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ABSTRACT 
  

Field studies were conducted on orange orchard in Middle Egypt. The seasonal abundance and parasitism 
of the citrus leaf-miner (CLM), Phyllocnistis citrella Stainton (Lepidoptera: Gracillariidae) were estimated 
from10th March, 2011 till 25th February, 2013.Three generations of P. citrella and four peaks of parasitism had 
been observed during the two seasons of investigation. Six species of parasitic insects, Baryscapus sp., 
Cirrospilus pictus, C. quadristriatus, Pnigalio mediterraneus, Semielacher petiolatus and Sympiesis sp. (F. 
Eulophidae) were obtained from larvae and pupae of this pest and reared in the laboratory under room 
temperature. 
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Introduction 
 

Citrus leaf miner (CLM), Phyllocnistis citrella Stainton (Lepidoptera: Gracillariidae) is a serious pest in 
nurseries and top grafted trees in citrus-producing areas of the world (Diez et al., 2006), and heavy infestation 
can have significant impact on growth and yield (Pena et al., 2000; Browning et al., 2006). 

All citrus growing countries in the Mediterranean Basin were invaded by this pest between 1994 and 1995 
(García-Marí et al., 1997). Citrus is the most important fruit crops in Egypt. Its plantations reached nearly 
395,731 feddans producing 3,730,685 tons in Egypt and 5847 feddans producing 51,302 tons of citrus fruits in 
Beni-Suif governorate, according to the 2011 statistics of the Egyptian Ministry of Agric. 

The citrus leaf miner (CLM), Phyllocnistis citrella (Lepidoptera: Gracillariidae: Phyllocnistinae) is a 
relatively new pest of citrus in Egypt. It is potentially a series pest of citrus and related Rutacae and some 
ornamental plants (knapp et al., 1995). This pest was first recorded  in Egypt during the summer of 1994 at El-
Sharkia & Ismalia Governorates. Then, it spread rapidly throughout most of citrus growing areas. Its population 
had increased geometrically and within the last 4-5 years it became the most important pest of citrus in Egypt 
(Morsi, 2002).  

The feeding damage during the larval stage is confined to the epidermal layer, leaving a thin covering over 
the mine that consists of the cuticle and outer cell wall, affecting mostly photosynthesis and reducing the yield 
of bearing trees (Knapp et al., 1993 and Morsi, 2002). Damaged leaves curl, become chlorotic, and then become 
necrotic. 

Heavy infestations can seriously affect plants from nurseries and recently planted trees, while the damage 
is less significant in mature trees (Uygun et al., 2000). Also, Garcia-Marí et al. (2002) indicated that the citrus 
leaf miner causes serious problems on young citrus trees, nurseries and graftings, the induced damage on adult 
trees is economically insignificant, since it represents only 5–15% of the new leaf area produced annually by 
mature trees under Mediterranean conditions.  

Biological control was the most suitable method for managing P. citrella in mature orchards (Argov & 
Rössler 1996), considering that chemical control was concurrently a short term and costly solution, with 
unfavorable effects on the existing IPM programs (Knapp et al. 1995). Schauff et al. (1998) recorded that 
throughout the world over 80 species of hymenopteran parasitoids of P. citrella, which seem to contribute to the 
dramatic reduction of the P. citrella population. Most of them are eulophids; however, the parasitoid complex is 
usually complemented by encyrtids, elasmids, eurytomids and pteromalids. (Marquez et al., 2003) detected 5 
native parasitoid species, of which Semielacher petiolatus (Girault) (Hymenoptera: Eulophidae) was the most 
dominant species The population dynamics of P. citrella and associated natural enemies have been documented 
in several countries and regions (Urbaneja et al., 2000; Legaspi et al., 2001; Diez et al., 2006; Lapointe and 
Leal, 2007). 
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Ecological information on this pest were studied by Abo-Sheaesha, 1997 at Middle Delta; Eid,1998 in 
North Sinai and Morsi, 2002 in Middle Egypt. 

