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F 1 OEHEER RN TR HR45E (Spurgeon, 1976)6+
Table 1. Estimated percent losses during the handling and processing
of rice in Southeast Asia

# 17 AT (%)
Iz i _ 1-3

1t i 2-7

N 2-6

L2 i 1-5
B 6

A i 2-10

i it 10-37

22 DRz BEAED (Ball, 1970)00
Table 2. Estimated range of crop losses from a variety of causes in the
postharvest system in different countries during storage

- i 4 2 HEES (%) HrEE CHD
=) M
E R # 50-100 12
e 50 , 12
mo 9.3 12
* 2K
RO TR 90-100 i2
Benin 20-50 5
e 0.5 12
FEAE TR 17 8-9
H i ' 5 12
B T A SR 0.5 12
G i
IR REAER 2-62 14
MR E K 3.4 12
Iy #
ZFIEE 34 24
0 E 8.3 12

£ [ 3.0 12
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TR T B AR TR S RS o BB AR ~ IR ~ I A
FTeE 24489 [ ELArE f?;i”"hé!}%f G R B SRR WhES
S —3 » BF IR 100%% (G » NEEE 0.5% 4 (528D
» A RRIR A HE B SO T R (i L S S DB T 4% o

BB RE—ERN A H A (Bio-complex) » BIELARE R 24
T > FAER - BEDZRER 2B, RIEE ~ BERAYSRRE

oo EEST RS R S ~ AR S BEE ~ BRI S B~ TS 5 R
&ﬂ%mmﬁmm ZELHETT o HLUUE R A 1R R W R g AR R 2 A U
] Py &K E (Moisture content) » THEEREEFEE B2 40 I
FERILOND 5 BRAY T BN 2 TUE » B RALEME » TR
WA R 2B INE R R ERACL® o it HALRBET MRS NS
S KRB AGRER TSR AT RHAE o MR TRAFRRE 2B AN
a3 WINARE B2 AR (R TR AT SLR A7 » SETTHE PR A RBBY 10 » MG ERLE
AR T DL R R E AR BT o

- EERBEREE

e thE Y A P B s Ml » 2 AR R R P R DAY > el i
(Weevils) 2850 (Angoumms grain moths) CfEHHE 4 EH AT
TrEE A o ¥ A HIURMA AT e R o LhE B OBl E AR T A E A R o TS
SHATETARE UL R S AR Y BASRE 2 HAE RO NHE o 2
Sl 65 A0 s K4S L W L EER (Major pests) 2. KEE R
(Minor pests) » 3. {H#E3m (Incidental pests) T 4. 38R 2 HHTT
%@fi%? (Parasites and predators) » J-pfE#liiiE RENEIRE » 514
S (RES)UO o BENE 2 X ERAERFETE (IR » W5
*EEE%% WERHEBRMEE (kernel) P9l » WAEHPITH » QIERS
[Sitophilus granarius (L.)] ~d (S, oryzae (L)1~ HESfE (S
zeamais Motschulsky) ~ #5438 Rhyzopertha dominica(F. ) B (Sitolroga
cerealella (Oliver)) % o RERELBENEIIEERINE - RIS
(Tribolium castanenwm (Merbst] ks (T. confusum Duval) ~ iy
Wil [Oryzaephilus surinamensis (1..)] ~ RHIE (Cryptolestes spp)
~ ok [Tenebriodes mauritanicus (L)) ~ ¥ ~ (Trogoderma
granarium Bverts) ~ BIEEEHE [ FPlodia interpunctella (Mibner)] ~ it
1% (Ephestia cautella Waiker) Trwids (Acarus siro L.) £5UWTD o |-5kgi i
T2 IR » DA 2RI 02 o

=K &
BB R EE ~ B ~ o BHEBIR T » A— R TR o 164
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#3 AVEHE AR E S (Hall, 1970)49
Table 3. Major storage insect pests in the tropics

