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Functional Evaluation of Seed Coating Agents Used for Controlling
Wheat Fusarium Crown Rot
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Abstract: Fusarium crown rot has been becoming a most destructive soil-borne disease across main producing areas of
wheat in Huang—Huai Plain, severely threating security supply of food grain in China. Resistant varieties to Fusarium crown
rot are now rarely available, and the disease control is mainly by applying chemical pesticide. Seed coating is an effective

method for Fusarium crown rot. The seed coating agents available for wheat Fusarium crown rot were comprehensively
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evaluated for their disease control effectiveness and yield incensement, laying a basis for reasonable deployment of
chemical pesticides. A highly susceptible Zhengmai 1354 to Fusarium crown rot was selected as the wheat variety tested in
this study. The seeds were coated with coating agents and dried before planting. The pathogen inocula were prepared with a
highly virulent strain PY20-20 of Fusarium pseudograminearum on millet grain medium. During two consecutive growth
seasons, artificial inoculation was conducted by mixing equal amount of treated seeds and inocula together and sowing in a
field nursery. The disease progress of wheat plants at each testing plot was rated and recorded at jointing and milking
stages, respectively. The disease index (DI) of treatments with nine coating agents at different wheat growth stages was
scored. After being harvested, grain yield of each plot was assessed. Their effects on Fusarium crown rot control and yield
increase were evaluated along with wheat yield related traits considered. The results showed that DI values of Fusarium
crown rot were all less than 1.0 after treatments at jointing stage, being significantly lower than the monk DI value of 5.07. In
the agents tested, the control effects of fludioxonil - clothianidin (33 g+L™), difenoconazole - imidacloprid (9%), and metalaxyl—-
m - fludioxonil (35 g+ L") ranged from 97% to 100%. At milk stage, all crown rot DI values of seed coating agent treatments
were less than 15, being significantly lower than the DI value of 81.55. The control effects of metalaxyl-m « fludioxonil (35
g+ L") and difenoconazole + imidacloprid (9%) were averagely higher than 92% and 95% with yield increases of 39% and
36%, respectively. Overall, use of metalaxyl-m - fludioxonil (35g+L™") and difenoconazole - imidacloprid (9%) will be more
effective for Fusarium crown rot control than others, with a better prospect for disease control.

Key words: wheat; Fusarium crown rot; seed coating agent; disease index; yield related trait

N RFRE =R FERZ — PEVNEZFHE TN 2 185 J7~3 000 J7 hm® 15 7= Fa 7= X R e 3% B 32
M2 A by B F 28 RO 0 o TR T2 B A E WA ORI AR AR X, /N2 Fie 1] FHAE 41 500 7
hm? L F, 24 5 A /N2 R R AR 2292 H AT, 1T/ 22 X B 2R AN -H FORR R R
AT HEFTEYIGER G F5FF R B |, R Sk i BU A3 0, S 2ok i 36 2 38 b K B RO FS AR R
AE S BRI R AR H 25 5 i AR IR D R i B0, o R PR At e R WA Y R R . 2RI
(Fusarium crown rot)%ﬁﬂiﬂﬁ/ﬂi1§ﬁ%o B X K 5 /N SRR R T B L 7 1% IX e ™
HIATIE F B JR  [Rl), AR AR b T BT X /N2 AR AR O 5 L R A T
A DTN Y 25 BEF 5 () A 71 S 3