The present study was conducted throughout two successive years from10th March, 2011 till 25th 
February, 2013. The scope of the study included the following aspects:  

1- The seasonal changes in the population dynamics of the citrus leaf-miner in Beni-Suif governorate.  
2- Survey of parasitoids of the citrus leaf-miner in Middle Egypt. 
3-Evaluation of the rate of natural mortality of the citrus leaf-miner that caused by parasitoids. 
4- Effect of biotic and abiotic factors on the population dynamics of the citrus leaf-miner. 

 
Materials and Methods 
 
I. The fluctuation in the population activity of CLM, P. citrella: 

Estimation of the population dynamics, seasonal abundance and number of generations of the citrus leaf-
miner, P. citrella were carried out for two years extending from 10th March, 2011 till 25th February, 2013. 

The citrus orchard 15 years old, that was selected for this study, located in Beba District (Beni-Suef 
governorate), contained an area of 5 feddans [Baladi orange trees, Citrus  sinensis var baladi] infested by the 
citrus leaf-miner P. citrella.  

In this orchard, no chemical treatments were applied during the two years prior to the present study and 
throughout the investigation period.  

Half-monthly samples of 100 leaves was taken at random from different directions of the orchard. The 
leaves represented the different sides, the peripheral, inner zones, the lower and middle strata of the tree. These 
leaves were kept in a paper bag and transferred to the laboratory for careful examination using stereo-
microscope. The different immature stages of citrus leaf-miner P. citrella were detected and counted. 

Half-monthly percentages of immature stages of the citrus leaf-miner, helped in estimating the number of 
generations. These were indicated by the peaks of immature stages throughout the two consecutive years of 
study. This method was followed according to Batra and Sandhu (1981). 
 
II. Survey of parasitoids: 

A survey of some citrus insect species parasitoids was carried out in Beni-Suef, El-Menia and Fayoum 
Governorates throughout a period of two years, extending from 10th March, 2011 till 25th February, 2013. 

Samples of infested new leaves with the citrus leaf-miner, P. citrella from different citrus trees; orange, 
Citrus sinensis, mandarin, C. reticulata  and lime C. aurantifolia were randomly collected from different 
orchards in different months of the year. Immediately after collection, the samples were packed in paper bags, 
taken to the laboratory for examination. 

These specimens were carefully examined and a needle was used to remove all other insects except the 
citrus leaf-miner, P. citrella with its natural enemies which were desired to be surveyed. Those samples were 
enclosed in plastic jars of 15 cm. diameter and 20 cm. height covered with muslin held in position by a rubber 
band and kept under room conditions for securing any emerging parasitoids. 

The pupae of citrus leaf-miners were placed on wetted filter paper in Peteri-dishes of 9 cm and kept under 
room conditions until emergence of adult parasitoids according to Eid (1998). 

All emerged parasitoid adults were collected, sorted into species and preserved in vials containing 70% 
ethanol and glycerin, the slide mounting of represented specimens, was conducted as well. The labeled data 
included; location, date of collection, host insect and host plant. 

The parasitoids species were identified in Biological Control Res., Dept, Plant Prot. Res. Inst, ARC 
Ministry of Agric., Giza, Egypt. 
 
III. Rate of parasitism and seasonal abundance of P. citrella parasitoids in Beni-Suef Governorats Egypt: 

The rates of parasitism of the different P. citrella parasitoids was carried out at Beni-Suef Governorates 
during two successive seasons (from 10th March, 2011 until 25th February, 2013). 

Half- monthly specimens of 100 randomly larvae and pupae of citrus leaf-miner, P. citrella were collected 
from citrus orchards randomly from various localities during the two years of study. 

Immediately after collection, all these samples were placed in paper bags and transferred to the laboratory. 
These specimens were carefully examined and small needle was used to dissect all collected larvae and pupae. 

