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Abstract: 

The study was conducted in the Graduate Studies Laboratory - Department of 

Life Sciences - College of Education - Samarra University in the period from 

8/1/2024 to 4/22/2025, Integrated Pest Management (IPM) and molecular 

diagnosis in controlling the whitefly (Hemiptera: Aleyrdidae) Bemisia tabaci in 

Samarra The results of this study reached the following : Nanotechnology was 

used for two compounds, namely zinc oxide and nano neem, and it gave good 

results in killing the whitefly. The control factor in the experiment was distilled 

water only. The experiment showed that the killing rate was good compared to 

other control methods, as it was higher than the rest of the treatments. The 

results of Table 5 showed significant differences in the killing rates due to the 

interaction between concentration and exposure duration, as the highest rate was 

96.7% after 72 hours of treatment, while the lowest killing rate was 33.3% after 

24 hours of treatment, while the average killing rate with the effect of 

concentration showed that the highest killing rate was at a concentration of 

0.625, which amounted to 76.67%, while the lowest average killing rate was at 

a concentration of 0.250, which amounted to 31.10%. As for the average killing 

rate with the effect of killing duration, the highest killing rate was after 72 

hours, which amounted to 74.47%, and the lowest killing rate was after 24 

hours, which amounted to 33.30%. The results showed that the whitefly killing 

rate increased with increasing concentration and treatment duration. 
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جبيعت سبيشاء، فٍ انفخشة  -انخشبُت كهُت  -لسى عهىو انحُبة  -أجُشَج انذساست فٍ يخخبش انذساسبث انعهُب 

، ببسخخذاو الإداسة انًخكبيهت نلآفبث وانخشخُص انجزَئٍ فٍ يكبفحت 22/4/2025إنً  1/8/2024يٍ 

فٍ سبيشاء. انُخبئج حىصهج هزِ  Bemisia tabaci (Aleyrdidaeانزبببت انبُضبء )َصفُبث الأجُحت: 

نُبَى نًشكبٍُ، هًب أكسُذ انزَك وانُُى انُبَىٌ، وأعطج َخبئج انذساست إنً انُخبئج انخبنُت: اسخخُذيج حمُُت ا

جُذة فٍ انمضبء عهً انزبببت انبُضبء. وكبٌ عبيم انضبط فٍ انخجشبت هى انًبء انًمطش فمط. وأظهشث 

انخجشبت أٌ يعذل انمخم كبٌ جُذاً يمبسَتً بطشق انضبط الأخشي، إر كبٌ أعهً يٍ ببلٍ انًعبيلاث. 

فشولبً يعُىَت فٍ يعذلاث انمخم َخُجتً نهخفبعم بٍُ انخشكُز ويذة انخعشض، حُث  5ول أظهشث َخبئج انجذ

سبعت  24% بعذ 33.3سبعت يٍ انًعبنجت، بًُُب بهغ أدًَ يعذل لخم  72% بعذ 96.7بهغ أعهً يعذل لخم 

كُز يٍ انًعبنجت. أيب يخىسط يعذل انمخم بخأثُش انخشكُز، فمذ أظهش أٌ أعهً يعذل لخم كبٌ عُذ حش

%. أيب 31.10، وانزٌ بهغ 0.250%، بًُُب بهغ أدًَ يعذل لخم عُذ حشكُز 76.67، وانزٌ بهغ 0.625

م أعهً يعذل لخم بعذ  ِّ سبعت، حُث بهغ  72ببنُسبت نًعذل انمخم انًخىسط بخأثُش يذة انمخم، فمذ سجُ 

ع يعذل لخم %. وأظهشث انُخبئج اسحفب33.30سبعت، حُث بهغ  24%، وأدًَ يعذل لخم بعذ 74.47

 انزبببت انبُضبء بزَبدة انخشكُز ويذة انًعبيهت.

 ، أكسُذ انزَك، َُى َبَىٌ، ربببت بُضبء، َُى Bemisia tabaciانكهًبث انًفخبحُت: 

Introduction: 

The whitefly species of the Aleyrodidae family, belonging to the order 

Hemiptera, are among the most dangerous pests that infect many agricultural 

crops around the world, as they are capable of feeding on a wide range of crops 

inside greenhouses and cause material losses to agricultural production in the 

world, the Arab world, and Iraq. The percentage of losses due to this pest 

between 1980 and 2000 was approximately $10 billion (1). Bemisia tabaci is a 

deadly pest that causes significant damage to greenhouse products (2). 

