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Study on fumigation with methyl bromide and its mixtures
on wheat dwarf bunt
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Abstract: Fumigation tests with methyl bromide ( MB) and its mixtures, such as mixed with carbon dioxide (CO,), ethylene
oxide (EO), cyanogen (C,N,), on the sterilization of wheat dwarf bunt ( Tilletia controversa Kiihn, TCK) were conducted un-
der different conditons. The results indicated that; 1) The fumigation effects of MB increased with the rising of temperature and
exposure time, and the concentration threshold of 100% sterilized effect of MB would significantly reduce when the TCK was treated
2 times of 120 hours exposure time, with an interval of 48 hours. 2) The mixture of MB and EO could prevent teliospores of TCK
from germinating, while the mixture would significantly decrease the use dosage of both MB and EO. The fumigation effect of the
mixture of MB and EO was better than that of the mixture of MB and CO,, or C,N,. 3) At20 °C and 50% wheat loading condi-
tions, MB with the concentration of 180 g - m > and 120 hours exposure time or 90 g - m > of two times of 120 hours with an inter-
val of 48 hours, could completely kill TCK. 4) The fumigation effect of MB and its mixtures on the germination of Tilletia foetida
would be used as indicator for the effect on TCK. 5) When dealing with domestic wheat and tested wheat mixture at 2: 1 ratios, to-
tal bromine content would be reduced to a level below 50 mg - kg™', which would meet the requirements of health standards of
wheat of USA.
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TR, ARFRBE AR B BN ;4R AL R T 52 H R S R T B r T RS I RE ) A B 5
W, ARRESZMH Y AL KEEEBARBN A, (Al TINS5 . S, SR 32 210
TRHSE (methyl bromide, MB) WP, BiEMERE, $5AE % 2P M A% HURCHR 2 H Al 22 2% 57) i Jo vk He 4l
e HEAT IR BEEN, TR R, EEAREES 7 . EAM Goates 5! Ml Smilanick
SR T IRHERT /N R TR R TCK AR BRI Ity T A B ST R TR e A
HZRFN IR A LK (ethylene oxide, EO) . % fL#% (carbon dioxide, CO,). & (cyanogen, C,N,) %
A X TCK RIBCRIBETE, FENIMIRIARIE . AOFFEH R e SRR FEtE R %A AR F T Ak
TCK A, AFFTIREE | A6 AL IR ] 5005 be S HAR FIXS TCK A KGR, 4 100% A
K TCK R H 958 S HAR A A I SR B, SR 22 0 b BRI RN 7 i
1 MREFE
1.1 #ifE&ENAEZ

BB A /NIRRT ( Tilletia foetida (Wallr. ) Lindr) FI/NFEEIEBENE (EEFOL
INAE AR o L2 P TE ORI SO e A e, bR 5 ORISR R, AR M A g

P NAZ O S E S & /NAE
1.2 HHKEZEF
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Table 1 Temperature, exposure time and dosage of treatment

A AR EE/°C AL B[R] /h Rl EE/g » m 3
Fumigant Temperature Exposure time Gradient of dosage
W BE MB 15 120 120, 130, 140
2x120" 60, 70, 80, 90
25 72 130, 140, 150
120 100, 110, 120
168 90, 100, 110
2x120 30, 40, 50, 60
WFRLE + F 4 L BE MB + EO 15 120 40 +5, 40 +6, 40 +7, 40 +8
20 120 40 +1, 40 +2, 40 +3, 40 +4
25 120 40+0.5, 40 +1, 40 +2, 40 +3
R + 4Lk MB + CO, 25 120 70+0, 70 +1.8, 70 +3.6, 70 +5.4, 70 +7.2
& C,N, 20 120 60, 90, 120
o+ P LE CoN, + MB 20 120 60 +60, 60 +90

M. 1) 120 h AbFE2 YR, [B]F% 48 h, Fumigated for 120 hours two times, with an interval of 48 hours.
2) MB = Methyl bromide; EO = Ethylene oxide; C,N, = Cyanogen. The same as follows.

