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Identification and biological characteristics of the pathogen causing leaf
brown spot of Chinese ground orchid Bletilla striata in Guizhou Province

Song Lisha Zeng Guiping Ren Jing Si Shifei Zhao Zhi Li Zhong
(College of Agriculture, Guizhou University, Guiyang 550025, Guizhou Province, China)

Abstract: To clarify the pathogen causing leaf brown spots of Chinese ground orchid Bletilla striata in
Guizhou Province and its biological characteristics, the pathogen was obtained by using the method of
tissue isolation. Its pathogenicity was tested in vitro inoculated leaves, and the pathogen was classified
and identified with morphology and phylogeny based on combined ITS, EF-Ia and fS-tubulin sequence
analysis; the biological characteristics of pathogen were also studied. The results showed that the strain
isolated from leaf brown spots of B. striata was named as HGUP;355. Its main diagnostic features were
as followed: white mycelia, cashmere-like form, uplifted center of colonies, faint yellow, maple-leaf red
dorsal surface, oval microconidia with one — two septa, narrow sickle-like macroconidia with three —
eight septa, and no chlamydospores. The phylogenetic tree based on combined ITS, EF-1a., p-tubulin se-
quences showed that HGUP,;355 strain was clustered together with Fusarium avenaceum, supported by
100%. According to the combined morphological characteristics and phylogenetic tree, the pathogen
was identified as F. avenaceum. The mycelia of HGUP,,355 strain grew fastest on oatmeal agar medium
with maltose and L-phenylalanine as the carbon and nitrogen sources, respectively, at 20°C, pH 6.0, and
its fatal temperature was 45°C and it was insensitive to light.

Key words: Bletilla striata; leaf brown spot; pathogen identification; Fusarium avenaceum; biological
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1} Bletilla striata & =P 2 F AR, X
A SR AR, E2 A TR E SN )1 554 , L
TR 25 A 2, B A, 1k i SE DR CRAE N,
1999) . BRZTFHMAESS , LG PTAEWLF AR Y (5K
HAF,2015) 0 R T R SR B e e 1 R AT L
TR S , NIRRT A OISR, 1 ACEF A= %
TR B = Aok — 22 Hih T R AN T4
Ko B IR AR AN W R RIRUAR A BR Y AN BT 4E
1, 1R BBk 1™, A AR e B
JRBEIR (A HEAE, 2012 PR AR AE, 2013 445,
2016) . 2016 4F 5L &l 5 £ Kt 2541 2t
F A b B — o e 3 20 3 B AR et
L M BIREERBE 2 KA 5 2R RER Y
KEANFINGEE , o5 B 2048 €0, Kt R /N, ™ 5
AR ARAG ZE , HH 8] 295 32 AT 3K 50% , )™ 55200 11 S
25 FIOME AT R ANEL , XFPRE P 1 B R 225540 2k o

H I 4 I8 19 25 AR 9 it B s it T b 28 4%
2 AR 25 AR it 6 1 B B AN AR [, Tt
AR BRER 14905 5 R b 6 5 25 iU 85 Paraphoma chry-
santhemicola (E5WT iR ,2016) ; 51 2 2k B2 A7 ffH SR B
[ B TR R B A% 0 Alternaria alternata RN BE 4%
il A. tenuissima (fLIFAE,2018) 5 F 3 F5 M BERS 1955
JEUBE R AR S5 A8 7C 1 Ascochyta anemones ( F5 ),
2013) . LG LR FEE T H AR F SR IE S
LR T A e N RIE SRR A 5 5%
K5 L e IR Z W sgm , HiF 2 7SR 2
HOMELLSAS | PRI 53282 2R 1) DNA JP 4715k 7t
TE LR A4 S HA o [R] BB 2 (1) 23 B I 3 B
A FEPRIFFASBE 173 HE M4 7~ ELTE 1Y 53 A7, Rl
FHZ BG4 0E & o # (JdiE,2015) . Hir
N 55 8] B% (internal transcribed spacer, ITS) \f-f %
5 H (B-tubulin) | FE {1 K ¥ (elongation factor, EF -
la) % Z 5 KNG O 82 T80 & L Fh a1
e (B SR, 2014) , AERF4F (2018 ) IR B 575
FEIE LA K Z K7 s R GE B ATt S B2 254
S B0 D T R WA T TR Fusarium equiseti #2477 1 41
KUTE,

