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+ IR R TR AN B 1 [ SEAR B B T B R R

SR, fRER T, S, RAUR ?Kﬂ(%?z,EKé%%I,
MFD, B, sk, Sk
(1. =R KRFERBESIHEESE, = B 650201; 2. Hil&imE M REL LM R, Hil

I 7315005 3. R KFERFASEMEARZEGE, =8 BB 650201; 4. mpgfoll KA TR
b A R 650201; 5. A THOEE SIS YMEE TRSLKE, ~m B 650201)

i OE: BRI AL (RSD ) XFsHtE 3R L RS R I THIRAE R, MBS EAR . AL
T FAERHEDAR I B VA RS SR SRR . B TR (CKL), THIE(GEATFER (CK2), #n
VR RSD AL# () IR INTE R 2 5 K K SR, BS ), WRINGHERY RSD Ab3 (o) 13 b 4577
20 tvhm® A TR E TR 2 e R B 5K IR B, SS_RSD), AEWsBE (L3RI S vhm® AP
JEEME B R AR K IR, BC), MIFEEEZE (i b 35178 0.5 vhm® FREE, 8 2 Kk H )RRk Y
60% ~ 70% F4ME, DZ), FFIALAS A FIRT FSe iR s Ropg e . 77t AR LIERb M BRI BRE TR AR L. Lk
PIFEIR IR 45 R, 5 CK1 ARFEAMHL, CK2 Al DZ ACBHJR, =43RS 1.71% ~ 2.71% F1 18.74% ~ 25.51%,
KGRy WA 15.32% ~ 18.33% 1 53.33% ~ 73.65%; BS Fl BC AL 5, K5 R0 5 F B 21.32% ~ 45.00%
I 35.00% ~ 35.99%, FEEABIMEAN 13.19% ~ 15.07% Fl 14.26% ~ 19.90%; SS_RSD X {4 AR i 5 b7 16 250 ik
76.89% ~ 79.31%, fH [ 1SEAR G K% B EFEAL 60.00% ~ 66.99%, =it E RN 24.25% ~ 27.96%, HAZE T
THEANUT . 2R AR A R . BRI TG E. UL, RSD R EA P st S MR R

S BRSPS G B AR FH A A

KA LSRR AR SR s SRR MRS

K3 ( Brassica rapa L. ssp. pekinensis ) N1
R =HE B ANY), R E R HZ
—, TR s m s e
PR = AL TR A X T, 9K8h 1
FI AR P UM SE AR 29 b b A A0, R,
P i B B 1 SRR AR L) R AN B 7 55
BSOS ERAR R H 2558 1, FRBIE SR
AR A R, AR IR A T I SRR AR
77 20%, FUEIATL 70%, FLE g, A
SEAR M 2 2= 2R ( Plasmodiophora brassicae
Woron. ) {2445 M HAEMHYIIEE, ZmRRIET
PEAFE, TR FAEYIAAERT, HURIRIE T RETE

KRB 2022-03-16; FABH: 2022-06-08

EEWMHE: ZMA = KB LW I H 73R8 (202002AE
320005-01-04 ) ; &5 DUt = pa A KAF 2 AR BHE B AL A T3 gk
4 (2021ZKX122 ),

PEZ B A KRB (1997-), TEEMLFse A, bk 1 Hevs
RS EA ST . E-mail: 1481799152@qq.com.,

BIIEE: 77/, E-mail: youbosu@ynau.edu.cn,
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LIRS 15 4R 2 A, FRBEIE BL PR IR 76
R BEHCHI R 2170 T 12 S B 1 T A A B P BT
AR R R T 2 REL AR 11 S K 43 LR 43
e, I FEEMREE A T AR, 4k S55E
[ 1 N

HRT, Az bR e i i S it 5
KRR . WBBHA . ALEBRAREDRE . 5
JE+FAERHE D FE A 2 D7 36 11 SRR 10 1 5 1
Wi, (EAEAE2 BRI 37 R E e L 200
RIS A, KIEC RS2k
b X IR SR o T 1) SO AR A K LAE
A 5 0 pH R 9 45 11 SRR A — R RO,
A2 S8 e R e s A0, AR
R, RRpELE R R X AR e 1 1 R R A
T AR ROR, i T AR . bR
BB, AR T RS L M
P13 VE 3 P A IS HUMCE X BT VA 1 SR
HA—EWROR, (EAMERMCAE DA I 5 20
FEWE AR TR L PRSI A, N Bkt A P

S
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T SAE IR SRR D A RO AR E o X LTy
AR R ZEE 5 R — ekl @t, BHA—E PG
SRR I RCR, (XS B E A —,
WONRRR D2 R 2R A VR R i, R, 4R
R SRR A 2% L5 B Pt it T SE Bk A
2y XK, HEAELS G Rk R A
BB E

