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Surface characteristics and stress tolerance of submerged
conidia, blastospores and aerial conidia of biocontrol fungus
Cordycepsjavanica IF-1106

GAO Meiyu, LI Junmei, LI Yihua, XIANG Huiming, MA Ruiyan, ZHOU Wenwen"

College of Plant Protection, Shanxi Agricultural University, Taigu 030801, Shanxi, China

Abstract: Cordyceps javanica is an entomopathogenic fungus with biocontrol potential in control
of many important pests belonging to Homoptera, Hemiptera, Lepidoptera, Thysanoptera and
Coleoptera. Submerged conidia and blastospores can be obtained by liquid fermentation of C.
javanica, and aerial conidia can be obtained by solid culture. The differences in morphology, size and
surface ultrastructure of the three kinds of spores of C. javanica IF-1106 were compared. It is clear
that aerial conidia, submerged conidia and blastospores have different morphology, and the average
sizes are 4.45, 4.17 and 7.67 um, respectively. A similar structure, the scar at one end of three kinds
of spores, was observed by scanning electron microscope. The surface of the aerial conidia was
rough and appeared to be covered with a layer of small rods. The surface of blastospores is smooth
with obvious cracks, and sometimes segmented. The surface of the submerged conidia is smooth
with a few thin cracks, and some of them have structures like bud scars. Image of transmission
electron microscopy showed that the cell wall thickness and outer layer structure of the three kinds
of spores were significantly different. The hydrophobicity of three kinds of spores of C. javanica
IF-1106 was determined by the test of microbial adhesion to hydrocarbons (MATH) and the results
showed the hydrophobicity ranked as aerial conidia > blastospore > submerged conidia. When pH
ranging from 3.0 to 9.0, the Zeta potential of aerial conidia varied from +2.68 mV to —18.44 mV,
that of blastospores ranged from +5.16 mV to —5.51 mV, and that of submerged conidia changed
from +0.39 mV to —18.09 mV. The isoelectric points of the three kinds of spores were in acidic
range and all spores were negatively charged in neutral condition. The germination rate and stress
tolerance of the three kinds of spores were compared. It was found that blastospores germinated
fastest but were least stress-tolerant; the aerial conidia were more stress-tolerant but slowest
germinated, while germination rate of submerged conidia was close to that of blastospores and the
stress-tolerance was the best, showing good potential for utilization and development. These results
provide a theoretical basis for the application of C. javanica IF-1106 in production.

Keywords: Cordyceps javanica; aerial conidia; submerged conidia; blastospore; surface
characteristics; stress tolerance

JIUH: B Cordyceps javanica (Bally) Kepler — H . ¥ HEZ A E 2% d (Ll 2023), =B
et al., JEA NIRRT Isaria javanica, SET  HEXH RAR YT 02/ 7 5Eid 3 3h g
FHEH] ] Ascomycota, FE7¢ %M Sordariomycetes | BCEAKEE R . KI5 2 s sh I e A AR
PAJRETE H Hypocreales, HLEEF} Cordycipitaceae, BE BRI ZEE, SRR YA, 55 A
S — Fh HOE A B B R L (Kepler et al.  EARBEGEA FMGE, THEEIMLIE N E IR S
2017), REBIAIEIEEE . F@H . BEHE ., 258 AFFESET(Vega et al. 1999).
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Az B LR AR AR B 52 2 LWk, 4k SR
WK W2z o iR A8,
RO R R AR RO R S R
(aerial conidia). AP AEMF —MEEE, K/
IS, BB R R 2013),
R HAETE T AR, W ELr, S A B FL
F e FHA TG 2L B 73 (Mascarin et al. 2019); 2 B
HRTEE I | AR b e, THAEA L
RIBAAAERMT, Bl T B IR 2R 1K,
Ji 38 2 TR 22 2 BRI 22 45 4 1) O 207 A A
I SRR, FROA 2 2 4611 (blastospore) (Fargues
et al. 2002), FAMFER LRME 2, B
W, RANERBREBRZE, BEPIR, —
P T 0 A 2%, S T iff K (Pereira & Roberts
1990), FUA KA b7 01 i 790 >R 2 A= 7 1A
i PE LA (Iwanicki et al. 2020); WA= 70 1
F(submerged conidia)fE & FE B TR AR EE 77
Ferhe A B X2 M, 4N Beauveria bassiana
P AE S A P IE O 0 3 F, BT 2
A e (DR E I W (04 | W X |- Fa X A o U
BRI R E W 2 AW A R
¥, WEERL LR, TE— R
AT =M TR R 22 B Ao
4, AR LR NE, ME FEA
WA (CRIE 2005) . WA AT K
Z BIPRIEERIE, ARG, Hi R
WA R TSR CR S 2011), HED, A
LR 3 A A T AR By LR R 1Y 4 (Twanicki
etal. 2023),

