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Biological characteristics of the pathogen causing Alternaria
leaf spot on quinoa

CHEN Yalei, TIAN Miao, SUN Jiangwei, ZHOU Jianbo, REN Lu, QIN Nan, YIN Hui ',
ZHAO Xiaojun®

College of Plant Protection, Shanxi Agricultural University, Taiyuan 030031, Shanxi, China

Abstract: Specimens with typical Alternaria leaf spot symptoms on Chenopodium quinoa were
collected in the cultivation area of quinoa in Shanxi Province. The representative isolates LGB-b
and LGB-h were tested for verifying pathogenicity and the classification status by using
molecular characteristics (4/t a I, endoPG, and OPA10-2) combined with morphological
identification. The results indicated that the quinoa Alternaria leaf spot is caused by Alternaria
alternata. Pathogenicity test results showed that the leaves showed typical symptoms in 6 days
after inoculation, which matched the symptoms in field, manifesting gray-green spot, grey-brown
mould, and yellow-green halo. Isolates LGB-b and LGB-h could infect C. quinoa, C. album, and
C. formosanum. The influence of culture medium, temperature, water activity (ay), and pH on the
growth of representative isolates was studied. It was found that the most favorable medium for
growth of mycelia of isolate LGB-b was V8, and the most suitable temperatures were 25-30 °C.
The ay, higher than 0.98 and pH 6—7 were optimal for both mycelia growth and conidial
germination of isolate LGB-b. For growth of mycelia of isolate LGB-h, the most favorable
medium was PCA, the most suitable temperatures were 20—25 °C, the optimum a,, was higher
than 0.98, and the optimum pH was 6—7. The ay higher than 0.98 and pH 7—8 were optimal for
conidial germination of isolate LGB-h.
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Table 1 Primers used in this study

E-97| 519 Fe41) E= BTN

Gene Primer Sequence (5'—3") Reference

Alta l Alta I-F GCTGCACCTCTCGAGTCTC Woudenberg et al. (2014)
Alt a I-R AAGTCCTTAGGGCCGTTACC

endoPG endoPG-F GGCACAACTTTGGACCTCTC Andrew et al. (2009)
endoPG-R TGATGACGTTGTTGCTGGAG

OPA10-2 OPA10-2-F TTAGTGCAGCTCTCTCAAACG Andrew et al. (2009)
OPA10-2-R TTGAACTTCGTAACCAGGGC

*2 RATZERERISTNEREFIERS

Table 2 Isolates and corresponding GenBank accession numbers used in this study
MHI% R4 iy S GenBank %335
Current name Synonym Strain No. GenBank accession number
Altal endoPG OPA10-2

Alternaria alstroemeriae CBS 118808 KP123845 KP123993 KP124601
A. alternata LGB-b OL505082 OL505080 OL455873
A. alternata LGB-h OL505083 OL505081 0OL455874
A. alternata A. pulvinifungicola CBS 194.86 KP123869 KP124016 KP124623
A. alternata A. rhadina CBS 595.93 JQ646399 KP124020 KP124627
A. alternata A. tenuissima CBS 918.96 AY563302 KP124026 KP124633
A. alternata A. limoniasperae CBS 102595 AY563306 KP124029 KP124636
A. alternata A. citrimacularis CBS 102596 KP123877 KP124030 KP124637
A. alternata A. citriarbusti CBS 102598 KP123878 KP124031 KP124638
A. alternata A. turkisafria CBS 102599 KP123879 KP124032 KP124639
A. alternata A. perangusta CBS 102602 KP123881 AY295023 KP124641
A. alternata A. interrupta CBS 102603 KP123882 KP124034 KP124642
A. alternata A. dumosa CBS 102604 AY563305 KP124035 KP124643
A. alternata A. tomaticola CBS 118814 KP123906 KP124059 KP124669
A. alternata A. vaccinii CBS 118818 KP123908 KP124061 KP124671
A. alternata A. citricancri CBS 119543 KP123911 KP124065 KP124674
A. alternata A. platycodonis CBS 121348 KP123915 KP124070 KP124679
A. gaisen CBS 118488 KP123975 KP124132 KP124743
A. gossypina CBS 104.32 JQ646395 KP124135 KP124746
A. gossypina A. tangelonis CBS 102597 KP123978 KP124137 KP124748
A. gossypina A. colombiana CBS 102601 KP123979 KP124138 KP124749
A. longipes CBS 539.94 KP123987 KP124146 KP124757
A. longipes CBS 540.94 AY563304 KP124147 KP124758
A. tomato CBS 103.30 KP123991 KP124151 KP124762

TE MR M AT TS BbR
Note: The bold parts are strains of this study.