SRR AL F (RSD ) 7R AN X FRIR A A4
KRS RO, & —Fh VR R A Y 4
AR VO M A T SEAE . BB
I SR ERb PR R SRR, BRI AR i
ERSEED T ZN AT EHEKE, EBEEER
fe b3 B ARG p R AT L R RS, RSD
J& B AR 45 2 B BAE LT Al A 3 100%, X H A
FIVZH B 295 J B P BB 26T 36 90% LA b, L E Gk
7 999% L 11 A I 4 HE A BE B T £ R
TR EDNA, ARG m M B
0N REREALZEAG DY, TEOMAG 2 T A, R
1M, FHF B I6 E 3R 0 A 5% A 4l . B
I, AW =FE KRB M= B X
BRI 1 38 A 7 5 AR e o A% e T B HH R SR AT 5 %o
%, W9 AR HLY RN A HLYRL SR AE S AL
BEXT SR 7 L AR ORI 1 1 Akt

JRANBEE PER S, 5 A R — Bl PR A e
SRR, R R SRR A ORI AR A
SR RRE A SR B 5 1, N RS
FERME Yy ] Fp 2 42 7 A3 — 5 ) B 3l A H R
BEE

1 MR EFE

1.1 RS X AR

WF5E XA F R FE AIG M FE = B ez
VR 5% SR PR B2 g 3 Ak r= Sk (25° 28 37.34”
N, 100°45'15.84" E), J& B& 7 = I 2 WS Ak
Tz, AR 1520, EREK 751
mm, 4FHBEE, HIE2327.05 h, L FHE
Bom, RIS ATZE E I LE 7 AR SR, i
VERRAG A, H ATz i (38 - 2 -
PSR IRV EA R B IAAR PG, ARCRABE, A
SATRZARMIR I RZm , FAFAERO™ . iR RS
[, I TR R Ay CFEENRT, it
YRR L 2 FERY I RS . FE 2R TR RO

H WL B AL T A BR A | (AR08 4. M b
=98% ), MR e - IFEIEA B PR LR 1, fitik
FHL R EEA AR 5 L35 2.

® 1 AU HIEEREBALMER

pH & B (g/keg) 25 (gkg) HEWE (mg/kg) HH (mg/ke) A (mg/kg) S (uS/em)
7.37 27.02 1.53 172.22 377.90 245 744

®2 HAANIREERMER

Wikt 20k (g/kg) 2% (g/keg) A L
5% 447.46 15.58 28.72
Wik 74.60 1.50 49.73
bEERl: 7.49 1.73 434

1.2 R

BRI L B 6 N AbH, YRR 1 ( RHERE
fEAaf Ab B, CK1), XJHE 2 (8t 2 f K H [E]Fr K
IR, CK2), JRMALT ([ 88 ysin 200 v
hm® B 7R 2 fe K H AR K BEOFE I, BS), @
AR RSD b HE (i) 3 PRI 20 vhin® B SR
JE R 2 A K AR K R I, SS_RSD ), AW
BB (1) L3RRI 5 vhm® A28 5 HE T 2 A

S |

BIATIN 0.5 tv/h® A, I 2 F K H TRl R5K Y
60% ~ 70%, I, DZ), HEPE 3 REL,
I8 /NX, BANA/PX 24 m’ (6 mx4dm), iRE
INK R FBEHLIX L HES . 3 Ab PGS A R
ek AT s, AseAE ], /N X
ok, k. BREER ARG R,

2% FH [R]85 PR A 354 2 b 1 S B S A 7 o
Fe BT S WAL B, AL PRG-I
W, SR, ARSI (B T/ X R
o SHRISEZ S em, FATEBHLIER 0 ~ 20 cm
BHZ L5, HaNYES TR A I E R
KHEFK R, Bl—RMEREK, HELZ%ESN
I, HRREIS ST T - SR A (I 2 K H [y
IKE 60% ~ 70%, FFEE ), XF RS AL e
BEALPE, ZEFHIAE A 5 101 2 35 0.1 mm (9 FH TG
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JEARIRA, BB, PRI, IR
30 ~ 40°C. Ab¥E 30 d JEHE AR R, HEK BT
OYERAS I, — 3 ~ 7 d BDET A, 225 HAAE
PR 2 > AT
1.3 B3R R

A3 B F AL PR, Ab PR S $E S o5 BORE R R 4R
0 ~ 20 em HF)2 138, K&/ DNXSAHEHRA N1
AMRFRREH DN BRAL YD FRAR AL BRI TS A | B
N, PHEREESELRE, —iaA%RKNTE S
it 2. 1 H10.149 mm G H FIE - pH (. +
BEAPLIT . PR, AR AR SR
P YERR, 5380 1T 4 CUKR IR Y, JRgk
FHT el 15 4 A
1.4 R I e

+HEpH, TR AT, R . AR,
SRR S PR e (MR AR ) P vkt
TP s 14 L ENREG . RERERG . o Sk S
RS A (L M sk ) o e
1.5 A8 AR B A5 2 0

