FYA3 273 Journal of Plant Protection, 2022, 49(1): 325-335 DOI: 10.13802/j.cnki.zwbhxb.2022.2022822

KETIEEZRBESE 60 EOM

e XA FOE OBAL INE FEE'
'O AKkm' H Ow°

(1. T ERFFEBE AR IS A, JEET 1001935 2. db4 &R E L AR ARG .G, E 071000;
3. B P F AR AR R A BT QU A BA , JEET 100029)

BE: ZAAMERENLET20H#260 FREXRB G A THRILETERGG S, B T2 25
WM ARG AR AT R, M2 S AN AL Y BREANEAA NS LR ER — W R 2—H

S5 R, RTIRHRREARR T RAL TR T RE L TR AW F T, A LIE
FHEREE LU R FE A REIRELS R FE AR SRR 2E R, LI TR
H AR BN R R R, K E LR S A ENEm A, ARB R R R ENEETIE.

KEER : LIE TN & B TIRBEREA; DETELRD £ A LI TEA

Review on 60 years of soil fumigation and disinfestation in China

Cao Aocheng' Fang Wensheng' Li Yuan' Yan Dongdong' Wang Qiuxia' Guo Meixia'
Huang Bin' Song Zhaoxin' Jin Xi’
(1. Institute of Plant Protection, Chinese Academy of Agricultural Sciences, Beijing 100193, China; 2. Hebei Technology

Innovation Center for Green Management of Soil-borne Diseases, Baoding 071000, Hebei Province, China; 3. Modern

Agricultural Industrial Technology System Beijing Fruit Vegetable Innovation Team, Beijing 100029, China)

Abstract: Dazomet and chloropicrin were used in the control of cotton Verticillium wilt in China in the
1960s. Although the fumigants have a certain control effect on soil-borne diseases, they had not formed
a large-scale application due to the lack of application machinery, relevant standards, application meth-
ods and communication with developed countries during this period. The extensive use of fumigants for
soil disinfestation in China began in the 1990s. With the import and wide application of methyl bro-
mide, soil fumigation ushered in a new development in China. With the enrichment of soil fumigation
technologies and theories, the successful development of machinery, and the wide application of social
service models, soil fumigation has entered a rapid development in China. A large number of profession-
al service organizations had been established, providing strong technical support for the green control of
crop diseases and pests in China and the implementation of the rural revitalization strategy. This paper
reviewed the development of soil fumigation in China from three aspects: the types of soil fumigation
agents, the development history, the establishment and clarification of basic theories, and put forward

the new prospects for the future development of soil fumigation in China.
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Agricultural Materials Supply and Marketing Company of Shandong Province; b: liquid injection applicator, developed by

Beijing Jiexi Agricultural Science and Technology Co. Ltd.; c: large solid and liquid applicators, developed by Beijing Acad-

emy of Agriculture and Forestry Sciences; d: precision solid powder soil disinfection machine, developed by Beijing Agricul-

tural Intelligent Equipment Technology Research Center; e: liquid coating all-in-one machine, developed by Beijing Jiexi Ag-

ricultural Science and Technology Co. Ltd.; f: straw returning all-in-one machine, developed by Chunhui (Shanghai) Agricul-

tural Science and Technology Development Co., is an original innovative solid-state application machine.
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Fig. 1 Soil disinfestation equipments
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B9 15 P, 2018 4F: AITC 1 2y 1 438 58 2% 5 7 v [ 4
(CRERTan
245 ARRAREHESL

