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Abstract

The objective of this research was to study the effects of exposure time, pressure and surrounding
temperature on the mortality of eggs and adults of Sitophilus zeamais. Eggs (0 - 2 d) and adults (> 7 d) of S.
zeamais were exposed to different combinations of four pressures (50+10, 100+10, 300+10 and 500+10 mmHg)
and three temperatures (20, 30 and 40°C). The LTy, (lethal exposure time at 99% mortality) of eggs and adults
were in ranges of and 15.29 - 198.97 1.22 - 130.86h, respectively. At the same pressure and temperature, eggs
were more tolerant to vacuum than adults stage. Decreasing pressure and/or increasing temperature led to a
higher efficacy of the vacuum treatment. In order to compare the efficacy of vacuum treatment against carbon
dioxide fumigation, trials were conducted in PVC enclosures containing 150 kg of paddy at room temperature.
Vacuum treatment at 100+10 mmHg for 8 d yielded higher insect mortality rates comparable to those of carbon
dioxide fumigation. Considering the findings in the present study and those established by other researchers,
exposure time of at least 8 d at pressure lower than 100£10 mmHg is recommended for disinfesting S. zeamias.
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Figure 1 Pressure control system used in this study.
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Figure 3 %mortality of S. zeamais adults (black dots) and eggs (white dot) and surrounding temperature (solid
line) during the vacuum treatment experiment at 20°C and (a) 50£10, (b) 100£10, (c) 30010 &g (d) 500+10

mmHg.

Table 1 Lethal exposure time at 50, 90 and 99%mortality of S. zeamais eggs as a result of the Probit analysis.

Pressure Lethal exposure time (LT) (h)
(mmHs) LTs, (lower — upper) LTy, (lower — upper) LTy (lower — upper)
20°C
50 55.22 (53.634 — 56.896) 77.44 (74.050 - 81.647) 102.02 (95.409 - 110.651)
100 73.05 (63.429 - 83.223) 126.87 (108.939 - 157.335) 198.97 (159.913 - 279.970)
300 Oh > -r
500 Oh > ¢-r
30°C
50 27.61(22.962 - 31.686) 60.13 (52.659 — 71.539) 113.41 (91.252 - 157.750)
100 31.72 (28.408 - 35.237) 62.11 (54.435 - 73.530) 107.41 (88.387 - 140.173)
300 - Ok ¢-r
500 Oh > ¢-r
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Pressure Lethal exposure time (LT) (h)
(mmHg) LTs, (lower — upper) LTy, (lower — upper) LTy, (lower — upper)
40°C
50 10.08 (9.311 - 10.884) 12.68 (11.636 — 14.598) 15.29 (13.552 - 19.095)
100 6.30 (5.593 - 6.928) 12.79 (10.448 - 14.842) 22.79 (18.845 - 30.092)
300 26.09 (21.659 — 29.158) 43.69 (41.314 - 46.595) 66.51 (59.388 - 80.418)
500 21.58 (18.965 — 24.548) 41.66 (35.497 - 51.611) 71.22 (56.620 — 98.860)

*The Probit analysis could not be conducted either because 1) the number of % mortality data points were not

sufficient or 2) there were no hatched eggs found in the sample.

Table 2 Lethal exposure time at 50, 90 and 99%mortality of S. zeamais adults as a result of the Probit analysis.

Pressure (mmHg)

Lethal exposure time (LT) (h)

LTs, (lower — upper)

LTy, (lower — upper)

LTy (lower — upper)

20°C
50 3.65 (3.084 - 4.188) 10.78 (9.340 - 12.912) 26.08 (20.417 - 36.497)
100 9.63 (8.059 - 11.223) 40.54 (34.125 - 49.944)  130.86 (98.078 — 190.373)
300 -r -° °
500 -r -° -

30°C
50 0.31 (0.234 - 0.387) 1.52(1.199 - 2.107) 5.56 (3.632 — 10.503)
100 3.32(2.907 - 3.691) 8.37 (7.597 — 9.415) 17.81 (14.947 - 22.474)
300 -r -° °
500 -r -° °