Each specimen was put on a slide and covered with a water film, to be examined under a stereo-
microscope, and classified as following: alive unparasitized, parasitized leaf-miner having (larval or pupal) 
parasitoids. The emergence holes of parasitoids were detected. Percentages of parasitism on the larvae and 
pupae were calculated. 
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IV. Determination of metrological conditions (abiotic factors), temperature and humidity: 
Environmental factors, mainly maximum (x1) and minimum (x2) temperatures as well as percentages of 

relative humidity (R.H.%) (x3) for the two years (2011/2012 and 2012/1013) were recorded by half-monthly 
means, to represent the prevailing conditions in these localities. These records were obtained from the nearest 
Meteorological Station at Sids, which is about 5 kilometers far from the experimental area. The relationships 
between the change in the number of immature stages of the citrus insect pest species under study on the 
infested leaves and the recorded of the considered abiotic factors were calculated. 

This study involved the population dynamics of P. citrella in relation to maximum & minimum 
temperature and percentages of relative humidity (R.H. %). The mean of corresponding selected four factors, 
through two successive years in the field (from 10th March, 2011 until 25th February, 2013) in Beni-Suef 
Governorate were recorded.  
 
V. Statistical analysis: 

Simple correlation and partial regression values between the mean number of immature stages of  P. 
citrella/100 leaves and the mean records of some weather factors (maximum & minimum temperatures and 
daily mean relative humidity) in addition to the percentage of parasitism were calculated to obtain information 
about the relationship between them. The half-monthly mean counts of P. citrella immature stages were 
considered as the dependent variable (y), while the corresponding mean weather readings and  the percentage of 
parasitism represented the independent variable (x). 

The simple correlation values helped in detecting the relationship between the (y) and each of the (x) 
variables. Also, partial regression analysis were used to determine the relative importance of all factors together. 
Analysis of variance (F- test) and the percentage of explained variance (E. V. %) were estimated by applying 
"the C- multipliers formula "as described by Fisher (1950). 

Significant differences among the treatments that used in biological studies were tested by analysis of 
variance of the complete randomized design. 
 
Results and Discussion 
 
I. Seasonal Population Dynamics of the CLM, P. citrella: 

The seasonal population patterns of P. citrella during the two successive seasons of study (2011/ 2012 and 
2012/2013) from 10th March 2011 to 25th Feb. 2013 in Beni-Suef Governorate are shown in (fig. 1 and 2). Figs. 
1 and 2 showed the calculation of half-monthly means of maximum & minimum temperatures and percentage 
of relative humidity to study the effect of the biotic factors on P. citrella. 

  

 
 
Fig. 1: Half-monthly means of maximum (Max. T.) & minimum (Min. T.) temperatures (°C) and percentage of 

relative humidity (R.H.%) throughout the season of study 2011/ 2012 in Beni-Suef Governorate . 
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Fig. 2: Half-monthly means of maximum (Max. T.) & minimum (Min. T.) temperatures (°C) and percentage of 

relative humidity (R.H.%) throughout the season of study 2012/2013 in Beni-Suef Governorate. 
 
Data illustrated in figs. 3, 4& 5 showed the fluctuation in the population density of the CLM, P. citrella, 

as indicated by the total half-monthly numbers of the immature stages (larvae and pupae)/100 leaves in Beni-
Suef Governorate during the two successive seasons of study (2011/ 2012 and 2012/2013).  

The population density of CLM on citrus trees in general was relatively low during the two seasons of 
study. The population fluctuation of larvae, pupae or total count of them showed nearly the same fluctuation 
structure during the two seasons of study, but with variable numbers; the higher population density occurred in 
the second season 2012/2013, at average rate of infestation annually 0-19 immature stages/100 leaves while the 
first season 2011/ 2012 (0-15 immature stages/100 leaves). No significant variation between the numbers of the 
larvae, the pupae or the total account of them over the two seasons of study at probability level 0.05. 