* ik - T%f,,,,.._ﬁ;__ 2 %= £ B
b om B % "
mEp  Sitophilus spp. ke~ EIR NI S KR
# 8  Rhyzopertha dominica (F.) AL~ NS K R

YRR ik Trogoderma granarium Everts EA S NEE S EE SRS T WE
T (oil seed) FITHET 0

oilseed cake)

MREH  Oryzaephilus spp. ook~ RS R T T~ TR
e Tribolium spp. TR SNBSS R ~ TR~ Bl
S~ TR~ B
T % K Cellosobruchus spp. ST~ FRMNE (gram)
Acanthoscelides oblectus Say o
Zabrotes subfasciatus Boh. }_Q?Eﬂ
Caryedon serratus Ol. TEeE
T Dermestes spp. s
TR 2 Lastoderma serricorne (F.) EERE L]
% # #  Cryptolestes spp. Foobe~ o~ FEA~ TR ~ 4
Laemophloeus pusillus Sch,
75 1 Sitotroge cerealella 01, T~ NEE S B iR
¥t #5661 Ephestia cautella Walk. ot~ e~ Tk~ ANEE S T SR
I ik Plodia interpunctella Hubn. ke~ FEAE - BB
SRR Coreyra cephalonica Staint T~ UNEE S R~ B Ak

WFEEME R ~ 0 ~ BERHRERESCD 4T
G E R BB

B2 » a7 RIS BIE 35 PR HE 2 B S ZORG
WA NTTHT » P eh AR BE B 2 2L BRI D » SRR B B AR 2 B
ALY > EAE RN 5 35 PO ~ F1ER ~ R R s SiE
A5 T R B e B 5 r 2 B R A G i T o S R T
R 5 SRR RGBT 2K ~ Bl ~ R R E B 5 RSB
» BRE N E B 2 B BT NG - i PR SR g At ~ B b ~ miE ~ e
RE S EEIRITEA

—ME » EEGIE B A R » BB AR e 24
Tl HRAFRIRE » FRLPTNERERLE > ILSRY AN ENEE
a o IR PO Sl » PRSI » A 2 A R RS » WU 1% 7] HE
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#4 ERBETTREER IR GEEGE » 1976)7

Table 4. Major storage insects and mites in Taiwan

o “ B U R

i & & 4

E M B SiZophilus zeamais M. SRR RUNEE S R~ B S B

i Gt Rhyzopertha dominica F. SRR~ NI S TR T ThEESE

%o Tribolium castaneum H. 5 G N S 17 o =t N
Tk~ AR ~ HEEE -t

J i % Tenebrioides mauritanicus Ti. A~ B E s TEE S HiE

fkrmas  Cryplolestes ferruginens (Steph.) K3~ 28~ F4¢

¥R 2 i3 Trogoderma granarvium B, R ~ FaR

B i Sitotroga cerealella (01.) FEE ¢« SUlNEE

= iy Tinea granella L. Kk~ 2 RO BB B~
o

o TE IED 0 Ephestia cautella W. SR~ A~ B HE -~ B

¥ Ll Tyroglyphus farinae (De Geer)  fykL~ S0y~ BERE~ (85 ~ $5F ~
JINEE S TSRS

e HRHEE » Rl EUhE -

KRR B A i 3 B 2 (R 3 B2 » R EE dovh o MO B TRV T
7 WHE S R R ey s TSR m s 28 Al h e s -
WA GRS ~ IR T AR 2 AT o RUEMEL R NE R 7 B 5 A
fNEE 2B » WRRFEE 4 ~ 5 2 RFEREEREI Z B o KEEEESERL
FAPNER B RO ERZEERR T ML 228 b ~ KREES
EE R A AR A 2 (Hot point) FYBEER:H (Temperature gradient) » i
ERAREY EHECEEER B R EREBY BT EEET o

