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Effects of Neem Oil on the Control for Vector Mosquitoes of Dengue Fever

ABSTRACT

In Taiwan, a dengue fever epidemic area in subtropical region, the main
strategy to control the dengue fever vector, mosquito, is still using traditional
chemical pesticides. However, the long-term overuse of chemical insecticides, which

caused the resistance of mosquitoes to pesticides, results in more and more
side-effects to human health and the environments. The azadirachtin extracted from

Melia azedaracha has significant insecticidal effects to dengue vectors, and more
friendly to human and environments than chemical pesticides.

This study focuses on Aedes aegypti and Aedes albopictus, the two main
dengue fever vectors in Taiwan. The lethality of second, third and fourth instar
mosquito larvae have been tested with three unformulated neem oil products (named:
NM1, NM2, NM3) and three plant products (named: NM4, NM5, NM6) under 500,
1000, 2000, and 4000 ppm within 24, 48, and 72 hours.

The study found that the toxicity of NM2 is the highest. It showed high toxicity
on A. aegypti with nearly all three instars under each concentration, and also on A.
albopictus (LC50: 1821.242 ppm, 24hr).

We accidentally found that soap berry (Sapindus saponaria) extracted oil
revealed over 80% lethality to second and third instar A. aegypti larvae under 500
ppm within 24 hours, and reached 90% lethality to all instars under 2000 ppm. S.
Saponaria is recommended to replace the import neem oil since it is local species in
Taiwan and easy to obtain.

The neem oil related products are suggested to be the effective means to control
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the larvae of two dengue fever vectors, A. aegypti and A. albopictus. The extracted
neem oil (NM2) or 39.5%w/w soap berry extracted oil (NM7) is recommended to be
used in the larva-bred water body, and it represents 100% lethality to larvae under
500 ppm.

Key words: Dengue fever, vector, chemical insecticide, resistance, Melia azedarach,

soap berry oll
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PG f 2 R e E E BB H R R EERA

A FERBHEE ERE S R R 2 R G F oy E B RO A

REENLBLFLAESFH R IHAILERASTALEL G
P THERMERS Y 6 2 A KE P o 1945 2010 1 2012 # &

S0 FABBUERANASKLS S BB R F o plEFEH

w2 F R R RAPM (r=054)  d pL 80l 2 prde it GIRE 2 b G R



BE2REY > VIvspIcERE 253 PR EFpe1 v 5 25 (Chi

etal., 2014) -

22 B E #pRL BEB

EAC SRR RRBY G T 0 St 5 RS

FM 2 FE AN E b '% % (hotspots ; dengue competent area ) e

LRI FERB S mEEFOE RS L1150 S F
AL pbli o FE2FERAB A FERBE 67 7 0 SR
3R pEdRE e 4 By 0 B 2 padx e dxdp e (Adule index*100 ) ~ % fidp
#c (Breteau index ) £ 3= p#ic (house index) ‘¥ bribisg g » * 4 :)}%tvnjﬁxﬁ
M2 e TR R E E BpE e FRACRE R R LER A
it o

e vl FRE o B E WG ook Fﬁéf"“”éi)ﬁaiz%imw? D T
BF® LA FehlFin? s o DHBLEE RS Rpii L B
DX v ANTEIX B 4F 4 RN 2 s A P AR 0 W BT 5 i I AR B
Bh 2 prix AR R A WS TF AP by A 5 Bk o

%;} 6 £ v 4w w‘-\:ﬁ—,,i‘frvxg_éu VJJ“‘@% Pf-”glg w;;&y:a’%’fi }}';‘5-%-



87 1 12 24 g plE A eip g (salivary  glands) > 0t PR A g

BXTT MEE HA BRHLATHL MR RS PR A R E T T - o -

A RRAE S L E 2 R T0E AR o G Rf R B RS
VRO Mo fenFd o R FHEF RN ZF A Ao FE R
—‘]f%‘flﬁré‘i%i?/ﬁ‘!% To- ARHLAE AL EE R E L IR BU F L
ARALFHEFIMNERT S LK - REDASFF R G A0%DF L
KERREFL R HPAGSPE ~ OFH BBk R 2 R 5
A end FeicF o JE R i R%2E 0 5 F A é%&%&iéiﬁﬁﬂ%ii& o

BEPALFLR LS EE T2 AE BT REH - FT
FERERE CAEF KB E RN B kY kR e F R
2R FEFERENEE R R BT O ETRE B P SRS
i R PR ¥ TR TN S S A S
i fkd b kR BB EE BAxrE L 9LB Y 9 RAms
Bl s 14 % > B ERL AR RIS R DRE > sdxtd X 36 0 B2 prdx

EP 09 R S g ko
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SAE BRI R Ao RIS T Y A ape Repirson KR F
LA B A AR TR TR L M epir B R 2 ) R AF S B

Bl o MeEL - o

i,

R B RE A ALR R A R F LR ) FE B

BT (FHREL2011) H I B G S A REEE o F

ot

FAAATFTENF LG #.‘;’f’fkiﬁ,ﬁ“ﬂl T/F’ﬁ BER G TG R - i

AR A e R T AR A A R A FUPL R AR SRR TR R

2

)

Bogdecd odoft - BRESER IR E Ak AR ér‘ AR REPE AL

K

B HALT S e TRE T

\\-g-_
:‘ﬁ’
\\\?{r

v % A RARECR ehiFR 0
i ORI e E AU B o
2.3 {4 B A A
S it R URERR Rl S REE ¥ RS RCRES K ulos) R
CREAE R R s AR R RO TR AL, e e AR R
BEL PPIEL O TATHD ) 7 hifafid v ¥ 0 A [ L
I et e
Zeidler >+ 1874 & g p 1 & £ - BHAH S > FILH LG Aok i r
ko Mol 2P L HE X R4 (Zeidler, 1874) - B R A PR B EARA

G BB N A A AT 03 R T 42 @R E o
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R AR < R R A e R E A T - LI o) R
RIS i R LCSRER S AN g e o OB RS Bt S

Yeix iz o Ap A 7 et~ 5 4 s (Calocedrus macrolepis var. formosana) (1

%2 > 2 94)~ 2 .«yri; (CryptomeriajaponicaD. Don) (+ & F » & 97 3%
ZFfE 4 > X 98) ~ 44 (Cinnamomum subavenium Miq.) (%11~ % & £ > X

105) ~ % # & <~ % (Michelia compressa var. formosana) ~ 5 <~ % § (Magnolia
kachirachirai) % f7 g ~ % (M. compressa var. lanyuanensis) (35 &+>% 4 >
% 104) ~ & A4 (Taiwaniacryptomerioides Hayata) (%1% % % > 2015) % »
A GFEY g4 (Fl4cE 0 2006) fr> 4 e (H5E 0 2009) o
PR PEAPF LR AR BTAPR TSP A L i 2

BaitHa o @H 5 aaRE > BEILESnFHF RET AN URS

i

TAVER LS R AFWARES AR LR T BN EET AP
2L LRSI iEAR s T M A SR B A AR ff wEhe-fa
BTG SRES A AP A G TR B o !
PR GORAGL > WAHT RS G BEEY o

