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LRI (A ¥RE 3.5°C~13.0C, A R 5.3 C~152° C) I g BB A R A ME R F . WHEFR SRS P45
BEN3S5ADHE T EY . ARG TRESREY, BNE T L sclerotioides, WA, 76 TE FIA/INZ AR
K] L. sclerotioides WAETE o HRAEZE FTHN, 3 P B4 72 3R B & 15 FIVINE B R A R ik & B

SRR« R A S TSR s s UL A /NIRRT 5 2B R 5 IR

RE %S :5435.654 XEKARIZED : A XEHS:1007-9084(2026)05-0230-10

Surveys for damages caused by rapeseed root canker and analysis of climatic factors influencing its epidemics
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Abstract: Rapeseed root canker (RRC) is a newly discovered disease in Longxi County, Gansu Province, Chi-
na. It is closely associated with infection by ascomycetous fungus Leptosphaeria sclerotioides. However, the epidemi-
ology and damage of the disease on rapeseed growth and development remained unknown. This study characterized
the field symptoms and spatiotemporal dynamics of RRC and investigated its damage on growth and development of
rapeseed as well as the influence of climatic factors on RRC such as temperature. Additionally, occurrence of L.
sclerotioides on alfalfa and wheat was monitored. The results showed that in high-altitude areas (>2000 m) in
Longxi, RRC caused a devastating loss on recovery growth of rapeseed from overwintering. In severely infected
fields, the disease incidence reached 100% with disease indices at 75.9 to 97.6. Infected roots appeared black in

color with sunken cankers, and abundant black sclerotia (e.g. precursors of L. sclerotioides pycnidia) were produced
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on roots surface. Plants with severely—rotted taproots lost ability to regrow in spring, while those with partially rotted
taproots could resume growth and develop to maturity. However, the rot symptoms and L. sclerotioides were limited
on the taproots without spreading to stems or pods. Seasonal monitoring revealed that RRC occurred only at overwin-
tering period from February to April. Consistent low temperatures (monthly average air temperatures from 3.5°C to
13.0°C with monthly average soil temperature from 5.3°C to 15.2°C) during that period might be an important factor
inducing occurrence of RRC. A total of 135 fungal isolates were obtained from diseased roots, and they were identi-
fied as L. sclerotioides based on morphology, as well as molecular detection with specific PCR primers and phyloge-
ny based on ITS sequences. These findings indicated that RRC is an important disease for rapeseed seedling over-

wintering in high—altitude regions of Longxi County. Furthermore, L. sclerotioides was detected in alfalfa and winter

wheat, which might be the first report of this pathogenic fungus on these two crops in China.
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SRR, R, L. sclerotioides 1= B4l SE AR F] g
ity B SE A PR SR A (ANAF 2R
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W), L BAEAREE T A B DL KK T M X
TRAR . ] A b B R R A Il SR 28 O 1 S LA i 3R
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IR HWHEAT TR R AR AR A 1, fa FRAT PR
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Az b DX T SRR g kA T 1 SRR
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23 H A& Fp L FICA SR RIEE R 8 5 2 5, /il T
20234E10 A 31 H .11 A 30 H#120244F2 H 26 H .3
H30H .4A17H .6 729 HHA MR EGK AL
A O, AT D7 A SR T A A i SR A AR Sk
o FEL R SR T

R T BT ARG R R SRR B A B R
M, DB PG 45 J8l BH T 4 B X R4 R 345 T Bl 6 B
2023 4F- 8 J]1 2 2024 4 6 H WM <5 5088 , 46 H
WAIR IR (10 em 1)2) AR &, 7158 H FHS
i HER R BB IR i K4
BRI SRR 15t 97 8 & LB IS
1.4 HERAGFRENSBESLEE

