al., 2021)
5ol AU 2 FF2 FEXZTHAA =l A4
sz oA HolWA HFE |88t 2]’ (Kong ef al.,
2008)7F HxE S4HUCH, 11 o]F FHEETH =
HolME o215 (Kim et al., 2018b), ‘9JEF23’
(Kim et al., 2018c), “F&23°(Kim ef al., 2018a), ‘o2t
%31(Lee et al., 2023) 5 T F5& NIk

WA sPolHAle Zto] w9 A 7t 71 FHE fA
571 918lA 4~7°C2e] P& %9} 6,000 ppm ©)F IE
9 COE 8al, e, Aldo] F7tollA 2 o3
oAl Aul Al Wil7] &l Ao, A W B2 A
o] A7} o]E Y] 71E Ao E $e 29 Tl
CO, FAI7F o§7] wjZo] WA sPojmAle] HFej= A4k
SFaL YA 3L Utk olol] =B, AjEo] FrtellA =
oAl HEHA F 52 2-3°CE 23 7k A4S
AR et o] MATE ST 7= A E Ake}
3 Auisiar glom, AakE Al solmAle wjal gjo)
HAL thE) o) o7} 2~3 cm A= FL ko] Hof Ajul
E7Fe0] oS A Aot wEkA] 2 AtE sto] &
3 oi7E A NIRRT B FE, vl 2 sgo]
WA AFES S8t FEion, dxal welE
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WH 2 ZXREE L XL 22
WHI RS ZANFHE el AR o] Zt) ] AR

1S 2} 7kS diold BElEiin. dEZYS Qo 9
H olFANE B AHFo] ol E FgeleE 2Es
T 24X Bt 2AL G fresiith o A

FE 0] 83l 1.0 x 1077 cfmL F=2 3435 3 3
A5 100 i PDA HiA]ol =sled 25°C &F-7]0llA] 7

9

A7 vjekslglith. EYZ o g wolst S "Wy o]
ANZ ool A= PDA HiXo] &%l F ThA] 25°C
27004 7~1047F v FetATh. vl dE FARA L] A4
AA §55 NIKON Ni-U dr|3oz #aste] AzA4d
A7t Qe Gl g Aukste] whll] ARSIt

mHY ¥ ZFHi

WHlE PDA iAol F&235 9} Zw o] G gFE
1-2cm 7HA o2 il o & 2719 Sl JE
H F29E Cork borerg o]-&3 A3 sl Al 313
o}, Atk 52 NIKON Ni-U dnj7o =z 33s)
o] A AAA FAE F5F5 FFE Adste &
AR ) AF-EATH Ak wElEFE PDA AlEH AL
Huf x| o] FHEslo] 4°Coll BE3IA L, D& A PDA B3
HjR]ol] HEFsted 25°C 271014 7~1047F vl = A}
ST, T3 A A A3t =5 gRlstaat
15, 20, 25, 30°CE2 ZAH &27]dA 747 vjgste] o
9] A4 9 A EEE 23

21r-= T

AubE wejaFe] AR EAS A $13E wiA)

FIE 078 EE Z 42 7]-8+31221 (40:26:17:15:2,
wiw) SFHAZ 7 TS 60~61%= 245 H 167
A7 MARLD AZHE ARESIed  1,100ml PP
(Polypropylene)ell Z31tlch. = £ 471 (A5
ZHE A2, 60088 )E ARt 121°CollA] 907 4
73 F Ato] 9RE wiAlE WA 2447 A=
WZskdtt. PDA iAo wiFE wudE AARIE
2x4 cm =2 AT SRR YollA] FytalR] el HEst
Aok, GRS 2% 18°C, % 60%, CO, 5% 1,500
ppm .2 A73te] 4047 v FA ol A v vl
o] k5 ¥ WA= #=F7] ¥ HS FAHS Aol 2=
14.5°C, £% 99%, CO, 5% 1,500 ppm ©]3tE zdd
ol oAl WolE FEENN, o7t ¥ FF WS
2 A9 ez T ASAS 2% 8~10°C, £ =
75%, CO, &% 6,000 ppm ©)’F o2 A3t A ulstSaL,
WAl W 912 12 em B ASHE w) solHAl A
Hj-g WIS A0 FEIEA] ASAIF T w7 A
AL AE HEA o] solHAl Auls7tollA AAIst
Rom, AAA ASEAD A FHTALL HWowAl
ANEFF BEAAF 874 F3te] A

CHX|uH Q¥

opatE o) tlEEE, WH|EE 7k 1ES 9
S AAISAEE. PDA wljR|o] §44EF op]
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st 2nd Final selection
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Production test
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(2022)

. Naming of Asakgold
(2022)

Fig. 1. The pedigree of a new variety Asakgold’ in Flammulina velutipes.

