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Abstract: Fungal and oomycete diseases account for approximately 80% of common soybean diseases,
posing a significant threat to global soybean production security and quality safety. To date, more than
420 species of soybean pathogenic fungi and oomycetes have been reported worldwide, typically caus-
ing yield losses of 10% to 50%, and in severe cases, leading to widespread crop failure. To systemati-
cally synthesize the global pathogen diversity and geographic distribution of soybean fungal and oomy-
cete diseases, mainly based on the USDA Fungal Databases, here we comprehensively review the patho-
gen species reported worldwide since 1900, detailed their occurrence and damage in the five main pro-
ducing countries, Brazil, the United States, Argentina, China and India, and outline future research direc-
tions for disease monitoring and control technologies.
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2 5 ARG R PR 70% , 1T VR 2Bk ok iy
KT E AR 21,2712t B) AR KRG 5
1206577 t, 1 HAKAF LR 1) 80% (B R A15%,2025)
Bifi 4 A BROR AR TR R R S L1 AR
P, DAL R IR AL AR 25 5% B S P2
SEEUINE , the 3 B0 P R SRR TL
AHCEHE R i R E N 1994 41 11% I
T+ 2 2006 414 27% , A 5 T 54987 3 6 000 7 t
(Lin et al.,2022; (x4 7246 ,2023) . HAETE 251
KGIEFEAT 70 ZFh, Horh ek 327 X5k & A4 H
P A 40 430 (Lin et al., 2022 ; [ A Z2%,2023) .
TERX S, B 50N E 5 £, A KO
R EFIIEZ ) 80% (MERKHE,2021) , HLIRl—
FREIRATAT: o 22 P it v e (] 3 1l , B3 S T
ZHIRFRGIR ZE e EFE 2T AL
b2 5 7% (Wang et al.,2023) . N RS B45 0 Hr
A BROK T ELTR 5 O R 8 09 i 22 B b 3 3
A, AR S LA 5 [ Al F 2 A 1 TR ) £5HiE P2 (USDA
Fungal Databases, https://fungi.ars.usda. gov) A %
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Fig. 1 Historical reports of the main fungal and oomycete pathogens causing soybean diseases worldwide
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21 XEREEH
TE R 52 2 R0 I 2R W v B 2 5 80% , H:
KEFEMNRFRETT, W ESH14 H 738, Lk
HHFEI] W36 H 108, fEIERERE
B9 15 AN @ P, Sk 0 1 I8 Fusarium | [8] )& 5¢ J& Dia-
porthe (TCHEZS F U ZE 258 T8 Phomopsis ; 41 A 1E 8
FEAUZE MR R GHE) IRIHE Colletotrichum Fl 2
& CercosporaiX 4 4 J& W HE R B2 AL LS
i 50% (F 1) . Hiedtl b i EL A 5 R A K T A AR I
s (T PRBELEGIE ) 2 —Fh BRI A5 %I
SR HA BRI A AR S AR R R )T,
JHBE A BERER, FEOREF 5457 ek
fh B R B (Presello et al., 2006; Antonissen et al.,
2014; 24, 2024) , 4RIE 10 R UL E 1A IR 1
F. oxysporum 3635 K G IEFCLR G REM 8 F. virguli-
Sforme Fi & B F solani %5 7 Fh o [6] g 7E/40 2%
SRR AN 5 R G R SRR 25 (T A
2515t 07 o R I BRE S A, T IR AT S 30 e 4 )i
(Backman et al., 1985;Mena et al.,2024) , #ki8 10 7%
P HIA 5 FF, Ho K SR BESE R D. sojae . K 5.1L
J7 259 W W D. caulivora (J5.°# %4 D. phaseolorum
var. caulivora) F1 K 54825 5 Fh &5 B D. longicolla
BE BN HT 37 o B I T & LAY Sk B JEL TR Colletotri-
chum truncatum 18 f: 22, Ho5 | 14 K 520 JEL 5 Xt
M E R, T EK R E, T 1996—
2007 AEAEBTARAE (LY | RN 55 [ 45 8 [ RT3
2412 540 J7 t {7545 2% (Wrather & Koenning,2009;
X BEAE,2021) o At i T I o 3 2 AU AR
KGRI Cercospora sojina i 5| 1 K BER ,
DA S DL 25 B2 F6L 1 Cercospora kikuchii 7 £ 51
BN 5 A , B A IR B R AE 20%~100% 2
[i] (Wrather et al., 1997 ; Sautua et al.,2024) .
b7 ke g, 06 s B ER S R KE
FEYEE . Hrh, £ 8 Rhizoctonia W) ST 22 4%
P R. solani 5| K G A , REF TR, 4 Hi5E
T2, Al IS 5 35 ™ T AT 1 3238 59%~50% (2%
Fl,2024) . /N & Sclerotium 1) 555 /N S.
rolfsii J&—FPE WA AL A B, 5 R K T 439
(Dwivedi & Prasad,2016) . 1% #: 14 J& Sclerotinia 1)
LT S. sclerotiorum 5 | K L HAZIR , 1 & —F
1 3 EE N ZE IS, 1 AR RS, GIEARES
L, SRR, A RRARAE ™ E 5 R K R R (Will-

bur et al.,2019) . SeERTEE JE Macrophomina W3¢ 5.
STERL A M. phaseolina 5| 2K G5 B9 , 2 16 = T
TRIB AN 2 &, X R G = s i b 3, U AE
R4 5 T B X 5 fE % 3 ™ 5 (Wrather &
Koenning, 2009; Marquez et al., 2021) . 2% &
Phakopsora " UL G225 P. pachyrhizi 51 & 19K
AN G B R Rk A e B B Y
305 5 2 —, A3 A 109%0~80% 1 7= s i 2k, ™ EE
ik L 2 248 5 (R X R BT 42, 2007 5 XIS, 2014
Ouyang et al., 2024 ; /5 [ 1855 ,2025) . HIHERS AT
J& Alternaria ZFh B 5 | B2 1 K G B BEHG7E 23k &
A, FEAEE R T RGN A E
WAk (FAES,2021) . HEAUEEE Corynespora )
Z FMAMIEE C. cassiicola M) 5 | K G B , %50 %
FEOE E K TR WU AR 235 1 t(Avozani et
al.,2014;Rondon & Lawrence,2021) . 74 #UAE
J& Septoria W R 55 HLTE S. glycines 51 I K EL
R TS , R DL R 5, — R 2 A T A R IR
FR R EE T (PS4, 2024)

