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Table 1. Mean (£SE) of total protease activity and specific proteases of ladybird A. bipunctata reared on
aphids fed on the bell pepper plant treated with different fertilizers

Statistics (Mean£SE)
Fertilizer treatments PTotaI Trypsin Elastase Cathepsin B Cathepsin L
rotease
Control 0.108+0.030b" 0.760+0.374b 0.837+0.129b 0.615+0.088ab  0.140+0.018b
Vermicomposts (30%) 0.684+0.066a 2.01+0.362ab 1.344+0.300b  0.373+0.032b  0.163+0.064b
Zinc sulfate 0.598+0.059a  2.61+0.409a 1.195+0.315b 0.892+0.262ab  0.353+0.137ab
Bacillus subtilis 0.529+0.087a  1.88+0.226ab 3.076+0.202a  1.905+0.543a  0.445+0.148a
df 3,11 3,11 3,11 3,11 3,11
F 15.94 5.18 16.19 4.87 6.25
P <0.01 <0.01 <0.01 <0.01 <0.01

*Means followed by different letters in the same column are significantly different (HSD, P<0.05).
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Table 2. Mean (xSE) of amylase, lipase and lipophorin activities of ladybird, A. bipunctata reared on aphids
fed on the bell pepper plants treated with different fertilizers

Statistics (Mean£SE)

Fertilizer treatments

Amylase Lipase LDL HDL
Control 0.892+0.216b" 6.762+0.867a 0.541+0.208a 0.164+0.341c
Vermicomposts (30%) 0.328+0.251b 4.400+0.462ab  0.367+0.090ab 0.811+0.174b
Zinc sulfate 1.081+0.820a 5.619+0.252a 0.383+0.092ab 0.189+0.026¢
Bacillus subtilis 1.087+0.347a 3.571+0.660b 0.145+0.032b 1.422+0.323a
df 3,11 3,11 3,11 3,11
F 14.48 3.26 10.11 7.57
P <0.01 <0.01 <0.01 <0.01

*Means followed by different letters in the same column are significantly different (HSD, P<0.05). LDL, Low
density lipophorin; and HDL, high density lipophorin.
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Table 3. The mean (+SE) aminotransferases activities of ladybird A. bipunctata reared on aphids fed on
the bell pepper treated with various fertilizers

Statistics (Mean%SE)

Fertilizer treatments AST ALT - GT
Control 0.753+0.122ab" 0.647+0.231b 0.122+0.011b
Vermicomposts (30%) 0.129+0.052h 0.886%0.303b 2.342+0.176a
Zinc sulfate 0.846+0.173ab 0.716+0.152b 1.928+0.273a
Bacillus subtilis 0.905+0.088a 1.032+0.067a 1.708+0.406a
df 3,11 3,11 3,11
F 4.33 8.65 4.56
P <0.01 <0.01 <0.01

*Means followed by different letters in the same column are significantly different (HSD, P<0.05). AST,
aspartate amino transferase; ALT, alanine amino transferase, and y -GT, y -glutamyl transferase.
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Table 4. Mean (£SE) activities of transphosphatases and lactate dehydrogenase of ladybird, A. bipunctata
reared on aphids fed on the bell pepper treated with different fertilizers

Statistics (MeanzSE)

Fertilizer treatments ALP ACP LDH
Control 1.554+0.221ab” 1.886+0.391ab 1.647+0.231a
Vermicomposts (30%) 0.776+0.176b 0.891+0.041b 1.886+0.303a
Zinc sulfate 1.480+0.172ab 1.714+0.182ab 0.716+0.152b
Bacillus subtilis 1.865+0.242a 1.911+0.145a 0.531+0.066b
df 3,11 3,11 3,11
F 5.90 5.30 14.00
P <0.01 <0.01 <0.01

*Means followed by different letters in the same column are significantly different (HSD, P<0.05). LDH; lactate
dehydrogenase.
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Table 5. Mean (+SE) storage compositions of ladybug fat bodies, A. bipunctata reared on aphids feeding
on the bell pepper plants treated with different fertilizers

Statistics (Mean£SE)