R T ARIE AL FE 1 B A RO IR A S R
B, B AR TR E AN B 2 B A ) O A E
FEITH LA KRB R T Sk Mk 8 e i A

FAME HGE TRl b bRy, 54

RS BRIy

3 HERFHSEMIEILHE SEHR
Zaid JLHAF IR I , RS T A A

AT R FREZE A A R RO RS
T IFEFR AL S ARG LA T A T
HRHE .
3.0 EEFIHIETR IR R ERSEA A
RN Z RN FACE Y FE TR, %
2w W — M JL/hAF 2 JL RN . W Han et al.
(2018) & i DMDS £ -+ 3 it [ fi > 5 W 7 0.75~
7.88 d =z [8) , 17 HL7E H e s A 1 18 o 1 o i ok 6
FH, BINA HLT BEV 2% DMDS RYFEAR . I3 IR
JEE S 25 T B 7 R A A Ao, R A A - 48 )
R B A A M K e B B T R TS i (Fang et
al.,2018a) ; LI 7E 0~35°C T BBl Nl 5 355
JKEETE 10% LAPY , DMDS [ fiff 180 % fifi 5 e
Ko oK W Tt s i e, 5 22 - 3R B R A 35°C sk
T T KT 10% i, FERE A R AR S A
B & (Han et al., 2018) . AITC Y [ fif 2 % ) 78
12.2~71.8 h2Z [H], Bfig b s 015 1 90 80 AU & i S
L 3R 2 AN 3 IEAH DG OE &R, 5 3 pH AN
AL 2 (6] 5 A 5C (Liu et al., 2020) . A4
IoF figp e T 2 561 % i 1 R B AR AR, o B R IR 60%~
90% , 4t AITC 7 [m] - S5 v (0 S 2B A e e it o A
fi 1Y 67.67%~89.73% (Liu et al.,2020) . +1Ek B
RS A 26 b d o e e RlE] 6 5 53 T I T
A7 K A=) e Y REAR E ATTC At , I HL I fife ik
SR A VS 0 A B ARG 5 S B AL 254 i AITC
Rof At , 8% i AL R I 2 A T P B4 T AL, L P -3
KA 5 (Liu et al., 2020) . 32570 5 25 520
DMDS 7 T gk & B DL GE B, 1 DMDS
TERDEE + DL R 218+ rh i RiUR 5 (15% ) S 3 & T1E
A Rk B (7%) , DMDS TERME + rh R fig
Jifc, B R TR MO+ Tk
(Wang et al.,2018) . DMDS 7& + 3 /1 1) i 7 E
5 gk W UG HaE R e bl R
7K & B T TR (Wang et al., 2018) . R T 0d 2>
FEZEI A A RO, T SR AT o AR R A )
R SR L S PR AR B 2R R L . U Wang et al.
(2019) W 5% & 3 A 18 3% 1f 75 A5 T LAk 20> DMDS i
KE1590% L) F ., Wang QX et al.(2014;2015;2016)
TFF 5% 45 3R W - 498 3R RIS I 2B W i e i/ A
MITC 11, 3- AR H# 90% VL ik &, — )5
AR E 5 1) B RS SRR R A A RN
FEAERERRAE L, 53— AR W e B I RFL X EE 2
TR 7 W2 R T I ik 55 VA A P 287 T i 2 Bl 2 )
1] KA 9ki% (Fang et al., 2016)
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3.2 BENTIEREYETER BN LS
DA CELTA AR AU T F R EH . BRTE A
VR R B EE 25 R 2 PRSI h AR bR A=
VAN oA A B TR B R . A R B S - R A TR
SV D 50.0% , FLIR A 87D 58.8% , AR T L i
ik 71> 8.5% (Parthipan & Mahadevan, 1995; Wang QJ
etal.,2014) . HH/, Ak EZE R 10 25 1 04 480
52 (B E T Ak, W AL IR Pseudomonas Y N
ik 70%(Ridge, 1976) . 14 (2012) W52 % W
MR ERAR T LERUEY M 2, A AR B
DMDS IE 7% J i A= ) 2 FE 14 £l Shannon 54K
Simpson 5 51 McIntosh 15 55 %548 111 P4 52 ) 45 K
FEAMH . Ibekwe et al. (2001 )t % 38 48 Ak 17 FE 25 %F
T I YRR I AR A 60 do i HLLi et
al.(2017a,b) >k i i 52 0 PP HoR 0 2 LB 75 f5
- B A A MR 2H AR SR KT s B3 S B (
operational taxonomic unit, OTU) /K A4 T i3
AR RS R R A MR A SR
Hil/E T L {H Liu et al. (2015) W7 2 B 3 40 il 55057
ARSI T, A B AE IS 01T LLB R 5 20t
WA AT DL AN R TAR S AR W2 T Brd 2 81
ROF Y 2FBR  YE B 3R 28X Ut Wi %
SR RN ZFEEA AN [ R BE B 52

TR 2 R AR A TR IE IR
e A IR S A i A R X S A BT
IR s S LA A AL A S IR AT
PO s -2 e R 7 N BB Fid N
3.2 FARST LB A IR GG 7 ve B E AR A A S AU