SR AL 2053 B 7 AT 3 T 4 R /N 2 MR 0 ik
LFAICHE, B HE, iR SRS
BB E B 7 2 (potato dextrose agar, PDA) , 241
UM 5% SCHRI3]. DL 2021-2024 4F R A Y7
S CHAE UM B R 3 B AR B 132 R A R A
Bapa kUi e tONEN T I A N DS & A ck (e ae 2 |
HEMTIESIN S L. sclerotioides 25U, #EM B A 1)@
T L. sclerotioides, 7£ AR W5, AL P BOAC 2 M 7
PR, T, DAk oy R m v . SRR R
15 - 9 Bk K H 3% (LN3-40 , LN3-52  LN3-89 . LN3-

109 . LN3-161,LN3-166.LN3-305,L.N3-390.21) , 5
PRoE E B fE (MX-1 ,MX-2 MX-4 MX-5 MX-6),2
B H/NE (XM11-2.XM12) . L L. sclerotioides T
Bk PO A1 P10 52 iR

141 BABIEME A5 WD 2 PDA P-4
b fE20°CNEEFR S do HATHLERAE B I A S T BUA
BECEAE S mm) B B PE 32 Fp 2 PDA AR I (&
8.5 cm) , BEILIEFD 1 AN VE, BB ARAZF 5 A (S
WEE), B HRE T 20°CRIE A T 514 d, 0
E VR ELAR , WS TRV B0, L) R 43 HE A28 R A

BrEE.
142 o557 LIRS wER LM TE PDA

SR L E20°CF 195 10 d, T FLASTE R T S H 23T
Y (ERS mm) . BABERIS NEDE B E
ISR D (R 2.0 mL) , 45 H g0 48
MU INERER 8 B0 A B AR 4 F BB REAT )
SIEART CHR DB R . Z)E R B
BN 800 L Wi (65°C)CTAB I . F B L& HE
T 65°CIK ¥ v &k 3 20~40 min, H; 8] & 18] 18 &) 2~3
W TEE.OAE A Tris— 28 1 400 wL A4 {7 400
wL, B4 E4°CF B0 10 min(12 000 r/min) . JH#
WA /IO B F 15 W 400 wL 2595 — B0 A
SR PR L IRA), 1E 4°CF B0 10 min (12 000
min) . B FIEREREE S —E08% (1. 5mL) P, N
AR ICK 2B, E-20°C R ULIE DNA, fE4°C TR &
> 10 min (12 000 r/min) , 3% 35 W&, A2 TCE P o
70% £, 600 WL, & ¥ U % DNA, &z J& &5 0 UL TE
DNA, 5% [V, fE = I N DNA TOJE T4 3 T
20~50 L 2 &K, H 1% 35l A e Jise Fie vk Az
PEECH DNA i it . FH A B FKE G A% S Iy
DNA ¥ B 7 B 2 ~50 ng/plL, IFARTETE-20°C 4 H

PL& TR A DNA 8K, L. sclerotioides 55 7
51 4 PSB12-FS/PSB12-RS 41 5 Y PCR ¥ 1 499
bp i DNA F B, 1E [ 514 PSB12-FS (% H R T4 «
5" ~CCTTGACGCACAGAGAATGATTGG-3, JZ [ 5|
) PSB12-RS Wy #% 11 MR J¥ 51 : 5” ~CCTTGACGCAT-
GTTAGCATAAAATCC-3", PCR JZ W 2% 3 %
BRI3]. W EEHZ 5, 19 (m/V) BRI R vk
Kl PCR =4