ANFEZE IR H T il K g AR GROKRE  3& [ N | B AR A R b [ AN R AR, i
PEEIE P I REARATRL A BT . AR B ZE X BRI AL R (Fusarium pseudograminearum) 5 | e /N37 25 5L
Ji s B S IR TS 7 20132020 48, ZEFL S 7R ) i 4248 22 X A AR R FE B2 & A= e il 2016
AEZERLIE IR TR 5K 65.1% , 3R 43 7™ F FH IS = 51.69%1 253 J85995 B B A il 2070 B /N 22 77l
J R R R R A YR E . AN, 2538 B e R A A A A (3 el b VIR L AR %
Az R B R 10%~409%"" ) P2 E ) 299 [ R g . BTN 2R LI A 0 HE i A
PP S R0 SR AR I S e PR i, [ PN A R R N VR R A T 2R e 4L
PR E , DT B H = 50/ 22 28 3L i kL . BIFSE 2B, ORI 9 MITTER 26025 i /N 22 1 ik 4
vk %, WA T 55 R Sunco . Kennedy . Wollaroi FIHTHEFLIR , Hirp Sunco 2688 Ry it . 5K G452
SR B M 5 1 T Rk 82 403 [l PN AN i P A T ZE ST B M L 5 SRR BH Sunco Bl LLI/NEE FIT
% 958 13 SRR BT, 5 16% , S B ATHRSFIAr 5I d7 22% F162% . T 2R AFEPOR FH v A AL
PRIIPU % 2 10 7 5T 308 10 /N2 ff R EAT IR, RA PUAR 11257 KR 9134 “Hhilff 32 906 * B
#1008 ‘ZARZE 65 [RHF 186" 4 6 1 REI NP, 7 1 1.9%. Tk = FRGE BT 1Y
PSR 8, HATA = b S P EE BE I 1 AR SRR A AR D

R E M 55 A A AR AU 2% B T /N A2 ZE BE I 9 R I 2L . AHOCRIF SR R W, 25 7 A B
TR RICRAR A0 AT A A [R] 177 4 MR E I 25 Bl SEAAE XY, (E 52 v AR I 25 0 P Yk 52 B, A TS
BRI 25 7 PR — R SE R PRI, R oA 591 A BB 1 S A A0 97 48 25 3 5 6 1) B B TR B R 2Y
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1.1 ##

TR R HT Y A Ry /N 22 LR R A2 1354, f ] R 48 ARV B2 B /N 22 9 BT R e Ak 5 i 98 =
PEAE S AP R 2019 430 ST B A 2 A9 AR AP, 2R B 215.8~231.5 d, S EOG RE L AR
Jil A 18 B3 0.5 do Zhi=F oL, Ak ek i HOth, s BE T B0, BUBER — i, X P UIENE IR AF . BFE
BT PR AR A G AR FERE ) — . RS 73.9~80.7 em , BREUAA Sl LRI 4
U HEMEUN BER R SY  BOUELE . BEROTIE KPS, 5T, FURL, FFRLF A BT, T B — . B
544.5J7~574.5J7 «hm? , BRI %0 31.9~36.3 %7, T i 42.8~45.4 g % Fh HA 2 22 W26 %, hHi &
B AR, i TR AR R o A A B3 et 37 252 R AT ) s (BT 0 L /N S R R v
JRRCEFLIET I , 2 7 1B 245700 7 ¥ 25 IR 1 B AR e b R

TRAR A Fe A w1 =5 B0 11 R RR(F. pseudograminearum) PY20-20 ] pa 4R\ K2 A W) PR B 24 B 22 1t
AT VR PR L 5 O /N2 AT 2 A= 77 A P A8 3 4 v R v i R B2 1R 2/ N A2 T A 245 351 pl i
R VERE AR B A BN R AR 1),
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Table 1 Treatments of seed coating agents tested for wheat Fusarium crown rot control