AR, BN AR 1 K 4 B 1) f AR BE N e,
SRR 20093 it TR R 28 K A ) 2 R A oK LR
AT ST ISR L 1 S 2 ORI O3 515
B 11 B i B s D B, R I A A I A
18S rDNA-ITS  EF-1a.. f-tubulin £ [ 4 %6 Hol )5
AT 2S5 , WIBA 200 I R 0 2R )2 e, LAY
iz R A ATV S i B HE AR

1 MBEAZE
1.1

HEERE S AEW) - 2016 4F 6 A 75 5t M A it 3 B
ARG v 2 B P AT 3 b R AR A MR IR B
F1 N SRR A 2548 1 M Bletilla striata, KPR T 50 =
TAZL AR A PR R 254 7 i Bk b

BE SR AL - b RS 4 7 B 3 IR (potato dextrose
agar, PDA) R 7 3t . Ll S8 2200 g A BE 15 g
BIEHY 20 ¢ Z&IE 7K 1 000 mL ; TH448 M BIR (po-
tato sucrose agar, PSA)B5 755k . 2 i THEA T 200 g JiE
W15 g 3R #r 20 g 781 K 1 000 mL; 55 [K (Cza-
pek)IEFRHE  AHIREN 2 g B E A 1 g Ak 0.5 g,
TREREE 0.5 g BRBRI.2K 0.01 g FEAH 30 g BIE 20 g
ZEIB7K 1 000 mL ; 22 27 75 31 (malt extract agar,
MEA) 3557 56 Z 20 130 g B 15 g /&G R
0.1 g Z&M7K 1 000 mL; /KI5l (water agar, WA) B35
I BPE 20 g Z&1 7K 1 000 mL; 5H % | (carrot agar,
CA)RFFRFE W5 b 200 g Bnifg 20 g 721K 1 L; e
# R Bifig (oatmeal agar, OMA ) 15373 . e 4 /30 g,
BiflE 20 g . Z&1#7K 1 000 mL.,

IR J AL 2§ . Omega D3390-02 ELT# DNA /)N
FLHGA ] £ . 2xPCR Master B FH PCR $ 343857 £
A TAY) TR () B A BRAA /) 5 b 3LbE &2
ZEWE RAINE RN T IAMETEN BRIRER (R IR R
R R L-RNANR , KRR R A8 50 A BR
o] e o sl . SZX10 /AR 12 6L
B BXS51 B B4R, H AR Olympus 24 Al ; DY Y-
4C RIS RROSUR HLTKAY, U —AXE8 T
1.2 Fik
1.2.1 QA HBRRIAE R A 0 B

2016 4F 6 H 7E 5t M A i s B4 Kb 2584 Fh
5 b R AR A AR (g i, % L A e AR A A T
/RS

KA B O ik, 1998) . AN At
Joa {28 FHAR UIHL S mm> 5 mm /NRZA L, FE 75% 1B
K210 s )5, T 0.1% BRYETH R Hi2 i 3 min, H
TCRIKHFLH L Pk 4 9k, FH TG IR WK 4RME 1, 4 422
P25 100 pg/mLEERE R 8 3R 1Y PDA AR |, T
25°CHERIGFA T IER 5 dE X HSE T aifb 1 5%
alifl 5 ARG A B PDA JE 55 5L FAE N E L, &
HARICH S HGUP,355.