The seasonal population dynamics of immature stages of the CLM, P. citrella as indicated by the total 
half-monthly number of larvae and pupae/100 leaves give lowest count in winter during the two seasons of 
study. The population density fluctuated to give a synchronized two major peaks followed by two minor peaks 
during the two seasons of study. The highest population occurred in the 2012/2013  

 
I. a. The first season (2011/2012): 

Immature stages of P. citrella fluctuated forming variable numbers and showed up to 15 immature stages/ 
100 leaves during the period of study figs. 1&5. The population disappeared in fall of 2011 from 10th Nov. at 
Max. T. (29.62°C), Min. T. (18.44°C) & R.H. (58.12%), to 25th Nov. at Max. T. (28.59°C), Min. T. (17.27°C) & 
R.H. (59.08%) and during winter in 25th Jan., 2012 at Max. T. (18.93°C), Min. T. (10.6°C) & R.H. (70.87%). It 
also reached maximum level (15 immature stages/100 leaves) during the 2nd generation in spring in 25th of 
April, 2011 at Max. T. (30.69°C), Min. T. (14.44°C) & R.H. (51.66%). 

This results were agree with Naime (2013) who stated that, the population of P. citrella declined to zero 
during winter and the early spring months, including November through to April, and increased in the summer 
flushes in 2007 and 2008. The most likely reason for the increase and decrease in population was related to both 
the development of new shoots and increase in favorable temperatures for the pest’s development. The seasonal 
pattern for P. citrella was similar to observations in Florida (Pena et al.,1996) and in southern Texas (Legaspi et 
al., 2001), where population densities increase from spring to fall and decline during the winter months. Other 
results on the pest population are in agreement with the observations described here (Diez et al., 2006; Hoy et 
al., 2007).  

During the first season of investigation, there were four peaks representing overlapping generations per 
season that occurred in the spring and summer of 2011, two in each season. The 1st peak was occurred in 25th 
March represented by (10 immature stages/100 leaves) at Max. T. (28.56°C), Min. T. (13.29°C), and R.H. 
(53.78%). The 2nd peak was in 25th April represented by (15 immature stages/100 leaves) at Max. T. (28.59°C), 
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Min. T. (17.27°C) & R.H. (59.08%). The 3rd peak was on the 25th of June with (9 immature stages/100 leaves) 
at Max. T. (36.68°C) Min. T. (15.77°C) & R.H. (51.76%). The 4th peak was recorded during 10th of August with 
(9 immature stages/100 leaves) at Max. T. (36.87°C) Min. T. (16.86°C) & R.H. (54.33%) figs. (1&5).  
 
I. b. The second season (2012/2013): 

The total immature stages population density ranged from 0-19 immature stages/100 leaves and showed 
the lowest density zero from the end of fall to the beginning of winter in 2012 from 25th Nov. at Max. T. 
(25.7°C), Min. T. (11.8°C) & R.H. (69.3%), to 10th Dec. at Max. T. (23.6°C), Min. T. (9.8°C) & R.H. (70.9%), 
and in 2013 from 10th Jan. at Max. T. (19.2°C), Min. T. (6.3°C) & R.H. (77.1%) to 10th Feb. at Max. T. 
(20.9°C), Min. T. (7.5°C) & R.H. (63.8%). It reached its maximum level (19 immature stages/100 leaves) in 
spring during 10th May, 2012 at Max. T(30.2°C), Min. T. (18.73°C) & R.H. (45.07%).  

Data are illustrated in figs. (2&5) showed that, during the second season of investigation, this pest had 
four peaks occurred during spring and summer of 2012, two in each season. The 1st peak appeared in 25th March 
with (8 immature stages/100 leaves) at Max. T. (23.4°C), Min. T. (11.8°C), and R.H. (55%). The 2nd peak was 
occurred in 10th May (19 immature stages/100 leaves) at Max. T. (30.2°C), Min. T. (18. 73°C) & R.H. (45.07%). 
The 3rd peak was in 10th July (8 immature stages/100 leaves) at Max. T. (33.2°C), Min. T. (22.13°C) & R.H. 
(51.6%). The 4th peak was observed during 10th Sep. (9 immature stages/100 leaves) at Max. T. (33.69°C), Min. 
T. (23.69°C) & R.H. (58.19%). 

