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Abstract

For the environmental friendly management of diamondback moth, Plutella xylostella (L.), Bacillus thuringiensis
subsp. kurstaki (30x10° cfu/mg) and neem oil (0.5% azadirachtin) were used as green control agencies with
mixed and alternative treatments on the chinese cabbage. When Bacillus thuringiensis subsp. kurstaki was
applied to 1st and 2nd larva of P. xylostella with recommended concentration, their mortalities were reached
to 100% by 2 days after treatment. In case of azadirachtin, its effect of mortality was continued for 7 days,
and reached to 100% mortality. LCso values of Bacillus thuringiensis subsp. kurstaki and azadirachtin against
Ist, 2nd, 3rd and 4th larva of P. xylostella were 2.8><104, 3.1><104, 3.4x10" and 1.5%10° cfu/ml, and 2.7, 3.9,
4.7 and 7.1 ppm, respectively. The number of laid eggs of P. xylostella was reduced to 57.5 at 25 ppm of
azadirachtin compared with control treatment. The hatch ratio was not significantly different with Bacillus
thuringiensis subsp. kurstaki treatment in comparison with control treatment. However, when azadirachtin was
applied, their hatch ratio were reduced to 25.8 and 45.4% at 25 and 50 ppm, respectively. On the other hand,
emergence rate of eggs was not different with Bacillus thuringiensis subsp. kurstaki treatment, but 45.4% was
shown in azadirachtin treatment with 50 ppm in comparison with control. When the mixture with Bacillus
thuringiensis subsp. kurstaki and azadirachtin was applied to adults of P. xylostella, their mortality was higher
than Bacillus thuringiensis subsp. kurstaki treatment only. These results are supposed that the mixture of
Bacillus thuringiensis subsp. kurstaki and azadirachtin might be used as green control agents for reducing the
demage of diamondback moth in the Chinse cabbage.
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Fig. 1. Insecticidal activities at the recommended concentration of Bacillus thuringiensis subsp. kurstaki and azadirachtin against P.
xylostella according to different larval stages. (A) Ist instar (B) 2nd instar (C) 3rd instar (D) 4th instar.

Table 1. LCsy value of Bacillus thuringiensis subsp. kurstaki and azadirachtin against different larval stages of P. xylostella

B. thuringiensis Azadirachtin
Larval stages n LCso LCso
lope+SE 1 E
(95% CL., cfu/ml) slopeS (95% CL., ppm) slopeS
Ist instar 150 2.8x10* (1.6x10%-4.6x10% 1.13£0.12 2.7 (2.1-3.3) 1.36£0.10
2nd instar 150 3.1x10* (2.1x10%4.6x10% 1.2240.14 3.9 (3.1-4.7) 1.530.11
3rd instar 150 3.4x10* (1.9x10%6.2x10% 0.73£0.13 47 (3.7-5.9) 1.32+0.10
4th instar 150 1.5%10° (4.7x10%-1.0x10°) 0.41+0.16 7.1 (5.7-8.6) 1.50+0.11
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Fig. 2. Mean number of eggs laid at the treated concentrations
of B. thuringiensis and Neem oil against P. xylostella.
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Fig. 3. Hatch ratio of P. xylostella at the treated concentrations
of Bacillus thuringiensis subsp. kurstaki and azadirachtin.

dirachtin 4 ppm- 32.1%= 43.2%7} YA Yehstc) =3
0] 48 FEoM = FA8]9 85%KE T} B. thuringiensis(1.5
x10° cfuml)= 41.5%2 T2 2t} 43.5%7} @¥9tal, Aza-
dirachtin 7 ppm- 40.5%= 44.5%7} YA Yehsith E3t
SolEIE A2 Wil g 3, 49§39 4 50%e]
977} Bl A7 30X R P 4.11Y, B. thuringiensis
= 4.65%, Azadirachtin® 7.534 =2 Azadirachtin#]2] A
FAE 2o 3429 e A9 49 F52 FALF2.27
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99 f5Re B ekt
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Hr} 30.3%%> $3ka= HAAth 49 folMe FARE
70.0%, B. thuringiensis+< 65. 0%, Azadirachtin2 14.8%
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WL 19§50 239 o Aelshn A8, §
shg, Ho7]e] Zo] Je]al 938-& RARSIYTE B. thuringiensis
LCa, LCso, LCoo= A2|3S W 22} 76.6%, 72.3%, 81.0%
o 83&S B, 71.4%, 73.5%, 76.5%%] $3h&S K
otk Hd7]9 Zolx= 5.86 cm, 5.56 cm, 5.20 cm& UE}
Wtk Azadirachtin®] 79 LCy, LCso, LCoo2 AW W
80.3%, 65.5%, 28.6%= TAg]o] 1|5 LCspoll A 20.4%,
LCoool| A 57.3%7} ¥& 83182 Holth 318 % 61.2%,
38.9%, 25.0%% T 2]} LCsol A 32%, LCooo 4] 45.9%
U Ul Wd)719] Zol: 539 em, 5.37 cm, 5.03 cm
2 FAz o) H]3 LCopoll A 0.9 cm&] 20| & K tHTable 3).