1.2.2 GR35 IRm % R A ok e
i REA AR CC 2 U R A T B0 M o BRI 1 4R
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a1 B B, JCRE K vhk , I 75% RS X L
FMHATIHEE RIS Te 0 2 By R T4 .
H4 50 B R AR LE PDA VAR b F 25°CH5 5% 7 d, HEZ
5 mm FTFLARTE VA D 20 THUR D, K EF e
BT 44 i, B R RN L R DR, SRR R
BRI 5078 35 4 408 15, DATRVRE 7 32 1 e 2
KRNI R b DO FE TR i fat 5 1 St AR R s
FIO B (RIS, 2017) o BB EEEE S 3K, 25C
PRIBEE IR MBI L T BRI L o
123 RBRABEF oy TAMFER

o D TR A8 2 M 0 < W 0 545 3] ) B0 TR AR 2
Fh# PDA VA L, 25 CHEIRBRE R FR 7 dJe , &R
SERTEFAE ARG O . o f 5 F G2 W iisedn
L5 S HE IR

9o S TR 3 AR 2 S < i IR DNA S G &
Vi I A5 $E B0 J5 B FE [ 41 DNA . i FH| 2xPCR Mas-
ter Bl PCR 4" #4357 & . ITS 5[4 (ITS1:3"-TCCG-
TAGGTGAACCTGCGG-5' ;1TS4: 3’ -TCCTCCGC-
TTATTGATATGC-5" ) (Mackay et al., 1999) | S-tubu-
lin 51 % (Btl2a: 5’ - TTCCCCCGTCTCCACTTCTT-
CATG-3";BtI2b:5'-GGA(G/A)GTACCAGT(G/C)-
ATCATGTT-3" ) (Peever et al., 2004) . EF-la 5| %)
(EF1:5'-ATGGGTATAAGGA(A/G)GAAAGAC-3";
EF2: 5'-GGA(G/A)GTACCAGT(G/A)ATCATGTT-
3")(O’Donnell et al., 1998 ) X} B ¥ i2E 47 PCR 5 5344
Py SR TAY TR (i) A BR A
Al A e ITSJFF1 PCR N 2514 : 95 C AL 5 min;
95°CAEME 30 5,52°CIE k 45 s, 72°CHEMH1 90 s,35 M
R 72°CHEMH 10 min, S-tubulin 3R PCR K2 451F
95°C Fi A% £ 3 min; 95°C A8 P4 1 min, 55°CiR K 50 s,
72°CHE 1 min, 35 MG FF ; 72°CIEf 10 min, EF-
Ta 3R PCR KW 4514 : 94 CHUAE 1 5 min; 94 °C 28 PE
455,56CiR k45 s,72°CHEAH 45 5,35 MFIF;72°C
FEAR 10 min, W25 HE1T 1.2% B s B 5 1S F
TKKZE , PCR F= 93 A= T AR TR (i) B (i B
oSV EATINT o O T AR A A IR )T 51 7 GenBank H
AT R EME RS . 2% Stefanczyk et al.(2016) 17751k
H23 RSl I TR B kR, O N A Y ITS \EF-1a -
tubulin SR T3, 36T i K 407 (FE##E,2016) F]
JH PAUP 4.0 %/ (Swofford, 2002 ) H 8t R 55 L B R .
124 G R rHBBERAER A 4 FH T

2 BRBRSE T2 AF (2017 ) J7 150 7 5 Ji B % Al L 2
JEE R : LA Czapek B3 7R 38 R JEhb 55 3238, S A

A [FIRR IC 28 0T 12 1Y) -S40\ FLBE 2 200 R e
iy B A B IR B b 0 AR, O LSRR RS R S
TR IS A MR AR BT B R B R R R
R B LT AR B e S R A A i R
B, T AL SR ILVEXTIE . FHEAR N 5 mm 94T
FLESAETEAL 7 d M BRVE D AT B 2 A A
R A PR o R A R R T 25 CHE IR RS R 77, B
AAPREE R 3K, 7 dJE B8 ORI VK B
7 AR RTETE A