40°C
50 0.25(0.223 - 0.274) 0.61 (0.544 — 0.701) 1.27 (1.050 - 1.612)
100 0.51 (0.486 - 0.528) 0.82 (0.784 - 0.870) 1.22 (1.135 - 1.333)
300 5.83 (5.467 - 6.177) 12.03 (11.468 - 12.674) 21.71 (20.014 - 23.865)

500 14.86 (12.903 - 16.998)

29.08 (24.741 - 36.072)

50.26 (39.846 - 70.330)

*The Probit analysis could not be conducted either because 1) the number of % mortality data points were not

sufficient or 2) there were no hatched eggs found in the sample.
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Mbata et al. (2004; 2005) ¥4 Finkelman et al. (2003b)
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o

Tuusse1n 1Al AN UFURNUSAUSEAUAINUAUUSTEINA
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Tudnwauzldunsane MsesuA1usY 50, 100, 300 LAY
500210 mmHg ANududuiweandiauilandy 1.4, 2.8,
8.3 ua 13.8% muaddu dadu derunduldge msldas
qayzy'mmLﬁamsﬁﬁmLLmaqUuLﬁau‘LwﬁnLUé‘aﬂMﬁ
fndiunisinnnudulaiiiy 100410 mmHg Fsaududy

89N 1WRBNTLIULLURLTUAINTI 3%

32 WanIsvmassiIvauualulaTiasge PVC

Figure 4UU Uag 4879 LAAIANAULAZAULTLTUAY
arsuaulaeanledniglulaseainags PVC Tusendnenis
nAaes Table 3 wansagunanisnaaeIiidawuaiu

laseasegs PVC gaungilnindeunieusnlasaasnegs PVC

fiN15IUABULUaIMNAN NN AL TILIAITBINITNARDS
Ferrgquvglaign (2248-2595°0) wargegn (29.5-
38.32°C) (data not shown) 1iieAsU 8 d ¥8IN1TMARDLIT
guaynTA Wesliuin1snIeves S. zeamais ez BANlY
MINNAUFIDEIAIANTBINITNARDIATST 1-5 iy
9.82,4.35,9.76, 4.69 way 8.99% A1UA1AU wonani
Snuuvashuszesdindus (e, vy dnuduasiufiue,)
AAnTulugeganiuaunes s. zeamais seoely 18303
naaeInsad 1 - 5 flAinAu 38.2, 14.2, 9.4, 10.7 waz

11.4 fRavnLAUsegIawIas audsu
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Figure 4 Absolute pressures inside PVC bags during the few first hours of the vacuum treatments (upper) and gas

concentrations during the carbon dioxide fumigation trials (lower).

a

lunmeaednssi 1 uag 2 Bagyinaliauisanide

v
7

Mesruzlinarszuednfutevaa S. zeamais Manuale
FaUasiuAN1SA18909 S. zeamais syerlvindu 39.01

WAy 80.2% warszarddutuvingu 9.36 way 80.99%
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AIUAIRU NANISNAABINADAAABINUNANITNAABINBURLIN
(Figure 3c wag 3d) Aa Mgaunqi 20 Uag 30°C AU
300410 wag 500+10 mmHg FBagaynealiaiusanidn

svourlunarszosifuievas S. zeamais lenanuaniely
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JELIANVDINITNARDY (ie., g9dn 336 h) dloanusuanas
Ju 100 10 mmHg lun1svnassdi 3-5 eszezlvuas
spozdufutognindationun ndsandiunissudefineg
ansuaulaeenlemiunan 14 d S. zeamais 711 2 sve¥An3
wigulaluynnisveassiiiesidudnisaie du 100%
NANISNAABINISAITALNAITS 2 35 wansldifiudniz
qmwz:mmﬁﬁmmﬁumﬂu‘ﬁmqa%ﬂ&hjLﬁu 100+10 mmHg
wagsyezliamdnlitesnin 8 d fAuaiunsalunisnidn
S. zeamais WigulAeslanuissuiwasueulneanlan
1As3a519 Cocoon® (SVC-010, GrainPro Inc., Ltd.,
Concord, Massachusetts, USA) §nRAANLNUNAERNND
dlnslndy (polypropylene) wazuiseaniludiudiuag

