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i EINEZERE Fusarium oxysporum {1, sp. cucumerinum . s H F w8 Verticillium dahliae . % 76 AEJa B Rhi-
zoctonia solani Fa 3k 3 W 4% % 1 Sclerotinia sclerotiorum ¥ B 3B 4F 6 5 R &M, LDs 4% A 3. 956.4. 241.5. 222,
5. 4574 6. 197 mg/kg;80 g/m* STTC # a7 4L 22 3 #k ML B 9% Fo 35 N A 2 9% 89 B 27T 9 #) 34 %) 91. 01% #e
82. 51 % s AR T 900 pg/mL #) STTC s+ % B ZABH R 3 vt s FIN . O xR ESH G H RN L
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Effects of sodium tetrathiocarbonate on vegetable root diseases and
soil biological properties
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Abstract Sodium tetrathiocarbonate (STTC) is a potential effective soil fumigant in the management of crop soil-
borne diseases. To evaluate its possible application in the control of greenhouse vegetable root diseases, its effects
on greenhouse vegetable soilborne diseases frequently occurring in China and on soil biological properties were
tested under laboratory conditions. Tests on survival rates in glass containers showed that their LDs,s on Phytoph-
thora capsici, Fusarium oxysporum, Verticillium dahliae, Rhizoctonia solani and Sclerotinia sclerotiorum were
3.956, 4.241, 5.222, 5.457 and 6. 197 mg/kg of soil, respectively. Crop injury tests demonstrated that 3-leaf
stage seedlings of tomato, pepper, cucumber, cabbage and rapeseed were not injured when they were transplanted
immediately after the soil was treated with 80 mL at less than 900 tg/mL of STTC in the pots. Greenhouse trials
indicated that disease indices of pepper phytophthora blight and cucumber fusarium wilt were reduced by 91.01%
and 82.51%., respectively, when soil was fumigated before planting with STTC at 80 g/m*. Populations of P.
capsici and F. oxysporum in pepper and cucumber rhizospheres were reduced when treated with STTC at 1 200 pg/
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mL after planting. Monitoring of soil microbial populations indicated that STTC at the concentrations from 0.1 to

50.0 prg/g greatly suppressed the populations of soil fungi, but the populations of soil bacteria and actinomyces

turned to be increased after a short decline period at the beginning. Tests on enzyme activities in the soil treated

with STTC at 0.1, 1.0, 5.0, 10.0, 50.0 pg/g indicated that the activities of soil urease and invertase were re-

duced at the first 20 days after treatment, and then recovered and increased from 30 to 100 days after treatment.

The activity of proteinase was increased at the whole monitoring stage in the soil treated with STTC at 0.1 and

1 prg/g soil, but the activity was reduced at the first 20 days in the soil treated with STTC at 5.0, 10.0 and 50.0

pg/g soil. then increased from 21 to 100 days after treatment. This study suggested that STTC might be used ex-

tensively as an effective, safe and convenient soil fumigant in the production of highly valuable crops.
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PUBRA AR RN (sodium tetrathiocarbonate, STTC),
RELEFEIPIRIAA, 73 F X Na,CS,, 25 C T 217 &
o 3. 33 kPa, KPS AT i A X A W A R
TR —mifba i & . %2 el 96 [ Un-
ocal 2 FJFF & . i i 44 F Enzone™ , 76 3¢ [F I JH £
BN T R A NAF 2 B P A RN B A A
il 5 AL B, Matheron il Matejka®! (i ifF 53 3IF
BT, 7O B2 Ry 4 900 pg/mL ) STTC K 200 mlL
REA A8 L 3 vh SO 5 2H 2 Vb 10 SR 5 i
Phytophthora capsici B 221K, H 68 A 503 i B
B B AR 995 AN SRS 14 & A= . Giannakou %517
5 2R WY A i) A 4 T 78 Ak B S B T By 20 d PR
2.26 mL/m* STTC FEil 4k B REA R Hil HL 45 48
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1 #MREFE