WeAh 25 S 5B Phoma M5 )& Aspergillus F1nT
S5 B Phyllosticta 1) E. I TERT 15 )& T 4R 1B I
B /b RERUE WK G E . BHORE , W E
PRI R R 2 D BUR R IR A5 A0
99 J A R B[] B R (LX) i & A, =F & TR 7
AR ) 0 D o B0 1 APt 250 i PR Rk, 45K
ISR e AN EIESESd R Al AS N 1
22 RERENE

SR T B HGE R G IR R 2D 5 K 2 49
3 H 6 )&, HA LUEE)E Pythium JEFE Phytophthora
M FE75 8 Peronospora W EHGEIR BURZ (£ 1), &
7 & W) K G2 % Phytophthora sojae N 5| i K 5
MBS (PR K 80 ) , 3 U RS e2 ,
i R R ARG T R ek K e A = i fe
o)™ H I B TR S B AR L s P R IR L
Feou (M 3eitAE,2023a,b) o i KIS 5 e U
PR 2R, FEG R K GHENS , 2 & E T4,
R EALH I F 25 A Z — (Alejandro Rojas et al.,
2017) . Fa%i)E BRI T HS Peronospora manshurica
AT GRS R G ARTREIA , 120 A A o i 11 K &2 iR
I 22— TE R G RN 25 3] A AL
X RAMAE R, FE I SN PR B N & A ™
(Dong et al.,2018) . BN E s 5 AR AP AT IR, (B
TS R R R, S BORA T SR ek K G A
ANEE B — S I R . (EAS AR, KR
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Table 1 Reported main fungal and oomycete pathogens causing soybean diseases worldwide

Wy, [ Bk B ATl ARG 2 P A 3 A W 44 B (S

Gz
WICCISELESY) WO R HEO H G K Jm%0 Jm (W R ED)  SARIEEK P O ARE MR -
HiE
Phylum Class Order Genus Total no. Frequently reported Report
(no. of classes) (no. of orders) (no. of genera) (no. of species)  reports of species P
species
THRE(G)  FEETENR) PR H (18) P mm (62) 250 RHEAR 22
Ascomycota (5)  Sordariomycetes (8) Hypocreales (18) Fusarium (62) Fusarium oxysporum
K EHEFCLR AN 22
Fusarium virguliforme
B AL 21
Fusarium solani
R BRI 15
Fusarium graminearum
L P e T 11
Fusarium brasiliense
NG S 11
Fusarium equiseti
SRR EHICER I 11
Fusarium tucumaniae
R H (2) il B (28) 204 KT 59
Diaporthales (2) Diaporthe (28) Diaporthe sojae
PNGE| WS AT | 35
Diaporthe caulivora
R GAP 2 A5 o T 31
Diaporthe longicolla
Diaporthe novem 19
R[] e R 12
Diaporthe phaseolorum
/MAFEH (2) BIE T JE (19) 141 SFRBIHTE 50
Glomerellales (2) Colletotrichum (19) Colletotrichum truncatum
KGRI 18
Colletotrichum glycines
JEFEHEN (4) AR H(32) 2858 013) 30
Dothideomycetes (4) Pleosporales (32) Phoma (13)
HEAR AR (6) 25
Alternaria (6)
PR (1) 34 ZEHEAE 34
Corynespora (1) Corynespora cassiicola
HRHO) Rt (9) 119 4R 54
Capnodiales (9) Cercospora (9) Cercospora kikuchii
NSRS 39
Cercospora sojina
A IR FEFEL AT 19
Cercospora canescens
SRR (2) 31 KEFehHE 30
Septoria (2) Septoria glycines
HWAEEEEA ) R G) 21
Botryosphaeriales (5) Phyllosticta (5)
FeRkE R (1) 63 SRESTERIUR 63
Macrophomina (1) Macrophomina phaseolina
AR (2) BB H (2) i) (10) 23

Eurotiomycetes (2) Eurotiales (2)

Aspergillus (10)
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Gz
WICCINELES) WO R HEO H (W &g %0 JB (W R FhE)  SARIEEL PR RE Py v
HE £
Phylum Class Order Genus Total no. Frequently reported Report
(no. of classes) (no. of orders) (no. of genera) (no. of species)  reports of species P
species
T H (3) Pk wE (2) P 25
Helotiales (3) Sclerotinia (2) Sclerotinia sclerotiorum
MYRIIG)  EHNG4) X5 H (4) 2B E (3) 49 AhZZER 45
Basidiomycota (3) Agaricomycetes (4) Cantharellales (4)  Rhizoctonia (3) Rhizoctonia solani
/NEIZIR(2) 33 FFR/ER 26
Sclerotium (2) Sclerotium rolfsii
R (2) WEEH H (6) JEH IR (3) 108 UEEHH 95
Pucciniomycetes (2) Pucciniales (6) Phakopsora (3) Phakopsora pachyrhizi
e NSRS | 12
Phakopsora meibomiae
BRERI1(2) BRTA49(2) miEEH(3) % m (10) 76 REER 47
Oomycota (2) Oomycetes (2) Peronosporales (3)  Phytophthora (10) Phytophthora sojae
i s (4) 52 ARILAE 45
Peronospora (4) Peronospora manshurica
JEEEH(2) [ %R (72) 182

Pythiales (2)

Pythium (72)

P T B A AR TE OB 22 1) 18 N I8, LA A L J& H HRGE 10 LR . The table lists the 18 most frequently reported

genera, along with species within each genus that have been reported more than 10 times.