In this respect Eid (1998) stated that P. citrella has 8 peaks in the first season1995-1996 and four in the 
second season1996/1997 in El-Sheikh Zewied citrus orchards but 3-4 peaks in Rafah citrus orchards while 
Tsagkarakis et al. (2013) found single peak of P. citrella in Greece. 

 

 
 
Fig. 3: The fluctuation in numbers of different stages of larvae and pupae/100 leaves of Phyllocnistis citrella in 

Beni-Suef Governorate, during the season 2011/2012. 
 

 
Fig. 4: The fluctuation in numbers of different stages of larvae and pupae/100 leaves of Phyllocnistis citrella in 

Beni-Suef Governorate, during the season 2012/2013. 



Middle East J. Appl. Sci., 6(1): 59-69, 2016 
ISSN 2077-4613 

64 

 
 
Fig. 5: The fluctuation in the total numbers of Phyllocnistis citrella immature stages/100 leaves in Beni-Suef 

Governorate, during 2011/2012 and 2012/2013 seasons 
 

II. Survey of parasitoids: 
The samples of P. citrella, larvae and pupae, collected from citrus orchards in Beni-Suef, El-Menia and 

El-Fayoum Governorates during the two seasons 2011/2012 and 2012/2013 of investigation give rise to the 
following species of parasitoids. 

Six species of Elophidae: Baryscapus sp., Cirrospilus pictus (Nees), C. quadristriatus(Subba Rao & 
Ramamani), Pnigalio mediterraneus Ferrière & Delucchi, Semielacher petiolatus Girault  and Sympiesis sp. 
were reared from the larvae and pupae of CLM. 

Tawfik et al. (1996) recorded 7 species that reared from CLM, viz. C. quadristriatus, C. pictus, Pnigalio 
sp., Baryscapus sp., Ratzeburgiela incompeleta, Sympiesis sp. and Pteromalus sp. while, Morsi (2002) recorded 
eight species that were S. petiolatus, C. quadristriatus, C. pictus, Pnigalio sp., Baryscapus sp., R. incompeleta, 
Sympiesis sp. and Chrysocharis sp. in Egypt.  

Tsagkarakis et al. (2013) mentioned that  Neochrysocharis formosa and Pnigalio pectinicornis, as well as 
the introduced Citrostichus phyllocnistoides reared from CLM. in Greece. 
 
III. Rate of parasitism and Seasonal abundance of the parasitoids of CLM, P. citrella on citrus trees: 

Data illustrated in fig. 6 and 7 showed the changes in the population density of the parasitoids of CLM, P. 
citrella, based on 100 dissected larvae and pupae. There was a lack of P. citrella immature stages in winter due 
to the diapause period that started during November until the end of February; so this study extended from 10th 
March until 25th of February during two successive seasons (2011/2012) and 2012/2013). The survey was 
carried out by half-monthly direct count of different stages of the parasitoids of P. citrella and immergence 
holes. The mean of the total percentage of parasitism in the two years were 11.29 and 12.29, respectively. The 
average rate of parasitism in second season was higher than the first one. There were low levels of parasitism of 
P. citrella, up to 26% and 19% in the two years, respectively. 

 
III. a. The first year (2011/2012): 

During the first season of investigation (2011/2012), the activity of P. citrella parasitoids showed four 
peaks of parasitism in 2011. The 1st peak was recorded in 10th April represented by (12% parasitism). The 2nd 
peak was in 25th May with (26% parasitism). The 3rd peak was recorded during 10th July with (20% parasitism). 
The 4th peak was recorded during 25th September with (16% parasitism). (fig. 6).  