IR KA A7 A 6 B A AR N, R BT R A TR 2, RS 4 h,
24 h, 72 h (BREUKRET) SEATHRERG IO R, ARBREEHURIAT TCK , /NA IR SRR i AR,
RI7iER B B A A TR, T KRR ZE B AT TR TR, JF S IR A % 3% KB g 8%
FRILMIEFRILN, B HEARES 3 KEE, IRZIABA LA T BB A, 3 KEE, TCK &/1T
15 CHIBEFRMNRG IR OELIAIEBETS 24 h 588 ; INECIRBHEAR T 15 CRIBHFMNEESRE (L
JEHRAAE) . TCK XA FAERRFE 21 d G PR R SR, sk A% (HFRWEL M 2 500 4L L,
PIZEE K TAIR T EARM 12 SUHCAHR) , HE 90 d; /NG BRA TR 7 d J5IFiH 5K M
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K, s HB AR, HE30 d, WEFEHER, AHRE 50% ~60% M40 T kT, M2 AEL,
A5 23 0 AR
1.5 50%%HELGTRFKEI TCK EEREIXR

V5 AN PR e 1) 136 3K T R A B AT 50%  (V/ V) HIESE/INIE R TE ZE A Y AT AL B, Ab PR .
180 g - m™> AbF 120 h 1 ¥K; 90 g - m™°, 120 g - m *AbFE2 x 120 h, RKEFE 20 °C . FAXHEE H 60% ~
70% £ FittT, B—AHEE 2 K, HFRES AL, K0 %k 1.4, BERFHT/NE, T,
AR R AN [RIEPRE R e 2R AR A S (/N S E RN R 101 102 BBRRA (B
o), FlRER I /N R
1.6 HEHITEFHFAE

LT R = (W IR T &R - BT & R) /X IR AT &% x 100% .,

FH DPS B350 5 Ge iR AT 25 5 2 P A A A e I AR

2 FHERE5H

2.1 RHEEN TCK EXRENE
2 Al W, 15 CE&MFREFREZEATE 120 h (9 EZEATELS R 5 25 C &0 T 87 &b 3

120 h AR E R ARBE (F=3.046, F, . =0.112), T ULBEZ 15 09 TH i A B I Rk i 5 R e
TE—E RIFE N T b, ] BRI AR T AY 37 &
F2 REENNEREZFFEMZEZERE (TCK) HEEMR
Table 2 Fumigation effects of MB on the teliospore germination of 7. foetida and T. controversa ( TCK)

R SRR B R % TCK Wi &%/ %

ﬂ‘\}E F 5/ RS2 %Tﬂ,eliosiof iriiznzain Teliospor): zij:nination TCK HRT

i/ °C T/ em3 fHi/g - m™> of T. foetida of T. controversa BET=HS %

Temperature Exp')osure Dosage Average' IR o SR Py Rf.:lative
time concentration - o - e mortality of TCK