MR E R » RGBT R 2 » S Z ML o 7275 ~
H K= ez s LB iia i B4 » i S rh e il
SR T o AR R IR A S W e A FG R - TS 2Rl - gy
i WS HA T3 A Y TP o GRp e R SR BN D W B8 B & 2 B R s
WA W W G | FE 2L i Ve 2 R AR o 5 K el BTG N R TELEE IR - TR
TEAL R RS PR » ANEN K23 EH ) P e i 8 T e F e ki » BETRI B »
HERE AR E 0 I A B A2 BB ANEE Rt (Hairy fungus beetle) 723%[H]
#fmf (Foreign grain beetle) o ZEjR#Y HblE » R 8 R & 7 I Ol T S 8t v
» AAZFERES » MRBEEGEATE MRG0
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I R R AN RER T » AR S BATRI: | W
THIE » KPR R Z IS RO o LT (A SUNTE RSV I 3L &
T B 3EAE 1 o K e8P ERVREE By L7 T N3 » (LR 42° CJRuL
FELEAKTE » K& B R S B RV o HIrSOE o THEEEER 15° CHITT
TR AR S RV » e 10° CHER —BYI IS » 68K % BUR UBOE
o BREESTEE 50° Cl » BEBIRILY 11 » A R34 - (AR E B RS TR
CRIFFIR) > S3e— byt (CRa s PE Ry » TIEIHIE8 80° CBIL (Kl

—)b o

30+
O 44
P
TS
— O
. " 60 000:0-01 wonn-osuounncnmumumoI---.n--a:
Tk e % g
SRS :
= B 74 EREDD 3 :
e H % []
~) = 1 8 L]
P e ] 1 o »
B 2 H ° ]
- E 91—- gucoo WO CPFPOOIRBRIDITNBIOEP O RS0 HIOODFOIR SO
£ ]
g 2 : § 3
g H o H
Lo 1 A e B e et (e e e
¥ =9 § T8 g . :
o 2 3 8 2 e
& ® 2] S »
o = & a *
100{ ¢ a 2 ] H
T T T T T
- 1 16 22 28 33 38 42 65 80
qooE Temperature (C)
@« b me grpy —- Ll e- i ee BRI
mites fungi insects bacteria germination

l@l 1. &~ B~ BRI R 2 —HAIRERA (Hall, 1970)¢49
Fir. 1. General limits of temperature and relative humidltv for the multi-
plication of biological ageneies

—IBTE - EhBEERTR (Lethal high temperature) {2 il EE i L
e » HXFIEFTE (Sublethal high temperature) %"ﬂ“’ ARG -
RIAELIEAE T » @B A4 e FR U0 o JREE T 37.8° CHBRI LRI A R B
FIE o #S5° CHEgEpys (Acarus siro (L.)] Jhnf AR ABIEE 2 FA 51 007 o £1
PR 66° CHERE 444 (F160°C » 10435m49° C » 2053 8) Fif4f
ARG th B B gl e 0 o YubasiR B LU E R N 2 B B » DUBAI R B E
o

FRE SR DA BN RS » B— AR REEE R R
s AGIR R BUEE B R S AR EE T 0 R A e G R 2 B e R i H
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(Mesophilic species) #p » Ttk (Psychrophilic) FFEEHERI2 4> o #
BN A DHIZBE L » FORERNEEEEC o Christesen and Kaufman
(1965) SO fa N B HER PUTREE » ZiHEHER: 5 ~10°C » B R B RZ B
B o LRI EREUR » A K BEERTRE15% » AR i Ve A
10°CH, 10° CUUT » BRI Z 2Ry o
B s E R E A R LS R AR R o S BRI
it S oM — A R DR SRR B BRI U 2 ARG (Environmental barrier
) o MgheEE R T g L B RMCR SR o HHIEAEERS
Cotton (195004 & 3171 3= $AL R R ISR UG Y EFE T 5 (8 » 42— 17.8~
—I5°CH » KH5r R | B2R2ZET » NEEREBDEESTSIE (Winter
hibernation) JAHbELT AR Ba- Ming e —RAA T o
ST ASTE B R Z 0 » e o BIIR 2 IR & e B | T 2R
VIR o HBh A SRR OES (RRAD) o —REEER21.1°Chg s W]
#£5  EEERARSERIN S EARY P 100 RGREZRAETE E
B ARSI 4R R)E (Burges and Burrelll, 1964)¢
Table 5. Optimum temperature for rapid insect growth, and the

temperature at which the development cycle takes 100 days on
one of the best foods for each species