Table 1. Growth Optimal temperature and characteristics of pileus in ‘Asakgold’

. Optimal temperature of ~ Optimal temperature of ~ Optimal temperature of Shape Color
Variety . o . . .o . o . :
mycelial growth(°C) primordia formation(°C)  fruit body growth(°C) of pileus of pileus
Asakgold 16+2 14+1 9+1 Hemi-sphercal ~ Light brown
Yeoreumhyanglho 16+2 14+1 9+1 Hemi-sphercal ~ Light brown
HIEFSSZ 52 24 CYIER

HWEFFET) shake lel=E231 715 7FFY, Mushroom
and Yeast B-glucan Assay procedure)S ©]-&3f F415}3t}.
Z}7} 345 510 nm®l|A4] Oligosaccharides, Sucrose, free D-
glucoseol|A] =4 E  Total glucan + D-glucose®] T
Sucrose, free D-glucoselX] 4 o-glucan + free D-
glucose®] S Mega-Cale T ALk S 7‘510}04 ohF
(%, wiW)REe2 ARSIt AEH 02 elZegt oheke
Total glucan oA a-glucan THS Wl oz AlLts)

0

Atk BAAN RE oRlZEE x5k wHAE 641% o)
ZEZQ BT, F TAES BASIT
SMHS

0{

A oAl AEF optEEE FHRE
HollA 7iEkeh <F3F235 8} FEX1EA ol A A
£ @xA wjste] SA4E FFolth. Wi EEOERE
Z}zke] xRS ol sMuleFstal, Ando R sl
A2 AAA (Clamp connection)”} $lE TNTTFE #2
atitt. #e] gt @Eli5= PDA(Potato Dextrose Agar)
HiR] AgelA] A A DS ZARSE] WS 5A40]
T ANAE At il RET HE 8] @3
TE Adete] ©xA; wefel] ARt n7d 73
B3 AL AAA ] EAE wilFFE IRISHAL, ©]
ol thate] =AM FAPNY 543 3zt
Az ASEAN A8S AANFoEN 33250 o o
N0t 2] ] 4 DA AFS wulste] A2 wul+t
T ‘CBMFV()-257F HE A=At HE g
‘CBMFV(L)-25" B35 S7HIZAHS AH 202205
SHEETANLE Y A5 AR F oRtEECE Y

o0
slo] FPEAY] EFRT QS SFATHFig. 1).

Ui to M4 o

ZA oAl Al ZZ coRIF 9] X]—’\]x—]] EA] "
2 =7 415 [BM SPSS 25 ZEI#S o]&3A L
Duncan®] t5H 91734 (Duncan’s-multiple range test)S
&ote] HaptEol ek 724 (p<0.05)S A3

RS

YolMAl coPtFE ] ARG A2 16+2°C, WA
WA 22 14x1°C, AMEA] &AL 9x1°Coeltt. 7t
Fej= W ol o b A2 Agh ZAo|th(Table 1). Ul
FEOE AMES 5T 159 HWEHH 2% *éOJ o
ARl A2, WAL A A E A AJSE L, 7]
A7k gl mofo] B |8l YERTE