RIAL R R 24 I k(g 100 kg™ AR
Treatment Name of seed coating agent Dose Manufacturer
) 33 g~ L7 T - E H g 400 AR (v [ A BR A
Fludioxonil - Clothianidin Xingnong Pharmaceutical (China) Corporation Limited
e {Tl AR /) 3 ~ /\\4
00 3 1~ Tl 1 : ffi(ﬂ’}i%ﬂi‘iﬁmﬁﬁﬁL ) '
2 . . . 2 500 Jiangsu Aijin Crop Technology Group Corporation
Difenoconazole - Imidacloprid o
Limited
3 22 g~ LR H - i bk - F 45 R 2000 HARE /R R ZA R A
Difenoconazole - Imidacloprid - Carboxin - Standard Jilin Bada Pesticide Co. Ltd
4 23 g- Ltk H - R TR - 25 1 000 TR 7]
Imidacloprid - Fludioxonil - Difenoconazole Sipcam Corporation in the United States
5 30 g- L' ik Ak - I T - 15t 120 L h e b A IR A F
Pyraclostrobine * Fludioxonil - Clothianidin Jiangxi Zhongxun Agrochemical Corporation Limited
6 27 g~ L7V UKk - S T - WE IR 600 SeIEARE YR A IR A R
Difenoconazole - Fludioxonil - Clothianidin Syngenta Nantong Crop Protection Corporation Limited
; 27.2 g L7V JRPR T - I T - WE HU . JEIEIA(H DI A BR A 7
Sedaxane * Fludioxonil - Clothianidin Syngenta (China) Investment Corporation Limited
g 35 g- LUK HURR 2 - IS TG 500 VLI R AL BRTTE A F
Metalaxyl-M - Fludioxonil Jiangsu Aijin Agrochemical Corporation Limited
i
9 2% I EE Tebuconazole 150 PR
Bayer Germany
= 23 1 % HR
10 EI?I@J(.J‘ EpOpi ; ,
Monk with tap water
12 7k

121 AREER  RA/INARLEE IR IR TR MG A0 [ AR . /N KA K 3830 s, i IS
BSR4 250 mL =AM (15 g+ ™), 121 "CK &30 min. 4R PRF. pseudo-
graminearum PY20-203%2F0 £ PDA RS I - ( B AE=9 em) [125 “CHiFR3~4 d, FREE R I MK R 24 )5,
M EARS mmC R AT FLAF B 6~84 T DF , 3R BIHAT /N ACRLY ™ SR IR B 1) = AP, 25 °CHE3R5~7 do
BB 12 WA 5 58 = AR P BB SR AR I N KORLE SR B R AR Y, AR R AR AR A L AR
20 A HERM A T )R

122 AFHALE FEI0H HEEFIETL d, 4% B 1 b & RGN IR B0 /N 22 R 1 A T A AL 3
DL SRR AL AR 23 ook BR A AR A LS B A S BT
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1.2.3 wWEXIERE5EF 50 WA T4 2 X R & 11 508 X AR BB R (35°04'N, 113°72'E),
T2020-202 14 f12021-20223% £224F FEAE K B BRI . 24F 0 150 B B — 3, BHE A 100 B, £
FEOFPFRA T AL F AN 25 (0 BAR 3, RIS /MR FE1.5 m, 49 m, KB/ X F13.5 m?, BEHELAS
A 10/X 83 HE, 3B B30/ INX ;s B4 H A2 oA [a] A B HLARS , 1250 DR o Ff R 4
fTo 2020-202 14F F H Al 56 /1N X B HLHES (] 1); 202 1-20224F B H AR /N HES 2% 45 %%,
A A B AT REALHES | G4 A PR 5 AR BEHES EE A, 32 = a0 A B AL R B . /N X R
Pl 4187.5 kg~ hm™, IAEHERAE 107 10 H &, H Y RAXI0HE 50 o A0S /N2 T~ R i 45 1 1 T
A5, KA B E B NXFERHLB-6-Z1150, i B J1 B AR AHLA RS 5D R . 238 AL
PAET RIS A E R AP 3 L BB N K, SIEFHLR 248 E K, PRI T 58, 6
W RN, B2 R iRy

154717 Protect the line
5 3 7 9 1 10 8 4 6 2
L . 10 6 2 4 9 3 5 8 7 i
Protect 9 4 8 10 5 6 7 5 1 3 Protect
the line the line
154717 Protect the line

BT RS IGT G 50 B2 R LA 1

The numbers in the table are the treatment numbers. The corresponding reagents are shown in table 1