AT RIE bR PCR ARSI ) 58 8 25 58, S
ITS1/ITS4 (5’ ~-TCCGTAGGTGAACCTGCGG-3" 15’
—~TCCTCCGCTTATTGATATGC-3"") 4 14 4 B bk ITS
F B, RN R T TR SCHR[3]. RV &5 R Z )5 8 PCR
FE ik A B IUR — ARSI R A BR A /1Y, 3K
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R4S PR ITS F# 41, IF45 HAZ 50 5 NCBI Y Gen-
Bank (4 /& (http://www. ncbi. nlm. nih. gov/blast) , 3K
RS (R D). ARS8 ITS 741 7E NCBLEHE H
JEAT BLAST K5 38, KAG 5 2 38 4 ¢ 22 dc it 19 L A
ITS 51 HAE 9 2% 751 (2 1) .l DNAMAN
BRAF HEXTITS P41, SR 5 FH MEGAT. 0 B/ rh iy 4B
1 (Neighbor—Joining ) #4 #t 2 4t #E 4L # , Bootstrap {H
TEE O 1000, AR 157 00 B AR A E AR o 8 02 8 4
HorHfi .
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BIABTIE R, L. sclerotioides P] UL & 2 B 45"
FI/NZM, TR 2024 48 3 J 30 H R A il SR 5197
3 A b, 7E B 7GBTS SIS b 55 1 Rl AT
B M/NE  TEE T, BEYLZ I — R 75 AR K
RO A R A A AR I O, DT Al A (0 5t
P BER) AR 2 T IRRAR R . AR /N T, RO
AL /N R IR B TR AR P ORERAERY H A
FNZE Al AR rh ROy R S0 2 . R 200 B
oY B B R L S WAL PCR A

S AN R R I LT 23 B
2 HEREHH

2.1 BEEERBHMEREGHFNEEREE
2023 F12024 -2 S A 5 1R H A KW 78
Bl PG 5L IR B A A A S T A R R TS AT LA Bk i £
B8 T IR 45 M 38 e BRI SRR B e kA . TR R
PR PR CAnts B A 2Tk, 1 4K v B 5 2000 m)
B 29 (P e 1) sl s TR TSR E SR 4R
K RO 222 IR (B 1A) o T 7 5205
He(HHe#2~7) AUA F B AERR & il 22 (3 &f WL
16 (EB) o BEHLYE F R B2 e R ik, R BLA
JO R R 19 9 3 2 A (A o e 4% ) HE B Ry 3 U5 97 g 4
B 5E T I (10 B 2A-C) , & ik bk R ik 5]
100% , 5 5 8 Bk ) 75. 9~97. 2(F 2) . 1EJERMR
2 2R A K Y 2R [ ORI B A% (]
2B.C) o A& RANTE AN 33K L6 g HH VT SR A AR B 7
SRR R B + T AR R . AE P VY BRI A
JECEE R AT ZTTR E RS 14K & EEAR T 1800

51 DNA BRIC (499 bp) FITS 751 43 b1 45 5 15

F1 L/ EKBEHE (Leptosphaeria) EH#R ITS FF 5 & H GenBank &3R5

Table 1 GenBank accession numbers of ITS for the Leptosphaeria isolates

m) , ISR 00 Z B K LR RO R RN 19 ) 8%

FLTA R A e L] e E R B
Leptosphaeria isolate and strain Host plant Source GenBank accession
Leptosphaeria sclerotioides 21 FI38H3% Brassica rapa [ China PQ327511

L. sclerotioides LN3-40 P33 Brassica rapa }1[# China PQ327512
L. sclerotioides LN3-52 ISR BYINSE Brassica rapa }1[# China PQ327513
L. sclerotioides LN3-89 FISEENM3E Brassica rapa *FE China PQ327514
L. sclerotioides 1L.N3-109 FI 3% Brassica rapa F [ China PQ327516
L. sclerotioides LN3-161 H 33 Brassica rapa 1 China PQ327515
L. sclerotioides LN3-166 FHSE R 2E Brassica rapa H[E China PQ327508
L. sclerotioides LN3-305 HERALINER Brassica rapa & China PQ327509
L. sclerotioides LN3-390 FIZEANMEE Brassica rapa [ China PQ327510
L. sclerotioides MX~1 15 Medicago sativa " [H China PQ327517
L. sclerotioides MX~2 15 Medicago sativa 1 [# China PQ327518
L. sclerotioides MX—4 15 Medicago sativa 1 [H China PQ327519
L. sclerotioides MX-5 i1 Medicago sativa F1[E China P(327520
L. sclerotioides MX-6 E 7% Medicago sativa F1[E China PQ327521
L. sclerotioides XM11-2 INZE Triticum aestivum [ China PQ460233
L. sclerotioides XM12 INFE Triticum aestivum *FE China PQ460234
L. sclerotioides P9 FIZRANMSE Brassica rapa "F'[# China MT996499