EEIE R VISR SNE B SN iET
e, A RACK RIS UE T, AT G 20 0k
B, IWE KRR RGBSR . 54 B
() 7= B i AN N SE I e i, LS /NI Sk B B
R, IR/ NN S YR b B A R AR
PREETE 1SR I 4 9 Siemens 25117 (Y
4oy AR UEAT 3G 0, WHMBFRM; 1
Gr, ARMh EURRE TEMIAR I, AR R 5 AR R AR
() 1% ~ 25%; 2 %, FMR A RME, MR
Mg SR R AT 25% ~ 49%; 3 9%, FARE
AP, ARG SRR ST 50% ~ 75%:;
49, FMREARMEE, HRMWEEE SRR
75% VA |

RIRH . ITE R BRI BA R 43 il LU A
8.
_ RIEREL

K%)= T x 100 (1)
et o E R HREC < AR
R == B < e

(2)
(mﬁ AT B j
. b gt
AR (%)= L T e X 100(3)
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1.6 BlEgeitirtr

B R Excel 2016 TTHEE ShriEz, H
SPSS 26.0 #F47 HLIE K Jr 22 43 il LSD 1k 2 8 Hh K
o B Ab B R) 9 22 S S PR (P<0.05), FF4r AR Jib
SRR AR B PE R Pearson AHGHE, R
FH Excel 2016 & Origin 2018 il M 24

2 RS54
2.1 AN[A] A R AR BT A 3 7 AR G 2 96 2R (1)

A

55 CK1 4b P AH e, BS. SS_RSD. BC. DZ 4k B
JEEEM T ARk AEY R (R3), Hp
SS_RSD 4k P i 11 25 A= ¥ i 19 R B K, 3K 20.65%,
H YR N DZ b PR, 38 0F 19.57%, BS Fl BC 4b B 43
S 1T 5% BARR A ) R 3 N 13.04% 1 3.26%. BS.
SS_RSD. BC. DZ &b B3 fin 7 11 3% 50k o b 55 fif
0, W0 R 13.48% ., 22.47%. 3.37%. 21.35%.
BAFRIEIN T (SRR T R AT R, H
SS_RSD &b PR 15 171 5 A= 9y 77 18 P28 55 77 1t 43 il
8N 24.25% F1 22.47%, DZ Kb FRAE 15 138 4 977
T FINZE T 7 43 ) B 18.74% F1 21.35%, CK2,
BS. BC Ab3 524 97 i P28 U5 7 £ i 38 i 43 )
J1.71% ~ 19.90% F13.37% ~ 13.48%. 5 Fkb
FHEXT 1138 7™ 5k () 5% 1) 5 55— R I AH [R] A a3
5 CK1 4] t, CK2, BS, SS_RSD. BC. DZ 43 i
i SRR AR )RR 2.20% ., 13.19% . 20.88%
15.38% . 20.88%. %EZLWIH: 1 EALFRJE CK2, BS,
SS_RSD. BC. DZ &b B4 CK1 4b P24 2 5 11 3% 7=
i, i SS_RSD Ab X 13 AR 1 i MG iR e K
ik 27.96%. DZ. BC. BS ZbI[ASEA ) B A48 s
Sy 25.51% ., 14.26% . 13.19%, H 4b¥i[E] 22 5%
Pk B K. SS_RSD AbFREE CK1 AbBRAT 4 32F
IR N 5 - i 28.77%, HaRk o DZ AbHR,
PE 24.19%, A A BN 2R S5 A N B8 U
EIIEN 2.64% ~ 13.98%., 250K, HLLME
AL PEJE, SS_RSD Al DZ Ab BH 45 HoAth b R i 25 42
T SR M i H AR R E

5 CK1 4 ¥ AH HE, CK2, BS, SS_RSD, BC. DZ
AL PRI REAR T I SRAR MG R %, R S AR i
g AR, A% A BHGE 1 S AR e B U6 ROCR
B # AR %5 — #E M SS_RSD>DZ>BC>BS>CK2, 4
- #£ 4 SS_RSD>DZ>BS>BC>CK2 ( 4 ), H i,
SS_RSD &b 3 J5 11 3% # b s & 6 % R 20.00% ~

S
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£33 AELENAEHEER =M

IR (ke/ BR)