HEAFERNAFEES . R
. Bk KRG TR 22 5% . 4 Bidochka
et al. (19955 £, 7E Botrytis bassiana i<,
A 43 A A RO AR 3 A A6 20 O RE B AN 2R Y
AN 2 AR AE — Bl K B 1 L S s K
B. bassiana A4l F 5 5 K MR THI 45
G, XPRCVE R T ARG R AR 25 M AR AR
HEAFKM, TR KRG W)

A A flF B K PR TR S AR A AR
7z iE, BRI Mgk RELS G, WakFIE
KT LA S 55 MR T 45 & (Holder & Keyhani
2005; Holder et al. 2007). A [FZEH A #1F B T
K/, REHEAT, WHEZNEEAES, 7EA
[F] pH 254 T Zeta HUALEAS K AR, >4 pH
{H4 3-9 i}, B. bassiana 541 T Zeta B
BTG 9422 mV E-30 mV, WA E
TR +10 mV 213 mV, M4
AT Zeta LA AEfLH+4 mV -4 mV
(Holder et al. 2007), Zeta HL{i4axH{E#A, 1
THERERUE M. BLAk, A — B AN [H] 27
AR A 2 5%, W B. bassiana
ESALQ3760 Wtk ATA: A M+ 540
FRZEAE AL AR L, BB ST PRt R SEAR 48 4 AR
(Iwanicki et al. 2023); [fi B. bassiana ZF4: i+
XPME YN R LTso B S T AE 20 A= 96 Fn <A
T (Hegedus et al. 1992), %5 L Arik, A
[ 2 700 ) 60 7 & TR L P RN R O U T
AWEXES, HWAES AR AN T
THER A — B9 77, H G T B B A o E
oL 2B 7 FURE M A3 BT A G

AR SCH AT ] K AR5 3 TUHE HUB TF-1106
PR T IR SR E T 2
A FAEIESN . SRR R 395 1 7 T 25 5%
iit 3 ML RORLEE A, IR s R R B
325 5T FL B HR R S AN D T A TS s AR,
KA MATH 5 2500 72 A [3) 28 70 46 g i 7K 2k
PR, ME 3 PR pH 554 T Zeta
AL Ba, TIE 3 AhAT A EE A& R | it
PRI 58 AMREME , DATS IR JTCE e B30 A R A=
R ) 0005 P A3 B T, SR T AR A ) A B o
FIFE U

1 MBRETE

1.1 ERRIRERARE S
JIUHE LB Cordyceps javanica IF-1106, f#
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g T L 3 i A e R DR B, DR
%5 CGMCC No.7514. LAREER RO 12
£ F-20°C,
1.2 fAFEFi&HE

W PR 1) R AR B 5 AL S H2 R 7E PDA #5597
b, F25°CRiFE10d&H. FELHEEANET,
TE R AR PDA PRI & 0.1% (IR
HL)E Tween-80 7KiAW, HHEIMRFEFINEES A5
AT, ST UERR R 2 A SRS, SRRk
A REIEIR, B—ERAEIFI T 5 000 r/min
B0 10 min 75 B4 AL FITTE . I BL—3
Oy RRIFIR, TR EIFROR N 13107 /mL
VE WK SRR . UL 5% (IRFRLG) R
0 R WA 0 a1 e = S 7/ I | € R (L e
FrFRBL(HERE 30 g/L. NaNO; 8.0 g/L. KH,PO,
1.0 g/L. MgSO,7H,0 0.5 g/L. FeSO, 7H,0
6.32 mg/L. ZnSO,7H,0 1.1 mg/L. CuSO4 5H,0
0.23 mg/L. MnCL-4H,O 3.5 mg/L) (Gestel 1983)
H1, 25°C. 160 r/min #55% 4 d, BUE K BOR T
5 000 r/min 5.0 10 min 15 2 AE 5328 18 70T
o VA 10% (RF ) #eFp s B v A Al 7
BRI B 2R A AR AL RERE 40 g/l
BERERY 10 g/L. KH,PO, 5.0 g/L)H, 25 °C.
160 r/min 3557 32 h, BG&A AR T 5 000 r/min
50 10 min 15 2 ZEA R TU0NE
1.3 PEBEEMES B EERTGTE