2.4 EHAE R RIFH 7 I Wfr B A

Br B % (Azadirachta indica A. Juss) » 7 & Br B iR & B R A A

—\

RASag fror BRERFE FOFEHE A T3 RS M4 1968 #

—

g
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Butterworth = Morgan & = = % 4 &t 3 &4 % (azadirachtin) & - 4 A& R

)

e RAFREA R igI P RN AP Rl B
azadirachtinrA~-B~-C-D-E~F~G-H-1~J~K-L - # ¢ azadirachtin A

AEH AP RPY Y chs § 58 0 @ azadirachtin B 3 £ 7 i 20% > -

v

453w % azadirachtin E 02 £ 2 &5 A5 o

e AR EF TR E LG RA SN (Aliero, 2003) -
Do arE i Ak A &4 2 saix g &kt 2c% (Ndione et al., 2007) o A 52
TREE- HET CH AR SIEE 6 SR G R o e A
HERFIEFEAL S PauBe gr > UA L AF I Bpepiea

TP B P E LR RAHI TR IL20E o
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31 3Bk HEE p2 1
3.1.1 R %+
PR BRTR Y 2B E e RIS B o F hkpabeY B %‘f&ﬁ,}:%?

BLAFkzEPHT R Lo 2B E 2000 453 10 o2 233 8

Sy Ll Y L AN S LTSRS o

2R N A AR KRR F R 26T -
RSP EAIE N A WP ek 3-1 5w .
£ 3-1- NEMBEAZL AR LS S0

Tab.3-1. Product name and main ingredient of eight insecticides

v ERERE

e

W R —ad Eit1 LRERSH M 100%w/w

*

NM2 = Rk — g1 3 ARE RS 100%w/w
N

b R ,,7; Mt 1 R AREREZ I 100%w/w

NM4 b Bla (Bf7)— 2 AR R MM 95%WAw (5 4l 5%wWw )
R S
-

NM5 2 Bl A (2 ZHH) AR R 2 MW 90%wiw (5 it A 10%w/w)
—E IR P



NM6 =i A (L A)—% £ REr R 2 Mo 85%wiw (5 it 4 15%wiw)
ATEEF P

NM7 & &+ ksr—&8F % £&8F 5P 30.5%ww
Ak

NM8 . i # (TL-295)—* p & & &5t 1H|

,:’\,,Lg};}‘ \4 LR A

312 #%iA Rl

RS E A2 100%W/W E b 0 RS ARl X 28 o e d doT o
1. BEFLZHDBR

NM1-NM2 2 NM3 A &]ié * 5% 201 %~ iERit1 ~ i
Bkt o 7 20 100%WIW b R d poit g A S NP ek B2 R oG S
SINOL TL-295 (NM8) 11 9: 12 Wi & » 2 2R & S BB kfFR 5 %
i Jk & 4000ppm -k 7% j 2000ml {8 > 5 B 7] - B~ 18 2000ppm~1000ppm
500ppm 2. EHw it AR WEZfFASHe > e fAERF* o
2. HEEHMF SRR REA
(L)NM4 k3 i pe

IR NN S 05%w/w = b B F# 0 K EE kA

|48 J& 1% 4000 ~ 2000 ~ 1000 ~ 500 ppm = &k & & 1000ml # * -

(2)NM5 -k 73 % pe

B RN IS ¥ 90%wiw = Hh b BA > S %A KA R

15



JE % 4000 ~ 2000 ~ 1000 ~ 500 ppm = #&:k A& % 1000 ml # * o
(3)NM6 -k ;% i e Bl

MEFEENT A2 9%wiw FH WA gERE kA IFRER
4000 ~ 2000 ~ 1000 ~ 500ppm = #:k & % 1000ml # * -

32RFFWR T

%< Cheng % 4 (2009a)2- 35 = /% > 10iF B LB~ 20 & An e do ) en
#AE N 2.0ml 2 g F o BORR MR R EDEL Loml
BB R IR R R LB o RF R P RS K A
Breflz L3R (200ml) ¢ s AR T 4 7.5ems B B 5 5.5cm s i
WEE F20 82 %x 200 % 2 2 3B kT2 $RE o Arrg AL
Zokd ¥ 3mg B AR TR G4 0 Xl T B RB R
Wixzh Bt 2448 ¥ T2 [ PEiE 2= HeP o rERMZ > NEMER
FERE LR BF BEARS S > S BHY LA S T o dd AR
e BB Bk 2 RV K TR w0 KT L AT 2 X ik Ok & (Lethal

concentration50%, LC50) > :##sk €485 5o

3.3 TR B &
Foit B AR AT B AR R IR & P A R ROFRR AT E 4 r oD

Bro B> B R F* A0 M A3 fpRE T A end g k4 o
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FILEZ e AR SRS Bk AP AT Nk
oA A G E A (NM7-NM8) $H3 2 srds e o Msdx s f g7

TR Sk vk 3-2 A aiEEaiiit TieE 20 K% 0 U ",ﬁ% Uik A

% 3-2~FLILBRSER AT

Tab.3-2. Analysis of lethal activity of emulsifier

Ik

i 12 #7 R 5] #e

FARS AL % & (NM7) 2 & & (NM8) 5 1 A& > 2
L e

FFEERFT 0 0 fRRREEE 5
WLF &RiF A2 3

3.4 & ;%
AT A F]F Rk = 283K (Completely Randomized Design)
P S AR S S DR R R R R R S el T o 1345
23-3) A7 272160 xE% (K& 2 NM7 @& &5 B 9)d5%) = =
AL 20 & A4 E M NMI-NMG6 R 5k & ~ g ds fEag ~ 3

AHWEH 2 L EFEE S RORED IS
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23-3 REIEE A

Tab.3-3. Test condition table

i i P S
T Wb 78 %8 B A X 0 SUEE 2
&2 4y SN2 ~e 3
= W AE et B A KL R 6
= e kR 4000 ~ 2000 ~ 1000 ~ 500ppm 4
Jael 32 24 /| FF ~ 48 0 pF S T2 ] B 3
£ 3 = e FARBIEEEET K0T RRREE S W 5

R SR IE A i

18




Frd BRLE:IHH

A1 B2 AR ERA

411 BB A
TEBEBRHBD LT SRS B0% P EE B RES IE FH

FEL R AT b NML-NM6 if & B fy @ % 63 > %2 BIER

3

frEEBR TR S 80% L F Mok 4-1 THP BAIEEK
oo o G FESXIFIeE P AuE iR SRR £ o
FA4-1~ LAAE W 2R LS @ & 4000ppm kAT 0 $HE A smix
B

SR F A2 80% & (F7 v L] )

Tab.4-1. Results representing over 80% death rate (denoted as v) for Aedes
aegypti larvae under 4000 ppm of neem oil products and soap berry

oil

SR g Z# G P

24hr  48hr  72hr 24hr 48hr 72hr 24hr 48hr 72hr

NM1 v % % v %
NM2 % % % v v % v v v
NM3 % % % % % % % %
NM4 v % v % %
NM5 % % % % % % %
NM6 % v v v v % % v v
NM7 % v v % % % v v v

19



F4-2 BB & b 2000ppm kR 0 $HE A sk R %
Az 16 80% & B (F v gig,ﬂj.%z )

Tab.4-2. Results representing over 80% death rate (denoted as v) for Aedes

aegypti larvae under 2000 ppm of neem oil products and soap berry oil

Z#Eh Z#%h T #4%5 f)