Bl RENNKIgE
Figure 1 Setting of the test area

1.2.4 AZFE EPEFRTWHTEIRIRE A . B AE BN X P BE AL 5k B A A7 5 ) TR
1 m?, AT N B RR/NAZ ) 43 BERR B R R R L B B AR/ N LB RS N X R
YOI 7 s A TS 20 A, 1 B MR s 3™ B B R ol 5%, D R T B A G DR Ao T AR R
AFCRFERIEL . FE /N2 WK IV R A 45 b BN X = s AR T . B v R B /N X N BEFIL R BLS
ANBURE 55, BEANBORE s BE ML A A 208K , 3YR B A2, [RI A 2 /N X S B pd o /)N A2 ZE 3 18 9 7™ o B 9l A
B2 S BBOVILLAE i 5 1 0~490 53 AR , MU 575 135 40 2 1 251 SE 3048 S s €81 B o o5 Lb 3 41
FE T FE ) 0, TeATAT 9 T E MR 5 190, 4 A8 4 BE LB <25% 5 29, 25% <4 28 1 JE L 81 <509% 5 39K
50% < 7AE K FE HLBI<T5% 5 49% , 75%<46 78 K He B <100%

IR (%)= IR AR R A R AR L B0x 100

I 15 48 BU=S (A5 GO bR IO 7™ B B 1 )R A SR $< 100

17 35 28 R (90) =Xt BE I 175 5 5 — Ak BRI 17 8 50/ % BEGRG 175 45 £ 100
1.2.5 ZAEAE SRHSPSS23.05 M4 X Fadin 17511 73 BT , Duncan’ s 5 i 25 10 R ST A A R 56 F
11225 B EER R (p=0.05).

2 HBREH

2.1 FhARFILERENEZEBROLRILE

XoF A 45 Kb R 1 30 RD LI 15 F8 BORB IR AR AT 3 (3R 2), B R R /N ST
2% X BRI TE 18 BU(DI) N 5.55+0.48 , 4 FP AR FI AL T DI /NT 1, B B /N T48 15 X FRAE 5 9 FhRp A< 77 b 33
B BE TR M(85.4142.55)%~(99.17+0.83)% , HiH135 g« LKG FHFE R - M TR \9% A - nik bk (33 g+ L™
I TR] + MIE H R R 2% J3G WA I 4 AP A T A BB A AR SM(96.35+0.89)%~(99.17+0.83)% , i T HiAth 5 Ff
AN B FE /N A FLA , 25 3 6 BB AL PR A DI A 83.79+£2.24, 11 Al 4% 571 40 BE £ DI 24 (4.21+0.66)~
(14.67£0.97), Hi 35 g LA B 7E 53« W& B0 1l R 9% 4% F « itk L R 1 1577 YA 285 1 49 591) M (94.99:£0.79)9% Al
(93.98+0.37)% , e T HoAth 7 - F A ab 2
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Table 2 Control results of seed coating agents treatments on wheat Fusarium crown rot at jointing stage and milk

ripening stage

b B Jointing stage Milk ripening stage
Treatment B e B IR 3R 1% B IR &)
Disease index Control effect Disease index Control effect
B T . s
35 g LR R AR 0.04+0.04 99.17+0.83 4210.66 94.99+0.79
Metalaxyl-M - Fludioxonil
e . I]
9% AR - TR EL . . 0.09+0.09 98.72+1.28 5.08+0.29 93.98+0.37
Difenoconazole - Imidacloprid
- L7V T - E g
33 g. llﬁ A Eﬂk . 0.09+0.04 98.60+0.70 9.84+0.44 88.27+0.82
Fludioxonil - Clothianidin
2% I Wk i
% DR 0.21+0.04 96.35+0.89 9.17+0.68 88.94+0.70
Tebuconazole
27 g+ L7V ATk - TR - WE L
0.42+0.11 92.15+£2.05 8.38+0.72 89.98+0.87
Difenoconazole * Fludioxonil - Clothianidin * * * *
27.2 g+ LV TR - 65 TR - 19 H i
0.54+0.17 89.87+3.67 11.58+0.53 85.88+1.23
Sedaxane - Fludioxonil - Clothianidin * * * *
30 g+ L7 Wk gk « 1% 72 - WIE 1 i
0.63+0.08 88.68+1.34 12.3+1.31 85.33+1.80
Pyraclostrobine - Fludioxonil - Clothianidin * * * *
2 B IR .
3 .g H:EE " IZI AEE . 0.79+0.11 85.41£2.55 11.04+0.82 87.02+0.76
Imidacloprid - Fludioxonil - Difenoconazole
22 g- L1 2R H - . ;
. & R H:EWHK %%i . 0.75+0.14 86.31+2.67 14.67+0.97 82.45+1.21
Difenoconazole - Imidacloprid - Carboxin
23 1 %l A
= HXT 5.55+0.48 / 83.79+2.24 /
Control
2.2 FARFIGEI/NEFEEF RN

