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ABSTRACT

The green peach aphid, Myzus persicae (Sulzer) is one of the severe pests of Capsicum annuum L.
Variegated lady beetle, Hippodamia variegata (Goeze), is an important predator in both the larval and
adult stages. In the present study, the effect of foliar application of micronutrient fertilizers included iron,
zinc, copper and manganese were investigated on the activity of antioxidant enzymes, amount of
antioxidant non-enzymatic compounds and storage-macromolecules (protein, glycogen and triglyceride)
of the third and fourth instar larvae of H. variegata fed on M. persicae. Results showed that the higher
amount of protein, glycogen and triglyceride of the third and the fourth instar larvae of H. variegata were
obtained on micronutrient fertilizers. Also, the activity of antioxidant enzymes (catalase, superoxide
dismutase, peroxidase, ascorbate-peroxidase and glucose-6-phosphate dehydrogenase) and the amount of
non-enzymatic compounds (malondialdehyde and thiol) significantly decerased in the third and the fourth
instar larvae of H. variegata on the micronutrient treatments compared to the control. The increase of
superoxide dismutase activity can indicate the occurrence of oxidative stress in the body of the third and
the fourth instar larvae of predator H. variegata could be assigned to the accumulation of H,0O, in the
body of M. persicae under the influence of the defensive secondary metabolites, which led to increase the
activity of catalase and peroxidase. Thus, the use of biological control agents along to the use of
micronutrients fertilizers in the integrated management programs of M. persicae could be effective by
increasing of the amount of storage macromolecules and decreasing oxidative conditions, which can
affect the vital processes of the predator.
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5. Reduced thiol
6. Di thio nitro benzoic acid
7. Oxidized thiol
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Table 1. The mean (== SE) effects of micronutrient fertilizers on activity of antioxidant enzymatic of third
instar larvae of ladybird, Hippodamia variegata, fed on Myzus persicae in bell pepper.

(Mean+SE U/mg protein)

Treatment SOD CAT POX APX G¢PDH
Control 0.198+0.003° 0.127+0.029° 0.018+0.000° 0.325+0.056° 0.347+0.030°
Mn 0.156+0.009° 0.057+0.016% 0.007+0.000° 0.082+0.003° 0.206+0.024
Fe 0.103+0.005° 0.045+0.013° 0.000+0.000° 0.035+0.014° 0.247+0.010°
Cu 0.084+0.006° 0.0450.012° 0.000+0.000° 0.048+0.021° 0.162+0.008™
Zn 0.090+0.004° 0.069+0.010% 0.001+0.000° 0.142+0.005° 0.153+0.016°

Means followed by different letters in the same columns are significantly different (HSD, P < 0.05). SOD,
superoxide dismutase; CAT, catalase; POX, peroxidase; APX, ascorbate peroxidase; G6PDH, glucose-6-

phosphate dehydrogenase.
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Table 2. The mean (== SE) effects of micronutrient fertilizers on activity of antioxidant non-enzymatic
.compounds of third instar larvae of, Hippodamia variegata, fed on Myzus persicae in bell pepper

Treatment MDA (nM/ mg protein) ratio RSSR/RSH
Control 0.020+0.001* 1.200+0.065°
Mn 0.012+0.001™ 0.252+0.011°
Fe 0.009+0.001° 0.202+0.005°
Cu 0.009+0.000° 0.241+0.008°
Zn 0.015+0.001% 0.669+0.015"

Means followed by different letters in the same columns are significantly different (HSD, P < 0.05).
MDA, malondialdehyde; RSSR/RSH, oxidized/reduced thiols
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Table 3. The mean (== SE) effects of micronutrient fertilizers on activity of antioxidant enzymatic of
fourth instar larvae of ladybird, Hippodamia variegata, fed on Myzus persicae in bell pepper.

