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Fumigation Efficacy of Ethyl Formate on Wheat, Corn
and Rice in Sealed Desiccators

He Yanping,Xu Li,Chen Sisi,Xu Guangwen, Xie Lingde

Abstract ; Ethyl formate ( EF)is a potential alternative fumigant to methyl bromide and phosphine
for the control of insect pests in stored commodities. Effects of temperature , relative humidity and grain
m. c. on toxicity of EF were studied using sealed desiccators containing maize , wheat or rice. Lower
temperatures decreased efficacy of EF. A concentration of 80 mg/L EF killed >98% of Sitophilus zea-
mais Motschulsky placed on top of the grain exposed 72h at 16,24 or 32°C. However, very low mortali-
ties of S. zeamais placed under rice at all three temperatures and under wheat at 16°C.. A concentration
of 80 mg/L. EF could not control Rhyzopertha dominica (F. )on top of wheat or rice and below all three
grains at 16°C ,72h exposure. Increased r. h. increased efficacy of EF. At 35 and 65% r. h. ,very low
mortalities of S. zeamais and R. dominica were found below maize after an applied concentration of 80
mg/ L EF after 72h at 25°C. However,when r. h. was increased to 95% , it killed >90% of both pests. The
efficacy of EF was reduced at higher grain moisture contents. At >12% m. c. ,mortality of S. zeamais and
R. dominica under maize was below 20% even though higher r. h. of 60 and 90% were used.
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Introduction

Ethyl formate ( EF ) is an easily vaporised
organic liquid. It has been investigated as a rap-
id disinfestant for many stored product pests
and other pests'' ', EF has been used for dis-
infestation of pests in stored dried fruit since
1927, However, it as a grain fumigant has
waned following development of methyl bromide
and phosphine'”!. Methyl bromide is now being
phased out internationally under the Montreal
Protocol because of its damaging effect on the
ozone layer. Use of phosphine is under increas-
ing pressure because of the frequency of resist-
ance to it'*’. Ethyl formate has been considered
as a candidate for development as a fumigant of
stored grain.

The rapid toxic action of EF has been ob-
served in many insects. Damcevski and Annis
showed that EF could give >99% mortality in
adult insects and >95% mortality in other sta-
ges with a 24 h exposure period''”*/. EF also
is an environment friendly fumigant. EF natural-
ly occurs in many grains, vegetables, fruit, and
animal products such as milk and cheese” ™"’
Its residues break down to the naturally occur-
ring products , formic acid and ethanol''’. How-
ever,EF is easily sorbed by all commodities and
has poor penetration through bulk grain. Its fu-
migant toxicity is affected by many complex fac-
tors. Carbon dioxide ( CO, ) can enhance fumi-

gant toxicity of EF,and many other fumigants,
to insects''""""). CO, mixed with EF can sub-

stantially reduce its ammability and has the
effect of raising the lower ammability limit'"'.

Furthermore, CO, has ability to improve the

movement of fumigant through the grain'"'. Ef-
ficacy of EF against pests was markedly in-
creased at increased r. h. in the absence of
grain'"). However, the effect was less in pres-
ence of grain,possibly due to the high solubility
of EF in water (105 g/L at 20°C )" "' Ren
and Mahon"*’ showed that using two dosages of
85 g/t, EF gave a high level of control of all
stages of most of the test insects in the wheat,
split faba beans( Vicia faba) and sorghum. Split
faba beans and sorghum took up EF more
strongly than wheat. EF residues in wheat were
reduced to natural levels within 2 weeks from
application , but in split faba beans and sorghum
it took more than 4 weeks for residues to return
to near background levels.

Maize weevil , Sitophilus zeamais, and less-
er grain borer Rhyzopertha dominica are two se-
rious pests of stored grain. High mortality of R.
dominica by EF has been reported'®’  but there
is little reported data on EF against S. zeamais.
Two pests were chosen for comparative studies.

In this paper, we report the influence of
temperature, kind of grain, relative humidity
and moisture content ( m. c. ) of grain on EF
effects on these two species.
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Materials and Methods

Insects

All test insects were reared at Wuhan Pol-
ytechnic University in electronically controlled
incubators 27 £ 1°C and 75% 5% r. h.. Siio-
philus zeamais was reared on whole wheat,
Rhyzopertha dominica on broken wheat, Triboli-
um castaneum on whole wheat flour with 5%
yeast. The wheat to be used was sterilized at
80°C for 2h. The moisture content was then ad-
justed to 13% +1% w. b. Adults(7 - 14 days
old) were used in this study.

Chemicals

The EF used was analytical grade( =97%
purity ) , purchased from Tianjin Basifu Chemi-
cal Lid.