Studying the mechanism of toxic effect of different types of nanoparticles on 

different organisms such as bacteria, fungi, and fungi (3) found that sublethal 

doses of silver nanoparticles (AgNPS) affect the process of hardening in the 

body wall of adults such as fruit flies, as it was observed that the wall becomes 

white with a pale color, The researcher explained that the silver nanoparticles 

caused a decrease in dopamine levels directly by targeting the genes and 

enzymes responsible for the dopamine pathway. 

Nanoparticles are divided into two main groups: organic nanoparticles, which 

include carbon nanoparticles (alkali), and the second group is inorganic 

nanoparticles, which include magnetic nanoparticles, nanoparticles of noble 

metals (gold and silver), as well as semiconductors (titanium oxide and zinc 

oxide). There is a growing interest in inorganic nanoparticles because of their 

distinctive properties and many uses and functions in various medical, 

agricultural, and industrial fields (4). 

The aim of the study: 

1- Bio-manufacture of silver nanoparticles, zinc oxide nanoparticles, neem 

nanoparticles and their effectiveness on the whitefly Bemisia tabaci.  
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2 - Due to the lack of research studies on this insect, many researchers have 

worked in this field and discovered modern methods and techniques for an 

integrated program to control the whitefly insect Bemisia tabaci on plants and 

crops and reduce the number of whiteflies on the crop by controlling the 

immature and adult stages to reduce the numerical density of the whitefly. 

Materials and Methods: 

The current study was conducted in the Graduate Studies Laboratory / Samarra 

University / College of Education / Department of Life Sciences / from August 

2024 to March 2025 AD. 2-3- 2 Laboratory rearing of the whitefly Bemisia 

tabaci: 

Sites were selected from Salah al-Din Governorate / Samarra District / Al-

Huwaish, where large quantities of the whitefly Bemisia tabaci  are present, due 

to the availability of crops infested by the fly during the summer. The insect is 

active in large numbers, and these farms were not treated with pesticides to 

ensure accurate results in the experiments conducted in our study during the 

months of June, July, and August. Bemisia tabaci was classified at the 

University of Baghdad / Research Center / Museum of Natural History in book 

number (10) dated (February 13, 2024), issue 240. Bemisia tabaci were 

collected in 1-liter plastic containers prepared for this purpose. The leaves of the 

plants infected with the insect were transferred to the incubator under laboratory 

conditions at a temperature of 26 ± 2°C, a relative humidity of 5 ± 65%, and a 

light period of 10-14 hours. They were then placed in the rearing cage. The 

whitefly Bemisia tabaci  had dimensions of 85 cm length x 50 cm width x 85 

cm height. 

Preparation of V. lecanii biomass: 

To obtain biomass, the fungal isolate was grown in a sterile Petri dish 

containing sterile potato dextrose agar (PDA) medium. The culture medium was 

incubated at 2 ± 26 °C and 5 ± 85% relative humidity for 7 days. Four 5 mm 

diameter discs were then taken from the colonies grown on the PDA solid 

medium and seeded onto the sterile liquid medium placed in a 1000 ml glass 

container with the addition of 125 mg of tetracycline to prevent bacterial 

growth. The glass containers were continuously stirred and incubated at 2 ± 26 

°C for 21 days with daily manual shaking. The biomass was harvested after 21 

days of incubation using a glass funnel and filter paper. The biomass was then 

washed with distilled water three times, followed by washing with deionized 

water twice to remove all residual media. Weigh 10 g of fungal biomass. Using 

a sensitive balance, it was transferred to 1000 ml glass containers containing 

250 ml of deionized water and also incubated under the same conditions above 

with daily shaking using a shaker for 120 hours. After the period, the mushroom 

biomass was filtered using filters to obtain the mushroom biomass filtrate. The 

filtrate was collected and incubated at a temperature of 2 ± 26 °C and a relative 
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humidity of 5 ± 75% until use (5). The biomass is then dried to obtain a powder 

for experiments on whiteflies. 

