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Abstract In order to explore the effect of heat stress on the growth and aggressiveness of Fusarium
graminearum , we measured the mycelia growth. sporulation, spore germination, osmotic stress, aggressiveness
and DON production of five heat-tolerant isolates and four heat-sensitive isolates at 25C and 30C. The results
showed that the mycelial growth was inhibited but the sporulation and spore germination were promoted at 30C
for both heat-tolerant and -sensitive isolates. The high temperature (30C) treatment reduced the inhibition caused
by NaCl and CaCl, osmotic stress to the growth of F. graminearum isolates, but showed no effect on the inhibition
caused by KCl, Congo Red, SDS and H,O, stress. Furthermore, the aggressiveness remained unchanged or
decreased at 30C in most heat-tolerant isolates, while increased in most heat-sensitive isolates, and high
temperature (30C) had a certain promoting effect on the production of DON toxins in most isolates. This study
provides a theoretical basis for the prevalence and forecasting of Fusarium head blight under climate change.
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Table 1 The effect of high temperature stress on the growth of Fusarium graminearum isolates

7 A% /mm e A =/ %

Isozlilakjj% ﬁiber Sampi?i{fcation Colony diameter H.igh'te'zr'nperature
25C 30C inhibiting rate

Fgl180664 WAL B (R XD 81. 6740. 58* 65. 6741. 44 21
Fgl180663 L 22 H CEM XD 81.2540. 25" 62. 2520. 90 25
Fg180680 WAL B R XD 81. 6740.29* 61.7541. 00 26
Fg180730 WL (A 5D 82. 002£0. 00 * 60. 63=0. 88 28
Fgl180673 WAL B R XD 82. 00=0. 00* 60. 7540. 90 28

Fg47 A2 B S5 b % 79.08=0. 80* 55. 67202 32

Fg39 WL FEH 5 RN 80. 1741. 04~ 55. 8340. 76 32
Fg180590 W14 € PH CECdR D 81.5040. 43* 56. 5020. 50 33
Fgl80621 WAL B CECYRTTD 81.8340.29* 56. 08+0. 52 34

D R8sl 3 IKEE W EhrEZE .« FonFEl—RARTE 25 CHI 30 C NI 4E KRG i #F257 E, P<<0.05), 3 2 [,
Date shown in the table are mean=®=SD of three repetitions. * indicates the significant difference in colony diameter of the same isolate be-
tween treatments at 25 C and 30'C (z-test. P<(0. 05 ). The same applies in Table 2.

x2 ARBETAARBAE/RNTRE
Table 2 Sporulation of Fusarium graminearum isolates
at 25°C and 30C
FAffl R/ (X106 4> /mlL)

25C 30C

Fgl180664 17.89+£2. 51 15. 79+£3. 24
Fgl180663 18. 33+6. 37 36.1742. 90~
Fg180680 26. 6244. 30 32.1342.75*
Fg180730 20.67+2. 52 23.8842.63*
Fgl80673 25.46+2.70 24.2943. 24

Fgd7 25.21+2.53 27.2546. 63

Fg39 23.83%5. 62" 13.17+£8. 54
Fg180590 27.36%1.93* 17. 38+0. 50
Fgl80621 25.94+1.56* 17.18+£3. 38
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* KIR25 CHIB0°C R EARALZ N 1R A TR R R A B 22 5 (¢ W3, P<0.05).

* indicate the significant difference in spore germination rates of the strain between 25°C and 30°C at the same time point (#-test, P<0.05 ).