3 ERAEEESIERENSHRESE

R T R 5 ON RN 1Y A A2 oA S RE
AW 25 AR, G E R S R TR
v SR ] PNl AR (SO SRR e B
JEEE TR BT AR A 1) 4 AR A R A% B A, AR TS e
) A B R B TSR RN A I A Y 3B
B e 2 B ETTS ; 7625 5071, (8] SE JE AE
] 0 3 114 1 8 B A X A /D, R A 1 AR L P 1Y)
I FCE AT A | 25 1 i A 2 [ 9 i $l A
X R B ERENRERREZ (F2), X
B2 SR REE IS T AN ] [ G b X 1) R L R A
6 Ja  BHRE T PR BARES, AR AR I s A
FULE A E S A% T ] R i N AR RS Ml ™ | 1
RSl L B T rTRERA TR R & . ST
55 3N A BRI F B R G A 7= X8, AR SORE 43 3)
B Xt i PR AU e ) R 1) 32 K R T 2 A 4
PAF LA TERIR
3.1 EMRREEZK

o AR AR P i 2 065 7 t, A fE AR Y T
M —, B0 IR RIS 90 A Fh . K EARE &+
B R A P v e B R A K e,
o SR P2 52 A% A 4G 50 2 Ff JE B9 P AT EC TR, FR 2L
W PR R S R R 2R R AR
A JE (M SCAE,2020) . Horp, KRG RS R

HJBEIE T 1989 4F 5 U AE 1 ZR b X g 2 B Tk 5%
SERITRE AL, 1991 M a4, 2023a) , L5 B AF &
HiE, 2020 4F UG FEAR L PR B L, Kok K =
H e — M 15%~30%, TR M He % 95 5 4 5
70% , P h A B 1t 60% , 28 246 i (252 5 Fl 2
#§,1999 ; -S4 , 2023a; Zhang et al., 2024 ) ; 41
R R ) R AR B e 78 Hh [ 45 R 3 XA &
A AR LA I S A0 TR 52 5 P oy 25 1B 1 DR R
FCLRARE (MR K H R AR B ) E AR AR 2
JinEE # ¥ (Wang et al., 2023 ; = R IH55,2023) . K
G UUZE SR (2R ) o 2 v R = X
T o D A B R AU ZE SRS TR, —
T 2 109%~30% B i i 2%, b A ) 4o akek 22 5= B
i, JBIG  FR AR SR 15 90% , T S B i (k3
45,2005 ; ¥ P} 14,2016 Zhao et al., 2022 ; I SCE
45,2023b) . KRGFWMAH Em T 2/E KRG X A
A, — s R S 109%~30% , 6 R G AR K 2
R 2 o DU s 5 O E, ™ R AR 0™ R A 50%
DL b (s ERE B2, 2007) o HeAh , IR 6 R4 BE
3 UV s DX R s XK A K A R0
6 B AR ™ B UM, AR IX K
A I DA B R G RFE 45, 2015) o

ENRE AR AR = R 249 1 200 J7 t, o7 Ji 2B A 11
SEPER ., O AR W] S S5O o ™ (R AT 358
(Wrather et al., 1997; Wrather & Koenning, 2009 ; 2%



1348

N7/ T T S

52%

ORISR I IH ,2018) o L it 1A 5 | ke 1) oK 5 b7/
I3 SJEN I AN A U, 5 I K A R
b5 B FF (Verma et al.,2024) . FEENEE K G 450% A
1951 47 1 Yk o 4 38 Dok sl 477 1%, 31 20 40 90 4F
REFEZLZNREGEX, Rl X =2 T ik

100% (Jahagirdar, 2014) . /¢ JH 9% 7E B[ BE o351 %
A B G IEHZE 15 K08 (Gupta et al., 2014)
JFE AR BRE g 5 2R B AR AT — BB R E L (H A
T [B] RN G F R B AH X AT FR (Wrather et al., 1997;
Wrather & Koenning,2009; Gupta et al.,2014) ,

F2 TRERAEXTEREEASNEREB LR

Table 2 Comparison of main fungal and oomycete pathogens causing soybean diseases among different countries

B LRI CL g ElEE BRIAR AE
% #I?jq:ff |§ ngf j;%;ﬁff Umﬁted States ‘ ﬁC}nna ‘ E]i:azﬂ \ﬁl\t}dla éi;gientma
Genus species countries reports ﬁOL of (U278 jEOL fi& (VAVN ?ﬁiffz (A/N jﬁz:ff (DR/8 jf;;?fz g f'l\(
reports reports reports reports reports

PRFEL R E Fusarium 62 18 250 97 2 20 2 42 1 9 1 34 1
[&] )85 J& Diaporthe 27 24 214 93 3 11 16 2 0 10
%58 Pythium 72 9 182 122 1 30 1 6 5 2 13 2
WAL )& Colletotrichum 19 34 141 51 4 16 4 15 3 8 2 2
)& Cercospora 9 34 119 34 5 18 3 3 6 3 8 4
JZ55 )@ Phakopsora 3 35 108 19 13 5 8 4 6 3 6 5
Y45 & Phytophthora 12 8 76 34 5 5 1 0 2
SEERAE R E Macrophomina 2 20 63 32 2 2 6 3 1
TR 27 )@ Peronospora 4 23 52 13 7 1 1 0
22 ¥ % )& Rhizoctonia 3 18 49 22 3 2 2 0
eI & Corynespora 1 16 34 10 4 4 2 0
JNE%E Sclerotium 2 15 33 16 1 1 2 0
T & Septoria 2 9 31 16 5 1 1 0
25 15558 Phoma 13 13 30 2 0 2 5 4 0
A% & Sclerotinia 2 17 26 8 2 1 1 0
BEMSTO T8 Alternaria 6 11 25 5 6 2 4 5 0
M58 Aspergillus 10 5 23 6 0 6 5 1 0
W 5 25 )® Phyllosticta 5 10 21 5 9 1 0 0

F PR IMARFEHES T S 37 The rank column only indicates the top five.