1.2 hAF A E A ZEA TR
WA AT U MA R R, =R EE 2 he
[ 5E I ARE S ] 0.1 mol/L PB (pH 7.4)7 vk
3 K, BIK 15 min. VAR TFAKIR 4
30%—50%—70%—80%—90%—95%—>100%—
100% L FEEESE , BER 15 min, FFH 28R 5 g
JBKAL I 15 mine 22500 O G 0 T
1 (Quorum, K850) AT T4, THEHHlF %
Wt - LB IBOBU IR |, A MC1000 (Hitachi)
PRI & B4 30 s 247 . I SU8100
(Hitachi) 44 i 7 B g R 1A

3 M FUIERE BT 4 °CRElE 24 h
J&, H10.1 mol/L PB (pH 7.4)E ¥k 3 %k, &Kk
15 min, HEENAEFARKET 50%—>70%—
80%—90%—95%—100%—100%Z. B, 100%H
fil-100% N AT K, &K 15 min, RN
fii © 812 A3EF(1:1)B45E 24 h, RHNEN : 812
MR QBB R, e 812 Wil
& 5-8 ho BB LR SR AT, A
gl 812 5|, 7F 37 °CREFE LR . 7E 60 °C
JEF R A 48 h AT, i Leica UCT #81H
PIFHLEIME 60-80 nm ABLI H o R FHAMHT L
Y0 (2% it R Hl R AN £ BV TR MR R ), B
R 4AA 15 min, 7EE R T THE—#% . H HT7800
(H370)iB 5 i 1 s gs, SRAE RS o
1.4 fAFRZNE

B 1.2 R AR AT 2RI
WS R UITE, IAEEICEK, il
HFRTRW, AL THRIE R 13107 ~/mL, 7E
BB T 3 R ETER, REREG, H
Nano Measurer 4 (E RS 2022) 0 Hr4e i1 K]
BT IR A, BEFP AL BERE 300 440 FilET
BRI E FGET .
1.5 faFEKMENE
1.5.1 FiSRHMIEED(MATH)NE

Bk S B HE 710 %€ 2% Holder et al. (2007)AY
T B 12 PR RIS A S EMT . AT
R AE A3 T PR3] PUM 2% 0P -P(K.HPO,
22 gL . KHPO, 726 gL . JRE 1.8 gL .
MgSO,-7H,0 0.2 g/L, pH 7.1), il E V2 -
FEEFEBO T 2 Ao (TR 470 nm T IO
B R 1.2, B 4.5 mL B FREH, B 1.5 mL
TRKE, WHE3 IR, BIRFFEE30 s, TEE R R
B 15 min, /NOEBRTSEM, BHERHE
4°C, KBRIREBMEML b, BERER, #
AT LTI E 3 Fhil T2 7 AE 470 nm Ak
FIICEE Ayro, BKIEE=(1.2-A'40)/1.2, FA
PR E 3 ANEE, WSS RO ME,
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1.5.2 fAFRFRiEMAINE

1.2 PR B AR E S AT ZFA TR
WA A I E KRR RS 1x107 4~/mL,
il B A6l 7B IE I, i JC2000D1 2 fi £ {X
WizE 3 Pl FBIF RN . R TR
Wi E 3 ANEE, BAEEI10 i TIE,
IR ZE R ICE 1A
1.5.3 Zeta BALNE

