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INTRODUCTION  

 1. INTRODUCTION 

Egypt comes among the largest citrus producing countries in the world 

and occupies the third rank among the Mediterranean countries in citrus 

production (FAO, 1997). But, in 2012 it occupied the fourth rank in citrus 

production. The total amount of citrus exports is about 25% of the total 

production according to the Annual Report of the Citrus Research Department, 

Ministry of Agriculture 2012. 

The main cultivated areas of citrus are located in Nile Delta and the Nile 

Valley when they occupy 72% of the total area, whereas the newly reclaimed 

sandy soil and desert areas occupy 25%. The most important varieties in the 

delta and the Valley are Navel, common balady and Succari (sweet) oranges, 

whereas Valencia Orange, Mandarin and Lime are mainly concentrated in the 

newly reclaimed soil and desert areas. Orange, Mandarin and Lime plantations 

represent 62, 26 and 11%, respectively of the total area of citrus (Ministry of 

Agriculture 2012).  

The mealybug species (Hemiptera: Pseudococcidae)  are very injurious 

insect pests attacking these citrus orchards, cause serious damage, and affecting 

quantity and quality of the fruits and finally cause economic losses in the crop 

(Arif et al., 2009; Nagrare et al., 2009 ;Bailey et al., 2010 ; Moustafa, 2012 ; El-

kady, 2013).The citrus mealybug, Planococcus citri (Risso  ( (Homoptera: 

Pseudococcidae), is a polyphagous species that distributed over all 

zoogeographical regions (Williams and Watson, 1988). It is one of the most 

common pests in all greenhouses and nurseries, where it attacks a wide range of 
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ornamental, Fruit, and vegetable crops in several temperate and tropical regions 

(McKenzie, 1967; Blumberg et al., 1995). 

Ladybird beetles (Coccinellidae: Coleoptera) are considered as one of the 

most beneficial biological control agents. They are preying on mealybug, scale 

insects, aphids, and other soft bodied insects (Bozsik, 2006; Jalali et al., 2009). 

Among these Rodolia cardinalis (Mulsant), Nephus includens (Kirsch), and 

Cryptolaemus montrouzieri (Mulsant) are the most common predators attacking 

egg, nymphal and adult stages of mealybug. However, predators of mealybug 

are less effective biocontrol agents than parasitoids (DeBach, 1964). The only 

known exception is the control of the cottony-cushion scale, Icerya purchasi 

Maskell, by the vedalia beetle R. cardinalis. This famous success resulted in the 

widespread of R. cardinalis all over the world (Prasad, 1989). Following the 

successfully introduction of this predator to control I. purchasi in citrus orchards 

in California in the 1880s, R. cardinalis was imported in more than 60 countries 

and it has successfully established (Bennett et al., 1985; Caltagirone and Doutt, 

1989). Specifically, R. cardinalis recorded 20 preys in its feeding range, and this 

information indicated that the feeding range for vedalia beetle is almost 

restricted to the Coccoidea (Pseudococcidae, Margarodidae, Diaspididae and 

Dactyliiopidae). Most biological and ecological studies on R. cardinalis were 

conducted on its main prey I. purchasi, however no study aimed to evaluate its 

behavioural response to other Coccoids, e.g., P.citri. Green lacewing, 

Chrysoperla carnea (Stephens) (Chrysopidae: Neuroptera), is an effective and 

widely distributed predator in several parts of the world (Afzal and Khan, 1978; 

Geetha and Swamiappan, 1998). The biological control by it has gained 

importance in pest management due to its widely geographical distribution, 
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highly relative frequency of occurrence, widely adaptability in field than other 

predators, highly tolerance to the wide ranges of ecological factors and easily 

rearing technique in the laboratory (Saminathan, et al., 1999 and Tauber et al., 

2000). This species is one of the highly intensively studied specie of 

Chrysopidae. Although, it has received much attention from researchers as well 

as from farmers as a potential biological pest control agent (Gautam and Tesfay, 

2002), little is known yet about its behavioural response and searching abilities 

in response to pseudococcids, e.g., P. citri.  

Functional response has received much attention from researchers in the 

entomological and ecological literature since Holling, 1959 (Williams and 

Juliano, 1996; Gitonga et al., 2002). Functional response can improve 

understanding of predator–prey interactions, clarifying co-evolutionary 

relationships, and enhancing the predictability of biological control (Timms et 

al., 2008). The functional response is the change in number of prey consumed by 

an individual predator per time in relation to the change in initial prey density 

(Solomn, 1949) and numerical response is defined as the change in reproductive 

rates with changing prey density (Holling, 1959). The functional response is 

divided into three basic types expressed graphically by the relationship between 

initial density of prey and the corresponding consumed number by a predator at 

a specific time (Holling, 1959). The curves of functional response can be 

classified and differentiated by assessing the rate of attack and handling time 

(time spent between two successive meals that included subduing and eating the 

prey) coefficients. The attack rate measures the steepness of predation rates as 

prey density increased, and handling time theoretically estimates the threshold of 

predator’s satiation (Holling, 1959). From a practical point of view, the 



 

 

 4 

INTRODUCTION  

functional and numerical responses are usually used to provide insights about 

the suitability of predator as a biological control agent.    

For the integrated pest management program requirements, the evaluation 

of the definite role of the natural enemies of these insect pests and knowledge of 

the population relationships of the host insect and its natural enemies needs more 

ecological and biological information. The role of predatory insects in 

controlling the mealybug species in different fruits orchards had been studied by 

several investigators (e.g., Ibrahim, 2005; Awadalla, 2013 ; Fahad, 2015) 

Therefore, the present work is aimed to: 

1)  Studying the population density of the mealybug species and their associated 

predatory insects on different citrus trees. 

2) Studying the effect of season within the year on population of mealybug 

species and their associated predators on varying citrus species.   

3)  Evaluating the correlation coefficients between the mealybug species and 

their associated predator species on varying citrus species. 

4)  Studying the effect of different citrus species on the biological aspects of 

Icerya seychellarum (Westwood).  

5) Studying the behavioural responses of C. carnea (Chrysopidae: Neuroptera) 

and R. cardinalis (Coccinellidae: Coleoptera) to citrus mealybug, P. citri 

(Pseudaucoccidae: Hemiptera). 
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REVIEW OF LITERATURE   

2. REVIEW OF LITERATURE 

2.1. Ecological studies:- 

A survey was carried out in gardens in Cairo, Alexandria and Giza, 

in 1967-69 on the aphids and mealybugs present on various cultivated 

plants in Egypt by Abul-Nasr et al., (1975). The species found were Icerya 

Purchasi Maskell. and Icerya aegyptiaca Douglas on rose; I. purchasi and 

Ferrisia virgata (Ckll.) on chrysanthemum; and I. purchasi on violet. 

In Cyprus, Gerini (1977) recorded the citrus mealybug Planococcus 

citri (Risso) on shaded parts of the branch near the location of the citrus 

fruits. 

In Israel,  Berlinger et al., (1979) found that populations of P. citri 

and non-specific predator of the mealybug, Chrysoperla carnea (Steph.), 

was active only in spring; Chilocorus was whereas the only biological 

control agent presented in appreciable numbers in that citrus grove, as well 

as being abundant in the other groves. The high population level and long 

reproductive period of Chilocorus bipustulatus Linnaeus, suggested that 

this species could become an important biological control agent under 

favorable conditions. 

Siddpapaji et al., (1984) reported that the crawlers and settled 

forms of I. aegyptiaca (a new pest of mulberry in India) were preyed upon 

by Scymnus sp., while I. purchasi (which was also observed on mulberry in 

some places) was attacked by Rodolia cardinalis. Scymnus sp. prayed on 

the lower surface of the leaves close to the colonies of I. aegyptiaca, and in 

1984 completely cleared the mulberry trees from scales. 

In Taiwan Chiu et al. (1985) mentioned that the cottony-cushion 

scale, I. purchasi, entered Taiwan on Acacia trees imported from Australia. 
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The infestation of this scale on citrus was heavy in the early years 

following its establishment. During that period they recorded three native 

species of natural enemies. P. citri is a common citrus mealybugs attacking 

a wide range of fruit trees and ornamental plants. The coccinellid predator, 

C. montrouzieri, was introduced into Taiwan from New Zealand in 1909 by 

Shiraki. This predator readily became established in northern Taiwan and 

was considered to be a good predator because of its voracious appetite.     

In Iran,  Khalaf (1987) collected the margarodid  I. purchasi  from 

12 host plants (mainly citrus spp.and pomegranate). This insect produced 

four generations a year. The life cycle lasted from 70 to 140 days. The 

coccinellid R. cardinalis proved as a very efficient predator of this insect 

and produced a generation every 19-22 days, unless prey was scarce or 

unfavorable climatic conditions. 

         In Egypt, Assem et al., (1991) recorded the mealybug, I. 

seychellarum as one of the most economic insect pests attacking 

horticulture plants. The host plants attacked were 44 species at least 

belonging to 25 families, [persimmon was among in these species]. In most 

cases, the pest attacked severely the foliage. Accordingly, a large amount 

of sap is lost and a serious damage, which leads to defoliation and dryness 

is caused. Sometimes I. seychellarum causes little damage but a malaise 

may be appeared. Furthermore, this insect hinders the economic value of 

the host plant because of the bad appearance of its infestation (especially to 

the fruits and ornamental plants).      

In Egypt, Hamed and Hassanein (1991) reported that the predators, 

R. cardinalis and C. bipustulatus, Scymnus syriacus Marseul, 

Pharoscymnus varius Kirsch, were found feeding on scale insects and 

mealybugs. They also pointed out that Chrysopa larvae are very common.     
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In Turkey, Ozkan et al., (1991) mentioned that the citrus mealybug, 

P. citri is one of the most important citrus pests. It causes significant 

damage by feeding on all parts of citrus except the roots. It sometimes 

causes 30-60% fruit drop, which ranks it as a key pest in orchards where 

the natural balance of the pest predator complex has been damaged by over 

spraying of pesticides.  

In India, the searching behavior of adults of the coccinellid Nephus 

reunioni was studied on six plants infested with P. citri and Planococcus 

affinis (Masckell) by Copland et al., (1993). The predator was more active 

on citrus and least active on Passiflora. 

In the Loukos area in the north of Morocco, Abdelkhalek et al., 

(1998) recorded P. citri on citrus orchards. A two-year study was 

undertaken on Maroc Late citrus cultivar to study the bioecology of P. citri. 

It was found that P. citri has 6 to 8 overlapping generations annually. High 

population levels occurred during June-December.  

Abbas and Hebbeis (1998) found that four species of mealybugs 

infesting fruit trees and ornamentals in Shalala(the southern region of 

Oman). These were P. longispinus, P. citri, I. aegyptiaca and I. purchasi. 

The first and third species were the most common species and occurred 

almost all the year.  

     In Sharkia governorate, Egypt Moustafa (1998) recorded the 

mealybug which belongs to the family Margarodidae infested some fruits 

and medicinal plants. 

Soares et al., (1999) evaluate the population dynamics of I.  

purchasi and R.  cardinalis on two citrus orchards in the North of Sao 

Miguel island (Rabo de Peixe) and Sao Miguel island (Azores) . For that 

purpose sixteen trees were sampled from May to November 1997 and from 
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April to October 1998. I. purchasi develops two annual generations, one at 

the end of spring and the other in autumn. I. purchasi developed two 

annual generations, one at the end of spring and the other in autumn. 

Young females are the most abundant stage during the winter. The larval 

stages of the predator appear mainly at the beginning of summer and adults 

start to appear in July reaching the peak of abundance at the end of the 

season. This maximum probably contributed to the decrease of I. purchasi 

density during the summer. During autumn, the population level of  

Rodolia beetle decreased coinciding with the second generation of I. 

purchasi. After November, no individuals were found on trees probably 

indicating the beginning of the hibernation period. 

   In Egypt,  Mangoud (2000) mentioned that I. seychellarum has   

2-3 population peaks/yearly on apple trees during late-June, late- October 

and mid-December. Distributional studies of the mealybug on apple tree 

showed that 61% of the mealybug was concentrated on old branches, 

31.7% on new branches, 4.2% on old leaves and 2.2% on new leaves. 

         In Egypt,  Tawfik and Mohammad  (2001) studied the population 

fluctuation and seasonal abundance of  I.  seychellarum on Morus alba L. 

during 1997-1998 They found that  I. seychellarum had two peaks of 

abundance.  

  El-Serafi et al. (2004) in Egypt, studied the population density of 

the most important insect pests infesting guava trees and their associated 

predatory insects. The main insects were Coccus hesperidum Linnaeus, 

Pulvinaria psidii Maskell, Ceroplastes floridensis Comstock, Coccus 

elongates Sandres, Hemiberlesia lataniae Signoret,    I. seychellarum, I. 

aegyptiaca. Nine predatory insect species were recorded associated with 

these injurious insects. The most common predators were R. cardinals and 
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C. carnea. The temperature and relative humidity showed degrees of 

correlation varying from highly significant positive to significant negative 

with the population densities of the injurious insects and their predators. 

In Egypt, El-Sherbenie (2004) mentioned that I. aegyptiaca had 

three peaks on guava orchards. The highest peak was recorded during mid. 

September in 2000 and 2001, while the other two peaks were recorded in 

the second week of May and the end of July during the two years of study. 

Whereas,  I. seychellarum had only two peaks. The highest peak was found 

in the end of August and the second one was at the end of March during the 

two years of study. In addition, R. cardinalis had four peaks. The peaks   

were recorded in mid- March, mid-July, the second week of October and 

the first week of November during the two years, while C. carnea had three 

peaks during the second week of May, third week of July and the second 

week of October 2000. Meanwhile, in year 2001, the predator had also 

three peaks during July and the second week of October.   

Mohamed and Goma'a  (2004)  recoded I. seychellarum infested 

Ficus trees In Egypt  for the first time. 

Abdel-Mageed (2005) found that R. cardinalis was main dominant 

insect predator of I. seychellarum on ficus trees and represented by 90.5 

and 95.0% of the total collected predators during 2001/02 and 200/03, but 

C. carnea was rarely observed. R. cardinalis exhibited three periods of 

abundance yearly in December, May-July and September-October and the 

highest period of occurrence was on September-October. The predators: 

prey ratio was the highest (1:18 and 1.21) in May and in July during the 

two years. Furthermore, the predator activity showed significantly positive 

response to the increase of I. seychellarum density during the two years. 
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The predators exhibited highly significant positive and negative responses 

to the increase of temperature and relative humidity, respectively.        

In Egypt, Ibrahim (2005) mentioned that the infestation by I. 

seychellarum to persimmon trees was initiated on the first week of May in 

2002 and on the fourth week of May in 2003. The insect pest had two 

peaks in each season of study. R. cardinalis was the main predator 

associated with I. seychellarum and recorded three peaks in each season. 

Temperature had greatly effect on I. seychellarum population during the 

first season, while relative humidity had no significant impact on the pest 

population during the two years of study.  

           Abdel - Rahman et al., (2006) mentioned that I. seychellarum 

heavily infested mango trees and completed its entire life cycle on this 

plant. However, mango cultivars were not equally susceptible to I. 

seychellarum infestation.  

    El-Said (2006) found that I. seychellarum had four annual peaks 

on mango trees. The effect of temperature on pest activity was significantly 

positive in 2003 and 2004 seasons. Whereas  the effect of relative humidity 

was insignificant negative in both years of investigation. The combined 

effect of both weather factors on pest activity was highly significant during 

both years of investigation. The percentage of explained variance by both 

factors was 60% and 76% during 2003 and 2004. 

Faust et al., (2008) mentioned that two biological control agents 

were introduced from Australia, the vedalia ladybeetle,  R. cardinalis and 

the parasitic fly, Cryptochaetum iceryae to control I. purchasi in California 

citrus industry in the 1880s.. The vedalia ladybeetle brought about the 

complete suppression of this scale insect by the end of 1889 (Doutt, 1958). 
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In Egypt Bakry (2009) found that I. Seychellarum had three 

generations in May, August and October on mango trees during the two 

years of investigation. The multiple regression  analysis revealed that the 

three studied variables together (Maxi temp, Mini temp and % R.H.) were 

responsible about some reduction in the total population. The percentages 

of explained variance (E.V. %) were 95.9, 73.7 and 47.8% and 58.2, 54.2 

and 12.6% for 1
st
, 2

nd
 and 3

rd
 generations, for the first and second year of 

investigation, respectively. 

Rocca et al., (2009) in Argentina, mentioned that, I. purchasi is a 

polyphagous scale pest of ornamentals and several other crops. It has two 

effective natural enemies that maintained its populations at low levels. 

In Egypt, Ramadan (2011) found that the population density of I. 

seychellarum on ficus trees had six peaks during the first year of study 

(2008/09). These peaks were recorded in the first week of July, first week 

of August, first week of September, end of September, end of October and 

first week of January. In the second year of study (2009/10), I. 

seychellarum recorded four peaks, These peaks were found in the first 

week of July, third week of August, end of September and second week of 

February. The population density of R. cardinalis had six peaks during the 

first year of study. These peaks were recorded at the last week of May, 

third week of July, second week of October, second week of November, 

second week of December and first week of March in the 2008/2009. In the 

second year, R. cardinals recorded six peaks on the first week of June, first 

week of July, third week of August, end of September, first week of 

November and first week of December.   

Mesbah et al., (2012) in Egypt recorded I. seychellarum associated 

with Dodonia viscose Jacq in Montazah garden during two successive 
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years of study (2005/06 and 2006/07). The results showed that there was 

weak significant positive relationship between each of daily mean 

temperature, relative humidity and dew point and population density of I. 

seychellarum. Whereas the relationship was significantly negative with 

wind speed. 

              Moustafa (2012) in Egypt, found I. seychellarum on Demmyat 

with two annual peaks which recorded on June and November. He also 

recorded R.cardinalis associated with seychellarum mealybug, I. 

seychellarum.  

Muniappan et al., (2012) mentioned that P. citri had a wide host 

range including citrus, grapes, banana, coffee, fig, mango, cocoa, date, 

cassava, and passion fruit in Asia. 

In Egypt, Abdel-salam et al., (2013a) evaluated the attractiveness of 

the mealybug species and their predators on the different host plants. The 

obtained results revealed that I. purchasi was attracted to mandarin trees 

during the two years of study. Further P.  citri was attracted to mandarin 

and guava trees and the latter one was more favorable host plant during the 

two successive years.  Meanwhile, I. aegyptiaca was attracted to three host 

plants among them the ficus was the more favorable plant. On other hand,  

I. seychellarum highly attracted to guava followed by persimmon, ficus and 

mandarin trees during the first year and to persimmon followed by guava , 

ficus and mandarin trees during the second year of the study . R. cardinalis 

was highly attracted to ficus and guava trees, Whereas N. includens to 

guava and hibiscus plants. 

In Egypt, Awadalla (2013) recorded the highest peak of abundance 

for P. citri on 15
th

 of November 2010 and 15
th

 of September 2011, for I. 

seychellarum on the beginning of September 2011 and on the beginning of 
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November 2011 and for I. aegyptiaca in the first week of November 2010 

and 2011 during the two successive years of study, respectively. The 

maximum activity was recorded for R. cardinalis in the beginning of May 

2011 and in the first week of June 2012, C. carnea in the beginning of 

November 2010 and in the beginning of June 2012 and for N. includens in 

the first week of November 2010 and in mid- June 2012 during the two 

years (2010/11 and 2011/12) respectively. 

Ghanim et al,. (2013a)  studied the population density of the 

common mealybug species attacking mandarin trees and their predatory 

insects .they found that, four mealybug species infesting mandarin trees, 

namely P. citri ,  I. seychellarum,  I. aegyptiaca  and  I. purchase.  The 

highest peak for P. citri in 15th of October 2010 and 15th of September 

2012 for I. seychellarum,  I. aegyptiaca and I. purchasi recorded in the 15th 

of September 2011 and 2012 during the twe u ffeuurae  eviu ec ut oy.  

Respectively. The maximum activity of R. cardinals recorded in the 

beginning of October 2010 )31 indiv.)  and in 15th of June 2012(55 indiv.).  

C. carnea.)  recorded in 15th of June 2011(21 indiv) and in of September 

2012(25 ndiv.)  and  N. includens in of September 2011(14 indiv.)  and in 

15 of June and 15th of September 2012(16 indiv.) during the two 

successive years, respectively. Results of statistical analysis of simple 

correlatiec feeccrfrect rcorfvteo that the relationship between the mealybug 

species and their associated predators on mandarin trees showed  a highly 

positive significant effect for R.  cardinalis,  N includens and C.  carnea 

during the two years of study.  

  Mohamed (2013) in Egypt studied the population density of the 

common mealybug species attacking grapevine trees and their associated 

predators at Mansoura district, also to evaluate the effect of certain weather 
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factors on these insects. The obtained results showed that four mealybug 

species belonging to order: Homoptera were recorded. These species 

namely, I. seychellarum; P. vitis ;Pseudococcus longispinus and 

Maconellicoccus hirsutus Green. The results cleared that the dominant 

species was I. seychellarum during the two years of study as it formed 

47.85% in 2009 and 39.63 % in 2010 of the total number of these insects 

respectively. The obtained results revealed that there were three peaks for I. 

seychellarum during the two years of study, the highest average numbers 

for I. seychellarum were recorded at the last week of October in the first 

year, while they were at  the second week of November, in the second year 

of study.  

EL-kady (2013) mentioned that, The citrus mealybug P. citri  

nymphs and adults  had four peaks of abundance during the first season 

2009/2010. While in the second season 2010/11 insect nymphs and adult 

had five peaks of abundance on different citrus trees. Six citrus species 

were screened during two seasons for susceptibility to citrus mealybug P. 

citri in Qalubia orchard. He added that clemantine mandarine and balady 

mandarine were the least infested species by the insect. while, sour orange 

and lemon were the heaviest attacked by the insect and navel orange and 

Persian agami were moderately infested by the insect. Volatile oils were 

analyzed in tested citrus species so that different levels of susceptibility in 

citrus species to P. citri infestation may be correlated to different kinds and 

percentage of components of volatile oils. Sour orange which was the 

heaviest infested was characterized by the highest rates of Champhor and 

Linalool, and Lemon which came the next after Sour orange showed 

highest rate of Carvon and d-limonene. 
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In Egypt Fahad (2015) studied the influence of different host plants 

on the attractiveness of I. seychellarum and its associated predator R. 

cardinalis during the first year, persimmon trees attractive the highest 

average number of I. seychellarum  followed by loquat trees, ficus trees  

and mango trees while guava trees came in the last category. On the other 

hand, Persimmon trees also attracted the highest average number of the 

predator during the first year 2013/14. Meanwhile, loquat trees ranked the 

second place, while mango trees and guava trees came in the last category 

in attracting the predator R. cardinalis. During the second year, loquat trees 

attracted the highest average number of I. seychellarum followed by 

persimmon trees and guava trees came in the last category,while, 

Persimmon trees also attracted the highest average number of the predator 

during the second year 2014/15 Meanwhile, loquat trees ranked the second 

place, while mango trees and guava trees came in the last category in 

attracting the predator R. cardinalis. Statistical analysis showed a 

significantly difference between the different host plants for attractiveness 

the insect pest or its associated predator during the two years of the study . 