(CBS 103.30) 5, FeTACFAM: BB AIAN 5 bR
I Alta 1. endoPG 1 OPA10-2 LA 741, K
4B 272 (neighbor-joining , # {4 PAUP* v. 4.0b10)
WATRGERE 5T, EE 1000 K, TSR
WAEE4r 1Y bootstrap {E(Swofford 2003).
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5.0%M RGP TR SR, A 5K HigR6d )
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KR
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0.90 1 0.88, )il Pawkit 7K{iG 1Y (Decagon,
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K BEXT 53 A 68 K B I < SR IR ik
(EAEMBETAT 2007), B 1 mL AS[E 7K 1 BEAE A
PDA B2 1A TR A (K/N22.5 emx4.0 em;;
JEEEZ) 1 mm), A5k PDA MR AT, BEE)E
WHET RH 75%M T4 2% h (NaCl f ik i
W)o HEZ 20, K20 uL AR (1x10° 4~/mL)
A2 bR . AR TR E T 25 CHi R
F, HAK 3K 6 h a5k 500 AR A1 H
RAFOL, AR
1.7.3 pH WMEZLEKMSEBRFHALHNFMN

pH X 224K BY520 . 1 PDA B R 2
80 C (pH 5.8-6.1), TEJCIH PR HGE & 11 HCI
(1 mol/L)MIA PDA Ff 3/ #85), HEmi Ty
PDA MR . WY, {HH PHS-4C+HRE T
I PDA ) pH {8, H.E pH {HKIK A 2. 3. 4.
5 F 6 (ST EIE0.1). 15 PDA (1 it
NaOH (1 mol/L), FH pH{EHIHTTZE 7. 8,
9. 10, 11 F1 12 5k E)o BAERMERPRIERD
FA[F pH ) PDA, TR 3IK; 25 CHiFR 6d,
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pH X 43 A5 7715 & 1 2 M < 2R FH R R 12k OB
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ZFIBCHEEG 2007), L 1 mL A[5] pH {E %) PDA
SIRAT TR I (KN 2.5 em*4.0 cm; J&
JEZ) 1 mm), JB5 1 PDA R8T, BEEE R
BT RH 75%1) T 2% 1 (NaCl H FIER ) o H
B2 h, ¥ 20 pl EERK1x10° S /mL)EF 2=
iR R . BRIV E T 25 CHRIRM, &
&2 3K 6 h JEEAS 500 A~ TR B R B,
RGNV E

2 ZEREQM

2.1 REGER
VR R 1 0] 2 A% A AR BREAG AE LL P A

1 RigfZuEgAMIIREEER A ZW0l; B-D: &mHill; B, F: ZWEH

Fig. 1

BB R X (Fi ok . piots . LA L A
VOB KA o HERS AR EE DS v T 22 i 3 1A
FrnFE A KRG AT 7 A LA), #EREE
B R (8 Ao 8 TRl e S
e LU B Fr B a0 R G M R R e B . e Y
JRBE B R B | RIS R (K 1) &9E
WA R T IR B R Ak A (] 1A).
R I s BAE 2 o A ik AR (BT 1B, 10),
o BEIE S A HA Bk (52 (Kl 1B-1D), %K
IR BE S i 24 1D). kIR Z it 5
4R N KA LR B, i 7 ik 5 5 ot 7%
(K 1E, 1F),

) ALY SOS

Symptoms of quinoa Alternaria leaf spot disease under natural infection. A: Symptoms at early stage;

B—D: Symptoms at middle stage; E, F: Symptoms at late stage.
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AR ISR 21 Mo IR, IRIEES
B R dk BT TE I S FRE (B . TSR ) o R
225, EHL LGB-b F1 LGB-h /i MACE Mk
T RGNV I ACRAIE BERRTE 4 Fh 48555 5 b
AW 22 KB BB RS ZAR, VR E

Hi#k LGB-b #1 LGB-h 7E OA. PCA #il V8
BB 7E OA b VR A T KA
(¥l 2A, 2E), LGB-b #t LGB-h 1R 22 55H b ;
TE PCA F1 V8 SR 22 KL, WikEIFEE
et (& 2B, 2D, 2F, 2H). Hitk LGB-b Al
LGB-h 7£ PDA 22 24K ; Witk LGB-b [H7%
IETH AR, ANEO IR B R R bR, T
TG 6. (E] 2C); TR R LGB-h I 74 2R 1H A4 24
LR, SR ERAE 2G6),

