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Introduction

Plant growth-promoting treatments, including biological, organic and chemical fertilizers, can alter the biochemical
composition of plants and affect multitrophic interactions. Beneficial soil microorganisms such as plant growth-
promoting rhizobacteria (PGPR) and arbuscular mycorrhizal fungi (AMF) can affect plant nutrient quality, secondary
metabolites, enzymes, phytohormones and volatile organic compounds (VOCs), which can impact interactions between
host plants, insect herbivores and natural enemies. Plant defenses against herbivores can be activated both directly and
indirectly. The PGPRs and AMFs can either increase or decrease the resistance of plants to pests. Fertilizers can
influence the nutritional quality of plants, which is crucial for host selection by herbivorous insects. Plants treated with
zinc have been shown to have a positive effect on sucking insects but a negative effect on chewing herbivores. Organic
fertilizers such as vermicompost have proven to be effective in the biocontrol of sucking insects, as they promote
vigorous plant growth, alter plant nutrition and strengthen plant defenses. The biochemical composition of plants affects
the quality of insect pests and influences the life plan of predators and parasitoids. Quality of the prey, the nutritional
value and biochemistry of the host plants influence the abundance and performance of the predators. Nutritional
parameters such as consumption index, efficiency of conversion of ingested food (ECI), relative consumption rates
(RCR) and relative growth rate (RGR) provide information on predator performance. This study investigates the effects
of different plant growth promoting treatments on the nutritional indices of Adalia bipunctata L. feeding on Myzus
persicae (Sulzer), growing on treated Capsicum annuum under greenhouse conditions.
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Materials and Methods

This study was conducted on California Wonder bell pepper plants treated with various fertilizers in a
completely randomized design under greenhouse conditions at 25 + 5 °C, 65 + 10% RH and natural light. The
effects of foliar spraying with zinc sulfate on bell pepper plants, the addition of 30% organic fertilizer from
vermicompost and the addition of the biofertilizers Bacillus subtilis, Pseudomonas fluorescens, Glomus
intraradices, G. intraradices x B. subtilis and G. intraradices x P. fluorescens to the seedbed of bell pepper
plants were investigated. The nutritional index of different larval and adult stages of the two-spotted predatory
ladybug beetle Adalia bipunctata reared on the green peach aphid, Myzus persicae, was studied under laboratory
conditions at 25 + 2 °C, 65 + 5% RH and 16L:8D hours. The experiments were conducted with 20 replications
per treatment, using a completely randomized design, and nutritional indices were calculated using Waldbauer's
method. The study used Kolmogorov-Smirnov test for normality, ANOVA for analyzing effects on predatory
ladybug feeding indices, Tukey test for significant differences, and Excel for diagram creation. Treatments were
categorized into suitable and unsuitable groups using the Ward method in a dendrogram.

Results and Discussion

The highest ECI index of A. bipunctata larvae was observed in the B. subtilis, zinc sulfate and P. fluorescens
and the lowest ones was recorded in vermicompost (30%). The ECI index of predator adult significantly
increased in B. subtilis and P. fluorescens treatments and decreased ones in vermicompost (30%). The highest
and lowest pupal weights were observed in B. subtilis (16.98 mg) and vermicompost (30%; 11.32 mg)
treatments, respectively. The results of cluster analysis of different fertilizer treatments based on nutritional
indices and pupal weights indicated the existence of two groups, A and B; group A included two subgroups, A:
and Az. Subgroup A; included vermicompost (30%) treatments, G. intraradices x B. subtilis and G. intraradices,
control, and G. intraradices x P. fluorescens, while subgroup A; included zinc sulfate treatment. Group B
included bacterial treatments B. subtilis and P. fluorescens.

Conclusion

This study revealed that host plant quality affects the nutritional fitness of herbivorous insects, which in turn
influences predator population dynamics. Pupal weight, a fitness indicator, was positively correlated with fat
content. The study highlights the importance of host plant quality in determining fecundity parameters. The
results showed that treating the soil with biological fertilizers (P. fluorescens and B. subtilis) had a positive and
significant effect on the parameters of the predatory. The study found that plant growth-promoting treatments
affect tri-trophic interactions in bell pepper plants, M. persicae, and A. bipunctata. High soil fertility improves
predator fitness and supports predator growth. Maintaining high fertility is beneficial for integrated pest
management, but further field studies are needed.