B, thuringiensis®t Neem oil2] Egtx{g|

HjZ2URr 29 850l B. thuringiensis®} neem oilS 5

Table 2. Pupation and emergence rates of 3rd and 4th larva of P. xylostella treated with Bacillus thuringiensis subsp. kurstaki and

azadirachtin (LCso)

Concentration

=

Larval stages

Pupation rate Time of 50% Emergence rate

(%) pupation (days) (%)
B. thuringiensis subsp. kurstaki
150 47.3+5.1 4.65+0.3 83.0+7.1
_ (3.0x10" cfu/ml)
Third Azadirachtin (4 ppm) 150 32.145.7 7.5341.7 51.124.8
Control 150 75.343.1 4.11£0.6 81.4+7.0
B. thuringiensis subsp. kurstaki
S5+2. .3440. 0£12.
(L5x10° cfu/ml) 200 41.542.8 3.34+0.4 65.0+12.4
Fourth o
ol Azadirachtin (7 ppm) 200 40.5+6.4 3.67+0.2 14.848.6
Control 200 85.0+3.5 2.27+0.5 70.0+5.2
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Table 3. Survival, pupation and emergence rates and pupal length of P. xylostella after Bacillus thuringiensis subsp. kurstaki and

azadirachtin treatment against st larva

Survival rate

Pupation rate Pupa length Emergence rate

trati
Concentration %) %) (cm) %)
LCy (3.0X103) 150 71 76.6£3.7 5.86+0.4 71.4+1.7
B. ingiens. .
thuringiensis subsp. 1 "3 .10 150 47 723435 5.56+0.5 73.5+1.1
kurstaki S
LCo (1.0%10%) 150 21 81.0£0.7 5.20+£10.4 76.5+4.0
LCx (0.5 ppm) 150 76 80.3+3.5 5.3940.5 61.248.1
Azadirachtin LCso (2.7 ppm) 150 55 65.5+6.3 5.374£0.5 38.9£2.8
LCoy (15 ppm) 150 14 28.6+4.9 5.03+0.5 25.0+0.5
Control - 150 80 85.9+4.7 5.93+0.3 70.9+4.3
100 100
80 SO -
£ £ 60
EE 40 £ w0
20 -
o |
0o - cont Aza Aza Aza
Bt Bt Aza Aza  Bt+Aza Bt+Aza Bt+Aza Bt +Aza (1. 5><105 cfu/ml) (5ppm) (25ppm) (50ppm)

cont

LGy, LCy LC,, LC, LG, +LC,; LC,+LC,, LC,,+LC,, LC,+LCy,

Treatment

Fig. 4. Comparative toxicities by single and mixture of Bacillus
thuringiensis subsp. kurstaki and azadirachtin against P. xylostella
larva.

A W o) AEAT B5e] Ao G2 AnE B
7] $18 B. thuringiensis LC2(8.0x10° cfu/ml), LCso(3.0%
10* cfu/ml)1} Azadirachtin LCx(1.1 ppm), LCso(4 ppm)
o BRALHITE 259 SIS 247 R S92 1) 4
252 B9 B. thuringiensis LCa2 32%, LCso2 51%2 L
EfL3L, Azadirachtin LCy0ll A 34%, LCso 56%2 BT
LA A AEELS B. thuringiensis LCy + Azadirachtin
LCyollA 46%= T=xe] KBt} B. thuringiensisw 14%9°]
11 Azadirachtin® 12%7} Z7}sl9it}. St B. thuringiensis
LCso + Azadirachtin LCsp2 82%= B. thuringiensis LCs

Rt 31%7} $715F92 ™ Azadirachtin LCsp &= Z7}5=
A& & 4 SithFig. 4).
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H|5} Azadirachtin Sppm- 68%, 25 ppm-2 50%, 50 ppm
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Fig. 5. Survival rates of P. xylostella adults at the different
concentrations of Bacillus thuringiensis subsp. kurstaki and

azadirachtin.
oA 36%<] =S HYrKFig. 5).
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ThE ARt A-HFig. 6C)oll= FAe] Hirks 212 ofA|ut
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Fig. 6. Comparison of damage level caused by P. xylostella larvae after treatment of Bacillus thuringiensis subsp. kurstaki and
azadirachtin. (A) control (B) B. thuringiensis subsp. kurstaki (C) Azadirachtin (D) Bacillus thuringiensis subsp. kurstaki and

azadirachtin.

& Hold 24 AR We AEd 84S HYol Y
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o Fao] et S STl 2EG A9 gQleR
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