24hr  48hr 72hr 24hr 48hr 72hr 24hr 48hr 72hr

NM1 % v v v
NM2 v v % % v v % % %
NM3 Y v v Y Y v v v
NM4 v v
NM5 v Y, Y, \Y Y, Y,
NM6 v v %

NM7 Vv \Y; \Y; Vv \V} \V} \Y; Vv Vv

20



£4-3~ EAEE & b 1000ppm K R 0 $HE 2 sk R F
4716 80% & B (Fr v gig,ﬂj.%z )

Tab.4-3. Results representing over 80% death rate (denoted as v) for Aedes

aegypti larvae under 1000 ppm of neem oil products and soap berry oil

g ) Z#%h T #4%5 f)

24hr  48hr 72hr 24hr 48hr 72hr 24hr 48hr 72hr

NM1
NM2 % v % v % v v % %
NM3 Y v v v Y Y v v v
NM4 v v v v
NM5 v Y, \Y Y, Y,
NM6

NM7 Vv \Y; \Y; Vv Y} Vv \Y; Vv Vv

21



Az i 80% <4 IR (;}Tvgj_g&.%z>

Tab.4-4. Results representing over 80% death rate (denoted as v) for Aedes

aegypti larvae under 500 ppm of neem oil products and soap berry oil

ER g e 1T

24hr  48hr 72hr 24hr 48hr 72hr 24hr 48hr 72hr

NM1 v % v v
NM2 % v % v % v v % %
NM3 Y v v % %

NM4

NM5 v Y v Y,
NM6

NM7 v v v v v Y, v

FEIEATES o FIEE R FERF T 100%2 [ Fdos iR 357
PIFRKR e o B2 pxhB G AFH L e # 0 U NM2R> 4 Eg -
2 4-5 B 2mirk iR 22 W A5 (2018 spring)

Tab.4-5. The neem oil products resulting in the highest death rate of Aedes

aegypti

&2 Hp 500 ppm 1000ppm 2000 ppm 4000 ppm
o NM2 NM2 NM2 NM2 -~ NM6
| NM3 NM3
= # | NM2 NM2 NM2 NM2

NM2 NM2 NM2 NM2 ~ NM7
P

NM3

22




412 & 5 F)F A

4.1.2.1 ¥4

{{é#8: DeathRate

LSD
95% {SHEEEM

(D) instar ~ (J) instar  “EIEER (1)) FFEEE BEN TR LR
2 3 -3 .00985 000 -.1326 -. 0939

4 175" .00985 000 -. 1918 -.1532
3 2 1132 .00985 000 .0939 1326

4 -.0593" .00985 000 -.0786 -.0399
4 2 1725 .00985 000 L1532 L1918

3 L0593 .00985 000 0399 L0786
RSBl SR FeE -

EAEIEE Mean Square(Error) = 016 -

* SPESEERAE 05 ACEREE -
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DeathRate AYfH 5T EE{HE

A ] ’
instar

2 _2\4'

B ER R T AR FREA AR E LA BRI F RS 5

9

)

JoF B AR o %7 Fd AR P MEA E D NM2 - NM5 ~ NM4 ~ NML ~

puu)

NM3 ~ NMG6 -

24



{f&288 DeathRate

LSD
95% {SFEERT
(I) TRT  (J) TRT “HSfEER (1)) (2 EEN TR e
1 2 -4300° 01353 000 - . 4566 -. 4034
3 1064701353 .000 .0798 1329
4 -.0436 01353 001 -.0702 -.0171
5 22031701353 .000 -.2296 -.1765
6 L2886 .01513 .000 .2589 3183
2 1 43000 .01353 000 4034 4566
3 5364 .01353 .000 .5098 .5629
4 3864 01353 000 .3598 4129
5 22690 .01353 .000 .2004 12535
6 7186° 01513 000 6889 7483
3 1 10647 01353 .000 -.1329 -.0798
2 253647 01353 .000 -.5629 -.5098
4 215000 01353 .000 -.1766 -.1234
5 23004 01353 000 -.3360 -.2829
6 18227 01513 .000 L1525 2119

25



&

4 1 .0436 .01353 .001 L0171 L0702
2 238647 01353 .000 4129 -.3508
3 15000 .01353 .000 .1234 1766
5 15947 01353 .000 1860 -.1329
6 33227 L01513 .000 .3025 .3619
5 1 2031701353 .000 1765 .2296
2 -.2269" 01353 .000 2535 -.2004
3 30947 01353 .000 .2829 3360
4 15947 01353 .000 L1329 L1860
6 4917 .01513 .000 L4620 .5214
6 1 -.288  .01513 .000 3183 -.2589
2 7186 .01513 .000 7483 - 6389
3 -1822° 01513 000 2119 -.1525
4 -3322° 01513 .000 3619 -.3025
5 -.49177 01513 .000 5214 -.4620
REBE =T FEE -

EEETEE Mean Square(Error) = 016 -
* SEISEERE 05 KERRE -
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&L &0

DeathRate HY{LETEEFEEE

[

4123 kR

TRT

A A BIER RS IS

B

v

*

; 4000 ~ 2000 ~ 1000 ~ 500ppm -
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&8 DeathRate

ppm

28

LSD
95% {SHEERA
(I) ppom  (J) ppm “PHIEERE (1)) BAER mEY TR kR
500 1000 -.1265°  .01137 .000 -.1488 -.1042
2000 -.2214° 01137 .000 -.2437 -.1991
4000 -33718° 01137 .000 -.3602 -.3155
1000 500 1265 01137 .000 .1042 1488
2000 09497  .01137 .000 - 172 -.0726
4000 22114 01137 .000 -.2337 -.1891
2000 500 22147 01137 .000 .1991 2437
1000 0949° 01137 .000 L0726 1172
4000 -.1165 01137 .000 -.1388 -.0942
4000 500 3378 .01137 .000 3155 3602
1000 21147 01137 .000 .1891 12337
2000 1165 .01137 .000 .0942 (1388
REBE =R FIE -
ERFEIEE Mean Square(Error) = .016 -
*EEEERTE 05 KERE -
DeathRate Ay fli 51 B EH{H
fis
I
:
.
© g
500 1000 2000 4000