12380 E AT AT AR
AT R KR RS 1x10" A~/mL, H
HC1 1 NaOH #1751 F B 77 A4 pH 43514 3 .4
5.6, 7. 8.9, f#F] JSO4H AU L KA R 0
T Zeta L, BRI TRIFRINE 3 MEL,
BAS pH MAE 6 1K, 02 B HIME .,
1.6 fEFfitisE N E

W 1215 BB E LT . ZRAE AR
He A3 e AT T T % A 2 . 1%2E IR
BEE] 1x10" A /mLo R JHZK T AR B il - 1)
3R TR IR T 45 °CCAr BB 1. 1.5, 2.
2.5. 3h, BT 25°CTHFR, MEM T LE
M, FERKEBSMTEREUNEL, 5
T &R (2= X AE 2022), BB EE
3R, BUOWES 3 AR, A R B HE
DA 22 PR B 1) 16 7 e SRl v R

B FEIFRE TREE S, TEIh
AR IR AR TR EAT UV-B (K 312 nm) FR 5,
WERBEERSN R 1. 2, 3. 4.5 Jem’, ¥
RIS T BIF R E .08, 7825 °C,
160 r/min fHIRFE KPR FE 6 h, WA FH &%
o, FERKEBSMATER LML, &
HA T RRERA S 2022), HMEEHEE 3 4
HE, BUWOWE 3 NLEF, R4 R
{H o DAA LR 48 RE AL B % £ B A oM %t R
1.7 HIELIBEF S
B Ge it A 248 FH SPSS 26.0 (IBM)# {4
o K ZE 7 25 1T (one-way ANOVA)

HEAT
AT 25 B 1 (P<0.05).

K Origin 2022 B X A4k 35 £ 1 i
KRB TG . TR Z SR 5, -4 B
] () AR TR 1,=1/[1+exp(a+bt) [T HIA, R
ol 0.5 BHETRE R P Ab B R, BESTAEAR )
GTso {8, TEAMFIPEMIEM R, Hri,
B & 8501 ) 2 A PG T 5 R 2 A HEL Y
fFHRFRZIG; b Al i & R AL B A ]
TR FEE AR GTso N 12 0.5 1, GTsp=—a/b,

K] Origin 2022 FRAF X} 5240 B AL P 41
T & R BARIEATIG . XA R IR AR R
JE - B MR A F 1 K R i R UE AT PR o 5 i 4y
FE(ExpDecl ) AR ML G oA . FdE o g9 1Al
Expdecl #AIF AN : y=B+Aexp(-x/C), HrH
HASE x MEEIEFIE/em?), y Nl &R (%),
A. B Ml C HMAH &, GDsyF/m y N 50%0H
JITXE R R AN IR RE Y, GDso BRAC A F1E
RIS 2 FXF UV-B AU LA 32 P #

2 HEREHN

2.1 JTEERE IF-1106 3 R FRASME R
RAZ

3 PRI SRR R E A (K 1A,
1B, 10), A ERFRAATLREA 2.35-8.65 um,
Rifeh 4.1-4.8 um WAIMERTFRERZ,
d N 32.69%, SEHRIAR N 4.45 pm (& 1D),
LEA T HORIAR O N 4.47-18.87 um, 35.76%
A ZE A FRARTE 6.8-8.2 um [X[E]PY, SE44%:
%N 7.67 um (K 1E). WA A1 HRIARTE
2.43-10.23 pm JEEIHN, 37.31%ME 40T
RAREETRAE 3.84.7 um, FXIRE N 417 pm
(K 1F), AR R/INIUT S 28 A 46> A 53 A
T AT, A A R A S
ol F PR AR A3 A B34 50, T 28 A - kLA AR
fRAK

N T HEEMT AR 3 AR TR UIEST,
KA XS 3 PP+ TS (K] 2A-2C).
SAGERT BRI, BRI Wi IE R —
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H, —mwmEAYm, BNMR, B EMT
By, REHES, PIAEBAY A, KU
Fi#i/K/MEJZ (Bidochka et al. 1995), 2 AW
FLBNZLIRE,  HEN 20 i e S PR, AR [ R
JBEAK TR R R AN ST 2L