PP UBURAA

2 AF A [ Fofr AR Ak B R /N2 7 A DR 7 9 A (3 3) A B, O FofAS [ b A Ak B L ok 7

BERCHIAT T K, {EL 23 g - L7 AR HL - I TR - R 1 22 - L R - b el O - 25 8 SR > A BRI AN 225 (p>

0.05), HiAth 7 Fp b B4 8 3 (p<0.05), Hirp 35 o« L' KG RG22 - M BRIIG AN 33 ¢ L

LI BR - WE LI b 1R A A

PRI 43 BERR R[(1 608.48+34.88)~(1 650.25+45.48)] J7 # - hm ™, H X BE AL FH 431 B4 111 15.219% F1 18.21%,
BT f R B S, SR IR X PR A R AR N o BEA R R .

®3 FRFLEINEEFEFERX R

Table 3 Effects of treatments with seed coating agents on major wheat yield related traits

g s SEERRICTHR - hm™2) REEUCTT +hm?) LY TR TR E g =it /(kghm™) 972 1%
Treatment Tillers Spikes Seeds per spike 1 000-seed weight Yield Yield increase

U R
Rl 1608.48+34.88%  602.65+3.17° 337910300 4246:0.17%  7341.25+7541°  39.62:4.20°
Metalaxyl-M - Fludioxonil
oS
9_/2)21:Fﬁ A . . 1494.5517.19%  595.73+2.07 33.4410.32° 42.86+0.31° 7170.00£101.14*  36.31x4.16®
Difenoconazole - Imidacloprid
33 g LG TR - WEHUIE

g‘ ﬂ%w Eﬂit 1650.25¢45.48" 572641171  32.26+0.81" 42.7310.21° 7070.00£58.12>  34.42+3.71¢
Fludioxonil - Clothianidin
2% I ME i Tebuconazole 1562.90£10.28"  587.04£2.55%  31.64+0.49>¢ 42.49+0.14° 6 807.50£60.58"  29.43+3.63¢
27 g LR I 1 - WL

-g AL T %Eﬂﬁ L 1411.98+24.31" 558.78+5.53¢ 32.72+0.61® 42.26£0.17" 6 558.75£116.701  25.04+5.68*
Difenoconazole - Fludioxonil - Clothianidin
27.2 g LV - WG T - 10

8 mﬂ_[ﬁ ﬂ%lﬁ EE’E 1517.70£29.11¢%  572.55+4.88<"  32.08+0.51>¢ 41.7720.20" 6697.5+£39.02¢!  27.3443.52bcd
Sedaxane - Fludioxonil - Clothianidin
30 g+ L' LT - T - 19 M

8 H:M "I %EH# . 1583.23+48.97*  578.516.37"¢  31.22+0.22 41.46£0.11°%  6445.00£94.35%  22.41+2.78%
Pyraclostrobine - Fludioxonil - Clothianidin
23 g LU - IR R -

‘g [jtm' Hﬁ[ﬁ ZIK,Eﬁ . 1448.48+19.42%  566.43+3.91%  31.4520.23% 41.03+0.20%  6211.25£136.90¢  17.90+2.82°
Imidacloprid - Fludioxonil  Difenoconazole
22 g LV ZRH - 1P