74 (t/hm”)

e AW R s Ay e %iﬂ)ﬂgim
Bt CK1 0.92 +0.10a 0.89 +0.11be 0.03 +£0.01ab 114.14 +2.70f 109.07 + 0.30e —
CK2 0.78 +0.18b 0.74 + 0.18¢ 0.03 +0.01a 116.09 + 2.70e 112.79 + 0.30d 3.41
BS 1.04 +0.07a 1.01 + 0.06ab 0.02 = 0.00ab 131.34 +2.67d 123.77 £ 0.67¢c 13.48
SS_RSD 1.11+0.11a 1.09 +0.10a 0.01 = 0.00b 141.82 + 1.53a 133.58 + 0.88a 22.47
BC 0.95 + 0.05a 0.92 + 0.05abe 0.02 = 0.00ab 136.86 + 2.64b 112.75 + 1.20d 3.37
DZ 1.10 + 0.06a 1.08 + 0.06a 0.02 = 0.00ab 135.54 + 1.76¢ 132.35 +0.67b 21.35
B CK1 0.91 + 0.04b 0.87 + 0.03¢ 0.04 +0.01a 116.08 + 1.02f 111.32 + 0.89f —
CK2 0.93 + 0.09h 0.90 + 0.09be 0.04 + 0.00a 119.23 + 1.65e 114.26 + 1.49¢ 2.64
BS 1.03 +0.11ab 0.99 + 0.11abe 0.04 + 0.00a 131.39 + 1.68d 126.67 + 1.09d 13.79
SS_RSD 1.10 £ 0.10a 1.07 +0.10a 0.04 + 0.00a 148.54 + 1.68a 143.35 + 1.06a 28.77
BC 1.05 + 0.04ab 0.99 + 0.03abc 0.05 +0.03a 132.54 + 1.01c 126.88 + 1.24c¢ 13.98
DZ 1.10 £ 0.05a 1.04 + 0.08ab 0.06 +0.03a 145.70 + 1.67b 138.25 + 0.87b 24.19
T R 3 KW M = Brfeits IR TR E R B (P<00s ). MATHE LR A E, FH.
F4 AENEIEERMFERZFR. HIETEHFBEROZMm (%)
e Yok P BrE
Bt CK1 90.32 + 0.08a 61.30 = 0.06a —
CK2 75.00 + 0.43h 5736 +0.31a 6.42
BS 69.00 + 0.07¢c 47.67 +0.10b 22.24
SS_RSD 23.33 +0.10e 14.17 £ 0.01d 76.89
BC 5433 +£0.17d 41.89 +0.20c 31.66
DZ 16.67 + 0.10f 14.17 + 0.08d 76.89
HFE CK1 80.00 + 0.05a 60.42 +0.08a —
CK2 61.67 +0.15b 49.17 + 0.05b 18.62
BS 35.00 = 0.05¢ 28.89 +0.12d 52.18
SS_RSD 20.00 £ 0.13e 12.50 + 0.14e 79.31
BC 45.00 +0.10d 31.67 £0.14¢c 47.59
DZ 26.67 + 0.08e 13.33 £0.10e 77.93

23.33%, DZAbHLJG [ SAR I & 0% % R 16.67% ~
2667%, 5 CK1#H L, SS_RSD. DZ &b ¥ 43 5| {5 1
SEAR M & 52 TR 60.00% ~ 66.99% . 53.33% ~
73.65%, i 18 $5 B0 0 B AR 47.13% ~ 47.92% .
47.07% ~ 47.13%. CK2. BS FI BC &b BE [ 3¢ AR
Ji I & 9 R 5 CK1 4 1) %A% 15.32% ~ 18.33%
21.32% ~ 45.00% #135.00% ~ 35.99%, fdi (13

I I HE E5 4 BIEAG 3.95% ~ 11.25%. 13.63% ~
31.53% M1 19.41% ~ 28.75%. #AbFRFIFETREG 45
FEB IR ISR LR B0 B AR R A 48, SS_RSD .,
DZ A FXT 1SR s B A SR e by, 56— 2R
T RERTIA RIS B N 76.89% . 76.89% i1 79.31%
77.93%; LUk K BC 1 BS 43, BC AbFRES—FE
55 REXT 1 SEAR i 1 B IR AR 4300 R 31.66% F
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47.59%, BS AbBREE—FE IS AT 11 SRAR I 1)
Bi7 VA RUCR A3 B 22.24% F1 52.18%; CK2 AbFRXT 1
SRR PR R BT IR RO, S — AR 55 R
6.42% F 18.62% .
2.2 AN[A] 3R X A 3L T 5
&S al AL, 5 —3E AP, SS_RSD.
BS. BC. DZ AbFEAH%E CK1 &b FE + 3% pH WS 3 T
K5 BS. SS_RSD &b 3 + 54 HILJot & 2 AH %L CK1 4b
R4y ) & 2 80 18.32% . 47.56%; BS. SS_RSD,
BC F1 DZ Ab 3 - 3 4 % w AR CK1 Ak 343501 1
h18.52% . 47.41% . 14.81% F1 18.52%; SS_RSD 4b
T A S R S B CKL AR TR ) 10.00%, CK2.,
BS. BC F1 DZ &b B J5 1= 58 A7 0k & & A B F%;
CK2. BS, BC., SS_RSD. DZ 4b P + HE 5 it 2.
OB S CK1AH TG B 3 25 55 B BS A1 DZ 4b
FE AN, CK2. SS_RSD F1 BC A4b 3 + 38 fi G R AH %5
CK1 Ab ¥ 43 51 B 11k 142.61% . 23.93% Fi129.17%;