The parasitoids fluctuated forming variable numbers 1-26% during the period of study. Parasitoids 
reached min. level (1% parasitism) during the winter in 25th Jan., 2012 while it reached its max. level (26% 
parasitism) at the end of spring in 25th May, 2011.  
 
III. b. The second year (2012/2013): 

Recorded data for 2012/2013 are illustrated in (fig. 7). Four peaks of parasitism had been observed during 
this season in 2012. The 1st peak occurred during 10th April represented by (11% parasitism). The 2nd peak was 
in 10th June with (19% parasitism). The 3rd peak was in 10th August with (19% parasitism). The 4th peak was 
recorded in 10th October, 2012 with (16% parasitism).  

The rate of parasitism was 2-19%. The parasitoids population reached min. level (2% parasitism) during 
winter in the 25th of Jan., 2013, while it reached its max. level (19% parasitism) during the beginning of summer 
of 2012, in 10th June.  
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In this respect, Ding et al.(1989) indicated that Tetrastichus phyllocnistoides was the dominant larval 
parasitoid in China, with parasitic rate of about 67%. The dominant pupal parasitoid species was Cirrospilus 
quadristriatus with a parasitic rate of 30-40%. Eid (1998), mentioned that percentage of parasitism had 4-5 
peaks during 1995/1996 and 1996/1997 in North Sinai, while Morsi (2002) said that percentage of parasitism 
had 5-6 peaks during 1999/2000 and 2000/2001with rate of parasitism ranged 7-77%.  

Tsagkarakis et al. (2013) mentioned that  the average percentage of parasitism was 13.1%, 13.8% and 
11.7% on orange, mandarin and lemon, respectively. No significant differences in parasitism rate by each of the 
three parasitoid species N. formosa , P. pectinicornis and C. phyllocnistoides among the three citrus species. 

 
 

 
 
Fig. 6: Percentages of parasitism of Phyllocnistis citrella in citrus orchard depending on 100 dissected larvae 

and pupae in Beni-Suef Governorate, during 2011/2012 season. 
 

 
 
Fig. 7: Percentages of parasitism of Phyllocnistis citrella in citrus orchard depending on 100 dissected larvae 

and pupae in Beni-Suef Governorate, during 2012/2013 season. 
 
IV. Effect of abiotic factors; (temperature and humidity) and biotic factor; (percentage of parasitism) on 
the abundance of the CLM, P. citrella: 

The results of statistical analysis (from 10th March, 2011 till 25th February, 2013) are presented in table 
(1&2).  
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The data indicated that the influence of the daily max. temperature factor on the CLM immature stages 
was significant in the two years of study, while the influence of the daily min. temperature and percentage of 
relative humidity factors was highly significant in the second year only. That is to say that the activity of P. 
citrella was generally influenced by daily max. temperature in the two years of study, min. temperature and 
relative humidity during the second year of study. 
 
IV. a) Daily maximum temperature: 

As shown in table (1), statistical analysis of data indicated that, the simple correlation and regression 
coefficient were positive and significant in all years of investigation so, the simple regression equations of (YP) 
with percentage of daily maximum temperature (X1) was: 
Ya= 0.3X1a – 4.94 for the first year            (a) 
Yb = 0.4 X1b – 5.95 for the second year           (b) 

The population density of the immature stages increased 0.3 and 0.4 when maximum temperature 
increased one degree % for the two years, respectively.  

The correlation coefficient values were 0.48 and 0.5 for the two years, respectively, whereas the 
regression coefficient values were equivalent 0.3 and 0.4 for the two years, respectively, in case of the total 
population of immature stages.  

The influence of this factor was expressed in table (1) as percentage of explained variance; it had 22.6% 
and 24.7% for the two seasons, respectively.  
 