32 EMNKRTREEZK

EL PG Y R AR 7 2 1.69 12 t, 1o e A BR A —
T A PRI 5 3 B 7 B R 3K 15%~20% (Juliatti et
al.,2017) . KGR T 2001 4F 18 B 7 B R AR #
IR KB, 2003 4F & 4k 5 42 [ 55 b Xk 1
60% ( Yorinori et al.,2005) ., #5201 K G5
LRI S BV R T A b e ™ E AR O
i M B, T 3 K L LR G R 46 % , =
M B ik 7= 37% (de Queiroz Freitas et al., 2004) . Ji&
B P 5 | RS ) R G R g = B A LV i S R T R
Ao REIRIIE T 1961 4F 78 7 HLELAS = ) 9t 1
UARIE , 2010 4F UG TR 2 &, KR F5 LT 1%,
KPR 2900 90 kg/hm*(Dias et al.,2019) . K
SRR O R S FTAR P F T R R H AR

LN A S AN TER G F 77N SRR Y RN &
i H 10%~40% ( Tormen & Blum,2020) .,

2 EH B R GAE = w29 11844 t, 1 B 2 BREE —
(B RASE,2025) 1 Bz E R i 2™ 5 e
FHFER R TIEGARIN JEE JFFELs 6 AL
ZE T ZEIEA IR A (VR HE AN AT ZE IR AR, 2001 5 Bradley et
al.,2021) o Z5ho SIS B AT A5 R 2 27 T TR] A3
FOE BN, 1996—2016 4F18 LAY £ B K ik
88 12,3 G (Matthiesen & Robertson, 2023) ., Hfeffl 5
SRR G FRICLEBE T 1971 45 5 I AE 6 [ Pl
ENPERIE ST B R 2K M, S 807 5
F %, R U P 35 100% (Hartman et al.,
2015) . RESEFFHIENG T 1948—1951 4E 15 U 3
TEENSE YN AR Z AR , Z S5 4 B4 K g
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Mo 2005 A=A BH JE J 18 M PR 220 3t B A4 7 F 45t
i 8.5 77 1, 1996—2006 4F | T 3 [E K &y~ Ay
155 4 24 146 J7 t(Bradley et al.,2021) ., KT 2E5
790 R I LA SR B T 20 40 40 AP0 A E L EL
PN B R HRAE , f) 68 e L T ol R b 2R 5t
17 B, WIS R 5 R 7 258095 1 D. aspalathi (Jii
2¢ 24 D. phaseolorum var. meridionalis) Fll K 52 fUf 25
SR S T S AR S & B B0 , J Y e
2% H 1k 809%~100% (Mena et al.,2024) , 2003—
2005 4F- 2 JE IR A € B 1S AN B9 ROk
s E 2 —, 1996—2007 4F 1 il 3& [ K 5 R it =
490 J3 t(X B8 4% ,2021) o H e f6 17 I 9 L T 5 [ S 1Y)
KRG IRBERG T 1925 4 5 IRAE 3 2R p Ff i, e
AR [ Hp P S A 2 o D A A 1T BOR A
o FITSE IR , 5 5 6] 30 ., JF v BB R Al
BB D™, B W R 2 205, BTG
i, B2 R R T ih Ak (Harrelson et al.,2021) .

B FR 4E ) K AR F= 1 24 4 900 U7 t, 7 JE 4 BRER
= (https://www.fas.usda.gov) , [1 20 t42 90 4FAL LA
S, 1% R G E ARG E AL R E T
T 301905 A Pl AR AE AR b X 0 &R (R E
2007) , Hor K R FELR AR 3T Aok & AR AR T
Vo S ol FH B R 3K 909% (34 6 T AN 2 K Ak
200032001 ; Lario et al.,2024) . 2003 4F K S8R H
URAEBTAR AT A5 U0k 2% B, I i L ok 8 A 58 b 45
Hb, % 9 B R0 A 5 R B B EE (da Rosa et al.,
2015) . K& 2RIz 16 )™ 51 T ek sy iy ™= i 2k
FEIE 100% (Sun et al.,2012) . K G KB T 1997—
1998 4FFE UL ER 544 B R B, 1999—2000 4F- 2
K T A I K 10% , 807 B e 1k 48% (Barro
etal.,2023),

4 RE

20 2 I , 4 BROR G B PR F R B 3 1) b 2
iV N RN B~ A SN R Rk e
BT HRALTR R LR B R A A R RS A
B R EER S 18 MR E LIS T 4Bk
KL D L A RN B B 4 B B 50% L K3
XFaBR T E X R A A . K E
5 I TR 2 1 1 A 109%~50% 1y P i s 7R
FE R AAEGY IR AT RET | K X S 8 0, A S BRAR A 22
RN EPR R G ALkl . AR X K5
P G UL 30 55 R 25 5, EEZ A B
YET7 205 S AP 45 P R 25552 (Singh et al.,

2023 ; M 3CaAF L 2023b; SR TS, 2024) . S L[E]
B, kb 52 5 5 AR AR T [ B AL 4
JRUBSS: , 32 T 388 1995 3 2 A N o 5 B s ) g
B (ZEBFNsR I, 2018) .