4.1.24 g2
MR e RIERE R AR FR A AL TR A BAILER R X
P REFLR ORAFIEBINEMNERE L (T2 P48/ FF~24 ) B o

{18 DeathRate
LSD

95% SR

(I) days (J) days “PHHEZER (1)) BEER HHEM TR kPR

1 2 -.2187 .01003 .000 -.2984 -.2590
3 -.3462° .00957 .000 -.3650 -.3275

2 1 278701003 000 2590 2984
3 0675 .01003 .000 -.0872 -.0478

3 1 3463° 00957 000 13275 13650
2 06757 01003 .000 .0478 L0872

RSB RFRFIE -

MFETHE Mean Square(Error) = .016 ¢

* TAEEEAE 05 AEREE -
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DeathRate Bl 5T EE{E

days
4145 % 7 F|F B g7 e T

RRIASLE TS X T Y A ME Wk R RSP 2 K T e

» 2

IRIEF FEF > L TS B F o

E%
U
=i

Q'&§f%‘? °
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{8 DeathRate

AR B IS EAf] HHE 55 F HEEME
fEIEREEY 129.281% 203 .637 38.649 .000
e 287.177 1 287177 17427.951 .000
instar 4.751 2 2.375 144.157 .000
ppm 16.045 3 5.348 324.572 .000
days 21.912 2 10.956 664.893 .000
TRT 46.514 5 9.303 564.563 .000
instar * ppm 1.119 6 186 11.313 .000
instar * days 699 4 175 10.608 .000
instar * TRT 17.662 10 1.766 107.184 .000
ppm * days .143 6 .024 1.445 .195
ppm * TRT 2.623 15 175 10.613 .000
days * TRT 2.380 9 .264 16.046 .000
instar * ppm * days .266 12 022 1.344 .188
instar * ppm * TRT 3.432 30 114 6.943 .000
instar * days * TRT 5.075 18 .282 17.111 .000
ppm * days * TRT 1.866 27 .069 4.195 .000
instar * ppm * days * TRT 2.018 54 037 2.268 .000
A 13.446 816 016

aact 446.948 1020

EIERAEE 142.727 1019

a RFH = 906 (FE%HT R 07 = .882)

AL LERAFEEAEL TS (NM7) B2 mBRAMF2L IR
1. 500ppm =t @ &2 & B 5
I vz s w B pix s B kA 500 ppm T ikt F4cB] 4-1 1 4-

3 NM1#H- @A R4 M HRA &' EH AL H 2



s

e ey 48 /) i E 3] 100%:035% 7~ 5

R

o

2

NM2 % & PR L B 4rd &8 7 ¢ ads 100%:55

3
g

Y
>\_
&
i
<

LB B RFOCRES AR R 5 R

W2 favck it > 248 ) PR 100%:05 7~ 5 > $fw 2 f b 48

| PR 7 P ET 90% -

FEREfcR B F ik Ky 1o

20% > H iRy ox k¥ @B BiRE o
NM7 = 8= &% f cni > 4 g+ bt 455 BT % 426 80% - #

W sk it 4 it 0 B 48] IS G X) 60%3% 5
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EFE (%)

100

24hr 48hr 72hr
B
Bl4-1~2 k5t Ea b+t 88 % sdx k& 500 ppm ™

IR 7Y o

Fig.4-1. Lethality of second instar Aedes aegypti larvae caused by different

neem oil products and soap berry oil under 500 ppm.
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PEER(%)

NM1
NM2
NM3
NM4
NM5
NM6
NM7

brtotts

24hr 48hr

B[

72hr

B4-2- 2 EZad 3otz 2 maixs B kR 500

ppm T enFk 7t & o

Fig.4-2. Lethality of third instar Aedes aegypti larvae caused by different

neem oil products and soap berry oil under 500 ppm.
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BFER(%)

100

80

60

40

20

NM1
NM2
NM3
NM4
NM5
NM6
NM7

24hr 48hr

EeF [

72hr

Bld-3~ 2 SR EaLFHE e #8 2 pdx% f 4k AR 500

ppm T enEk 7t & o

Fig.4-3. Lethality of fourth instar Aedes aegypti larvae caused by different

neem oil products and soap berry oil under 500 ppm.
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2.

ERNE N N

1000 ppm =g 4 & & &+ o

S~z e B Z s g kR 1000 ppm T 5k 5 F 4o 4-4 & 4-
6> NML - des B4 i AR7 e gL B8R £t o
SEREE R AR gk > Ho# [ aFE 72 ) e PliT 100% 05k

C¥tw s G AR 48 ) BRI enER 5 F i 1] 80% o

NM2 &2/l E BRfe7 b8 F Y adF 100%05R5 5 5 5 A 2R
- I

NM3 $f- 2 Beni4 &3 AR 1 100%™~ F > 4= v»
BB A Y 24 ) P48 ) PRern k Pl 0 2 F| 72 ] BETS (v § 22 F]
i# 100%3 7 & o

NM4 $t575 #2844 B 8 8 24 ) PFeniR 7> 4 i - ~ 2 d#6% B 1K
0 10% 0 R H AR5V 4 R R Aem SRR o D T2 RS~ #e
FLF i1 100%:505 7~ 5 0 2 865 4 4 4238 80%

NS $55 = 8% f a5 7 4 s> hg B 48 ] B {5 17 140 60% » 2

«

B o 148 ) BFiS s E F] 100% 5k L Koo
NMG6 ¥t - #22 Behik v 4 il » 302 s @20 5 Aed K> bf
8 | PEis ™ F 1T 40%:eak 7 F o

NM7 %= #2 s B cnikv 4 3 o i%%ﬁf&ﬁ&t(ﬂ ‘F.’F%*v"SO%’*ﬁ
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7v 337 100% > v #4535 5 80%14 b o
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BRBER(%)

100

80

:E_r_#__J—J—I
T
T
NMA1
NM2
NM3
NM4
NM5
NM6
NM7
24hr 48hr 72hr

HEF IS
Bl 4-4-FFFRadEaLF D B2 ooy kAR 1000
ppm T R e

Fig.4-4. Lethality of second instar Aedes aegypti larvae caused by different

neem oil products and soap berry oil under 1000 ppm.
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EE(%)

40

100

80

60

20

trtrtts

NM1
NM2
NM3
NM4
NM5
NM6
NM7

24hr 48hr

e e

72hr

Bl 4-5-7 =i EZadF 88 2mixs g kR 1000

ppm T R e

Fig.4-5. Lethality of third instar Aedes aegypti larvae caused by different

neem oil products and soap berry oil under 1000 ppm.
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2EE(%)

40

100

80

60

20

NM1
NM2
NM3
NM4
NM5
NM6
NM7

24hr 48hr 72hr

R[]
Bl 4-6-2F 3 Z2 a0t e &2 amiss f k& 1000
ppm T 0 7 5 o

Fig.4-6. Lethality of fourth instar Aedes aegypti larvae caused by different

neem oil products and soap berry oil under 1000 ppm.
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3. 2000 ppm ==+f 4 22| B 5

S~z ~e#E 2 amix @ Ak 2000 ppm T g5k 5t F4o@ 4-7 3 4-

({o]
e
<
H
Iy
%
N
Ew
rd
Y
g
-
1=
> jud
bl
A
S
H\
#o
i
X
Ew
&
e
a\
=
b
3
P
™
=1
i

#2% B R F EoF o aid ) 100% 05 5 F o
NM2 & #E P2 F&PFYF 100%™ F > 2 AaR> 4
NM3 - #2aRAFAM > s @B FANR&AFRE > L2 HEEER

F0F T 100%0a 7 oo 2 #0 % AN F L 0 B 24 0] PRI 60%

SRR F 0 et T2 ) PEES Ty ar aE B 94%enER 5t o
NM4 $t= ~ = #2% @ ehakse 4 i o 48 /| pFan ih

65% ~ 40% > i & 72 ] PFEOR T TT% o $w d6% B

BERER T 99%R o F .