.g A ttﬂj,\w %’Eﬁi . 1460.73£32.17%  562.45+9.97% 30.92+0.14¢ 40.82+0.43¢ 6118.75£129.91"  16.31£3.81°
Difenoconazole - Imidacloprid - Carboxin
75 HX
Control 1.396.08+16.0¢ 532.01£2.95" 30.90+0.47¢ 39.1420.71! 5282.50+169.54¢

ontro

i« RSB 5 A R/ING F-1E3RIR 4 Duncan's TORN & 28 R 0 7E p=0.05 K V- 25 57 i 3

Note: Different lowercase letters behind numerical data in a same column represent significant difference at p=0.05 level based on Duncan’s

new multiple range test.
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O AN ] Fofr A 51 Ak FH X RSO o .25 (p<0.05 ) B NN 2 A5 AR h 4.57 % , ik 13.25%, JE L) 35 - 17
i PR 2R - 1 T I AR 9% 4 F « bk e ARk A A JERBRERSCHE i B e 98 1, 0 A 11.75% 1 13.25%
AR b PR, 35 g LTS TR R - WS TR 9% A5 - nHk HOBRT 27 o« L7 AT - W R - 18 11 JHe 55 3 /1> Kb DG Ak
LEE N 2 (p<0.05),

O AN [l ol AT X 488 i /N2 ) TR EE 10 B35 (p<0.05), FEFR AR 33 g 17 IS T - E H i (35 g+ 17!
i TR R - 8 TG (2% IR 27 g - L7 5T - N5 A - W U1 9% 2R FY - Wtk ER i A RS, /INAZ T o
1142 g, X HEALPE(39.14 ¢4 111 8.0%~9.5%

FESE BRI = e, 9 AN [ A 7] Ab BHLAH L Xof HECHE 7™ g 32 1 1 2 (16.31+3.81)9%~(39.62+4.29)% , Hi th
35 g LA HH A 2R« 1 DRI R 9% 8 HY « i pht Bk 40, A Ab 3R~ 33k 7 4> A 3L 7 B 52 11, 4 44 7 (39.62+
4.29)%H1(36.31+4.16)%

3 WitEZHit

ZAEN BT NE - T KENE RS AT T R ARy 2t P R 4 e 2 R B R, G HGE
AR A BRI AR B FIHHEAL S B B — A R T HHE)Z L3 BR 45 i 7T 18I (F. pseudogra-
minearum) P&t Kk B, BEUETRE /N 77 X LUMBR A 3 T B (F. pseudograminearum) R A 55 B8 T 1) 71N
Az ZEIL TG B R A /N B i R A2 B T U R B DX IR e A7 DX 2R R
BAENINEE , Jry B3 ™ H A BE R JRIBR T A A B R G R R AL, B TAE T Bz wT
6T P %) o 0 2R R 5 114 R S R S T it o DAL A it R Ak 2 R R R B A R A 2 R K
b PEAR AN RES B o5 B7 2L, 30 AT AR BEL) 1 AR S, S Al bR A e v | B s /N e i LR 0 R
KA EF TR Z R T I B XK o ARSI 25 AN R A AL A Sk 2 Bl 1 /1N 27 25 5 J65 3 SR B 17%) = 24 it
TEARSFECOBE IS i A% B 738 2 24 0] PR ORI AR ST 257 1) 5 125 B U FE TR) /N 22 2R 3L , 25 3R B, S R R
TR SR AR S 58 25 (05 Bl 280 25.3%~56.9% , 25 FIFERI B35 11.8%~54.4% 50, ARFRIBE 55 43 P IR
TEIL, AR PR — IR TE . AR 25 RIFER L = N B TR/IN 2 25 380G , B P+ 25 K ) B &%
FHZER TT B35 31K 83.63% F183.85% . K Ml AP FHFR T A Bl i /IN22 i 125 JE B0 , 29% JIGme it
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