Table 1: Simple correlations (r), simple regressions (b), t-values (t) and analysis of variance of total counts of Phyllocnistis citrella 

immature stages/ 100 leaves as affected by daily max. temperature (D. Mx. T.), night min. temperature (N. Mn. T.), mean relative 
humidity (M.R.H.) and mean number of parasitoids and the corresponding Analysis of variance (F- test and percentage of 
explained variance E.V.%) throughout two successive seasons 2011/2012 and 2012/2013, in Beni-Suef Governorate. 

Season The biotic & abiotic factors 
Statistical analysis 

Simple Analysis of variance 
r b t F. E.V.% 

2011/2012 
 

D. Mx. T. 0.48 0.3 2.53 6.42* 22.6 
N. Mn. T. 0.08 0.1 0.38 0.17 6.4 
M.R.H. 0.46 -0.375 -2.46 6.04 21.5 
Parasitoids 0.06 0.03 0.26 0.07 3 

2012/2013 
 

D. Mx. T. 0.5 0.4 2.69 7.21* 24.7 
N. Mn. T. 0.58 0.41 3.37 11.35** 34 
M.R.H. 0.76 -0.382 -5.52 30.45** 58.1 
Parasitoids 0.31 0.29 1.54 2.37 9.7 

* Significant (at probability level 0.05). ** Significant (at probability level 0.01)  
 
IV. b) Night minimum temperature: 

The night min. temperature showed positive influence in the two years and highly significant effect on the 
total alive population of P. citrella during the second year only so, the simple regression equation of (YP) with 
percentage of daily minimum temperature (X2) was: 
Yb = 0.41X2b – 1.11 for the second year           (b) 

 The population density of the immature stages increased 0.41 when minimum temperature increased one 
degree % for the second year.  

The correlation coefficient values were 0.08and 0.58 for the two years, respectively, whereas the 
regression coefficient values were equivalent 0.1and 0.41for the two years, respectively.  

The influence of this factor was expressed in table (1) as percentage of explained variance; it had 6.4 and 
34% for the two seasons, respectively.  
 
IV. c) Mean relative humidity (M. R. H.): 

As for the mean relative humidity, the results showed negative correlation and regression in the two years 
of investigation. The simple correlation and regression showed highly significant effect in the second year only, 
so the regression equation of immature stages of P. citrella (YP) with the relative humidity factor (X3) in the 
second year (b) was: 
Yb = 27.53 - 0.382 X3b 

That means that the population density of the immature stages decreased 0.382 when R.H. increased one 
degree to a certain limit.  

The correlation coefficient values were, 0.46 and 0.76, whereas the regression coefficient values were 
equivalent -0.375and -0.382 for the two years, respectively.  

The influence of this factor was expressed in table (1) as percentage of explained variance; it had 21.5 and 
58.1% for the two seasons, respectively.  
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IV. d) Effect of parasitoids on the activity of CLM, P. citrella: 
Statistical analysis of data table (1) indicated that, the simple correlation and regression coefficient had 

positive effects but insignificant during the two years of investigation. The correlation coefficient values were 
0.06 and 0.31for the two seasons 2011/2012 and2012/2013 respectively, whereas the regression coefficient 
values were equivalent 0.03 and 0.29 for the two years respectively, in case of the total population of immature 
stages. 

On the other hand, the accurate effect of the calculated percentage of explained variance values were 3% 
and 9.7%, for the two years, respectively. The percent of parasitism appeared to be related to P. citrella 
numbers. Naime (2013) indicated that correlation analysis there was a significant relationship between P. 
citrella population and parasitization (r=0.990, r²=0.980, P=0.009 in 2007; r=0.988, r²=0.976, P=0.012 in 2008). 
The parasitization rate was higher when the pest population increased in both seasons. 
 