Awadalla and Ghanim (2016) evaluated the population density of 

the main mealybug species attacking mango trees (Mangifera indica L.) 

and their associated predatory insects. Also the interaction between   these 

insect pests and their associated predatory insects during two        

successive years 2013/14 and 2014/15. the highest peak of I. aegyptiaca   

was recorded at the first week of November 2013(67 indiv.)  during the    

first year and at the fourth week of September 2015(59 indiv.) in the       

second year I. seychellarum recorded the highest peak at the third week of 

November 2013 during the first year and at the first week of November    

2014 in the second year and represented by 496 and 516 indiv. 
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respectively.  While, the highest peak of P. citri was found at the third 

week of July 2014(156 indiv.)  and at the fourth week of September 

2015(281 indiv)  during the two successive years,  respectively. Moreover 

the obtained results showed that M. hirsutus had the highest peak at the 

third week of July 2014(156 indiv.)  during the first year and at the second 

week of August 2015 (227 indiv.)  in the second year. the highest peak of 

R. cardinalis  was at the first    week of November 2013 and represented by 

84 and 93 indiv,  for the two success years 2013/14 and 2014/15, 

respectively . C. carnea had the highest peak at the second week of August 

2014(37 indiv.)  in the first year and at the end of the second year(43 

indiv.) While the highest peak of  N. includens was found at the second 

week of August 2014(22 indiv.)  and at the second week of September 

2015(29 indiv.)  for the two successive years,  respective.  The highest 

average number of the main predatory insects were recorded   in autumn 

and summer seasons and were coincided with the highest  average number 

of the mealybug species during the two successive years   2013/14 and 

2014/15. A highly positive significant effect were recorded between the 

highest abundant of the mealybu species as I. seychellarum and  P.  citri 

and the highest abundant  as R. cardinalis and C. carnea during the two 

successive years. 

2.2. Biological studies:- 

2.2.1. On Icerya seychellarum (Westwood):- 

In Egypt Aly (1980) studied the biology of I. seychellarum on 

sprouting potato and palm tree. The duration of the total nymphal instars of 

the insert when reared on sprouting potato was 61.33 ± 2.64 days. The 

duration of generation was 83.54 ± 2.15 days at mean temperature of 26.86 
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°C and 51.5% R.H. On palm tree, the duration of the total nymphal instar 

was 103 days ± 2.83, the duration of a generation was 83.54 ± 2.15 days at 

mean temperature of 17.8 °C and 56.5% R.H.  

Saad (1980) in Egypt, mentioned that no parasitoids were observed 

on different stages of I. seychellarum. The predator, R. cardinalis was 

found attacking this pest. 

Valuli and Kosal (1992) determined the life history of I. 

.seychellarum on ornamental plants in the laboratory, and found that 

the life span ranged 70-90 days. 

Ibrahim (2005) in Egypt, studied the biology of I. seychellarum 

reared on persimmon. The duration of first, second, and third lasted 

18.7±2.32, 20.00 ± 1.26 and 19.3 ± 2.3 days, respectively at 28.6 °C, while 

it were 18.25 ± 1.19, 19.75 ± 0.96 and 22.25 ± 0.66 days at 22.54°C. The 

average of total developmental period of the nymphal stage recorded 

58.00± 2.93 at 28.6 °C and 60.25 ± 1.78 at 22.54 °C. The pre-oviposition 

period was 15.8 ± 2.44 days at 28.6 °C and 15.12 ± 1.89 at 22.54 °C. 

Meanwhile, the mean of oviposition period was 21.00 ± 1.542 and 36.5 ± 

2.91 days at 28.6°C and 22.54°C, respectively. The post-oviposition period 

lasted 10.9±2.58 and 13.00 ± 2.87 days at 28.6 °C and 22.54 °C, 

respectively. The longevity was 51.12 ± 5.44 and 64.75 ± 3.63 days at 28.6 

°C and 22.54 °C, respectively. Fecundity of female was 68.2 ± 4.26 and 

51.5 ± 5.58 eggs at 28.6 °C and 22.54 °C, respectively. 

Abdel-Rahman et al. (2006) found that I.  seychellarum can 

complete its life cycle on mango plants. However, they observed that 

mango cultivars are not equally susceptible to I. seychellarum infestation. 

The leaf components of secondary metabolites were screened using 
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solvent/solvent extraction technique. The results suggested that peymene, 

camphene, and limonene play an important role in resistance of Alphonso 

mango to I .seychellarum infestation.    

Abdel Aleem (2008) in Egypt studied the biology of the mealybug I. 

seychellarum under field and laboratory conditions. The insect passed 

through four generations/year. Males are not existed so parthenogensis is 

the only way of reproduction. The average of eggs laid per female was 

46.7± 2.7. Females fed on mango fruit laid more eggs than those fed on 

branches or leaves. Eggs incubated at 35°C and 90% R.H. did not hatch. 

Eggs incubated at 35°C with 70% R.H. hatched earlier than those at 

15.0±1.0 °C with 90% R.H. with average duration 5.2 ± 0.2 and 18.2 ± 1.2 

days, respectively. The nymphal stage duration was 25.2 ± 1.8 days during 

summer and 42.8+1.8 days during winter at 33.0 ± 1.0 with 50% R.H. and 

15.0 ± 1.0°C with 60% R.H, respectively. In Spring and Autumn this 

duration was 38.4 ± 2.1and 33.4 ± 2.4 days at 21.0 ± 1.0°C with 55% R.H. 

and 27.0 ± 1.0°C with 70% R.H. respectively. The shortest pre-oviposition, 

oviposition and post-oviposition periods were 8.6 ± 0.3, 7.6 ± 1.2 and 

9.6±0.2 days, respectively during Summer at 33.0 ± 1.0°C with 50% R.H.  

Sayed (2008) in Egypt, recorded that the highest percentages of the 

total nymphal counts in relation to the total population counts for I. 

Seychellarum could be observed in the first year in early March (95.2%), 

mid-July (96.8%) and early-November (92.1%). In the second year at mid-

March (95.3%), early-August (92.1%) and early-November (95%). In the 

third year, at early-March (95.2%), mid-July (96.8%) and early-November 

(92.7%), indicating that this insect may have three overlapping generations 

on mango trees. Also, he stated that the four tested factors (maximum 

temperature, mean temperature, minimum temperature and mean relative 
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humidity) simultaneously were responsible for about 32.8-65% of this 

insect activity. 

Awadalla (2015a)  in Egypt, mentioned that the chemical analysis of 

I.   Seychellarum significantly differented on crude protein, lipids and total 

carbohydrates when the insect reared on different host plants. I. 

Seychellarum when reared on ornamental palm had the highest crude 

protein (2.53%) , lipids (12.05%) and total carbohydrates (32.81%) while 

the lowest crude protein recorded on mango and pomegranate . 

Awadalla et al. (2015)  studied the influence of different host plants 

on some biological characteristics of  I. seychellarum . under fluctuated 

temperature degrees of  28±1˚c ; 20±1˚c and 60±5% R.H. The total 

developmental stages were the shortest when I. seychellarum reared on 

ornamental palm and represented by 40.1 ± 0.71 and 54.9 ± 1.61 days 

under fluctuated temperature of 28 ± 1 ˚c and 20 ± 1 ˚c respectively. The 

survival rates during the nymphal stage of I. seychellarum was the highest 

on ornamental palm followed by persimmon and the lowest on mango and 

guava. Based on the survival rate as an index of suitability of different host 

plants, the suitability in decreasing order was: on ornamental palm, 

persimmon, ficus, loquat, guava, mango under fluctuated temperature of 

28±1 ˚C and 20 ± 1 ˚C. The longest oviposition period, the adult longevity 

and the highest fecundity of adult females were reared on ornamental palm 

(21.6 ± 0.41, 52.7 ± 0.50 days and 63.1 ± 0.71 eggs/female) respectively, 

under fluctuated temperature of 28 ± 1 ˚C. On the other hand, the longest 

oviposition period, the adult longevity and the highest fecundity of adult 

females when reared on ornamental palm were (30.8 ± 0.91, 71.8 ± 0.29 

days and 51.7 ± 0.38 eggs/female) respectively, under fluctuated 

temperature of 20 ± 1 ˚C. 
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2.2.2 On R.  caradinalis and C. carnea :- 

Matsuka and Watanabe (1981) in Japan, indicated that adult 

females of vedalia beetles which fed on adults of Icerya scales in a Petri 

dish at 25ºC produce an average of 365 eggs during their adult life span of 

29.4 days, including 3.7 days of pre-oviposition. The average 

developmental period (egg to adult) was 19.7 days. The 4
th

 instar larva was 

the most voracious larval stage and consumed about 80% of the prey eaten 

during whole larval period. When a piece of absorbent cotton was inserted 

into a Petri dish the beetles used it as an oviposition substrate and deposited 

25% more eggs than in its absence. Elimination of the male after 

oviposition resulted in a greater increase in total egg production and in a 

decrease in Icerya consumption. 

In Japan Matsuka et al., (1982) used R. cardinalis, in controlling I. 

purchasi on orange, which reared on artificial. On lyophilized drone 

honeybee brood fortified with sucrose (DPS), females survived longer 

(76.3 days) but laid fewer eggs (106.3) than others fed on live I. purchasi 

(38.6 days and 489.2 eggs). On sucrose or a chemically defined diet, they 

also survived longer but laid only about 20 eggs. The beetles produced 

more eggs when I. purchasi was combined with DPS or other artificial 

diets. Beetles fed on I. purchasi for one day and DPS for two days 

oviposited at 80% of the control level and beetles fed on I. purchasi for one 

day and sucrose for two days oviposited at 120 % of their eggs in 

comparison of the control. Control treatments were fed only on I. purchasi. 

This technique makes it possible to breed the beetles under controlled 

conditions with a small number of natural prey scales. 

Hamed and Saad (1989) in Egypt, studied the effect of I. 

aegyptiaca and I. seychellarum on the biological aspects of R. cardinalis. 
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The kind of prey had an effect on egg color and hatchability rate but no 

effect appeared in respect of incubation period. The average total number 

of eggs laid by female of R. cardinalis through its life span was 

significantly affected by the prey consumed by these females. The 

longevity of females and males was comparatively shorter in association 

with I. seychellarum.      

in Egypt Ragab (1995)  showed the adaptation of R. cardinalis when 

feeding on I. aegyptiaca as compared with feeding on I. purchasi. Choice 

of prey type was found to have a marked effect on egg coloration but 

appears to have no effect on hatching success or incubation period. The 

development of R. cardinalis larvae when reared in culture on I. aegyptiaca 

was significantly faster than when fed on I. purchasi. The fecundity of R. 

cardinalis females was not affected by the prey consumed as adults, and 

although the longevity of males and females was shorter in associated with 

I. purchasi, This difference was not significant. The results indicated that 

R. cardinalis is well adapted to I. aegyptiaca in Egypt 

Salisbury and Booth (2004) in UK, indicated that R. cardinalis, a 

cosmopolitan species native to Australia, R. cardinalis was found on 

Hedera helix and Acacia dealbata infested with its prey, recently 

established on I. purchasi. The continued presence of R. cardinalis could 

be based on a great extent on the survival of I. purchasi.  

Abdel-Mageed (2005) studied the influence of host plant species on 

R. cardilnalis searching behavior. She found that, R. cardinalis female 

exhibited high preferability to ficus leaves extract, followed by guava and 

kaki extracts. Also, R. cardinalis female exhibited the highest K value of 

mortality on ficus followed by guava and kaki plants, while I. seychellarum 
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on other plants not attacked by the predator females during the 

experimental period.      

Ibrahim (2005) in Egypt, evaluated the effect of different constant 

temperature on the biological characters of R. cardinalis. He found that, the 

optimum temperature for mass rearing of this predator was 25ºC because 

the number of eggs, hatchability percentage and female longevity were the 

highest in comparison with the other tested degrees. He added that, the 

temperature threshold for egg stage, first, second, third, fourth larval instars 

and pupal stage were 10.67, 9.23, 9.60, 9.84, 11 and 10.74ºC, respectively.    

Grafton et al. (2005) in the USA, studied the effect of temperature 

on the development of the vedalia beetle, R. cardinalis, which reared on I. 

purchasi under controlled laboratory conditions. Adult exposed to 

temperature of 25, 28, 31, 34, and 37°C for 72 h showed 95-100% survival, 

however eggs production was significantly reduced at 34 and 37°C. Eggs 

maintained at 34°C showed reduced hatch and survival of larvae, and eggs 

held at 37°C failed to hatch. There was no egg hatchability at 10°C. The 

developmental time from egg to adult emergence decreased from 97 to 18 

days for temperatures from 14 to 25°C. The lower developmental 

temperature threshold of  R. cardinalis was estimated to be 10.8°C and 

degree-day accumulation was calculated as 279 for development from egg 

to adult eclosion. 

Ghanim et al. (2006) in Egypt, studied the effect of mealybug 

species as preys on the developmental time, feeding capacity and fecundity 

of vedalia beetle, R. cardinalis under laboratory conditions. The obtained 

results showed that the averages of the duration period of the predator 

larvae were 13.34 ± 1.26; 15.28 ± 1.78 and 12.23 ± 1.95 days when reared 

on P. citri, I. seychellarum and I. purchasi, respectively. The averages of 
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the total consumption during the larval stage were 76.98 ± 5.96, 

53.22±3.85, and 91.14 ± 5.91 of the third nymphal instar individuals from 

the three tested mealybug species respectively. The longevity period of the 

predator adult female was 40.45 ± 2.98, 45.62 ± 2.40, and 36.56 ± 2.65 

days when fed on P. citri, I. seychellarum, and I. purchasi, consecutively. 

The predator female consumed during its life span an average of 418.82 ± 

6.89, 305.54±3.79, and 311.92 ± 6.75 of third nymphal instar individuals 

when reared on the three tested mealybug species successively. The 

average total number of eggs laid by female of R. cardinalis through its life 

span was significantly affected by the prey consumed by female. The 

statical analysis showed that, there were highly significant differences in 

the biological characteristics of R. cardinalis larvae and adult when reared 

on P. citri, I. seychellarum, and I. purchasi, consecutively. 

Khan and Zaki (2008), studied the functional response and numerical 

response of third instar larvae of C. carnea(Stephens)  feeding on the 

Euonymus aphid.  Aphis fabae solanella Theobald.  which is a key pest of 

Euonymus japonicus L in Kashmir were investigated.  The Type II 

functional response curve exhibited a curvilinear rise to plateau as the 

aphid densities increased and the curve predicted by Holling's disk equation 

did not differ significantly from the observed functional response curve.  

The attack rate and the handling time predicted by disk equation were 0.54 

and 2.17,  respectively.  The attack rate(a)  increased with the increase of 

prey(aphid)  density.  The numerical response curve had a linear rise to a 

plateau at fixed aphid density with varying density of C. carnea. 

Abd El-Gawad et al., (2010) mentioned that, A functional response 

study of the predator green lacewings, C. carnea larvae to various densities 

of potato tuber moth, Phthorimaea operculella Zeller (Lepidoptera: 
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Gelechiidae) eggs was conducted under laboratory conditions of 27±1
º
C, 

65 ±5% RH and 14:10 h (L: D). Based on Holling’s disk equation, the first 

and third larval instars showed searching rates (á) of 1.03 and 0.894, 

respectively. These were greater than the second larval instar (i.e. 0.695). 

Handling time (Th)) per prey decreased as predator aged being 0.0009 day 

for the third larval instar. This value was shorter than at each of the first 

and second larval instars (i.e. 0.0163 and 0.00148 day, respectively). The 

greatest theoretical maximum number of potato tuber moth eggs to be 

consumed was estimated for the third larval instar as 1111.11 eggs/day 

followed by second and first larval instars as 675.68 and 61.35 eggs/day, 

respectively. 

Awadalla (2010), in Egypt mentioned that, The total developmental 

times of the immature stages for R. cardinalis were 62.30, 41.10, 26.85, 

18.85 and 12.7 days with significant differences when reared on I. purchasi 

at 16, 20, 24, 28 and 32ºC, respectively. While, there were 60.80, 38.30, 

24.80, 16.75 and 11.95 days with significant differences when reared on I. 

aegyptiaca at the same temperatures. On the other hand, there were 63.6, 

41.95, 29.10, 21.6 and 14.55 days when reared the predator on I. 

seychellarum with significant differences under the same temperatures, 

respectively. The survival percentage of R. cardinalis immature stages 

were the highest rates when the predator reared on constant temperature of 

24ºC followed by 28, 20, 16 and 32ºC on the third nymphal instars of the 

three mealybug species. The survival percentage of R. cardinalis immature 

stages were the highest rates when the predator reared on I. aegyptiaca 

followed by I. purchasi and I. seychellarum. There were significant 

differences in pre-oviposition, oviposition and inter-oviposition periods as 

well as adult female longevity when reared at five tested temperatures. 
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Male longevity of R. cardinalis was significantly shorter at 32ºC than at 28, 

24, 20 and 16ºC when the predator reared on the three mealybug species. 

Fecundity rate were significantly higher at 28ºC than at 24, 32, 20 and 16ºC 

when fed on three tested preys. 

 Rashid et al., (2012) recorded that, The feeding potential of C. carnea 

larvae and adults of C. montrouzieri feeding on different nymphal instars of 

cotton mealybug, Phenacoccus solenopsis was investigated in ambient 

laboratory conditions at Agricultural Research Institute, Dera Ismail Khan, 

Pakistan. Both predators were found very active and successfully 

consumed all the nymphal instars of P. solenopsis. The daily predation rate 

of C. carnea larvae increased slowly during the first two larval instars and 

reached to its peak in the third larval instar. First instar nymphs of P. 

solenopsis were the most preferred food of different larval instars of C. 

carnea. Third instar larvae of C. carnea were the most voracious feeder 

and consumed significantly high number of first, second and third instars 

nymphs of mealybug as compared to first and second instar larvae of the 

predator. Adult C. montrouzieri consumed significantly more first instar 

nymphs of mealybug than second and third instar nymphs. These results 

indicate that C. carnea and C. montrouzieri have great potential for the 

biological control of P. solenopsis. 

Abdel-salam et al., (2013b)  studied the influence of different          

constant  temperature degrees on the biological characters and predaceous  

efficiency of the predator R. cardinalis, The larval stage of the predator R. 

cardinalis when reared on the third nymphal instar of I. aegyptiaca under   

three constant temperature 20±1 , 24±1 and 28±1º c lasted an average of    

20.7±0.34,  11.8±0,34 and 7.3±0.49 days,  respectively, The average of the 

total consumption for larval stage when reared on I. aegyptiaca at 20,24     
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and 28ºC reached 28.80±2.18;  60.50±2.48 and 53,45±3.27  individuals/     

larva. Meanwhile, results showed that, the highest total consumption for     

larva during its four  larval instars when reared at 24º c followed by 28º c  

with highly significant differences. The highest  total consumption for adult 

female was recorded during the oviposition period especially, under 24º c    

(289.0±10.53 individuals/ female )  and resulting,  the number of deposited 

eggs/female was the highest (354.30±19.90 egg/female), it could be            

concluded  that the temperature degree of 24º c  was the best for mass         

rearing  of  R. cardinalis because the female layed the highest eggs on this 

degree. 

Ghanim et al., (2013b) studied the influence of different mealybug 

species as preys on the biological aspects of R. cardinalis , the larval stage 

of the predator R. cardinalis when reared at 24±1˚c and fed on the third 

nymphal instars of I. purchasi, I. aegyptiaca and I. seychellarum averaged 

with 14.5±0.60, 11.8±0.34 and 16.6±0.55 days, respectively. The average 

of the total consumption for the total larval instars at 24±1˚c and fed on I. 

purchasi, I. aegyptiaca and I. seychellarum as preys reached 68.90±4.01, 

60.50±2.18 and 42.65±1.77 individuals/ predator larva. Meanwhile, results 

indicated that, the highest total consumption for the predator larvae during 

the larval stages when fed on I. purchasi followed by I. aegyptiaca and I. 

seychellarum with significant differences. The adult longevity for female 

and male when reared at 24±1˚c and fed on the third nymphal instar of I. 

purchasi, I. aegyptiaca and I. seychellarum lasted an average of (40.5±2.25 

and 26.8±1.72), (46.4±2.12 and 29.0±2.09) and (32.5±2.60 and 20.8±1.8 

days), respectively. The highest total consumption for adult female 

recorded during the ovipostion period especially,  when reared on I. 

aegyptiaca (289.0110.53 individuals/  female)  and resulting,  the number 
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of deposited eggs female was the highest(354.3 eggs/  female),  it could be 

concluded that the best mealybug species for rearing R.  cardinals was I. 

aegyptiaca because the female layed 354.30 eggs/female. 

Hamad et al., (2013) studied the functional response of second and 

third larval instars of, C. carnea, against different nymphal instars of Dubas 

bug Ommatissus libycus De Berg. was studied. The larval instars of the 

predator exhibited Type II functional responses against the prey. Based on 

disk equation the attack rate (a) of the second larval instars of the predator 

were estimated to 1.03± 0.043 , 0.94± 0.015 , 0.88± 0.009 and 0.77 ± 0.02 

and the handling time ((Th)) were 0.0031, 0.0039, 0.0083, and 0.008 day 

for second , third , fourth and fifth nymphal instars respectively. of the third 

instar larvae of the predator, the attack rate against these nymphal instars 

were 1.11± 0.01, 1.04 ± 0.29 , 0.97± 0.017 and 0.89 with handling time 

0.0019, 0.0028, 0.0064, and 0.0067 day respectively. The theoretical 

maximum predation(T/Th) of the second larval instars were 322, 256, 120 

and114 nymphs for second , third ,fourth and fifth nymphal instar 

respectively; while they were 526, 357, 156, and 149 for the third larval 

instar . according to this study this predator have a good predation potential 

in preying on nymph of Dubas bug especially the small nymphs (second 

and third ). 