EF Treatment at Different Temperatures

The insects were treated with EF in
gastight 15 L glass desiccators, sealed with
glass stoppers fitted with a septum for gas injec-
tion. Four fifths of the volume of the desiccators
were filled by 12% m. c. grain( maize , wheat or
rice) . Each test replicate used 30 adult maize
weevils and 30 adult lesser grain borers. Three
replicates of each kind of insect were put below
the grain and also on the top of the grain. ImL
liquid EF was added onto a filter paper in a
dish on the grain surface. The final calculated
concentration of EF in the desiccators was 80
mg/ L. EF treatments were carried out at 16,24
and 32°C, each at 70% r. h. in electronically
controlled incubators. After the exposure of
72h, the desiccators were opened and mortali-
ties were assessed for each replicate.

EF Treatment at Different Humidities

Test insects were treated in desiccators, as
above. The desiccators were filled to two-thirds
capacity with 6 kg maize. Prior to being sealed ,
the desiccators,with grain were held at 25°C at
35% ,65% or 95% r. h for 30 minutes. The
containers were then sealed and 1mL EF was
applied introduced through the septum using a

gas-tight syringe. After 72h, the desiccators
were opened and mortalities were assessed for
every replicate. Maize at 10% m. c. was used in
r.h.35% r. h. tests,and 12% m. c. maize was
used in 65% and 95% r. h. tests.

EF Fumigation at Different r. h. and
m. c. of Grain

Fumigations were carried out as above at
25°C using maize of different moisture con-
tents. The moisture contents and resulting r. h.
is given in Table 1.

Table 1. Fumigation condition of
EF for corn at 25°C

Weight of Grain Concentration
grain(g) |m.c. (%) "0 (P of EF(me/L)
6 9.2 30 80
6 12.7 60 80
6 16.25 80 80
Results

EF Treatment at Different Temperatures

Table 2 shows that a concentration of 80
mg/L EF killed >98% of S. zeamais placed on
the top of the maize, wheat or rice after expo-
sure of 72h at 16,24 and 32°C (Table 2). Very
low mortalities were observed for insects placed
below under rice at all three test temperatures
and under the wheat at 16°C. A initial concen-
tration of 80 mg/L. EF could not control R. dom-
inica after 72h at 16°C ( Table 3) did not kill
all of the test insects either on top of or below
the grain. It killed more than 90% lesser grain
borers both on the top of the maize and wheat
and underneath the two grains at 24°C and
32°C. Lower mortalities of lesser grain borer
were found in the rice at the three tempera-
tures. These results showed that higher tempera-
ture increased the efficacy of EF. EF fumigant
efficacy varied with the kind of grain used ( Ta-
bles 2,3).

Table 2. Mortality ( % ) of maize weevils with EF applied at
80 mg/L after 72h at different temperatures *

Grain 16°C 24°C 32°C

. top 100.0 0. 0a 100.0 0. 0a 100.0 0. 0a
e bottom 97.0 +2.6a 100.0 £0.0a 98.8 +2. 1a
top 92.4 +10.3a 100.0 0. 0a 100.0 0. 0a

Wheat
bottom 29.7 +13.6a" 98.9 +1.9b 100.0 +0.0b
Ri top 98.9 +1.9a 100.0 +0.0a 98.9 +1.9a

1C

e bottom 0.0+0.0a" 5.7+2.1b" 6.9+1.7b"

" Results are the means SD(n =3). Means within columns followed by the same letter are not significantly different(p >0. 03,
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LSD Fisher’ s multiple range test).

* Mortalities of pests is significantly different between top and down of the same grain(p <0.05,Student’ s ¢ test).

Table 3. Mortalities of lesser grain borers with EF applied at

80 mg L ~'for 72h at different temperatures( % )*
Grain 16°C 24°C 32°C
) top 94.6 +5.0a 97.7 +4.0a 98.9 +2.0a
Maize
bottom 74.1 +0. 8a = 92.0 +4.9b 93.4 +5.8b
top 51.9 +10.2a 98.9+1.9b 100.0 £0.0b
Wheat
bottom 5.6 +3.8a" 94.4 +6.9b 92.2 +10.7b
Ri top 68.6 +6.5a 63.3 +3.3a 61.2 +6.2a
1
“ bottom 3.4+0.1a" 4.4+1.9a" 11.5 3.2b"

* Results are the means SD(n =3). Means within columns followed by the same letter are not significantly different(p >0.05,

LSD Fisher’ s multiple range test).

* Mortalities of pests is significantly different between top and down of the same grain(p <0.05,Student’s ¢ test).

Efficacy of EF Fumigation at Different

r. h.

