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Effects of herbicides on the survival and fecundity of flea beetle,
Agasicles hygrophila ( Coleoptera: Chrysomelidae)
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Abstract: [ Background]The herbicide application is one of mainly methods to control the alligator weed Alternanthera philoxeroides.
However, biological control by the beetle Agasicles hygrophila was also attempted in China. A safe use of the herbicides requires
knowledge of their impact on the biological control agent. [ Method ) A. hygrophila adults and third instar larvae were fed on A. philoxe-
roides leaves that were sprayed with fluroxypyr, glyphosate and penoxsulam at various concentrations. Leaf consumption and survival of
A. hygrophila adults and larvae, pupation rate, and female fecundity were compared. [ Result ] Female fecundity was suppressed signifi-
cantly by glyphosate, whereas fluroxypyr had no significant impacts on female fecundity, the impacts of penoxsulam was in-between.
After feeding on herbicides-treated leaves for five consecutive days, leaf consumption of A. hygrophila adults decreased significantly
mostly on fluroxypyr, followed by glyphosate and penoxsulam. Leaf consumption of A. hygrophila larvae were also significantly affected
by glyphosate. When the larvae fed on host plant leaves treated by high concentrations of glyphosate for three days, larvae stopped
feeding. Penoxsulam had no significant impacts on larval feeding. The tested herbicides had little impacts on female survival rates.
[ Conclusion and significance ] These results indicated that among the tested herbicides, penoxsulam was relatively safe for A. hygrophi-
la, and its optimal concentration for the integrated management strategy of A. philoxeroides with A. hygrophila was 0.9 L -ha™".
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Table 1  Effects of different herbicides, concentrations and treatment periods on the leaf consumption by A. hygrophila adults

B Leaf consumption/mg

) W
o Concentration Zifa1d ZjjE2d 253 d 2y 4d ZE5d
Herbicides /(L +ha™!) After spraying After spraying After spraying After spraying After spraying
herbicide for 1 d herbicide for 2 d herbicide for 3 d herbicide for 4 d herbicide for 5 d
ek 0.375 276.8 £10.4b 140.5 +8.2b 27.3 £2.7cd 7.1 +£1.7d 2.7 £0.6cd
Fluroxypyr 0.750 160.8 +9.8¢ 103.5 £6.3¢ 23.7 £2.0d 6.4 +1.0d 0.9 £0.9d
1.125 100.8 £5.1e 65.6 £7.0de 27.7 £5.73¢cd 4.2+£0.7d 0.6 +0.4d
s 0.45 143.7 £12.0cd 80.6 +7.8d 44.4 £5.9b 20.8 +1.5b 8.7 +0.2b
Penoxsulam 0.90 138.0 +7.2bde 80.5 +6.3d 37.8 £4.5bc 15.6 +1.3¢ 5.6+1.2¢
1.35 144.3 £22.4cd 66.9 +8.2de 25.1 £1.6d 7.7+2.2d 3.8 +0.4¢
ik 3.00 162.4 £13.7¢ 49.0 £7.2¢ 9.1 +1.3e 6.9+1.1d 5.6 +1.8¢c
Glyphosate 4.50 121.0 £7.1de 41.4 £7.2f 7.1 =1.0e 5.2+0.9d 4.8 +1.3¢
6.00 104.6 +8.8¢ 30.6 £5.6f 2.0 +£0.2¢ 5.2+1.0d 3.8+£0.3¢c
CK 393.5+12.3a 331.1 £6.5a 318.9 £10.8a 314.8 £9.9a 320.4 £14.5a
¥ 35.54 86.31 167.19 209.83 218.34
df 9,20 9,20 9,20 9,20 9,20
P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

ARG BE B + B ; RSB G MR NG PR R 225 B35 (P <0.05) .