NMS = #2% fefic 7 4 i > H R 722k 508 B PR B 4o m 32 -

(¥
peit
Jui
%

X
E
F_&
)
N
Sk
H N
%ﬂ

¥
A
F_&
N
[os)
PN
ot
x
(4
=)
[T
o
Q
=
bl
!
Ly
51
i
S|

LAY PR 80%~100% 5k 7 5 o



ERAEGEHHASDH e fo o B2 [ R 48 FhR> 5 Y
5 70% 0 t 72 [ PER]F P X 90% o ¥w de % B it 4 Bl A48 )
prenst K 5 30% 0 72 PR 60% -

NM7 2 # % P {c? & 3 97%-100%:3k 5+ 5 o

42



(%)

100

80

60

40

20

— NM2

NM3

NM4

NM5

_ NM6

J NM7

o

24hr 48hr 72hr

BF

Bl 4-7- 2 Z b2t F oo @8 2smirs 3 ki 2000

ppm T R e

Fig.4-7. Lethality of second instar Aedes aegypti larvae caused by different

neem oil products and soap berry oil under 2000 ppm.
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Fig.4-8. Lethality of third instar Aedes aegypti larvae caused by different

neem oil products and soap berry oil under 2000 ppm.
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Fig.4-9. Lethality of fourth instar Aedes aegypti larvae caused by different

neem oil products and soap berry oil under 2000 ppm.
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Fig.4-10. Lethality of second instar Aedes aegypti larvae caused by different

neem oil products and soap berry oil under 4000 ppm.
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Fig.4-11. Lethality of third instar Aedes aegypti larvae caused by different

neem oil products and soap berry oil under 4000 ppm.

49



PEE(%)

40

100

80

60

20

bttt

NM1
NM2
NM3
NM4
NM5
NM6
NM7

24hr 48hr
¥ I

72hr

Bl 4-12 -2 =R Ea b33t ddi 2 saixs B AkR 4000

ppm T R Y o

Fig.4-12. Lethality of fourth instar Aedes aegypti larvae caused by different

neem oil products and soap berry oil under 4000 ppm.
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414517 -&/&E’Mf/‘f

A HPLH T R ERAE AL I FERET L 24 FOER

FAEF DAt 4-6> 1F 535 T mz}—‘,‘;’ FX—F‘:[L o

2 4-6- A FEMATF SN PRI s B AFEE 24 [ FET 5

Tab.4-6. The 50% lethality concentration of each neem oil product under

different instar larvae of Aedes aegypti

—#2h (ppm) =& 5 (ppm) w5 (ppm)
NM1 21041 <500 29645
NM2 <500 <500 <500
NM3 <500 3114 <500
NM4 763 <500 <500
NM5 2621 1893 <500
NM6 1190 2755 2642
NM7 <500 <500 <500

v RTIXRFER A5
421 B BB EY
THEB GBS SRS F 80%L 2 EEEFAES TS
FETE IR NMLI-NM6 i & cnac g id *» &8 > #-2 BIER
frE BB TR S 80% L FA Ak 4-T 24 4-100 Wi FEH

[}%flﬁ?—ﬁﬂi_} s (T mii’ié%ﬁﬁ\gﬂ’t?/k)i& °
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2 4-T7 LfEEFH 5 4000ppm kB FF 0 6 STk B R AL B
80%:hA B (47 v iLieF )

Tab.4-7. The neem oil product representing over 80% death rate (denoted

as v) toward Aedes albopictus larvae under 4000 ppm

g ) Z#%h T #4%5 f)

24hr  48hr 72hr 24hr 48hr 72hr 24hr 48hr 72hr

NM1 % v v
NM2 % v % v % v v % %
NM3 v v
NM4 % % v v v
NM5 v Y Y, v Y, Y,

NM6 Vv \Y;
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2 4-8~ LAAEH 5 2000ppm kA B > 9 MBIL S B K S A B
80%:h% R (47 Vit )

Tab.4-8. The neem oil product representing over 80% death rate (denoted

as v) toward Aedes albopictus larvae under 2000 ppm

g ) Z#%h T #4%5 f)

24hr  48hr 72hr 24hr 48hr 72hr 24hr 48hr 72hr

NM1 v v v
NM2 % v % v % v v % %
NM3 Y
NM4 Y

NM5 v Y Y v v Y,

NM6
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2 4-9- LAAEHHH 5 1000ppm kA B > 9 MBK S B K S AL B
80%:h % R (47 Vit )

Tab.4-9. The neem oil product representing over 80% death rate (denoted

as v) toward Aedes albopictus larvae under 1000 ppm

g ) Z#%h T #4%5 f)

24hr  48hr 72hr 24hr 48hr 72hr 24hr 48hr 72hr

NM1 Vv
NM2 % v % v % v % %
NM3

NM4 % v

NM5 v Y Y v v v

NM6
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% 4-10~ L 8= e 7 57 500ppm kB P o ¥ 6 Mok B R A2
80%:4 B (37 viiie )
Tab.4-10. The neem oil product representing over 80% death rate (denoted

as v) toward Aedes albopictus larvae under 500 ppm

S g ¥ f w #5% 5
24hr  48hr  72hr  24hr  48hr 72hr  24hr 48hr  72hr
NM1
NM2 v v v % v %
NM3
NM4
NM5 v v
NM6
FEITHEL PSR B E R F AR N iE 100%2 & &40k 4- 110

GORBIE R G A S L e & U NME R A4 B R o
2. E e A 5 (2018 spring)

Tab.4-11. The neem oil products resulting in the highest death rate of Aedes
albopictus

Z4-11~ 0 \padrd EF R~ 35

4 4y 500 ppm 1000ppm 2000 ppm 4000 ppm
- # NM2 NM2 NM2 NM2
= ¥ NM2 NM2 NM2 NM2
= # NM5 NM5S NM5 NM5
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4.2.2 & 3 F)F A5

4.2.2.1 ¥4

Bd R P FOR&AFEFS S LR TS BRY TR Fi57

MFAR R7AFDFIMERLZ 1w ~ 2 ~ 2 #o
i ®: DeathRate
LSD
95% {EHEE
(D) instar ~ (J) instar  PHIEER ([-1) EER EEY TR fall'id
2 3 - 1466 00769 000 -.1617 - 1315
4 -.1909" .00769 .000 -.2060 - 1758
3 2 1466 00769 000 L1315 1617
4 -.0443" .00769 .000 -.0593 -.0292
4 2 .1909" 00769 000 L1758 L2060
3 .0443" .00769 .000 .0292 0593
RSl EE e E -

ERETEE Mean Square(Error) = 012«
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instar
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SRS FRGHEFLR N RS BRRT RS 0T T LE
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&8 DeathRate