5 CK14h #2 A0 Eb, CK2, BS. SS_RSD. BC fil DZ
Ak B A 18 AR AR I T A7 4 0l B AR 106,17, 109.73
11940, 7623 F191.13 mV. &5 &+ S, &%
Ab P A 58 pH . AR RS B S CKIL AL AR L 22
SR 2 BS, SS_RSD il BC 4b B A e L &
AR CK1 AL FR 53 51] i 25 38 1 40.84% . 65.50% Fl
15.54%, CK2 4b 3 1 58 47 HL 5t 7 4 AH &8 CK1 Ab 3
FEAIK 19.25%, DZ 403+ 3EAHL & & 5 CK1 Ab 2
A H B % 2% 55 BS. SS_RSD. BC Hil DZ &b B +
I8 4 RS BEAR AL CK A0 B 43 591) 5 255 48 41.02%
98.95%. 15.79% #1120.00%, CK2 &b ¥ 1 3 4 & &
5 CKL AR W 2% 25 5 BR BS F1 DZ &b 3 4h,
CK2. SS_RSD Fl BC 4b # + 3 Hi, 5 >R & CK1 A4b B
43 W) B K 145.58% . 28.39% F1 50.75%; CK2. BS,
SS_RSD. BC Fil DZ 4b ¥ + 3 5 4k i Ji | 3 8¢ CK1
Ab B4y B B {% 88.00, 116.03, 120.60, 74.97 Fil
104.83 mV.

£S5 ARELEI B FRARIPRH L IREL R

Ab3 pH & FAHUR (gke) 2F (gke) BFER (mgke) ARWE (mgke) HRE (mgke) HFE (uSem) FALLEHEAL (mV)
H—FE CKI 738 +0.05a 27.02+298c 1.35+040c 217.00+37.04a 145.13+£17.03b 271.11 + 15.88a 74400 £ 0.57bc  63.50 +3.70a
CK2  740+023a 2047+445d 1.02+0.70d 193.67 £29.14a 10545 +2596cd 283.29 + 9.68a 306.67 £0.0le  —42.67+15.11ed
BS 6.88+0.11b 3197+1.50b 1.60+023b 203.00+2425a 121.90+55.13¢ 30995 +40.50a 1035.67 £0.39a  —46.23 + 13.36cd
SS_RSD 735+033a 3987+290a 1.99+006a 217.00+21.24a 159.65+22.87a 281.88+35.34a 600.33 £0.19cd  -55.90 + 18.42d
BC 698 £0.26b 31.01 £2.22bc¢ 1.55+0.11bc 235.67 + 8.06a 11343 +7.65¢c  285.34 + 54.08a 576.00 £5.19d -12.73+10.51b
Dz 692+0.18b 28.69+2.19b¢ 1.60+0.06b 21233 +16.17a  100.61 £40.18cd 242.52 + 51.60a 753.00 £2.52h  -27.63 + 6.63bc
A CK1 710+£0.11a 38.03+2.10d 190+0.02e 11853 +1545b 131.14+£7.17bc 47421 £11.82¢ 704.00 £ 0.01be 5930+ 1.67a
CK2 7.13+£0.24ab 31.89+4.0le 191+0.04e 10827 £24.56b 126.04 +26.36c 436.11 +36.77c 286.67 +0.03e  —28.70 + 0.03c
BS 7.15+£0.04a 5356+1081b 2.68+0.11b 14747 +£10.38ab 138.00 £26.46h 624.81 +45.34a 975.67+£040a  -56.73 + 0.03e
SS RSD 7.69+036a 6294+18.16a 3.78£0.06a 159.60 £2622ab 14692 +2.85a  582.69+1798ab 54833 £0.19cd —61.30 £ 0.01f
BC 720+0.14a 4394 +1492¢c 220+001d 12320+1940a 14750+2.50a 509.12+61.98bhc 467.00+0.73d  -15.67 +0.04b
Dz 6.890+0.04b 38.07+893d 228+00lc 130.67+36.00ab 12991 +4.68c  488.06 +69.43¢c 723.00+£0.63b 4553 +0.13d

+3EpbEa], HEEEELE 22.0 ~ 305 CZ A,

SR R 26.25°C, BN IRBEAE 22.03 ~ 62.17 C
Za, SETEREE R 42.10°C, AS[R]Ah HOFE- 35 4 e
JE M MR AR A SS_RSD>BC>DZ>CK2>BS>CK,
AN [R] Ak B 357 JEE T 3 A 5 B AR IR By SS_RSD>
DZ>BC>CK2>BS>CK1, X 4% &b B A 58 i B A
R SEATWEIN, Bl — K Y R A
8: 00 ~ 18: 00 BBy R, SS_RSD ZbHAE—3E
FERE ETbR T AR, JFRER T RS R IR
Begmstial (K1),
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2.3 N[F AR B A RS M A