The part datas are Mean + SE in the table; Different small letters in the same row indicate significant differences among treatments (P <0.05).
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Table 2 Effects of different herbicides, concentrations and treatment periods on the leaf consumption by A. hygrophila larvae

B HE Leaf consumption/mg

T T - v - - -
i Concentration Zifa1d ZjjE2d ZjE3d Zij54d ZjE5d
Herbicides /(L +ha!) After spraying After spraying After spraying After spraying After spraying
herbicide for 1 d herbicide for 2 d herbicide for 3 d herbicide for 4 d herbicide for 5 d
ek 0.375 99.1 £13.1d 23.1£3.3b 10.1 £1.1b 4.2x0.7d 1.6 £0.8cd
Fluroxypyr 0.750 104.5 £ 11.1ab 20.9 £2.1b 10.1 £0.b 3.8 £0.7de 0.9 £0.9¢d
1.125 102.2 £6.0cd 18.1 £2.2bc 9.2 £2.6b 2.0=x1.1ef 0d
TEs 0.45 146.1 £6.2d 23.7 +1.6b 8.3+1.2b 6.9 £0.5¢ 5.0 +£0.7b
Penoxsulam 0.90 97.0 £9.7cd 24.5 +1.5b 6.5 +0.8b 8.9 £0.6b 2.8 +0.8¢
1.35 79.1 £7.8d 23.5+2.2b 7.1+1.1b 4.4 x1.1d 2.7 +1.4c
ik 3.00 157.2 £4.2a 13.9 £1.5¢d 0.7 £0.7¢ of 0d
Glyphosate 4.50 127.9 £5.6bc 9.9+2.1d Oc of 0d
6.00 139.3 £8.9ab 7.9 £1.5d Oc of 0d
CK 178.5 £13.27a 172.0 +4.8a 160.7 £2.7a 169.9 £1.5a 162.0 £4.8a
F 15.33 678.30 2461.11 7684.73 6946.09
df 9,20 9,20 9,20 9,20 9,20
p <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

e HAR O BT B+ AR ; R SVEOR R MR RS FRER R 225 B3 (P <0.05) .

The part datas are Mean + SE in the table; Different small letters in the same row indicate significant differences among treatments (P <0.05).
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Table 3  Effects of different herbicides, concentrations and treatment periods on the survival rate of A. hygrophila adults
I B A7 15 R Survival rate of female/% T A7 % Survival rate of male/%
e e - - - - - -
. Concentration Zifa1d Zijja2d ZijE3d Zijs1d ZijF2d Zjj53 d
Herbicides /(L +-ha ") After spraying After spraying After spraying After spraying After spraying After spraying
herbicide for 1 d  herbicide for 2 d  herbicide for 3 d herbicide for 1 d  herbicide for 2 d  herbicide for 3 d
fierE 0.375 100a 100a 100a 100a 90.0 +0.0ab 86.7 £3.3ab
Fluroxypyr 0.750 100a 100a 86.7 +3.3b 100a 96.7 +3.3a 96.7 +3.3a
1.125 100a 90.0 +5.8b 80.0 +5.8b 96.7 +3.3a 83.3 +3.3b 70.0 £0.0cd
A 0.45 100a 100a 100a 100a 100a 93.3 +3.3a
Penoxsulam  0.90 100a 100a 100a 100a 100a 100a
1.35 100a 100a 100a 100a 100a 100a
ARk 3.00 100a 93.3 £3.3ab 66.7 £6.7c 96.7 £3.3a 83.3+6.7b 56.7 +8.8d
Glyphosate 4.50 100a 90.0 +0.0b 80.0 +5.8b 100a 83.3 +3.3b 76.7 £3.3bc
6.00 100a 70.0 +5.8¢ 53.3+3.3d 100a 90.0 +5.8ab 66.7 +8.8cd
CK 100a 100a 100a 100a 100a 100a
a - 11.76 20.74 0.89 5.07 12.86
df - 9,20 9,20 9,20 9,20 9,20
P - <0.0001 <0.0001 0.5516 0.0012 <0.0001

ARSI B N B + B ; RSB G MR RS PR R 225 35 (P <0.05) .