LSD
95% {EHEEHE
() TRT  (J) TRT “FEEER (1) #FER =t TR LR
1 2 23550 .01146 .000 -.3775 -.3325
3 -.03310  .01146 004 -.0555 -.0106
4 -072° 01146 .000 -.0997 -.0547
5 -.1192°  .01146 .000 -.1417 -.0067
6 0139 .01146 226 -.0086 L0364
7 22729 01281 .000 -.2981 -.2478
2 1 3550 .01146 .000 .3325 3775
3 3219 01146 000 .2995 3444
4 27187 .01146 .000 .2553 .3003
5 2358° L0146 .000 2133 L2583
6 36897 .01146 .000 3464 3914
7 08217 .01281 .000 .0569 1072
3 1 03317 .01146 004 .0106 .0555
2 =329 01146 .000 -.3444 -.2995
4 -.0442° 01146 .000 -.0667 -.0217
5 -.0861° 01146 .000 -.1086 -.0636
6 .0469° 01146 .000 0245 L0694
7 -.2399" 01281 .000 -.2650 -.2147
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4 1 07727 .01146 .000 .0547 L0997
2 =218 01146 .000 13003 -.2553
3 04427 01146 .000 L0217 L0667
5 -.0419° 01146 000 0644 -.0195
6 09117 .01146 .000 L0686 1136
7 -.19577 01281 .000 2208 -.1706
5 1 11927 01146 .000 L0967 1417
2 -2388° 01146 .000 2583 -.2133
3 08617 .01146 .000 .0636 .1086
4 .0419°  .01146 .000 .0195 0644
6 13317 L0146 .000 .1106 1555
7 215377 01281 000 1789 -.1286
6 1 -.0139 .01146 226 0364 .0086
2 236807 01146 .000 3914 -.3464
3 -.0460° 01146 .000 0694 -.0245
4 -.00117 01146 .000 1136 -.0686
5 -13310 L0146 .000 1555 -.1106
7 -.2868°  .01281 000 3119 -.2617
7 1 27290 .01281 .000 .2478 12981
2 -.0821° 01281 .000 1072 -.0569
3 23990 .01281 .000 2147 .2650
4 1957 .01281 .000 .1706 .2208
5 15377 .01281 .000 .1286 1789
6 .2868°  .01281 .000 L2617 3119
RSy FEaE -

EEEIEE Mean Square(Error) = 012 -
* SESEERE 05 KERRE -
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{fZ288: DeathRate
LSD

95% {SHEER

() pom  (J) ppm  PHEHEEE (1)) HER BEEM TR fall'id
500 1000 10787 .00888 .000 -.1253 - .0904
2000 21600 .00888 .000 -.2334 -.1986
4000 28100 .00888 .000 -.2984 -.2636
1000 500 1078°.00888 .000 0904 1253
2000 -.1082° .00888 .000 -.1256 -.0907
4000 173200888 .000 -.1906 -.1557
2000 500 21600 .00888 .000 1986 12334
1000 .1082° .00888 .000 L0907 1256
4000 0650  .00888 .000 -.0824 -.0476
4000 500 28107 .00888 .000 2636 12984
1000 1732000888 .000 1557 1906
2000 06507 .00888 .000 L0476 0824
REB R FeE -

ERETHE Mean Square(Error) = .012 -

*OEHGEERE 05 KEREE -
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EAERSELT fe Bt

DeathRate BV #EFH{E

90

.0

0

500 1000 2000 4000

ppm

4.2.2.4 32 P Y
B B R;FEEA SR TR BRJIE R R F

P HFAR RAFDBIMERAEL T2 4824 ] pF o

&8 DeathRate
LSD

95% {EHEERA

(I) days  (J) days “PIEZER (1-)) SR HEEM TR EfR
1 2 -.1803°  .00781 .000 -.1956 -.1650
3 800750 000 2585 -.291
2 1 | 1803 00781 000 L1650 .1956
3 0635 00781 .000 -.0788 -.0482
3 1 | 243800750 000 2201 2585
2 | 0635 .00781 000 0482 0788

B REINHIE -

ERPETEIE Mean Square(Error) = .012 -

* HYEERLE 05 KRR -
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{fE#: DeathRate

AR B EAf] BHHE ¥75 F HEE M
fEIERR 112.747* 239 472 39.915 .000
e 693.649 1 693.649  58690.571 .000
instar 7.458 2 3.729 315.506 .000
ppm 13.115 3 4.372 369.889 .000
days 14.341 2 7.171 606.706 .000
TRT 21.193 6 3.532 298.865 .000
instar * ppm 1.469 6 .245 20.715 .000
instar * days 1.582 4 .395 33.463 .000
instar * TRT 11.827 12 .986 83.393 .000
ppm * days 332 6 .055 4.676 .000
ppm * TRT 8.335 18 .463 39.181 .000
days * TRT 16.679 11 1.516 128.296 .000
instar * ppm * days .232 12 .019 1.638 076
instar * ppm * TRT 3.772 36 .105 8.864 .000
instar * days * TRT 4.243 22 193 16.319 .000
ppm * days * TRT 5.185 33 157 13.295 .000
instar * ppm * days * TRT 2.556 66 .039 3.277 .000
e 11.346 960 .012

4ast 813.342 1200

(EANFETEL 124.093 1199

a RFJF = .909 (FHEHY R 77 = .886)

423 L EZRDF EHIY MoK F 2 R

1. 500ppm = 1§ i

-~z 2w #be R B Ak & 500 ppm ik s F4e @) 4-13 3 @ 4-

15> NM1 #3v - e B enik s 4 4 » H k5w 4
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e

Fig.4-13. Lethality of second instar Aedes albopictus larvae caused by

different neem oil products under 500 ppm.
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Fig.4-14. Lethality of third instar Aedes albopictus larvae caused by different

neem oil products under 500 ppm.

67



EER(%)

100

80

60

40

20

_ f_’,.,;f""
,r'f .-.*""f

, — *~ NM

)_//’ ’ - ::’ _ —*— NM2

| e —— NM3

" NM4

v = —— NM5

~ NM6
24hr 48hr
¥

72hr

Bl4-15~% =t @ S8 e 80 Mpixx B kR 500 ppm = e

T

Fig.4-15. Lethality of fourth instar Aedes albopictus larvae caused by

different neem oil products under 500 ppm.
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2. 1000ppm = 1§ ¢
S~z z2w &y Mpnirs g Ak 1000 ppm R 7 F 4o 4-16 3 B
4-18 » NMI11 $f - 2% B i 4 i » 4485 72 [ ER™c X% 45% -
BR&AA G RS @B FPORSFRE > L AFE T2
pEim 5 50%¢5 Fow b BRRE > T2 )FRMFE 0% -
NM2 $f= ~ = % R > Fhg o £ #FEFF Y 5 17 100%05 5
o ¥ tw X P B 24 ) FR S HRL 0 W5 20% 0 e 48 ) R

A4 = 17 100% -

NM3 = #&% J Rk S il aF Y 72 /) k™ 5 25 20%- 82
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Fig.4-16. Lethality of second instar Aedes albopictus larvae caused by

different neem oil products under 1000 ppm.
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Fig.4-17. Lethality of third instar Aedes albopictus larvae caused by different

neem oil products under 1000 ppm.
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Fig.4-18. Lethality of fourth instar Aedes albopictus larvae caused by

different neem oil products under 1000 ppm.

73



3. 2000ppm = 1§ ¢
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Fig.4-19. Lethality of second instar Aedes albopictus larvae caused by

different neem oil products under 2000 ppm.
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Fig.4-20. Lethality of third instar Aedes albopictus larvae caused by different

neem oil products under 4000 ppm.
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Fig.4-21. Lethality of fourth instar Aedes albopictus larvae caused by

different neem oil products under 4000 ppm.
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Fig.4-22. Lethality of second instar Aedes albopictus larvae caused by

different neem oil products under 4000 ppm.
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Fig.4-23. Lethality of third instar Aedes albopictus larvae caused by different

neem oil products under 4000 ppm.
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Fig.4-24. Lethality of fourth instar Aedes albopictus larvae caused by

different neem oil products under 4000 ppm.
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A24F% > F kR 2 M tast
=y | PE'*M‘E'FJJEL«‘J;)\%PE-MW,&,ZF‘,\,, BERRFL 24 EFL Rk HE
Fldded 4-12 5 (T 5% v g ?\;% .