L X i P 22 A K s« AR S mm
AT LA TETG A 7 d A TR I T A THUR DF , 42 70T
PDA R e, 4351 5.10.15.20.25.30.35.40C
PR A R R R, B3k ER 7 dR 7
AN YA EAR , MR TSRS .

pH O J5 B B 22 2B K A9 520 - FH 1 mol/L HCl
H11 mol/L NaOH ¥ PDA 1555 3t pH 43 98 Jy 4.5,
6.7.8.9.10, I E A% 5 mm AT FLESAETG AL 7 d O A
TN GATIEYE, I 280 F AR pH 9 PDA FAi
e, T 25°C M ERRIE R TR A MO 31K, 7 d IS
FH 5728 O i P VA AR

e BEH 5 B B 22 AR K A R ) - FH B4R S mm
M TFLARTENG 1 7 d TR TE D A THOR F, R 2
PDA F-H o, 4391 T 24 h BB 12 h B I A2 B A
24 WOEIRAAE R 25 CIaEE 3%, BEAME PR3 IR AT,
7 dJa A8 ORI A TR EAR .

B5 SR SR TR 224 K52 : T B 5 mm
M TFLARTENG 10 7 d PRI I A TR, 43 ) 42
| PDA .PSA .Czapek .OMA ,CA . WA .MEA V-4
e, DL WA AR X IR RS Ab BREE S 3 UK, 25°CHH
ISR, 7 dJE e SR = TR EAR .

o DL TR A 22 SO0 I B 7 < 2 IR RIS (2017)
D7 1 R TR 22 B R B . B8 SRR R 20 mL 4G
FIRAE , BN A 10 mL T K EHRE 2
H)'E T 40.45.50.55.60 .65 .70 F1 75 °C AU fH iR AK S
fr, ISR S i 2 I 5 2 3 R L 5K
SRR — B ] B AR 5 mm AT LS 7RIS AL 7 d YT
TENZEFTICR D, B3 3088 BB 3 B f bl
Uk SEAE IR A B TP AL FE 10 min, BUR SR H B2 %
T B B H R 2] PDA SRR H ke 25 °C 1 i SR I
F,5 dJE WA RAE I, B T 24 BOEIRIE
1.3 I\

FIIFH SPSS 18.0 # - 4 Ti 30 0 A G 153 Bt
K H Duncan [ & W 2275051 722 55 o R R 5
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2.1 BRMBBRmH & AR

F1 B A SRS R S B T 1 B A
FIEERR AR T AR R Y L SRR 1%
o IR B Ry i 7 A B 2 AN U B,
BEPSIRAE (O, DG TRIE 0. TR AT TR BREH R
Oy oL KO E I RO OB, U
Pl bR IMAGIE . MRS SRR, B E 1200 D
Lot 5t (K1) .

BE1 5 E AR IEHER & EAER

2.2 ARMERFERERENERE

PP et A B T 3 d S L R TR
I, AR TR IR A (O DGR (R BE . $EAP 7 d
& WL E M AL, BUT R BEY K (1 2-A~B) ;
FEAHRAAE T, o Rh 0t Rt 7= A TR A8 s BiE
(K 2-C~D) 5 X BEM: 7 2R UL A& (€1 2-E~F) o [nl4%
R A e R e A AR AR ], A&t R
PO B 0 S o 5 I A B R (] IR S R
FH A AR O , BB TR, Sy 1R 4

Fig. 1 Symptoms of leaf brown spot disease on Bletilla striata in Guizhou Province
A BIRW R IR ; B: AWM A 1E; C: HEEHE. A: Front of infected leaf; B: back of infected leaf; C: infected plant

in the field.