The part datas are Mean + SE in the table; Different small letters in the same row indicate significant differences among treatments (P <0.05).
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Table 4  Effects of different herbicides, concentrations and treatment periods on the fecundity of A. hygrophila adults

F=HR R/ HE No. of eggs laid per female

g NE r v > - -
T Concentration Zifa1d ZjjF2d ZijE3d Zij54d ZjE5d
Herbicides /(L -+ha™!) After spraying After spraying After spraying After spraying After spraying
herbicide for 1 d herbicide for 2 d herbicide for 3 d herbicide for 4 d herbicide for 5 d
e 0.375 47.3 +9.8b 101.0 £9.5a 80.3 +0.3b 97.3 £9.1ab 20.7 +4.7b
Fluroxypyr 0.750 19.0 £9.5¢ 70.0 £9.1bc 49.0 £3.1¢ 81.0 £6.4b 23.0 +£3.0b
1.125 10.0 £3.4d 83.0 £5.2b 34.3 +1.9¢d 23.7 £+4.2¢ 24.0 +£3.0b
TEA 0.45 47.3 £7.4b 83.0+9.7b 51.0 £9.5¢ 74.7 £6.4b 31.0 £6.9b
Penoxsulam 0.90 9.7+9.7d 39.7 +5.8d 47.0 £8.1¢ 29.0 £7.1¢ 13.0 £6.6b
1.35 17.3 £8.8¢ 29.3 +6.8e 40.7 £5.9¢d 19.7 £6.0c 18.0 +4.6b
ik 3.00 17.7 £8.8¢ 40.0 £7.2d 33.3 +6.1cd 13.7 £6.8¢ Oc
Glyphosate 4.50 Oe 27.0 £6.1e 10.3 £5.2d 0d Oc
6.00 23.3 £2.8¢ 33.0 +7.6de 0d 0d Oc
CK 96.0 +3.2a 156.3 +£8.2a 124.7 £4.8a 128.3 +7.1a 18.7 £3.5a
F 165.43 130.30 21.59 64.28 66.09
df 9,20 9,20 9,20 9,20 9,20
P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

S AP T+ RS RSB R MR /NG 7 B 0 2 5 L (P <0.05)

The part datas are Mean + SE in the table; Different small letters in the same row indicate significant differences among treatments (P <0.05).
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Table 5  Effect of different herbicides on, concentrations and treatment periods the survival and pupation of A. hygrophila larvae

TE1E % Survival rate/% ALK Pupation rate/ %

T
o Concentration 25 1d ZjjE2d 253 d 2JE1d 2JE2d 253 d
Herbicides /(L +-ha™") After spraying After spraying After spraying After spraying After spraying After spraying
herbicide for 1 d  herbicide for 2 d  herbicide for 3 d herbicide for 1 d  herbicide for 2 d  herbicide for 3 d
ek 0.375 100a 100a 100a Oa Oa 0b
Fluroxypyr 0.750 100a 100a 100a Oa 3.3+3.3a 3.3+3.3b
1.125 90.0 +5.8b 86.7 +3.3b 86.7 +3.3hbc Oa 3.3+3.3a 3.3+3.3b
TR 0.45 96.7 +3.3a 93.3 £3.3ab 93.3 £3.3ab Oa 3.3+3.3a 3.3+3.3b
Penoxsulam 0.90 100a 100a 100a Oa 6.7 £6.7a 6.7 £6.7h
1.35 100a 100a 93.3 £3.3ab Oa 6.7 +6.7a 6.7 £6.7h
ik 3.00 100a 86.7 +3.3b 83.3 +3.3¢ Oa Oa 10.0 £5.8b
Glyphosate 4.50 100a 93.3 +3.3ab 90.0 £0be Oa 10.0 £10.0a 10 £ 10b
6.00 100a 90.0 +5.8b 86.7 +3.3he Oa 3.3+3.3a 3.3+3.3b
CK - 100a 100a 100a Oa Oa 63.3 £0.0a
F 2.33 4.21 7.56 - 60.47 14.57
df 9,20 9,20 9,20 - 9,20 9,20
P 0.0550 0.0036 <0.0001 - 0.8770 <0.0001

ARSI B B + B ; R SVEOR G MR RS FRER R 225 B35 (P <0.05) .

The part datas are Mean + SE in the table; Different small letters in the same row indicate significant differences among treatments (P <0.05).
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