2 A-12 -2 P ERAE SEH T PR M S F A EE R 24 ) pF

Tab.4-12. The 50% lethality concentration of each neem oil product under

different instar larvae of Aedes albopictus

—#% g (ppm) = &% 4 (ppm) w# 5 (ppm)
NM1 5529 6809 1645
NM2 <500 <500 <500
NM3 8056 5468 6760
NM4 6946 1817 2818
NM5 5138 5138 <500

NM6 6590 4032 17941
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43R BREF
4.3.1.NM8

B BT 0 RURR RIS 2 sx ¢ Mk B R SRk
(% 4-1~4-2~4-3) > 1430 222.22 ppm PES T 904 28 ¢l k4 o
B 444.44 ppm KRR~ Z #L0 Mzadx s B 1S o Y 72 ] B A 10%:h
Fed O AR Y G 0-0%2 B Tt E AR T hE A2 B S
FOEMLPE S BT O LR R S 4 R
2 4-13~ - #0852 i G RETIE S P2~ FUILRDRIA R 8 PR F

Tab.4-13. Mortality rate of second-instar Egyptian mosquitoes and white-spotted

mosquito larvae after placing emulsifier aqueous solution

k& (ppm) w7 F (%)

b & paix v AU BEIX

24 hr 48hr 12hr 24hr 48hr 72hr

444.44 0 0 9 0 7 13
222.22 0 0 1 0 0 0
111.11 0 0 0 0 0 0
55.56 0 0 0 0 0 0
0 0 0 0 0 0 0
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2 4-14~ 2 %3 % paix P o Mpadx 2 B Ao r LI A RIR R 1S eIk e &
Tab.4-14. The lethality of third instar larvae of A. aegypti and A. albopictus

introduced in formulated neem oil

JE & (ppm) & F (%)

¥ B ik v AT

24 hr 48hr 12hr 24hr 48hr 72hr

444.44 0 0 0 1 4 5
222.22 0 0 0 0 0 0
111.11 0 0 0 0 0 0
55.56 0 0 0 0 0 0
0 0 0 0 0 0 0

2 4-15- v #2k F mix 0 RBTIE S AT 0 FUILR]RA R 1S Rk F
Tab.4-15. The lethality of fourth instar larvae of A. aegypti and A. albopictus

introduced in formulated neem oil

Concentration "% (%)

(ppm) A »
¥R pix v AT L

24 hr 48hr 12hr 24hr 48hr 12hr

444.44 0 1 1 0 0 1
222.22 0 8 8 0 0 0
111.11 0 0 0 0 0 0
55.56 0 0 0 0 0 0
0 0 0 0 0 0 0
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4.3.2 NM7

FE % 2R 2% > NM7 % 4000 ~ 2000 ~ 1000 ~ 500ppm & & 7 & % 45 % g Ry
i 2 padxens do % Bt g 80%IL L ehiR s o frd > AR iR H @ * NMT

$E R RS 2w @ ARSERRELT U3HH -
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44 %% B3t
44.1 :)Fi&ﬁ—fﬁ e &R
MEEBBEESAFEA R IEEOERG T 0 FAFLRT AL
KB Rt R A RN PR AT TR TR UEHR
LT2 ) EAEEEFERF T EIRAF2ZEH o
4.4.1.1 & % saix
1.-#% 8
WEA R LET] 80%R A F A T o ERPINE R Ix - 0% B S
* NM2 ~ NM3 ~ NM6 & NM8 - * Jk & I > 2000ppm 12+ o
3. Z#HE
EEHRF LB A wixz &% s NM2 - NM3 ~ NM5 & NM8 » ¥ ik
K X -° 500ppm 14 b oo
4, w# P
EHRISE S sl #% B % NM2 - NM3 ~ NM5 & NM8 » &
& 3 - 1000ppm 12+ o
4412 v Rprix
1-#% 8

W E AR AED] 80%IK S F a0 iERF a0 Mk - # % B s
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* NM2 & NM5 - ¥ k& % - 1000ppm 4 b -
5, Z#% 3

R oY Reix - L A% NM2 &2 NM4> * ER 5 &
1000ppm 14 + o E# Ak A 4 T 4000ppm B4 ¥ ¥ g % * NM6 -
6. &G

ER L0 Ruixe $ % & pFs* NML - NM2 ~ NM3 & NM5 > » Gk
&I & 2000ppm 14 F oo

A42 B R it * 2 4 B

— B RIF S i cnER S R FAIRAR 0 LT ED NG
cRHPFERE IR R R LR TEL - HERYE RS AT S
FRIECE LT R AR EHS A EL R SRR - RITRB Y o
AT REVREARERT LR L RERR Y YIRS T2
RN S o

Fla — A RdE * PFT 2 5 SEF TR R RE D N
Vo i R A TERALEFREBRTRY RICERT T B R
FEPERAE S N A AT S AR A8 BT R R

YR R (TR B RIS
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4.4.2.1 & % paix
EIRIF I 2 padxpEas * NM2 o k& 500ppm ¥ 5 E 503 # NM3 &
NMS8 Rz 2% * &k & 1000ppm -
4,422 v SRoTix

ER P ow ApaixpEas * NM2 & NM5 - Jk & 500ppm T+ o
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FhB o H9 Mk ¥ b $% BFR A i MY NM5S 4
¥ o s 2 e

ME AT ONFERY AT

TR RS S H AT E B
“HFBRSS CE-HEHEI I = e @M FRREFRSER B
& % 78 7 > 39.5%wW/w & B 3 >t 500ppm FE4tE A sk s = #5380
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App. 7-1. The death rate of Aedes aegypti resulting from each neem oil products

I E£4F TR

and soap berry oil (Mean of death rate of 5 replications + standard error)

b ond 3rd 4th

NM1

ppm 24hr 48hr T2hr 24hr 48hr T2hr 24hr 48hr T2hr

4000 11£3.674 766 9142449 2018276 88+4.639 97£1.225 25+5.916 90+2.361 1000

2000 6X1.871 516 6913.674 42+15.937 81%4.528 9711.225  99*1 10020 10020

1000 4£1.871 29%7.483 62%4.637 14%4.301 71%4.583 98+1.225 49121 80+9.618 86%7.969

500 3+1.228 15%2.739 50%3.162 49%11.979 89%7.314  98+2 80120  100X0 0317

O ond 3rd 4th

NM?2

ppm 24hr 48hr T2hr 24hr 48hr T2hr 24hr 48hr T2hr

4000 1000 100x0  100%0 10020 1000 100X0  100x0  100x0  100%0

2000 1000 100x0  100%0 100£0 100£0  100X0  100x0  100X0  100%0

1000 1000 100x0  100%0 100£0 100£0  100X0  100x0  100£0  100%0

500 1000 100x0  100%0 100£0 1000 100X0  100x0 1000  100%0

B ond 3rd 4th

NM3

ppm 24hr 48hr T2hr 24hr 48hr T2hr 24hr 48hr T2hr

4000 T2 53%3.742 91%1.871 48%14.283 100X0  100%0 9416 1000 10020

2000 61  5716.633 8514.183 60*13.134 94£2.915  99*1 08+2 08+2 10020

1000 211.225 3515701 76%3.317 40%14.663 8915.788 991  8118.426 8616.964 10010
42% 62+