Treated Control Treated Control

15 120 120 114.00 0. 39542 45.6 1. 0654 50. 4 97. 855

130 118.35 0. 00542 45.6 0. 2054 50. 4 99, 7944

140 129. 30 0. 000" 45.6 0. 005" 50. 4 99. 9942

2 %120 60 66. 10 0. 0054 44.8 0. 1004 43.7 99. 798

70 74.35 0. 00042 44.8 0. 00544 43.7 99. 994a

80 80. 40 0. 00042 44.8 0. 0004 43.7 100. 004

90 87.30 0. 000" 44.8 0. 000" 43.7 100. 00

25 72 130 125. 60 0. 0104 49.5 0. 0204 51.9 99. 974

140 130. 85 0. 00042 49.5 0. 0104 51.9 99. 984a

150 135. 85 0. 00042 49.5 0. 00544 51.9 99. 9941

120 100 103. 25 0. 0002 47.9 0.010% 51.9 99. 9842

110 116.35 0. 00042 47.9 0. 00542 51.9 99. 9942

120 117. 50 0. 00042 47.9 0. 0004 51.9 100. 004

168 90 85. 00 0. 005" 49.6 1. 850" 56.7 96. 74

100 87.50 0. 000" 49.6 0.425" 56.7 99, 25M

110 94. 55 0. 00042 49.6 0. 00542 56.7 99. 994a

2 x120 30 29. 80 0. 1054 47.9 0. 0204 48.8 99. 974

40 37. 60 0. 005" 47.9 0. 005" 48.8 99. 991

50 48.95 0. 00042 47.9 0. 0004 48.8 100. 004

60 66. 45 0. 00042 47.9 0. 0004 100. 004

TE: 1) 7ER—A7 PO SRR A AL T B & R RN SRR A9 T 8 AR _E AR A AR IR RS F/NS P RES3 3 2 7R 7E 0. 01 1 0. 05 /K B 2%
FREZE, Duncan's B2 ML
The columns of “teliospores germination of T. foetida” and “teliospores germination of T. controversa” in the same row followed by the
same capital letter and small letter are not significantly different at 0. 01 and 0. 05 levels by Duncan'’s test.

2) TCK ABXFET AR EARA A RIS R/ NG 718 53 51 2o ] — b BR IR BE HH 7E 0. 01 #110. 05 /K-F B2 5% 3 . Duncan’s it 2%

22,
Within the column of “relative mortality of TCK” followed by the same capital letter or small letter in the same treatment temperature
are not significantly different at 0. 01 or 0. 05 levels by Duncan’s test.

The same as follows.
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25 CHAMTF, 72, 120, 168 h kb3 TCK M X FET- R 7 Z TR M (F =3.011, Fou =
0.079), HEERKALFREI], RESCRIFIOII A ; XA R K ERCR TR AR e & TR

15 °C . 25 CEMT, ANEFIEARP LA 120 h FIEFFE 48 h 19 120 h /9 2 WALBE (2 x 120 h)
XF TCK AR WA R B I 22500, S IR P BE AR ] 120 h AR Rt FH BEAR B 2 x 120 h 22 57
ANEE (15°C; F=3.797, F, 0 =0.075; 25 °C: F=0.777, F, =0.396), il 2 x120 h {R P HEH
AbFR A AT R 7
2.2 EBEREFIN TCK HEXERELE
2.2.1 RERESEFRFAZHEEFI TCK MEZXLENR FRET, WK LEIRFIX TCK
AR RCRBEE A S PR ER TR iR (R 3) . ARERET, WP LS R PR AX TCK 1Y A4
PRI 5 22 0 A 2 (F =2.007, Foos =0.165), BEIRE A THE, 7T 2 b il F 30 &
15 °C, 25 CHMTF, P B SR CBEIR A5 s it 195 B e 2B 28 K B 45 R (8] 7 22 0 i kW (15 C..
F=3.359, Fyp=0.092; 25 C: F=3.068, Fy., =0.130), #HN—& W E R IRE L befe o & AR
Bk F 100% KRR B S
2.2.2 RERSEZSWUEETX TCK HEZREMERE 7F25 CHAHT, BH M SR ERE
TCK 120 h fy4abFErh ) BIRBESE 24K TCK WAL, A — A ARk & B8 Xt TCK B R & 14 i
VEHIA Frssm , TCK MIXHPET- R ETF (%3), TCKIET-R (y) 5 8K EM (x) BLEEREN.
y=92.348 +0.118 5x (R=0.923 4, F,, =0.025),
2.2.3 BNERBESEEETI TCK MEZEREMR 20 CHEMAT, S HE LR 5 fE
RAFIEIRALE TCK 120 h, YJIRAETE AN K TCKIRE (£3), BPESFIRAMHHSF A,
TCK FIXFFET R A R AL E (F=0.729, F, 4 =0.609),

AN R4 3 PR PR R & 3R TCK B & SR 1Y 22 5 W& PR T R B, JEIR BRI & 5 TCK #i & %
ZRARE, R IR G TCK (Y S Z A AR ] LURR e xR SRR B AR AR R