Fertilizer treatments

Protein TAG Glycogen
Control 0.107+0.031b" 0.208+0.023ab 0.519+0.032ab
Vermicomposts (30%) 0.684+0.066b 0.146+0.007b 0.393+0.037b
Zinc sulfate 0.599+0.060b 0.212+0.014ab 0.677+0.082ab
Bacillus subtilis 0.530+0.087a 0.339+0.009a 0.962+0.032a
Df 3,11 3,11 3,11
F 7.04 4,62 12.46
P <0.01 <0.01 <0.01

*Means followed by different letters in the same column are significantly different (HSD, P<0.05). TAG,
Triacylglyceride.
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Abstract
Background and Objectives
The effects of plant growth-promoting activities involving biological, chemical, and organic
fertilizers are partly well studied for pest insects. Still, studies concentrating on the impacts of
such treatments on predators are uncommon. Plant growth promoting treatments- biological,
-organic and -chemical fertilizers alter the biochemical composition of plants, which can
impact the multitrophic interactions. Beneficial soil microorganisms such as plant growth-
promoting rhizobacteria (PGPR) can affect nutritional quality, secondary metabolites,
enzymes, phytohormones, and volatile organic compounds (VOCSs) of plants, which may
influence host plant-insect herbivore- natural enemies interactions. The predatory ladybird,
Adalia bipunctata, is polyphagous species that mainly feed on aphids, especially the green
peach aphid, Myzus persicae. It is a polyphagous insect that can cause damage to a lot of crops
in fields and greenhouses. There is no published research concerning the effects of various
plant growth-promoting on physiological performance of A. bipunctata. Thus, we investigated
the impacts of various plant growth promoting treatments, viz. no fertilizer (untreated control),
one type of PGPRs, vermicompost 30% (v/v), and zinc sulfate on physiological performance
of A. bipunctata through M. persicae reared on treated Capsicum annum L. (Solanaceae).
Materials and Methods
Bell pepper seeds of the California Wonder cultivar were developed in 3L plastic pots and
were used in bioassays when they reached 4-6 leaf stage under greenhouse conditions. Then,
aphids were obtained from tomato farms from Meshkin-Shahr (Ardabil, Iran) and transmitted
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to bell pepper grown in the greenhouse. To keep an appropriate sub-sucking colony, every
week the individuals were transferred from infested bell peppers to fresh plants. Adults of A.
bipunctata were obtained from alfalfa farms of Ardabil, Iran, and transmitted to the laboratory,
in a growth chamber. Mating pairs were selected and kept together in separate plastic jars (6
by 12 cm?) and were reared on pepper plants infested with sub-sucking insects as prey. In the
study, the effect of spraying zinc sulfate on bell pepper plants and addition of the organic
fertilizer of vermicompost 30% and the biologic fertilizers of Bacillus subtilis to the growing
medium of bell pepper on the activities of critical physiological processes of A. bipunctata fed
on M. persicae using a completely randomized design under greenhouse conditions. Then 5
adult predators were randomly selected from each treatment and homogenized with a hand
pounder in 1 mL pure ice-cold water. After that, the specimens were centrifuged at 13,000 g
pending 15 min at 4 °C. The top layer was collected and kept at 20 °C during biochemical
analyses. All physiological enzymes assay based on the defined method were conduted in three
biological replications. Then, data were analyzed using a one-way analysis of variance
(ANOVA) followed by the Tukey test with the MINITAB software.

Results

The results demonstrated a significant difference among the digestive enzymes activities,
intermediates, and storage compounds of the predatory ladybug reared on aphids fed on bell
peppers treated with different fertilizers. The lowest total protease activity of ladybird was
observed in the control compared to other treatments. The elastase activity of ladybug
increased on B. subtilis compared to other treatments. The highest and lowest amounts of
cathepsin B activity in ladybugs were recorded on B. subtilis and vermicompost 30%,
respectively. The highest and lowest low density lipophore (LDL) values were observed in A.
bipunctata on control and B. subtilis treatment, respectively. Predatory ladybug had the
highest protein, triglyceride, and glycogen on B. subtilis compared to other treatments. The
lowest triglyceride and glycogen was also observed on vermicompost 30%.

Discussion

Plant-herbivore interactions under the influence of bio-fertilizer have led to increased
digestive enzymes activity and storage compounds in ladybug, which could be used in
combination with the use of biological control agents in integrated management programs of
the green peach aphid in greenhouses.

Keywords: Digestive enzymes, Tri-trophic level, Storage macromolecules, Intermediate
metabolism.
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