500 7E£2.55 2445339 59£1.871 1243.391 &1£5.568 100%0 11467 56%12.39 11895
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JE&a /]

2nd 3rd 4th
NM4
ppm 24hr 48hr T2hr 24hr 48hr T2hr 24hr 48hr T2hr
4000 18%6.633 83+5.612 90£3.162 38%7.176 80%7.583 91%4.848 85+6.124  97+3 99+1
2000 812 6516.708 7716.633 15+3.536 41%7.141 77£6.245 71£5.339 8912915 991

1000 432449 4513536 6615568 10X1.581 35+3.535 8743.391 572 8134301 98+1.225
500 211.225 281995 30%9.354 12%4.637 25%4.183 7914.848 28%2.55 53%2.55 68%2.55

R

B 2nd 3rd 4th

NMS5

ppm 24hr 48hr T2hr 24hr 48hr 72hr 24hr 48hr T2hr

4000 7613.674 8415.568 10010  75%6.325 1000 10020 1000  100X0 10010
2000 4318 65%6.519 96+2915 53%7.176 1000 10010 9712 991 10020
1000 13£2.55 255701 58%6.245 54%£8.276  100%0 99+1 8612915 10010  100%0

56%

500 8t1.225 2242 51%5.568 1712 99£1 9941 15.033 8619.407 90£6.892
ey
i ond 3rd 4th
NM6
ppm 24hr 48hr T2hr 24hr 48hr T2hr 24hr 48hr T2hr
4000 10020 1000 10010 89%6.782  100%0 100x0  88%1.225  96%1 10010

49+
2000 80%3.162 96%1 1000 14%2915 738 9134301 23%*7.176 31£5.568 11874
1000 612.915 26%3.674 72%3.391 612915 1434301 4234.637 12£1.225 14%1.871 41%6.403
500 00  10£2.739 20%5.244 00 1%1 10£3.162 1%l 412915 13%3.742
BT
JH 2nd 3rd 4th
NM7
ppm 24hr 48hr T2hr 24hr 48hr 72hr 24hr 48hr T2hr

4000 99+1 10010 100%0 99+1 1000 1000  100£0  100£0 10020
2000 97£1.225 97£1.225 1000 99+1 10010  100X0  97£1.225 97£1.225 97+1.225
1000 8813.742 92+3.391 96+1.871  97%2 991 10020 79£5.339 85+2.236 9013.536
500 8211.225 8613.674 9112.45 8812 8912.45 95%2.236 50%5.477 6115.788 61£5.788
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#35)
App. 7-2. The death rate of Aedes albopictus resulting from each neem oil products

(Mean of death rate of 5 replications + standard error)

SR ond 3rd 4th
NM1
ppm 24hr 48hr T2hr 24hr 48hr T2hr 24hr 48hr T2hr

4000  3414.848 45%1.581 5812.55 3115.099 61%5.339  94+1  66%11.979 9713 100£0
2000 29%5.788 3715385 48%5.148  14%4  39+1.871 5914.583 8514.472 98+1.225 10010
1000 1313 1745831 4613.674 1215.385 3818.746 5916.864 54%5.339 7511.581 90£1.581
500 41871 1743 3745148 533.162 2614.301 53%3.391 71255  2414.848 5444.301

R ond 3rd 4th
NM?2
ppm 24hr 48hr T2hr 24hr 48hr 12hr 24hr 48hr T2hr

4000 10010 1000 1000 1000 1000  100%0 894 10020 10020
2000 991 10020 100%0 991 10010 1000  85%8.944 10010 10020
1000 1000 1000 10040 991 10010 1000 2045477  99%1 10020

64+
500 02%4.637 100X0 1000 11225 8215.148 8914848 11%2.45 6318  83%5.148
= ond 3rd 4th
NM3
ppm 24hr 48hr T2hr 24hr 48hr T2hr 24hr 48hr T2hr

4000  2216.633 28+4.062 37%6.595 3713.742 70%4.183 78%1.225 2817.349 §5%3.873 98%1.225
2000 12%1.225 20+3.536 25%3.873 12%1.225 53+4.637 68%5.385 22%5.612 73+7.176 991
1000 010 1783 2632915 3£1.225 33312 6444301 83.391 54%10.05 6849.028
500 00 1082236 2313 44245 27£3.391 6514.472 311.225 26%5.339 514
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2nd 3rd 4th

NM4

ppm 24hr 48hr T2hr 24hr 48hr T2hr 24hr 48hr T2hr
1 *

4 26t 41992 7£8.307 2 76t14.2 7 100+
000 619 11769 6419.925 12,884 87x8.30 98 6 65 93 000
2000 22 41%12.39 o8 o1 78%19.301  91X4  34%£17.205 : 7619.407

15.937 T 11.023  16.155 e B o 14.714 e

40+

1000 612915 31+8.276 42+5.831 10368 8416.403 9612915 3%1.225 23+6.819 5915.788
33% 68+ 80x *

500 1+1 15%4.183 31%2.45 542.739 5812
15215  17.649  10.488 11.937

w5 U

| 2nd 3rd 4th

NM5

ppm 24hr 48hr 72hr 24hr 48hr T2hr 24hr 48hr T2hr

4000 4017416 841245  98t2  28+2.55 588 91£3.317  99%1 10010 10010

2000 2412915 8315.612 9713  2814.899 37+4.637 8§2+3.391  100+0 10010 10010

1000 1533.162 81+4.301 96+1.871 17+1.225 4416  91%4.583 99£1 10010 10010

500 10£3.536 5819.301 67+7.176 10+2.236 17+3.391 61£5.099 51£14.95 9414848 97+1.225

ey

i ond 3rd 4th

NM6

ppm 24hr 48hr T2hr 24hr 48hr T2hr 24hr 48hr T2hr

*

4000 30%5.477 6315.385 6716.442 14612 00%3.536 97%1.225 10+4.743 33£5.831 50%5.916

2000 312 212915 28%4.062  1f1  51%6.595 65%4.472 0X0 01245  12+2.55

1000 1%1 5%1.581 6%1 1£1 613.674 24+3.317 00 00 2+1.225

500 00 0x0 00 00 312 5%2.236 00 00 00

el 1

JH 2nd 3rd 4th

NM7

ppm 24hr 48hr T2hr 24hr 48hr T2hr 24hr 48hr T2hr

200 10£3.162 1133.674 16+3.674 10£5.244 1535.244 1716.442

100 8+3.391 612915 612915 0+0 0+0 00
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App.7-3. The death rate of 2" instar A. aegypti larvae caused by NM2 and NM7

under different concentration within 24 hours.
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App. 7-4. The death rate of 3" instar A. aegypti larvae caused by NM2 and NM7

under different concentration within 24 hours.
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App. 7-5. The death rate of 4" instar A. aegypti larvae caused by NM2 and NM7

under different concentration within 24 hours.
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