In Pakistan, Batool et al., (2014) studied the Effect of Prey Density 

on Biology and Functional Response of C. carnea  recorded that, the prey 

density had a significant effect on positive consumption rate, development 

and fecundity of C. carnea. In general maximum consumption with 

shortest developmental time, maximum fecundity and longest adult 

longevity were observed as prey density increased. In all treatments, 

predatory potential was high when the prey density was raised. Daily 
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predation rate of C. carnea increased slowly during the first two instars and 

reached to its peak in the third larval instar. Although, C. carnea completed 

its development at all prey densities, the increase in prey densities reduced 

developmental time and mortality. Lacewing larvae provided with an 

overabundance of S. cerealella eggs developed faster than the larvae 

provided with fewer eggs. Lacewing fed during larval stage with 20 

eggs/day showed lowest fecundity with the increase in prey density.           

A smaller intrinsic rate of increase was due to the fact that the population 

fed at a low prey density had prolonged developmental time, higher 

mortality rate in immature stages as well as a low daily rate of progeny. 

Awadalla (2015 a), studied the effect of prey quality on the 

biological characteristics of the predator R. cardinalis under laboratory 

conditions . She found that, the survival rate for immature stages of the 

predator was the highest when I. seychellarum as prey fed on ornamental 

palm and the lowest survival rate was recorded on pomegranate as a host 

plant for I. seychellarum . Based on the survival rate for predator as an 

index of prey suitability, the quality of host plant for prey-predator  trophic 

interaction in decreasing order was as follows : ornamental palm , 

persimmon , ficus, mango and pomegranate . there were significant 

difference among females of R. cardinalis in total number of eggs 

produced after feeding on I. seychellarum harbored  different host plants.  

Awadalla (2015 b), studied the influence of different stages of  I. 

seychellarum on the developmental stages , adult longevity , fecundity and 

predatory potential of vedalia beetle R. cardinalis under laboratory 

conditions and found that, the total development periods of  R. cardinalis 

fed on gravid females of    I. seychellarum were the shortest periods . Also, 

the highest survival rate recorded when the predator fed on the gravid 
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females, the longest oviposition period as well as the adult longevity for 

male and female were the longest when  R. cardinalis  fed on gravid 

females . According to no choice test or choice test, the different larval 

instars of R. cardinalis consumed the highest number of the second 

nymphal  instar followed by the third nymphal instar of the prey . The total 

consumption during the larval stage of R. cardinalis was 74.9±2.94 

indiv/larva and the adult female and male consumed 128.3±4.91 and 

68.8±4.16 indiv. from all stages of I. seychellarum as prey, respectively .  

Saljoqi et al., (2015) studied the Functional response study of C. 

Montrouzieri fed on Cotton mealy bug, Phenacoccus Solenopsis Tinsley 

under Laboratory Conditions. The prey densities used for the 4th in star and 

adult male and female were kept uniform i.e. 30, 45, 60, 75 and 90 

individuals. Results showed that increasing in the prey density the 

consumed prey number increased up to certain limit in the 4th instar stage 

as well as in the adult male and female of C. Montrouzieri. The recorded 

highest consumed prey number were 76, 75 and 71 for the highest prey 

densities of 90 in adult female, male and the 4th instar stage of C. 

Montrouzieri, respectively. The average potential regarding the 

consumptive rate adult female was found higher followed by adult male 

and 4th instar stage of C.Montrouzieri. Also results showed almost lower 

searching time, handling time and resting time in the 4th larval instar stage 

followed by the adult male and female of C. Montrouzieri.  
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3. MATERIALS AND METHODS 

3.1 Ecological studies :- 

The present work was carried out in the experimental farm belonging to 

the Faculty of Agriculture, Mansoura University, Mansoura, Egypt to study the 

population abundance of the citrus mealybug  Planococcus citri (Risso), The 

cottony cushion scale  Icerya purchasi Maskell, the Egyptian mealybug  Icerya 

aegyptiaca (Douglas) and the Seychelles fluted scale Icerya seychellarum 

(Westwood) on different citrus plants as Mandarin,  Lemon, Common balady, 

Washington navel and Succari (sweet) orange trees. Furthermore, the seasonal 

activity of the main associated predators with each mealybug species during the 

two successive years (2014/15 and 2015/16) was evaluated. All agricultural 

practices were applied except insecticide application during the two years of 

investigation. 

3.1.1 Sampling technique:- 

Five trees of the same age and size from each citrus host plant were 

selected as replicates. Samples were collected biweekly during the two 

successive years from the beginning of April 2014 till 25
th

 of March 2015 in the 

first year and from April 2015 till January 2016 in the second year. Each sample 

consisted of 100 leaves were randomly collected from each host plant (20 leaves 

from each tree form the four directions and the middle of each tree). The 

collected leaves from each host plant were taken to the laboratory in 

polyethylene bags for further investigation of the different mealybug species 

attacking various citrus host plants and their population abundance. Further, the 
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seasonal activity of the associated predatory insects during the two years was 

assessed. Moreover, the total number and percentage of the different mealybug 

species during the two years 2014/15 and 2015/16 were recorded. Also, the 

seasonal average number of different mealybug species was estimated.  

3.1.2. Statistical approach 

One-way ANOVA was used to analyze the data followed by Duncan’s 

Multiple Range Test to separate the means (CoStat, 2004). 

3.2 Biological studies:- 

3.2.1. Effect of host plants on the biological aspects of Icerya seychellarum:-  

3.2.1.1. Rearing of Icerya seychellarum (Westwood) :- 

The experiments were conducted in the laboratory of Economic 

Entomology Department, Faculty of Agriculture, Mansoura University. These 

trials were conducted to evaluate the influence of different host plants on some 

biological characteristics of I. seychellarum under room temperature of 22.4 ± 

3.1
º
C (Range 16 : 28 ) , 60± 5 R.H. % and a photoperiod of 16 : 8 h. L:D.  

Highly infested leaves from different host plants were selected in the field 

and used in the laboratory to infested some of healthy seedlings of different 

citrus host plants (Mandarian, Lemon, Balady orange, Navel orange and Succari 

(sweet) orange). These seedlings were transplanted in pots under room 

conditions. For estimating the incubation period, the ovisacs were carefully 

isolated from these seedlings and kept in petri-dishes    (9 cm diameter) under 

the room fluctuated temperatures. 
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The newly hatched crawlers genitally were transferred to each host plant 

seedling, To study the duration of the nymphal instars under these conditions. 

Twenty crawlers were reared on each host plant. Observations were daily 

conducted to recognize the moults until development completed. Furthermore, 

adult longevity and fecundity for I. seychellarum were recorded on each citrus 

host plant at the fluctuated temperatures. Daily average temperature and relative 

humidity was recorded twice a day in the laboratory during the whole 

experiments. 

3.2.1.2. Rearing of Vedalia beetle Rodalia cardinalis (Mulsant) :- 

To have a culture from Vedalia beetle, R. cardinalis (Mulsant), a large 

number of the predator was collected in the pupal stage from the infested host 

plants with different mealybug species in Eppendorf tubes and kept in the 

laboratory until adult emerged. 

Once, adults were emerged , a group of ten beetles were confined together 

in petri- dishes (9 cm diameter) and kept in an incubator at 28 ±1 ˚C , 60 ± 5% 

R.H., and a photoperiod of 16:8h (L:D) until adults become 10 days old to 

ensure mating. During this period, an adequate numbers of first instars of I. 

seychellarum were brushed daily in each dish for feeding. 

Once, mating finished, each female was isolated in petri- dish (5.5 cm 

diameter) and provided daily with an infested leaf for feeding and oviposition. 

These leaves harbored the predator eggs were maintained in petri- dishes until 

eggs hatched , The newly emerged larvae were isolated in new petri- dishes (5.5 

cm diameter) and fed on frozen moth eggs of Ephestia Kuhiella Zeller 

(Lepidoptera: Pyralidae) which obtained from a commercial lab (Beneficial 
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Insectary, Cairo University, Egypt), until pupation. The emerged adults were 

isolated again and the previously mentioned procedure was followed until adult 

females laid eggs. All rearing trails were conducted at 28±1 ˚C and 60±5% R.H., 

and a photoperiod of 16:8h (L:D) .  

3.2.2. Behavioural responses of Chrysoperla carnea  and Rodolia cardinalis 

to Citrus mealybug, Planococcus citri. 

3.2.2.1. preparation of the study: 

A behavioral study  of R. cardinalis was started from ca. 100 pupae 

collected from ficus trees in Mansoura region, Mansoura, Egypt in August, 

2015, transferred to the laboratory, isolated in Petri-dishes (5.5 cm in diam.), and 

then kept in an  incubator set to a temperature of 25.0±1.0°C and a 16:8 L:D 

photoperiod until adult emergence. Once adult emerged, they fed an ad libitum 

diet of the Ephestia eggs and water, and then held in an incubator under the 

same previously physical conditions for 5 days. Mating was conducted by 

brought every ten adults in a petri-dish (9.0 cm in diam.) and monitored until 

mating started. Each couple was isolated in Petri-dish with ad libitum second-

instar P. citri for 24 h to ensure mating, and then both sexes were isolated and 

monitored. Females were observed daily for egg laying.  

A trial of C. carnea was established from 100 newly emerged adults (1 

day old) received from biological control lab (Beneficial Insectary, Cairo 

University, Egypt), in August 2015. The lacewing adults were placed in two 

plastic containers (each 20 cm diam., 40 cm ht., and 8 cm diam. of neck). Neck 

of these containers was covered with black mesh screen held in place with a 

rubber band. Th  st c  c   n             n an  ncu at   s t t  2    ± 1          
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± 10 % RH, and 16:8 (L:D) photoperiod. Adults in the containers were 

p  v s  n    v    48     t  an a t f c a     t c mp s    f   n   an        ’s 

yeast smeared on a two pieces of sponge and water on another piece of sponge, 

both refreshed every 48 h. Eggs laid on the mesh or/and the walls of the 

container were removed every 24 h by clipping their stalks with scissors. These 

were then isolated in Petri dishes (5.5 cm diam) to prevent cannibalism by 

hatching neonates. Larvae were fed every 48 h with ad libitum diet of Ephestia 

eggs and water on a piece of sponge until required instars for the current study 

were obtained.  

3.2.2.2. Functional and numerical responses of R. cardinalis: 

Eight-days post emergence females (n = 30) and males (n = 30) of R. 

cardinalis were collected to evaluate their functional responses to citrus 

mealybug, P. citri. Mated females and males (8 days- old) were prevented for 24 

h from feeding before using in the trials to equalize the hunger and oviposition 

levels. To assess functional responses, standardized adult females (9 days-old) 

and males (9 days-old) were confined with 10, 20, 30, 40, 50 and 60 second- 

third-instars of P. citri on citrus leaves in Petri-dish (5.5 cm diam.) for 24 h. at 

25.0±1.0 °C and of 16 : 8 (L : D) photoperiod. Each prey density replicated five 

times. Mealybug eaten by both sexes of R. cardinalis during the experiment 

were not replaced during the experiment. 24 h latter, the total number of 

mealybug eaten (Na) and eggs produced at each density of prey were recorded 

and all females from the various prey-predator densities were isolated in Petri-

dishes for another 24 h without food to estimate the number of stored eggs in 

their ovarioles which developed during that period depend on females’ previous 

meal. The efficiency of conversion of ingested food (ECIF) into eggs was 
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estimated as 100 (number of produced eggs per number of prey eaten /number of 

eggs per100 prey), for each density of prey (Omkar and Pervez 2004). The daily 

number of eggs produced per female R. cardinalis and the daily ECIF values at 

each prey density versus different prey densities were fitted by performed linear 

and curve linear regressions (GraphPad 3 software). 

3.2.2.3. Functional response of C. carnea: 

Newly moulted second (1 day-old) and third (1 day-old) instars of C. 

carnea were collected from the stock colony to assess their behavioural response 

to citrus mealybug, P. citri. To assess functional responses, each larval 

individual of both instars were provided with 10, 20, 30, 40, 50, and 60 second-

third-instar nymphs of P. citri on citrus leaves in Petri-dish (5.5 cm diam.) for 24 

h. at 25.0 ± 1.0 °C and a photoperiod of 16:8 (L:D). Each prey density replicated 

five times. Mealybug consumed by both sexes of R. cardinalis during the trial 

were not replaced during the experiment. 

3.2.2.4. Analytical approach: 

The analytical protocol designed by Juliano (2001) was applied to 

evaluate the functional response of the predator to its prey densities. Firstly, the 

type of response (I, II, or III) was classified using a polynomial (logistic) 

regression of the proportion of prey eaten (Na/N0) versus the initial number of 

prey provided (N0) as follows:  

                      Na                    exp (P0 +P1 N0 +P2 N0
2
 + P3 N0

3
) 

                  =                                                                                    (1)                           

                     N0                   1+exp (P0 +P1 N0 +P2 N0
2
 + P3 N0

3
) 
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where: Na is the number of prey eaten, N0 is the initial density of prey, and the 

parameters P0, P1, P2, and P3 are the constant, linear, quadratic, and cubic, 

parameters, respectively. Maximum likelihood estimates of P0 to P3 coefficients 

were obtained by fitting the data with the polynomial regression (NLIN 

procedure in SAS software) (SAS Institute, 2000). 

For type II of functional response, the curve of Na/N0 vs. N0 had a negative 

exponential shape, while it was dome-shape for type III. In some cases, these 

curves may both fit by higher order (quadric) polynomial expressions, but in 

other cases, the polynomial regression equation could be reduced by deleting the 

quadric coefficient until all remaining coefficients become significant (Juliano, 

2001). If the linear coefficient (Eq. 1) was not significantly different from 0, a 

type I response was detected, whereas a significant negative value indicated a 

type II response, and a significant positive and negative values for linear and 

quadratic coefficients, respectively, refer to a type III response (Juliano, 2001).  

Secondly, the non-linear least squares regression (NLIN procedure in 

SAS) was applied to estimate the parameters of attach rate, a, and handling time, 

Th [Th, and either a (for type II) or b, c, and d (for type III)]. Data were applied 

t  “ an  m-p   at  ” model (Eq. 2) (Rogers, 1972), that is regarded as more 

suitable because it considers density of prey to be influenced by prey 

consumption, as well as because the experiment was conducted without prey 

replacement during the trial. 

                     Na = N0 {1-exp [a(ThNa - T)]}                                        (2)   

where: Na is the number of prey eaten, T is the time of experiment (24 h), 

P is the predator numbers, N0 is the density of prey, a is the rate of attack (or 

searching efficiency, and Th is the handling time. In this trial, T = P = 1, because 
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preys were confined to one predator for one day. The parameters a and Th were 

obtained depend on the number of prey consumed as dependent variable.  

In model of type III response, attack rate (a) in equation 3 was placed in 

equation 2 as a function of prey density (Hassell, 1978). In the simplest 

generalized form, attack rate, in equation 3, is a function of initial prey density: 

 

d + bN0 

a =                                                             (3) 

                                              c + bN0 

The simplest form obtains when a is a function of initial density of prey, as 

follows: 

                                 Na = N0{1 – exp [d +bN0)(ThNa –T)(1 + cN0)]}       (4)                        

Based on handling time, the maximum rate of predation (T /Th) by one 

individual of R. cardinalis during a day was obtained. 
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4.  Results and Discussion 

4.1. Ecological studies:- 
 

4.1.1. Mealybug species:- 

 

4.1.1.1. The citrus mealybug Planococcus citri (Risso) :- 

 

Data represented in Fig.(1) showed the total number and percentage 

of the citrus mealybug  P. citri on different citrus host plants during the two 

successive years 2014/15 and 2015/16 at Mansoura district . It can be 

noticed that Common balady orange attracted the highest number of P. citri 

during the first year 2014/15 which represented by 2591 indiv. (40.08 %) 

followed by mandarin 1142 indiv.(17.67%) and lemon 1085 indiv. 

(16.78%), while, Navel orange and Succari orange came in the last 

category and represented by 930 indiv. (14.39 %) and 716 indiv.(11.08 %), 

respectively. 

 

During the second year, results arranged in Fig.(1) showed that 

Common balady orange attracted the highest number of P. citri during the 

second year 2015/16 which represented by 3197 indiv. (33.68%) followed 

by lemon 1991 indiv.(20.98%) and mandarin 1607 indiv. (16.93%), while, 

Navel orange and Succari orange came in the last category and represented 

by 1462 indiv.(15.40 %) and 1234 indiv.(13.00%), respectively. 
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Fig.(1): Total number and percentage of the citrus mealybug  P. citri  on 

different citrus trees during two successive years 2014/15(A) and 

2015/16(B) at Mansoura district.   
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The obtained results in Fig. (2) presented the population abundance 

of P. citri on different citrus host plants during the first year 2014/15. The 

highest peak of P. citri recorded on mandarin and lemon in 11
th 

 
 
of June 

2014 and represented by 84 and 62 indiv. /100 leaves, respectively. While, 

the highest peak of P. citri on common balady orange and navel orange 

was recorded at 17
 th 

 of September 2014 which represented by 206 and 63 

indiv./100 leaves, respectively. Meanwhile, the highest peak of P. citri on 

succari orange was recorded at the beginning of October 2014 and 

represented by 50 indiv. /100 leaves. 

Data arranged in Fig. (3) showed that P. citri recorded two peaks  

on mandarin and lemon  trees during the second year 2015/16, the first 

peak at 15
th
 of July which represented by (135 indiv/100.), (150indiv/100.),  

respectively, and the second one at the 7 
th
 of October 2015 (122indiv./100) 

, (142 indiv. /100), respectively. while , the highest peak of  P. citri on 

common balady orange , navel orange and succari orange was recorded at 

the 9
 th 

 of September 2015 which represented by 252 , 135 and 102 indiv. 

/100 leaves, respectively. 
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Fig.(2): The population abundance of P. citri on different citrus trees 

during the first year (2014/15) at Mansoura district. 
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Fig.(3): The population abundance of P. citri on different citrus trees 

during the second year (2015/16) at Mansoura district. 
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Data illustrated in Table (1) showed the seasonal average number of 

citrus mealybug P. citri on different citrus host plants during the frist year 

2014/15 at Mansoura district. It can be noticed that the highest average 

number was recorded during summer on common balady orange wich 

represented by 171.3±18.2 indiv. /100 leaves and the lowest average 

number was observed during winter on succari orange and represented by 

11.0±1.8 indiv. /100 leaves. Statistical analysis showed a highly significant 

difference according to the average number of P. citri between the different 

citrus host plants during the four seasons. 

As a conclusion, the highest annualy average number was recorded 

on common balady orange (99.2±11.4) fllowed by mandarin (44.8±4.5), 

lemon (42.3±2.8), navel orange (36.0±3.6) and succari orange (27.7±2.7) 

with significantly differences between the citrus host plants.  

Data arranged in Table (2) reported the seasonal average number of 

citrus mealybug P. citri on different citrus host plants during the second 

year 2015/16 at Mansoura district. It can be noticed that the highest average 

number recorded during summer on common balady orange wich 

represented by 201.5±12.8   indiv. /100 leaves and the lowest average 

number was observed during winter on succari orange and represented by 

18±6.9 indiv. /100 leaves. Statistical analysis showed a highly significant 

difference according to the average number of P. citri between the different 

citrus host plants during the four seasons. As a conclusion, the highest 

annualy average number was recorded on common balady orange 

(142.9±10.6) fllowed by lemon (88.2±7.0), mandarin (70.8±6.8), navel 

orange (63.4±7.9) and succari orange (53.6±5.1) with significantly 

differences between the citrus host plants.  
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Table (1): Seasonal average number of the citrus mealybug p. citri on 

different citrus trees during each season of the first year 2014/15 at 

Mansoura district. 

 

Seasons 
Host Plants 

Mandarin Lemon  Common balady orange  Navel orange  Succari orange 

Spring 59.0±8.1 ab 50.8±3.2 b 74.2±9.1 a 28±3.8 c 22.8±2.2c 

Summer 53.9±2.4 b 47.1±3.5 b 171.3±18.2 a 52.9±3.2 b 39.4±2.6 b 

Autumn 53.8±5.2 b 49.3±3.1 b 111.7±17.7 a 49.3±3.8 b 37.7±3.9 b 

Winter 12.6±4.3 b 22.0±3.1ab 39.6±6.5 a 13.7±2.2 b 11.0±1.8 b 

mean±SE 44.8±4.5ab 42.3±2.8ab 99.2±11.4 a 36.0±3.6 b 27.7±2.7 b 

Means followed by the same letters within each season are not significantly different at 0.05 

level of probability (Duncan's Multiple Range Test). 

 

Table (2): Seasonal average number of the citrus mealybug p. citri on 

different citrus trees during each season of the second year 2015/16 at 

Mansoura district. 

 

Seasons 
Host Plants 

Mandarin Lemon  Common balady orange  Navel orange  Succari orange 

Spring 97.3±5.6 b 111±7.1ab 133.5±8.5 a 72±12.6 c 52.8±4.3 c 

Summer 91.2±10.3bc 112.2±9.9 b      201.5±12.8   a 106±6.5 b 76.5±5.3 c 

Autumn 63.8±11.8 b 87.8±11.1 b 159.5±14.9 a 55.6±11.1b 67.3±7.5 b 

Winter 31±8.1 b 41.6±7.6 b 77.6±6.6 a 20±5.8 b 18±6.9 b 

mean±SE 70.8±6.8 b 88.2±7.0 b 142.9±10.6 a 63.4±7.9 b 53.6±5.1 c 

Means followed by the same letters within each season are not significantly different at 0.05 

level of probability (Duncan's Multiple Range Test). 
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The results are in agreement with those of Abdelkhalek et al., (1998) 

found that the high population of P. citri on citrus orchards during June-

December in Marocco. Abdel-salam et al., (2013a) mentioned that P. citri 

attracted to guava and mandarin as favorable host plants. Awadalla (2013) 

found that P. citri recorded the highest peak of abundance on guava trees in 

November and September during two successive years 2010/11 and 

2011/12 in Egypt. Ghanim et al., (2013a) suggested that the highest peak of 

abundance for P. citri on mandarin recorded in October and September 

during two successive years 2010/11 and 2011/12 in Egypt. EL-kady 

(2013) mentioned that P. citri nymphs or adults had 4-5 peaks of 

abundance on different citrus trees during two successive season 2009/10 

and 2010/11 in Egypt. He added that Sore orange and lemon was the 

heaviest citrus attacked by p. citri.     
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4.1.1.2. The cottony cushion scale  Icerya purchasi Maskell :- 

                

                 Data represented in Fig. (4) showed the total number and 

percentage of the cottony cushion scale I. purchasi on different citrus host 

plants during two successive years 2014/15 and 2015/16 at Mansoura 

district. It can be noticed that Common balady orange attracted the highest 

number of I. purchasi during the first year 2014/15 wich represented by 

1457 indiv. (34.67 %) followed by mandarin 799 indiv. (19.01 %) and 

lemon 713 indiv. (16.97 %), while, Succari and Navel orange came in the 

last category and represented by 644 indiv. (15.33 %) and 589 indiv. 