125 RSD ALBFRSS,  BR REBE G A E AL A B
G, TR T A B R Il 9 2 A A B X o b
(£6). F—H LA, SS_RSD 4bHT 4 1 fix
il | TR TR TR 14 0l CK1 AR FEAY 3.64., 2.24
5, BS Kb P A SR . R A R M A R T
Oy JE CK1 AR BRAY 1.61., 1.15 F11 1.29 f%, BC Ab3
- MR AN R R T 1 A B B, (HS CK1
M ZES AR E; 5 7 A5, SS_RSD 4
PR A SR . PR Wl R TS 1k 9 ) CK1 AR 3R

S

(T
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448, 2.00 f%, BS AbFRA-IENREG . FPRUEBEIRESIGYE  BRRRESTEMEA TREAR, HS CKI1 ANEEA L 22 A
A3 JE CK1 AL B9 2.48 1.54 %, SH—FEMEE — B3, M DZAPSE, IEDREE . REMEEEA Ak
16 CK2 A s, 3 S b A Hﬁé@ﬁ TERERE . EEESEIRT CK1 AbFE,

32.00 . 70.00
31.00 65.00
30.00 — 60.00

3 29.00 6 55.000

2 28.00 < 5000t

% 27.00 7 ;%(45 00

-+ 25.00 % 35.00
24.00 30.00F
23.00 25.00

22.00 =
8: 00 10: 0011: OOHITZ;U (20544:630)15: 0016: 0018: 00 2000778700 10 00 11: 00 12: 00 14: 00 15: 00 16: 00 18: 00
RSN HEZ) (B 43)
= CK1 ~+-CK2 =BS ~SSRSD +-BC =+ DZ % CKI - CK2 —& BS —#-SS RSD —-BC —+DZ

B 1 TEAEEREF 8. 00—I18: 00 FEETIERE (a) REETEE (b) T

Fo ELMATEAIEY T IEEEE RN

e IRt HEG FuE ety Tk i
[mg/ (g-24h)] [mg/ (g+24h)] [mg/ (g+24h)] [mg/ (100g+24h)]
1 CK1 0.28 + 0.05¢d 4.01 £0.01¢ 0.64 £ 0.10a 0.21 £ 0.05bc
CK2 0.25+0.01lcd 3.91 +0.0lcd 0.55 +0.19b 0.17 £0.12¢
BS 0.45 +0.02b 4.60 + 0.03a 0.56 + 0.16b 0.27 +0.03b
SS_RSD 1.02 £ 0.05a 3.83+0.01d 0.37 £0.37d 0.47 +0.08a
BC 0.30 = 0.02¢ 443 £0.07h 0.46 = 0.30c 0.25 = 0.04b
DZ 0.21 £0.01d 4.02 £ 0.02¢ 0.50 £ 0.16bc 0.14 £ 0.02¢
I CK1 0.27 £ 0.02ed 5.12£0.10a 0.61 + 0.05a 0.26 £ 0.03¢
CK2 0.21 £0.03d 4.99 + 0.05ab 0.57 £ 0.04ab 0.36 + 0.10bc
BS 0.67 £ 0.02b 4.49 + 0.04bc 0.50 + 0.02b 0.40 £0.12b
SS_RSD 1.21 +£0.01a 3.47 +£0.01d 0.35+0.01c 0.52 +0.04a
BC 0.31 +£0.01c 4.78 +0.02b 0.53 +0.01b 0.35+0.01bc
DZ 0.22 +0.01d 421 +0.0lc 0.49 + 0.01be 0.39 +0.07b

2.4 HHERAEVERR S AR . BRASCRIABIAARSENE SRS R R AR AR A R IR Y TR
Gaxii b, A3 S I A7 AT 156 B Ach P o R v 1 2 1)
FIEPRACPE RS SRR MR AR e TE TR R LIRS e, AL RS R
FIPTARRA R (7)), pHESAYUR. B R B E IEMX, SBESCR R B ¢
RO R B E LA, SPEmRME LR, W (P<0.05), RIS bR rAEAR, KIm Rows
FEECE BENASE (P<005); AYURSEEENE  BER, BiiAScRsls; ARmE 5 mrEum s
FIEFHE (P<001), AL SAMRERAL, B HREFIEMHE (P<005), ILAh, TR, HEvE
BROR R B EIEAHG, SWRMEEREMENTE . A ER. PRYERERREG S A R e
B EMAHC (P<005); FALR AR MR EL PR SCR A DCHE R I B £ KF (P>0.05),
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x7 TEBUSRBE. BEREREHEXES