WF9T e I A5 SR 25 A I E 1 A bR
BB 2 1t e CH, A CO, HEC i , L& i i 3 i 5 +
BEREIAT O . e (2020) F1) H %E 2 PCR A
% BB 7% 0 2 PR T 35 pmod FER W) £ {E X
merA FER B =F AT 5 520 5 181 22 FE R 24 24
RTE DNA K43 B A A TR 75 B 10 35 PRI
pmoA BRI RETAE Y i ZFEE A2 RE | Rt 2
N5 merd D RERA P Z FEE RN B, 3XFh
ZRSE T E )G 3 CH, /AR e K TR,
P 2E 35 CH, ARl & 1G5 38 0k 23 5 s 4l R
TE RNA 7K — 2 [ W] B 28 34 i CHL, HEC BILER,
FKUIEAW 2S5 HA G T CH, At %, e
JEINH T BB IR A AR N 2 A RIS CH, E AL
Sk BT RS o AR Y O B T B 3 ) pmod/mmox
(FPKM {H 10 210—0) Fll mdh1 (FPKM {H 278—0) fi%

Fi8, AR IRH] T 7 CH, i R 1Y H JL 24 a4 (H
J& CO, I 5™ CH & f2 R il o oo 22 53t
SE T HEAJE CH AL S CH, A i R AP
SO R CH, FLIHAERY 2, DATIARR X 8 i 1™ 43
CH, 1JHEAL .
322 EAXRIE R AR I E Y F AR
R KRN DR SRR (AN - T AN |
e 7, A 3 2B 28 X AR I 21> il 7 A B
Wi Q&AL AR 1, 3- TGN T 2% ] P
FEAL T REA T RESE A B9 F B2, 434 nifH . AOBa-
moA .AOAmoA .cnorB .nxrB .napA .qnorB .nirS .nirk
LK nosZ 5 5L, #H )2 AITC H1 DMDS X AU i 78 1)
AE PR 2R A 0 VR A 55 FLAR P9 2% (Fang et
al.,2018b,¢;2019a) . {H 4 FZEMHAMER S , HRER
AW B B S BN IROK - (<59 ), A=Y
WO 5 SPGB D) . BR 1,3- 5N
I 1 ) He A JU D 2B 28 50 25 23 A [ A5 82 3013 NLO HE
B FEZEJE A RO N B (NH, AT T LR )
14 365 1 2 3K 3l N,O X 36 119 8 22 1 &R (Fang et al.,

AEAIT TR, amo TG FLH LKL B T T 62.5%~
94.1%; DMDS [R] B 133 T N,O Az g A #E2of 72 rh
AHFEIE N A FeIA, 11 AITC HEE AT NO, ##miNO
FIA WL o3 A o R 0 i PR 1 Bk 2 B, AT 535K
TS AR 8 X6 NLO AE Bl T R AT, il S i Ak 45 428 B
“Jy DMDS 2% Ji5 45 N,O A= Y =B RRAZ , 1117 i
A4 TR 1 S AL I A sk ATTC 2B 25 5 NLO A i
FRER
323 EAM BIEBEE AR R M S AR
O (2020) W 55 3R I Ak v R b B 75 S e
AP AT D 2542 i - e R S B S
A4 T A SO ISR = T PR, H R
Jo IEEOEA AR S E S R IERUCE YRR i

W T EE ARSI phoD UL VIR E AN
ZRETERSE I, NI 2 1 3 Py A0 HLBIESS 22 o
OB AR . TR 7RI PN Al LA I A 2
BTSRRI A A4 S R — D7 T2 PR Dy s
AR T L A TR R L TR Y B Sk SR K R
Pyl AR RO B 1 PR [ S 2 il 7 LAl
PRI, AN N o SR IR A L S
BORLAZ /I X8 1 XA IR B, S T Y
BRI ; 55— 7 T N B2 1355 phoD 1
AW EAIE T, TS L PR R B S
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5 —2 5 phoD A Y) W EAR G, B2 5 55 5% T 1
& phoD T F FE e W 25 LT, DA iF
TR A AU A S JCHLBE Y i R

33 TEEEREMAEWME RS RG]

TEZRSRMT T AR TR B L AT VR A T R G
U1, B2 S B AR AR A PR R R
T, T AR R B ) 5 SR (R
R AR A EA K E) 2B EIEMC
(F3CHE,2021) ., 7RSI gAYtz P
THR 5 3R BN — , B A 24 % pomA T304 W) i Pk
BT fungebhl 1AW, BAGA & AOBamoA
AR YR T 3 = T & AOAamod 5% nirS 1l A=
Y s SR DR R A L BROE IR Th S ungebhl 5 merA A
VIR 1, L R E G T & AOAamoA nirS/nirk
TEE YK 35 0 AR T T % nosZ tlE
YIEVRE I AER SR A (28~42 d) iy T4 T T, 7RG
FEHi (7~14 d) R 55 9% 5 1 (56~70 d) I 24 1 35 A%
FHe TR BEIEER T & phoD UK 1 58871
P25 AN 3 (5 3R ,2021) o BEVA 10T R 30
T AT R 1) () o e R 7 s - R B A 7 2 T
o S T, AH S, BEHL FR U AE B 25 S - 4 ELTR
FEIS AT 7 SO A s 56 T B P B I il o3 2R BT
5 2§ (beta mean nearest taxon distance , SAMNTD ) Fll
PEIT 532 BT HE AU (beta nearest taxon index , ANTI)
()53 Br s SR [RIRE 2R B, A o P e R 1 ) o e R A o
R AT AL e i by 2 S A, B AL AR U AE LA 4
Herpild ST O 3CAE , 2021)