T

B2 #MBRMEREEET dEBRMFERFERK

Fig. 2 Symptoms of leaves seven days after inoculated with the pathogen causing leaf brown spot of Bletilla striata
AL B SFRIERD S At BT AU ; C Dy FeUHERh 5 At v IE AR T ; EL Fe 0f BT IE A . A, B:

Front and back of the leaf after acupuncture inoculation; C, D: front and back of the leaf inoculated without injury; E, F: front and

back of the control leaf.
23 REEANESENS FEVMEELERE
231 RRABEFER

TEPDA K373 |, 25 C M HEF7 7 d, 9 JEL B B
W EARR 6~7 om, UE W2 FF , BFER, WA
o, TR D B IR B A (R 3-A) , BT 1 IR AT
2140 (& 3-B) s 55357 15 d e , Bk & B I i I 4f
o, oAl A 2 R, JotaiE I (81 3-C~D) , K
Ry AR ZESRTIE 404, 25 M, w4, 3~8 4>
IyB8, KN K 26.6~54.7 pmx3.1~4.1 um (& 3-E) 5 /)s
By A4 7 1~2 o0 B, BR BB, K/ 3.2~
17.8 umx2.0~3.6 um (& 3-F) . MRHEIE 2400 ]
PR ESE RS PANT ) RER: S
232 ARASTEMFER

LEIET TS \EF-1a.f-tubulin KPR 751 Ke i 166

HERFERBM T, KINFCK I Verticillium dahliae
Pk VICVA69 oM, Bk HGUP,, 355 S 3HE 2 4k V1 T4
F avenaceum Wk Z161 M127 BET—28E, H
YRR R IK 100%, 457 B R T 25 FR AF K 998 DR B
HGUP,-355 %78 N e TR (K1 4)
2.4 BRMBHHRERENED ST

F % P BRE 9 s 5 BT 340 R 6 R LIt U
Ho st 22 2RI R A RCR By, 1597 7 d R TR HAR
ik 81.33 mm, #% i 3 T E AR AL B (P<0.01) ;
R ZUBEFTE R , V% ELAR 530 R 71.51 mm Al
64.22 mm; X 5 BE 0 R AR e 25 RTE EHL AR N
56.65 mm([&15-A) . [ SR R It i Y RE A1 ]
6 A VIR, e o LR R A R R B dr
75 HARIA 67.52 mm, 35 5 T H B R URAN L (P<
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0.05) ; HUCHPRZE RN I, TRITE EA2530 4 64.01 mm
F1148.52 mm; XL L 1R HRCR B2, TR HLAR R
24.32 mm, B i 2L T H B /AR 3 (P<0.01, & 5-
B) o R B 6 S R 7 10~30°C AT A4, >
IRJE R 20°CHT, T 22 B4R M 67.63 mm, ) i 35 & T

Hog i B A B (P<0.01, B 5-C) s I T 10°C 8 & T
35C, WA KR 2 45 1F 5 40°C R AL FH 10 min
Ja RN RE Ak ek A K (H 45°C 8 & T 45°Chb
PH 10 min J5 , 55 B A 0 AR K, e B A TR 22 19 3
HEIREIE45°C

10 pm 20 pm 10 pm

E 3 ARMBHHRRREEE . O ERFEMS £ FRERS
Fig. 3 The colony, conidiophores and conidium characteristic form of the pathogen causing leaf brown spot of Bletilla striata
A~B: WYEIEBIEH A ; C~D: AT 4E; E: KRB AMF; F: /NMUS £+, A-B: Front and back of colony;
C-D: conidiophores; E: macroconidia; F: microconidia.

