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Abstract 

The Citrus leaf miner, Phyllocnistis citrella (Stainton) (Lepidoptera: Gracillariidae), is one of the most deleterious insect 

pests of all citrus species and varieties, especially seedlings in Egypt and other countries all over the world. The immature and 

mature pest stages distribution on upper and lower leaf surfaces and those found within the tree canopy were investigated on navel 

orange trees in Sharkia governorate during spring flushes of the two successive seasons of 2022 and 2023. Results showed that 

individuals of the citrus leaf miner significantly occurred in higher average numbers on the upper surface of navel orange leaves 

than the lower ones during the first season. But, in the case of the second season, the differences were insignificantly varied. With 

regard to the quadrants of the tree canopy, individuals of the pest were insignificantly investigated, with high average numbers in 

both the north and west directions (during the first season) and the south direction (during the second one).  
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1. Introduction 

 The Citrus Leaf Miner (CLM), Phyllocnistis citrella 

(Stainton) (Lepidoptera, Gracillariidae, Phyllocnistidae), is 

one of the dangerous insect pests for citrus trees, especially 

seedlings and young trees in most citrus-growing areas 

worldwide [1,2,3,4,5,6,7]. In Egypt, CLM was found in 

1994 and eleven annual generations were recorded [8,9]. 

Larvae of the pest devoured the new vegetative or tender 

flushes, feeding internally through four larval instars mostly 

beneath the lower epidermis, causing deleterious damage to 

leaves through serpentine mines that reduce leaf ability to 

photosynthesis [10,11.12,13,14,15]. The seasonal abundance 

and spatial distribution of insects were studied by many 

authors in several countries to determine the distribution 

behavior of insects for oviposition, shelter, feeding, and 

others that help us in control methods or IPM programs 

[16,17,3,18,19,20,21,22,23]. Accordingly, the aim of this 

study is to determine the micro-distribution (spatial 

distribution on the upper and lower surfaces of the leaf) and 

macro-distribution (spatial distribution in the cardinal or 

quadrant directions of the tree canopy) of the citrus leaf 

miner P. citrella on navel orange trees in Zagazig district 

during the two successive years of 2022 and 2023.  

 

2. Material and Methods 

Field specimens were collected to investigate the 

effect of cardinal directions and tree levels of the citrus leaf 

miner P. citrella infestation on navel orange (Citrus sinensis 

L. var. Navel) in Tal-Howien village (37.14`35º30 N, 

3.02`26º31 E), Zagazig district, Sharkia governorate, Egypt. 

Navel orange trees (Citrus sinensis (L.) Osbeck variety 

Navel) more than 50 years old were cultivated in an orchard 

of about 10 feddans of clay soil and irrigated by a flooding 

system. Trees of about 2.5–3 meters in height were 

cultivated on 5×5 meters.  

To study the micro-spatial distribution of citrus leaf 

miner individuals, P. citrella, on both the upper and lower 

surfaces of leaves as well as the macro-spatial distribution of 

the same insect within quadrants of the tree canopy that 

represent the cardinal directions (east, north, south, and 

west), five tender twigs of each quadrant from three trees (as 

replicates) were randomly collected in plastic bags. Five 

leaves of each twig (25 leaves in each direction) were 

inspected at random in the laboratory using a stereoscopic 

microscope.  
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All alive individuals (eggs, larvae, and pupae) of the 

tested insect were counted. The procedure was conducted 

during two seasons throughout the spring flushes, from 

6/3/2022 and 13/3/2023 until 23/5/2022 and 30/5/2023, 

respectively. The obtained data were statistically analyzed 

as a randomized block design using ANOVA analysis, 

according to [24].  

 

3. Results and Discussion 

Data in Table 1 and Figure 1 showed the mean 

numbers of alive individuals of P. citrella on Navel orange, 

spatially distributed on upper and lower leaf surfaces, as 

well as those that occurred in the different quadrants of the 

tree canopy. Statistical analysis of variance revealed that the 

alive individuals of P. citrella showed on the upper surface 

of navel orange trees (10.25 individuals per sample) were 

highly significant than those observed on the lower surface 

(8.09 individuals per sample). But, in the case of the 

cardinal directions of tree quadrants, the investigated 

differences were insignificant. The macro-distribution of P. 

citrella between the different quadrants of the tree clarified 

as follows: 9.65, 9.33, 8.95, and 8.76 individuals per sample 

for the north, west, east, and south directions, respectively. 

In all quadrants, the highest mean numbers of individuals 

were observed on the upper surfaces of navel orange (Figure 

1). 