1 FREBETREFRAEKRATFHLZENMNENES

Fig. 1 Time course of spore germination rate of Fusarium graminearum isolates at 25°C and 30C
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Table 3 Colony diameter of Fusarium graminearum isolates on salinity stress medium at 25°C and 30°C

kG5 B 7% B4 /mm Colony diameter
Isolate H,O 1 mol/L NaCl 1 mol/L KCI 0. 25 mol/L CaCl,
number 25¢C 30C 25C 30C 25¢C 30C 250C 30C

Fgl80664 (71.174+0.38)a 50.8340.58* (54.57+0.28)b 54.754+0.50 (62.75+1.25)b 60.1340.53* (57.33+7.05)b 59.1746. 23
Fgl80663 (68.3840.88)a 51.5040.66* (48.50=£0.66)b 52.67+0.76* (59.38=£1.24)b 58.1740.63 (34.08=£2.40)b 42.1740.80*
Fgl80680 (67.7520.50)a 54.58=40.72* (49.83=%0.76)b 53.924=0. 14* (56.004=1.89)b 54.7722.66 (42.504=4.50)b 39.334=3.88
Fgl80730 (68.50=0.25)a 52.8340.29* (53.08=%1.15)b 54.7541.77 (61.08%1.76)b 59.5840.58 (63.3345.69)b 61.504-2. 83
Fgl80673 (67.924-0.63)a 45.2541.89* (51.752£0.50)b 54, 4240.76* (59.25£1.25)b 58.254=0.50 (43.58=5.34)b 46. 88=+0. 18
Fgd7  (71.08=£0.58)a 57.00£0.66* (50.67£0.52)b 53.0840.63* (63.75+3.12)b 58.2541.77  (40.50+£7.13)b 40.08=£3.76
Fg39  (66.580.63)a 50.88=+0.53* (53.50=£0.66)b 57.0040.75% (63.252£0.66)b 62.92=£1.04 (38.00=£1.50)0b 51.08=43.75*
Fgl80590 (67.63=4=1.24)a 48.1740.63* (53.2520.25b 57.1720.38* (63.7522.63)b 58.0842.52  (51.83=%13. 56)b 45. 50=3. 90
Fgl80621 (70.00=0.43)a 50.2540.35* (53.00=0.66)b 53.584=0.76 (63.83=4=0.72)b 60.4243.62 (46.504=7.28)b 54. 7545, 65

D R 3 REE N VIE L2 . RRFEEERR 25 CF R — AR I a3 AT H O Ab3E R A4 BEARA B3 2557 (¢ K,
P<C0.05), * Fn[F—REHRAEH MG AL T 25 CHI 30 CF W% FLARH W3 22 5 (¢ I3, P<<0. 05),
Data shown in the table are mean=+SD of three repetitions. The different letters indicate the significant difference in colony diameter of the
same isolate between salinity stress treatment and Hy O treatment at 25°C (¢-test, P<C0. 05). * indicates the significant difference in colo-
ny diameter of the same isolate between treatments at 25°C and 30°C under the same stress treatment (z-test, P<C0. 05 ).
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30°CTR Tt e ik AT ke 5 10 32 SR AR T A X I S 21
SDS 38 5 A W i 25 5 (ISR 4L F=0. 97, P=
0.33;SDS: F=0.83,P=0.37)., F£H&EEM RS
Sh 0T 240 BE Jifp a6 DR W SR 1A SDS T3 gUsk, {5
T ek B UK R P MR 22 R 25 5

F4 TREBETRARMERERNIRLM SDS BrBEEFE FWEZEER"

Table 5 Colony diameter of Fusarium graminearum isolates on the medium containing Congo Red and SDS at 25°C and 30°C

W% HAZ/mm
T bR G Colony diameter
Isolate number H,O 0. 05 % WIHR4r  Congo Red 0.05% SDS
25C 30C 25C 30C 25C 30C