Verticillium dahliae VICVd69 (KC592064, KC592122, KC592093)
100 Fusarium acuminatum M7 (KP325408, KP325409, KP325410)
98 I_—Fusarium lateritium MAFF235344 (AB587004, AB674281, AB587052)
HGUP 355 (MF351861, MH447976, MH447977)
106'; Fusarium avenaceum M127 (KP265352, KP674195, KP710634)
97\ Fusarium acuminatum 7161 (KP265369, KP674212, KP710650)
— Fusarium equiseti 2331 (KP264661, KP400714, KP674236)
99 Fusarium culmorum M122 (KP265349, KP674192, KP710631)
gg[! Fusarium culmorum MF17 (KP292805, KP674219, KP674312)
Fusarium cerealis S344 (KP264663, KP400716, KP674240)
Fusarium culmorum M237 (KP264631, KP400681, KP765706)
Fusarium graminearum 7.174A(KP265358, KP674201, KP710640)
981001 Fusarium graminearum M216A(KP295509, KP400687, KP765707)
100, Fusarium sambucinum M120 (KP265348, KP674191, KP710630)
Fusarium sambucinum MF11 (KP719144, KP710620, KP710658)
Fusarium venenatum Z335A (KP264659, KP400712, KP674234)
1001 Fusarium venenatum 7Z322A (KP264656, KP400708, KP674230)
100, Fusarium redolens M119 (KP265347, KP674190, KP710629)
Fusarium redolens 7318 (KP264660, KP400713, KP674235)
Fusarium phyllophilum CBS216.76 (AB587006, AB674283, AB587054)
10 Fusarium verticillioides CBS1145.79 (KU604025, KU711696, KU603860)
0.01 Fusarium oxysporum M228 (KP264651, KP400703, KP674278)
ﬂEFusarium solani 7141 (KP265362, KP674205, KP710644)
Fusarium solani M226 (KP264654, KP400706, KP710660)

4 BT ITS.EFl-a.p-tubulin ERFFIHENB R BRFERREEERSHEE BHREERIVETERNRELEN

Fig. 4 Phylogenetic tree of the strain isolated from the leaf brown spot of Bletilla striata and other 23 strains

90

100

based on combined ITS, EFI-a and f-tubulin sequences
HGUP ;355 11 B Pty BE 9 5 J5E T o 915 5 o 1) 5k DRDER S5 N2 45 93 30l Sl ITS L EF I -, B-tubulin JE A Y 51)
HGUP,,355: Strain isolated from leaf brown spot of Bletilla striata. The GenBank accession numbers in parentheses are the gene se-

quences of ITS, EFI-a, f-tubulin from left to right.

o JERL B 7 R TR) pH B 3 b 0 A K AR T 5 2
pH A 6 B, T 7% BLAR K, 2 62.50 mm, pH 2 7 Fi1 8
R, Y& HAR K 57.83 mm H151.50 mm, ifij pH Ky
4.5 9 F10K}, % HARK/NES-D) . 1£24 h$f

LR 24 hARLE RS 12 hOERE AR, (1
I 46 BXE 55 0 5 BT PR VK LA 43 1 K 58.16,58.37 Fll
58.50 mm, =& Z 0] 22 5 AN B 2, RN [E]DE R 4b
P9 S A T 22 A K R (& S5-B) o s SR B 7E
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OMA ¥ 5k FAE KIN T T B8R, 24 56.00 mm,
1E PDA F Czapek Hs 72 5k IR 2, WIV& BHAL 435N
53.67 mm £l 52.83 mm, {H ¥ OMA ,PDA 7l Czapek

Aa

10 Ee
"Znm wE wh DRR BEE BB LRE

Maltose Lactose Starch D-fruc- Glucose Sucrose No car-

tose bon
B ¥R Carbon source
80
70 Aa C

5 10 15 20 25 30 35 40
R JE Temperature (°C)

a
a a E
581
57
56 1 1 J

12 hbRE A & 24 hFLERIE 24 hiREEIR
12 h light and dark 24 h continued 24 h continued
alternation darkness light

J6HB %4 Light condition

BE%E% Colony diameter (mm)

K3 P SR AR KO 22 R B3 T 7E MEA F
CA B -5k b V& AR, IR R 7E WA B3R5
AR K (K 5-F),

80
70
60
50
40
30
20
10 Ef

0

LERNER RR BOK RN BB mRE TRR
L-pheny Urea Peptone Sodium Yeast Ammo- No ni-
lalanine nitrate  extract nium  trogen