AT EEREAER, AT, A
SOOI o 2 AR AR P IR AR — 3L
— i P, BERUN R . A A A RE SR
WG, P EA AR, 04 fRE 7
TR R R oK A A A f

WESERFROIY, MER/N, HINE
ol 1 7 o A 22 B [ B A, — a7 O B L
M2 A ) 4 B A IR I S50 o AR

HBLAR/NIZRE, DR AR o3 A A0 4 M BE 1Y
TR T2 A2 01, AERVEE R K 3845 b 4
JRUBECR H B i fa 2

A Ao 37 S L B L6 9 T DD THDIR S, AT LA
MENA AR . SRR IRWTRL, IR,
HAEAE AR (151 3), FA 2R A AT 20 Pk
AR = AR B RIE R, 3 Ff
TR RE R A B e R, o AR
T AN RE RS, 25 A 01 1 A0 BE A il
AT LRI, SR 2 5 10 465 40 i A0 2 1 2
BRIESAEWRES, AT A EE S
R, R T AR A o AR A
THMREESNZ AT ZHME, FAEAT AT

JRREE, WA ERTRSERENS, X
5 300 7 9 R L B A A 2R A R
SR IGAH—2

KBRS, B L TR A B
A BIC LR oA, RAEERE AR T 28R B R 2
IR o AR I AR 0T A0 M BE S TR A, DB

NS v%/\?ﬁ\w “/g a0
T & 8O \
0

w)
%)
wn

s
I
W

(7]

o
N
o

i

=

[\
w
=

AMIMHIHH

N

[\
<

)
Percentage (%)
)
Percentage (%)
)

w

—_—
IR INITINR RO
R ot

] vy VYN /-. oL e
2 6 8101214161820 2468 10121416182022 2 4 6 8101214161820
Hi® H% Hi®

Diameter (um) Diameter (um) Diameter (um)
1 EHE IF-1106 SESERTF. FEAFMREFIERTFEMESENEST A D: UES
AT B E: ZFAEMT; COF: AT FRR=50 um
Fig. 1 Microscopic morphology and particle size distribution of aerial conidia, blastospores and submerged
conidia of Cordyceps javanica IF-1106. A, D: Aerial conidia; B, E: Blastospores; C, F: Submerged conidia.
Bars=50 pm.

o
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*12K 4 pm

*12 K- 4pim

2 FAMEHRARMERE IF-1106 SESER T FERTMRESEBTFHIRES  A-C: UED

AT D-F: ZRAEET G-L WUAEM AT
Fig. 2 Morphology of aerial conidia, blastospores and submerged conidia of Cordyceps javanica IF-1106
observed by SEM. A—C: Aerial conidia; D—F: Blastospores; G—I: Submerged conidia.

40 k 200 nm

12k 1 ym \ 15k 1um

. Q .@Q

&3 ESTHBEWENERE IF-1106 SEDEBT. FEBFNRESEBRFHYIEFES A-D: X
oM E-H: FAEET; L. WESERT

Fig. 3 Transection morphology of aerial conidia, blastospores and submerged conidia of Cordyceps javanica
IF-1106 observed by TEM. A-D: Aerial conidia; E-H: Blastospores; I-L: Submerged conidia.

50k 200 nm
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2.2 JEEHE 3 MfEFAYER KM E

T 1 20 i B 2R 1T 53 AT A SR 7K ORI 7K 25
¥, TR ST B 96 25 B K 2546 1 LU AN ]
filF SR I SR KR A 20, E R
B B 1 (MATH) MR 45 R R <A o AR 7 7 B
KFEHCH 0.84, WAL 434 1 F AU 7K 15 Bl
AN, 059, MEEEMRTF B KENTHEZ
B, BKIEECH 0.78 (B 4). AL 3 FhilFhY
B 7K P G SRy A A A6 > 2 A > T AR S
At (Ui

o
)

o
o)

e
=~

BLK 8%
Hydrophobicity index

o <
< K

& F& S
A G
03
\éig/ Yf"o & B \xf’ﬂ\ ?}Qg
F
‘;"0

4 JNEEREIF-1106 SE2EB\T. FEMBT
MBETERFIREMMEEN T B E
VIR, AR FRERIRTE 0=0.05 /K- |22
S

Fig. 4 MATH assay of aerial conidia, blastospores
and submerged conidia of Cordyceps javanica
IF-1106. Data are means + SD. Different lowercase

letters indicate significant difference in one-way
analysis of variance at a=0.05 level.