dauuuﬁgm%auﬁuﬁw%ﬂ (zipper) Navarro et al. (2001)

way Finkelman et al. (2002; 2003a) nAasIA14a E
cautella, P. interpunctella Wag T. castaneum ﬁLﬁaU‘nﬂ
srozn1saseaule lagvinnisneasslulaseaine Cocoon®
Feussqunlnli 5,650-13,000 kg Ynidungudananinuin
fiau 23-75 mmHg wwanieutmuaiiiuedidudnns
meilu 100% denanriuld 3 d ndanisudunimeass
dlofiansanavesudded e, 7 20°C LT, vessveyle
Y84 S. zeamais WINAU 198.97 h nIaUszam 8 d) SauAuU
NAN1SAaBdUBY Navarro et al. (2001) waz Finkelman et
al. (2002; 2003a) AuzyITelvidaiauauuzdn n15l43s
aaniatunisidauuasdaglulsaiuasldainudu
melulassadefisnngn 10010 mmHg wagszezafdn

lyitlesnin 8 d

Table 3 %mortality of S. zeamais as a result of the vacuum treatment and carbon dioxide fumigation trials in

PVC bags.
Parameter Test 1 Test 2 Test 3 Test 4 Test 5
Pressure level (mmHg) 500+10 300+10 100+10 100+10 100+10
%motality,qu 9.36 80.99 100 100 100
%motalityegg 39.01 80.28 100 100 100
Concentration (%) 39 - 65 39 - 57 a1 - 76 39 - 65 39 - 49
%motality,qu 100 100 100 100 100
%motalityegg 100 100 100 100 100
. msveulaeenles WeRinsanuaresnuiseiisanfunanis
4 &9

o w o

NUITHUANYINANTLNUVBITLELLIANNIA, AIUAU
(50 - 500 mmHg) uazaungil (20 - 40°C) Aiflsierosidun

1 o I3

N13M18904 S. zeamais 538z lULALIZESANANTY LT V09
wuasszezliuayszeriufutefianeglugag 15.29 - 198.97
uaz 1.22 - 130.86 h mwddu lneilufinnaamgiinas
NNAUAY LUaSIUANISANBYY S, zeamais Twualily
avdudlounasegmelfannzgyanimuiu Adeulums
naasuAeIiy szezlived S. zeamais IAUAIUNIUGD
anmeamyINIAnNIsszduinte uenand e
ﬁuﬁwamaz/ﬁa@mmﬁqﬁu Wagynaluseansan
gqs‘ﬁu Bagynaianusunelulasaialiiu 100£10
mmHg wagszuznaininlitesnin 8 d Aanuaiisaly

A15A190 S. zeamais Wi uLAedla T UITsuA1Y

naaevelinidunguaus augidelvidaiauauugin nsld
Bayarnalunisidasuasdnslulsafvasldaudu
Melulaseas19naIng1 10010 mmHg LazIzezIAINIEN

laitpenin 8 d

a a

5 AnANsIUUTINA

MmATeldsunueanyuideanan Tuideuasamuns
UMINBELERIAEns Usednl 2554 sialasansive -
v(9) 195.54 AnziTovevaunniieiAiasinsnanisinuns
WASTNR LAEAIAIVIIAINTTULAYAT ANEIAINTIUAIEARNS
FUNILEY LN INNSnERTANERS INeRRLNaLEY T
Ieynseiaauiinazansisayulandug dmsunisdiu
Aol YDUUAM AT. ANANT gnSans nesdTuiaun
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