(14.02%), respectively. 

 

                 During the second year, results arranged in Fig. (4) showed that 

Common balady orange attracted the highest number of I. purchasi during 

the second year 2015/16 wich represented by 707 indiv. (32.11 %) 

followed by mandarin 420 indiv. (19.07 %) and lemon 376 indiv. 

(17.08%), while, Navel orange and Succari came in the last category and 

represented by 355 indiv. (16.12 %) and 344 indiv. (15.62 %), respectively. 
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Fig.(4): Total number and percentage of the cottony cushion scale                        

I. purchasi on different citrus trees during two successive years 2014/15(A) 

and 2015/16(B) at Mansoura district.                                                              
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The obtained results in Fig. (5) showed the population abundance of 

I. purchasi on different citrus host plants during the first year 2014/15. The 

highest peak of I. purchasi found on mandarin and common balady orange 

and navel orange were recorded on 17
th 

of September 2014 and represented 

by 65; 102 and 44 indiv. /100 leaves, respectively. While, the highest peak 

of I. purchasi on lemon was observed on 15
th 

of October 2014 and 

represented by 41 indiv. /100 leaves. Meanwhile, the highest peak of I. 

purchasi on succari orange occurred at the beginning of October 2014 and 

represented by 46 indiv. /100 leaves. 

Data arranged in Fig. (6) showed the population abundance of  I. 

purchasi on different citrus host plants during the second year 2015/16. It 

can be noticed that, the highest peak of I. purchasi on mandarin and 

common balady orange and navel orange were recorded on 9
th 

of 

September 2015 and represented by 35; 54 and 26 indiv. /100 leaves, 

respectively. While, the highest peak of I. purchasi occurred on lemon was 

observed on 7
th

 of October 2015 and represented by 27 indiv. /100 leaves. 

Meanwhile, the highest peak of I. purchasi on succari orange occurred at 

23
th
 of September 2015 and represented by 25 indiv. /100 leaves. 
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        Fig.(5): The population abundance of I. purchasi on different citrus trees during 

the first year (2014/15) at Mansoura district. 
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        Fig.(6): The population abundance of I. purchasi on different citrus trees during 

the second year (2015/16) at Mansoura district. 
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Data illustrated in Table (3) showed the seasonal average number of 

the cottony cushion scale I. purchasi on different citrus host plants during 

the first year 2014/15 at Mansoura district. It can be noticed that the highest 

average number was recorded during summer on common balady orange 

and represented by 83.0±5.2 indiv./100 leaves and the lowest average 

number was recorded during winter on mandarin and represented by 

4.1±1.3 indiv./100 leaves. Statistical analysis showed a highly significant 

difference according to the average number of I. purchasi between the 

different citrus host plants during the four seasons. 

As a conclusion, the highest annualy average number was recorded 

on common balady orange (56.1±5.7) followed by mandarin (30.6±4.5) , 

lemon (27.8±2.3), succari orange (24.9±2.3) and navel orange (22.9±2.5) 

with significantly difference betwen the different citrus host plants.  

Data arranged in Table (4) showed the seasonal average number of 

cottony cushion scale I. purchasi on different citrus host plants during the 

second year 2015/16 at Mansoura district. It can be noticed that the highest 

average number recorded during Autumn on common balady orange and 

represented by 44.1±2.0 indiv./100 leaves and the lowest average number 

was recorded during winter on mandarin and represented by 2.3±0.8 

indiv./100 leaves. Statistical analysis showed ahighly significant 

differences according to the average number of I. purchasi between the 

different citrus host plants during the four seasons. 

As a conclusion, the highest annualy average number was recorded 

on common balady orange (32.4±2.3) followed by mandarin (17.7±2.1), 

lemon (16.9±1.1), navel orange (15.5±1.5) and succari orange (14.8±1.5) 

with significant differences betwen the different citrus host plants.  
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Table (3): Seasonal average number of the cottony cushion scale I.purchasi 

on different citrus trees during each season of the first year 2014/15 at 

Mansoura district. 

 

Seasons 
Host Plants 

Mandarin Lemon  Common balady orange  Navel orange  Succari (sweet) orange 

Spring 36.3±5.4 a 27.7±4.0 ab 33±3.5 a 18.2±1.9 b 19.8±1.5 b 

Summer 60.4±1.4 b 33.1±2.8 c 83±5.2 a 32.7±2.8 c 34.1±2.2 c 

Autumn 21.5±2.9 c 37.3±1.7 b 81±5.6 a 33±3.0 b 34±2.9 b 

Winter 4.1±1.3 b 13±2.8 b 27.4±5.1 a 7.6±2.0 b 11.7±2.8 b 

mean±SE 30.6±4.5 b 27.8±2.3 b 56.1±5.7 a 22.9±2.5 b 24.9±2.3 b 

Means followed by the same letters within each season are not significantly different at 0.05 

level of probability (Duncan's Multiple Range Test). 

 

Table (4): Seasonal average number of the cottony cushion scale I.purchasi 

on different citrus trees during each season of the second year 2015/16 at 

Mansoura district. 

 

Seasons 
Host Plants 

Mandarin Lemon  Common balady orange  Navel orange  Succari (sweet) orange 

Spring 20.6±1.8ab 16.3±2.1 bc 23.3±2.2 a 13±1.7 c 15.2±1.8 bc 

Summer 29.1±1.3 b 22±0.6 c 38.1±3.7 a 22.6±0.8 c 22.5±1.0 c 

Autumn 19±3.6 b 19±1.8 b 44.1±2.0 a 20.6±2.4 b 17.6±2.3 b 

Winter 2.3±0.8 c 10.6±2.4 b 24.3±2.1 a 5.6±0.8 bc 4±1.1 c 

mean±SE 17.7±2.1ab 16.9±1.1 bc 32.4±2.3 a 15.5±1.5 bc 14.8±1.5 bc 

Means followed by the same letters within each season are not significantly different at 

0.05 level of probability (Duncan's Multiple Range Test
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The results are in agreement with those of Soares et al., (1999).They 

mentioned that I. purchasi develops two annual generations, one at the end 

of spring and the other in autumn and associated predatory R. cardinalis 

young females are the most abundant stage during the winter. The larval 

stages of the predator appear mainly at the beginning of summer and adults 

start to appear in July on citrus in Sao Miguel Island. Abdel-salam et al., 

(2013a) mentioned that I. purchasi attracted to mandarin trees as a host 

plant during the two years of study in Egypt. Ghanim et al., (2013a) 

recorded that the highest peak for I. purchasi on mandarin was in 

September during the two successive years in Egypt. 
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4.1.1.3. The Egyptian mealybug  Icerya aegyptiaca (Douglas):-  
 

Data represented in Fig. (7) showed the total number and 

percentage of the Egyptian mealybug I. aegyptiaca on different citrus host 

plants during the two successive years 2014/15 and 2015/16 at Mansoura 

district. It can be noticed that Common balady orange attracted the highest 

number of I. aegyptiaca during the first year 2014/15 wich represented by 

778 indiv. (32.54 %) followed by mandarin 543 indiv.(22.71%) then 

Succari orange 392 indiv. (16.39 %), while, Navel orange and lemon came 

in the last category and represented by 376 indiv.(15.73 %) and 302 indiv. 

(12.63 %), respectively. 

During the second year, results arranged in Fig. (7) showed that 

Common balady orange attracted the highest number of I. aegyptiaca 

during the second year 2015/16 wich represented by 1049 indiv. (28.19%) 

followed by mandarin 930 indiv. (24.99%)  then Succari orange 616 indiv. 

(16.55%), while, Navel orange and lemon came in the last category and 

represented by 612 indiv. (16.45%) and 514 indiv. (13.81%), respectively. 
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Fig.(7): Total number and percentage of the Egyptian mealybug 

I.aegyptiaca on different citrus trees during two successive years 

2014/15(A) and 2015/16(B) at Mansoura district. 
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The obtained results in Fig. (8) showed the population abundance of 

I. aegyptiaca on different citrus host plants during the first year 2014/15. 

The highest peak of I. aegyptiaca on mandarin and navel orange recorded 

at the beginning of October 2014 and represented by 42 and 29 indiv. /100 

leaves, respectively. While, the highest peak of I. aegyptiaca on lemon and 

succari orange were recorded at the 3
rd

 of September 2014 and represented 

by 32 and 33 indiv. /100 leaves, respectively. Meanwhile, the highest peak 

of I. aegyptiaca on common balady orange was observed on 17
th 

 
 
of 

September 2014 and represented by 58 indiv. /100 leaves. 

Data arranged in Fig. (9) showed the population abundance of  I. 

aegyptiaca on different citrus host plants during the second year 2015/16. It 

can be noticed that the highest peak of I. aegyptiaca on mandarin, navel 

orange and common balady orange recorded at 23
th
 of September 2015 and 

represented by 78, 57 and 79 indiv. /100 leaves, respectively. while, the 

highest peak of I. aegyptiaca on lemon and succari orange were recorded at 

7
th

 of October 2015 and represented by 57 and 55 indiv. /100 leaves, 

respectively. 
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      Fig.(8): The population abundance of I. aegyptiaca  on different citrus trees  

during the first year (2014/15) at Mansoura district. 
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      Fig.(9): The population abundance of I. aegyptiaca on different citrus trees  

during the Second year (2015/16) at Mansoura district.
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Data illustrated in Table (5) showed the seasonal average number of 

the Egyptian mealybug I. aegyptiaca on different citrus host plants during 

the first year 2014/15 at Mansoura district. It can be noticed that the highest 

average number was recorded during autumn on common balady orange 

wich represented by 44.3±2.3 indiv./100 leaves and the lowest average 

number was observed during winter on lemon and represented by 2.6±0.7 

indiv./100 leaves. Statistical analysis showed ahighly significant 

differences according to the average number of I. aegyptiaca between the 

different citrus host plants during the four seasons. 

As a conclusion, the highest annualy average number was recorded 

on common balady orange (30.1±3.0) fllowed by mandarin (21.1±2.4), 

succari orange (15.2±1.7), navel orange (14.6±1.6) and lemon (11.5±1.9) 

with significant differences betwen the different citrus host plants.  

Data arranged in Table (6) illustrated the seasonal average number 

of citrus mealybug I. aegyptiaca on different citrus host plants during the 

second year 2015/16 at Mansoura district. It can be noticed that the highest 

average number recorded during autumn on common balady orange wich 

represented by 63.5±3.3 indiv./100 leaves and the lowest average number 

was observed during winter on lemon and represented by 4.6±2.1 

indiv./100 leaves. Statistical analysis showed a highly significant 

differences according to the average number of I. aegyptiaca between the 

different citrus host plants during the four seasons. 

As a conclusion, the highest annualy average number was recorded 

on common balady orange (46.2±3.6) fllowed by mandarin (41.5±5.5), 

succari orange (27.5±2.6), navel orange (26.5±3.2) and lemon (21.9±3.2) 

with significant differences betwen the different citrus host plants.  
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Table(5): Seasonal average number of the Egyptian mealybug I. aegyptiaca 

on different citrus trees during each season of the first year 2014/15 at 

Mansoura district. 

 

Seasons 
Host Plants 

Mandarin Lemon  Common balady orange  Navel orange  Succari (sweet) orange 

Spring 17.3±2.9 ab 10.3±3.1 b 21.2±2.3 a 12.2±3.0 b 10.5±1.5 b 

Summer 30.1±2.1 b 24.7±2.3 bc 41.7±3.8 a 19.3±2.0 c 22.9±1.8 bc 

Autumn 30.7±2.8 b 8.2±1.3 d 44.3±2.3 a 21.3±2.2 c 21.3±2.4 c 

Winter 6.3±2.4 b 2.6±0.7 b 13.3±3.4 a 5.7±1.6 b 5.9±1.5 b 

mean±SE 21.1±2.4ab 11.5±1.9bc 30.1±3.0 a 14.6±1.6 b 15.2±1.7 bc 

Means followed by the same letters within each season are not significantly different at 0.05 

level of probability (Duncan's Multiple Range Test). 

 

Table(6): Seasonal average number of the Egyptian mealybug I. aegyptiaca 

on different citrus trees during each season of the second year 2015/16 at 

Mansoura district. 

 

Seasons 
Host Plants 

Mandarin Lemon  Common balady orange  Navel orange  Succari (sweet) orange 

Spring 29.5±4.9b 14.8±4.1 c 43±3.8 a 19.5±4.4bc 20±2.6 bc 

Summer 63.5±2.8a 41.8±2.2 b 58.3±1.4 a 41.6±1.5 b 35.3±1.4 c 

Autumn 58±6.6 a 26.6±8.1 b 63.5±3.3 a 36.6±4.7 b 39.8±4.1 b 

Winter 8±6.5 a 4.6±2.1 a 20±6.5 a 8.3±5.0 a 15±4.8 a 

mean±SE 41.5±5.5a 21.9±3.8bc 46.2±3.6 a 26.5±3.2bc 27.5±2.6 bc 

Means followed by the same letters within each season are not significantly different at 

0.05 level of probability (Duncan's Multiple Range Test). 
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The results are in agreement with those of El-Sherbenie (2004) who 

recorded that I. aegyptiaca had three peaks. The highest peak on guava in 

September, May and July. during the two years .in Egypt. Abdel-salam et 

al, (2013a) suggested that I. aegyptiaca attractive to three host plants 

mandarin, guava and the favorable host plant was the ficus trees during the 

two successive years of study in Egypt. Awadalla (2013) recorded that the 

highest peak for I. aegyptiaca in November during two successive years of 

study in Egypt. Ghanim et al., (2013a) recorded that the highest peak for I. 

aegyptiaca in September during the two successive  fo sr ey  rtts y on 

mandarin trees in Egypt. 
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4.1.1.4. The Seychelles fluted scale Icerya seychellarum (Westwood):-                       

 

Data represented in Fig. (10) showed the total number and 

percentage of the Seychelles fluted scale I. seychellarum on different citrus 

host plants during the two successive years 2014/15 and 2015/16 at 

Mansoura district . It can be noticed that Common balady orange attracted 

the highest number of I. seychellarum during the first year 2014/15 wich 

represented by 3956 indiv. (30.82%) followed by lemon 2424 indiv. 

(18.89%) and Navel orange 2269 indiv. (17.68%), while Succari orange 

and mandarin came in the last category and represented by 2110 indiv. 

(16.44 %) and 2076 indiv. (16.17%), respectively. 

During the second year, results arranged in Fig. (10) showed that  

Common balady orange attracted the highest number of I. seychellarum 

during the first year 2015/16 wich represented by 4309 indiv. (24.62%) 

followed by lemon 3695 indiv.(21.11%) and Navel orange 3515 indiv. 

(20.08%), while Succari orange and mandarin came in the last category and 

represented by3021 indiv.(17.26%) and 2962 indiv. (16.92%), respectively. 
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Fig.(10): Total number and percentage of the Seychelles fluted scale                      

I. seychellarum on different citrus trees during two successive years 

2014/15(A) and 2015/16(B) at Mansoura district. 
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The obtained results in Fig. (11) showed the population abundance 

of I. seychellarum on different citrus host plants during the first year 

2014/15. The highest peak of I. seychellarum on mandarin and succari 

orange was recorded at the last week of May 2014 and represented by 121 

and 123 indiv. /100 leaves, respectively, while the highest peak of I. 

seychellarum on lemon and navel orange occurred on the 11
th
 of June 2014 

and represented by 126 and 143 indiv. /100 leaves. respectively. 

Meanwhile, the highest peak of I. seychellarum on common balady orange 

recorded at 15
th 

 of October 2014 and represented by 225 indiv. /100 leaves. 

Data arranged in Fig. (12) showed the population abundance of  I. 

seychellarum on different citrus host plants during the second year 

2015/16. It can be noticed that the highest peak of I. seychellarum 

mandarin and succari orange was recorded at the begining of July 2015 and 

represented by 210 and 186 indiv. /100 leaves, respectively, while the 

highest peak of I. seychellarum on lemon and navel orange occurred on the 

17
th
 of June 2015 and represented by 216 and 207 indiv. /100 leaves. 

respectively. Meanwhile, the highest peak of I. seychellarum on common 

balady orange recorded at 9
th 

 
 
of September 2015 and represented by 300 

indiv. /100 leaves. 
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Fig.(11): The population abundance of I. seychellarum  on different citrus 

trees  during the first year (2014/15) at Mansoura district. 
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Fig.(12): The population abundance of I. seychellarum  on different citrus 

trees  during the second year (2015/16) at Mansoura district. 
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Data illustrated in Table (7) showed the seasonal average number of 

the Seychelles fluted scale I. seychellarum on different citrus host plants 

during the first year 2014/15 at Mansoura district. It can be noticed that the 

highest average number was recorded during autumn on common balady 

orange and represented by 198.8±8.9 indiv./100 leaves and the lowest one 

was recorded during winter on mandarin and represented by 56.9±4.0 

indiv./100 leaves. Statistical analysis showed a highly significant difference 

according to the average number of I. seychellarum between the different 

citrus host plants during the four seasons. 

As a conclusion, the highest annualy average number was recorded 

on common balady orange (153.5±8.1) fllowed by lemon (94.6±5.3), navel 

orange (88.5±4.8), Succari orange (82.1±4.4) and mandarin (81.1±4.3) with 

significant differences betwen the different citrus host plants.  

Data arranged in Table (8) showed the seasonal average number of 

citrus mealybug I. seychellarum on different citrus host plants during the 

second year 2015/16 at Mansoura district. It can be noticed that the highest 

average number recorded during autumn on common balady orange and 

represented by 222.5±10.8 indiv./100 leaves and the lowest one was 

recorded during winter on mandarin and represented by 68±3.4 indiv./100 

leaves. Statistical analysis showed a highly significant differences 

according to the average number of I. seychellarum between the different 

citrus host plants during the four seasons. 

As a conclusion, the highest annualy average number was recorded 

on common balady orange (200±4.2) fllowed by lemon (171.9±7.5), navel 

orange (164.1±4.2), Succari orange (136.2±6.7) and mandarin (131.9±10.7) 

with significant differences betwen the different citrus host plants.  
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Table (7): Seasonal average number of the Seychelles fluted scale  

I.seychellarum on different citrus trees during each season of the first year 

2014/15 at Mansoura district. 

 

seasons 
Host Plants 

Mandarin Lemon  Common balady orange  Navel orange  Succari (sweet) orange 

Spring 110.2±3.1 b 113.2±3.7 b 143.2±14.8 a 113.5±6.6 b 108±3.3 b 

Summer 74.6±5.9 b 89.3±10.3 b 131.1±16.8 a 82.1±4.7 b 75.1±9.6 b 

Autumn 82.5±2.1 cd 111.2±8.5 b 198.8±8.9 a 98.3±1.0 bc 80.2±2.2 d 

Winter 56.9±4.0 b 64.7±4.4 b 140.9±9.6 a 60±7.4 b 65±6.1 b 

mean±SE 81.1±4.3 cd 94.6±5.3 b 153.5±8.1 a 88.5±4.8 bc 82.1±4.4 d 

Means followed by the same letters within each season are not significantly different at 0.05 

level of probability (Duncan's Multiple Range Test). 

 

 

Table (8): Seasonal average number of the Seychelles fluted scale  

I.seychellarum on different citrus trees during each season of the second 

year 2015/16 at Mansoura district. 

 

seasons 
Host Plants 

Mandarin Lemon  Common balady orange  Navel orange  Succari (sweet) orange 

Spring 173.3±3.6 b 195.5±4.7 a 194.6±3.7 a 165±10.0 b 167.6±2.4 b 

Summer 183±9.8 b 182±4.3 b       217±20.0 a 183.3±.6 b 159.3±5.9 b 

Autumn 103.3±11.0d 166.3±2.2 b 222.5±10.8 a 166.8±5.4 b 135±5.6 c 

Winter 68±3.4 d 144±3.5 b 167±4.9 a 141.3±2.4 b 83±7.0 c 

mean±SE 131.9±10.7b 171.9±7.5b 200.4±4.2 a 164.1±4.2 b 136.2±6.7 bc 

Means followed by the same letters within each season are not significantly different at 

0.05 level of probability (Duncan's Multiple Range Test). 
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The results are in agreement with those of Mangoud (2000) who 

recorded that I. seychellarum has 2-3 population peaks/year on apple trees 

in June, October and December in Egypt. El-Sherbenie (2004) recorded 

that I. seychellarum had two peaks. The highest peak was found in the 

August and March during the two years of study. on guava in Egypt. 

Ibrahim (2005) mentioned that, the infestation by I. seychellarum to 

persimmon trees initiated on May in 2002 and 2003. The insect pest had 

two peaks in each season of study. R. cardinalis was the main predator 

associated with I. seychellarum and recorded three peaks of each season in 

Egypt. Bakry (2009) Found that I. Seychellarum had three generations in 

May, August and October on mango trees during the two years of 

investigation in Egypt. Moustafa (2012) in Egypt recorded that 

seychellarum mealybug, I. seychellarum infested citurs trees in Demmyat 

and has two annual peaks one in June and the other in November. Also 

R.cardinalis associated with seychellarum mealybug, I. seychellarum. 

Abdel-salam et al., (2013a) suggested that I. seychellarum recorded the 

highest attractiveness on guava trees followed by persimmon, ficus and 

mandarin during the first year and on persimmon trees followed by guava , 

ficus and in the last category mandarin trees during the second year of the 

study  in Egypt. Awadalla (2013) recorded the highest peak for I. 

seychellarum in September and November 2011 in Egypt.Ghanim et al., 

(2013a) suggested that the highest peak for I. seychellarum recorded in 

September 2011 and 2012 during the twe rtfforrrao fo sr ey rttsy.  
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4.1.2. Predatory inseacts:- 

 

4.1.2.1. On mandarin:- 

 

Data illustrated in Fig. (13) showed the seasonal activity of the 

main predatory insects associated with the mealybug species on mandarin 

during the first year 2014/15 at Mansoura district. Rodolia cardinalis, 

Chrysoperla carnea and Nephus includens recorded the highest peaks on 

mandarin in the beginning of October 2014 and represented by 72, 56 and 

38 indivi. / 100 leaves. respectively. 

 

  Data arranged in Fig. (14) evaluated the seasonal activity of the 

main predatory insects associated with the mealybug species on mandarin 

during the second year 2015/16 at Mansoura district. R. cardinalis,           

C. carnea and N. includens recorded the highest peaks on mandarin at 9
th

 of 

September 2015 and represented by 92, 64 and 39 indivi. / 100 leaves. 

respectively. 
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Fig.(13): Seasonal activity of the main predatory insects associated with 

the mealybug species on mandarin during the first year (2014/15) at 

Mansoura district.  