MSEE LT 2R AT R AR S A
BB S RmK I GE 1), UEE
AR, R K IR/, AR
PR Ry ACHE 43 2 AL T DR SR AR K RN 2 S
I, FEAR T KRR mIK T o ZFAE AT MR AR

Oy AT B 2 o A e K IO, SR AT

TR, WA A AT 0 R T
%o 355 2 W B RE 1 (MATH) I E A i 3R 45
gﬁo

F1 JNERE IF-1106 SESEBRF. FEBF
MBESTEBRFRFRNERASREKNE
Table 1 Contact angle and surface tension in
suspension of aerial conidia, blastospores and
submerged conidia of Cordyceps javanica IF-1106

iRy Fful KK
Spore type Contact angle Surface tension
A AT (82.25+1.85°a  81.37+1.79 ¢
Aerial conidia

AT (81.88+0.8)°a  91.34x1.12b
Blastospores

WA AT (78.81£0.96)°b  97.13+2.49 a

Submerged conidia

TE: BRI AR IEZE , ARIFREFRIRTE 0=0.05 7KF
FERRE TH

Note: Data are means = SD. Different lowercase letters indicate
significant difference in one-way analysis of variance at a=0.05
level. The same below.

2.3 NEHERERFR Zeta BBALNE
3 L XF b TOE RURE SR S AR A A4
TR 2 A2 A TAE pH 3-9 YL RN Y Zeta HI 7
E(E SR, JASAAMTAE pH o 3 BERILH
WEIE Zeta HL{7(+2.68+0.73) mV, {HYE pH
by 4 IR AE A 17 B (—1.462£0.27) mV, {EpH N
9 WHRFE KA HEAE, H(-18.44+1.05) mV,
PG HFER y=-0.03+0.62X—7.36x+20.04, R=
0.982 4, SN pH A 3.63, ZEAMF1E(K pH
AP IE R, pH fe/ NP (R B HROK,
A (+5.16+0.37) mV, 7F pH A 6 B 55725y 17 HiAaf
{H[(-2.69+0.9) mV], £ pH & 9 B HL{EiAE]
(-5.51£1.67) mV, BIAHFEN y=-0.04x+0.75x—
6.28x+18.07, R*=0.865 3, Z5Hi & pH Ny 5.32,
WA AR TAE pH S5/ N F S (B #2530 2 H 34
[(+0.39+1.13) mV], TifE pH K 4 Bf, HA{E
AR R AE[(—7.74+0.46) mV], FFTE pH 5= it
P {1 35 3 05 5 71 (—~18.09+0.86) mV, &5
TN y=—0.2 xX*+4 X*-26.97 x+49.7, R=0.935, fE
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pH=3.0 ¥, 3 FhfflF-FRundan iy, Hr
LA 2 AR > A A A >R R AT
WEH pH fOTFRr, 3 FRIET s ik o oy 12 ek
A, pH AREETRE, W 3 Fhitl TR A LR
17 o A A AT AR A AR A1 pH A R 2%
PFF Zeta ALHYE AT, ZFEAT7E pH
3.0-9.0 mF, i A ATARALE)N, BB HAEKH
WPEA S RE . WE T UL
TAEBRNEAAE T, pH B Zeta LAV 7 D] 152 U]
HARAK BB e AR 2 1L AT

—— S 514 T Aerial conidia
—e— ZEH 71T~ Blastospores
—— AT Submerged conidia

L.
Zeta potential (mV)

pH

E5 MEEHEIF-1106 SESERT. FEBT
MGEDPEBRFEARE pH TH Zeta BT
Fig. 5 Zeta potential of aerial conidia, blastospores
and submerged conidia of Cordyceps javanica
IF-1106 under different pH.

