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Research Progress on Maize Resistance to Stalk Rot Caused by

Fusarium spp. and Pythium spp.

ZHANG Yuhang, LI Shuai, WU Wengqi, SUN Suli, ZHU Zhendong, DUAN Canxing

Cinstitute of Crop Sciences, Chinese Academy of Agricultural Sciences / Key Laboratory of Grain Crop Genetic Resources Evaluation and Utilization of
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Abstract: Maize is one of the most important crops in the world. The maize yield accounts for 41.5% of gross grain yields in
China. Stalk rot seriously harms maize production, reducing the yield and quality and increasing the difficulty in mechanized corn
harvesting. Furthermore, the pathogens causing stalk rot produces mycotoxins that contaminate roughage forage and hazard the safety
of livestock. Up to date, more than 30 kinds of fungi causing maize stalk rot have been isolated and identified, among which Fusarium
spp. and Pythium spp. are the main pathogenic fungi in China. Soil inoculation, root injury method, drilling inoculation and toothpick
method are the commonly used methods to identify maize resistance to stalk rot. Some maize germplasm with excellent stalk rot
resistance have been identified from thousands of resources. Resistance genetic analysis and gene mining were carried out in some
materials, and 46 loci with stalk rot resistance were mapped. Two genes, ZmCCT and ZmAuxRP1, were cloned and the mechanism was
explored. Even so, there are still few cases of resistant maize varieties with high yield and quality cultivated widely in production
practice. In this paper, the advances in maize stalk rot resistance were summarized from the aspects, including diverse pathogens and
regional distribution, mycotoxins, identification and screening of resistant maize germplasm resources, resistance genetics, resistance
gene mining and cloning, and mechanism exploring. Some current problems and future prospects were put forward. The main aim is to

provide reference for the research on maize resistance to stalk rot.
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Table 1 Main types of toxins produced by maize stalk rot fungi

975 JRL EL# Pathogenic fungus H BB % Mycotoxin

A F R F. verticillioides ROHEE A, AEESR. SRR, SEEC. FEHE. PHREIEER
A8 F. graminearum TRAEME . K2R, S JFERE. DON ZEEATAED

2 118 F. proliferatum REWE By AMERT R, BHREIER, LREER. SRR, M=
SR ERPRAE F. moniliforme bR, BRI R B, REWEE By RIHE B, HREH

A Ff1 kT F. oxysporum RYEE By AEREER. BEHEIEER. BUHERE B, L REHR
HlikH F. solani VLS

3 EARNEBRHFFRFAFERLERESTHE

DU DU Pl 52 5 & DU U0 St R ATEEAT DU AL AT TS AL . T TR PP S DT 28I 2 € Y, 3
NHERRHEMEETNER . LA RS R — R IR IR, T IOKnE 22 e 250t



HEE AT I A, 2 R IR oK 10 M, R ELAIFAR R 00 05 E 2R H AR B R SR
BrFRpUeael, 3R AE: FOKHON G 3-5 K, TER S ZETENTLE RS DA R 5 vR BRI S # T
TREFIRRE . 2R BUR RS @A HA T kvl DME NS, QRS HME: 16 V6 1, FESHEM
S AT BRI AN SR, 20 RIGHHMTVRMY, MOrRBONREND, W ek R 12-14 K1)
gH, TEZEFITILMNE, 3 RIGHHATIRN, ki dos, ZIEEizm /N8l (Hox sty i H il R
BRI ARG . R SRR L, RSB B L AR R T LT R, AR
B, HRIRAREE T RE SR N, Bl O TR ok v R T 2R R R . 8 X R R AT BATE
i B A2 G FHAAR R AN PEI AT 2558, (R AN E AP I SRR R, FTUARZEIF R R, 8%
B KIS, (& i T AR, il SR KB, T 2 B bt S5 i 7 A AR 2 A [F b
HE, B B — bR AL 25 I B AR S BF] T AR U 3R 2R A B A AR AR, R R R, 2 BiEE
VAR SR BRI AR, THERARER . IARER 0~5.0%, FHL (HR) 5 Jikk® 5.1%~10.0%, Fi