L. sclerotioides P10 FSE 8% Brassica rapa H1[E China MT996500

L. sclerotioides CBS 144.84 E 75 Medicago sativa JinZE K Canada JF740192
L. sclerotioides CBS 148.84 B4 Medicago sativa JNEEK Canada JF740193
L. errabunda CBS 129997 KK B Achillea millefolium 745 2% Holland MH865603

T U A R bR R 1 ARBITSE

Note: The strains in bold are from this study
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ARkA(F2) WA, FEFKTRILE HAaBEmZE
DX AT T A FH B (T3 s BE AR T 1600 m) , Z2 %50
A R BA RIS AR 5790 , DBk A IR 2
RAIMSAR Bz , KRR T 1%
2.2 WHRHIMKIRRERNRE

TE 2021 4F 6 J #2023 4F 6 71, Ji A 1 il S AR 15t
950 1 A R LTy 3t B RS B (22 Bk AAD YT
JERIE DL, 78 2021 48, FLAE I =AWt 705 T FH 4
2T 700 BRINSE A KL, sclerotioides f& 3 1y |
A E o A SRR R MR A RIS K
A, R AR IR R IR TR TE A 2 AT A 2Lk w7 Ak
Kol rd . WIMEK/NE L biglobosa 734
T EMEAERNO0.2~0. 3 mm, 3 L. sclerotioides T
B (BAR 1 0~1.7 mm)/MBZ . 787 AR,
6 IHE R BLRR BRI , B2 BR RN 229%~T74% , F- ¥
N 35%. MREERY T A7 S AR b b o0 B 2 9 Bk
HE . o THESREN], 3 HRIEE (GS1,6S2,
GS4)J& F L. sclerotioides , 73 /b 6 ¥R .1 J& T L. big-
lobosa. 1] WL, BRI S FHR FAFAE L. sclerotioi-
des F1 L. biglobosa , (B FEZEFF FANAFAE L. biglobosa,
WAH KL sclerotioides .

1E 2023 4F, JH A T 300 B i 37 (2021 4F 7 A H
Hu), R 45k (7 15% ) 10 5% 3248 2 B0 )= 38 15t 2 9
SR A AE AR L 257 , NI L I R 2R T AR TR A%
AR L. sclerotioides [ &AM . (H 2 FEX LEHH
PR 3R E B CEFF BiSc A LA R L.
sclerotioides 2 "L G o TE 53 A1 255 BRI SR 1) £ AR
Jo s FEREs e L WA KBLL. sclerotioides 124 J
FEERLL S . AL ZEF 1A B AL, &N
PR A 23%., LE4 2021 F1 2023 4 (1) £ 45 5, ]
PAE L. sclerotioides X1l S8 Z5FF K 25 01 £ SR 4%
Hby b AR B A G (RIS ZE AT ERRaL kA
PELFRNG o
2.3 HERBBRUETTHEEDS

IR TE 2023-2024 Y = A2 77 2= 9517, 2023 4F 8
H 26 HiER (AP Kah 85,2024 4 6 H 29 H Ik
o A G RI A SR I A K (2023 4 9-
1) A R B0 kA (F 3) . FfE , %
HEA A, 1 AR R A SE AR ATEE .
TAZE YR, 2023 4F 12 A F120244E 1 A RIT R
BRI A . 25, JHAWKE 76 2024 -2 7 4
DRI 70 , K kR A 33% , P A 1 4 (JRhil