(Mean+SE U/mg protein)

Treatment SOD CAT POX APX G¢PDH
Control 0.2000.009° 0.189+0.015° 0.061+0.017° 0.139+0.013° 0.269+0.022°
Mn 0.108+0.006° 0.026+0.007° 0.005+0.001° 0.010+0.004° 0.082+0.012°
Fe 0.046+0.002° 0.022+0.006" 0.002+0.000° 0.008+0.003° 0.057+0.010°
Cu 0.049+0.006° 0.061+0.015° 0.004+0.000° 0.012+0.005° 0.061+0.010°
Zn 0.118+0.010° 0.053+0.019° 0.003+0.001° 0.071+0.010° 0.059+0.007°

Means followed by different letters in the same columns are significantly different (HSD, P < 0.05). SOD,
superoxide dismutase; CAT, catalase; POX, peroxidase; APX, ascorbate peroxidase; G6PDH, glucose-6-

phosphate dehydrogenase
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Table 4. The mean (== SE) effects of micronutrient fertilizers on activity of antioxidant non-enzymatic
compounds of fourth instar larvae of ladybird, Hippodamia variegata, fed on Myzus persicae in bell

pepper
Treatment MDA (nM/ mg protein) ratio RSSR/RSH
Control 0.013+0.001° 1.075+0.070%
Mn 0.007+0.000° 0.452+0.013°
Fe 0.003+0.001° 0.356+0.015°
Cu 0.002+0.000° 0.615+0.023°
Zn 0.003+0.000° 0.773+0.007°

Means followed by different letters in the same columns are significantly different (HSD, P < 0.05).
MDA, malondialdehyde; RSSR/RSH, oxidized/reduced thiols
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Table5. The amount of storage macromolecules of third instar larvae of ladybird, Hippodamia variegata,
fed on Myzus persicae in bell pepper treated with micronutrient fertilizers

(Mean+SE mg/mL)

Treatments Triacylglyceride Glycogen Protein
Control 0.001:+0.000° 0.006:0.002° 0.525+0.036°
Mn 0.0030.000° 0.050+0.005" 0.589+0.127%
Fe 0.004+0.000° 0.072+0.002° 0.911%0.062°
Cu 0.002+0.000° 0.035+0.004° 0.886x0.072°
Zn 0.002+0.000° 0.048+0.006" 0.757+0.076%

Means followed by different letters in the same columns are significantly different (HSD, P < 0.05).

Ol Ol nS 3 Gididen 58 p 5o </ YA)
g sald )0 sgzge laald Gl wAE o cuS S @
P eSSkl Y g o feeY) 3 (rege Lo
A Cd 90 ol s Hlo gime B a0y (] s
PSP WSRYL Y2 NPIRTLY DRRCUC: PYVRRN [N S0
H. Sigaias pilea o slag¥ (i e 5o
Oiyep slais 5l 4ds o w4 variegata
QIR e OeRee 9 (PT Wi sbyles jo aisl
Ol S 9 o 90 ol o Sae LS
a4 als Jle 5o Gl 5o )5 e <IVYE)

el Cawd

pla! olime p ghiey, cbyles b

Ho Shouiss ek o 9)¥  Glopsd
variegata
AY/¥a; df= F, V0 ; P<:/+0) Wl e

s (F=+/2Y; df= £, 10 ; P<-/+0) ;35505 «(F=
Glog Y (F= F/74; df= £, 10 P<+/+0) sty
ihazy s b o SipanaS o lez o
Ol (5SS 9 rioke (P J9az) Z85 138
2 ey a5 ez e slog Y Gy s S 6 5
feo¥) ool W lad o 0g2 g0 sloards 5l aydss
Sk o)) wals g (e 55 05 e
I I R i

o Omogm Hlesd )0 SRS o)z e lag)Y

Myzus persicae ;i couba,ds Hippodamia variegata S jsauisS p,lez o slog ¥ slo 53 slul l5e -F Joux

'6;\3“‘}:1) 6L‘°°95 L o.\.,.‘b)l.o..,.? FONK) J.dﬁ &9y
Table 6. The amount of storage macromolecules of fourth instar larvae of ladybird, Hippodamia
variegata, fed on Myzus persicae in bell pepper treated with micronutrient fertilizers.

(Mean+SE mg/mL)

Treatments Triacylglyceride Glycogen Protein
Control 0.001+0.000° 0.003+0.000° 0.736+0.036°
Mn 0.002+0.000° 0.007+0.000° 0.878+0.040%
Fe 0.003+0.000° 0.025+0.003° 0.981+0.058°
Cu 0.002+0.000" 0.078+0.006* 0.968+0.047%
Zn 0.002+0.000° 0.0330.002° 0.89420.047%

Means followed by different letters in the same columns are significantly different (HSD, P < 0.05).
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