L1 ##

Pt A3 00 A A8 R HER B b E RO BB
RITIMASEHL (R % 116°20'31", b4 39°58'12") , + 1
pH K 8. 40, AHLE = 41. 25 g/kg. &% 1. 96 g/kg,
HASER 170. 33 me/kg. HALHE 125. 19 mg/keg,
U B0 A TR 22 e o ROl B 2 Bt i S
TEFPHIFTE A B At

P AR A0 A 52 A S AR T Rhizoctonia
solan Kihn, 5 T8 E W% B Verticillium dahliae
Kleb. .| & ¥ % i Sclerotinia sclerotiorum
(Lib. )Yde Bary.3#EE Phytophthora capsici L.
e JNAS Z W W Fusarium oxysporum (Schl.) f.
sp. cucumerinum (Owen) ¥ [ 2 5256 = 43 B AR .
‘rpf 16 5 BN RS SR AR 9 5
it~ P B i A A < W L i b X I o R A
MR B gt S AL g 11 TR

PRI « Eh 4% 5 4 4 B 3 B 7 2 (potato
dextrose agar,PDA) : B85 200 g Bl #r 18 g #j
KB 20 g FEABIK 1000 mL, ThAR A A I 5 R 0
(potato dextrose,PD) : Hh42 2 200 g, %% b 20 g.
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ZEI7K 1 000 mL, R TI R ETFRHE . A BRIR A —
P2 g BREE 1 g L-RITABEG 4 g #i%H 40 g,
Bilg 30 g;B: £ TR0 LRk ENER 0. 02 g 1K &l
MR 2 g A MHEE 1 g BiREERE R 1 g ARSI
(pentachloronitrobenzene, PCNB)1. 5 g, s+ A A
1 900 mL Z& 1Rk i KT J5 4 F B4 BINA 100 mL
TR . R RS IR AL A A 40 g BR0R
35 g;B: FLAMIETE 0. 15 g FIAEF- 0. 02 g R
0.03 g. BT AMIA 1 900 ml &4k Fh K 14 5 4 F
B4 B 100 mL JCR /K R & . 8 Rk
B ARRE SR (Fioe: 228k FoRBy=3:1:0. 5 IRA )5 » I
KA 350, AR ER K 30 min) .

IR AL 31, 5209 STTC W7 A1 98 %6 fry A
[ (dazomet) ¥ 7], ¥ i g4 1 S2 504 ) A=,
GALL0 13 Z—H 7R FEEFE L A 23 v s SPX
R REA AL B FR 40, T T B A RS T 5 101A-2 HL A
SO T HRAE . LT SC g A8 S s DHZ-DA 4: il
P FE 240 KA TH Sk S B0 il 1 A BR A A
1.2 Fi&
1.2.1 STTCxmHEWENEFHME

W15 AL 5 B 7 5k S T AE PDA P-4l | 26 C
iR 5~6 d Jg, iE ISR A —EEA 161 CT K
5 h iR Ee 1 B 4R R B ILEE 400 ¢ £ IRAT,
W TE AL IS 1) 73 T 5 220 TR ORI S TR A% s TR 40 S AE
PD 55 32 Frp 26°CL 180 r/min E 35 3 55 4 ~
5 d ARG A KR A 2R L3 rh, A4 400 g
+RA. B 3 RO T A B DL S RE
B RN TR 289 145 B 200 g, 4333126 A 450 mL
FREBEL P - SR JE K STTC $34 RU8 4 LA & Eb i A
F| 5 M i A8, 2% 20. 00,10, 00, 5. 00, 2. 50,
1. 25 mg/kg 5 MALHL, 5 FeHy B 4 343 BB 2y
F R xf B AL PR 3 R EE A, N b BT I A 2
F 25 CAALIEFAENEZE 3 d 5 2 d AR eI
I DR R AR ES E , TORE 225 T FH 9 76 55 U0 147 855
I, 2 M8 Komada™ (1 75 700 5 5 BROBURE B35 141
PERE R BRI , 2 I/ Masago 881 11 5 00 5 5 oAt
P A PDA Ki =3kl b # B P A i . A5
JE i 8 (mg/ k) 64 A A8 & s LIRS IE SR T S
AR ARy, 43 S 5 ) M R T2
P il v LDso AT 95 20 EAR B
1.2.2  STTC xt# IR 2595 A0 3R iU 20 09 B s eE A