 

Table 1: Spatial distribution of alive, immature stages of P. citrella (Stainton) on spring flushes of Navel orange in Sharkia 

governorate during the first season of 2022 

Direction 
Mean no. of individuals/sample 

Upper Lower Average 

East 10.13 7.76 8.95 

North 10.87 8.43 9.65 

South 9.96 7.56 8.76 

West 10.07 8.59 9.33 

Average 10.25 A 8.09 B - 

F value of leaf surface                                  73.45 **        

F value of cardinal direction                         2.53 n.s.    

F value of tree level × cardinal direction      0.59 n.s.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Macro- and micro-distribution of alive individuals of P. citrella on Navel orange trees during 2022 spring flushes 
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On the other hand, the individuals of the citrus leaf 

miner insignificantly preferred to occur on the lower surface 

the leaf (7.44 insects per sample) during the second season 

of 2023. The micro-habitable distribution of the pest on the 

upper surface of the navel orange leaf (7.36 insects per 

sample) was lower than that recorded on the lower surface. 

Also, the average of the macro-habitable distribution of P. 

citrella within the tree canopy was statistically insignificant. 

The results recorded 6.85, 7.31, 8.00, and 7.60 individuals 

per sample for east, north, south, and west, respectively 

(Table 2). Data in Figure 2 indicate that individuals of the 

citrus leaf miner occurred on the upper surface of navel 

orange in the east and west directions of the tree canopy, 

whereas the reverse took place in the north and south 

directions during the second season of 2023. 

 

Table 2: Spatial distribution of alive, immature stages of P. citrella (Stainton) on spring flushes of Navel orange in Sharkia 

governorate during the second season of 2023 

Direction 
Mean no. of individuals/ sample 

Upper Lower Average 

East 6.90 6.48 6.85 

North 7.29 7.33 7.31 

South 7.50 8.50 8.00 

West 7.76 7.43 7.60 

Average 7.36 7.44 - 

F value of leaf surface                                 0.07 n.s.                

F value of cardinal direction                        2.19 n.s.          

F value of tree level × cardinal direction     1.44 n.s.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Macro- and micro-distribution of alive individuals of P. citrella on Navel orange trees during 2023 spring flushes 
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The obtained data are in harmony with those 

recorded by [3], who stated that the population of P. citrella 

preferred the eastern and southern directions over the 

western and northern directions of citrus trees in Egypt. [18] 

found that the center of the tree is the preferred direction, 

with 25% of the total egg number issued by the female of P. 

citrella. The larvae developed in greater numbers on the 

lower side of the leaf, with a rate of 61% against 39% on the 

upper surface. Also, [19] revealed that the south direction of 

the orange trees had the highest percentages of leaf damage 

by the citrus leaf miner. There were significant differences 

between the south direction (68.75%) and the west direction 

(64.42%), the north direction (60.58%), the east direction 

(54.58%), and the middle of orange trees (45.38%). The 

recorded predatory species were the highest in the south 

direction (70 individuals) compared to those in the north 

direction (54), the east direction (50), the west direction (37) 

and (20) for the middle of the orange trees. [20] studied the 

spatial distribution of the citrus leaf miner in a citrus orchard 

in Egypt and showed that individuals of P. citrella were 

highly distributed in the west direction more than in the 

other directions and centers of host trees during the spring 

season. [21] reported that the P. citrella damage increased 

from the lower to the upper canopy of the citrus trees. 

The highest level of infestation was observed on the 

upper canopy of citrus plants, followed by a middle and 

lower canopy in the case of all citrus cultivars. [22] stated, 

in Algeria, that the leaf miner P. citrella was considered a 

potential serious pest of citrus and determined the 

relationship between the ecophases of the citrus leaf miner 

and the leaf surface of the Washington navel citrus variety. 

The authors found that more than 80% of the leaf miner 

ecophases were distributed on the lower surfaces of the 

leaves. [15,23] reported that the spatial distribution of P. 

citrella consistently indicated an aggregated pattern. 

However, temporal variation in distribution was observed on 

specific dates. But these results contradict those of [16], who 

identified the spatial distribution of P. citrella in two citrus 

orchards and found the highest average numbers of leaf 

miner pupae and parasitoids in the east quadrant (χ2 = 11.81; 

df = 3; P < 0.05), (χ2 = 10.36; df = 3; P < 0.05). 

 In the Murcott orchard, the highest number of 

parasitoids and of mines was registered in the north quadrant 

(χ2 = 19.29; df = 3; P < 0.05) and in the south quadrant (χ2 = 

4.39; df = 3; P < 0.05). In both orchards, there was no 

difference between the numbers of shoots, either relative to 

the strata or to the quadrants. As the number of shoots did 

not vary much relative to the quadrants, it is possible that 

the higher number of miners and parasitoids in the East and 

West quadrants would be influenced by the higher solar 

exposure of these quadrants. [23] stated, also in Egypt, that 

P. citrella preferred the middle and east directions of its host 

trees. 
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