I &% R OB 4 b BE SRR
SE Y ik Saw-toothed grain beetle, Oryzaephilus 34 19
SUVINAMENSLS
B % Grain weevil, Sitophilus (Calandra) granarius 28-30 17
falkEs:  Rust-red grain beetle, Crypfolestes 36 20
(Laemophloeus) ferrugineus
#E @ ¥ Rust-red flour beetle, Tribolium castaneum 36 22
BRB® Confused flour beetle, Tribolium confusum 33 21
YR FE a Khapra beetle, Trogoderma granarium 38 22
* % Rice weevil, Sitophilus (Calandra) oryzae 29-31 18
& o Lesser grain borer, Rhyzoperthe dominica 34 21
j=1 e Tlat grain beetle, Cryptolestes pusillus (=minulus) 32 19

FUR R B B » (51021.1° CHf » LIRS BT R4 o

Burges and Burrell (1964)98H 7 5¢ 4 E MR 17~22° C » fEEASHs
[ GBI OB R B BRI » TR > FLE R R A
2 ERES U BFITOREE T2 S » I RSE RN IR
o FEFTREHD ~ RN - HICOREN (5 71577 Bl B Chilling units)
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BEAZ R KRR o

WS P 2R EE - DR » AR B — A a5 i » (A
T — PN E » DG HE SR » e iR » Bl T hE
BT IR PAE REHTEILIEAE (Acclimation) TIIFEL:Fyfusell: ¢ &Ry
1 o
ORE

REZRYEGR2HEORAE LN EEEARENEY TiL » 4
TS E) 2 i (RIR R TR E « MIRAY AR R | FFEERwim s » fl
SIREAK 24~48 /NEFEBARATEEE o TNE ANE BT R » FUEAS BT S
HRA BEMWREETTAS TS - TRERBERD o

TE—E MR » B2 BIEIN » AAFR BRI 2B 5 iR
s BRI » 2 R EH R A EENERTE o 14 » B E KRS
s MERFIRRS » FISTE AHRBEARE A2 0@ » S0 RIS TR

L e K EREEIRE G

BRI (Hygroscopic) #/48 » KGIREMEML » HEFERMILEY
RE o AR BEAR » BYNEITRERIRE A2 A BiE% » RESBEYTY
DRARIEIE] » LEHEIEIHELS » BB fE7RRIE B S SR R 2 AR o MBS AR
TEUD o b —RifE SR A AR P ET RS o B FAZEE S B E &K
FENRTEHR E BRI RAFEAR 2 67 o I Al A 7RG & 18 EE 2 445
=9 o BMSHREMEEMZh RS GETME « FSEERINmAS & =R
—E » DR TEE » ZRHISRENIA » S LWRRRAE A o

2. e A S T

AP HEAT IR R RN o (A A BT o RR N RO S R B e
Hrp o WAL AL FEZEVR R SS (Temperature gradients) T K42
BB EL o BTAME EG 2SS 2 WS E B CERR 4
B ZEEHRDEc R » [RTE T AR BT & o

B EACGHMREIE | QORI R G [ B A » EAE S KR ISR
167572 ey » HAEGTHEEARE 24°C 5 @B UIKHES
AETER 15% Z8attt » WEE 62° C 2 Tnik®n o b Al 7 2 IR T[] g 2
WREr R » R BN RE B R BT I o AT — IR S 2 EE I A8
P BB G ERT DR » ks B2 (TR B ey 2 » AR
BUHR AR AR D o