TAL Hi e S

ofatzEre] ARG 542 AA 8] 28l 15~30°C
25 WUl 5°C 7HHo 7 7U7F skt 15°C
AgolM e o=t o515 o] FAF o] B
S50, 20~25°C A2l 1—‘:— ‘515 7} otz
So Hlaf AL o] WAL, 30°C M Hle] 2ol
= optEETE AFFIZ °ﬂ HlsH A ST
23 vt AU B E3Urh(Table 2). dAF A%
2 25°ColAM 48 mm=E 7P we} o5 159} vk}
A2 25°C7F FAF A Feow Targjom ook 7+
= Ade gE oA FF0lx BaE Aot 3d
sto] ol Ale] AtAgl E4og Hlth #AF e
£ 15°C25°CoM T FE EF XY ZAoE Yy
tH(Fig. 2).
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Table 2. Mycelial growth of Asakgold’ as influenced by different incubation temperature

Incubation temperature(°C)

Variety 15 20 25 30
MG MD" MG MD" MG MD" MG MD"
Asakgold 30+1 5+0 40+4 5+0 48+2 5+0 34+2 3+0
Yeoreumhyanglho 30+0 5+0 5242 5+0 56+4 5+0 24+1 240

*Mycelial growth rate: mm/7days at PDA medium
"Mycelial density: 5(very strong), 4(strong), 3(moderate), 2(weak), 1(very weak)

S5

15°C 20°C 25°C 30°C 15°C 20°C 25°C

Fig. 2. Mycelial growth of ‘Asakgold’ at different temperature. (In each view ‘Yeoreumhyanglho' is located left and ‘Asakgold’ right.)

Al E 3] 2BEA
Table 3. Culture period of Asakgold’ by botttle cultivation add S4 & Y
; coprtze o] Au7]17He 1,100 ml PPHS ARE-3F St
Culture period(days) B i
i A Al A FAF Hl ol 409, ko] AU 9, AMA)
Variety Mycelial Primordial Fruit body Total Ao 1500] Z}7F 20 . oo
incubation formation  growth ° g5l 15 ]]:_' 7k 22850 U:& 63 121t} (Table 3). th
}_EZ =S = 5 Hl7s _:_]:] [e) 2<Q
Asakgold 40 9 15 64 o 04‘3000 13 st O]L"}L_ZE"]”}?L 1 %:] o &8
O A 7 Z A7 7 _
Yeoreumhyanglho 40 g 16 6 HA o 5L 19 Fof T A7) dsls

ol ol zlAlA] EAAARS 3 Ay zHEA
* Bottle size(diameter of mouth): 1,100 ml(Q 75) Fre=rel A 54942 R

* Substrate  composition: ~ Corncob+rice  bran+beet  pulp+wheat 6.4mm, 2577 43 mmE E2EFS 5 FIS9 ¥l
bran+corn flour(40:26:17:15:2, w/w) 3l 745kt 37 3.2 mm, Aol 111.2 mmE ‘&

Table 4. Fruit body characteristics of ‘Asakgold’ in the bottle culture

Variety Pileus(mm) Stipe(mm) Individual weight No. of valid stipe
Diameter Thickness Diameter Length (g per bottle
Asakgold 6.4%0.5a 4.3+0.5a 3.240.4a 111.246.9a 0.6+0.1a 495+13a
Yeoreumhyanglho 6.4%0.7a 4.4+0.6a 3.5£0.2a 107.8+7.5a 0.7£0.1a 362+11b

* Bottle size(diameter of mouth): 1,100 ml(< 75)
* Substrate composition: Corncob+trice brant+beet pulp+wheat brantcorn flour(40:26:17:15:2, w/w)
* DMRT at 5% level

Side view Top view Individual of fruit body

Fig. 3. Morphological characteristics of fruit bodies between ‘Yeoreumhyanglho and ‘Asakgold’in the bottle culture. (In each
view ‘Yeoreumhyanglho' is located left and ‘Asakgold’ right.)
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Table 5. Yield per bottle of ‘Asakgold’ Table 6. B-Glucan contents in fruit bodies of ‘Asakgold,
Yield Yeoreumhyanglho' and other cross lines
Variety (g/1,100 mL) ,Yleld . Total glucan a-glucan B-glucan
index Variety 0 0 0
1st 2nd 3rd Average (%, wiw) (%, wiw) (%, wiw)
Asakgold 239+18a  225+6a  178+5a  214+32a 116 Asakgold 28.76+1.33 0.07+0.01 28.69+1.35a
Yeoreum- Yeoreum-
+ + + + 18.30+1.20 0.03+0.03 18.27+1.17¢
hyanglho 207+16b  183+5b 165+3b  185+21a 100 hyanglho
* Bottle size(diameter of mouth): 1,100 ml( 75) CBMFV(@.)-7  12.83%0.13 0.15+0 12.68+0.13d

