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Abstract: To optimize the artificial culture conditions of Armillaria, using the Armillaria strain DJ1 as the research object,
the author conducted molecular identification and biological characteristics observation to select the optimal medium and
culture conditions. The results revealed that the phylogenetic tree constructed based on the ITS sequence indicated that the
strain DJ1 belongs to Armillaria gallica. The optimal culture conditions for DJ1 growth were PDA medium with sawdust
100 g, bran 5 g, water 1 L, pH=6, and cultivation temperature of 23 °C. The results of mushroom emergence showed that
fruiting bodies could be obtained in PDA + 2%/4%/6%/8% cornmeal medium and sawdust medium. Among them, the me-
dium with 4% cornmeal had the best mushroom production effect and the fastest mushroom emergence time. With the in-
crease of cornmeal addition, the mushroom yield of the fruiting bodies of Armillaria increased first and then decreased.
The results of this study can provide a reference for the rapid cultivation and artificial domestication of Armillaria.
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20 g, pH=6. HIFEFRIL:2 SREFRI (A EF O+
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Table 1 Primer sequences and names

PR 5 SimAEE SIPsIs-3)

Amplify the object Primer name Primer sequence(5’-3")

rDNA-ITS ITS1 5-TCCGTAGGTGAACCTGCGG-3'
ITS4 5-TCCTCCGCTTATTGATATGC-3'
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X H Microsoft Office Excel 2007 1 45 it 47
HT 34 , SR A SPSS 25.0 B0 #d 2R 47 22 5 W3
£ 31, K FHl Adobe Photoshop 2021 44 xf B Jr it
THb B,

2 SR 500
21 EREHNRALE S

55T (DNA-ITS JF IR N RS K & R 1
Fr7x, B Bk DI1 5 2 % )% 5] OL411636 Armillaria
gallica TN 1 3, HALEEN 99%, 7 75 % 100% .

22 mMREFERFIE

W %0 S E Ak DI AE 4 R IR Bk
MR, R A KM s IR 2 197
B e SRR R LR DI R KA R R 3
RN, HAW IR L AR (G 2.8 2)

ORS75851 Armillaria borealis

MW418547 Armillaria borealis

MW418540 Armillaria ostoyae

MZ008435 Armillaria solidipes

KR063257 Armillaria aotearoa

OL411635 Armillariamellea
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OL411636 Armillaria gallica

OR364542 Armillaria cepistipes

ORO039429 Armillaria sinapina

OR242680 Armillariacepistipes

ONG683422 Armillaria sinapina

1 HXEREEK DI WRFELER
Fig. 1 Phylogenetic tree of the tested Armillaria strain DJ1

T2 HEHE DI 4 MIEEFE EREYFEEEN N

Table 2 Observations of biological characteristics of strain DJ1 on 4 mediums
L5 H 1 SHrFRAL 2 SHFRHE 3 SEIREE 4 SHIRHE
Observation items Medium No. 1 Medium No. 2 Medium No. 3 Medium No. 4
R W B (] 7~8 6~7 6~7 7~8
Time of hyphal germination/d
% %> % Hyphal branches -+ -+ A+ 4+
R4S Hyphal morphology HLH: Stout HLH: Stout AL Stout —f& Ordinary
2 % [ Hyphal density -+ e+ +++ ++
KA TR AL I (] 18~19 17~18 20~21 19~20

Time of full medium/d

R TR REIR S -+ R L . HREE R+ R KT R A KPS+ REE K AP 2w, FRBERKHA,

Note: Myxocord branches, ++++indicates many; +++indicates multi. Myxocord density, ++++indicates vigorous growth; +++indicates medium

growth; ++indicates moderately weak growth, The same below.
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1 SR
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2 SR
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%37%
3 SRk 4 SR
Medium No. 3 Medium No. 4

W e N TR AR TH A7 507y AR IR L s f . RIR].
Note: Left half represents front of the petri dish, right half represents reverse side of petri dish. The same below.
2 Etk DI FE 4 MRS E RV E KB

Fig. 2 Growth status of strain DJ1 on four mediums

2.3 AEpHMEHRDIIEREKAIF M
HE% 3.8 3 AT 40, B bk DI1 78 pH=5~9 Ab 8 R
PR R, BB R K E S AR T
BFEZS, Ll pH=6 R LKA B RHDHE
*®3 TR pHHEREKHFME
Table 3 Effect of different pH on hyphae growth

WRITHIE T HRKH KR T Z AL
pH Time of hyphal  Hyphal growth Growthrate/ Hyphal thick-
germination/d vigor (mm-d") ness/mm
5 3 A+t 7.87+1.10a  4.06+0.03 a
6 4~5 +++ 8.50+0.00a  5.19+1.32a
7 3~4 +++ 8.47+£0.06a 4.77+1.07 a
8 3~5 A+t 8.45+£0.09a 3.65+0.72 a
9 45 -+ 8.03+0.81a 4.04+1.32a

W AFNG FRERIRTE 0.05 KF EAAEREZER. T
Note: Different small letters indicate significant differences at