PR B BRI 43 AE A A B B il fR
BT, SEENEL, A0, TEE 1 22
A, KN 9.8-109.4%2.6-5.5 pm ., V-3 46.5%
4.0 um (& 3A, 3D). A EAMFINE ., BT
SEMRIE, KEFa R, H1-5 DR,

LGB-b |

LGB-h

2 REMERE OA., PCA, PDA T V8 iZx#E FHNEREFEAMYEE

02 BRI, PRI A 4adi HEE G, Kb
10.4-40.4x5.3-12.8 um 44 21.4x9.1 um (& 3B,
3E); HA 14 Mk, 2-8 MEaFRKMEE, @
WA ZIRBU(E 3C, 3F),

RFEVEFE R LGB-b #1 LGB-h 1£ BB F
WA 25, WAk LGB-b 24 4 T4 (K /)
16.8-109.4x2.9-5.5 um, “F¥J 54.1x4.1 um)H He
LGB-h B K (KN 9.8-100.5%2.6-4.7 um, V-3
40.1x3.9 pm), itk LGB-b (1-3 /MbgEE . 02 4
HFEBEAE . LGB-h (3—5 M RRIE . 0-1 1~05
R PR A . BRAAS Z . RIPR LGB-b 141
AT R/ 10.6-33.8x5.3-12.5 um, -1 21.4x
8.9 um)fH tt LGB-h (K7 10.4-40.4%5.7-12.8 um
-5 21.6%9.3 um)ig /)N
23 EHTF Altal. endoPGF1OPA10-2 F%
ARG A E 7

P14k LGB-b 1 LGB-h Y At a 1 .endoPG
Fl OPA10-2 WYSEIRIFH, FHAGIRIG B P $E 28
% GenBank (58 2), P 4. tomato (CBS 103.30)H
SRR G R TR, 45 R EH, Fik LGB-b
M LGB-h 5 14 ¥k 4. alternata B h—%, L+F

A F A0 D R AR

Fig. 2 Colonies on observe and reverse of OA, PCA, PDA, and V8 plates of the representative isolates of
Alternaria alternata at 25 °C in 6 d. Top right quadrants of images are the view of reverse colony.
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A

LGB-b

3 PCA ERFRMEHREE MRS

16008
o 4 '\4;. :RY i
“rBadé
15684

A, D: 3EfMFHE; B, E: 04MTF; C, F: 44T

W K HMHRAE. AR : A, D=20 um; B, E=5pm; C, F=100 um
Fig. 3 Microscopic characteristics of representative isolates of Alternaria alternata on PCA plate. A, D:
Conidiophores; B, E: Conidia; C, F: Conidial chains and branches. Bars: A, D=20 um; B, E=5 um; C, F=100 um.

R T1%. 1E A. alternata BRRF], RELEEW L
N T RN ZHREE . Bfk LGB-b 5 CBS 102599,
CBS 102603, CBS 102602, CBS 102595, CBS
102604 . CBS 119543, CBS 918.96 #1 CBS
102596 REE—E, BB PWIr L, H
K 87%; T1fi ¥k LGB-h 5 CBS 194.86., CBS
121348 . CBS 595.93 . CBS 102598 . CBS 118814
FICBS 118818 K h 7 — M4 32, L HFH 97%
(& 4),
24 RIEERHEFRME

BIGHERN R LGB-b, 6 d J5 e BE 2 T K 4%
o, HAA Kb aR)Z, MERIR g, &1
#4 0.7-0.8 cm (& 5B); 15 d J5 M A 4545 | Bl
RHEAKREKEOEE, HAEHN 3.0-3.5 cm
(F 5C), *FBEER &I (E SA). BI04 Fh i bk
LGB-h, 6d/JaMBrR sk, HAKEOEZ,

720 EMEFIR

JE Rl e e B, 542k 0.7-1.0 cm (€] SE);
15 d M R asdn, R A R REE a2, 1
%M 3.2-3.6 cm (& 5F), XK LK 5D).
Wi RN LGB-b, 6 d J5M FiFmE R R
WO /N R BER AT AR 6, AR 0.4-0.6 cm
(K 5H); 8d JEimPtRAwtE M, HAKEOE
2, JE LR R e 28, 52N 0.6-0.9 em (& 51);
X HER A5 (] 5G) o Wi g5 #ERN Pk LGB-h, 6 d
J& i R IE R BE R R BR 8, AR 0.5-0.7 cm
(K 5K); 8 d JemBERimkmir, ARG
)2, B HR Mg 2R, 544 0.7-1.1 cm
(B 5L), XFHRAR A E 51, BomtEEmmt ik
iR H AR BEA — S (B 1B, 1C), Mt
R AN T4 1 TR PR S R IR R I TR S —
H, FFERRRIEN], EH LGB-b fil LGB-h 2
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CBSs 102399
CBS 102603
CBS 102602
CBS 102395
CBS 102604