T VA B AR TR R G R T AR 57
B b 25~30CHEFE 10 d A TR 2290 1 AN BRRURE
BRI 300 (W /W) I EF i 20 0 3 51 TR A 2150

P B SR s rb o K 7 A0 BTV R BRORBURE  ) % Rk
T BT R A A2 e R 1 e i )
HOGIR S . o8 Ao Ja st w B 4

1+ 90 em. FE 40 cm AYRIERL G, WAL H (R #EE )2
JERE, 2R 25 om; H3ERE 5 AL EE, BV
F STTC 40,50 #0180 g/m” FiRE 30 g/m* FITCZj4b
FROW RO B 0 PRI 25500 50 A H 38 5 3 55 1

S A A E AR 18 em, B BE 15 em [AEZL T
SRIG AT RS HRAE K — B0 3 b TR B 4 1
FRACFR 8 75, B4 2 kL T 3 IR, MR A B 2%
AFRIE S 10 K VBN T AT S 25 AL US55 30 KA
A R TE DL BT, 6 1 0 AR ES % B ok
S 1R A3 bR BRBURE BRI 15 O bR I S 25 X
IRVESE I R AE . TRIE TR R = 2 (BRI SL
XHIXF AR FAED / CRBRE X 1) X 100; BT 1AL
= OO BRSP4 18 80— AL B -7 24 15 45 510 / %F
HESE- Y B8 500< 100 %0, R s 43 ) SR S 4% Ab B +
SN s RS TR TR BB 3. e TR RR =
O} BB VR B — AL BT T 50 /6 BRERVE £< 100 %%

G B ZR AL B AN 25 R A OF R B 2R A
£ 90 em . FE 40 em B RIELE , 73 B AR K A — 3K
(1) 3 I H IR BB S 1, AT (1R 20 em, 36 2 47, %F
778 B3 5 d 5 FEREAE R 4R 10 em b JF B AR
7 em JRE 8 em 7L A 1 200 pg/mL STTC 35
200 mL, %t B A A 200 mL [ 3R/K s AL PE 14 Fk, T
3. ALHIET ALBERS 5 d AT 10 d 43 EAL B R
HRBAD A & 3 55100 A B A5 RIS s Ak 5 1 0 o - 5
O3 BT A B S AR PRAL 7E AL RS (995 PR IGR 2R
1.2.3 STTC x{ 3 £ 40 & i % 2 T

BB i B 2k 3 A B A% 13 em & 11 em
TEZE 6 31,5201 STTC W 43 31 L i Bk B Sy
100,300,500,700,900,1 200 F1 1 500 ‘ug/mL e
W I AL A1 B4 80 mL, 2 3~4 h )5 . 1F
2V 5E A IR Bt RV IR RS A i L BB
RS TSR 3 i A . A 2D o TR A i i
98 Y6 HAARR I , FEHIC I AR 100,300 F1 500 g/ mlL f 7 B
V> I B A T A0 B A 245 70 % B A R K Ak 38y
XTI, ARAbPE 15 #RL.EE 3. BAR 1 )5
2 5 MBS 2 2 FAG L.
1.2.4 STTC st HIE M A Hyfn 38 B8 1 oy % v X 3

W REHYEE 200 g W50 F A% 4498 43 i) 4
A6 AT A 31, 5%y STTC i HoAE 145
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WSR2 510 0,0, 1,1, 0,5, 0,10. 0 1 50. 0 pg/g,
PATT R K A AR KRR K B 6000 f5 . B
BT 25 CAEARE R R R R . eI T3 5K
wmL T ARREE . 555R 10 d TR e, P
BN [B) R 5. FEREFRIMER 1.4.7,15,21,30
1100 JRHUREAGE I L T 4 TR FI 2R T i 25 A
- SRR | TEWE BN A B M. ECTR AR R R
RS 0 0l SR 5 T B 2R PR 1 R R e TR —
SR SRR B ARE D T - SR S SR T
FE 9 W8 LU (2305000 2, REMR RIS PR R T 3, 5- A ARk
W L A 00 o R P MR R B = e £ L £
FEUOME . IR EA 3 K AR E I 4 0