TE - AR T SRR A A SR A2 A A, E AW AEI] s B FORT IT , KA A R A AT,

! B\
BOEARIRTT 5 C - B M P SRAR B SO bk

/b

Note: A: field with low disease severity with plants resuming re—growth and flowering; B: field with high disease severity with numerous dead plants and

only a few plants showing re—growth; C: diseased rapeseed plants in a severely infected field
BE1 mseRinis HEER (EREREE T SEEMN,2023F4R8)
Fig.1 Field symptoms of rapeseed root canker (Yuesheng Village, Gongchang Town, Longxi County, Gansu Province,
April, 2023)
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TE: A FAR U BB OB, 1 F ARG A B Rt , AU SR04 A SR AT C: BRSSP 22 TR A%

Note: A: small black cankers on the taproot with re—growth of the seedlings; B: localized taproot canker displaying blackened, sunken tissue and numer-

e 4 |
Cilsxe =1 B s - \

ous black sclerotia on the surface; C: completely rotted taproot showing whitish mycelia and abundant sclerotia on the surface
2 HERIRRERER

Fig.2 Symptoms of rapeseed root canker

Wiz ) o FE20244F 3 A M4 A R BUZ R & A R Pk
T, KRS B T2 57% A1 93%, M FE 4y
M EFZIHMA 59, TE20244F 6 H il
BN, 67% (IS AR A SRR I s L ZH 4B
FWEELEE, BIRXE L sclerotioides 774 1 IR
i, H R TR BAT R B ZE AT RS AR A
[ WMELR L. sclerotioides XI5, X Bogh Bt
BH SRR 37 8 2 A e T SR B A 0 R 7 4 (24
H ), L. sclerotioides XTIt 5% Hy I %K 2% B % A 4 W
[
2.4 REFMEREXHEIRRHREZENZ

1 2023-2024 432 AR 77 22 B S B H A0
$9.0C, H¥ LM 11.7°C(10 em +)2) , BitFE
i 334. 0 mm (& 3) ., 2023 4F 8-12 J] &= v

M AR, AR A SR A A B
HERIRZEH TR, AR MNE2LTCTER
-2.6°C . A¥ iR M26. 0°C FHEZE-1°C, A BitFEH
M35 5mmZE 0.3 mm, 7EMCIANE], 1A WELEH
ARz KA . 2023 4F 12 H 22024 4F- 4 H &3
SR WIARF W, AWAR AR A 21t
FEW AR e bR iE H BT, H SR -2. 6 C LT =
13.0°C. H¥HRM-1.0C FFAZE15.2°C, H Biff¢
MM 3. 0mm T2 63. 2 mm. LGN, $522
3 i AR B kA, BRI 33% R
93%. 202444 F6 J il AE L AR E
BIER . ABREMA SR E: T, AR
RN 13.0°C ETFE20.0°C, A IR M 15.2°C ETF
23.7°C, H Bt B W 4E R 76 23 mm DL b o 7RI
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R2 SR HR R SRR EE(2023)

Table 2 Disease incidence and severity indices of rapeseed root canker (2023)

LRSS YR

Survey sites

TR i 2 K )