Fgl80664 70. 8340. 80* 53.67+0.52 43.83+0.52% 41.08=40. 29 33.5014. 44 28.4241. 26
Fgl180663 69. 5840. 58* 51. 50+0. 25 44, 0010. 43* 40. 58=+0. 14 28.6741.18 28.00+1. 39
Fg180680 69. 9240. 76 * 49. 42+0. 29 45.4240.38* 38.92+0. 14 26.33+1. 84 28.08=+1. 26
Fg180730 72.9240.76* 51. 00£0. 25 46.1740.38* 42.92+0. 38 51.9244.69* 40. 33£4. 35
Fgl180673 71.9241. 38~ 44.92+2. 31 45. . 64% 35.42+1.76 47.0015.66* 32.9243. 26

Fga7 70. 0042. 63 * 51.92+0. 58 45.4240.38* 40. 50=+£0. 25 22.9242.57* 27.83%1. 66

Fg39 67.9240. 38* 48. 75+0. 25 44.5040. 66 * 41. 75%£0. 66 31.8341.38* 29.33%0.52
Fg180590 70. 5840. 88~ 45.1740. 14 50. 1740. 95* 41.9240. 58 52.9244.40* 31.0043. 27
Fgl180621 73.0041.09* 41.6740. 52 51. 0040. 66 * 38.4240. 29 51.33%2.45* 31.9240. 52

1

~

T

FHEYE N 3 WEEMFEEIREZE . « FoR ] — BRI a4 BT 25 CH 30 C T Rk BARA B3 25 5% (¢ E . P<<0. 05).

Data shown in the table are mean=®=SD of three repetitions. * indicates the significant difference in colony diameter of the same isolate be-

tween treatments at 25C and 30°C under the same stress (z-test, P<C0. 05 ). The same applies below.

25°CHI30C R 755 0. 05% H, O, RYREFEIE T
ALK I PR TR BLAR X8/ T R — I BE R ) BR A T
VEHEAA. HAE0.05% H O, Wil R A BARTE 30C
TR AR B EILT 25C (F 5, P<<0.05),

30 CTF  Tif vt P e 5 ik P UL P kot HL O, Ak
JOME S VA BH I 25 S (F=3. 94, P=0. 06), A,
30 C il i R A Hie el % S AR 8 R HL O, (938
SRR AELA ) Y B SRR AR R R S AT VA 25 57

xS TRBETRAARAEKEIEMSHEEFE LNERER

Table 5 Colony diameter of Fusarium graminearum isolates on H, O, stress medium at 25°C and 30C

T4 B2 /mm
Wk Colony diameter
Isolate number H,O 0.05% H20»
25C 30C 25 C 30C

Fgl180664 73.6714.07" 59. 42-+0. 80 62. 2545. 29* 57.67+0. 52
Fg180663 78.25+1.52* 59.08+0. 38 66.5841. 38" 54. 83+0. 52
Fg180680 80. 00%1. 56" 57.17%£0. 14 70. 08+1.59* 54. 7540. 43
Fg180730 79.3840.88* 60. 1740. 29 70. 424+1. 81~ 55.17+£1. 01
Fgl180673 79.5040. 90* 56.58+2. 88 73.0840. 63* 56. 00+ 1. 80
Fga7 80. 75%1. 39" 58. 08+0. 29 67.8340. 80" 52.75+0. 25
Fg39 72.75+5.30% 57.50=0. 50 64.4241.84* 57.1740. 95
Fg180590 78.5041.39* 55.58+0. 52 61.8342.70* 51.83+0. 52
Fgl180621 79. 6710. 58" 57.42+0.76 68.9242.16* 52.42+0.52

2.5 HiEMMEXRERABEE ST DON FEEH
=2
REHRALTE 25 CHI 30 C T R /INE R 25 3 0
TR 6 7R« AR AR AT i At T R AE A [ i 2
RN R ZE R R EOm T AN A 5 25 CAEE. 30°C
reil 15 AR e i T R A B ) /N 22 VR 288 1 B A

JE73 53 2 B 9 38 i (Fg180664. P <C0.05) , [ i
(Fg180663 F1 Fgl80680, P < 0.05) Ml & H = %
(Fgl180730 Fil Fgl80673) , M 4 kI Ji f5 s 70 1 ke v
PRTER R Fg180590 {2 Y/ INAZ W25 5 | RS (9 BRE1 5 /)
T 25°CHb, Fikk Fed7,Fg39 il Fgl80621 MYk It 1< J&
P ERKT 25 C(P<<0. 05), H 30 C 5 25 CHREK i
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MILLIEERR T 5. LA L AFR 4 SRR I, R 43 it e i
PAPRAE 30 C U Sy AR SREA 10 R 7 U i bk
1 30 CTF B J1 Ramidg .

