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ABSTRACT 
 

The present investigation was carried out in order to study the relationship between citrus leaf 
miner infestation and some factors i.e., citrus root-stocks, leaf age (longevity), chlorophyll (pigments) 
and exhausted (lost) N,P and K minerals in navel orange trees. The obtained results were as follows: 
1.Worked root-stocks showed significant differences concerning the percentage of infestation with 

CLM and some root-stocks, showed that Troyer citrange, and sour orange root-stock  showed that 
the lowest  percentage of infestation (22.92, 25.41 & 22.43, 33.19) while Egyptian lime root-stock 
showed the highest infestation (82.32, 93.66) and the other tested root-stocks as be arranged 
descending order cited between the Troyer citrange  and Egyptian lime  in three different growth 
cycles (spring, summer and autumn) in both season of study. 

2. Navel orange gravited on Cleopatra mandarin gave the lowest percentage of infestation by CLM, 
(17.88, 16.22) while, navel orange gravited on  Egyptian lime gave the highest percentage of 
infestation (33.88, 35.44) and the other tested root-stocks cited between the mentioned percentages 
in different  flushes in both seasons. 

3.Infestation with CLM clearly decreased the age (longevity) / day in infestation leaves. The total age 
of the leaf clearly  affected with the percentage of infestation of different growth cycles which the 
age of the leaf / day in spring (850, 796 & 550, 611), summer (770, 802 & 450, 485) autumn 
(760,741 & 400, 391) for healthy and infested leaves in different growth cycles in both seasons. 

4. The infestation leaves with CLM of navel orange trees also showed that leaves a decrements 
photosynsitic pigments (chls. a, b and a + b) The lowest in concentration of chls. were correlated 
with the cycle of growth and percentage of infestation by CLM in 2015 seasons of study. 

5.The infestation with CLM of navel orange cause a shortage  (losted) in leaf mineral  content i.e., 
N,P and K % in the infested leaves a compared with the healthy ones. The exhausted N% was higher 
than P or K % in different growth cycles and the rate of decrements was significant  correlated with 
the infestation by CLM and reflected on the growth vigours and finally loss in  fruit yield  / tree. 

Infestation by CLM of navel orange trees   clearly  affected due to decrease in leaf age /day, 
photothynsitic pigments of leaves and exhausted in some minerals in leaves contents, N,P and K % 
especially nitrogen %. 
  
Keywords: Citrus leaf miner, citrus root-stocks, leaf age, chlorophyll, exhausted N, P and K minerals. 

 
Introduction 

Citrus are represent as one of the most important fruit crop in Egypt or in the world. In Egypt 
citrus was considered the first one crop either the cultivated area (550.000 Faddan) and or  the 
countity exported  fruits yearly. Beside the high reach value of the citrus fruits nutrition and the other 
parts of tree uses industries. Navel orange is popular fruits, good taste and flavor high nutrition value 
of its fruits early crop and rare or low seeds in its fruits.  

Citrus leaf miner, Phyllocnistis citrella stainton (Lipidoptera: phyllocnistidae) is one of the 
most destructive insect pests of citrus species and cultivar at different parts of the world cultivated  
citrus  trees. It is principally a nursery  pest and / or mature citrus trees, which attacks the tender 
leaves and shoots  and immature fruits. The larvae bore epidermis of the young leaves and stems 
making serpentine  tunnels in leaves causing roll up of the leaves and reducing chlorophyll a,b and 
a+b  (Abo-Sheasha  et al., 2003, Habibur-Ramany and M. Jahan 2005 and Arshad et al., 2018). 

Many factors play an important role concerning citrus trees infestation with CLM causing a 
serious damage with not keable reduction  either in tree growth or in the annual fruit yield year after 
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year. Many  factors such as weather factors  effective this pest;  Kheder et al. (2002); Habibur –
Rahman et al. (2005); Monikhetry et al., (2011) and Irfan Mustafa et al., (2014). Flushes (growth 
cycles) Batra et al., (1998). El-Saadany et al., (2002); Kheder  et al. (2002) ; Bernet et al., (2005) and 
Shimaa  et al., (2016) and citrus varieties  Magheed (1999); Khalil et al., (2001); El-Saadany et al., 
(2002) and Shimma et al., (2016). 

The aim of this research study the relationship between percentage infestation by CLM  and 
citrus root-stocks, age (longevity)  of leaves, photosynthetic  pigments chls. a,b and a+b, and lost N, P 
and K in the leaves of selected navel  orange trees in both tested seasons of study. 