CI3S 119343

—f

CBS 194.86
CBBS 121348
CBS 595.93
CBS 102598
CBS 118814

77

86

97 |

LUBS 102596

CBS 918.96

LGB-b
A. alternata

1313 1
LAY -11

86 L CBS 118818

CBS 118488 | A gaisen

CBS 118808 | 4. alstroemeriae

CBS 102597
9’1‘ CBS 104.32
100] L CBS 102601
| 87 CBS 53994 | 4
—1CBS 54094 |
CBS 103.30

0.01

’ A. gossvpina

Jmiraimace
AL HURREIIEY

| Alternaria tomato

B4 ET Altal. endoPG 1 OPA10-2 N RFL B
Fig. 4 Phylogenetic tree based on Alf a I, endoPG, and OPA10-2 genes of isolates LGB-b and LGB-h, and

their related strains.

Wounded

Unwounded

Control

LGB-b

LGB-h

Bl 5 tHhREhmEMERREEREER

Fig. 5 Symptoms induced by isolates LGB-b and LGB-

leaves in different days of postinoculation (dpi).

25 ARERETHEENREME. FH

BEEEARMTRNERA

HER R LGB-b J5, WJE R 15-30 CHFE
21 B U BT R 1 I R I T B A K A A
o, HEg@2E, 5488 0.8-1.6 cm (K 6).

6 dpi

h of Alternaria alternata on wounded and unwounded

WL 10-30 CHY, 76 R iaBIEE A iyt Fr ik
THIREE (] B 4 22 KR 0, SN B AT,
R AR EORSR O E S, BN 1.5-2.1 cm
(I 6). 1RYLHFRFE 1 S HFRM 505 i By fRcid i
BEF R 15-30 CH120-30 C, H#E#H 151

EMFIR 721



FIrE £ /RiEEisEanimmRERE SIS Research paper

C. quivioa . .
C.oalbum  C. formosanum
c. v. while ¢. v. while
e v. red Jiagi 505 Jingli No. 1
{4L4%) (FRALs05)  (FFE1)

Control

10°C

15°C

20°C

2540

30°C

6 Btk LGB-b M ERIEMZE ., EMEEZEIEIRE THER
Fig. 6 Symptoms induced by inoculations of Alternaria alternata LGB-b on detached leaves of Chenopodium
quinoa, C. album, and C. formosanum at 10 °C, 15 °C, 20 °C, 25 °C, and 30 °C.

JRBE LA 505 K, EARSHIN 1.8-2.1 cm FEFPE M LGB-h 5, HEN 10-25 CH
1.5-1.9 em (& 6). A 10-30 CHY, #ERPEvE 20 R FIZE S A G Aok & 5 30 CIE A 1E 1H
LGB-b 7EZMGIEREM B HREE A 2 bRt ISR BE(A 7). WEEH 10-30 CHY, 7EH
ks, HEah ek, HARHIN 04-08cm B VAFTZE 8 A it M A 1F 1 BE 2 i B IR AR (6
1 0.8-1.3 cm (& 6). HA RS ZERIFOEZ, ARG asE,
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C. quinoa

- - C.album O formosanum
¢. v. while ¢. v. white

c. v. red Jiagi 505 Jingli No. 1
(4L4%) (FRL505)  (EhéE14)
- . h |
- . '-
. !
- . ‘
- . -

30°C

7 E# LGB-h #MERIEMZE ., EMEEZEIERE THER
Fig. 7 Symptoms induced by inoculations of Alternaria alternata LGB-h on detached leaves of Chenopodium
quinoa, C. album, and C. formosanum at 10 °C, 15 °C, 20 °C, 25 °C, and 30 °C.

