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Abstract
Background and Objectives
The widespread use of chemical pesticides and fertilizers remains essential in modern
agriculture; however, their excessive application poses significant environmental and human
health risks. Consequently, alternative pest management strategies, such as host plant
resistance and biological control, have gained increasing attention. One promising avenue of
research explores the role of plant growth-promoting rhizobacteria (PGPR) fertilizers in
integrated pest management (IPM). PGPR fertilizers improve plant quality by improving
nutrient availability, facilitating nitrogen fixation, and regulating key signaling pathways.
Rhizobacteria contribute to plant defense against herbivorous insects through two primary
mechanisms: direct defense, involving the release of insect-deterring proteins, and indirect
defense, wherein dilute volatile compounds attract natural enemies of insect pests. Induced
systemic resistance (ISR) has been shown to significantly reduce pest populations, reinforcing
the role of plant resistance in IPM strategies. Beyond host plant resistance, biological control
is widely regarded as a crucial component of IPM programs. Predatory coccinellids have
garnered global interest among biological control agents due to their potential in managing
diverse populations of sap-sucking pests. The predatory ladybird beetle, Adalia bipunctata L.,
is a polyphagous species that primarily prey on aphids, with a particular preference for the
green peach aphid, Myzus persicae (Sulzer), a highly polyphagous pest responsible for
significant damage to numerous field and greenhouse crops. This study aims to assess the
demographic parameters of A. bipunctata, a natural predator of M. persicae when reared on
bell pepper plants and treated with different plant growth stimulants. The findings could
provide valuable insights into the effectiveness of biological control agents as a sustainable
strategy for reducing M. persicae populations and mitigating crop damage.
Materials and Methods
In this study, the effects of zinc sulfate foliar application and the incorporation of organic
fertilizer (30% vermicompost) and biological fertilizers (Bacillus subtilis, Pseudomonas
fluorescens, Glomus intraradices, G. intraradices x B. subtilis, and G. intraradices x P.
fluorescens) into the growth medium of bell pepper plants were investigated. The demographic
parameters of the predatory ladybird beetle, Adalia bipunctata, were examined under
controlled laboratory conditions at 25 + 2°C, 65 = 5% relative humidity, and a 16L:8D
photoperiod. The experiment followed a completely randomized design (CRD) with seven



treatments and a control. Pairs of male and female A. bipunctata were selected, and 100 eggs
were incubated in plastic Petri dishes. The larvae were fed on Myzus persicae and subjected to
the respective treatments, with results compared against the control. The developmental
parameters of immature stages, including molting, larval growth, pupation, and survival rates,
were recorded. After adulthood, beetles were transferred to fresh containers with host plant
leaves and aphid prey. Key reproductive and population parameters were analyzed, including
oviposition rate, age-specific fecundity, survival rate, life expectancy, and demographic
indices. Data were processed using the age-stage, two-sex life table approach. Treatment means
were compared using the paired bootstrap test, with statistical analyses performed using
TWOSEX-MSChart software.

Results

The results indicate that the shortest oviposition period was observed in the vermicompost
(30%), zinc sulfate, and control treatments, whereas the longest was recorded in the B. subtilis
treatment. Life expectancy was highest in the B. subtilis treatment and lowest in the
vermicompost (30%) treatment. Similarly, the net reproductive rate (Ro) of A. bipunctata
reached its highest value in the B. subtilis treatment and its lowest in the vermicompost (30%)
treatment. The intrinsic rate of increase (r) was lowest in the vermicompost (30%) treatment,
while the highest values were recorded in the B. subtilis, zinc sulfate, G. intraradices x B.
subtilis, and P. fluorescens treatments.

Discussion

The B. subtilis and P. fluorescens treatments were the most beneficial for the two-spotted
ladybird beetle, Adalia bipunctata, suggesting enhanced nutritional quality. These PGPRs
interact with insects through multiple mechanisms, such as inducing resistance against
herbivores or attracting natural predators. Our analysis demonstrated that different fertilizer
treatments significantly impacted the population growth parameters and the biological traits of
A. bipunctata. Notably, soil treatment with biological fertilizers (B. subtilis and P. fluorescens)
positively and significantly affected the population dynamics of the predatory insects. These
findings suggest that biological fertilizers could be integrated with biological control agents in
IPM programs to improve green peach aphid (Myzus persicae) management in greenhouse
environments.
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Table 1. Duration of immature life stages (Mean + SE) of A. bipunctata ladybirds reared on aphids feeding

