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Effects of Gas Mixtures of Phosphine and Sulfuryl Fluoride on Mortality of the Granary Weevil:
Sitophilus granarius L., and the Maize Weevil: S. zeamais MoTSCULSKY (Coleoptera: Rhynchophoridae).
Hiromitsu Na1to, Noboru Ocawa, Nobuaki TANIGAWA, Mutsuro Gorto,* Takashi MisuMi, Yukihiro Soma,
Taro IMAMURA** and Akihiro M1YANOSHITA** (Research Division, Yokohama Plant Protection Station,
1-16-10, Shin-yamashita, Naka-ku, Yokohama 231-0801, Japan, *Kobe Plant Protection Station and
**National Food Research Institute. Res. Bull. Pl. Prot. Japan 42: 1-5 (2006).

Abstract: Fumigation tests using sulfuryl fluoride (SF) and phosphine (PH) were conducted to develop
an alternative to methyl bromide fumigation. Egg, larval, and pupal stages of Sitophilus granarius and
S. zeamais were tested. SF fumigation showed high efficacy toward larval and pupal stages of both
weevils: The stages were killed completely at 10 mg/! for 24 hours at 15°C. However, the mortalities
of the egg stage of each weevil were 26.4 and 3.6%, respectively, with SF showing the least efficacy
toward the egg stage. Mixture gas fumigation of SF 30 mg/! and PH 2 mg/I for 24 or 48 hours at 15°C
was conducted to cover the weak point of SF. The mixture gas fumigation showed high efficacy
toward all stages: however, 100% mortality was not obtained in the pupal stage of S. zeamais by the mix-
ture gas for 48 hours. This result was not in accord with the result of SF fumigation. Then, mixture
gas fumigations taking account of the order of the injection of both gases and the pace of increase of
PH gas concentration were conducted, and this made clear that these factors affected the mortality of
larval and pupal stages of both weevils. These results indicated that mixture gas fumigation of SF
and PH has promise as an alternative to methyl bromide fumigation, but it is necessary to take into ac-
count the method of the PH dosing.

Key words: phosphine, sulfuryl fluoride, mixture gas, fumigation, mortality, granary weevil, maize
weevil
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Table 1. Mortalities of S. granarius and S. zeamais fumigated with sulfuryl fluoride at doses of 5, 10 and 30 mg/![ for

24 hours at 15°C.

Mortality (% =£S.D.)

Species Stage nb
5mg/l 10 mg/1 30 mg/I
Egg 345 — — 26.4+74
S. garanarius Larva 1,215 100 100 100
Pupa 1,071 100 100 100
Egg 633 — — 3.6t5.1
S. zeamais Larva 2,082 99.9+0.2 100 100
Pupa 1,874 100 100 100

D Total number of insects tested in three replicates excluding larval stage of S. zeamais, and that of larval stage of

S. zeamais in two replicates.
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Table 2. Mortalities of S. garanarius and S. zeamais fumigated with mixture gas of phosphine and sulfuryl fluoride

for 24 and 48 hours at 15°C.

Mortality (% =£S.D.)

Species Stage nt 24 hrs 48 hrs
2+102 2+30% 2+30%
Egg 632 100 — 100
S. garanarius Larva 1,860 100 100 100
Pupa 1,290 946+ 6.9 98.7+1.8 100
Egg 560 98.6+ 0.0 — 100
S. zeamais Larva 1,618 934% 54 99.3+0.8 100
Pupa 1,027 47.6+134 99.6+0.6 99.4+0.9

D Total number of insects tested of egg and pupal stages in two replicates, and that of larval stage in three replicates.
2 PH; 2 mg/l+SO.F, 10 mg/l. Both gases were injected into the bottle continuously.
3 PHs 2 mg/l+SOsF, 30 mg/l. Both gases were injected into the bottle continuously.
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Table 3. Mortalities of S. granarius and S. zeamais fumigated with mixture gas of phosphine 2 mg// and sulfuryl

fluoride 30 mg/I for 24 hours at 15°C.

Mortality (% =£S.D.)

Species Stage nb
PH >SF? PH/SF? SF >PH?Y
Egg 1,035 97.1+ 1.3 99.4+0.5 98.3+ 2.3
S. garanarius Larva 951 99.7+ 0.5 100 100
Pupa 1,699 78.1%+ 3.1 99.6+0.8 100
Egg 1,899 61.1+10.3 54.8+4.3 65.1112.1
S. zeamais Larva 1,704 100 100 100
Pupa 1,326 872+ 5.6 99.5+0.8 100

D Total number of insects tested in three replicates.
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Sulfuryl fluoride was injected into the bottle at 60 minutes after injection of phosphine.
After injection of phosphine, sulfuryl fluoride was injected into the bottle immediately.
Phosphine was injected into the bottle at 60 minutes after injection of sulfuryl fluoride.

ooobo.o0oooobobooooooobooooogoon
O. PH., SFOOOOOOOOOO.O0O0O0PHDOOO
ocoooooooobooooooboboooboobobooboboooo
oooDbD0O.

ooooo., sFrooooooooOoODOOODOOO0O
ogooooooooooooo.booooboboboooo
ooooooooooooooooooooon. PHS
SFO000000., 0000000000, 00000
ocooooooooo, o OOOOOGbo,booo
ooooboo., 000, 24000000000 PHO
coboooobodoboobooobooooooodgo, O
O.oooooboooooooocoooooo,s pHOO
oooooooooooboobobobobobob, oo
O.00000000000000O0O0O0O., PHOO
oo0000o0ooooo0ooooooooo sFooo
ooooooooboooooooo.s sFooooon
OooooooooopHOOOOOO.OODODO
pHOOOOOOOOOOOOOOOOOO, PH. SF
oooooo. boooooooobobobooboboobooo

Table 4. Mortalities of S. granarius and S. zeamais fumigated with phosphine and mixture gas of phosphine and

sulfuryl fluoride for 24 hours at 15°C.

Mortality (% £S.D.)

Species Stage nb PHs 2 mg/1 PHs 2 mg/l+SO;F; 30 mg/I?
13) 44) 105) 13) 44) 105)

S eranarius Larva 3,692 99.8+= 0.3 99.7+0.3 99.8+0.3 100 100 100
& Pupa 5,664 22517109 229+75 35.01£8.8 99.6+0.8 100 100
S zeamais Larva 3,309 99.8+t 04 99.6t£0.7 99.9+0.2 100 100 100
’ Pupa 4,674 739+t 2.1 70.8+t1.3 68.1t6.5 99.9+0.2 100 100

)

that of larval stage of S. zeamais in two replicates.

g & e »

Total number of insects tested in three replicates excluding larval stage of S. zeamais in mixture gas fumigation, and

After the first injection of phosphine, sulfuryl fluoride was injected into the bottle immediately.
2 mg/l of phosphine gas was injected into the bottle at once.

0.5 mg/!l of phosphine gas was injected four times at half-hour intervals.

0.2 mg/! of phosphine gas was injected ten times at half-hour intervals.
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