(R) 5 bk 10.1%~30.0%, H¥Hi (MR) ; Jitk3 30.1%~40.0%, &% (S) ; itk 40.1%~ 100%,
U (HS) DY, iZbriisd AT SRR SR 1 KL St e v . TR S e, @ RAZF 2 ng s
TR ZEF A (V0 AR TR R B AT SR A W, LS 6 43kl 9 43ikBa,

TR O FORPUZE SRR IR S VPN POROE AR 22, 0 A o Bl At 2K R R 2R, ik —
HOAL S PR . Bnl 2 25 03I7E 2006-2009 4F IR %5 5E T 836 11 £ oK 38 R0 85 22 R ik, L0
ikt 264 frE i, Hh EBERERSEA X178, 3 C. ik 28, L 137, ¥k 135 &850 i 8 25 R I AR
NFSERIPUIE. 2006 —2012 4, %ok H 4 & HURL A 13 ANASRIE ZK 1647 47 FOKFPEEAT T 5t 225 9
Ye5E, ik PP RIS A2 AR 564 4, R IR E KRR AR AR BN B P B 2R R R
(54, 2013—2016 4, Xf 1213 {3 F KPP S IRHET T Do 2206 B 22 10 % 2 59PN, Soe hmpi i 28
BHZEBRIOAEL 207 45, 5%E 8B 17.1%5%, 2016—2019 48], EF R AR EILHIX, 6 2000
Uy BB IREAT T ) H AR R AE A N RIPUR S, RIS 440 T R FaoE I P pEReL,
2016—2018 4, X 2004 f FKFPFAEAT Z4E 2 mi ) HAR KR PTIE S8, 4508 Y 508 4 Filt 5 % 25 85 s 2 I
HAEFRE P, 25T T 29 2 AP S B AR A AR b S E, ik Ba R e it
IR TS 24 A 5 408), 5 o R ARl UsE DR 5 ERI R A I EEAR, T SRR — St [ A1 5] i R PR
A E RS, NSRRI 43 sk AEE. VAR MR ORI E ) FOK IR T PR B R ZE S 4
5, TEBIEPUERMEL 14 47 SWHZEBEPEY T 149 ANSEE A A R0 A RS SR OSSR it
JZ R HE R 4 R R E SRR PRI, SRR, W 4 MR R P& L BB
MEAE R0 62 44, ALFI 54/, oo 4 FZE st RIS B A AR 234, B 7451 R E A4S
FH AN R SR B 51 TR ZE R it 2 . EAMBA — SO TP A R IR 4, Afolabi 2515
BHFBEME, B8 T 50 MEZ RN U H R 2 E R butt, Hrd 02C14609. 02C14643 .
02C14654 1 02C14678 FEAN[FHb fi BRI Ny mHr st o % 22 R 4F Hubk b BT B — Le 3L
fiE: TEXTIPRERS A RIFHIMERIFOR SR, E RBR K o =5 BYSSL, Ry FORP 0 25 599 R 00
BE 75 T FU At 0 % T KA i CO0) g 2ot 5 o et 25 5 0 L 25 2 s iR D820 A [ 8 A S ORI
PR IIHOR LS5, TRRLL BB 22 280 Lancaster. Reid % P rfsie (1 26 [ 25 (1 4R 258 Fh R 5 1% £
MRk B =8 I ZE SRR, T DA L DY S ARER B IR DU T Sk b R ZE R BTIR AR X B 2, 2 IR R
M, EHER MRS 7-2, HTBIANTHURERN, ZEmHTTEE R0 R m B, HrikKF 5
KIFWA R, WEPUP IR 2R EZ R A R E M AN 2 Ll 7S [ S AL g