LR 9 PRAR B HRA BB AE 25 C Al 30 C &1
F77 DON #32 8 WL 6, IR 0 AS /) B ik = 7 o 11
LA, i e i R Fgl180663 71 30 C 4544 T ™
1 DON B Z & B E LT 25C, 1M Fgl80664,
Fgl180680 il Fgl180673 7 30 C & FMH R & =&
& 25CT Y 5 A% LA by B RS T Bk Fe3o.
Fgl180590 Fil Fg180621 7F 30 C &M P EHZ & &

UK 25 CTFW 2 5 A BRI =i (30 C) Xt
KEBFHE R E DON B 2 (1977 A — & 2 #E/EH
ZHCARRTE 30 C &M N AR R 2 W1,

ZE b R AR A A X /N2 R 2 30 1 R
i) 5555 DON B 275 FE A2 R TR AR AN [R] T A 25 5 (3
6), % F 1 #k Fgl80664., Fgl180663., Fg180730., Fg39 Fi
Fg180621, fry I X B 1 Fl ™ 35 2 1t 1Y 5% A — 2 78
30 CARMETN HLEE R & G, X /N 22 IR 25 85 1) B0
1AL HE s B 2R A R RR AR, BOw J h i 5. 1 e B
Fg180680,Fg180673.Fgd7 Hl Fgl80590 NI IfHH)% .
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Table 6 Aggressiveness and DON content of Fusarium graminearum isolates at 25C and 30°C

FBERJEE /em 30°CH 25 CHgBt DON # R &1/ (ug/mL) 30C15 25 CDON #:3%
FER S Lesion length KB DON content TR
Isolate number Lesion length ratio DON content ratio
25¢C 30C (30°C:250C) 25¢C 30C (30C:25C)

Fgl180664 0.1240.13  0.88+0.71* 7.17 0.6640.22  3.36+0.18" 7.08
Fgl180663 1.22+1.18* 0.1940. 12 0. 16 0.98+0.15* 0.16+0.01 0. 16
Fg180680 2.22%+0.53* 1.10%0. 83 0. 50 0.04=+0.02 0.54+0.19* 13. 28
Fgl180730 0.16+0. 21 0.2140. 20 1. 28 0.43%+0.09 0.3740. 14 0. 86
Fgl180673 0.14+0.07 0. 14#+0. 10 1. 02 0.14+0.01 1. 4740. 38* 10. 33

Fgd7 0.17+0. 20 1. 0540. 91* 6. 27 0.13%0.01 0. 08+0. 02 0. 24

Fg39 0.32%40. 41 1.8140.53* 5. 69 0.30%£0.12 0.597+0.02* 1. 96
Fg180590 2.1640.47* 0.33%£0. 27 0. 15 0.56=+0. 06 0.82+0.03* 1.47
Fgl180621 0.21%0. 20 1.7240. 45* 8. 13 0.65=+0.08 1.3440. 25* 2. 06

D a: « fRERFE DB 25 CHI 30 CTHRBEK A B & 25 (P<C0.05) b, x fRERF — A 25 CHI 30CF DON B RS EA B ¥ E

5 (P<0.05),

a: * represents the significant difference in lesion length of the same isolate between 25 C and 30 C treatments (P<Z0.05); b: * repre-
sents the significant difference in DON toxin content of the same isolate between 25 C and 30°C treatments (P<C0. 05).
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B 25 CIREARA i i A= 1L E B8 T o 7T 22 24
KHRTRE . 522 A0, 30 C YA xS T
AR A B B 1) 98 7 i AT — R e A L 5
SEAE MR A NI AR, T AR
— e TR R I Y R R R L 2 e
N (ARt ) [ S i R B B
73T i Tk ARG )7 At I 3 0 e AR 0 o T R B
ST BRIRR IR F 0, R W1 F B B I e T R AR AR

TR — AR T B .