£3 BREREF TCK MEZEER
Table 3 Fumigation effects of MB mixed with other fumigant on the teliospore germination

of T. foetida and T. controversa

TGN BRI KR % TCK #i &%/ %

Ab3H F =/ VRS Teliospore germination of Teliospore germination TC}( XS
WA RE/C EE/R gom- ¥f/g « m™? T. foetida of T controversa ﬁE_E?%/% .
Fumigant Temperature Exl?osure Dosage Average' L preven e e Relative rr\lortahty
time concentration = o - o of TCK
Treated Control Treated Control
TRLE + 15 120 40 +5 40.45 +3.55 0. 0054* 44.8 0. 1654 50. 1 99. 678+~
WE K 40 +6 43.80 +4. 85 0. 00042 44. 8 0.013" 50. 1 99. 984
MB + EO 40 +7 42.70 +5.25 0. 00042 44.8 0. 0004 50. 1 100. 0042
40 +8 43.50 +5.90 0. 00042 44.8 0. 0004 50. 1 100. 004
20 120 40 +1 39.45 +0.38 0. 89542 47.9 3. 645" 45.6 92.74%
40 +2 40.25 +0. 88 0.2154 47.9 0. 5804 45.6 99, 84
40 +3 37.90 +1.90 0. 00042 47.9 0. 1454 45.6 99. 714
40 +4 41.40 +3.40 0. 00042 47.9 0. 0004 45.6 100. 004
25 120 40 +0.5 39.00 +0. 10 5.220* 47.1 10. 04012 49.2 79. 60"
40 +1 39.55 +0.25 0. 04542 47.1 2.385% 49.2 95. 154
40 +2 40.90 +0.75 0. 00042 47.1 0. 2254 49.2 99. 5542
40 +3 40. 80 +2. 00 0. 00042 47.1 0. 0004 49.2 100. 004
B + 25 120 70 +0 73.00 3.045% 50. 1 3.595% 52.3 93, 1780
bR 70 +1.8 69. 05 2. 8654 50. 1 4.035%4 52.3 92. 43¢
MB + CO, 70 +3.6 63. 30 1. 7754 50. 1 2. 7754 52.3 94, 734ABChe
70 +5.4 68.25 1. 6804 50. 1 1.915% 52.3 96. 34Bab
70 +7.2 68. 65 1. 19542 50. 1 1. 550" 52.3 97. 074
i CyN, 20 120 60 57.25 19. 0001 43.2 25. 6004 42.1 39. 534
90 86. 95 6. 3004 43.2 8. 7004 4.1 77.23%
120 114. 15 4.200% 43.2 11. 9004 42.1 68. 86
FoHEHE 20 120 60 +60 72.70 +67. 65 1. 15042 44.5 9. 7504 40.2 74. 484

C,N, + MB 60 +90 70.55+93.00  0.300% 44.5 11. 1504 40.2 70. 8242
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2.3 50%FHEBRKM TRALI TCK HREZR
W 4 ATRLT 7 509% HEAR R BT A A0 BB T 15 2 A8 T TCK T J A i T e
TR
Fd S0REHBHKM TR TCK HREYR
Teble 4 Fumigation effects of MB on the teliospores germination of 7. foetida and T. controversa under the condition of

50 % loading of wheat

s M R T K5 % TCK Wi %%/ %
N e e S Telios S Teli L TCK AH*t
B/ Kb FREHE] /R biilh=v4 B/ - m - eliospore germination eliospore germination FEr-s2
Mz e Exposure g+ m™? g m of T. foetida of T. controversa e
Temperature i D Average P o p — Relative mortality
ime A A
osage concentration gL AL A FRAL R AL of TCK
Treated Control Treated Control

20 120 180 139.95 0. 035 26. 50 0. 000 12.40 100. 00

2 x120 90 92.05 0. 000 26. 50 0. 000 12. 40 100. 00

120 112. 00 0. 000 26.50 0. 000 12. 40 100. 00

2.4 RERSGENNERZBENTMNE

IR B, AN BIRE RIS TARZ,  FLRETR Y Be v 5 1 T v /R 2 2 b JH sF (1] 174 i 7
WO(ES), ARGBER/NEDRREEEZREE (90 g m IRPEHEZZ 120 2K 5120 g - m PR
P HEZE 120 h 2 ALHS 10 d SR SRR E VN F=32.000, F,q=0.029),

LEFRJE 180 d /N IR S RAGIIAE RFEH], WE 180 d LUR/NEH R BB & EAAR] 143 mg - kg ',
A T I /)N 2 VS 4 T ASS R A2 Bk b ) S B BT AE 100 mg - kg ™' LA b T A R OR B 2 A TR [ N A2 AT
AN LR G fS SRS 2 TR, AHUNE SEP/NEZL 1:2 (i) IRFCHE SR & & AT DLREAR
E50mg - kg 'PAF (£6),