Increased r. h. increased the efficacy of
EF. At 35 and 65% r. h. ,very low mortalities

the maize with an initial concentration of 80
mg/L EF after 72h at 25°C. However, when r.
h. was increased 95% , it killed more than 85%
of both pests (Table 4).

of S. zeamais and R. dominica were found under

Table 4. Mortalities of the two pests with EF applied at 80 mg/L
after 72h at 25°C for maize at different r.h. (%)"

Pest 16°C 24C 32C
] top 92.3+1.7a 100.0 +0.0b 97.8 +1.9b
S. zeamais
bottom 22.9+5.0a" 71.9 +0.8b * 96.8 +5.6¢
o top 96.3 +£6.4a 89.4 +9.8a 93.0+3.2a
R. dominica
bottom 40.9 +3.2a" 64.7 +3.3b" 86.3 +13.9¢

* Results are the means SD(n =3). Means within columns followed by the same letter are not significantly different(P >0.05,

LSD Fisher’ s multiple range test).

" Mortalities of pests is significantly different between top and bottom of the same grain(P <0.05,Student’ s ¢ test).

Effect of r. h. and m. c. of Maize to EF

Fumigation

Both r. h. and m. c. of maize affect the effi-
cacy of EF. An initial concentration of 80 mg/
L,EF gave lower mortalities of both S. zeamais
and R. dominica with the lowest r. h. (30% )
(Table 5). At >12% m. c. , mortalities of S.
zeamats and R. dominica below the maize were

< 20% , even with higher r. h. (60% and
80% ) (Table 5). These results were far below
the mortalities observed for S. zeamais
(71.9% ) and R. dominica (64. 7% ) below
maize at 65% r. h. ,12% m. c. and 25°C ( Ta-
ble 4). This shows that m. c. of grain affected
efficacy of EF much more than r. h. (Tables 4,
5).

Table 5. Mortalities of two pests with EF applied at 80 mg/L
after 72h at 25°C for the different m. c. of maize( % )°

Pest r. h.30% r. h. 60% r. h. 80%
m.c.9.2% m.c.12.7% m.c.16.3%
) top 53.5+3.2a 98.5+2.6b 97.5 £4.3b
S. zeamais
bottom 5.1+0.8a" 16.9 +3.6b" 13.3+6.7b"
o top 29.8 £3.1a 60.4 +£17.0b 54.9 +11.7b
R. dominica
bottom 5.3+1.8a" 16.7 +5.8b" 7.5+2.9a"

* Results are the means SD(n =3). Means within columns followed by the same letter are not significantly different( P >0.05,

LSD Fisher’ s multiple range test).

" Mortalities of pests is significantly different between top and down of the same grain( P <0.05,Student’s ¢ test).
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Discussion

In general, fumigants show high toxicities
at higher temperatures''®’  but there is little da-
ta published on effects of temperature to EF.
Damcevski et al. proposed that this should be
studied"". Our results showed that EF gave
higher mortality of pests at high temperatures,
especially below a layer of grain ( Tables 2,3).
However, higher mortalities of S. zeamais, R.
dominica and Tribolium castaneum were found
at lower temperatures in the absence of grain
(these Proceedings) . It is suggested that higher
temperatures increase uptake of EF,through in-
creased respiration, and also increase fumigant
movement thus increasing its effectiveness in
presence of grain.

The presence or absence of grain and its a-
mount directly affects the efficacy of EF. There
is little loss of EF without wheat''*'. The loss of
EF from the headspace above wheat has been
studied observed. The loss is attributed to sorp-
tion and subsequent breakdown by the
wheat!!1*1718) Also, the influence of a com-
modity on the ef cacy of fumigation is due both
to its sorption behaviour and also its effect on
the metabolism of the insects”’. Damcevski et
al. reported the effect of wheat on the metabo-
lism of adult stored-product Coleoptera''.
Changes in the respiration and metabolism of S.
oryzae were observed when in the presence of
wheat' ). Results in this paper showed effec-
tiveness of a set dosage of EF was influenced by
the type of grain treated ( Tables 2,3 ). This
implies that the kind of grain influences the
sorption abilities to EF. Also, the different
grains may affect metabolism of pests different-
ly. This idea merits further study.

Results in this paper are consistent with
previous observations that EF showed higher
toxicity to pests in higher r. h. (Table 4). EF is
sorbed by most commodities' """ | especially
where they have high moisture content or are
warm''*) . Tables 4 and 5 show that higher m. c.
of grain inhibited efficacy of EF more strongly
than higher r. h. However, higher r. h. can in-
crease the m. c. of grain,so the effect of r. h. on
EF action is complex.

The m. c. of grain should be considered
when EF is to be used to fumigate stored grain.
In order to get best effectiveness of EF, it is
necessary to choose the moost favorable condi-
tions of temperature ,kind of grain,m. c. of grain

and r. h. .
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This research will maximize the ability of
the “green” fumigant, ethyl formate,as a fumi-
gant for stored grain.
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