% JE Nitrogen source

70 - Aa D
ABb BCc

#HERFDHRE BRK SRE £F #HE M AWE
iR MERE Czapek JFEHE BE CA WA
OMA Hifig e Difs

PDA PSA MEA

EFEE Medium

5 AEIEFRFZ I B K18 B w7 IR 5 B 22 £ KRR
Fig. 5 Effects of different conditions on the mycelium growth of the pathogen causing leaf brown spot of Bletilla striata
A~F: BRUE AR IREE . pH. OGRS FREEXS I 22 A iy s2m . BBl R P ipn i 22 . ARIEK L /NS R0 3R
7R % Duncan [ &2 W0 22 LK G 7E P<0.01 1 P<0.05 /K F-22 53 8% . A-F. Effects of different carbon sources, nitrogen sources,

temperatures, pH values, light conditions and media on the mycelium growth. Data are mean+SD. Different uppercase or lowercase

letters on the bars indicate significant difference at P<0.01 or P<0.05 level by Duncan’s new multiple range test, respectively.

3 iTig

Z: I8 Booth (1971) 8 J1 T & 7328 22 G T i ik 14
LRI, S B AR IHZR R H N R G LB W
G3HT , E K BN A Tt TR B 11 SR A R b e IR A
o BRE i Do T 485 Ay HE A B D TR, 100 I T I T 5
L /NFE ZE SR (i 95 354, 2006) | ThE5 2T Ji i (s
M AR, 2014) 43187 =2 MR (B AR 45, 2008)
T BRI R R MR 2 IF H Z250E FE Y
FRZEER, 5 1R B A (] /=, 2015) B 32K
(RXEFESE,2013), [FIET, i)@ H IR A] 5 EAE Y 1Y
AEIE RIS, Wi e (oK, 2017) (AR
5% (Ramdial & Rampersad,2010) . i J] Bt 7]
5 | LAY - BREHR , A Parkunan & Ji(2013) fiff 58 4%
FWIBL TGk I T8 F. acuminatum 52 1 2 W 5E5 1Y 35

S 3 Su et al. (2014) BF5E & B K2 9k )1 # F. solani
A 5| B DB 5 7K AR 45 (2017) WF 9 iR3E J2
Bk JJ A F. proliferatum Be & 3 21K , 5| &1 K i 5
i o AT 4 IR R WS ) TR 8 LR e S | A )R
2 R ZE R IR RE T | AR B
AT R R W, AL TR PR BBAR G- R -2
WRARMIR R T R B 0 R R 22
PRI G AR A 7 b AT 3 i it P e e 1 RS, PR il P
PREZEVUABEAE F & . TERIE AT N E
AR KRG B R 15~20°C KT 10°C 85 T 35°C
PR 22K a2 B A R AR K X SR — R
FH 2 RN, 55N S B b 2 b S
K AR B X AESE YA R 16.4°C B IR EE F - 50— 3K
(BRTHESF,2014) , 5 F(2013) Pz il HAE
KR ZE AL —2 . 2B5L5R 55 (2007 ) 42 P e
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E‘E*&ﬁﬁﬁiﬁﬁ*?@%{%ﬂ%E@?‘ﬁi&ﬁﬁ%
25C, 'ﬁﬂxa}?ﬁéi%ﬁ% L R AT B2 TR R R
U5 ) R %%—%I%Nﬂ(%iﬁﬂ &,
2017) o AHIFFE A AL AR G pHL A8 I YRR
fH2Y pH Hy 6 i, A K A bl , SR 55 (2017) BFSE 45
R— 20, RIAFEMR IR YE S5 1 T HER R A K804
PR A L m T DA 2t A KR T 1398 pHL, P45
A W R AR SRR 1 R A . ARIFSE T Y
PR TE R R R AR R, 5 T EES%
(2014)WFFE L5 R —50, ABFFEEXT SN A iR B
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