Bk T T I A BRI ) A Pk kA1 , TR K B A
FER TG — RV AR T o PR BRI IR 42
TR G H 4%, B E R EAMA S 2 — & R R
S R, S R AR RO 1.3~1.6 Z Ja], JE i R E 4
JEHRAERS KT RIS X, S35 5 R AL &2
2.0, 8B —4E =2, ML T, SEE K FE
Hit XA FH B34 52 R 20290 1.0, B VG FITBTHR 2E 1)
S35 R R B Ry 1.2, B ()52 52 Rl S $2 hy
1.4, K T E (Liu et al.,2021) . K552 Fhfi15
KGN, S AW IR E AR R, [ RIS
HREEEAT .. SHFEE, 2 30 AR A H Y it
JEJ7 =, JHGR AR A i, © S EEREk 1+
R AR AL, pH T3 FBEZY 1 A~ 57 (B IR AE,
2023 ) , DA A R 57 5 5 A5 s L o A A A7 5 B0
BI3E TAH R, AL, XA 2500 1 B R A AN
AR T B PT2G PE & R 55 T A TS
RGN HARESRTATTRE S o 28 DTIR , s A AR 5L
- R A R S A A 2 2 A ) R, S ] S R
] R R 3 A A A, 6 7 ™ o, 45 B
YRR IR PR

PRI , A SR 118 R 1295 35 B 58 AN B A (S T 4%
GLB AT, BT B RN T R S 1 i e
Ko ST R SRR T e LT T .
(DA B B 2 BEAGE AL 2 R D e 4 27 55 B %
HAR IRASE RIR R ZREE BORHLH] AR SE N Y
A3 F At 5 (2) FE N7 ph FH [R) A 21 X S8 AU 2 2 9%
WEINA 2, 85418 8 N T8 BE AR BE 20 M, S B1
3 T R L T S A 5 (3) B AL IR P
U5 MBI U RN SRR I T S, BT
Tl BT 5 114) B — BT A T R R 2 0 5 (4) s e
SAEE AIDTA S A B E B R A DA A R
BT A HTRFEE ISR AR R 2R 5 (5) P A i [
$925 DXl D A0 FRITIER 7 IR A2 D 285, Sl B 1 A
T8 A% K B 3E SIS MR, X SR AR R B M 58
KRR PRI REN RS KBRS E
FEa SR A TR A R R ) — LA 7
ZERHIME RS KIS AR LS T, 456 348
EPEAR B BRSSO, A BAEAR A
S5 R BRI AT AR BRI & R R R K
AR IR E ST A,



1350 LR/

2 i 523

& # 3 #t (References)

Alejandro Rojas J, Jacobs JL, Napieralski S, Karaj B, Bradley CA,
Chase T, Esker PD, Giesler LJ, Jardine DJ, Malvick DK, et al.
2017. Oomycete species associated with soybean seedlings in
North America: part I: identification and pathogenicity character-
ization. Phytopathology, 107(3): 280-292

Antonissen G, Martel A, Pasmans F, Ducatelle R, Verbrugghe E, Van-
denbroucke V, Li SJ, Haesebrouck F, Van Immerseel F, Croubels
S. 2014. The impact of Fusarium mycotoxins on human and
animal host susceptibility to infectious diseases. Toxins, 6(2):
430-452

Avozani A, Reis EM, Tonin RB. 2014. Sensitivity loss by Corynespora
cassiicola, isolated from soybean, to the fungicide carbendazim.
Summa Phytopathologica, 40(3): 273-276

Backman PA, Weaver DB, Morgan-Jones G. 1985. Soybean stem
canker: an emerging disease problem. Plant Disease, 69(8): 641

Bandara AY, Weerasooriya DK, Bradley CA, Allen TW, Esker PD.
2020. Dissecting the economic impact of soybean diseases in the
United States over two decades. PLoS ONE, 15(4): €0231141

Barro JP, Neves DL, Del Ponte EM, Bradley CA. 2023. Frogeye leaf
spot caused by Cercospora sojina: a review. Tropical Plant Pathol-
ogy, 48(4): 363-374

Bi QY, Dang ZH, Zhu WQ, Gao ZL, Han XY, Zhao JJ, Wang WQ, Lu
F, Wu J. 2021. Identification of major pathogenic fungi of soybean
in Hebei Province and screening of control fungicides. Scientia
Agricultura Sinica, 54(1): 71-85 (in Chinese) [E6RKHA, 32541, &
FRTE, wo b, B TR B, T, SO, R, SRS 2021, AT
A R L T2 B I A A M BT 2 R ORI e [ A R
54(1): 71-85]

Bradley CA, Allen TW, Sisson AJ, Bergstrom GC, Bissonnette KM,
Bond J, Byamukama E, Chilvers MI, Collins AA, Damicone JP, et
al. 2021. Soybean yield loss estimates due to diseases in the
United States and Ontario, Canada, from 2015 to 2019. Plant
Health Progress, 22(4): 483-495

Chen XK. 2024. Screening for resistance to Rhizoctonia solani AG1
root rot in soybean germplasm and a GWAS. Master thesis.
Harbin: Heilongjiang University (in Chinese) [F:2%F}. 2024. K
LWL RG22 AL AG AR HUE S8 BOCHA AT . 2718
SC.MGREE: BRI KA

Chen XJ, Chen Y, Shi T, Jiang DY, Ling HG, Chen C. 2023. Symp-
toms, pathogen species and physiological differentiation of
common soybean disease. Soybean Science & Technology, (2):
27-37 (in Chinese) [F54 %, M52, £, 4 FH, el 5t, R .
2023, K WU AR s IR 28 S AR B AL . R R,
(2): 27-37]

Cheng RX, Mei RX, Yan R, Chen HY, Miao D, Cai LN, Fan JY, Li
GR, Xu R, Lu WG, et al. 2022. A new distinct geminivirus causes
soybean stay-green disease. Molecular Plant, 15(6): 927-930

da Rosa CRE, Spehar CR, Liu JQ. 2015. Asian soybean rust resistance:
an overview. Journal of Plant Pathology & Microbiology,
6(9): 307

de Queiroz Freitas TM, Meneghetti RC, Balardin RS. 2004. Dano
devido a podridao vermelha da raiz na cultura da soja. Ciéncia
Rural, 34(4): 991-996