pHIE AW 2R WA AR s %M‘f ikt e ﬁ%ﬂa ﬁ&iﬂ;& Y3 S ki G NGRS E
JEHLA Al [icd
pH i1 1
AP 0592 1
Ko 0092 0818"
AR 0331 0296 029 1
AR 0120 0068 0068 0164 1
HEEE -008 0107  -0.107 022 0227 1
FALAERAL 0097 0664 0019 0114 0406 0061 1
Jigiit 0196 0402 0402 0191 0318 0294 0132 1
Tt 0448 0075 0075 0265 0029 0153 0041 0447 1
WEAERE 0382 0105 0005 0112 0299 0067 -0082 0573 0397 1
FRVERSTRE 0143 0065 0065 0228 0394 0759 -0072 0116 0388 0311 1
KIRH 0577 -0617" 0217 0.021 0358 0117 064~ 0214 0359 -0095 0.005 1
JEIHFEEL -05917 -0598°  —0298 0200 0217 0201 0507 0338 0070 -0316 -0.155 08127 1
DREREN 0595 05157 0315 0241  -0229 0215 -0514 -0306 -0055 0267 0.178 -0810" -0991” 1

TE: 22T = PR BUE S 3 3R A B e RV BT 5 SR A %

¥ FORTE 0.01 /K- FAISC .

3 it
3.1 RSD RER & B P S0 g 42 0 6 5 3 i

S

VEW P U AR I 1 s 28 B i 2 A o 1 4
KV J7 e A 2 A G2 A W 3% 1R B b 1 o B4R
fiE U Lin 28 BFSY & B0 RSD b FRLUS E FRAK
TP A 250 & R IR S T PN . Meng
2 20T BESE R P RSD AR FRS BEAR E T AR AR W
HLOEEEM R, ARG RS 8, KA
RILRSD ARSI AR oG 19 & % . LT
TR S5 —FE LIEAC BRI, SR R R R
fI£ 21.32% ~ 73.65%, H:4)7= 5 A UF = m Hn) 1R
404 B35 1.71% ~ 24.25% F13.37% ~ 22.47%:;
BH L EAARE, PSR MR R e R R AT
35.00% ~ 60.00%, 975 2T = B e
W& 3 33k 2.71% ~ 27.96% F12.64% ~ 28.77%, ™
A PR R AR i 2 9 AN /80 11307 1 R Bl
G LS ER
3.2 RSD REMcE HIERIfb 0, 20 IR S

LA INA HLYE R UK R, RSD o] LUIAE RS
] P 2 AR A L R R, LS pHAE . AR
PR ANFR A S i 2 R FH ()R 45 R
B, RSD ZbBEARTE T HHEA MR, 2%, 30
FEER i, BEILT A SR A A S LA
RSD Ab B - 3564 SOu s in i I R o] BE A AT B
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TR R RO e, AT AR
Kbl VRINTERD B T A NUR AR i,
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SR, RSD ARG, A USRI R o ik i 3
S| D I o L S R eV R e =T e
HA A HL RS T RSD AbBRAGHGE Fp A 25 45
w1 B s #E RSD AMER, B Rk
AR AT REPI G T AR b TR 0 A= AE O 1, DA
3 o RIS [R) SO 9470 T It A T o L i S A4 ]
B S B SR IS 6 R R WA SR 22— T
3.3 RSD A4 HL3E S 0 AT 5%

B RIF SR 4RGE 2B, RSD AR HLEL ] fE
A FREIREE . LR, Bk B TSR 5 LAY
TSR RIS SR R 0 SRR T R T
SEEVELTH , P00 O S5 A v 7 R 2 ) IR AR B
ESHHTET . BTN — T ik 5
Kb T T B A AL A R Lt S ) b R 4 —
AR P, BRA I e R Bk,
5 53 AR LA ML R 5 A i A PR A O
AT LA I L v i A WL &, ISR Eh TSR
TEACAE AR G E e 4, ol il 285 BV TR 7K 1)
TRZ MR O A, A LR Tt R S
RSD AbBRACR I LM R 22—, A5, Bl
19 FH 2 b 57 TS ) ARG 2SR VR WA o kA
HMLPIRE, 455 % B G BRI [ AL B8 SR A VR VR R
WHE, X —Z5R S FERERE T xsmam g
FREER—E, WERG PR SHHEZ LRSS
AaMEREK TS, REPHEZR L EEMEY
o AR, IR ML RS HEE KR
Blaahis TS, fEERN L ZE7EER R
A s T AR EZ R EE R . ARG
BRI FRCR M EE R R —, Hi s
AR AR, R R
25 4 R TS Y A0 A ML R e P N R
TS ] R P ] A E i N K 1L RSD &b
FRAE 3 75 0 R 4 v B AL PR R A b, Ah P A ) —
M2 ~ 4 F8, WA ZARIRE TS AT LAGE i I 2 4
Kb PRI 1) W AR BT 18R 7 1E RSD Ab BRI AR
H U KX AR TR T TR A T ERIVERT, (HAERERD
IR BEAT R Tl T Y, ASBIFSE s R
2L 2 R, BB s K T A X 1 S AR e
R BTG RCRAEE . RSD A3 AN A= W 7R85B 9 kS
k3t R AL B S A T RS B I L SR A
T3 % BB A ) A BT (1 SEAR RGBT VA BURAS
e, XTTRER N N A HA 2 ALA5H, (EAb R
TR R BETE IR Z i S5 45 10, Ik, 7E RSD