 
  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(14): Seasonal activity of the main predatory insects associated with the 

mealybug species on mandarin during the second year (2015/16) at 

Mansoura district. 
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Results of the statistical analysis of simple correlation coefficient 

arranged in Table (9) indicated that the relationship between P. citri and I. 

aegyptiaca and their associated predators on mandarin trees during the first 

year 2014/15 showed a highly positive significant effect. On the other 

hand, the relationship between I. purchasi and R. cardinalis or N. includens 

showed a positively significant effect, while, the relationship between I. 

seychellarum and the three predatory insects showed insignificantly 

positive effects during the first year 2014/15. 

 

During the second year 2015/16, results of the statistical analysis of 

simple correlation coefficients illustrated in Table (9) revealed that, the 

relationship between P. citri, I. purchasi and I. seychellarum and their 

associated predators on mandarin trees during the second year 2015/16 

showed a highly positive significant effect while, the relationship between 

P. citri and the three predatory insects showed insignificantly positive 

effects during the second year 2015/16. 
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Table (9): Simple correlation coefficients between number of mealybug 

species and their associated predatory insects on mandarin trees during two 

years (2014/15 and 2015/16) at Mansoura district. 

 

 

Mealybug species 

Predatory insects 

First year 2014/15 Second year 2015/16 

R. cardinalis C. carnea N. includens R. cardinalis C. carnea N. includens 

P. citri 

 

0.631
**

 

 

 

0.632
**

 

 

 

0.566
**

 

 

0.398
 ns

 0.428 
ns

 0.417
 ns

 

I. purchase 

 

0.422
*
 

 

 

0.529
**

 

 

 

0.407
*
 

 

0.864
**

 0.912
**

 0.805
**

 

I. aegyptiaca 

 

0.908
**

 

 

 

0.900
**

 

 

 

0.853
**

 

 

0.871
**

 0.817
**

 0.697
**

 

I. seychellarum 

 

0.185
 ns 

 

 

0.153 
ns

 

 

 

0.132 
ns

 

 

0.494
*
 0.614

**
 `0.608

**
 

          

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Correlation is significant at the 0.01 level. ** 

Correlation is significant at the 0.05 level.* 

ns:  Correlation is insignificant .  
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4.1.2.2. On Lemon  :- 

 

Data illustrated in Fig. (15) recorded the seasonal activity of the 

main predatory insects associated with the mealybug species on Lemon 

during the first year 2014/15 at Mansoura district. Vedalia beetle R. 

cardinalis recorded the highest peak on lemon trees at the third week of 

September, C. carne at the first week of September and N.includens at the 

first week of Augest 2014 and represented by 60, 45 and 25 indivi./100 

leaves. respectively. 

  Data arranged in Fig. (16) evaluated the seasonal activity of the 

main predatory insects associated with the mealybug species on lemon 

during the second year 2015/16 at Mansoura district. R. cardinalis recorded 

the highest peaks on lemon at the 9
th

 of September and represented by 74 

indivi./100 leaves , C. carnea and  N. includens.  recorded at the 12
th
 of 

Augest and represented by 54 , 30 indivi./100 leaves,respectively. 
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Fig.(15): Seasonal activity of the main predatory insects associated with the 

mealybug species on Lemon during the first year( 2014/15) at Mansoura 

district. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Fig(16): Seasonal activity of the main predatory insects associated with the 

mealybug species on Lemon during the second year (2015/16) at 

Mansoura district. 
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Results of the statistical analysis of simple correlation coefficients 

arranged in Table (10) indicated that the relationship between the different 

mealybug species and their associated predators on lemon trees during the 

first year 2014/15 showed a highly positive significant effects or positive 

significant effects except I. seychellarum and N. includens which showed a 

positive insignificant effect. 

During the second year 2015/16, results of the statistical analysis of 

simple correlation coefficients illustrated in Table (10) revealed that the 

relationship between the different mealybug species and their associated 

predators on lemon trees during the second year 2015/16 showed a highly 

positive significant effects or positive significant effects except I. 

seychellarum their associated predators which showed a positive 

insignificant or highly positive significant effect. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

 

RESULTS AND DISSCUSION   

77 

 

Table (10): Simple correlation coefficients between number of mealybug 

species and their associated predatory insects on lemon trees during two 

years (2014/15 and 2015/16) at Mansoura district. 

 

 

Mealybug species 

Predatory insects 

First year 2014/15 Second year 2015/16 

R. cardinalis C. carnea N. includens R. cardinalis C. carnea N. includens 

P. citri 

 

0.652** 

 

 

0.502** 

 

 

0.451* 

 

0.628** 0.677** 0.493*
 

I. purchase 

 

0.785** 

 

 

0.643** 

 

 

0.569** 

 

0.752** 0.768** 0.735** 

I. aegyptiaca 

 

0.642** 

 

 

 

0.651** 

 

 

 

0.809** 

 

 

0.908** 0.804** 0.875** 

I. seychellarum 

 

0.505** 

 

 

0.432* 

 

 

0.275
 ns 

 

0.423 
ns 

0.571
** 

0.311 
ns 

 

 

 

 ns:  Correlation is insignificant . 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Correlation is significant at the 0.01 level. ** 

Correlation is significant at the 0.05 level.* 
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4.1.2.3. On  Common balady orange  :- 

 

Data in Fig. (17) illustrated the seasonal activity of the main 

predatory insects associated with the mealybug species on  Common 

balady orange during the first year 2014/15 at Mansoura district. Vedalia 

beetle R. cardinalis and N. includens were recorded the highest peaks on 

Common balady orange trees at the third week of September, and 

represented by 199 and 61 indivi. / 100 leaves, while C. carnea reached the 

highest peak at the third week of October 2014 and represented by 82 

indivi. / 100 leaves. 

  Data arranged in Fig. (18) evaluated the seasonal activity of the 

main predatory insects associated with the mealybug species on  Common 

balady orange during the second year 2015/16 at Mansoura district.           

R. cardinalis and N. includens were recorded the highest peaks on 

Common balady orange trees in 9
th
 of September and represented by 122 

and 30 indivi. / 100, while C. carnea reached the highest peak at 23
th

 of 

September and represented by 75 indivi. / 100 leaves. 
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Fig.(17): Seasonal activity of the main predatory insects associated with the 

mealybug species on Common balady orange during the first year 

(2014/15) at Mansoura district. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.(18): Seasonal activity of the main predatory insects associated with the 

mealybug species on  Common balady orange during the second  year 

(2015/16) at Mansoura district. 
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Results of the statistical analysis of simple correlation coefficients 

arranged in Table (11) indicated that, the relationship between the different 

mealybug species and their associated predators on Common balady orange 

trees during the first year 2014/15 showed a highly positive significant 

effect, except I. seychellarum and N. includens which showed positive 

significant effect. 

During the second year 2015/16, results of the statistical analysis of 

simple correlation coefficients illustrated in Table (11) revealed that the 

relationship between the different mealybug species and their associated 

predators on Common balady orange trees during the second year 2015/16 

showed a highly positive significant effects, except I. seychellarum, I. 

purchase and N. includens which showed positive insignificant effect. 
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Table (11): Simple correlation coefficients between number of mealybug 

species and their associated predatory insects on Common balady orange 

trees during two years (2014/15 and 2015/16) at Mansoura district. 

 

 

Mealybug species 

Predatory insects 

First year 2014/15 Second year 2015/16 

R. cardinalis C. carnea N. includens R. cardinalis C. carnea N. includens 

P. citri 

 

0.788
**

 

 

 

0.529
**

 

 

 

0.913
**

 

 

0.980
**

 0.882
**

 0.820
**

 

I. purchase 0.862
**

 

 

0.810
**

 

 

 

0.943
**

 

 

0.757
**

 0.552
**

 0.370
 ns

 

I. aegyptiaca 

 

0.877
**

 

 

 

0.836
**

 

 

 

0.936
**

 

 

0.815
**

 0.699
**

 0.505
*
 

I. seychellarum 

 

0.626
**

 

 

 

0.692
**

 

 

 

0.455
*

 

 

0.762
 ** 

0.542
*
 0.410 

ns
 

 

 

 

 ns:  Correlation is insignificant . 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Correlation is significant at the 0.01 level. ** 

Correlation is significant at the 0.05 level.* 
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4.1.2.4. On  Navel orange  :- 

 

Data in Fig. (19) illustrated the seasonal activity of the main 

predatory insects associated with the mealybug species on  Navel orange  

during the first year 2014/15 at Mansoura district. Vedalia beetle R. 

cardinalis and C. carne were recorded the highest peaks on Navel orange 

trees at the third week of September which represented by 42 and 39 

indivi./ 100 leaves. respectively,while, N. includens recorded the highest 

peak of abundance at the last week of August 2014 and represented by 21 

indivi. /100 leaves.   

  Data arranged in Fig. (20) evaluated the seasonal activity of the 

main predatory insects associated with the mealybug species on  Navel 

orange during the second year 2015/16 at Mansoura district. R. cardinalis 

and C. carne were recorded the highest peaks on Navel orange trees at 9
th
 

of September which represented by 50 and 41 indivi. / 100 leaves. 

respectively .While, N. includens recorded the highest peak of abundance at 

26
th
 of August 2015 and represented by 25  indivi. / 100 leaves.   
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Fig.(19): Seasonal activity of the main predatory insect associated with the 

mealybug species on  Navel orange  during the first year (2014/15 )at 

Mansoura district. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(20): Seasonal activity of the main predatory insect associated with the 

mealybug species on  Navel orange  during the second year (2015/16) at 

Mansoura district.  
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Statistical analysis of simple correlation coefficients arranged in 

Table (12) indicated that the relationship between P. citri, I. purchasi and I. 

aegyptiaca and their associated predators on Navel orange trees during the 

first year 2014/15 showed a highly positive significant effect, while, the 

relationship between I. seychellarum and its associated predators showed a 

positively insignificant effect during the first year 2014/15. 

During the second year 2015/16, results of the statistical analysis of 

simple correlation coefficients illustrated in Table (12) revealed that the 

relationship between the different mealybug species and their associated 

predators on Navel orange trees during the second year 2015/16 showed a 

highly positive significant effect. 
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Table (12): Simple correlation coefficients between number of mealybug 

species and their associated predatory insects on Navel orange trees during 

two years (2014/15 and 2015/16) at Mansoura district. 

 

 

Mealybug species 

Predatory insects 

First year 2014/15 Second year 2015/16 

R. cardinalis C. carnea N. includens R. cardinalis C. carnea N. includens 

P. citri 

 

0.896
**

 

 

 

0.905
**

 

 

 

0.916
**

 

 

0.805
**

 0.763
**

 0.698
**

 

I. purchase 

 

0.895
**

 

 

 

0.905
**

 

 

 

0.923
**

 

 

0.903
**

 0.937
**

 0.805
**

 

I. aegyptiaca 

 

0.883
**

 

 

 

0.875
**

 

 

 

0.860
**

 

 

0.827
**

 0.844
**

 0.751
**

 

I. seychellarum 

 

0.272 
ns 

 

 

0.278 
ns 

 

 

0.277 
ns 

 

0.753
**

 0.761
**

 0.688
**

 

 

 

 

 ns:  Correlation is insignificant . 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Correlation is significant at the 0.01 level. ** 

Correlation is significant at the 0.05 level.* 
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4.1.2.5. On  Succari (sweet) orange  :- 

 

Data in Fig. (21) illustrated the seasonal activity of the main 

predatory insects associated with the mealybug species on  succari orange  

during the first year 2014/15 at Mansoura district. Vedalia beetle R. 

cardinalis and N. includens were recorded the highest peaks on succari 

orange trees at the third week of September which represented by 55 and 

19 indivi. / 100 leaves.On the other hand, C. carnea recrded the highest 

peak of abundance at the beginning of October 2014 and represented by 48 

indivi. / 100 leaves. 

  Data arranged in Fig. (22) evaluated the seasonal activity of the 

main predatory insects associated with the mealybug species on  succari 

orange during the second year 2015/16 at Mansoura district. R. cardinalis,           

C. carnea and N. includens recorded the highest peaks on succari orange at 

9
th

 of September 2015 and represented by 71, 54 and 22 indivi. / 100 

leaves. respectively. 
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Fig.(21): Seasonal activity of the main predatory insects associated with the 

mealybug species on Succari (sweet) orange  during the first year 

(2014/15) at Mansoura district. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig(22): Seasonal activity of the main predatory insects associated with the 

mealybug species on  Succari (sweet) orange  during the second  year 

(2015/16) at Mansoura district. 
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Statistical analysis of simple correlation coefficients arranged in 

Table (13)  indicated that , the relationship between the P. citri, I. purchase 

, I. aegyptiaca and their associated predators on  succari orange during the 

first year 2014/15 showed a highly positive significant effects, on the other 

hand,  I. seychellarum and its associated predators showed a negative or 

positive insignificant effect. 

During the second year 2015/16, results of the statistical analysis of 

simple correlation coefficients illustrated in Table (13) revealed that the 

relationship between the P. citri, I. purchase, I. aegyptiaca and their 

associated predators on succari orange during the second year 2015/16 

showed a highly positive significant effects, on the other hand, I. 

seychellarum and its associated predators showed a positive insignificant 

effect. 
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Table (13): Simple correlation coefficients between number of mealybug 

species and their associated predatory insects on succari orange trees 

during two years (2014/15 and 2015/16) at Mansoura district. 

 

 

Mealybug species 

Predatory insects 

First year 2014/15 Second year 2015/16 

R. cardinalis C. carnea N. includens R. cardinalis C. carnea N. includens 

P. citri 

 

0.887** 

 

 

0.890** 

 

 

0.897** 

 

0.802** 0.808** 0.850** 

I. purchase 

 

0.908** 

 

 

 

0.900** 

 

 

 

0.891** 

 

 

0.697** 0.660** 0.818** 

I. aegyptiaca 

 

0.903** 

 

 

 

0.899** 

 

 

 

0.893** 

 

 

0.837** 0.833** 0.751** 

I. seychellarum 

 

0.253 
ns

- 

 

 

-0.242
ns

 

 

 

0.015 
ns

 

 

0.175 
ns

 0.129 
ns

 0.335
 ns

 

 

 

 

 ns:  Correlation is insignificant . 
 

Correlation is significant at the 0.01 level. ** 

Correlation is significant at the 0.05 level.* 
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The obtained results are in agreement with those of Berlinger et 

al., (1979) who found that P. citri and its predator C. carnea was active in 

spring on citrus grove in Israel. Copland et al., (1993) suggested that 

Nephus reunion was most active on citrus with P. citri in India. Khalaf 

(1987) recorded that the predator R. cardinalis proved to thea very efficient 

predator of I. purchasi and produced a generation every 19-22 days, unless 

prey was scarce or climatic conditions are not favourable in Iran. Ghanim 

et al., (2013a) suggested that the maximum activity of the predatory insects 

R. Cardinals was during October and June, while, the C. carnea recorded 

during June and September and N. includens in September and June. 

Results of statistical analysis of simple correlation coefficients between tho 

mealybug species and their associated predator on mandarin trees showed a 

highly positive significant effect for R. cardinalis, N includens and C. 

carnea during the two years of study in Egypt. El-Sherbenie (2004) 

recorded that, R. cardinalis had four peaks were recorded in March, July, 

October and November during the two years, while  C. carnea had three 

peaks in May, July and October 2000. Meanwhile, in year 2001, the 

predators had also three peaks in July and the second week of October.in 

Egypt. Abdel-Mageed (2005) mentioned that, R. cardinalis was recorded as 

the main dominant insect predator on I. seychellarum on ficus trees but C. 

carnea was observed rearlier. R. cardinalis exhibited three peaks of 

abundance yearly in December, May-July and September-October and the 

highest peak of occurrence was on September-October. Awadalla (2013) 

mentioned that activity of R. cardinalis recorded in May 2011 and in June 

2012, C. carnea recorded in November 2010 and in June 2012 and N. 

includens in November 2010 and in June 2012 during the two successive 

years 2010/11 and 2011/12 in Egypt.  
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4.2. Biological studies :- 
 

4.2.1. Effect of different citrus species as host plants on the biological 

aspects of the Seychelles fluted scale Icerya seychellarum (Westwood). 

 

4.2.1.1. Developmental stages:- 

         Data presented in Table (14) indicated that the incubation periods 

took the same time in all tested citrus host plants (10.5± 0.4 days) under 

insectary conditions of 22.4±3.1
º
C and 60±5% R.H. with insignificant 

differences.  

Table (14) : Duration of the developmental stages of the Seychelles fluted 

scale  I. seychellarum under fluctuated daily temperature 22.4 ±3.1
º
C 

(Range 16 : 28 ) and 60 ± 5 % R.H. on different citrus host plants.  

 

Citrus host 

plants 

Incubatio

n period 
1

st   
instar 2

nd
 instar 3

rd 
instar 

Total 

nymphal 

stage 

Total 

developmental 

period 

Mandarin 10.5±0.4 a 10.8±0.4 a 13.7±0.3 a 15.6±0.6 a 40.1±1.1 a 50.6±1.6 a 

Lemon 10.5±0.4 a 10.2±0.3 b 13.5±0.2 a 14.6±0.5 b 38.3±0.8 b 48.8±1.3 b 

Common 

balady orange 
10.5±0.4 a 10.3±0.3 b 13.4±0.2 a 14.5±0.5  b 38.2±0.8 b 48.7±1.3 b 

Navel orange 10.5±0.4 a 10.4±0.3 ab 13.5±0.2 a 14.8±0.5  ab 38.7±0.9 b 49.2±1.4 ab 

Succari(sweet) 

orange 
10.5±0.4 a 10.5±0.4 ab 13.6±0.3 a 14.9±0.6 ab 39±1.0 ab 49.5±1.5 ab 

 

Means followed by the same letter in a column are not significantly different at 0.05 

level of probability (Duncan's Multiple Range Test). 

 

         Data illustrated in Table (14) showed that the shortest nymphal instars 

for I. seychellarum when reared on common balady orange are represented 

by 10.3 ± 0.3 , 13.4 ± 0.2 and 14.5 ± 0.5 days for the 1
st  

, 2
nd

  and 3
rd 

 

nymphal instars , respectively . While, the longest nymphal instars when I. 

seychellarum reared on mandarin and represented by 10.8 ± 0.4 , 13.7 ± 0.3 

and 15.6 ± 0.6 days for the three nymphal instars , respectively .  

Statistical analysis indicated that, there were a significant differences 

according to different citrus host plants for the three nymphal instars of I. 

seychellarum. 
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         As a conclusion, the total developmental stages were the shortest 

when I. seychellarum reared on common balady orange followed by lemon 

and navel orange when represented by 48.7 ± 1.3, 48.8 ± 1.3 and 49.2±1.4 

days with insignificant differences, respectively. On the other hand, the 

longest developmental periods were recorded on succari (sweet) orange and 

mandarin when represented by 49.5±1.5 and 50.6 ± 1.6 days, respectively. 

        The obtained data in Table (15) and Fig.(23) showed that  the survival 

percentage of the three nymphal instars were the highest on common 

balady orange and represented by 89, 95.5 and 96.5 % , respectively. I. 

seychellarum when reared on lemon, the survival percentage came in the 

second category and represented by 86, 94.2 and 95.1 %, respectively. 

 

Table (15) : Survival percentage for the three nymphal of the Seychelles 

fluted scale  I. seychellarum on different citrus host plants under daily 

fluctuated temperature of 22.4 ± 3.1
º
C (Range 16 : 28 ) and 60 ± 5 % R.H.  

 

Citrus host plants 
1

st 
 

instar 

2
nd

  

instar 

3
rd

 

 Instar 

Nymphal 

stage 
Mandarin 65 90.8 94.9 56 % 

Lemon 86 94.2 95.1 77 % 
Common balady 

orange 
89 95.5 96.5 82 % 

Navel orange 78 92.3 94.4 68 % 
Succari(sweet) 

orange 
67 92.5 91.9 57 % 
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Fig (23) . Survival percentage for nymphal stage of the Seychelles fluted  

scale  I. seychellarum on different citrus host plants under daily fluctuated 

temperature degree degree 22.4 ± 3.1
º
c (Range 16 : 28 ) and 60 ± 5 % R.H.  

 

As a conclusion , the survival rates during the nymphal stage of I. 

seychellarum was the highest on common balady orange followed by 

lemon , navel orange and the lowest on succari(sweet) orange  and 

mandarin . Based on the survival rate as an index of suitability of different 

citrus host plants , the suitability arranged in decreasing order was : on 

common balady orange (82.0 %) , lemon (77.0%) , navel orange (68.0%) , 

succari (sweet) orange (57.0%) , mandarin (56.0%)  Fig.(23). 

4.2.1.2. Adult stage:-  

          Data arranged in table (16) showed the ovipostional periods of I. 

seychellarum when reared an different host plants under insectary 

conditions of 22.4 ± 3.1
º
c and 60 ± 5 % R.H. . Pre-oviposition period was 

the shortest on lemon and common balady orange followed by succari 

(sweet) orange, navel orange and mandarin with insignificant differences. 

On the other hand, the longest oviposition period was on common balady 

orange (23.5 ± 1.1 days) and the shortest on mandarin (20.1 ± 0.9 days) 

with significant differences. 



 

 
 

 

RESULTS AND DISSCUSION   

94 

 

 

 

  Table (16) : Ovipositional periods , adult longevity and fecundity  of  the 

Seychelles fluted scale  I. seychellarum under fluctuated daily temperature 

22.4 ± 3.1
º
C (Range 16 : 28 ) and 60 ± 5 % R.H. on different citrus host 

plants.  

 

Citrus host 

plants 

Pre – 

oviposition 

Ovi – 

position 

Inter – 

oviposition 

Adult 

longevity 

Fecundity                     

     ( No. of egg laying ) 
Mandarin 19.1±0.8 a 20.1±0.9 b 12.2±0.2 b 51.4±1.7 b 42.4±2.1 b 

Lemon 18.7±0.7 a 22.8±1.2 a 16.5±0.6 ab 58±2.1 ab 52.1±3.3 a 
Common 

balady orange 
18.7±0.7 a 23.5±1.1 a 17.2±0.6 a 59.4±2.3 a 56.2±4.1 a 

Navel orange 19.2±0.7 a 22.4±1.1ab 15.9±0.4 ab 57.5±1.9 ab 44.4±1.7 ab 
Succari(sweet) 

orange 
18.9±0.7 a 22.7±1.2 a 15.7±0.4ab 57.3±1.9ab 50.4±3.1 a 

Means followed by the same letter in a column are not significantly different at 0.05 

level of probability (Duncan's Multiple Range Test). 

 

         In respect to adult longevity was the longest on lemon and common 

balady orange followed by navel orange and succari(sweet) orange, while, 

the shortest adult longevity was recorded on mandarin with significant 

differences . Moreover, the fecundity was the highest on common balady 

orange and lemon.  