24 JEHE 3 B FHURALREE, MK
4 FO 25 SN R ST 3 4

3 MR RS (B 6), AT
AWK, 5 h AHTHEE A&, 9 h i AFE A
90%LA I, 7E 10 h B & %585 100%; < AESE
TR B R S R, 7F 7 h ZeA A SRR
%, 10 h BHUH 10%E 46 M Fi %k, FG i
RFRAEPEE, 14 h B RIKF] 100%; MK
A O3 A L R HORA T Z0H], 7E 6 h

TR EE &, 7F 10 h BFEE & R35 5] 90%L) I,
TE 11 h J5 #1430 A&

= A AT Aerial conidia

—o— ZEAE il Blastospores

—a YA 4T H I F Submerged conidia
100 -

80 |
60 -
40t

20+

ip &
Percentage of germination (%)

04 56 7 8 9 1011 12 13 14

i ]

Time (h)
El6 MAEHEIF-1106 SESERT. FEBF
MRETERFRRLIER
Fig. 6 Germination rate of aerial conidia,
blastospores and submerged conidia of Cordyceps
javanica IF-1106.

XF 3 PRI TAAACEE Bl AL B
3G, 3 Fhfl 1 K E0E AL TRE(EL T),
NN G O F R R WD G B S e e X (e
A A AT T PR T 2R . BLA SR
(3 2)t R A 7B B S 2 R & I X B A
AbFREFE], BRI GTso A& 25, UiHAIHE &
HAESERT . AT AR A SR
T A B 22 S, VR A R A Y it
PMERFRAF, GTso N 1.41 h, 12825 98 7 A i
Pd 7%, GTso M 0.91 h,

JINHE HUBE TF-1106 A4 . ZFAff+
FNR A o3 HE A0 7 I T SR AN R S et 3 25
S, WA AT R SRR ) B T AR
A4 E# T, GDso M 2.80 T (35 3). %
TR, WA AR AT R ORI R A A
T, B AT, L A R 58 A1 S
R T2 A A A o R A
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7 JREEHRE IF-1106 3 #HfEF AL R M- IERES UV-B £IMEREE-AA X R IRURSHR

BiE

Fig. 7 The germination index-treatment time and UV-B irradiation energy-germination rate ExpDecl model
fitting to three types of spores of Cordyceps javanica IF-1106.

2 JNEERE IF-1106 3 #9787 AR L I M- IR B & 512

Table 2 The germination index and treatment time fitting equation of three types of spores of Cordyceps

javanica IF-1106

il B 2 FE A P B 0L A A R GTs (h)
Spore type Germination index-treatment time fitting equation

ST Aerial conidia [, =1/(1+e">167163) 09487  1.31+0.02b
/{1 F Blastospores [ =1/(1+e 222420 09378  0.91£0.02 ¢
VAR /34 /1T Submerged conidia I, =1/(1+e>719%) 09551  1.41£0.01a

=3 JREESE IF-1106 3 #4178 F/) UV-B &£5MEH

REE-FAA R BIEHRERANEHIE

Table 3 ExpDecl model fitting equation of UV-B irradiation energy-germination rate of three types of spores

of Cordyceps javanica IF-1106

257 FREROE S RAIRLA R R GDs, (J)
Spore type ExpDecl model fitting equation

S fF Aerial conidia y=0.23+1.23¢337 0.990 9 0.18+0.13 b
ZF/E T Blastospores y=0.04+0.95¢ X1 0.976 1 0.91+0.02 ¢
Wit 43 HE 1§ Submerged conidia y=—40.03+41.07¢21369 0.959 4 2.80+0.15 a

3 WwEE®

LB JR - 3 1A B A 2 P e R
HAEE0, U Candida strains 1 7 3 1 i
KPR LU 08 8 ) 5 Aspergillus 43-4: 41