[551,

4 FEARMNZEHROMIERESHEEEEZHE

T SR B S A . IRE A R A A AR KR LS5 22 A R R 2 R X JEE IR (K R e, R R ZE JE 5 11
BRI 26 IR R B MR A B MR P AR 270 . Toman(S3h i of ARk 64T B — 03 SRR, 1 IRER oK 2
JEE T A M AL R P . Yang SRR A2 R 1145 A Y331 MEEEMERIA, R E RN P BEAM
PURLL Ny 3:1, BCiF BEAMPUERLL )y 101, FUAX RIS 55 (0 it 52 50— MR FE DR il o A L7 S5 18STR)
HAZ & 1145 fil Y331 M T Fo BEAR, R R BRAE IR 5 45 1 Won HLPUvE 2R 2 Rk s B IR . Yang 250011
RIGHIUESE TIX /M. B NS EE 0 14 s BT RS S Z B bt tEs e b, et T
Horp 10 NAZREH 1 KRR 5SSO 5 B 5| 0 TR 2R P AR B T 4
SRR, TSR PRI E MR, FLDOI S R RN . R R S S8R A R
107 F15% 319 ZH & 1) 673 bk Fo#EARAN 662 /> Fas K RFATHUIEBE /04, KINFT 319 0 & B B Ik P85-67
(OB B2 P A ST S PR R DR s ), B R R A A b R M RO B, 6 2R R (R B AN 5 A B
HAMREBNER 6 MUEARFEM AR, WEENFNRAZ T, AT T B 25 5 25 J65 0 P 1 4%
BT . 25 SRR RN e B2 J85 55 22 i rsi A 7 KR B S Rl e, AR R BSE MRS S, B
W E T R AR AL, BT HEERE R A SR, U R B 2 b s R . DR, A ) o
ZEJE IR U AL R B R, BB AN [ 5 ot 5 b 25 0 TR B AR AR, Ol B e DR 40 R S Ar
BAEEE L

ARFARPZESG R @ A s 7t, A B ER DR S IE, 8 A — MR 0 T B —
9 SR SRR, E RS SRR OR S BRI T . FOR RS T 2019
ERTIRE IBTIEL S5, EEAAMES 1. 3. 4. 5. 6. 10 SYfk b, HrhHiski 2L A S a s pesk
(7005 fr 39 54~ QTL. Rfgll®, gRfgl. qRfg2l*l. qRfg3l™Y; $iJ & 2Lt Ar A a4 Rpilld. RpiQI319-
1731 RpiX178-104; Jung &SV 7 B — M PURIH 22 R A F R0 QTL. TS 56T ZX J 3 it S I 2 12 11
WIEERZ , T 7 H AR B3 R e A1 5 208 B T 0 2E 80 10 B R e A 72 7 . Chen Z5CER A QTL-seq
M 5%, R 18327 X S72356 (1) F2 F1 BCLFL BEAKG R A B % 1) QTL A7 5% Rgsr8.1 B 7EEE 8 Juth
A& 161.001-170.6 Mb 2 [f], J&T SSRARIC. FAZH R Z & ME(SNP) ARG H AN, K Rgsr8.1 FifthiE hris
B4 /NZ 2.04 Mb. Rashid Z5E077#E 4 B PR 4 G670 T (GWAS) 8 I 7 5K 9 CAAM ) 396 MET &K, 3t
SE 19 AN RIE B ZE R BUIEAEOCH) SNP,  Horih LA Z BB TR B SR 220 1) QTL A, 1
REEA ) WEPihE. M T AT IEDUE BN S BT TR, R T 6 Sk Ei—4 QTL
X [H] 55—~ SNP J&5Ef7. Rashid ZEU8FIF CAAM BE 342 AN 28 Z5%F F0LF0 0 i 70 25 8 095 (R L ik o7 s 2047
T GWAS 73#7, St i 52 HiiE B AHH 74 SNP,  J5 4EHE4T S FIGIE R IIAL T 6 S 4u(n
A 1 ATyt BT B DX 3 U S X 4k Liu Z5001L 165 N A2 RONMEHIEST T GWAS 34T, KBLT 344
5 FOKRZEE W WA O SNP. SN #HTIESUEERIGUFR B GRMZM2G096904 A1 GRMZM2G010912 Ay
FOKZE LTSS R . Hou Z89%F 295 4y H 22 RiE4T GWAS 208, % 39 AN 51878 B 25
PUEA S SNP, f13E 69 MBEMIHIIEILE, Zm00001d051313 i £ PFfiti Jo 7 fig 32 % 1 0 & B Ik YL (1) By
A SONE HERAE T o D 5 S L R T ER (VIGS) S8 E AN A B AR I 52, B Zm00001d051313 & [X] ) i
DUBRMREE 7 YA B N IR s, R W% IR R E TR P 1 B AL o B IE T %A . ZhangBYidk4T T £
Heporr, 45HF Zm00001d051313 RPN B Al fG RIL £ 5, RUZIL A Al GEXT 51 258w £
Rl R B AT 1B . Song &R CML FEAT DTMA R 562 4 52 R AT HUEE Bk 25 6% 1)