X AR R A Bl A8 B ik 1) = 26 e B 5 26 PR L K
Xof v i (30 C) fiff B RS R it (NaCl it CaCl,) f fif
ZRE S I A R S R ST 45 RS
kit Na® (KT, Ca®" B4R, 23 P A9 X Bk
58T PSS Al B 14 WA MR B o JE At 5 7 1) I i
SERARAER W36 , b 7T BB VLR 5 T (o I R X £
THEME P A X

e TR AR A AL 1 B0 1 A DON 8 2 7™ i #1f
FEAET — B R RE I, KHR 43 it i M R TE 30°C R Y
SO AR SRR A 1 A A3 U R AR #E 30°C R Y
ES O la 1) | (EP= O 7 NG N b 7 2 S s ]
X DON 82 7= 4 |t A —58. X5
B 25 SR W) £ - R A4l 1 7= 90 i 5 B0 11k
A

DA ge s S A 1 IR X R A iR A B



« 136 -

4.9 44 25 2024

T I e BEF T AL B R R L WA T T g I R bR ) RE I
A A 60 e AR o5 AL o DRI 7™ 96 B B 1 5 i
PR PRARA i Y — D R BT B ELER AT e i
PR PRAE L B 35 R A A 20 i T 45 2R R
A iR PR P I R LA A T ST B E T Bl X ok —
ARAGAIZ TR (19 il B 3 A 2 AL 1 20 - AL fF
FEMENT 5T /DA AN EEIN LA T B T FAf A
Bl SR 1 R LA EE R S

S 3k

[1] MA Zhenggiang, XIE Quan, LI Guogiang, et al. Germ-
plasms, genetics and genomics for better control of disastrous
wheat Fusarium head blight [J]. Theoretical and Applied Ge-
netics, 2020(S1): 1541 - 1568.

(2] ThibAe. BRz. FYREye. /N AR AT IR IR 43 A B By 42
XFEARVILT]. R3S, 2020, 34(4): 464 - 469.

[3] CHEN Yun, KISTLER H C, MA Zhonghua. Fusarium gra-
minearum trichothecene mycotoxins: biosynthesis, regulation,
and management [ J]. Annual Review of Phytopathology.,
2019, 57(1): 15-39.

[4] XU Fei, LIU Wei, SONG Yuli, et al. The distribution of
Fusarium graminearum and F. asiaticum causing Fusarium
head blight of wheat in relation to climate and cropping system
[J]. Plant Disease, 2021, 105(10): 2830 — 2835.

[5] NIELSEN L K, JENSEN J D, NIELSEN G C, et al. Fusarium

head blight of cereals in Denmark: species complex and related my-
cotoxins [ J]. Phytopathology, 2011, 101(8): 960 —~ 969.

[6] SAREMI H, BURGESS L W. Effect of soil temperature on
distribution and population dynamics of Fusarium species []].
Journal of Agricultural Science and Technology, 2000(2): 119
-125.

L7] adAise, FakA, FWIF, & EEXHEARGHITRAE K 2
BB R AR ). A pe B4 . 2020, 50(6): 723
= 730.

(8] BMEIE. WF/INAZ 25 75 T il B AU AR TR e 2 ETE Y
KB [D]. sk Wbt 4B, 2020.

[9] #Zik. RABHRIIHE (Fusarium graminearum) FU 1% 5% 75
R MY F A FE D], BRI ARl K2, 2005.