Elevation and aspect

EES VEILE RS

Disease incidence /% Disease index

HoA A Py TR P
Longxi County, Dingxi City, Gansu Province
JLE BV (T 1)
Yuesheng Village, Gongchang Town(Field#1)
TLE U R (FH He2)
Yuesheng Village, Gongchang Town (Field#2)
JLE SRR (T He#3)
Yuesheng Village, Gongchang Town (Field#3)
TLEBUBERS (1 HR#d )
Yuesheng Village, Gongchang Town(Field#4)
JLEBUA IR (HH#5)
Yahe Village, Gongchang Town(Field#5)
JLE A (M He#o)
Yahe Village, Gongchang Town(Field#6)
TLEBUA IR (T HRe#7)
Yahe Village, Gongchang Town(Field#7)
JLEFUR A (M He#8)
Yawan Village, Gongchang Town(Field#8)
K SRR (HP#9)
Hejiamen Village, Yongji Town(Field#9)
KT SR (HER#10)
Hejiamen Village, Yongji Town(Field#10)
ST A (T B 1)
Huoyan Village, Wenfeng Town(Field#11)
Hra Kok &
Wushan County, Tianshui City, Gansu Province
HEMRBAR A (T He#12)
Niuzhuang Village, Hualin Town (Field#12)
BRI (I H#13)
Hejiazhuang Village, Yuanyang Town (Field#13)
HlA KoK H A B (Hw#14)
Gangu County, Tianshui City, Gansu Province(Field#14)
HAA FOK T2 X BRAE ([ He#15)

2093 m, [ Sunny aspect 16 19.3
2084 m, A3 Shady aspect 100 75.9
2087 m, (A3 Shady aspect 100 97.2
2053 m, FHH% Shady aspect 100 93.7
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Zhongliang Town, Qinzhou District, Tianshui City, Gansu Province(Field#15)
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PO FI P10 TR & AHML . A BEDL P 9 R FL T (LN3-
40.LN3-52 . LN3-89 LN3-109 .LN3-161.LN3-166.
LN3-305.LN3-390.21) , i & & ¢ 1E A1 ITS 7 571

WeE YRR YE . 76 PDASEAR -, X SR AR A K
R K 1.7~2.0 mm/d(20°C) , B35 14 d )5, V% B
I8 F] 50~60 mm. TR 7% IF Y R 22 H A EAE
MREE HIE T A RSO AR S ER TR
I U1/ T 7 NI W o1 = 2 ) = N 3 e o1
AR, K 4.5~5.5 pm, 55 2. 0~2. 1 wm. 51 PCR 3|
) PSB12-FS/PSB 12— RSl 4% 5 4 B | M\ BT A% P9
FIPLO(L. sclerotioides)*' L} iR 9 MR L A 34 1
1499 bp 1Y DNA Z54f7 (Bl 4) o X —Z5 R3], ix
OMRERJE T L. sclerotioides. FHiE 5|4 ITS1/1TS4
A1 PCR 3G T 3% 9 #R L1 1 ITS P31 (£ 1) .



R RAET M RARBIZ N 14 4 A 16 PR A 5 R LR A T A U IR 120 A 237
R WHICER) HEEES) HIIGRTT) TFEH A
Seeding Seedling Seedling Seedling Flowering Maturity
(Growth) (Overwintering) (Regreening)
30 1 r 100
+ ¥ Soil temp.
25 - - 90
Al
80
20 1
70
& g
g 1° 60 £
3 =
= 3
£ 104 :
5 10 57% 50 =
< IH
o 40 &2
P 33% - 30
0 4 Rainfall
- 20
-5 - NS
e - 10
_10 T T T T T T T 0
8 9 10 11 12 1 2 3 4 5 6
2023 2024
T - FORBAT B R A NS R LRSS , oA TH IR E I 4 AR BT E R R A RS AR K B B
Note: - indicates no occurrence of rapeseed root canker; NS indicates no disease survey due to soil freezing; Different color blocks indicate different

growth stages of rapeseed
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Fig.3 Average air temperature, soil temperature, and rainfall during rapeseed producing season (2023-2024) and their re-

lationship with occurrence of rapeseed root canker
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spectively
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Fig.4 PCR detection on representative isolates of Leptosphaeria sclerotioides from diseased rapeseed taproots
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Fig. 5 Phylogenetic treeconstructed based on ITS sequenc-
es of 20 isolates of Leptosphaeria biglobosa and 1 isolate of

Leptosphaeria errabunda as outgroup
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