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Abstract: Maize ear rot is a fungal disease mainly caused by Fusarium verticillioides and Fusarium
graminearum , which seriously threatens national food security. With the change of climate and farming system,
ear rot has become one of the most common and most harmful diseases in maize production. Large-scale
identification of disease-resistant germplasm resources is conducive to solving the difficulty of breeding resistant
varieties due to the lack of good disease-resistant germplasm. In this study, based on the establishment of a high-
throughput resistance identification platform for maize ear rot, a rolling resistance identification strategy was
adopted, that is, in the primary identification stage, a large number of germplasm resources were initially
screened using a single repeat and single environment strategy, and then in secondary identification stage the
highly resistant germplasm from the primary identification stage was accurately evaluated under multiple
environments and years, and the susceptible germplasm was gradually eliminated. During the year 2018 to 2020,

a total of 191 highly resistant germplasm was identified from 10524 maize germplasm in the primary
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identification stage, and a total of 59 stable resistant germplasm, including 18XDHNAM11-20, H5084 and

MC303, was finally identified through the secondary identification stage. Among them, 24 germplasm showed

resistance to Fusarium ear rot in the five years. In terms of heterosis groups of disease-resistant germplasm, the

disease-resistant germplasm was divided into 5 groups, namely, tropical-temperate introduced heterosis group,

Reid group, NSS group, SS group and Huangai group, which basically covered the most important heterosis

groups in China. Among them, there are 24 resistant materials came from tropical-temperate introduced heterosis

group germplasm, accounting for 41% of the total materials. These resistant germplasm resources identified in

this study provide important resources for ear rot resistant breeding in maize.
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Tablel Source of germplasm for evaluating resistance to
ear rot in maize from 2018 to 2020

[ZEa Sl

Source 2018 2019 2020

RO BE CAAS 3210 1076 1556

AR YAAS 1449 1140 350

et i gL B¢ BAAFS 600 - 337

Ol K F HAU 532 274 -

M3t Total 5791 2490 2243
- T

- : No data; CAAS: Chinese Academy of Agricultural Sciences;
YAAS: Yunnan Academy of Agricultural Sciences; BAAFS: Beijing
Academy of Agriculture and Forestry Sciences; HAU: Henan
Agricultural University
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Fig.1 The flow chart of the rolling resistant germplasm identification method
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A: Fusarium verticillioides ; B: The process of transferring bacteria to maize medium; C: The culture process of Fusarium verticillioides in corn

medium; D: The state in which the culture of Fusarium verticillioides was completed (15 d) ; E: Fusarium graminearum; F: The process of
transferring bacteria to the toothpick medium; G: The culture process of Fusarium graminearum in toothpick medium; H: State in which the
culture of Fusarium graminearum has been completed (15 d)
2 AMERERES
Fig.2 The culture of two kinds of pathogenic bacteria



10 11

T ERAE : TR BTGRP A SR AL IR o () KRS S 1617

1.4 FEERIKBERSHETN

FH [17] S5 56 7 0] e 4 5 AR i 8 o L RN g 44 4B
PN T BT DX i ARl 2 B e DX S R A T
B MBFIE 147,174 4 m, 47185 0.6 m, #kHE 0.22 m.
B 50 U MR — 41, 755 4G T4 A 15 B X
HE BT-1 FUgi X BE N6, (A R E B A 25,
L et 22 )5 7~10 d A7 0 ek $ R . At 3

SEIMUEAEA TSR BEBRAE MR . BRAR T K [R] I 2 Aol
PRI BT, FDLFE R A AL R AT SR SR BRI 4 b TR T
HROR R AR A A TR S A AR T R T T
e AR AP 3 B s o B 1) A5 B PR O
A 10 B 385 80 3 M0 JL T 81 5 14 75 Ak 2 MRS FfS
PEo $Rh 30 dJF, GEit/NX N BT R A T A

([T
N e
T

#mEviry

A BB R ORA IR B : SRR AR A A AL 5 C 2 2021 SR AR R 12030 B R KT o K R R i O+
D BRI S TAEE TR
A: Fusarium graminearum inoculation by silk channel injection method; B: Fusarium verticillioides inoculation by improved nail inoculation
method; C: Typical field situation of Fusarium ear rot in maize; D: Tools for evaluation Fusarium ear rot
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Fig.3 Field inoculation and evaluation of Fusarium ear rot in maize
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Fig.4 The phenotypic evaluation criteria for disease area to ear rot
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Table2 The classification criteria for disease scale to ear rot