0.05 level. The same below.
24 ARIBEXEKRDINEZRERKENT

HIZE 4. 18] 4 AT, B bR DI EAS [RGB 77 2%
TENRERORIUA BORZ R E 33 *Cralia B 7= T
A B A 228 JE 7 IR A K 7 13~28 °C
IR R TR A, o A 23 cCHEFR T K iR
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zi LRTIA Wbk DI ZAR A5 8 92 %4 N
PDA }iF= 5+ 8 100 g, £k 5 ¢,7K 1 L, pH=6, it
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Fig. 3 Growth status of hyphae under different pH treatments
x4 TREBEMNEREKIZI
Table 4 Effect of different temperature on hyphae growth

U EE TR R T BN (] WRKH AR T A
Temperature/°C Time of hyphal germination/d Hyphal growth vigor Growth rate/(mm-d™) Hyphal thickness/mm
13 13~14 ++ 2.16+0.73 ¢ 2.08+0.70 a
18 5 -+ 5.98+1.35 ab 3.04+0.34 a
23 4 4 8.33+0.29 a 3.54+1.06 a
28 5~6 +++ 3.05+2.65 be 1.60+1.39 a

B4 FREEELETEROEKER

Fig. 4 Growth status of hyphae under different temperature treatments
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O R % $37%
x5 TEKAFRRAMBEREKNTIE
Table 5 Effect of different various carbon and nitrogen sources formulation on hyphae growth
T R [D%ix BRKH K PR
Carbon and nitrogen sources Ingredients Hyphal growth vigor Growth rate/(mm-d™) Hyphal thickness/mm
R HI % HE Glucose -+ 8.50£0.00 a 3.66=0.71 a
Carbon source JEWE Sucrose et 8.40+0.11 ab 2.98+0.81 ab
7 2fHE Maltose - 8.49+0.01 ab 2.73+0.38 abc
FKIf Cornmeal ++ 7.3840.30 b 1.72+£0.40 ¢
CK ++ 8.25+0.18 ab 2.15+0.31 be
IR ZE A Beef paste +++ 8.00+0.87 a 3.69+1.44 a
Nitrogen source BARERS Yeast powder 4+ 7.1242.40 a 3.79+1.74 a
%k Bran ++++ 8.50+0.00 a 3.38+0.34 a
& 1 Peptone 4+ 8.10£0.71 a 2.53+0.58 a
CK -+ 8.48+0.03 a 2.84+0.25 a
GEaL W B EN1]
Glucose Sucrose Maltose

Cornmeal CK

5 FRBETHERMEKER

Fig.5 Growth status of hyphae under different carbon source treatments
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6 FREARTHRMEKER

Fig. 6 Growth status of hyphae under different nitrogen source treatments

&6 Bk DI E 2 MEEERE LNEKIFERRFRENIL RS

Table 6 Growth of strain DJ1 on 2 types of cultivation medium and domestication of fruiting bodies

B RE R fic 7 WREKH TEARE TR
Cultivation medium Formulation Hyphal growth vigor Fruiting bodies induction rate/%
SV NIfpE =" PDA 4+ 0.0
Cornmeal medium PDA+2% T K [fii PDA +2% cornmeal e 100.0
PDA+4% F K [fii PDA +4% cornmeal HH+ 100.0
PDA+6% % KT PDA +6% cornmeal ++ 66.6
PDA+8% % KT PDA +8% cornmeal ++ 66.6
PDA+10% 5K 1fil PDA +10% cornmeal +++ 0.0
P NERCE S AJE : FKTH=1:0 Sawdust: cornmeal = 1:0 ++ 0.0
Sawdust medium AJB: FHKifi=1:1 Sawdust:cornmeal = 111 S 100.0

| . '3 &
7E: A~B. [ #k DI1 7E PDA+0%F K T B 77 5 b 1 A2 K5 10 s C~G. Bk DI 7E PDA+4% F KT 55 57 Hk o 18 A A 190 2% SEAR IR B
H~L W#FE DI ARG : FoKMHI=1:0 BEJ5T ip (# A= R AB L s J~N. R BR DI ARG L K HI=1 1 & Jo o ¥ A KA 0L 2 - SR I L

Note: A-B. Growth of strain DJ1 in PDA+0% cornmeal medium; C-G. Growth of strain DJ1 in PDA+4% cornmeal medium and domestication
of fruiting bodies; H-1. Growth of strain DJ1 in sawdust: cornmeal=1:0 substrate; J-N. Growth of strain DJ1 in sawdust: cornmeal=1:1 substrate and
domestication of fruiting bodies.
7 BEHK DI 7E 2 MEEEESRE FNEKIFERR FRENYKIES

Fig. 7 Growth status of strain DJ1 on 2 types of cultivation medium and domestication induction of fruiting bodies
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Note: A. Mycelium and hyphal; B-E. Hyphal parts; F. Surface layer of medium; G. Primordial phase; H. Fruiting bodies mushroom bud stage;

1. Fruiting bodies juvenile mushroom stage; J. Fruiting bodies maturation.

8 EMH DI EKEAEEMNE
Fig. 8 Stages of strain DJ1 growth and development
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