          As a conclusion, the longest oviposition period, the longest adult 

longevity and the highest fecundity was when the adult females were reared 

on common balady orange (23.5 ± 1.1 , 59.4 ± 2.3 days and 56.2 ± 4.1 

eggs/female ) followed by lemon (22.8 ± 1.2 , 58±2.1 days and 52.1 ± 3.3 

eggs/female) and the navel orange (22.4 ± 1.1 , 57.5± 1.9 days and 

44.4±1.7eggs/female) , respectively . Meanwhile , the shortest oviposition 

period , the shortest adult longevity and the lowest fecundity were noticed 

when the adult females were reared on Succari(sweet) orange (22.7±1.2, 

57.3±1.9days , and 50.4±3.1 eggs/ female) followed by mandarin and 

represented by 20.1±0.9 , 51.4 ± 1.7 days and 42.4 ± 2.1 eggs/female , 

respectively . 
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        These results are in agreement with those of Valuli (1992), they found 

that, I. seychellarum on ornamental plants in the laboratory, the life span 

ranged between 70 and 90 days. Ibrahim (2005) who found that, I. 

seychellarum reared on persimmon trees, the adult longevity was 

51.12±5.44 at 28.6 ˚C, while fecundity of female was 68.2 ± 4.26 

eggs/female at 28.6˚c Abdel-Rahman et al., (2006) mentioned that, I. 

seychellarum can complete its life cycle on mango trees. Awadalla et al., 

(2015) studied the influence of different host plants on the biological 

characteristics of the seychellarum mealybug I. seychellarum and they 

found that ornamental palm and persimmon trees were the suitable host 

plants for rearing the insect, survival rates during nymphal stage, adult 

longevity and fecundity. 

 

4.2.2. Behavioural responses of C. carnea and R. cardinalis) to Citrus 

mealybug  P. citri. 

 

4.2.2.1. Functional and numerical responses of R. cardinalis:- 

The consumption of prey by adult female and male of R. cardinalis 

increased with increasing prey density of P. citri, reaching the maximum 

killing at 40 preys for both sexes. Female consumed more preys and killed 

more proportions than the male did with increasing prey density (Fig. 24). 

Logistic regression analysis showed that the slopes of the functional 

response curves for male of the predator not significantly differed from 

zero regardless of prey density (P1 > 0.05), which obviously refers to type I 

response (Table 17). The curve for the proportion consumed by female of   

R. cardinalis showed a waving form that appeared to be a combination of 

decelerating (as in type II) at low prey densities, followed by accelerating 

(as in type III) at medium prey densities, and then followed by decelerating 

(as in type II) at high prey densities (Fig. 24b). However, the parameters of 
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polynomial regression analysis, that distinguishes type II (when it is 

negative) from type III (when it is positive), indicated a type II (P1 < 0.001) 

(Table 17). 

The Type I and II functional response coefficients showed that the 

female had significantly higher attack rates (a = 0.0197h
-1

) and lower 

handling times (Th = 0.3194h) than the male did (a = 0.0126 h
-1

 and 

Th=1.0148h) (Table 19). Theoretically, the maximum number of P. citri 

(second and third instars) that could be consumed by a single individual of 

predator during 24 h (T/Th) was 75.14 and 23.65 s or third instars of P. citri 

by female and male of predator, respectively. 

Although, the number of laid eggs by female R. cardinalis increased 

with increasing prey density till prey density of 30, The efficiency of 

conversion of ingested food (ECIF) into for female predator decreased with 

increasing prey density specifically after prey density of 20 (Fig. 25 a and 

b). The efficiency of conversion of food into eggs (ECIF) curve by female 

increased at lower prey density, whereas it decreased on higher density of 

P. citri. The maximum oviposition for female predator was 

9.80±2.48eggs/per day at prey density of 30s and third instars of P. citri 

and a minimum of 3.4 ± 0.49 at the lowest density of prey (10). 

Consumption data converted into eggs (ECIF) per female during 24 h at 

varying prey density of P. citri were fit using nonlinear (non-parametric) 

polynomial regression (r
2
 = 0.65). 
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Fig. 24: Mean (±SE) number (A) and proportion (B) of P. citri consumed 

by a single predator in response to initial prey density (N0). The solid 

and dashed lines represent the best-fit type III and I functional 

response curves for female and male of R. cardinalis by the logistic 

regression models (second and third orders, respectively) at 25 ± 1.0 

°C and 16 L:8 D photoperiod for 24 h, an experimental period. 
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Fig. 25. Relationship between the average numbers (±SE) of eggs laid per 

female R. cardinalis per day and initial densities of P. citri at 25 ± 1.0 

°C and 16 L:8 D photoperiod for 24 h. This relation was best fit with 

fourth order of nonlinear polynomial regression (y = 13.97 – 2.185×
1
 + 

0.1413×
2
 - 0.00312×

3
+0.0000221×

4
, r

2
 = 0.75). As well, this relation 

between the efficiency of conversion of ingested food into eggs (ECIF) 

and densities of P. citri was best fit with fourth order of nonlinear 
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polynomial regression (y = -118.3 + 49.25×
1
 – 2.594×

2
 + 0.0496×

3
-

0.000321×
4
, r

2
 = 0.65). 

Table 17: Estimates of maximum likelihood from polynomial (logistic) 

regression of the proportion of third instar P. citri consumed by 

female and male of R. cardinalis as a function of initial prey density 

at 25 ± 1.0 °C and 16 L:8 D for 24 h. 

P-value 

Chi-

Square 

(χ
2
) 

SE Estimate Parameter 
Predator 

sex 

< 0.001 30.34 0.5325 -2.933 Intercept (P0) 

Female < 0.001 20.86 0.0285  0.1303 Linear (P1) 

< 0.001 26.28 0.000358  -0.00183 Quadratic (P2) 

0.3153 1.01 0.9314 -0.9353 Intercept (P0) 

Male 
0.7044  0.14 0.0915 -0.0347 Linear (P1) 

0.5479  0.36 0.00268 0.00161 Quadratic (P2) 

0.4366  0.61 0.000024 -0.0002 Cubic (P3) 

* 
A significant positive estimate for P1 and a significant negative estimate 

for the parameter P3 indicates that the slope of the functional response 

curve is accelerating, thus a type III functional response confirmed, 

whereas A non-significant estimate for the parameter P1 indicates that the 

slope of the functional response curve is constant, thus a type I functional 

response. 

Ladybirds (Coleoptera: Coccinellidae) have a great economic impact 

in agro-ecosystems due to their successful employment in biocontrol 

programs. They have received an increasing attention over the time due to 

some of their abilities such as: ability to feed on wide range of preys, to 

rear very easily, and to have a rapid numeric response (e.g., Hodek and 

Honĕk, 1996).   
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Coccinellids are one of the most important groups of predatory insects, 

that have immense biocontrol potential (Omkar and Pervez 2003a) with all 

three types of functional responses reported for the group (Hodek and 

Honek 1996). Attempts to evaluate the searching efficiency of Rodolia led 

to the opinion that older concepts of searching efficiency were biologically 

unrealistic and misleading because  they were only concerned with the 

process of attacking prey at a patch and they ignored the process of             

a predator’s immigration to an emigration from a prey patch. The new 

concept of searching efficiency evaluated a predator’s response to both 

between and within patches (Prasad, 1985). The concept was dependent on 

a distinction between patches of prey that were visited (but no prey were 

eaten and no eggs were laid) and those that were attended (in which prey 

were eaten and eggs were laid). Ecologists almost find difficulties in 

discriminating functional response type when the curve lies between type II 

and III responses.  Hence, a correct analysis that can right determine the 

functional response is highly required (Trexler et al. 1988). A logistic 

regression model was therefore used to determine the correctness of the 

curve shapes specifically when the data set of type II response shows 

inclination towards type III response. This can lead to drawing misleading 

inferences (as one exhibits negative-density dependence while the other 

one exhibits positive-density dependence). The functional response of a 

natural enemy offers a good conceptual framework for understanding the 

action of agents in inundative releases (Waage and Greathead, 1988). Many 

studies have been devoted to the foraging behaviour of insect predators 

(e.g., Nakamuta, 1982; Ettiffouri and Ferran, 1993), but foraging dif-

ferences between the sexes have received little attention. Thus, we tested 

differences in the foraging responses of R. cardinalis sexes, to different 

densities of P. citri as prey. The logistic regression analysis showed that 

there was significant effect of predator’s sex on the type of response for R. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1283886/#i1536-2442-005-05-0001-omkar2
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1283886/#i1536-2442-005-05-0001-hodek1
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1283886/#i1536-2442-005-05-0001-hodek1
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1283886/#i1536-2442-005-05-0001-trexler1
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cardinalis. Male and female predator exhibited a type I and III responses, 

respectively. For a type I response, there should be a stability in the 

proportion of consumed preys regardless of the prey density increased or 

decreased, so that the linear term of polynomial regression should be not 

significantly different from zero. For type III, the significant positive value 

for the linear term and the negative value for quadratic term in this study 

confirmed the type III response which obtained for females of this predator 

on P. citri. Usually, a Type III response does not exhibit positive density 

dependence throughout the range, as only a portion, i.e. at the initial level, 

shows a sigmoidal increase; later on, it also exhibits negative density 

dependence due to satiation.  A type II functional response with a 

decelerating predation rate has the potential to destabilize prey- predator 

population dynamics due to an inverse density- dependent mortality of the 

prey (Hassell 1978). In contrast, the type III functional response, which 

incorporates density-dependent prey mortality, may stabilize the dynamics 

(Murdoch and Oaten 1975). 

In the current study, female of R. cardinalis exhibited a type III 

functional response to second-third instars of its prey, P. citri with attach 

rate of 0.0197h
-1 

and handling time of 0.3194h higher than those of male. 

The handling time (Th) is a good indicator of the predation rate (Athan and 

Guldal, 2009). According to Nordlund and Morisson (1990), the handling 

time affects the type of functional response, suggesting that the shorter the 

handling time, the faster the curve reaches the asymptote. Furthermore, 

handling time can influence other components, such as attack rate and 

searching efficiency (Beddington et al., 1976).  The Th value for females 

was lower than for males in this study. Therefore, the maximum theoretical 

predation rate (T/Th) of females was greater than for males. The values of 

attack estimated by both Holling model for females were also greater than 

for males. The greater number of prey consumed by females may be due to 
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the larger size of females, and also the additional energy requirement to 

produce eggs (Hodek and Honek 1996; Omkar and James 2004). The 

functional responses of female of adult Cryptolaemus montrouzieri to 

different densities of second and third instars and female adults of P. citri 

were type II, III and II respectively. The rates of searching efficiency of 

female ladybirds on second and third instars and female adults of prey were 

estimated 0.047, 0.013 and 0.097 and the rates of handling time were 

obtained 0.177, 0.843 and 2.974, respectively (Abdollahi et al., 2010). 

Prasad (1985) found that in a small searching arena (270 x 410 x 120 mm), 

R. cardinalis killed more prey, laid more eggs and spent more time at 

patches of higher prey densities. Further, it killed prey and laid eggs in 

higher proportion of patches of higher prey densities. 

The shape of the reproductive response was similar to that of 

functional response showing that both responses are interlinked and 

function simultaneously (Omkar and Pervez 2004, Bayoumy and Michaud, 

2012; Bayoumy et al., 2015). The prey density-dependent fecundity was 

also sigmoidal in Cheilomenes lunata Fabricus (Ofuya and Akingbohungbe 

1988) and curvilinear in Menochilus sexmaculata (Agarwala and 

Bardhanroy 1997).  

The trend of ECIF in this study indicated that the conversion rate of 

prey biomass was higher at lower densities, as it decreased at higher prey 

densities. In other words, if we consider the structure of the model, the No. 

of eggs laid at different prey density has a decelerating rate. So, number of 

eggs laid at low prey density multiplied by 100 is relatively higher than 

those at higher prey density. Therefore, we can see a decelerating trend as 

prey density increases. Similarly, Bayoumy and Michaud (2012) reported 

that the ECI of Nephus includens (Kirsch) (Coccinellidae, Coleoptera) 

decreased with increasing prey density. The decreased ECIF at higher prey 

densities may due to the good-fed females laying higher number of eggs 
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and investing much in maintenance and metabolic costs (Omkar and Pervez 

2004). 

4.2.2.2. Functional response of Chrysoperla carnea:- 

The third instar predator consumed more prey and killed more 

proportions of P. citri than those killed by second instar of C. carnea with 

increasing prey density. The accelerated decline in proportion of mealybug 

killed by second instar was good fit the characterization of a type II 

functional response. Logistic regression outputs showed that the slopes of 

the functional response curve for second instar of the predator was 

declining (P1 < 0.05), which refers to type II response (Table 18), whereas 

the proportion of mealybug killed by third instar of C. carnea increased 

with increasing prey density, justifying the decision to use nonlinear curve 

fitting (Fig. 26a and b). The significant positive linear and negative 

quadratic coefficients suggested a type III response (Table 18).  Therefore, 

equation 3 was set in equation 2 and the two data sets were fit to a type III 

functional response. Outputs of nonlinear least square regression indicated 

that coefficients c and d were not significantly different from 0; therefore, 

they were deleted from the equation and the resulted equation was applied 

(Juliano 2001).  

The type II and III functional response coefficients for second and 

third instars of C. carnea showed that there were significantly higher attack 

rates and lower handling times (a = 0.029
 
h

-1 
and Th = 0.233 h, respectively) 

for third instar on P. citri than second instar C. carnea (a = 0.0159h
-1

 and 

Th = 0.77h) (Table 20). Theoretically, the maximum number of P. citri 

(second and third instars) that could be consumed by a single second-and 

third-instar of C. carnea within 24 h (T/Th) was 103.0 and 31.17, 

respectively. 
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Fig. 26: Mean (±SE) number (A) and proportion (B) of P. citri killed by a 

single predator in response to initial prey density (N0). The solid and 

dashed lines represent the good-fit type III and I functional response 

curves for second and third instars of C.carnea by the logistic 

regression models (second and third orders, respectively) at 25 ± 1.0 

°C and 16 L:8 D for 24 h, an experimental period. 
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Table 18: Maximum likelihood estimates from polynomial (logistic) 

regression of the proportion of third instar P.citri consumed by first 

and second instars of C. carnea as a function of initial prey density at 

25 ± 1.0 °C and 12 D:12 L for 24 h. 

P-value 

Chi-

Square 

(χ
2
) 

SE Estimate Parameter 
Predator 

instar 

0.435  0.61 0.8253 0.6444 Intercept (P0) 

2
nd

 instar 
0.171 1.88  0.0825 -0.1130 Linear (P1) 

0.223 1.49 0.00244 0.00297 Quadratic (P2) 

0.254 1.30 0.000022 -0.0002 Cubic (P3) 

0.0003 12.83 0.435 -1.558 Intercept (P0) 

3
rd

 instar 0.0003 13.00  0.0238   0.0859 Linear (P1) 

< 0.001 19.31  0.0003  -0.0013 Quadratic (P2) 

* 
A significant negative estimate for the parameter N0 indicates that the 

slope of the functional response curve is declining, thus a type II functional 

response confirmed, whereas a significant positive estimate for P1 and a 

significant negative estimate for the parameter P3 indicates that the slope of 

the functional response curve is accelerating, thus a type III functional 

response confirmed, whereas A non-significant estimate for the parameter 

P1 indicates that the slope of the functional response curve is constant, thus 

a type I functional response. 
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Table 19: Estimates of functional response parameters; attack rate (a for 

Type I and b for Type III)and handling time (Th) for female (A) and 

male (B) of R. cardinalis in response to its prey, P. citri representing 

a type III and I, respectively at 25 ± 1.0 °C and 12 D:12 L for 24 h. 

 

Parameter 

Estimate Asymptotic SE Asymptotic 95% CI 

A B A B 
Lower Upper 

A B A B 

a or b 0.0197
a
 0.0126

b
 0.007 0.00255 0.00532 0.00742 0.0340 0.0179 

Th 0.3194
B
 1.0148

A
 0.3319 0.4260 -0.3604 0.1421 0.9992 1.8876 

*
Means ± SE of attack rates followed by the same small letters and Means 

± SE of handling times followed by the capital letters are not significantly 

different at 0.05 probability level. 

Table 20: Estimates of functional response parameters; attack rate (a for 

Type II and b for Type III) and handling time (Th) for second (A) and 

third (B) instars of C. carnea in response to its prey, P. citri 

representing a type II and III, respectively at 25 ± 1.0 °C and 16 D:8 

L for 24 h. 

Parameter 

Estimate 
Asymptotic 

SE 
Asymptotic 95% CI 

A B A B 
Lower Upper 

A B A B 

a or b 0.0159
b
 0.029

a
 0.0022 0.008 0.0113 0.129 0.0204 0.0444 

Th 0.77
A
 0.233

B
 0.224 0.1823 0.3077 -0.1404 1.2245 0.6065 

*
Means ± SE of attack rates followed by the same small letters and Means 

± SE of handling times followed by the capital letters are not significantly 

different at 0.05 probability level. 
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Due to very little information about functional response of C. carnea 

specifically to mealybug populations, comparisons were made with other 

studies on other pests. However, most of these studies depend on unsuitable 

analytical methods to differentiate the three types of functional response 

and ignored to use the logistic regression model to determine the 

correctness of the curve shapes, specifically when the data set of type II 

response shows inclination towards type III response (Trexler et al. 1988). 

Besed on logistic (polynomial) analysis, third instar of C. carnea performed 

a type III, whereas second instar showed a type II functional response to 

increasing in density of citrus mealybug, P. citri. This implies that second 

and third instars are inverse-and density-dependent mortality agent, 

respectively. Results of the current study revealed that the third instar of C. 

carnea, have a good predation potential and probably because its larger 

size facilitated its increased dietary requirement for pupation resulted in 

more prey consumption than second instars. These results are in accordance 

with Scopes (1969) and Yuksel and Gocmen (1992) who reported that 

more aphids were consumed by third instar larvae than by second and first 

instars of C. carnea, Zheng et al. (1993) who reported that individual 

lacewing larvae provided with higher number of Mediterranean flour moth 

(Anagasta kuehniella Zeller) eggs had a significantly higher feeding 

potential, Atlihan et al. (2004) who reported that older larval instars of C. 

carnea displayed a higher rate of predation of Hyalopterus pruni than 

younger ones,  Klingen et al. (2009) who studied the predation rate of C. 

carnea on eggs and first instar of the lepidopterous species Mamestra 

brassicae (L.) with the highest consumption for third instar, Rashid et al. 

(2012) found that the third instars of C. carnea were the most voracious 

feeder and consumed significantly high number of first, second and third 

instars nymphs of cotton mealybug, Phenacoccus solenopsis Tinsley as 
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compared to first and second instar larvae of the predator, and (Batool et 

al., 2014) who found that larvae of C. carnea responded to increasing prey 

densities of fresh eggs of Sitotroga cerealella (Olivier) (Lepidoptera: 

Gelechiidae) with increasing food consumption rate. The increase in 

feeding potential of C. carnea with the advancement in development stage 

is also agreement with the findings of Canard and Principi (1984) and Silva 

et al. (2002).  

Atlihan et al., (2004) studied the functional response of C. carnea to 

varying densities of Hyalopterus prumi (Geoffroy) and observed that the 

larvae responded to increasing prey densities with increasing food 

consumption. The behaviour of each of the three larval instars matching 

type II of functional response described by Holling (1959). Similarity, 

Hassanpour et al., (2009) who studied functional response of three larval 

instars of C. carnea on adult females of Tetranychus urticae. The density 

responsiveness exhibited by all larval instars of C. carnea to varying prey 

(eggs of S. cerealella) densities depicts the type ІІ functional response 

(Iason et al., 2002; Biao et al., 2008; Batool et al., 2014). The predator 

larvae showed an increasing trend with increase in prey density, however, 

the instantly increase decreased at higher prey density which coincide with 

the findings of (Saleh et al., 2010). For the type II response, consumed prey 

is not density dependent (i.e. the intensity of consumed prey does not 

increase with prey density Hassell, (1978). Abd El-Gawad et al. (2010) 

determined a type II response for C. carnea to Phthorimaea operculella 

Zeller. Stark and Witford, (1986) referred to similar type of functional 

response of C. carnae feeding on Heliothis virescens (Fabricius) eggs.  

In the present study, the third instar exhibited higher rate of attack 

and shorter time of handling than second instar of C. carnea. Atlihan et al., 

(2004) reported the attack rate of older instars of C. carnea increased with 

increasing prey density. The parameters estimated for functional response 
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are not accurate measurement by laboratory testing and could not be 

directly linked to the field conditions, because of the very low prey density 

or because most prey are already consumed. It is only useful in comparing 

the effectiveness of natural enemies (Ives et al., 1993; Gitonga et al., 2002; 

Lee and Kang, 2004). In laboratory conditions the attack rate is limited by 

handling time that time need to capture and adsorb one prey whereas, in 

field it is limited to searching behaviour. Therefore, the response of C. 

carnea may be different from its response in nature. 
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Conclusion 

5-Conclusion 

1. The main mealybug species attacking citrus trees in  Mansoura district 

were the citrus mealybug  Planococcus citri (Risso) , the cottony cushion 

scale  Icerya purchasi Maskell, the Egyptian mealybug  Icerya aegyptiaca 

(Douglas) and the Seychelles fluted scale Icerya seychellarum 

(Westwood). 

2. The citrus mealybug  P. citri recorded the highest attraction to common 

balady orange followed by mandarin in the first year and lemon in the 

second year. 

3. The cottony cushion scale  I. purchasi and the Egyptian mealybug            

I. aegyptiaca recorded the highest attraction to common balady orange 

followed by mandarin during two successive years. 

4. The Seychelles fluted scale I. seychellarum recorded the highest attraction 

to common balady orange followed by lemon during the two years of 

study. 

5. Succari (sweet) orange and Navel orange attracted the lowest number for 

the main mealybug species during two successive years. 

6. The main predatory insects associated with the main mealybug species 

attacking citrus trees in Mansoura district were Rodolia cardinalis , 

Chrysoperla  carnea and Nephus includens . 

7. Vedalia beetle, R. cardinalis were the dominant predator and recorded the 

highest average number during two successive years. Meanwhile N. 

includens recorded the lowest average number during the two years of 

study.  
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8. The total developmental period was the shortest when I. seychellarum 

reared on Balady orange which represented by 48.7±3.7 under fluctuated 

temperature of   22.4 ±3.1ºc. 

9. The survival rates during the nymphal stage of I. seychellarum were the 

highest on common balady orange, followed by Lemon , Navel orange 

and  the lowest observed on Succari (sweet) orange and Mandarin . 