L3 HiESH

i Excel 2003 #EATEGETF . Bd i 25 57 B35 LA
KK H SPSS 17. 0 B PF Duncan BB AR 2235 15
0. 05 7K F#EAT 7087 3 75 A1 [B1 ) 534 >R JH SPSS 17. 0
AT Probit 372,

2 ERE5HM

2.1 STICHREMENZNNEER

STTC X BfURURE B VA« 8 A 2595 1A i B
SN T TS A A S R AR B 1) LDs 4351
3.956.4. 241.5. 222.5. 457.6. 197 mg/kg. 381 STTC
XTI% 5 A AL I EL R A B B A KA EGR D

®1 STICx s fEAREEENSENY

Table 1 Toxicity of sodium tetrathiocarbonate against

five soilborne fungi

I TR ) [ 7 AR Mt/ mg « kg ! 959 E(FM/mg - kg !
Pathogen Toxicity regression equation LDsg 95% Fiducial limit
HMUEFER A Phytophthora capsici y=4.651 9+0.928 9 = 3.956 3.492~4. 458
WG ZIRE Fusarium oxysporum f. sp. cucumerinum y=4.068 0+1. 485 3 x 4, 241 3.509~5. 082
T EZERH Verticillium dahliae vy=4.012 0+1.409 7 x 5.222 3.470~7.917
B A Rhizoctonia solani y=3.487 6+2.018 6 x 5. 457 4. 896~6. 084
TR W% Sclerotinia sclerotiorum y=4.301 4+1.642 9 x 6.197 5.516~6. 670

D) & 25 STTC Pt 8 (me/ke) s y P B IESET S4B A

x is the mass fraction of STTC (mg/kg). y is the probability value of pathogen corrected mortality.

2.2 SITC 3 & N ZEHRFNERMIE BRI AR
2.2.1 STTCHmEEAALE N HEBR

STTC 4k 80,50 F1 40 g/m” {4 3 A>4b FH %t
PR 25 T A ARG 1) A K ROR s B KBUR B
FHEL RGN & 72 80 g/m® I B 25
995 T 1 DR 2 AT 3K 3 95, 89 %0, Ko AR B s 1 BT

Ak 91, 01 %0 . i T XS HRZGRIMBE BT AL, STTC 1Y
3 A FH et A B X TR 25995 DA TR 50 o A A 22
R AL — s I RIAE T, 2 &2 80 g/m’
55 TG 22055 1A 19 R 2R 58 88. 6426, X 2295 11
BI VAR 1K 80 Y6 LA b . 5 Xef A 24 391 K o 114 B35 45 G
EERGERD,

F2 STICHMEZLERTEPRENBETUREHH"
Table 2 Populations of Phytophthora capsici and Fusarium oxysporum and control efficiency after STTC pre-planting fumigation

i IS P/ m? EERCCue g RERER/ Y it BrAAR/ %

Disease Treatment Dosage Colony forming unit  Reduction rate Disease index Control efficacy
B RETG STTC 80 (101£7)d (95.8970.28)a  (2.6140.9Dd  (91.01%+2. 70)a
Popper Pyl 50 (398+15)c (83.79%1.23)c  (5.73£0.9Dc  (80.09%2.0Db
blight 10 (800£24)b (67.4242.40)d  (11.98+0.900b (58,024, 80)c
Dazomet 30 (330+4)c (86.5840.48)b  (4.69=+1.56)cd  (83.6345.07b

CK 0 (2 461+111)a - (28.65+1. 92)a -
EINES STTC 80 (153+1)d (88.6140.000a  (4.16+0.89d  (82.5140.0Da
el S 50 (390+17)c (70.96£0.200b  (8.33£2.39c  (64.480.13)b
wilt 40 (607+£12)b (54.63+0.57)c  (14.06£1.50)b (40,3920, 12)c
Dazomet 30 (97+10)d (92.76-£0.10)a  (2.6140.91)d  (88.73+0.05)a