A 8 7 It P e R R R R/
FANE AT DAA S #E AR BT 2 G02E P 1 B, AR 3k
9o TR T, R T IR RE T . A1, 3- N MG TR
75 J5 N IR B2 25 BOAT T8 Bacillus subtilis T8 50 R I
KEF Trichoderma harzianum T 79 8% )5 78 R A HLAE
PEm T - IR e AN AL S AT T, —
J7 T8 S 2 BEAR T 4k ) TR ® Fusarium F1YE 55 1A &
Phytophthora WIFN R BE | I — 5 T - 3 41 147 A1 H.
T Z AL PR £ SUAE ) A0 A 2 T B0 1 7R R Sphin-
gomonas 5 MUFT % J& Bacillus B {558 Mortierella
FUAREE & Trichoderma fW R 3= B 7 52 25 A= W) 1k
i R ] P S 3 v, BT A SR D TR R
BRI AR A0 6 B8 F7, AT i 7 i 4 7 7.509%~24.5%
(Cheng et al., 202032021 ; F23HE ,2021) . & fb7Ek
AITC FEZ5 J5 S Ay i i Snb 28 I ok 4 S A= o i
7% K BEIA: PII S H B i AR A AE ) AOA
F1 AOB 2 1ij 28~42 d 1% & 22 %} IUK - (Fang et al.,

2020;2021;Zhu et al.,2021),
34 TEFSEEIEIR T IEERIEFEEYIE

+ B AR HLAT W A O, s e AL
Ty T 28 5 A R0 I 7R 25.4% F120.3% , 77 E. 23
PER T 36.19% F127.2% (JH7%5,2021) o 20% BRI E
Sb 3R T A 1 7 R R 3K 20.27%~32.05% , 1 7R R R
B @ (25 845, 2021) o JESE 3 4P H [R5 2 B
1,3- 55 K 22 25 i 85 TN 77 22.6%~46.2% (Mao
etal.,2017) . Ak TE 75 )5 0 I 7 553K 26.9%~
37.1% , HUAR 3 BB 25 )5 5 NI 735 16.7%~30.4%(Ren
et al.,2018) . — H i 52 2% A] ¥ B N7 o B
81.3%~116.1% (Mao et al.,2014; J5 44 ,2016) .
TR RE A W AN, — T R TR
25 W REAR T - b o AR W IR B B
IRIE e E  E R K o — s T+
BT ZE 235 1 A MR VR G5 A T 2R U
THRUEDIAN T 57 o et i R K SR AEAE T
S5, FIFEYWIRE Sy . INEEZE S S5 41
] R B AR, AR PR o (0
K4,2010; E,2020) . 4z 0 & E Ak
IR P A R R B AR EAE P e i
BAZ MW IZ (Fang et al.,2019b) . [RIA}, 7%
XF R T R R A — e R, IS A B R
YA T AT Mn 19 i (CEATAE, 2018) 0 TR
TERAMMUEVEY A K WA T5 702, i B o] LA & 1R
WsE )] .
4 RE

F 1] - 498 T 7% =Ml D SR 17 B 7 5 ot — |
Jitl 25158 % 1 Bk 2. Joe B B A 1) i P 2R A L ARG A
b FRAEARELL S TR E AR TG R T
FERLRBE . AKTRE IR 2R B Tl 9 & Ry B
SIS T EIL . B9, RG24
(RS TR i, IR A R AL RS EAL R . B XA
YEY) ANTR] 82810 LU RO TR 75 (lngg b A
P 1L MRHE ) B A Ak TR BB, £
SEARACRAIRCR . R T SRR R R LA 2
o T HE IR BERICR , /D SRR FH o, AR FH K
AFNIR A X AL RE 0 o o), I TR AR T
ERZPH R R T EE Z LA R Ak
PR 2 iR Ss . A BRI AR TRl AR
s RGN A2 T e 2 B ORIV
MEFTZG AR B PR . e AR 4%
HEHL ORI, b e 28 S HUAR AR 78 A TR0 b
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