Dias MD, Dias-Neto JJ, Santos MDM, Formento AN, Bizerra LVAS,
Fonseca MEN, Boiteux LS, Café-Filho AC. 2019. Current status
of soybean anthracnose associated with Colletotrichum truncatum
in Brazil and Argentina. Plants, 8(11): 459

Dong H, Shi SF, Zhang C, Zhu SH, Li M, Tan J, Yu Y, Lin LP, Jia SR,
Wang XJ, et al. 2018. Transcriptomic analysis of genes in soybean
in response to Peronospora manshurica infection. BMC Genom-
ics, 19(1): 366

Dwivedi SK, Prasad G. 2016. Integrated management of Sclerotium
rolfsii: an overview. European Journal of Biomedical and Pharma-
ceutical Sciences, 3(11): 137-146

Gupta GK, Verma RK, Sharma OP, Bhagat S, Amaresan N, Saini MR,
Chattopadhyay C, Sushil SN, Asre R, Kapoor KS, et al. 2014. Inte-
grated pest management package for soybean. New Delhi:
National Centre for Integrated Pest Management, LBS Building,
IARI Campus, pp. 1-41

Han QY, Li MD, Yao LJ, Li SR, Cai WJ, Hu G. 2015. Major pest and
disease species in fresh edamame soybean and their green control
technologies. Journal of Changjiang Vegetables, (3): 53-55 (in
Chinese) [#EHEE, 256, HRFT2Y, 2512, 4530, IR 2015.
o T B L AU R R B HOR VLR SR, 3):
53-55]

Han TF. 2007. Overview of soybean production and research in Argen-
tina. Soybean Science, 26(2): 264-269 (in Chinese) [ # K & .
2007. FARLE R G AP~ FEMIFEDL . KR E, 26(2): 264-269]

Harrelson BC, Kemerait RC, Culbreath AK, Ghimire B, Li ZL,
Severns PM, Buck JW. 2021. Assessment of quinone outside
inhibitor sensitivity and frogeye leaf spot race of Cercospora
sojina in Georgia soybean. Plant Disease, 105(10): 2946-2954

Hartman GL, Chang HX, Leandro LF. 2015. Research advances and
management of soybean sudden death syndrome. Crop Protection,
73: 60-66

Hill JH, Whitham SA. 2014. Control of virus diseases in soybeans.
Advances in Virus Research, 90: 355-390

Hymowitz T, Newell CA. 1981. Taxonomy of the genus Glycine,
domestication and uses of soybeans. Economic Botany, 35(3):
272-288

Jahagirdar S. 2014. Bioformulations and indigenous plant protection
measures in enhancing the vitalities of bio-control agents for
induced systemic resistance suppressing Asian soybean rust in
India//International Conference on Biological, Civil and Environ-
mental Engineering (BCEE-2014) March 17-18, 2014 Dubai
(UAE). International Institute of Chemical, Biological & Environ-
mental Engineering, pp. 123-126

Jiang C, Dong YH, Meng LQ, Wang XX, Liu ZT, Chen JY, Fan C, Cao
X. 2024. Research progress on soybean root rot caused by
Fusarium and its biological control. Soybean Science, 43(5): 656—
662 (in Chinese) [Z2H, ¥ & &, T A5, L)), MG LE, FREk
FLHE, EW . 2024, RIS R 1O AR T R L H A B A



634 =

T ARPRORTT BT O R T (05 S 22 1 S R A

1351

Ik . KGR, 43(5): 656-662]

Juliatti BCM, Beloti IF, Pena LC, Juliatti FC. 2017. Soybean genotype
analysis for cyst nematode resistance. Genetics and Molecular
Research, 16(3): gmr16039705

Lario LD, Gonzalez C, Meini MR, Pillaca-Pullo OS, Zuricaray D,
Espafiol L, Scandiani MM, Luque A, Casati P, Spampinato CP.
2024. Exploring soybean cultivar susceptibility to sudden death
syndrome: insights into isoflavone responses and biocontrol poten-
tial. Plant Science, 339: 111951

Li BY, Ma SM. 1999. Studies of Phytophthora root rot of soybean on
incidence and control in Heilongjiang Province. Chinese Journal
of Oil Crop Scieves, 21(4): 47-50 (in Chinese) [4%F3E, T .
1999, K ELRERFHRE I 1) & A4 S BHAESE . A R ER) 2741
21(4): 47-50]

Li Q, Zhang XM. 2018. Effect of diseases and insect pests on soybean
yield in the top five soybean producing countries: a review. Jour-
nal of Agriculture, 8(4): 23-27 (in Chinese) [, 5K . 2018.
i L 5 AN R 7 R S I A AR,
8(4): 23-27]

Lin F, Chhapekar SS, Vieira CC, Da Silva MP, Rojas A, Lee D, Liu
NX, Pardo EM, Lee YC, Dong ZM, et al. 2022. Breeding for dis-
ease resistance in soybean: a global perspective. Theoretical and
Applied Genetics, 135(11): 3773-3872

Liu M, Liepold C, Swaminathan S, Cianzio S. 2014. Advances of
Asian soybean rust research. Chinese Journal of Oil Crop Sci-
ences, 36(5): 676-684 (in Chinese) [ X1 #{, Liepold C, Swamina-
than S, Cianzio SR. 2014. WEYH R GLEE TS HERE . v [ i
YI2HAR, 36(5): 676-684]

Liu XX, Zheng JP, Yu L, Hao PY, Chen B, Xin QC, Fu HH, Gong P.
2021. Annual dynamic dataset of global cropping intensity from
2001 to 2019. Scientific Data, 8: 283

Liu Y, Ye PS, Zeng HL, Sun XF, He L, Hua LX, Jiang QP, He XM,
Wang MJ, Zhang M. 2021. Research progress on pathogen species
and occurrence of bean anthracnose. Microbiology China, 48(11):
4296-4305 (in Chinese) [X1155, MG, 42224, HhINIT, falkk, 1€
IR, R, T, T RIAH, sKkE. 2021, E2EBIHITIN )
FhIE R AT U . T E 24z, 48(11): 4296-4305]