R PR A i A R SR A B AR o B AR 1 e S22 5 R (Hot point)
P RERREES T WEME R ACHER » IS RIEN » WWEERZ
FAEREEUAIN o MREDVEEEE (Thermal conductivity) {%» JRERAT
BOHEALER o (AU B RS o e g YL » I R
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MR d2 i BN B E IR EA o EILIURIN TR 50 R T
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#6 R LASUBAIRE T2 (Hall, 197000
Table 6. Reduction in relative humidity resulting from an increase
in temperature

AN I - e Temperature inerease (°C)
Air temperature B S S ——
o) 0 6 11 17 22 28 33 39 45 50 55 61

— e e o s wr . —
38 95 71 53 40 31 24 19 15
32 95 70 52 40 30 23 18 14 12
27 95 70 50 38 29 22 17 13 10 8
21 95 69 49 36 27 21 16 12 9 7 6
15 95 67 49 36 26 19 14 11 9 7 5 4
10 95 o6 47 32 24 18 13 10 8 6 4 4
4 95 64 45 31 22 16 12 9 7 5 “

* Percentage

3L RN A &t

TR RN DAY 1 AR 2 HER RS S ]E
RS BB AR o BRSSO N BRI L EOR] o ZERELEE ~ AHENRE ~ K5
& RPERY S PORE IR R B A TP BN PURT R o

B E AR R HTHIRET0 R 2 8K & it - AIZN#EE o 72 27°C
BHIRETO 2 BT » REBY K G BPEBYREL  BARLE
AT ST 2F IR (ARDTMEERE » BB & » HA
RFEEARATZE 32 o GIABEARM R IR P HER 1.5% 225 » KEIE KR
Al » HEZ2EERRESKE  ARWERE (WEE > BOMRSAEE) A
1 %2 55 o UG RICAIMUEZDE M TR » HEFhRA4ARE « RER
THHIRELT0~80% 1 » /e » (BAETER T » IFETO% N » FFEUIHE
ﬁﬁ(/ﬁ) o

REHAREDBRENHENAG  TRARM » B8R - IHASS
BRRIERREZT » RHLIEBUEWEE NS o (RIS ER SR g s
FWWE » WIE—FAHCIE - ERTRIE RN T R « RAEANE
SRECTRENT A EET) » IREHM R o Cotton (1954)COF T K SAEHY &
ACESH 9 ZRpINEERIHE » (Ui T » K& 8 %Mzsdh 8 o Al
FRBTREAER R ~ BRI » WA » TR » AW Al
ot > PRTITPEE(IRUEE » [ r T BRI A B R 1 » RUIVT BB B S SR o

et

RYZ AR E RU2 A ) ~ RSB T AR » M H A A o

B FEE - WERE IR EYL R AR B2 R s jEE
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£1 T0%HERERBY &R FEE (Hall, 1970040

(REEAIRS 27° CIE)
Table 7. Moisture content equilibrium values at about 27°C for a
range of produce at 70% relative humidity, the maximum
acceptable level for storage for any sample

| HHIRET0% LA LR

X P 13.5
7 e 13.5
= 7 13.5
7 P 16.0
i % 15.0
P 13.0
= 15.0
=] i 15.0
i Hs 7.0
W 10.0
G- 70
LA S 7.0
tRom @ 50
T il B8
Equilibrium rejarive humidity at g 1o 25'c
0 70 19 10 BhHome w0 10
53 &
B I W A O O
O R R R R 3
AR R T N R ]
A T T
R R
AR Y
. AR RNR
x 30 B RN N
E {2 > o)
=
i
o
= D % & maFe
20
L E';‘ﬂ’-ﬂl;‘?@.‘% INBECT HEATING
- 1~
\‘E— L | B raLL i GEMINATION
40 E]d‘éiﬁ!f{ﬁ.& FUNGAL HEATING
O i b b