R®3 HEEFRRETENIRE

Table 3 The evaluation criteria for resistance to ear rot

RIRER RIF TR (%)
Disease scale Area ratio of diseased
1 0~5

3 5~20

5 20~40

7 40~60

9 >60

BUPEPEA RIS
Resistant evaluation Mean disease scale
P HR <1.5

HLR 1.5~3.5
THi MR 3.5~5.5

&S 5.5~1.5
&% HS 7.5~9.0

MR: Moderately resistant; S: Susceptible; HS: Highly susceptible;
The same as below



iﬁ

1618 HoW

%

i3

Ay,
=

8 i 258

1.5 Rl FhR %% 5

) 18 B e 2 ] %) 1B T R 22 28 M A6 o
(SNP, single nucleotide polymorphism ) it F £ AR X}
B0 o S5 2E A 7 5 D B 2 2 K] A TASSELS.0.
Admixture Fl Curlywhirly 43 51 % J K 1 25 B 01 71
VG514 53 B L A% R0 3 ST 23 B A0 8O3 J3
(PCA, principal component analysis) . i 1 3 Fj 43
BT 485 5 0 B AR EDIE , BB A% 0 B J5T A 4% ol 0 34
KR,
2 FRE5HMH

2.1 WRHIVBRELEST
2018-2020 “EH % 2 1 45 T B, RHAE K 2

AN TRIT I A BB A EL 138 S E S0 A (TR 5) o
et R A B g RN 4D AR A Bl TR TR A TR S R T RS
I BT R 2, 38 5 EE 45.0% , TR T
PBHE 2018-2020 4F 73 71| 4 2 3] 125 17y .24 13 F1 42
0y, 43 0 AR LR R 2.16% .0.82% F11.38% ,
o7 HL A D s B AR MR B EE S8 1 7R 20% A2
A s BT R o RS S TR, 3 ARSI H
6.16% .8.17% F18.54%.,

AR L B SR R R, 2018-2020 4F 3K I T
2 B A RO B BE (MR AR 15 % 95 S R 41K
T AR A RTS8 S5 2, F I 5 () ORI
Wbt T EAOL R B AN g Al K2 IR
LY BN S A 3 AR TR AR AN (B 6) o

A 2018 B 2019 C 2020
50 46.87 50 45.94 50 -
- 2 4 41.95
8 8 8
~ 8 ~'5 ~5 40
Q Q L =
s o £E .,
KRS 2% RS
g Ly 3%
®38 =3 ®3
g 2 210
0
E . & o ® E . & o ® F & &5 ®
g B S SRS B Ee
R & FOoR W R &
El5 2018-2020 F AU F R E RS 5
Fig.5 Distribution of resistance to ear rot in experimental germplasm from 2018 to 2020
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Fig.6

Comparison of resistance to ear rot disease among germplasms in different sources from 2018 to 2020
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Table 4 Descriptive statistics of the rolling resistant germplasm identification for ear rot resistance from 2019 to 2022