Lu ZH, Deng KL, Yang HL, Chen SL, Shan ZH, Hao QN, Chen HF.
2025. Advances of Asian soybean rust resistance genes research.
Chinese Journal of Oil Crop Sciences, 47(4): 806-813 (in Chi-
nese) [J5 148, XETEK, ML 00, BR/KGE, S8, M, BRif
U . 2025, 3F RSB B S RS R e . v Il R E 2
R, 47(4): 806-813]

Marquez N, Giachero ML, Declerck S, Ducasse DA. 2021. Macroph-
omina phaseolina: general characteristics of pathogenicity and
methods of control. Frontiers in Plant Science, 12: 634397

Matthiesen RL, Robertson AE. 2023. Effect of infection timing by four
Pythium spp. on soybean damping-off symptoms with and without
cold stress. Plant Disease, 107(12): 3975-3983

Mena E, Stewart S, Montesano M, Ponce de Ledn 1. 2024. Current
understanding of the Diaporthe/Phomopsis complex causing soy-

bean stem canker: a focus on molecular aspects of the interaction.

Plant Pathology, 73(1): 31-46

Rondon MN, Lawrence K. 2021. The fungal pathogen Corynespora
cassiicola: a review and insights for target spot management on
cotton and soya bean. Journal of Phytopathology, 169(6): 329-338

Ouyang HB, Sun GZ, Li KN, Wang R, Lv XY, Zhang ZC, Zhao R,
Wang Y, Shu HD, Jiang HB, et al. 2024. Profiling of Phakopsora
pachyrhizi transcriptome revealed co-expressed virulence effec-
tors as prospective RNA interference targets for soybean rust man-
agement. Journal of Integrative Plant Biology, 66(11): 2543-2560

Presello DA, Iglesias J, Botta G, Reid LM, Lori GA, Eyhérabide GH.
2006. Stability of maize resistance to the ear rots caused by
Fusarium graminearum and F. verticillioides in Argentinian and
Canadian environments. Euphytica, 147(3): 403—-407

Sautua FJ, Pizda MCP, Scandiani MM, Carmona MA. 2024. Cercospora
leaf blight and purple seed stain of soybean: a permanent chal-
lenge. Plant Pathology, 73(8): 1981-2004

Shan ZH, Zhou XA. 2007. The status of soybean rust research. Chinese
Journal of Oil Crop Sciences, 29(1): 96-100 (in Chinese) [ %7k
oL HBE 2007, R IO TEHERE . P E R 2 R
29(1): 96-100]

Shen CY, Su YC. 1991. Discovery and preliminary studies of Phytoph-
thora megasperma on soybean in China. Acta Phytopathologica
Sinica, 21(4): 298 (in Chinese) [{X.4%58, 724k, 1991, P E KT
SEREI TR 9 R BRI WEE . AR A=A, 21(4): 298]

Singh BK, Delgado-Baquerizo M, Egidi E, Guirado E, Leach JE, Liu
HW, Trivedi P. 2023. Climate change impacts on plant pathogens,
food security and paths forward. Nature Reviews Microbiology,
21(10): 640-656

Sun PL, Li JL, Liu LY. 2024. Preliminary study on the field control
effect of 240 g/L chloroflurane-pyrazolate EC on Septoria gly-
cines. Agricultural Technology & Equipment, (3): 156-157, 160
(in Chinese) [#IF-07, 224 T8, XN . 2024. 240 /L SRk - Mk
A i 7L 10 X A 248 R P 2R Al B R 24, (3):
156-157, 160]

Sun SL, Van KJ, Kim MY, Min KH, Lee YW, Lee SH. 2012. Diaporthe
phaseolorum var. caulivora, a causal agent for both stem canker
and seed decay on soybean. Plant Pathology Journal, 28(1): 55-59

Tormen NR, Blum LEB. 2020. Row spacing, cultivar and fungicide
application affect the incidence of soybean stem blight. Biosci-
ence Journal, 36(5): 1557-1563

Verma R, Kushwaha KPS, Kumar S, Rawat S, Pandey R, Pandey D,
Bisht AS, Roy B. 2024. Emerging threat to Indian agriculture:
Fusarium incarnatum-equiseti species complex as a novel patho-
gen imperiling bajra, cowpea, finger millet, green gram, moth
bean, and soybean crops. Crop Protection, 182: 106741

Wang C. 2023. Genetic system, its ecological differentiation and
recombination potential of growth period and related photo-
thermal traits in golbal soybeans. PhD thesis. Nanjing: Nanjing
Agricultural University (in Chinese) [ E4ll. 2023. A K TAH
WA SOLRMEIR B LA R AR LB A 112
FLieSC. Bt B Al R

Wang J, Ren JD, Li WY, Shang QX. 2021. Pathogen identification of



1352 I/

%

i Eitd 52%:

soybean black spot. Journal of Beijing University of Agriculture,
36(1): 88-92 (in Chinese) [ T-AE, BRIk, Z2F5H, M I5H . 2021.
REZEBERG T B S . ALt 2A B4R, 36(1): 88-92]

Wang SC, Zhang XY, Zhang ZC, Chen Y, Tian Q, Zeng DD, Xu M,
Wang Y, Dong SM, Ma ZH, et al. 2023. Fusarium-produced vita-
min B6 promotes the evasion of soybean resistance by Phytoph-
thora sojae. Journal of Integrative Plant Biology, 65(9): 2204-
2217

Watanabe S, Harada K, Abe J. 2012. Genetic and molecular bases of
photoperiod responses of flowering in soybean. Breeding Science,
61(5): 531-543

Willbur J, McCaghey M, Kabbage M, Smith DL. 2019. An overview of
the Sclerotinia sclerotiorum pathosystem in soybean: impact,
fungal biology, and current management strategies. Tropical Plant
Pathology, 44(1): 3—11