10 15
a ok it (%) MOISTURE
A EZHETR
B

BT B.
C HEHRZTR

A. Lower limit for inseet heating

Lower limit for germination

C. Lower limit for fungal heating

[ 4. SZZfEEZIREE - MBIRER R &RE (Hall, 197040

Fig. 4. Relationship of

storage temperature,

relative humidity

and grain moisture content to insect heating, reduction in
germination and damp grain heating
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B2 BIRIRAR o M ER R AW A » AW oI 2 W » e
BT » K& REEIRAEE S B » IR gi— s RS R e T 2 dhth
TR » ALk 2 R BV AR A KRB 22 4 1 h B8 o Frankel and Blewett
COTE BB Db YIS IE (Ephestia kuehniella Zell.) fEFIFE K 5
s TITEA ARSI AT o ISES KIS ST F » SRR R R T
ALY » DIFELEK Sy BOEMSE » BN R TR « BOmmE ARzl
4l o

TR 2 B s BB Y (Dockage) ZRERIWREG|RA » HIEH SR h
AR ~ G Bk A IR & A A 2N o ELAE Heb 3 ridu
N W NgE (Dirty wheat) g8 (Clean wheat) #2532 E REETC0 o
758 [ A RE R F A AT R a3 » (AN R & R R T A S A 1 B4R O T s
B B BT 2 R O T o T R A T s o WD T 0 TAS
TR 2 o HEE R b I (E RS R IO b B BLA Moy R A IR R
PR ETENERE » WHNERZRERARER s ThIE AR R~

#F8 WAMAERZTERERR (Howe, 1965)¢®
Table 8. Minimal humidity requirements of some stored products
insects
th 4 £ % GEMEEHRRE (%)
>k Z Sitophilus oryzae 60
5 &5 Sitophilus granarius 50
R g iR Plodia interpunctella 40
B 73 Rhyzopertha dominica 30
Mo OR i Lasioderma serricorne 30
BooE Ephestia cautella 25
ol AN ] Oryzaephilies surinamensis 10
=) ] Callosobruchus maculatus 10
BoOo&m B Tribolium castaneum 1
[ A Trogoderma granarium 1

£, (Endosperm) JEECENRYY » TARIG By R Bz i o
RERRTUR R SR AR A= Brh » Tl R PR AE IR8EAT » AR
~ TR s KRBT o AR~ TORTRINA D o JISR OB SP8E7E » LR (i
225 » WHESI SRS R e A MR IR AR L » i e 2 5 SRR AR P s oAb
BB AN EAAR o XHABEDH » EHOREREIE » HAOERKREE - fk
~ REFCER » TR rh 2 BN A ~ MR R Rz A R e
o Bell O F B AR A /RIA B 50 2 /N R R 4% » HAFTEAS M 125 52 o JIS/ N as
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FRATESL  IE (Germ) Tk (Bran) » MFRu/INRIRIE St » HALEE
AT 1 KA TAMA 2T (Whole-kernel diets) 5 FURRFLIUIE A
#1 (Endosperm-germ » HehfRz & 1 ~50%) KRS 244 (Endo-
sperm-bran » Hrp k& 510~20%) o fEAIE S —28kirh A 2edh & TR 30%
s AR ZEERE TR S % o DGR RERETS o AR 2 Yk
» IR s SIS RNBM AR Z—#H » H3E5MmADRTER
el s AR B 5 SO A S R R R T 2z S o HUB v R s
o W ¥y ERBEAS » DI B A B B2 B o

FYPERIR B R 1 th 2 AR R R 5 o B BRUSHES R alyrb 2
Ry o HebfERRBR BN 2 A REB A EADA 76 » B0 Thiamin, Vit,
B s ¥+ (Riboflavin, Vit. B)) » J8%i%E (Nicotinic acid) » LI
(Pyridoxine) » iZf% (Pantothenic acid) » [f#j#; (Choline) JiiE473% (Biotin)
“% o Cotton et al. (1945)CIGHILEIR I F N AKE S 32 » W AR RS 2 SEAH 2R
BINT2.5% » ZBAE BRI (ARATHRETD) o2 S B 5 R LI s A
WIS H o [RIBRME » SR E R 2 B ) RS E I - BERRPRA Y B
FIUO s RBERrR S AT A% o ST I R P K SR e o