AbEEAR, AW SHERE . IR P RAR A 5]
REZ— R Al RpE . PRBTACHE . TH IR S 15
WA DAL N DR AL PR A v ™ A 8 2 A A A
FREE R RSD AN FRAE AL BR B L R |
ot LRI . A E B AL RS ik 5
5 HELAT R Rgcs . ASBRIE T A ML
PUREXT FR AR B R —E A ARCR , (HILET
IARCRBE 7 Bt H 2 5 i s m, — 7 RSD Ak
HUREORIRE 5% T T AERHEE SR 2 01, A
BLYHAE P AR R AT LR 2 K 5 AR A IR 12
AR B R LB AT 15— AP TR AW SE, PASRAS:
FLESE P T AL SEPrA T BIBIR B

4 Hig

AT 5% 38 o X6 S [ A 18 B O SR AR
s 1 B TR AR, R B I 4 PR AE TR 5 3 i -
AbF (SS_RSD ) X 2R i b7 7 2R A 1 HAth
AEFR, 3K 76.89% ~ 79.31%, 33 H G K R
K[ K 60.00% ~ 66.99%, 77 5 W 24.25% ~
27.96%.
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Study on the control effect of reductive soil disinfestation on clubroot disease of continuous cropping Chinese
cabbage

ZHANG Zhi-hao', XIE Guo-ling ', WU Liu-tong', XU Quan-jie', ZHANG Yong-hui’, ZHANG Ji-lai', LIN Chun’, DENG
Yi-shu*, ZHANG Nai—mingl’ > SU You-bo " (1. College of Resources and Environment, Yunnan Agricultural University,
Kunming Yunnan 650201; 2. Kangle County Agricultural and Rural Bureau, Linxia Prefecture, Gansu Province, Linxia
Gansu 731500; 3.
4. College of Architectural Engineering, Yunnan Agricultural University, Kunming Yunnan 650201; 5. Yunnan

College of Agronomy and Biotechnology, Yunnan Agricultural University, Kunming Yunnan 650201;

Engineering Laboratory of Soil Fertility and Pollution Remediation, Kunming Yunnan 650201 )

Abstract: The purpose of this study was to explore the reduction effect of reductive soil disinfestation ( RSD ) on soil
barrier factors in continuous cropping of Chinese cabbage, and provide a theoretical basis for enriching green, effective and
environmentally friendly control strategies of cruciferous crops. Six treatments were set up, including blank soil without any
treatment ( CK1 ), soil only flooded and covered by film ( CK2 ), adding biogas slurry RSD treatment ( adding hiogas
slurry to the soil to the maximum field capacity and film, BS), adding soybean bran RSD treatment ( adding 20 t/hm’
soybean bran evenly to the soil after irrigation to the maximum field capacity and film, SS_RSD ), biochar repair (5 t/hm’
biochar was evenly added to the soil and then irrigated to the maximum field water holding capacity and coated film, BC),
cotton dragon fumigation (adding 0.5 t/hm’ cotton dragon evenly to the soil, irrigation to 60% ~ 70% of the maximum
field capacity and film, DZ ), and the changes of incidence, yield, soil physical and chemical properties and enzyme
activities of cabbage clubroot under different treatments were compared. The results of two consecutive trials showed that,
compared with CK1 treatment, the yields of CK2 and DZ treatments increased by 1.71% ~ 2.71% and 18.74% ~ 25.51%,
respectively, and the incidence rates decreased by 15.32% ~ 18.33% and 53.33% ~ 73.65%, respectively. The incidence
of BS and BC treatment decreased by 21.32% ~ 45.00% and 35.00% ~ 35.99%, respectively, and the yield increased by
13.19% ~ 15.07% and 14.26% ~ 19.90%, respectively, compared with CK1. The control effect of SS_RSD on cabbage
clubroot reached 76.89% ~ 79.31%, which reduced the incidence of cabbage clubroot by 60.00% ~ 66.99%, and
increased the yield by 24.25% ~ 27.96%. Moreover, SS_RSD increased the contents of soil organic matter, total nitrogen,
available phosphorus, and soil urease and phosphatase activities. Therefore, RSD is an effective measure to rapidly reduce
the continuous cropping obstacles of Chinese cabbage and realize the healthy and efficient utilization of soil resources in
facilities.

Key words: reductive soil disinfeastation; cabbage clubroot disease; yield; soil physics and chemistry properties; enzyme

activity
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