Wrather A, Koenning S. 2009. Effects of diseases on soybean yields in
the United States 1996 to 2007. Plant Health Progress, 10: 24

Wrather JA, Anderson TR, Arsyad DM, Gai J, Ploper LD, Porta-Puglia
A, Ram HH, Yorinori JT. 1997. Soybean disease loss estimates for
the top 10 soybean producing countries in 1994. Plant Disease,
81(1): 107-110

Xia LS, Wu TT, Yuan S, Cao D, Qin C, Jiang BJ, Sun S, Wu XX, Han
TF, Wang PG. 2025. Analysis of high-yield records of soybean in
the United States and exploration of ways for enhancing soybean
per unit yield in China. Soybean Science, https://link. cnki. net/
urlid/23.1227.5.20250822.1138.002 (in Chinese) [ & & A7, i
te, 2, R, M, IR, A, BUNEE, RER AT, G
2025. FE R Tl sk A b b BE R G B PR TR R IR R
K & Bl 2%, https:/link. cnki. net/urlid/23.1227. S. 20250822.
1138.002]

Xu YL, Li ZL. 2000. Current situation of soybean disease control in
Argentina. World Agriculture, (4): 32-34 (in Chinese) [V/FHifl, 2=
JEAR. 2000. BIAREE R GG EBHABUIR . AL, (4): 32-34]

Xu YL, Li ZL. 2001. Occurrence and control status of important soy-
bean diseases in the United States, Argentina and Brazil. Chinese
Journal of Oil Crop Scieves, 23(1): 74-79 (in Chinese) [ Fi i,
IR . 2001, S [E] | BaAR L A I P R T A R A S B A
AR R R, 23(1): 74-79]

Yang F, Jia W, Yang N, Li WX, Duan YH, Hu Y, Cui Y. 2023. Spatio-
temporal variation of surface soil pH of farmland in different
regions of China in the past 30 years. Journal of Plant Nutrition
and Fertilizers, 29(7): 1213-1227 (in Chinese) [#1}, 5315, #7,
ZE300G, Btk w148, A B . 2023, 3T 30 4R TR R[] X A H B
2 L HER pH R L AFAE . A 57 5 ILE =, 29(7): 1213~
1227]

Ye WW, Zheng XB, Wang YC. 2020. Research progress on key tech-
nologies for monitoring and control of soybean root rot. Soybean
Science, 39(5): 804-809 (in Chinese) [ SCi, KB/, TR .

2020. K AR W 5 B P G SR R P T HE . R LR,
39(5): 804-809]

Ye WW, Chen RR, Ma ZC, Wang YC. 2023a. Occurrence and control
of soybean Phytophthora root rot in China. Modern Agrochemi-
cals, 22(6): 1-6 (in Chinese) [ 3C, FRP-H, TR, TIEE .
2023a. 1 E KGRI KA S A . B Z, 22(6): 1-6]

Ye WW, Liu WC, Wang YC. 2023b. Occurrence status and whole-
process green control technologies for soybean diseases and pests
in China. Journal of Plant Protection, 50(2): 265-273 (in Chinese)
[ SCak, XT3 A, UG . 2023b. H R R U e A Bk
SRR H R FEIEE  YORYE4, 50(2): 265-273]

Yorinori JT, Paiva WM, Frederick RD, Costamilan LM, Bertagnolli PF,
Hartman GE, Godoy CV, Nunes J Jr. 2005. Epidemics of soybean
rust (Phakopsora pachyrhizi) in Brazil and Paraguay from 2001 to
2003. Plant Disease, 89(6): 675-677

Yuan SJ, Jiao XD, Zheng SJ, Ye WW, Wang YC. 2023. Identification
of pathogens for suspected soybean sudden death syndrome in
Heilongjiang Province in 2021. Soybean Science, 42(4): 451-458
(in Chinese) [ F A1, e}, FBEUF, HF 30K, EUOR . 2023.
2021 4 B p T A8 BEA R ISR L5 g I 4 . KRR,
42(4): 451-458]

Zeng DD, Zhang HF, Tian Q, Xu M, Wang YC, Zheng XB. 2016.
Detection of soybean seed-borne pathogens in Huang-Huai area
using LAMP assays. Journal of Nanjing Agricultural University,
39(6): 947-953 (in Chinese) [% 75, sk, HEE, VP, TR
L, FR/NEE . 2016, H TR Y G BRI B XK
F e R 0 LT L R ROl KA A 4R, 39(6):
947-953]

Zhan YH, Wang J, Li YG, Han YP. 2024. Soybean disease resistance,
yield and quality correlation. Scientia Agricultura Sinica, 57(11):
2061-2064 (in Chinese) [ & T, LA, 227408, #HTEMs . 2024,
REGOR M 77 B 5 B AR . E RO R, 57(10):
2061-2064]

Zhang JC, Gu JF, Xu Y, Yang LY. 2005. Research progress on soybean
Phomopsis seed decay and its implications for plant quarantine.
Plant Quarantine, 19(3): 163-167 (in Chinese) [ 5Kk & i, il & 4%,
TRBE, 22 3% . 2005. FCIZINZE SRS IO RIS E i S HC R 928 3
X ARG, 19(3): 163-167]

Zhang ZC, Zhang XY, Tian Y, Wang LY, Cao JT, Feng H, Li KN, Wang
Y, Dong SM, Ye WW, et al. 2024. Complete telomere-to-telomere
genomes uncover virulence evolution conferred by chromosome
fusion in oomycete plant pathogens. Nature Communications, 15:
4624

Zhao XL, Li KN, Zheng SJ, Yang J, Chen CJ, Zheng XB, Wang YC, Ye
WW. 2022. Diaporthe diversity and pathogenicity revealed from a
broad survey of soybean stem blight in China. Plant Disease,
106(11): 2892-2903

(FTAEsmat . = £45)