HAEHN1.9-2.8 cm (B 7). ZYPHHE 1 SMBE  RERN 10-30 T, EEFRE M LGB-h /321
#0505 M A EGERE S B 15-30 TR SEEEMM AIERRBEE A SR G, L
20-30 'C, H#ZE 1 SmEE LB AL 505 K, R, HARSH N 0.4-0.7 cm Fl 0.9-1.5 cm
B2 9N 2.3-2.8 cm #1 1.9-2.5 cm (& 7). (E 7).
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2.6 EFE., BE. KEE. pH WHREE
A RS20
2.6.1 EFENEZAE KN

fRFEVEEFR LGB-b 1l LGB-h #JA[{E OA .
PCA. PDA Fil V8 #5523 FAEK; kK LGB-b
1 LGB-h £ K idi 3555 5553 714 V8 #1 PCA,

LGB-b M LGB-h
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Pk LGB-b £ LGB-h A= K it 5 3 13 43
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Fig. 8 Effects of media (A), temperature (B), water activity (ay) (C, D), and pH (E, F) on mycelial growth and

conidial germination of representative isolates of Alternaria alternata. Significant differences are shown by
different lowercase letters (P<0.05).
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7 7.8-8.6 mm/d A1 9.5-10.1 mm/d (&l 8B). 4
JEMLTF 20 CHY, MEMARKEEREE TR, o
H/MF 1.4 mm/d #1 5.1 mm/d (K] 8B), LGB-h £
AR EE N YA K RS T LGB-b (B 8B).

2.6.3 KAEEMNELEKMSEBFHLNIMN

B 45 KI5 R R %, TAA% LGB-b Al LGB-h
P B 222 KR AN FRR(E 8C), H. LGB-h £
KK B T 224 K3 % T LGB-b (& 8C).
KGR R 1 B AE KRS 8.9 mm/d F
11.5 mm/d (& 8C). /K FF#F] 0.88 4=
KR 0.1 mm/d A1 0.8 mm/d, 5 HARAH
22 5 B 3 (E 8C)

# ¥k LGB-b Fl LGB-h (43 2E 1 7 k%
Wit K BE A R TS T FEAIK (T8 8D) o 7K I JiE
1B 2 R e, o 72.5%F1 54.3%
(1 8D), 247K TG FE R 0.88 B il & R 4051 K 6.2%
1 0.8% (& 8D).

2.6.4 pHMEZEKMAERFIRLHNEMN

Fkk LGB-b #1 LGB-h 7E pH 3—12 F 2%
fesE1, LGB-h 745 pH T W24 KEUR A T
LGB-b (Kl 8E). it —HWLEKE pH R
67, WA KERFHN 6.7-7.4 mm/d Fl
11.2-11.9 mm/d (&l 8E). 4 pH /N T 2 BI T 2248
4K (# 8E),

Bk LGB-b il LGB-h 1) 4 4= 718 & 1) pH
SR 3-11 1 4-11 (Kl 8F), 7E pH & 4-11 i}
LGB-h Wil 7 &% m T LGB-b, FadEG ik
175 & 1 pH 433 6=7 A1 7-8, i &R 55
K 30.7%—32.8%F 64.1%—74.3% (& 8F), pH /)
T 3 BRT 11 A AN & (K 8F).

3 ik

BRI AT 51 AL 2 FE Y B0 B 5 = N AU
FR2F A R I SRS AR B PRk A R B
I o T SRR A TR I B SR TR R R | TR R
RSMF T & A 55 H (Blagojevié et al. 2020; XI{H

420215 GRAEEIRAE 2021). EiFAEAE RS fnt
TR 300 T Y I B HE SR LR SR I
[ 50 B SREE , 7™ I 22 B ) 1 4 i —
ARG KENPIRSGBE , 1 Fr Ak 25 5 i v o FH ) 3
DT IS & BT b R A R 5 v P R T,
L, BB i B FLVR st bR e g 58 5 FH )
JE K(25+3) “C, RH 60%+10%71 BBl N &Rt .
HEAh, AR 30 B v BT 2 I TR R BRI
SEFRIMI B AL, wTRE S5 EEERIMIBE . ZBUK . 1R
JE Al RAT K

ARG EESFEMZ RN R LT
Br., W6 51 B v BT 22 5% A% A8 I TR 9 5
Alternaria alternata. A. alternata ZHE&I0)EH
DLRIRE YR R, AT DR R . 2 R B
A BT 2 S5 SR AR ) | S - SRE S AR I e S
(Franc 2009; Patel ef al. 2014; Gilardi ef al. 2019;
FRMEAE 20205 Yin er al. 2022), 5 F ELE
(2020)iE K A. alternata 51 HY T BERGAH HE
AT T e I S s A I SR 5 40 B 75 fel
ROPEL B, HARILDEE Bk ZEnt 5 B2 4
(1) A. alternata 1534 0¥ 5 P45l Hb X AH LLAETE
S TR G E YRR/ NEE TN E A
A, Yin et al. QO22)FEINTEE KT H A.
alternata 5| 2 1) R V& FTZERE RS 5 , ASBHE 9T & IAE
Biabzim B FEay4m A. alternata TRIES . K
/NGy T RV BT RE AR B AR AR, o A XoF FE Ll P
FIVG L X BB ZE 11 A. alternata , K INILTE
SFETEA R B A T R IS HEE,