10.  Both sexes of R. cardinalis exhibited different types of functional 

response to its prey. P. citri. Predation rates by females were higher than 

those of males, resulting a type I and III, respectively. Therefore, the 

attack rate was higher and handling time for females was shorter than 

those of males.  

11.  Predation rates of P. citri with the third instar nymphs of C. carnea were 

higher than those caused by second instars with increasing prey density, 

representing type III and II of functional responses, respectively. Thus, 

third instar predators had higher attack rates and shorter times of handling 

a prey. 

12.  The functional and numerical responses of female of R. cardinalis are 

synergistic and inter-linked, in that prey consumed by the predator is 

directly used for egg production, resulting in maximizing field 

populations. 

13.  From the practical point of view, in biological control programs, field 

releases of either R. cardinalis with sex ratio bias females or late instars of 

C. carnea might improve the control of the pseudaucoccid, P. citri. 
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6. Summary 

The present studies were carried out in the experimental farm belonging 

to the Faculty of Agriculture, Mansoura University, Mansoura, Egypt to 

evaluate the population abundance of the citrus mealybug  Planococcus citri 

(Risso) , The cottony cushion scale  Icerya purchasi Maskell , the Egyptian 

mealybug  Icerya aegyptiaca (Douglas) and The Seychelles fluted scale Icerya 

seychellarum (Westwood) on different citrus host plants as Mandarin,  Lemon, 

Common balady orange   , Washington navel orange and Succari (sweet) orange 

trees. Furthermore, the seasonal activity of the main associated predators with 

the mealybug species  during the two successive years 2014/15 and 2015/16 was 

evaluated. As well as, Laboratory experiments were carried out to study the 

influence of different host plants on some biological characteristics of I. 

seychellarum. The experiments were carried out in the insectary of the 

Economic Entomology Department, Behavioural responses of Chrysoperla 

carnea (Chrysopidae: Neuroptera) and Rodolia cardinalis (Coccinellidae: 

Coleoptera) to Citrus mealybug, P.  citri (Pseudaucoccidae: Hemiptera). 

The obtained results could be summerized as follow:-  

6.1. Ecological studies :- 

 

6.1.1. Mealybug species :- 

 

(Risso) us citriPlanococcThe citrus mealybug  .1.1.1.  6 

Common balady orange attracted the highest number of P. citri during 

the two successive years 2014/15 and 2015/16 and represented by 2591 indiv. 

(40.08 %)  and 3197 indiv. (33.68%) , respectively. while , Succari orange came 

in the last category and represented by 716 indiv. (11.08 %) and 1234 indiv. 

(13.00%), respectively.  
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The highest average number was recorded during summer on common 

balady orange which represented by 171.3±18.2 and 201.5±12.8 indiv./100 

leaves during the two years , respectively. 

The highest annually average number was recorded on common balady 

orange (99.2±11.4) followed by mandarin (44.8±4.5) , lemon (42.3±2.8), navel 

orange (36.0±3.6) and succari orange (27.7±2.7) with significantly differences 

between the citrus host plants during the first year, while, the highest annually 

average number was recorded on common balady orange (142.9±10.6) followed 

by lemon (88.2±7.0),  mandarin (70.8±6.8) , navel orange (63.4±7.9) and succari 

orange (53.6±5.1) with significantly differences between the citrus host plants 

during the second year.  

6.1.1.2.  The cottony cushion scale  Icerya purchasi Maskell :- 

Data presented confirmed that, Common balady orange attracted the 

highest number of I. purchasi  during the two successive years 2014/15 and 

2015/16 and represented by 1457 indiv. (34.67 %) and 707 indiv. (32.11 %), 

respectively. while , Navel orange came in the last category during the first year 

589 indiv. (14.02 %) and Succari orange came in the last category during the 

second year 344 indiv. (15.62 %) .   

The highest average number was recorded during summer on common 

balady orange during the first year and represented by 83.0±5.2 indiv./100 

leaves, while, it recorded during Autumn on common balady orange during the 

second year  and represented by 44.1±2.0 indiv./100 leaves.  

The highest annually average number was recorded on common balady 

orange (56.1±5.7) followed by mandarin (30.6±4.5) , lemon (27.8±2.3), succari 

orange (24.9±2.3) and navel orange (22.9±2.5) with significant differences 

between the different citrus host plants during the first year, while, the highest 

annually average number was recorded on common balady orange (32.4±2.3) 

followed by mandarin (17.7±2.1) , lemon (16.9±1.1), navel orange (15.5±1.5) 
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and succari orange (14.8±1.5)  with significant differences between the different 

citrus host plants during the second year. 

6.1.1.3. The Egyptian mealybug  Icerya aegyptiaca (Douglas):- 

Data presented revealed that, Common balady orange attracted the 

highest number of  I. aegyptiaca during the two successive years 2014/15 and 

2015/16 and represented by 778 indiv. (32.54 %) and 1049 indiv. (28.19%), 

respectively. while , lemon  came in the last category and represented by 302 

indiv. (12.63 %) and 514indiv. (13.81%), respectively.   

The highest average number was recorded during autumn on common 

balady orange which represented by 44.3±2.3 and 63.5±3.3 indiv./100 leaves 

during the two years , respectively.  

The highest annually average number was recorded on common balady 

orange (30.1±3.0) followed by mandarin (21.1±2.4) , succari orange (15.2±1.7)  

, navel orange (14.6±1.6) and lemon (11.5±1.9) with significant differences 

between the different citrus host plants during the first year, while, the highest 

annually average number was recorded on common balady orange (46.2±3.6) 

followed by mandarin (39.7±5.1) , succari orange (27.5±2.6)  , navel orange 

(26.5±3.2) and lemon (21.9±3.2) with significant differences between the 

different citrus host plants during the second year. 

6.1.1.4.  The Seychelles fluted scale Icerya seychellarum (Westwood):-                       

Data assured that, Common balady orange attracted the highest number 

of I. seychellarum during the two successive years 2014/15 and 2015/16 and 

represented by 3956 indiv. (30.82%)  and 4309 indiv. (24.62%)%), respectively. 

while , mandarin came in the last category and represented by 2076 indiv. 

(16.17%) and 2962indiv. (16.92%) in the two years, respectively. 

The highest average number was recorded during autumn on common 

balady orange and represented by 198.8±8.9 and 222.5±10.8 indiv./100 leaves 

during the two years , respectively. 
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The highest annually average number was recorded on common balady 

orange (153.5±8.1) followed by lemon (94.6±5.3) , navel orange (88.5±4.8) , 

Succari orange (82.1±4.4) and mandarin (81.1±4.3) with significant differences 

between the different citrus host plants during the first year , while, the highest 

annually average number was recorded on common balady orange (200±4.2) 

followed by lemon (171.9±7.5) , navel orange (164.1±4.2) , Succari orange 

(136.2±6.7) and mandarin (131.9±10.7) with significantly difference between 

the different citrus host plants during the  second year.  

6.1.2. Predatory inseacts :- 

 6.1.2.1. On mandarin :- 

The highest peaks on mandarin for the predators Rodolia cardinalis , 

Chrysoperla  carnea and Nephus includens in the beginning of October 2014 

and represented by 72 , 56 and 38 indivi. / 100 leaves. respectively. while, the 

highest peaks on mandarin in 9
th

 of September 2015 for the three predators and 

represented by 92 , 64 and 39 indivi. / 100 leaves. respectively. 

The relationship between P. citri and I. aegyptiaca and their associated 

predators on mandarin trees showed a highly positive significant effect. while , 

the relationship between I. seychellarum and the three predatory insects showed 

insignificantly positive effects during the first year 2014/15. Meanwhile, during 

the second year 2015/16, the relationship between I. aegyptiaca , I. purchasi  

and I. seychellarum and their associated predators on mandarin trees showed a 

highly positive significant effect, while , the relationship between P. citri and 

the three predatory insects showed an insignificantly positive effects.  

6.1.2.2. On Lemon  :- 

Vedalia beetle R. cardinalis recorded the highest peak on lemon trees at 

the third week of September  , C. carne at the first week of September  and N.  

includens at the first week of August 2014 and represented by 60 , 45 and 25 

indivi./100 leaves. respectively. 
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R. cardinalis recorded the highest peaks on lemon at 9
th
 of September 

2015 and represented by 74 indivi./100 leaves , C. carnea and  N. includens.  

recorded at 12
th

 of August 2015 and represented by 54 , 30 ,respectively. 

  The relationship between the different mealybug species and their 

associated predators on lemon trees during the first year 2014/15 showed a 

highly positive significant effects or positive significant effects, except I. 

seychellarum and N. includens which showed a positive insignificant effect. 

the relationship between the different mealybug species and their 

associated predators on lemon trees during the second year 2015/16 showed a 

highly positive significant effects or positive significant effects except I. 

seychellarum and  their associated predators which showed a positive 

insignificant or highly positive significant effect. 

6.1.2.3. On  Common balady orange  :- 

Vedalia beetle R. cardinalis and N.  includens were recorded the highest 

peaks on  Common balady orange trees at the third week of September  , and 

represented by 199 and 61 indivi. / 100 leaves, respectively. While C. carnea 

reached the highest peak at the third week of October 2014 and represented by 

82 indivi. / 100 leaves. 

R.  cardinalis and N.  includens were recorded the highest peaks on  

Common balady orange trees at 9
th
 of September  and represented by 122 and 30 

indivi. / 100 leaves, respectively.  While C. carnea reached the highest peak at 

23
th
 of September 2015 and represented by75 indivi. / 100 leaves .  

The relationship between the different mealybug species and their 

associated predators on  Common balady orange trees during the first year 

2014/15 showed a highly positive significant effects, except I. seychellarum and 

N. includens which showed positive significant effect. 

The relationship between the different mealybug species and their 

associated predators on  Common balady orange trees during the second year 
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2015/16 showed a highly positive significant effects, except I. seychellarum , I. 

purchasi and N. includens which showed positive insignificant effect. 

6.1.2.4. On  Navel orange  :- 

Vedalia beetle, R. cardinalis and C. carne  were recorded the highest 

peaks on  Navel orange trees at the third week of September  which represented 

by 42 and 39 indivi. / 100 leaves. respectively  , while , N. includens recorded 

the highest peak of abundance at the last week of August 2014 and represented 

by 21  indivi. / 100 leaves.   

R. cardinalis and C. carne  reach the highest peaks on  Navel orange 

trees at the 9
th
 of September which represented by 50 and 41 indivi. / 100 leaves. 

respectively. while, N. includens recorded the highest peak of abundance at 26
th
 

of August 2015 and represented by 25  indivi. / 100 leaves.  

The relationship between P. citri , I. purchasi and I. aegyptiaca and their 

associated predators on  Navel orange  trees during the first year 2014/15 

showed a highly positive significant effect, while , the relationship between I. 

seychellarum and its associated predators showed a positively insignificant 

effect, while, the relationship between the different mealybug species and their 

associated predators on Navel orange trees during the second year 2015/16 

showed a highly positive significant effect. 

6.1.2.5. On  Succari (sweet) orange  :- 

Vedalia beetle R. cardinalis and N. includens  reach the highest peaks on  

succari orange trees at the third week of September  which represented by 55 

and 19 indivi. / 100 leaves, respectively. On the other hand , C. carnea recrded 

the highest peak of abundance at the beginning of October 2014 and represented 

by 48 indivi. / 100 leaves. 

R. cardinalis ,   C. carnea and N. includens reach the highest peaks on 

on  succari orange  at the 9
th
 of September 2015 and represented by 71 , 54 and 

22 indivi. / 100 leaves. respectively. 
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The relationship between the P. citri , I. purchai , I. aegyptiaca and their 

associated predators on  succari orange during the first year 2014/15 showed a 

highly positive significant effects , on the other hand,  I. seychellarum and its 

associated predators showed a negative or positive insignificant effect. 

The relationship between the P. citri , I. purchase , I. aegyptiaca and 

their associated predators on  succari orange during the second year 2015/16 

showed a highly positive significant effects , on the other hand,  I. seychellarum 

and its associated predators showed a positive insignificant effect. 

6.2. Biological studies :- 

6.2.1. Effect of different citrus species as host plants on the biological 

aspects of the Seychelles fluted scale Icerya seychellarum (Westwood). 

 

         Laboratory experiments were carried out to study the effect of different 

citrus species as host plants on the biological aspects of the Seychelles fluted 

scale Icerya seychellarum  .The experiments were carried out in the insectary of 

the Economic Entomology Department, Faculty of Agriculture, Mansoura 

University under Fluctuated temperature degree of  22.4 ± 3.1
º
c . 

Results represented that the total developmental period was the shortest 

when I. seychellarum reared on Balady orange which represented by 48.7±1.3 

under fluctuated temperature of 22.4 ±3.1
º
c.  

The survival rates during the nymphal stage of I. seychellarum were the 

highest on Balady orange, followed by Lemon , Navel orange and  the lowest 

observed on Succari orange and Mandarin . According to the previous results, 

the index of suitability of different citrus host plants arranged in descending 

order are as follows : on Balady orange, Lemon, Navel orange, Succari orange 

and Mandarin under fluctuated temperature of  22.4 ± 3.1
º
c. 

          The oviposition period , adult longevity and the fecundity was the highest 

when the adult females were reared on Balady orange ( 23.5 ± 1.1 , 59.4 ± 2.3 



 

 

 
119 

SUMMARY 

days and 56.2 ± 4.1 eggs/female ), respectively under fluctuated temperature of 

22.4 ± 3.1
º
c.  

6.2.2. Behavioural responses of C. carnea and R. cardinalis) to Citrus 

mealybug  P. citri. 

This study assessed some behavioural attributes of Rodolia cardinalis 

(Coccinellidae: Coleoptera)- and Chrysoperla carnea (Chrysopidae: Neuroptera) 

to Planococcus citri (Pseudaucoccidae: Hemiptera) densities by deriving 

functional responses for male and female of R. cardinalis at prey densities 

ranging from 10 to 60s and third-instar mealybugs per arena. The relationship 

between the functional and numerical responses for R. cardinalis females was 

also determined. Whereas, the functional response only of second and third 

instars of C. carnea to the same densities of P. citri was also evaluated. 

Predation rates of male and female of R. cardinalis were fit by type I and III 

functional response models respectively with parameters as follows: male (a = 

0.0126 hours
-1

 and Th = 1.0148 h) and female (b = 0.0197 hours
-1

 and Th = 

0.3194 h). Predation rates of second and third instars of C. carnea were fit by 

type II and III models, respectively, with the following parameters: second (a = 

0.0159 hours
-1

 and Th = 0.77 h) and third (b = 0.029 hours
-1

 and Th = 0.233 h) 

instars. The shape of the reproductive response was similar to that of functional 

response for female of R. cardinalis showing that both responses are synergistic 

and function simultaneously. The trend of the conversion rate of food into prey 

biomass was higher at lower densities, as it decreased at higher prey densities. 

The lower rate at higher prey densities probably because the well-fed females 

laying higher number of eggs at higher prey densitie, but investing much in 

maintenance and metabolic costs. The parameters estimated for functional 

response are not accurate measurement by laboratory testing and could not be 

directly linked to the field conditions. In laboratory conditions the attack rate is 

limited by handling time, that time need to capture and adsorb one prey, whereas 



 

 

 
120 

SUMMARY 

in field it is limited to searching behaviour. Therefore, the response of natural 

enemy under laboratory conditions may be different from its response in nature. 

However, these studies are useful in comparing the effectiveness of natural 

enemies or their developmental stages. 
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, جامعتتب المورتتوا   –كليتب العاا تتل ل التابعتتب لأيكولوجيتتب بالمعا تل الية يتتلأجريت  الراااتتا  ا

 Planococcus ليت  المتوالا الترييريجمهوايل مرر العربيتل , ذللتل لةرتر ذ يرترير التولر  العر يتب 

citri (Risso)  اليتت  التترييري اااتتترالي ,Icerya purchasi Maskellلتترييري المرتتر  , اليتت  ا

Icerya aegyptiaca (Douglas)  السيشتتت ا   ذ اليتتت  التتترييريIcerya seychellarum 

(Westwood) اليريرتا  اليلتر , , الليمتو،,  وائل الموالا الوياييل ذموها أشتااا اليوات ي  مختلف  لى

لم تراتتا  ذايضتتا لةرتتر ذيرتترير الوشتتاي المواتتمي ل أشتتااا اليريرتتا  الستتكر   اليريرتتا  ابتتو وتتر  ذ

 4112/4112ذ  4112/4112خ   اوتين متتاليتين  الةشريل الرئيسيل المرييطل مع أنواع الي  الرييري

  

يتثيير أوتوام مختل تل متن المتوالا كعوائتل نياييتل  لتى كذلل أجريت  التاتااا المعمليتل لراااتل 

بمعمل الةشرا  لتي  التاااا أجري ,  I. seychellarumالر ا  الييولوجيل لي  السيش ا  الرييري 

 1º 1±2 44جامعل الموروا  ية   اجا  حراا  متغير   –يسم الةشرا  اايترا يل , كليل العاا ل 

 Chrysoperla carnea (Chrysopidae: Neuroptera)   ذاااتاابل الستلوكيل متن أاتر المتن    

 P. citri)لا الرييري لي  الموا Rodolia cardinalis (Coccinellidae: Coleoptera) ذابو العير

(Pseudaucoccidae: Hemiptera   

  -النتائج المتحصل عليها يمكن تلخيصها بالتالي :

 -أولاً: الدراسات ألأيكولوجية :

 -: P.  citri (Risso) بق الموالح الدقيقي  -1

ختت   اتتوتين متتتتاليتين  P. citriبتت  المتتوالا التترييري متتن ا لتتى يعتترا  اليريرتتا  اليلتتر  جتتذا 

%( ,  لتتتتى 24 11لتتتتر  ) 1153%( ذ 14 21) لتتتتر  4251ا  ذيم تتتتل 4112/4112ذ  4112/4112

لتر   1412%( ذ 14 11لتر  ) 312ذيم تل ا جاء لتى المرييتل الأخيتر  التوالي  بيوما, اليريرا  السكر  

  لى التوالي %(, 11 11)

ذ  يم تتل ا ختت   الرتتيف  لتتى اليريرتتا  اليلتتر  ذالتت كتتا، أ لتتى متواتتد يعتترا اتتال  الوتتتائ  ا، 

  خ   اوتين متتاليتينذايل  111لر  لكل  4 14±2 411ذ  4 1±14 131



 

 

 
4 

 الملخص العربي 

(, 2 2±4 22( يليب اليوا ي )2 11±4 55اوو   لى اليريرا  اليلر  ) أ لى متواد يعرا  اال

متتع ذجتتو  ( 3 4±3 43( ذاليريرتتا  الستتكر  )2 1±1 12(,اليريرتتا  ابتتو وتتر  )4 4±1 24الليمتتو، )يتتم 

اتوو   أ لتى متواتد يعترا  بين  وائل المتوالا الوياييتل خت   الستول ااذلتى  بيومتا , عوويللرذق  اليل الم

(, 4 2±4 31اليواتتت ي ) يتتتم(,1 3±4 44الليمتتتو، ) ( يليتتتب2 11±5 124اتتتال  لتتتى اليريرتتتا  اليلتتتر  )

بتين  متع ذجتو  لترذق  اليتل المعوويتل( 1 2±2 21( ذاليريرتا  الستكر  )5 3±2 12اليريرا  ابو وتر  )

  ال انيلائل الموالا الوياييل خ   السول  و

 -: purchasi . I ي البق الدقيقي الاسترال -2

خت    I. purchasiالي  الرييري اااتترالي  اليريرا  اليلر  جذا ا لى يعرا  منا، بيو  الوتائ  

لتتتتتتر   313%( ذ 23 12لتتتتتتر  ) 1223ذيم تتتتتتل ا  4112/4112ذ  4112/4112اتتتتتتوتين متتتتتتتتاليتين 

 245 خت   الستول ااذلتى جتاء لتى المرييتل الأخيتر  ابو وتر  لى التوالي  بيوما, اليريرا  %( , 11 14)

%(, 24 12لتر  ) 122 خت   الستول ال انيتل جاء لى المرييل الأخير  السكر اليريرا   %( ذ14 12لر  )

  لى التوالي 

   الستول ااذلتىخت  اال  الوتائ  ا، أ لى متواد يعرا  كا، خ   الريف  لى اليريرتا  اليلتر 

ذايل , بيومتا اتال خت   الخريتف  لتى اليريرتا  اليلتر  خت    111لر  لكل  4 2±1 41 ذالذ  يم ل ا

 ذايل  111لر  لكل  1 4±1 22السول ال انيل ذيم ل ا 

(, 2 2±2 11( يليتب اليوات ي )3 2±1 22اوو   لى اليريرتا  اليلتر  ) أ لى متواد يعرا اال 

متتع ذجتتو  ( 2 4±5 44اليريرتتا  ابتتو وتتر  ) ذ (1 4±5 42ليريرتتا  الستتكر  )(, ا1 4±4 43الليمتتو، )

اتوو   أ لتى متواتد يعترا  بين  وائل المتوالا الوياييتل خت   الستول ااذلتى  بيومتا , لرذق  اليل المعوويل

, اليريرتا  (1 1±5 12الليمتو، ) يتم,(1 4±3 13اليوات ي ) ( يليب1 4±2 14اال  لى اليريرا  اليلر  )

بتتين  وائتتل  متتع ذجتتو  لتترذق  اليتتل المعوويتتل( 2 1±4 12( ذاليريرتتا  الستتكر  )2 1±2 12ر  )ابتتو وتت

  ال انيلالموالا الوياييل خ   السول 

 -:I. aegyptiacaالبق الدقيقي المصري  -3

 I. aegyptiaca الي  الترييري المرتر اليريرا  اليلر  جذا ا لى يعرا  من ا،  أذضة  الوتائ 

لتتتر   1125%( ذ 22 14لتتر  ) 334ذيم تتل ا  4112/4112ذ  4112/4112ين ختت   اتتوتين متتتتاليت

%( ذ 21 14لتر  ) 114ذيم تل ا جتاء لتى المرييتل الأخيتر   الليمتو،%( ,  لى التوالي  بيومتا, 15 44)

  لى التوالي %(, 41 11لر  ) 212
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 يم تتل اذالتتذ   الخريتف  لتتى اليريرتتا  اليلتر  اتال  الوتتتائ  ا، أ لتى متواتتد يعتترا  كتا، ختت  

  الرااال  لى التواليخ   اوتين ذايل  111لر  لكل  1 1±2 21ذ  1 1±4 22

,  (2 4±1 41( يليتب اليوات ي )1 1±1 11اوو   لى اليريرا  اليلر  ) أ لى متواد يعرا اال 

متع ذجتو   (5 1±2 11( ذ الليمتو، )2 1±2 12اليريرا  ابتو وتر  ) (,3 1±4 12اليريرا  السكر  )يم 