GWAS 71, il ®] 154 fk B2y 250 Mb (1 X 3802 500 1 SR X 4, 7R IZIX I T 12 AT Re ik
F:[H. Bocianowski BRIk H F2, EP1, BSSS, 1D B 122 DR KA F AT T Hri e Bk o 25 165
f) GWAS 7347, FIFH— S FH AR NGS)ffik t T 10 MEEARC, 1E 2 SR/ 5 S Yok Eifkd 7w
AMEEIER . Song ZEBUFIA 219 AN HAZ R T RPFEPUERET GWAS 0 #T, %5 B K T IPLAe A it 1
POME A IR FE K] ZmSBR1, X% EMS S35 (A 0k 22 3 70 43 b & WILE bk 3], ZmSBR1 thEns
T T FR G AR R 5 R 2R PP . FORZER BT SR Fe it WK 2.

CAEBEFC IS T & MR 5, 208 TR Z DU, (HEGR B —Fw IR AT 1, SR
W FU 5 SR I A B AL 55 FAt S AN [R5 5L o R F 7 rh o L B R A B, (HBCH & TR 22 i IR
S PUE AR D20, X5 SERRAE P B R BRI DA, DRI i BAT ) i DUk 0 2R v 2 A
FEFE T R EE T ]

®2 EREWFRMEGARLT

Table 2 The identified loci conferring resistance to maize stalk rot
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#& qRfgl £z ERTHREREEE, 67T ZmCCT i 2.4 kb (£ A CACTA # R To M (TEL) /2 257 3 R A8 5 1)
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FH B P e A T v B2 R sy B Te A b, AR SR AR S IR S 2 ZmCCT bR K. ZmCCT 2
SR IERT R e A BE R, Li 0N 9 MRS TEL AN ZmCCT ERMENT 7 HMEX R, R
9k TEL #i A ZmCCT B A5 8L 52 o't JE BABURME S ZUR I T8 46 15 5t . 7E AB302 g f£ 15 5tHh it 9 MMdh
RTE LD M FRULH ZEAThurt g, (A B8 MITIEEE . Du B T 2 ANk ZmCCT10 f7 A5 4kt
B FAET P Bk, Zidefire 3 Stk FRILT QTL {745 qPss3, 7EK HEEZ&/F F#iM] ZmCCT10
(e R R, AE IR AT 2~4 K. ZmCCT9 5 qPss3 fE/E X JFAERT [ AT & fm, R W] gqPss3 J&
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WNE REBARGE A A R G E A RBERBRAZ Y0 B, JERILT WRKY #3H 1A K
ZMWRKY83 A] LI A i SRR [ it o Sun 250516 H 42 R] ZC17 () M CH72 (O 347 1 X2 Hi 8
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