on bell pepper plants treated with different fertilizers

Treatments Immature periods (days)
Egg Larvae Pupa Pre-adult
Control 2.95+0.011%" 9.48 +0.14° 2.88 +0.16" 15.15+£0.23°
Zinc Sulfate 2.65 +0.070° 10.16 £ 0.18¢2 2.78+£0.17°¢ 15.56 + 0.34°¢
Vermicompost (30%) 2.62 £0.110° 10.39 £ 0.292 4.15+ 0.162 17.15+ 0.442
Bacillus subtilis 2.05 + 0.080° 7.93 £0.23¢ 3.81+0.15° 14.27 +0.27¢
Pseudomonas fluorescens 2.58 +0.100% 8.83 £ 0.24¢ 2.96 + 0.16" 14.17 +0.34¢
Glomus intraradices 2.42 +0.080 8.67 £ 0.16° 2.78 £0.12° 13.74 £ 0.22¢
G. intraradicesx B. subtilis 2.75 + 0.090% 9.71+0.22° 3.77£0.16° 16.09 + 0.27°
G. intraradicesx P. fluorescens ~ 2.78 + 0.054% 9.31+0.13" 3.17+0.36" 16.91 + 0.51°

*Different letters in each column indicate a significant difference between the means (P<0.05). The standard errors were

estimated via 40,000 bootstraps and compared through paired bootstrap test based on confidence intervals of differences.
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Table 2. Average length of reproductive periods, total preoviposition period (TPOP), adult preoviposition

period (APOP), and adult lifespan of A. bipunctata on different fertilizer treatments

Treatments Reproduction period (days) Longevity (days)
Oviposition period TPOP APOP Female Male

Control 28.73 +2.012¢ 22.74 + 0.508° 7.40 +£0.478P 46.82 + 1.52° 46.87 + 2.85°
Zinc Sulfate 28.36 £ 2.422° 22.78 + 0.556° 6.93 £ 0.320° 41.23 + 1,58 45,71 + 3.05°
Vermicompost (30%) 27.18 £0.981° 26.36 £ 0.7462 9.27+ 0.6322 41.11 + 1.48% 4791 +153°
Bacillus subtilis 34.91 £0.9772 22.41 +0.419° 8.16 + 0.210® 50.36 £ 1.192 53.00 £ 0.982
Pseudomonas fluorescens 31.54+1.333° 20.63 £ 0.464° 6.90 = 0.569°¢ 38.92 £ 1.28° 49.91 + 2.16°
Glomus intraradices 30.64 + 0.361°¢ 22.92 +0.314° 9.00 £ 0.1512 45,62 + 0.55° 48.07 + 0.45°
G. intraradicesx B. subtilis 31.71 + 0.905° 22.28 £0.421° 6.78 £ 0.396° 43.25 + 0.66° 46.79 + 1.62°
G. intraradicesx P. fluorescens 31.21 + 0.868" 22.57 +0.389"  7.07+0.356° 44,87 +0.92° 41.76 + 0.90°

*Different letters in each column indicate a significant difference between the means (P<0.05). The standard errors were

estimated via 40,000 bootstraps and compared through paired bootstrap test based on confidence intervals of differences.
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Table 3. Growth parameters of A. bipunctata ladybug population raised on aphids feeding on bell pepper
plants treated with different fertilizers

Treatments Population growth parameters
Ro r y) T
(offspring individual™) (d?) (d?) (d)
Control 98.82 + 2.129°" 0.1331 + 0.0082 1.143 + 0.009% 32.75 £ 1.962
Zinc Sulfate 120.40 + 3.698% 0.1426 + 0.0092 1.153 + 0.010? 34.22 £ 0.892
Vermicompost (30%) 71.22 £ 2.814° 0.1179 + 0.008° 1.125 + 0.009°¢ 36.16 £ 0.702
Bacillus subtilis 131.65 £ 2.454# 0.1444+0.0102 1.155 + 0.0122 35.02 £ 0.652
Pseudomonas fluorescens 101.52 +2.413P 0.1408+ 0.0082 1.152 + 0.009? 31.98+0.728
Glomus intraradices 116.15 + 2.654% 0.1368 £ 0.008%  1.146 +0.010®  34.19 + 0.59?
G. intraradicesx B. subtilis 119.33 +1.913% 0.1425 + 0.008? 1.153+0.009%  33.53+0.472
G. intraradicesx P. fluorescens 97.05 + 1,139 0.1368 * 6.70%® 1.146 + 0.009®®  33.44 + 0.45%

*Different letters in each column indicate a significant difference between the means (P<0.05). The standard errors were
estimated via 40,000 bootstraps and compared through paired bootstrap test based on confidence intervals of differences.
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Figure 1. Life expectancy (exj) curves of Adalia bipunctata ladybirds reared on aphids feeding on bell pepper

plants treated with different fertilizers.
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Figure 2. The age-stage specific survival rate (Sx) curves of Adalia bipunctata ladybirds reared on aphids

feeding on bell pepper plants treated with different fertilizers
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