اتوو   أ لتى متواتد يعترا  بين  وائل المتوالا الوياييتل خت   الستول ااذلتى  بيومتا , ل المعوويللرذق  الي

 , (2 4±2 43اليريرا  الستكر  ) يم,(1 2±3 15اليوا ي ) ( يليب2 1±4 22اال  لى اليريرا  اليلر  )

ين  وائتتل بتت متتع ذجتتو  لتترذق  اليتتل المعوويتتل (4 1±5 41ذ الليمتتو، ) (4 1±2 42اليريرتتا  ابتتو وتتر  )

  ال انيلالموالا الوياييل خ   السول 

 -:I.seychellarumالبق الدقيقي السيشلارم  -4

اليتتتت  التتتترييري السيشتتتت ا  أذضتتتتة  الوتتتتتائ  ا، اليريرتتتتا  اليلتتتتر  جتتتتذا ا لتتتتى يعتتتترا  متتتتن 

I.seychellarum   لتتتتتر   1522ذيم تتتتتل ا  4112/4112ذ  4112/4112ختتتتت   اتتتتتوتين متتتتتتتاليتين

جاء لى المرييل الأخيتر  ذيم تل ا  اليوا ي%( ,  لى التوالي  بيوما, 24 42)لر   2115%( ذ 44 11)

 %(,  لى التوالي 54 12لر  ) 4524%( ذ 13 12لر  ) 4132

 ذالتتذ  يم تتل ا الخريتف  لتتى اليريرتتا  اليلتر  اتال  الوتتتائ  ا، أ لتى متواتتد يعتترا  كتا، ختت  

   لى التوالي سوتينالخ   ذايل  111لر  لكل  4 11±2 444ذ  5 4±4 154

,  (1 2±2 52الليمو، ) ( يليب1 4±2 121اوو   لى اليريرا  اليلر  ) أ لى متواد يعرا اال 

مع ذجتو   (1 2±1 41ذ اليوا ي ) (2 2±1 44, اليريرا  السكر  ) (4 2±2 44اليريرا  ابو ور  )يم 

اتوو   أ لتى متواتد يعترا  متا ,بين  وائل المتوالا الوياييتل خت   الستول ااذلتى  بيو لرذق  اليل المعوويل

اليريرتتتتا  ابتتتتو وتتتتر   يتتتتم, (2 3±5 131الليمتتتتو، ) ( يليتتتتب4 2±411اليريرتتتتا  اليلتتتتر  )  لتتتتى اتتتتال

متع ذجتو  لترذق  اليتل  (3 11±5 111ذ اليوات ي ) (3 2±4 112, اليريرا  الستكر  ) (4 1±2 122)

  ال انيلبين  وائل الموالا الوياييل خ   السول  المعوويل

 -:الحشرية  المفترسات -5

 -: على اليوسفي - أ

, أاتر  R. cardinalis فيددايي   لى اليوا ي للم تراا  ابتو العيتر أعلى ذروة تعداداال  الوتائ  

 14, ذ 22, 34ذيم تل ا  4112لتي برايتل أكتتوبر  Nephus includensذ أبو العيتر  C. carneaالمن 
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 5 لتى اليوات ي للم تراتا  ال  يتل لتي  ادأعلدى ذروة تعددذايل  لى التوالي  بيوما اتال   111لر  لكل 

 ذايل  لى التوالي  111لر  لكل  15ذ  22, 54ذيم ل ا  4112 ايتمير

ذ اليت   P.  citriنتد ج  ايتلليدا اصلئد جى يمع مدا اصرتبد   بديل بدل ايمدوايي ايدد ي    تأظهدركمد  

وجددود شتتااا اليواتت ي بهمتتا  لتتى أ ذالم تراتتا  الةشتتريل المرييطتتل I. aegyptiaca التترييري المرتتر 

 I. seychellarum اليتت  التترييري السيشتت ا   لتتي حتتين الع يتتل بتتين  أرتبدد   موجددل عدد يى ايمعنويدد 

خت   الستول    غيدر معندو أظهدر عددو وجدود أرتبد   موجدل ذالم تراا  الةشريل ال  يل المرييطل بهتا 

 يا اصلئ جى يمع ما اصرتب   بيلنت ج  ايتلل أظهر 4112/12خ   السول ال انيل  أم   4112/12الأذلى 

 ذ الي  الرييري السيش ا   I. purchasi الي  الرييري اااترالي , I. aegyptiaca الي  الرييري المرر 

I. seychellarum  وجود أرتب   موجل عد يى ذالم تراا  الةشريل المرييطل بها  لى أشااا اليوا ي

ذالم تراتا  الةشتريل ال  يتل المرييطتل بهتا  P.  citri ايدد ي   بدل ايمدوايي  الع يتل بتينايمعنويد   بينمد  

  غير معنو أظهر عدو وجود أرتب   موجل 

 -الليمون :على  - ب

لتي الأاتيوع  لتى أشتااا الليمتو،  أعلدى ذروة تعدداد R. cardinalisاال الم ترس ابو العير ليتراليا 

 Nephusأبتتو العيتتر ذ   اتتيتميرن لتتي اااتتيوع ااذ  متت C. carneaأاتتر المتتن  , ال التتم متتن اتتيتمير

includens  ذايتل  لتى  111لر  لكتل  42ذ  22, 21ذيم ل ا  4112 لي الأايوع الأذ  من أغسطس

 التوالي 

 5 لتى أشتااا الليمتو، لتي  أعلدى ذروة تعدداد R. cardinalisاتال الم تترس ابتو العيتر ليتراليا بيوما 

 Nephusذ أبتتو العيتتر  C. carneaلمتتن أاتتر اذايتتل,  111لتتر  لكتتل  32ذيم تتل ا  4112 اتتيتمير

includens    ذايل  لى التوالي   111لر  لكل  11, 22ذيم ل ا  4112 أغسطس 14اال لي 

أنواع اليت  الترييري ذالم تراتا  الةشتريل  نت ج  ايتلليا اصلئ جى يمع ما اصرتب   بيل تكم  أظهر

اذ  وجود أرتبد   موجدل عد يى ايمعنويد  4112/12المرييطل بها  لى أشااا الليمو، خ   السول ااذلى 

 Nephusأبتتو العيتتر ذ الم تتترس  I. seychellarum ليتت  التترييري السيشتت ا  ما تترا ا أرتبدد   موجددل

includens  او معنو عدو وجود أرتب   موجل أظهر  

أنتتواع اليتت  التترييري ذالم تراتتا  الةشتتريل  نتدد ج  ايتلليددا اصلئدد جى يمع مددا اصرتبدد   بدديل تأظهددر

اذ  وجدود أرتبد   موجدل عد يى ايمعنويد  4112/12المرييطل بها  لى أشااا الليمو، خ   السول ال انيل 
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أبتتو العيتتر ذ الم تتترس  I. seychellarum ليتت  التترييري السيشتت ا  ما تترا ا ايمعنويدد  أرتبدد   موجددل

Nephus includens  وجود أرتب   موجل ايمعنوي اذ عدو وجود أرتب   موجل أظهر   

 -على البرتقال البلدي : –جـ 

أ لتى لاذ   Nephus includensذ أبتو العيتر  R. cardinalisاال الم ترس ابو العيتر ليتراليا 

 111لكتل لتر   21ذ  155ذيم تل ا لتي اااتيوع ال التم متن اتيتمير  اليريرتا  اليلتر  يعرا   لتى أشتااا

را  لتي اااتيوع ال التم متن أكتتوبر أ لتى لاذ  يعت ذوتل C. carnea لى التوالي  بيوما أار المن  ذايل

 ذايل   111لر  لكل  44ذيم ل ا  4112

أ لتى لاذ   Nephus includensذ أبتو العيتر  R. cardinalisاال الم ترس ابو العيتر ليتراليا 

 لتى التتوالي   ذايتل 111لكتل لتر   11, 144اتيتمير ذيم تل ا  5لتي  اليريرا  اليلتر  يعرا   لى أشااا

 111لتر  لكتل  32ذيم تل ا  4112اتيتمير  41أ لى لاذ  يعرا  لتي  ذول C. carneaبيوما أار المن 

 ذايل  

أنواع اليت  الترييري ذالم تراتا  الةشتريل  نت ج  ايتلليا اصلئ جى يمع ما اصرتب   بيل تكم  أظهر

وجدود أرتبدد   موجددل عدد يى  4102/01ايبرت دد ا ايبلددد  ادسا ايلاددن  ا ويددى  المرييطتل بهتتا  لتتى أشتااا

 Nephusأبتتتو العيتتتر ذ الم تتتترس  I. seychellarum ليتتت  التتترييري السيشتتت ا  ايمعنويددد    م عددددا ا

includens  وجود أرتب   موجل ايمعنوي أظهر  

أنتتواع اليتت  التترييري ذالم تراتتا  الةشتتريل  نتدد ج  ايتلليددا اصلئدد جى يمع مددا اصرتبدد   بدديل تأظهددر

وجددود أرتبدد   موجددل عدد يى  4112/12الستتول ال انيتتل ختت    اليريرتتا  اليلتتر المرييطتتل بهتتا  لتتى أشتتااا 

ذ  I. purchase, اليت  الترييري اااتترالي  I. seychellarum ليت  الترييري السيشت ا  ما را ا ايمعنوي 

  وجود أرتب   موجل ايمعنوي أظهر  ر   Nephus includensأبو العير الم ترس 

 -على البرتقال أبو صرة : –د 

أ لتى لاذ   Nephus includensذ أبتو العيتر  R. cardinalisيتر ليتراليا اال الم ترس ابو الع

 111لكتل لتر   15ذ  24 لتي اااتيوع ال التم متن اتيتمير ذيم تل ا أبو وتر  اليريرا  يعرا   لى أشااا

لي ااايوع ااخيتر متن أغستطس  أ لى لاذ  يعرا  C. carneaبيوما اال أار المن   لى التوالي  ذايل

  ذايل 111لكل لر   41ذيم ل ا  4112

أ لتى لاذ  يعترا   لتى  C. carneaأار المن ذ  R. cardinalisاال الم ترس ابو العير ليراليا 

 بيوما اال ذايل  لى التوالي  111لر  لكل  21ذ  21ايتمير  ذيم ل ا  5 لي أبو ور  اليريرا  أشااا
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 111لكتل لتر   42ذيم تل ا  4112أغستطس  42لتي  أ لى لاذ  يعترا  Nephus includensأبو العير 

   ذايل

اليت  ,  P.  citriبت  المتوالا الترييري  كمتا أظهتر نتتائ  التةليتل ائحرتائى لمعامتل ائاييتاي بتين

ذ الم تراتتا  الةشتتريل  I. aegyptiacaذاليتت  التترييري المرتتر   I. purchasiالتترييري اااتتترالي 

ذجتو  أاييتاي موجتا  تالى  4112/12ااذلتى المرييطل بها  لى أشااا اليريرا  أبتو وتر  خت   الستول 

ذجتو   تر  , بيوما أظهر  الع يل بين الي  الرييري السيش ا  ذالم تراا  الةشريل المرييطل بب المعوويل

أظهتر نتتائ  التةليتل ائحرتائى لمعامتل ائاييتاي بتين أنتواع اليت  الترييري بيومتا  أايياي موجتا المعوويتل 

ذجتو   4112/12بها  لى أشااا اليريرتا  أبتو وتر  خت   الستول ال انيتل  ذالم تراا  الةشريل المرييطل

  أايياي موجا  الى المعوويل

 -على البرتقال السكري : –هـ 

أ لتى لاذ   Nephus includensذ أبتو العيتر  R. cardinalisاال الم ترس ابو العيتر ليتراليا 

 111لكتل لتر   15ذ  22يتمير ذيم تل ا الستكر  لتي اااتيوع ال التم متن ات اليريرتا  يعرا   لى أشتااا

برايتتل أكتتتوبر  لتتي أ لتى لاذ  يعتترا  C. carnea لتتى التتتوالي  متتن ناحيتل أختتر  اتتال أاتتر المتن  ذايتل

 ذايل  111لر  لكل  24ذيم ل ا  4112

 5الستكر  لتي  اليريرتا  بيوما اال  الم تراتا  الةشتريل ال  يتل أ لتى لاذ  يعترا   لتى أشتااا

 ذايل  لى التوالي  111لر  لكل  44ذ  22, 31ا  ذيم ل 4112ايتمير 

اليت  ,  P.  citriبت  المتوالا الترييري  كمتا أظهتر نتتائ  التةليتل ائحرتائى لمعامتل ائاييتاي بتين

ذ الم تراتتا  الةشتتريل  I. aegyptiacaذاليتت  التترييري المرتتر   I. purchasiالتترييري اااتتترالي 

ذجتو  أاييتاي موجتا  تالى  4112/12خت   الستول ااذلتى  المرييطل بها  لتى أشتااا اليريرتا  الستكر 

أظهر  الع يل بين الي  الرييري السيشت ا  ذالم تراتا  الةشتريل المرييطتل  ,  من ناحيل أخر  المعوويل

 ذجو  أايياي االا المعوويل  ر  بب 

اليت  الترييري  , P.  citriب  الموالا الترييري  أظهر نتائ  التةليل ائحرائى لمعامل ائايياي بين

ذ الم تراتا  الةشتريل المرييطتل بهتا  I. aegyptiacaذالي  الرييري المرتر   I. purchasiاااترالي 

  متن ذجتو  أاييتاي موجتا  تالى المعوويتل 4112/12 لى أشتااا اليريرتا  الستكر  خت   الستول ال انيتل 

ذجتو   تر  الةشريل المرييطل بتب  أظهر  الع يل بين الي  الرييري السيش ا  ذالم تراا  ,ناحيل أخر  

 أايياي موجا المعوويل 
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 -ثانياً: الدراسات البيولوجية:

 -:تأثير أصناف مختلفة من الموالح كعوائل نباتية على الصفات البيولوجية لبق السيشلارم الدقيقي -1

 لتتتتى بعتتتت   المتتتتوالا متتتتن مختل تتتتل التاتتتتااا المعمليتتتتل أجريتتتت  لراااتتتتل يتتتتثيير أوتتتتوام

  التاتتتتااا أجريتتتت  بمعمتتتتل الةشتتتترا  لتتتتي  وجيتتتتل لليتتتت  التتتترييري السيشتتتت ا الخرتتتتائص الييول

جامعتتتتل المورتتتتوا  يةتتتت   اجتتتتا  حتتتتتراا   –يستتتتم الةشتتتترا  اايترتتتتا يل , كليتتتتل العاا تتتتتل 

 1 1 ±2 44متغير  
º

    

أذضتتتتة  الوتتتتتائ  أ، ألأيتتتتواا غيتتتتر الكاملتتتتل لةشتتتتر  اليتتتت  التتتترييري السيشتتتت ا  كانتتتت  

         شتتتتتر   لتتتتتى أشتتتتتااا اليريرتتتتتا  اليلتتتتتر  حيتتتتتم كانتتتتت الأيرتتتتتر  متتتتترا   وتتتتترما يتتتتتم يربيتتتتتل الة

  يوما   1 ±1 3 24

أظهتتتر  الوتتتتائ  أ، معتتتر  اليرتتتاء ختتت   يتتتوا الةوايتتتل لليتتت  التتترييري السيشتتت ا  كانتتت  

الأ لتتتى  لتتتى أشتتتااا اليريرتتتا  اليلتتتر  يليهتتتا أشتتتااا الليمتتتو، يليهتتتا اليريرتتتا  ابتتتو وتتتر  ذكانتتت  

بث تيتتتتاا معتتتتر  اليرتتتتاء كملشتتتتر لم ئمتتتتل العوائتتتتل  الأيتتتتل  لتتتتى اليريرتتتتا  الستتتتكر  ذاليواتتتت ي  

اليريرتتتتتا   – الليمتتتتتو، – الوياييتتتتتل المختل تتتتتل يمكتتتتتن يريييهتتتتتا يوا ليتتتتتا  كتتتتتا يي اليريرتتتتتا  اليلتتتتتر 

  اليوا ي –اليريرا  السكر   –ابوور  

كمتتتا أظهتتتر  الوتتتتائ  أ، أيتتتو  لتتتتر  ذضتتتع بتتتي  , أيتتتو  لتتتتر  حيتتتا  للةشتتتر  الكاملتتتل 

اث اليالغتتتتتل التتتتتتي يتتتتتم يربيتهتتتتتا لى أشتتتتتااا اليريرتتتتتا  اليلتتتتتر    ذ أ لتتتتتى خرتتتتتوبل كانتتتتت  ل نتتتتت

   لى التوالي بيضل / اان ى(  1 2±4 22يوما  ذ   1 2±4 25,  1 2±1 41)

الاستتتتةابة الستتتلوكية لمفتتتتري ابتتتو العيتتتد الفيتتتداليا ومفتتتتري استتتد المتتتن الا  تتتر لحشتتترة بتتتق  -2

 -الموالح الدقيقي:

لستتتلوكيل لم تتتترس ابتتتو العيتتتر ال يتتتراليا ذااتتتر هتتتذل الراااتتتل لتريتتتيم بعتتت  الخرتتتائص ا أجريتتت 

ترايا  اااتتتتتتاابل   بتتتتت  المتتتتتوالا التتتتترييري  تتتتتن يريتتتتت  اشتتتتتالمتتتتتن ااخضتتتتتر لك التتتتتا  حشتتتتتر

–() متتتر يتتتاني 21-11الوظي يتتتل لكتتتل متتتن لكتتتوا ذانتتتاث الم تتتترس  لتتتى ك التتتا  يتتتتراذ  متتتن )

ن اااتتتتاابل بتتت  المتتتوالا التتترييري( لكتتتل مستتتاحل بة يتتل  يتتتم يريتتتيم ايضتتتا الع يتتتل بتتتي - متتر يالتتتم

انتتتاث م تتتترس ابتتتو العيتتتر ال يتتتراليا لتتتي حتتتين يتتتم يريتتتيم اااتتتتاابل الوظي يتتتل ذاااتتتتاابل العر يتتتل 

الوظي يتتل لرتتتد للعمتتر اليريتتتي ال تتاني ذال التتتم لم تتترس ااتتتر المتتن ااخضتتتر  معتترا  االتتتتراس 

بوااتتتتطل لكتتتتوا ذانتتتتاث م تتتتترس ال يتتتتراليا ابتتتتر  ااتتتتتاابل ذظي يتتتتل متتتتن الوتتتتوع ااذ  ذال التتتتم 

( معتتتتتتر  a)[ييرتتتتتتا لمعتتتتتتا ا  اااتتتتتتتاابل الوظي يتتتتتتل  لتتتتتتى التتتتتتتوالي متتتتتتع يتتتتتتيم كتتتتتتاايي 

1153 1الهاتتتتتتتتتتو  
 1-اتتتتتتتتتتا ب

(Th   ذيتتتتتتتتتت  اا اء )11152
اتتتتتتتتتتا ب 

( اان تتتتتتتتتتى  معتتتتتتتتتتر  
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1153 1الهاتتتتتتو  
 1-اتتتتتتا ب

11152ذ ذيتتتتتت  اا اء  
اتتتتتتا ب 
  امتتتتتتا معتتتتتترا  االتتتتتتتراس ](

  متتتتع الومتتتتال  للعمتتتتر اليريتتتتي ال تتتتاني ذال التتتتم لم تتتتترس ااتتتتر المتتتتن ااخضتتتتر يتطتتتتاب

الرياضتتتيل ل اتتتتاابل الوظي يتتتل متتتن الوتتتوع ال تتتاني ذال التتتم  لتتتى التتتتوالي متتتع مرتتتاييس 

1125 1)العمتتتتتر ال تتتتتاني  معتتتتتر  الهاتتتتتو  [كالتتتتتتالي 
1-اتتتتتا ب

33 1ذيتتتتت  اا اء  
اتتتتتا ب 
 )

145 1)العمر ال الم  معر  الهاو  
 1-اا ب

41 1ذي  اا اء 
اا ب
)[  

نتاجيتتتتتل كتتتتا، متشتتتتابب لموةوتتتتى اااتتتتتتاابل اذضتتتتة  الوتتتتتائ  ا، موةوتتتتى اااتتتتتاابل اا

الوظي يتتتل ان تتتى م تتتترس ابتتتو العيتتتر ال يتتتراليا ذهتتتذا يوضتتتا ا، كتتت  اااتتتتاابتين يعمتتت ، 

حتتتتر   اذضتتتتة  الوتتتتتائ  ا، ميتتتتل موةوتتتتى معتتتتر  يةويتتتتل ابرتتتتوا  يعاذنيتتتتل ذكوظي تتتتل ذ

الغتتتتذاء التتتتى لريستتتتب )يعتتتترا ( كتتتتا،  تتتتالي  لتتتتى الك التتتتا  الموخ ضتتتتل ذمتتتتوخ    لتتتتى 

لعاليتتتل متتتن ال ريستتتل  هتتتذا المعتتتر  المتتتوخ    لتتتى الك التتتا  العر يتتتل العاليتتتل الك التتتا  ا

المتغذيتتل جيتترا يضتتع  تتر  كييتتر متتن اليتتي   متتن ال ريستتل متتن المةتمتتل بستتيا ا، اانتتاث

 الميتتتتتابوليع  لتتتتى الك التتتتا  العاليتتتتل متتتتن ال ريستتتتل ذلكتتتتن يستتتتت مر اك تتتتر لتتتتي  مليتتتتا  

ابل الوظي يتتتل يكتتتو، غيتتتر ذايعيتتتل )الوشتتتاي اايضتتتي(  متتتن المعتتترذم ا، مرتتتاييس اااتتتتا

انهتتتتا ايتتتتريتيد برتتتتوا  مياشتتتتر  بمتتتتا يةتتتترث يةتتتت  ال تتتترذم  بااختيتتتتااا  المعمليتتتتل

الةرليتتتل, حيتتتم انتتتب يةتتت  ال تتترذم المعمليتتتل يكتتتو، معتتتر  الهاتتتو  مةتتتر  بويتتت  اا اء 

)الويتتت  التتت    لمستتتل لريستتتل ذاحتتتر  ذالتغذيتتتل  ليهتتتا( لتتتي حتتتين انتتتب يةتتت  ال تتترذم 

بالستتتتلوب الية تتتتي  لتتتتذلل لتتتتا، ااتتتتتاابل العتتتترذ الطييعتتتتي يةتتتت  الةرليتتتتل يكتتتتو، مةتتتتر  

ال تتتترذم المعمليتتتتل ابمتتتتا يختلتتتتف  تتتتن ااتتتتتاابتب يةتتتت  ظتتتترذم الطييعتتتتل اا ا، هتتتتذل 

 الراااا  يكو، م ير  لي مراانل ك اء  اا راء الطييعيل اذ ايواا نموها 
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