2019 2020 2021 2022

fibw
e Fi— FH BEC RH— BEC BEC BEN T BEC fEC BHN BH— fH §E - BEN

Repl Rep2 Rep3 Repl Rep2 Rep3 Rep4 Repl Rep2 Rep3 Rep4 Repl Rep2 Rep3 Rep4
SE34{E Mean 4.01 451 393 3.65 3.65 377 358 454 504 451 463 475 446 297 322
FrifEiz 2= SE 022 016 016 0.17 018 0.16 017 014 0.18 017 013 029 024 022 0.30
F 34 Median 3.67 467 371 347 337 370 321 433 475 415 459 500 450 282 240
MEL Mode 1.00  5.00 3.00 1.00 1.00 3.00 250 3.00 3.00 3.00 500 500 3.00 2.00 1.00
FrifE2: SD 2.34 1.72 1.81 1.89  2.00 1.70 1.76 1.47 1.79 1.71 1.19  2.15 1.96 1.53 215
Jj 7% Variance 547 296 327 356 4.01 291 3.09 215 321 2.92 142 463 384 235 461
I J Kurtosis -0.54 -043 026 -0.07 -0.64 0 0.44 146 -094 -0.40 -034 -0.68 -0.27 1.74  0.14
i Skewness 0.66 -0.07 0.71 054 045 054 081 1.17 045 041 0.16 -0.23 0.37 1.23 1.09
[X 35 Aria 800 7.67 800 800 800 800 800 7.00 644 750 544 800 800 6.67 8.00
fz/IME Min. 1.00 1.00 1.00 1.00 1.00 1.00 1.00  2.00 256 1.00  2.00 1.00 1.00 1.00 1.00
fe KAH Max. 9.00 867 900 9.00 900 900 900 900 9.00 850 744 9.00 9.00 7.67 9.00
SR Sum 461.20 536.45 475.16 444.96 431.27 407.39 386.20 472.41 478.75 469.00 417.05 270.97 290.03 139.69 164.04
MLIMEL Observation  115.00 119.00 121.00 122.00 118.00 108.00 108.00 104.00 95.00 104.00 90.00 77.00 75.00 77.00 71.00
EFRE(95.0%) 043 031 033 034 037 033 034 029 037 033 025 057 049 045 0.60

Confidence level

R R TR T A AT i E R AR R PRI TR AN T R R X

Repetition 1 and repetition 2 were planted in Xiuwu county, Jiaozuo city, Henan province; Repetition 3 and repetition 4 were planted in Huiji

district, Zhengzhou city, Henan province; Rep: Repetition
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The boxplot shows the maximum, minimum, median and upper and lower quartiles of the average disease scale of disease resistant and susceptible
germplasms in secondary identification; R:Refers to the germplasms that were highly resistant in the primary identification stage, and highly
resistant and resistant in the secondary identification stage in the previous year; S: Refers to the germplasms that were highly susceptible in the
primary identification stage, and susceptible and highly susceptible in the secondary identification stagy in the previous year
El7 20192022 FREEHRIERNEE B R

Fig.7 The result of rolling resistant germplasm identification for ear rot resistance from 2019 to 2022
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8 ZEHHME 1ISXDHNAMI1-20. 18XDHNAM4-75, Bifw 1 B8 N6 FlHifm i i BT-1 REI L ELER
Fig.8 Phenotypic of disease-resistant germplasm 18XDHNAM11-20, 18XDHNAM4-75 ,
susceptible control N6 and resistant control BT-1
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TableS1 The resistant germplasm of ear rot identified using the rolling resistant germplasm identification method

%' MR FR 2022 4F 2021 4F 2020 4F 2019 4F 2018 4F
No. Germplasm name 2022 year 2021 year 2020 year 2019 year 2018 year
BRI ELR, BT RIFER HUMEITAY RIFELR HUvEITAY RIFER BUHEIPAY BRI ELR EiNERRE Y
Resistant Resistant Resistant Resistant Resistant
Rating scale Rating scale Rating scale Rating scale Rating scale
evaluation evaluation evaluation evaluation evaluation
1 MC098 32 2.9 1.8 - - - -
2 MC149 24 32 2.2 - - - -
3 MCl131 32 34 2 - - - -
4 18XDHNAM11-177 3.1 R 34 R 2.7 R 1.8 R 1.8 R
5 18XDHNAM11-105 3.5 R 2.3 R 1.6 R 2.6 R 1.5 R
6 19J1956-3 33 3.1 2.5 - - - -
7 K20HNGER0469 35 2.9 1.8 R - - - -
8 YN-71 3.5 R 3.1 R 14 HR - - - -
9 K20HNGER1413 1 HR 2.4 R 1.8 R - - - -
10 MC321 33 3 R 1 HR - - - -
11 MC310 23 33 R 1.7 R - - - -
12 MC298 - - 2.9 R 1.7 R - - - -
13 MC301 - - 35 R 1.7 R - - - -
14 MC316 3 R 34 R 1.9 R - - - -
15 MC303 1 HR 2.6 R 24 R - - - -
16 MC193 - - 1 HR 2 R - - - -
17 MC064 2.8 R 32 R 2.6 R - - - -
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