T B K /N 2 ] LU i LA AT TR e 4
JiL 2 T R R B, AR AE T Y SR SN (Paris
et al. 2003 ; Hazen 2004 ; Singleton et al. 2005),
LT AR 3 T 2 7K P R K 2 A A Tk
FERY, BKPER R R, W Nomuraea
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rileyi . Metarhizium anisopliae #lI Paecilomyces
fumosoroseus, #A/MEE, MISEKIEREIE,
an Hirsutella thompsonii A1 Verticillium lecanii,
To/MER, (BTEfF BEGE Brh o A 25
#(Boucias & Pendland 1991), FEAWFFHY, fi
FH SEM 1 TEM W4 T JIUH: HUEE TF-1106 3 Fifl
THRMIEASZE R, Hh S Ao A5 7 i RE R
TG A/ IV )22 B I ), gk P At s T
WA A A ZE AR f R TG, TTHLR A/
BE, HBiKERss; X 5H0E A —2L,
4n Trichoderma harzianum S A= 734 761 EA B K
PE, WSy R 2R 2R K PE (Munoz et al.
1995), HIAT W, 53R 2 A GE il T IE A
WS A6 R A AT, #EE T =y b
SEPERT . A B K R e L A6 S H A A o
HIEES R, 4 Cryptosporidium oocytes 3 7K 74
1) 25 A A X6 2 7K PR 1% 38 3 3R T 285 BEE I B 5
(Drozd & Schwartzbrod 1996) . T JIUH: H &
IF-1106 AN [F A9 2EAL96 + EA AN R A9 R T Rk
XEEREME N BE S EAN R A A T 28 —
FEBBEREPEIL S, IR A R R

Zeta Hi i/ (Zeta potential) e e ME AR F
FaE ME ) B EE bR, Zeta HE AV ST OB 2 6] AH
HAHERR B | A B A R 43 B HORE
H/NH. Zeta OO, ARRBFRE.
RZ, Zeta FLALIAZLEXT RS, HiF B2 Y) B
AR . AR R R AL S SR BN
W AT ARl 95 —J7 T, 5 pH S2 R
0~ 2R TR 22 AT ) e 2 PR A DT 552 e 3R 1T FEL
fif o B. bassiana A= 43 E fFFEH 1 pH 5544 T
Z% 1 7 H faf (Holder & Keyhani 2005). Zeta H,
fiftE pH G IR, XK hREE pH 1Y
S, AR R R R ) AR AR R S, VM
) OH B FYREERG I, TE 1) Zeta
HLAL(GRAFAE 2017); [F)— LB A [R) 2 20 1) 46 5
R BMF{E2 5, B. bassiana 44 fF

TS T i R A X WA =X 1 2 A X (e et |
(Holder et al. 2007), JIH: HUE [F-1106 AS[F] 267
ARG AR, ZEMR pH 450F T 1Y Zeta
AR Y pH AL EAH R, AN [A] 2 Y
- 1T LAy AR b 22 AR K, Wi TR [l f
RMAEUAAFEN R 2%, X5 Holder et al.
(007 TR A5 AL, A5 R R A o
AT S Z BN F IR, Zeta
R AR I 2, ATREE PR o HER T A A 6
oA OH B 1

B M D L T ) DI T A e AU B TR
) B, LA FE D) T o) 5 I 2% A 2 B
ST R RIARRIE PR Z R R e R U I R AR K
TR N HAT — 2 AT 33 68 ) DAHRHU IR B A
[N 2 (Fernandes et al. 2015)., Thomas et al. (1987)
[ 7T 45 F 2 W B. bassiana Y 2F 25 £l 8 h B mf
Wik, WAESAERT 16 h ik, M4
T 24 h AWk, XEAMFEGRAARL, TR
FIF-1106 AR L, <AESAMF
g, MRAE AR B AR B TS 2
] o JTCRE HUFE TF-1106 A= o0 AR AT FI AR 2R
6170 52 1 BGRB8 BAT R 470 T 52
Bernardo et al. (2020)1#/f 57t & BE Metarhizium
AT A A LU 2F AR A SR AR UV-B e .

ABIF 5 X0 JTCHE BB i AR A AR - L 2R AR
R A S AR RE R KON L RETES . U]
T 25 DA K /K P R0 3R T HL AT 47 0T b o AR O3
A IR/NEIS), RSN ERA Y TR, b
KRR, WA A g, (BTSN E B
RAFIUIN 3218 5 2R AR, RIBOLH
1710 G € R R W s e (R | | e i e L el
], HARE A A me i, H 4 RE 3 I i Pk
g, ELOF IR 52 A1 RRE RN R 8 B R RE 22 . TR
2 ER73 2 £ By VA Gl R W i o (1 e | W A Y
5], IR, 7E 3 MoK R, B
KRB ZF A, B 22 AN A 1Y BE
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