* Substrate  composition: Corncob+rice  brantbeet pulp+wheat CBMFV()-13  12.45+0.40 0.61+0.03 11.84+0.37d
brantcorn flour(40:26:17:15:2, w/w)

* DMRT at 5% level CBMFV(Gl)-18  1830+040 026004  18.04+0.36c
CBMFV()-19 22924027 009003  22.83+0.24b
CBMFV(il)-24  18.58+0.27 0.19+0 18.39+0.27¢

* DMRT at 5% level

\CBMFV(a)-25

° 2 et B3 tE ﬂHH?%l%‘ﬂ CBMFV(JJ_)-7, 13,
59, =7} 3rEko o o
Fig. 4. Somatic test through replacement culture between 18, 19, 24, 5;“; ] HﬂE}ET‘l‘ v i:tl,lfA] i2.28/o
‘Asakgold’ and control(left), parent(right) 2 O wHAEET HaEE coptE= o] WEREFIL
ol oF 1.3~2.48) Bo] i o2 YERSITHTable 6).

159 &7 3.5 mm, th2e] 107.8 mmXt} o7} 7} STHBAE
=3 71 FEE YER W (Fig. 3) FA1F fFolxk= /L AE AE A9 oMM AulETtolA S 2 Ak
otk AAFES 0.6g0 R WEEE 231359 7Hxﬂ~g A EAZALE A% ASAES FR8 de v 2
0.7 ¢ ¥ 0.1 g 7P o2 YElT}. 1,100 ml(3 75) o}, coRtEFE=re] A EAFL A 6.7 mm, ZHFEA
H 345 49512 252 531509 ¥ 4.8 mmZ EEFEFQ ‘53139 747 6.5 mm, 35
Fa7d4 36271 ] 37% 2%O ™ (Table 4), ¥ Ht vﬂ 4.8 mm¥} 2te] A7)= =g P UrE} AT A
FHL 214 g0 7 PREF JEF150 FH 185 ¢ T < 2.8mm, Aol 1052 mmE 2EFZF] A
H| 16% =7 UEFTHTable 5). 3 5mm, 2] 103.8 mm Bt} ti7} 7F=a 71 A4S
EFATH JHAIES 0.5 g0 2 HEREZHT 0.1 go] YA
CHX[HH Q¥ Uebt T, By a4 B3R dZ2EF 69771 Bt
oprtms ol ERES, WHIRE 7he] TS 93 o) 6% Be Fow yYepdon WY HaFHe 302g08
AuiF 2 DNA oS 4 A3 Fig. 49 7@ ZFHE 289 g BT} 4% EUTH(Table 7). o]t Aabe=
PDA H¥hlA| o)A cofbF= o ) 2FFR ‘E5F 1S Eﬂi%i o] 7t 7hea 71 FEE Holm fEAret
WA REQ]D FF250 9 Ay o] FARE TR %% Fo] sthe HoX FHRETA7IEY HAATF Al
W o5 7kl thalS FAdsknt HH*MVH Al Ao} vl H3S BT

Table 7. Result of farm field trial of ‘Asakgold.

Pileus Stipe ..
I
Vari ] ] ] nd1\.f1clilual No. of valid stipe Yield
arlety Diameter Thickness Length Thickness weight per bottle (/1,400 ml)
(mm) (mm) (mm) (mm) (g
Asakgold 6.7+0.3a 4.8+0.2a 2.8+0.1b 105.2+4.0a 0.5+0a 737t11a 302+14a
Yeoreumhyanglho 6.5+0.2a 4.8+0.2a 3.5£0.1a 103.8+2.5a 0.6+0a 697+14b 289+4a

* Bottle size(diameter of mouth): 1,400 ml(<J 82)
* Substrate composition: Corncob+rice brantbeet pulptwheat brantcorn flourt+soybean hull(38:34:11:6:6:5, w/w)
* DMRT at 5% level
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