IV. e) The combined effect of the four factors on the activity of CLM, P. citrella: 

Results presented in table (2) showed that Max. T., Min. T., R. H. and parasitoids had great effect on the 
activity of the pest under investigation. The statistical analyses of data indicated that, the simple correlation and 
regression coefficient were highly significant at probability level 0.01 in the two years of investigation. The 
correlation coefficient values were 0.81 and 0.86 for the two years respectively, in case of the total population 
of immature stages.  

The regression equations of total population of P. citrella (YP) with all factors under study (X) were 
illustrated in (table 2) 
Ya = 9.54 + 0.81X1a – 0.72X2a – 0.26X3a – 0.43XPa for the first year   (a) 
Yb = 19.9 – 0.03X1b +0.62X2b – 0.29X3b– 0.62XPb for the second year   (b) 

The total population of P. citrella immature stages increased 0.81when max. T. increased 1Co and 
decreased 0.72, 0.26 and 0.43 as min. T. increased 1Co, R.H. increased 1% in air and the parasitoids increased 
1in the first season, respectively and decreased 0.03, 0.29 and 0.62 when max. T. increased 1Co, R.H. increased 
1% in air and the parasitoids increased 1 and increased 0.62 when min. T. increased 1Co in the second season, 
respectively. 
 
Table 2: Partial correlations (R), partial regressions (P. reg.), t-values (T) and analysis of variance of total counts of Phyllocnistis citrella 

immature stages as affected by daily max. temperature (D. Mx. T.), night min. temperature (N. Mn. T.), mean relative humidity 
(M.R.H.) and mean number of parasitoids altogether, and the corresponding Analysis of variance (F- test and percentage of 
explained variance E.V.%) throughout two successive seasons 2011/2012 and 2012/2013, in Beni-Suef Governorate. 

Season The biotic & abiotic factors 

Statistical analysis 

Partial regression Analysis of variance 

R P. reg. T F. E.V.% 

2011/2012 

D. Mx. T. 

0.81 

0.81 4.87 

9.3** 66.2 
N. Mn. T. -0.72 -2.86 

M.R.H. -0.26 -2.08 

Parasitoids -0.43 -3.64 

2012/213 

D. Mx. T. 

0.86 

-0.03 -0.09 

12.92** 73.1 

N. Mn. T. 0.62 1.72 

M.R.H. -0.29 -3.86 

Parasitoids -0.62 -2.65 

* Significant (at probability level 0.05)     ** Significant (at probability level 0.01)  
 

On the other hand, the accurate effect of the calculated percentage of explained variance values of the 
combined effect of these factors were 66.2% and 73.1% in the two years, respectively, in case of the total 
population of immature stages. The remaining unexplained variance as assumed to be due to the influences of 
other unconsidered factors such as speed of wind or total amount of rainfall in addition to the experimental error 
affecting on the population density of P. citrella immature stages during the two years of investigation. 

Ateyyat and Mustafa (2000) reported that little role of abiotic factors in reducing incidence of CLM and 
mortalities were related to parasitism and predation on eureka lemon. Furthermore, populations of CLM were 
found to be regulated by the action of a combination of different mortality factors including parasitoids, and 
these, uncontestably, remained  the most effective (Malika et al., 2010). Minimum and medium temperature and 
relative humidity were the abiotic factors showing the strongest influence in the numbers of P. citrella mines 
and larvae (Jesus et al 2008). Ahmed, et al. (2013) found significant relationships between CLM abundance and 
incidence and the temperature variables by correlation and regression analysis. Maximum, minimum and 
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average weekly temperatures had consistent positive relations with CLM abundance and incidence, whereas, 
rainfall and relative humidity had either a negative or no correlation to insect infestation. Relative humidity at 
one site had a positive correlation with CLM abundance and incidence 

As far as the writer is aware, the fluctuation of population densities of the CLM, P. citrella and the role of 
natural enemies in regulating its abundance need more investigation while the effect of abiotic and biotic factors 
on this pest have not been studied up till now in Middle Egypt. The present work was initiated with the aim of 
contributing some of the needed information in this respect. 
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