After the fungal mat has formed, the fungal mass is filtered using sterile 

Whatman filter paper (PaperNO 1) and washed thoroughly with sterile distilled 

water to remove any residual medium. The fungal mass is then placed in a 

conical flask containing 100 ml of sterile distilled water and left in an incubator 

for 72 hours. The fungal mass is filtered again using sterile filter paper to ensure 

all medium components are removed. Then, 10 g of the fungal mass is weighed 

and placed in 100 ml of a 1 mM AgNO3 solution and placed in an incubator in 

complete darkness. After the period has elapsed, we filtered the biomass again 

using Whatman filter No. 1 filter paper using centrifugation at 6,000 rpm for 10 

minutes. We took 100 ml of the fungal biomass filtrate and added 100 ml of the 

previously prepared 1 mM zinc nitrate solution (ZNNo3). We left 100 ml of the 

filtrate for comparison and further testing. All flasks were placed in a shaking 

incubator at 100 rpm at 25-26°C under dark conditions for 96 hours (6). 

Bio-prepared nanocomposite from the fungus V. lecanii 

The zinc oxide nanoparticles (ZnoNPs) used in this study were obtained from 

the Ministry of Science and Technology in Baghdad, Iraq. The compound was 

in the form of a yellowish-white powder with a particle size of less than 5 

micrometers and a purity of 99%. The ministry prepared the compound in a 

plastic container containing 7 grams, and it was received in the form of a 

nanopowder with a particle size of less than 100 nanometers. Preparation of the 

nanocomposite: 

Zinc nanoparticles were synthesized by crushing the mushroom extract using an 

ultrasonic device for five minutes. The previously prepared zinc oxide solution 

was then placed on a hot plate with a magnetic stirrer for 30 minutes. The 

mushroom extract was then added to the zinc oxide solution in droplets, then 

placed in an ultrasonic device for 30 minutes. The mixture was then mixed with 

a magnetic mixer without heat for 30 minutes (7). We weighed 0.5 grams of 

nano zinc oxide powder and placed a drop of concentrated nitric acid on it and 

mixed it with the powder, noting the rise of vapors from the powder after 

mixing it with nitric acid. Then, the homogeneous material was placed in a glass 

flask containing 1000 ml of distilled water with continuous stirring for 10 

minutes to ensure the dissolution of the nano compound with water. Thus, we 

have the main stock concentration. After that, we conduct several dilutions to 

reach the concentrations required in the experiment, which are a concentration 

of 0.250 (0.125, 0.062) for a time period of 24, 48, 72, 96)) with three replicates 

for each concentration. Only distilled water was used as the control factor in this 

experiment. Monitoring and recording of killing was carried out after 24, 48, 

and 72 hours. 

Statistical Analysis  :  

The results analyzed statistically by applying the statistical program (MINITAB 

VER.17) according to the Anova analysis test (Anova), the mathematical 
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averages were compared according to the Duncuns Multiple Range test and at a 

possibility of 0.05 ≥ p (8). 

Results: 

Whitefly sensitivity to the bio-prepared nano-neem extract: 

The results in Table 1 showed significant differences in the kill percentages due 

to the interaction between concentration and exposure duration. The highest kill 

percentage was 96.7% after 72 hours of treatment, while the lowest kill 

percentage was 33.3% after 24 hours of treatment. The average kill percentages, 

depending on the concentration, showed that the highest kill percentage was at a 

concentration of 0.625, reaching 76.67%, while the lowest kill percentage was 

at a concentration of 0.250, reaching 31.10%. The average kill percentages, 

depending on the duration of the exposure, showed that the highest kill 

percentage was at 72 hours, reaching 74.47%, and the lowest kill percentage 

was at 24 hours, reaching 33.30%. The results showed that the whitefly kill 

percentage increased with increasing concentration and treatment duration. The 

results of Table (1) demonstrate the effectiveness of nano-neem concentrations 

on whiteflies, demonstrating that nano-neem was superior to the other nano-

treatments used in the experiment within 72 hours of using concentrations 

(0.250, 0.125, and 0.625). The study results demonstrated that the use of nano-

neem at low concentrations of each resulted in the whitefly being unable to fly, 

unable to feed, and reduced movement and activity, paralyzing it after 24, 48, 

and 72 hours due to the targeting of its nervous system. 