CK 0 (1 350+143)a - (23.96=2. 95)a —

D R R R AR 2 . RIS [ EER R 2 Duncan BB E W 225G 1 7E P<<0. 05 /KRB,

Data are meand= SD. Different letters in the same column indicate significant difference at P<Z0. 05 level by Duncan’s new multiple range test.
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2.2.2 STTCHEEAAENHE N RARBER
iz 5 d J5 » FEARAR B A AL P i A 48 b BB
TR B4 BIFAIK 27. 06 % Fi 53. 08 %, itz 10 d
J&i » FEHRAR R A A 3 A - 398 v SRR 25 T 1 AR
AR 57, 76 Y% 1 62. 81 % . 9 5 KU H B Wi #5301
245 5 d Jg » ZEARAR PR AL BE AT A 1 TR 25 9%

B A BAE 2R 4 B 21, 15% fil 44. 96 %, it 25 10 d
J R 23 9 50. 98 %6 1 55. 81 %6 . 5 Hh i ]
BEB WL . T HE A 39 P BORSURE 2500 B R 28 TR
ZE TR 1450 0 EAS BT 388, Ul B A S i STTC
AT L2 B S AR AT - 48 v B8 B T R B T 250 7
R RE R (3R 3)

®3 STICHEHFEZAENTENAEMAFNEERANENGERARENTN
Table 3 Populations of Phytophthora capsici and Fusarium oxysporum f. sp. cucumerinum after STTC treatment of post-planting soil

b BT AFES d f5 AEFE 10 d )5
Before treatment 5 d after treatment 10 d after treatment
) HRBR AL SOy HRPRAL PUBLSY HRPRAL PUBLSY
S — y )
GBS AL Rhizosphere Treatment site Rhizosphere Treatment site Rhizosphere Treatment site
Pathogen Treatment
PR PR J—— ] I s P R Jd P P I TR
R R W gae g BER sy BEH pppay BEH ey
cfu cfu cfu . ; . . . g .
Reduction Reduction Reduction Reduction
BRAE B STTC 1925 1780 1 404 27. 06 835 53. 08 813 57.76 676 62. 81
P. capsici CK 2158 1 845 2 462 — 2 400 — 2 980 — 3067 -
EV\LES STTC 1324 1290 1044  21.15 710 44.96 649  50.98 570 55.81
F. oxysporum {. sp.
CK 1 040 1 060 1 310 — 1285 — 1740 — 1692 —

cucumerinum

2.3 STIC L& TN

STTC XHAEYIIEEERIXS AR AEHREE 900 pg/mlL

PUT AR B H AR 1 e 0 BERY 5 R e 3 it
W e . o, BOBA v i T 52 9 B 38

1200 peg/ml. Tt AT R i 52 4 2 3% 900 pg/ml,
FER A M 52 W 700 pg/mL, IAEXS B2
FIFERE 100 pg/ml 2 2R AT H 3 T B i) 24 3 4R
(F D,

R4 BFVETERYABRNERDYENAFER

Table 4 Injuries of vegetable seedlings planted immediately after treatment with STTC and dazomet

Ep il Fi#E/pg + mL~! Sl ) B =B LB
Fumigant Dosage Tomato Cucumber Pepper Cabbage Rapeseed

STTC 100 — — — - —
300 — - - - -
500 — — — — —
700 — — — — —

900 — — — +— +—
1 200 +— +— — + +
1 500 +— + +— + +

Hi % dazomet 100 +— + +— +— +—
300 + + + + +
500 + + + + +

D RPN R AT W AR R 2R TR AR SR A i R AR R AR TR

+7,“—=" and “+ —"” indicate that all seedlings, no seedlings and a part of seedlings with leaf yellowing and wilting, respectively.