[10] Fh2gvk. REHIIEZDIJ) GTP i FeSeyl TIfEWIFE[D]. %
% RO R 2020.

[11] ZHANG Xing, ST LEGER R J, FANG Weiguo. Stress-in-
duced pyruvate accumulation contributes to cross protection in
a fungus [J]. Environmental Microbiology, 2018, 20(3):1158
- 1169.

[12] ¥3Eh, fhig, a4, 5. HhPhn ~ER gLk A GRS 5
W RS S BT 0], MR INFE K 2 B AR B = 4
2007(2): 91 -95.

(18] ZEmil], SRARLL. W EEXT AR 1 A R Bt 2 ma [ .
TLPEAOPRHE . 1981(11): 8- 9.

[14] Baigk, BDEE, RZK, 5 REGEHIEFRIER 58006 )
PRI AT L) ], ARl RAE%4R . 2005(3) : 254 - 257,

(FTHEHS. HATW)

(115 3D

(131 B2, WAL, RLZRE . A5 JUTHl X0 SR T e 10 7 A
YRR MR, 2021, 47(3). 232 - 236.

[14] ZHANG Bing. LIU Huai, HULL-SANDERS H. et al. Effect
of host plants on development, fecundity and enzyme activity of
Spodoptera exigua (Hiibner) (Lepidoptera: Noctuidae) [J].
Journal of Integrative Agriculture, 2011, 10(8): 1232 —1240.

[15] FARAHANI S. NASERI B, TALEBI A A. Comparative life-
table parameters of the beet armyworm, Spodoptera exigua
(Hiibner) (Lepidoptera: Noctuidae) on five host plants [J].
Journal of the Entomological Research Society, 2011, 13(1):
91-101.

[16] ZE5|, Yo dr5e, Wi, 4. RS BV /NSRRI
ZhRspmL) ] Bl 2R, 2019, 28(3): 475 - 480.

L17] #KHE, VS, XuE, 5. AR EXBEEEHARKRE T W
LT, FBER AR, 2019, 41(5): 1065~ 1069.

(18] MMM, T%. T4a&%. & AU R IR % Er Y BcE
IR RO 1. WAL R . 2020, 49(12): 91 - 96.

[19] AEFE. XUFE. XA AR T B RR IR B KRS
FEFAME L] AR, 2015, 41(1D . 28-32.

[20] 2=, THELL, 28, %, REZ B xHE N0 A K
KB MEFHMZm ] B ACEd, 2012, 55(5): 554 - 560.

[21] 738, 7%, T, % AR EEY S = &8Ik AEK &
TAMERA ()] BT R H24i. 2013, 50(6). 1614
-1621.

[22] WEHRBE, E4EE. ARWISF AP 3RS SR (0 A= ) 2 0 57
HOw AR ], AR, 2009, 35(3): 74— T6.

(23] spfistes, [12%00, T % TS RROEGE NS TR 3R
PIBRIRA AR B BT & i i e R (], R A4k, 2018, 61
(8): 984 -990.

[24] BRIEWE, BB, 5, % AP WY BRI E R A
(1. M4, 2004, 30(4): 8-11.

[25] FWFE, 48f51L, 8k, 5. 3 P4 v Ak AR s o 30 25 0ok
AEREFEL ] AL R4, 2018, 40(2): 145
- 151.

[267] JEUGHALE G, BHALKARE S. Effect of different host plants on
toxicity of indoxacarb to Spodoptera litura (Fab.) [J]. Interna-
tional Journal of Plant Protection, 2016, 9(1): 30— 34.

[27] k38, TR, sl o o B B P R AR R LT ). &
MR, 2003, 20(9): 63 - 65.

[28] FfRM, HE%, ZEE, & AHRBRAIRRmorsel) ]
THBEAR . 2000, 8(1) .46 - 48.

(%% WmAmW)