This result is consistent with the study by (9), which used three types of 

aromatic plant oils. The results showed significant differences between neem oil 

and the mortality rates for all stages of the tomato moth. The study attributed 

this to the effect of the active ingredient Azadirachtin (a tetranortriterpenoid) in 

neem oil, which has a high toxicity on the digestive enzymes of whitefly stages. 

The results also showed an increase in larval mortality rates with increasing 

exposure duration and with the nanopesticide application rate compared to 

conventional, non-encapsulated pesticides. This is consistent with (10), who 

found that the relative effectiveness of biopesticides increased with increasing 

concentrations used for all pesticides. Mortality rates were highest at higher 

concentrations in the experiment and increased with increasing exposure time. 

(11) found that nanoencapsulation of biopesticides represents an effective 

method for enhancing insecticide activity and the durability of active 

ingredients for sustainable pest management. The results of the 

nanoconcentration of neem oil (3 ml/L) are attributed to the synergy between 

the size of the nanocapsules and the insecticidal effect of neem oil. The 

nanocapsules help improve the absorption of neem oil by insects, increasing its 

effectiveness in killing adults. This technique enables the active compound to be 

delivered more efficiently to the target tissues (12). 
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Average kill by 

concentration 
 ساعة 28 ساعة 84 ساعة 22

time/hour 

Concentration/L 

55.57 b 76.7 56.7 33.3 0.125 

31.10 c 50.0 30.0 13.3 0.250 

76.67 a 96.7 80.0 53.3 

0.625 

 
74.47 a 55.57 b 33.30 c 

Average kills by 

time 

0.0 d 

0.0 d 0.0 d 0.0 d  

Control 

Table (2 ) Whitefly sensitivity to bio-prepared nano-neem extract 

Effectiveness of Zinc Oxide in Killing Whiteflies 

The results in Table 2 showed significant differences in the kill rates due to the 

interaction between concentration and exposure duration. The highest kill rate 

was 73.3% after 72 hours of treatment, while the lowest kill rate was 16.7% 

after 24 hours of treatment. The average kill rate, depending on the 

concentration, showed that the highest kill rate was at a concentration of 0.250, 

reaching 74.43%, while the lowest kill rate was at a concentration of 0.6250, 

reaching 35.57%. The average kill rate, depending on the duration of the 

exposure, showed that the highest kill rate was at 72 hours, reaching 75.57%, 

and the lowest kill rate was at 24 hours, reaching 34.43%. The results showed 

that the whitefly kill rate increased with increasing concentration and treatment 

duration. The results of the study were consistent with those of. (13), who 

indicated that the zinc oxide nanocomposite had an effective effect in 

controlling the red flour beetle, T. castaneum, compared to the pesticide 

malathion. The results showed a significant effect of the zinc oxide 

nanocomposite on the mortality rate, productivity, and weight loss of whole 

grains. These rates increased with increasing concentration and exposure 

duration. These particles cause deformities and dehydration of the insect and 

provide protection for the grains by reducing the rate of the first generation of T. 

castaneum, and subsequently reducing the percentage of weight loss in the 

grains. The results of this study were also similar to those of (14), who indicated 

the effect of nanocomposites, including zinc oxide, in protecting grains from 

infestation by the Khapra beetle for up to 40 days. The weight loss rate was 

0.67%, 0.73%, and 3.44%, while the loss rate in the control treatment was 

0.73%. 11.74%. Zinc oxide nanoparticles have been used to develop pesticides 

due to their antimicrobial, physical, and other properties (15).  

Table (2) Effectiveness of zinc oxide to kill whiteflies 
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Average kill by 

concentration 
 ساعة 28 ساعة 84 ساعة 22

time/hour 

Concentration/L 

35. 57 c 56. 7 c 33. 3 d 16. 7 e 0.620 

74. 43 a 96. 7 a 73. 3 b 53. 3 c 0.200 

53. 30 b 73. 3 b 53. 3 c 33. 3 d 0.120 

 
75. 57 a 53. 30 b 34. 43 c 

Average kills by 

time 

0.0 d 0.0 d 0.0 d 0.0 d Control 
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