%5 BRERABEERERENERZESERNLESR

Table 5 The total bromide content of wheat in different time after MB treatment

E’C]%ﬁ%/mg . kg’l Total bromide content

AbFE Treatment

10 d 20 d 30d 40 d 60 d =70 d
CK 3.5x0.42 3.5+0.53 3.3x1.11 4.5 +0.94 4.0 +0.68 4.0+1.12
90 g - m™® (2x120 h) 115.0 £7.07 116.0 £8. 48 114.5 £4.95 115.5 £9.19 117.0 £0. 00 144.0 = 1. 41
120g-m™> (2x120h) 155.0+7.07 157.5 +10. 61 160. 0 +14. 14 180.5 +£28.99 162.5 +17. 68
180 g - m~3 (120 h) 137.5 +3.54 140.0 +7. 07 146.0 +£5. 66 141.5 +3.54 150.0 +0. 00

F6 BESRSENPERNER

Table 6 The total bromide content in the treated wheat mixed with different proportion of untreated wheat

,‘E‘C]f‘«ﬁ‘i/mg . kg’1 Total bromide content

b
Tr::fim Jb BN R UR T ik 1:1 BY/NAZ IR 1:2 BY/NAZ IR
Initial value of treated wheat Flour Bran 1 (treated) :1 (untreated) 1 (treated) :2 (untreated)
CK 6.0+1.02 — — — —
180 g - m~3 (120 h) 144.0 £1.41 134.5£20.51 191.0 +£15.56 78.5 +£10.61 48.0 +4.24
3 i
Smilanick 45 ¥ IR 45K, 240 mg - m IR L EAEALH/NEFPF 24 h, X TCK Xl FHi kA
WIS B3R, (HZGR S TR Y be BE 28 A0 P 1 S5 B AIR T /N R i e, AR 2 SRR, TR e

XF TCK o B A AR KA T, AT B B2 T g 0o, e ek 22 Y P g g Ak LR 1), AR AR ARG R PR e Y
IR, AT DARSEARHORT /N2 R R B2

TR b AT B BB RE T, LR AR AR RS i R MRS S8 50 A SRRk A, TR
5 TAARR SR T R R RN TR bR A — 8 HU B A ARRR BE 100% A K E R, I
i BRI R B R R T 1 AR B R T A R e s I PR e 7E M B v i i OR 2 i
PRI, DR, 42 — SRRV BE REAS 4 o TR e 15 — S AR & R X TCK A KRR

PR L be 2 TCK FEA AL BB H A SZE R . PRAR S e FRAR /N I ) 58 B R N A R 14 5 T (1] et
A, 2000 4F2 A, B ERAR A SV IR LS PIC 22 29 [ PrAb o i B PE A 22 5122 (ICRC)
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FEBRE THR LM HTERE Y . RATWBF IR RE, REF RS A L LEIR A FIRE 100% 2 K TCK
TR, [FIRRENS B3 MR IR e AR R e i B, I AR T 5K RO X R 4L 2 B BE ZE AL B TCK B 27
EOE 7

HEARFNVFA UL 60 g - m RHBHRAMH, NRE7EaR IR L 1) TCK A mfaT, HA
WAE R 5 i — 2R B 50 E

TR B % B B A TCHLIRE FIEATE, P2 E SR H b BRI Y S, X TOHLIR M) & &
HOA e R, Jessup 25V BFSR 45 REH], 76 17 CHAMF T, 40 ~45 g - m 1 g b 30 e /K R
2 h, AKRDPITHRAE BT 20 mg - kg™, FFEHICMER, Banks 25" HF5E R, /N IGHLIR

g -m™), T HIEZAEBA BRI, MR TCK J5/NE RS i m, B AHC DA, Zad
5 E P NSRBI 5, /N rpICHLIR & ] IR R 2 TAREZ T

1T TCK &4t 1 B A AEARIR A ME B 75 2RI ), ASBFFE [ i He s 1 15 Y e S HETR 7R 0 /N A2 le
JE R A A T AR, SERERWT, F/NAChE AN R AR N R, REAS A B R I
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