Keywords: Bacillus subtilis, Biological fertilizer, Nutritional indices, Pseudomonas fluorescens, Zinc
Sulfate
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Table 1- Mean (+ standard error) nutritional indices of total larval ages (third and fourth instars) of predatory ladybugs
Adalia bipunctata reared on aphids Myzus persicae feeding on bell pepper plants treated with different fertilizers

RCR RGR
Treatments ECI (%) Cl (mg.mg*.day™) (mg.mg*.day?)
Control 31.76 +1.18 &~ 1.723+0.112 2 0.323 +0.0852 0.122 +0.003"
Zinc sulfate 42.19+2.832 1.002 +0.032 e 0.312 +0.082 & 0.175 +0.0202
Vermicompost (30 %) 21.56 +1.23° 1.119 + 0.121° 0.412 +0.129 2 0.087 +£0.001 ¢
Bacillus subtilis 43.69 +2.98?2 1.710+£0.129 2 0.598 +0.121¢2 0.189 +0.004 @
Pseudomonas fluorescens 40.84+3.21°2 1.159 +0.1832 0.176 £0.011 ¢ 0.111 +0.011°
Glomus intraradices 33.12+1.12%® 1.421 +0.023 @ 0.197 £0.021 b 0.145 +0.002 2
G. intraradicesx B. subtilis 37.21+£1.94% 0.679 +0.191°¢ 0.214 +0.054 P 0.138 +0.004
G. intraradicesx P. fluorescens 36.00 £3.12 @ 0.594 +0.100 © 0.287 +0.096 ° 0.123 +0.003 °

(P<e1+N gHSD 90;l) cowl b pSilio (pm dumlio y3 45 cime BMS] D93y 0aimd yLis ygi yo 5> doliiio e Chgy>
* Unsimilar letters in each column indicate a significant difference in the comparison between means (HSD test and P<0.01).
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Table 2- Mean (z standard error) nutritional indices of adult Adalia bipunctata ladybirds reared on aphids Myzus persicae
feeding on bell pepper plants treated with different fertilizers

RCR RGR
Treatments ECI (%) Cl (mg.mg'*.day™) (mg.mg*.day)
Control 32.73 £1.02 &~ 12.54+0.869 ¢ 0.152 +0.007°¢ 0.051 +0.0174
Zinc sulfate 27.21+1.32° 17.35+0.171° 0.287 £0.011° 0.083 +0.037°¢
Vermicompost (30 %) 14,53 +0.82° 7.60 +0.019¢ 0.321+0.012 @ 0.067 +0.017 ¢
Bacillus subtilis 58.23 +1.122 24.80+0.0322 0.599 +0.0432 0.276 +0.0422
Pseudomonas fluorescens 48.19+1.32°2 22.37£0.184%2 0.411 £0.006 2 0.174 +0.021 @
Glomus intraradices 22.65+0.722°" 19.53 +0.147 0.212 +0.012° 0.112 +0.016 ®
G. intraradicesx B. subtilis 25.35+1.04" 15.22 +0.192°¢ 0.284 +0.082° 0.111 +0.065°
G. intraradicesx P. fluorescens 27.71+1.09° 13.35 +0.156 ¢ 0.199 +0.021 b 0.099 +0.032 ¢
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* Unsimilar letters in each column indicate a significant difference in the comparison between means (HSD test and P<0.01).
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Figure 1- Weight of Adalia bipunctata ladybird pupae reared on aphids Myzus persicae feeding on bell pepper plants treated
with different fertilizers
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Figure 2- Dendrogram of cluster analysis based on nutritional indices of larvae of different ages of ladybugs predator Adalia
bipunctata on different fertilizer treatments in laboratory conditions

CASE 0 5
Label

Vermicompost
G. intx B. sub

G. intraradices

Num Fo——————— Fo———————— Fo———————— Fo——————— Fom——————e +

Control -
G. intx P. flu —

Zinc Sulfate

B. subtilis T

P, fluorescens

30 395 oo (s lon (59, Adalia bipunctata ;% S'3eaids cpall gladss b ad bl (wlely glaigd 4550 0l ,5 9,45 - S
ol o3l Lag

Figure 3- Dendrogram of cluster analysis based on nutritional indices of adults of ladybugs predator Adalia bipunctata on
different fertilizer treatments in laboratory conditions
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