E A EE T R A. alternata WIFPHER
4 Z ¥ (Woudenberg et al. 2015; Lakshmi Prasad
et al. 2020; F3CFH 2021), Woudenberg et al.
(015X HEAR LRI 15 AR T T 2L 1
XF o3, IR A. alternata i534% ZFEAE VIR F &
KESTHN 6 AHEK . Lakshmi Prasad et al. (2020)
¥ 30 k1) HZE0ERR TR 4. alternata 53R 3 4
FEA, 3 DRFATEIESHHE . BAGRIE . BUwtE
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S5 )5 T2 I AEE s BURPE BT AR 2 (193
I TR FEVR 2 I3 2 A R LUK 3 B K
SRR A (2020)BIF 5T K B 49 HRoAH A% S 76 A SR B
W A. alternata TEEUR 1 FAFTEZESR . EX0F
(2021)% 74 BRBLEEBENN A A. alternata 534 3 4
WK, FEr A FIRAS | BUwm 155 5 A AE 2+
PE, A LSRR R T S BOR IR, & L 75%.
A5 21 Bk A. alternata ARIEIE BFFEST N
2 NEEMR, 3 BILAR#R LGB-b il LGB-h AL,
FI Alta 1. endoPG F OPA10-2 43 H7 % PRk
LGB-b Fl LGB-h #§I1J& T 4. alternata; W5k
IUH PR LGB-b 1734 8 FHIAH [ LGB-h K
B, oA mg /N RERR B /D AR LGB-h 3
i 7158 T LGB-b, X Uil A. alternata /N[6) 73254k
ZIRITEIEASFHE . By, o3 FAEY545 5 AT
TEZHNE. BT HETHARAAE 4. alternata Fl
IR, ZEOEMB BN A. alternata H53 5
ok, HAE A alternata 18 N W) 2H B (section
Alternaria) WPl X RANAETEVF 2 R L (4L
FIFNF 2020), AWFFAEAR ALY, KT
T [l B 145 AT 202 0 A 7 - B D P R 1 2 A VA
FRRABSE

WG & B Fk LGB-b Al LGB-h A DL {24
RnbE 2, SR, ik, 2SR UCQER®
B[ | 5V RE e FH () 2 i 2% B s A i BB 1Y
A . AR R BLE R LGB-h AL LGB-b &
AESREUKF ), EHE Ak LGB-h 7R R P |
. SEEHNT R BRI . b, SR
RIRET B 1A B2 i PO TR AR LGB-h T 4R
5o PRI, BRI IO it oA ) T4 i A 1
MBS ) A A . FEIRE R 20-30 C R E R
LGB-b #l LGB-h, fxy:E ket 57 AR 1)
FRBEROR o PRI, ERR R R A RiRE X 3 U1 OCTE
20-30 CHJ B va B 22 - B i) K 1 L

WNAMIFGE 28 KL A. alternata )G TEFH
3, (BFEFTNAEER R 2R
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W2 H SR A. alternata TEH S P A Kix
HGRRHEBESE 2021), 408 H KA A. alternata =
X i B ) PR (R 1 55 2015) . ABF9E &
PEM LGB-b #1 LGB-h 7ESSMR &1 T (pH N
6-T)'E KT ; Hkk LGB-b f k41 B i i
SR EE(pH h 6-7), 1 LGB-h fa A7
ST IR A AR S (pH O 7-8)0 il BEXT TR A
LGB-b 1 LGB-h A B FM, LGB-b 7E 1
(2530 C)AE B, T Ak LGB-hi& B4k
KR BE A XS A (2025 °C)o KT B %) B T
AR B AT A A R L, AW
9% K PRK I BE X Bk LGB-b #1 LGB-h 434
T RA BERW, HE LGB-b Bl e
B A FR K PR i A A (KIS FE<0.94)
R HIE AT AIER) A. alternata TR
TEMREE . pH . B0 155 5 HAFTE 22 5 1 it R ]
A 55995 ST 19 B AR SE AN ) A7 6
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