£9  FORGNERFK P 2SI RIS ERA ARG » 1978)00

Table 9. Reproduction and damage by the maize weevil in rice

fr L] AR HEIEA HEER (%)
3 30057 49 2424 9.15

2%} 208.0 4,26
fhK 3005 49 1,119,2 16.29

2%t 1,028.4 11.41

a) HEmVERT B - AREZTYE o
EFMHR
A BRI IR 2 B R BOEH B PR, (Alr-tight
or hermetic storage) ZEEIR o FEMEA o TR ZIIRA - FH
B EZHIATEE » Hyde BB RIAFER—FEANRID
BEHMHAESBZENTERNVE 2 % » (SHIEREHIRBEA TR S o Bailey
OIS IFEE FARIWIE S (Oxygen tension) » {KF 2.5%~4.6% HifF » Wl
SHEXEWBAERHAES ZENETE o
Harein and Press“S i A28 I » TWHIAF T LG IUT » BEERR
Hngd o DUREIEERdigh dy » HBPE A SIE (Lethal atmosphere) W 7e 5 47,34
FE 1 9WeH3E o
Bailey (1955)“OBAEABRRRSHE N » A bk LS ETTHRE » B8
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T FRIEE (15~219) B » KGirh A LTS BAE3625 1 » JTHEE R SUR
HFLIE o R h s JLEURIT7e % (Intergranular air) » ZRnlEE A AL
TSGR s ORI EE » HTDIREAIE R » TORE R
G 2o
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Summary

The major storage insects and mite pests in Taiwan were identified.
Feological aspects of some storage insects are discussed, with special references
to the effects of temperature, moisture, food grain, gas composition, air
pressure, light, and combinations of these factors in relation to the occurrence
and distribution of insects.

Stored grains may become infested from many sources, e.g., infested
grain holdover; cracks and crevices in bins; waste or spilled grains in or
under the granary; imported feeds or seeds from infested sources; migration
from nearby infested sources, etc.

Temperature is a determining factor in the development of all insects.
Unfavorable temperatures may cause the death of many insect pests of stored
grain, render them inactive or prevent them from feeding. Insect
development often accelerates with the increase in temperature up to about
42°C. At that level, most species of insects will die, if exposed for a
long enough period. Temperatures below 15°C considerably retard insect
reproduction and development and, if for a prolonged period below 10°C,
will cause the death of most insects. In general grains stored at
temperatures below 17-12°C may aid in preventing a heavy insect
infestation.

Moisture is another key factor to the safe storage of agricultural
produce. Grains absorb greater amounts of moisture in an environment of
higher relative humidity. Increasing the grain moisture within a threshold
favors a rapid increase in the numbers of insects and their infestation levels.
Rice and maize weevils are unable to reproduce in grain with a moisture
content below 995, whereas flour beetles produce progeny in flour in which
all moisture has been removed.

The kind of grain or grain products may affect the fecundity, longevity
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or speed of development of storage insects, and may even influence their
survival and reproduction. The presence of grain dockage or dust is of
vital importance; without it, dry grain is unfavorable for reproduction.
Nutrition and the availability of food sometimes modity the effects of
relative humidity and temperature. The type of food may also affect the
ability of an insect to develop and mature to the adult stage. Insects often
show a feeding preference among various mixed grains.

Combinations of temperatures and relative humidities show a pronounced
physical effect upon insect reproduction and development. The insect
generally increases the rate of its reproduction and development proportionaily
with higher temperatures and higher humidities before the latters reaching
a maximum limit. Effects of gas make-up, air pressures, and light alone

or in combination with temperature or humidity are also discussed.