2.4 STTC xf H 3R fn T g E MR
241 STTCxtHEMAEMBENTH
FEALIRS HH 5 1~4 ROBEE STTC 16 45
R EE 0 A DA R 3 R R, L 50, 0 pg/g ik
B4 d J5 5 BEAH EC R IR B K 82. 08%0., {HEf#E
INF TR HE RS & Ak B 4 38 vp 40 T I B B IR R

0.1.1.0F 5.0 pg/g 1Y 3 MKFELLIRTES 7 KIFUh
Hahn,10.0 F150. 0 pg/g [ 2 PMURBEALFRTESS 15 K
FEEGRH N, 21 d J5 R 53 2 i 4 IR (P<C0. 05)
Hdr0.1.1.0 f1 5.0 pg/g 13 AR AL T Y A 45
Hh 1 R0 Ak R 3 R 21 6100, 42. 5806 il
54.84%, Ab¥E 100 d )5, £ E STTC 4P+ 3 h
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AN B B A B 2 T R (P<<0. 05, 5) .,
i 0. 1 pg/g WRBEACEEAESS 1 Ry A3 A A A
X RETC .35 22 S A1, HAth ik B A PR 45 sf B ) 8 B

B8 T - S TR (D DI AL K, S A 50. 0
pe/g B ACFERT 7 d N 3B AR RO R B
B TREILIT 100%, AbFRJS 100 d, 40P 435 B

PRACER B ZR TR (P<<0. 05), HEf# STTCHIE  WMEEEA I (H) B ER TR (P<0. 05,3 5).

x5 SITC REEXAELEMENEBHENZ MY
Table 5 Effects of STTC on the populations of different groups of soil microbes

(DGR7ESi W /g g7! PSR 7E R/ clu - g clu after treatment
Type of microbe  Concentration 1d 4d 7d 15d 21d 30d 100 d
GHE/ 0.0 (190+15)a  (173+12)a  (283+13)a  (321+11)be (310£18)e (330+14)d (210£12)c
X10° cfu » g™ 0.1 (158+15)b  (1174£13)b  (234212)b  (295+19)cd (377£12)c  (380£12)be (251£18)b
Bacterium 1.0 (130+£16)bc  (100+8)be  (191£9)c  (394£16)a (442+15)b  (400£23)ab (312412)a
5.0 (102+16)cd  (77+16)cd  (104£8)d  (359+£19)ab (480+19a (433+1d)a  (290+13)a
10. 0 (111+100c  (60£9)d  (51+1De  (338£16)b  (350£15)cd (368=21)bed (261£12)b
50.0 (75£13)d  (31E£De  (86k12)d  (267£27)d  (330£12)de (357+17cd (240£10)b
i/ 0.0 (83£6)a  (95+Da  (90+Da  (86+10)a  (94ETa  (86E1Da  (80%8)a
X10° cfu- gt 0.1 (7246)ab  (68£Db  (56+6)b  (G0EIDb  (55+£3)b  (58+Db (63 Db
Fungus 1.0 (63£6)b  (52£8)c  (36+5c  (30£4)c  (40E5c  (48+1Dbe  (56E9)be
5.0 0£De  (34E3d  29EDe (2245 (28%6)c  (37E6)ed  (50%4)bed
10. 0 (20+£2)d 13+  (5E2)d (7£3)d (11£5d  (26+£9de  (44£5)cd
50.0 (1£0)e (0+0)f (040)d (2+2)d (8+3)d (155  (3529)d
T/ 0.0 (253£17)a  (241£13)a (267+£9a  (283%k14)a  (264=16)be (290£20)b  (240429)b
X10* cfu - g7t 0.1 (231+1a  (212418)b  (22542)b  (254=14)ab (287£16)ab (308+24)ab (283+9)a
Actinomyces 1.0 (219+13)a  (206+1Hb  (20012)b  (2324£2Dbe (317+Pa  (342+1Da  (291+19)a
5.0 A71£19b  (129%1Dc  (141£17)c  (205422)c  (238+16)cd (320£Dab  (299£2)a
10. 0 (100+13)c  (75+4)d  42+1Dd  (147£14)d  (210+13)de (309+17)ab (272+18)ab
50.0 (61£15)d  (22+7d  (15t4)e  (90£9e  (182+14)e (295+1Db  (265+15)ab

D R8s 8 bnifE 2 . FISASRI 758 4 Duncan [CHT R 25 k307 P<<0. 05 /KPR B% .

Data are mean=®SD. Different letters in the same column indicate significant difference at P<Z0. 05 level by Duncan’s new multiple range test.
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