 
Materials and Methods 
 

This study was conducted in two successive seasons 2013/2014 on (navel  orange) trees with 14 
years old and gravited  on sour orange root-stock. In addition to five root-stock were  evaluated  
concerning the susceptibility to CLM infestation  at that time navel  orange  were studied concerning 
the susceptibility of this insect such  evaluated root-stock  namely Sour orange (Citru aurantium), 
Cleopatra mandarin (Citrus  reticulate Blanco), Troyer citrange (Citrus medica L.) Volcamer lemon 
(Citrus valkameriana ten and pasq.), and Egyptian lime (Citrus aurantfolia L.) the mentioned root-
stocks were obtained from Wadi El-Molak Company (28000 fed.) and Ramsis company (7000 fed) 
located at Abo-Hammed center and Al-dellia  nursery  all located at Belbis center Sharkia 
Governorate. In addition, the selected root-stocks were also tested Horticulture institute Research  and 
barrage citrus orchards, yet, the research design contain the main following points: 

1. Percentage of infestation by CLM  of the tested root-stocks  were  determined in spring, summer 
and autumn in different  flushes (growth cycle ) in both seasons. For  this purpose, five trees from 
each root-stock were selected  in the starting of growth cycle, and sample of leaves (100 leaves/ 
sample, were  randomly  taken from 1-7 days old, also leaves had two and three weeks old from 
different sides of the trees. The percentage of infestation in leaves of different age of each root-
stock at different growth cycle (flush) in both tested seasons, were studied.   

2. Percentage of infestation  of CLM  on navel  orange trees gravited  the above mentioned root-stock 
of the three  growth cycle in both tested seasons. 

 Yet to estimate the effect of different roots-tocks gravitated with navel orange, variety on the 
percentage of infestation by CLM, five  trees from each root-stock, samples  100 leaves / one tree 
were tested in different growth cycles, this  true in  both tested seasons. 

3. Leaf age old  (leaf longevity) in navel orange variety in different growth  cycles gravitated in sour 
orange only were determined in healthy and infested leaves in both season of study . 

 For this purpose five branches more than 5cm. length at different directions were labeled in each 
trees (replicate) of the navel orange variety gravitated  on sour orange only (five trees for infested 
by CLM and other 5 trees healthy (sound). Number of sprouted shoots was counted, then recorded 
in different emerged cycles per year, and leaf  longevity was recorded until chedding. The numbers 
of infested leaves by CLM and percentage of infestation were also recorded , during each flush in 
both tested seasons. 

4. In addition, chls. a,b and a+b were determined. Chlorophyll a,b and a+b were determined in both 
different leaves healthy and infested Chls. a,b and a+b were determined  in fresh samples as 
described  by Wettestein (1957). The size of the infested area to the total  leaf area (%) were 
counted in leaves of the selected trees of different growth cycles were estimated as percentage of 
infected part to the total  leaf area according to the equation by Chou (1966): 2/3 length x width.  
Yet such estimates was carried  out in each cycle. The infested  part with the leaves estimated by 
using handily plan meter apparatus / cm2. 

5. Exhausted minerals in both infested and healthy leaves i.e., Nitrogen, phosphor and Potassium in 
three growth cycles of navel orange gravited  on sour orange  root-stock in 2015, season. The 
studied  minerals  were determined on the basis of following methods: 

a. Nitrogen (N%) was determined according to the method described by Pergal 1995. 
b. Phosphor (P%) was determined according to A.O.A.C. (1990). 
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c. Potassium (K%) was determined according to Brown and Lilleland (1949). 

The selected trees similar in vigor, view (size) and fruiting   The selected trees were received 
the same cultural treatments except insecticides the obtained data were tabulated and analyzed by  
analysis of variance using L.S.D. 5% and 1% according to Snedecor (1970). 

Results and Discussion 
 
1. Effect of citrus worked root-stocks on percentage infestation by CLM: 
 

The studied root-stocks gravitated with navel orange used in this experimental namely: Sour 
orange, Cleopatra mandarin, troyer citrange, volkamer lemon and Egyptian lime root-stocks showed 
significant differences among the three flushes spring, summer and autumn cycles which the lowest 
percentage of infestation showed in spring flush, summer then autumn flush in ascending order and/ 
or such differences also showed within each cycle of the studied rootstocks in both season of study. 
Concerning the spring flush the  percentage ranged from (1.93 &2.08) and (2.0 & 1.66%) in sour 
orange and troyer citrange  to (6.66 & 8.33) in lime root-stock with  significant differences  The same 
direction was noticed in summer  and autumn flushes with significant differences in most cases with 
average reached  (6.50, 10.73, 6.0; 10.17, 21.50, 32.16%) and (14.00, 30.38, 14.92; 13.58, 54.16, 
53.17%) in sour orange and troyer  citrange  and lime root-stocks respectively in both seasons. 

It can be concluded that significant differences concerning percentage of infestation either 
between three flushes or between the studied root-stocks, which in general, sour orange root-stock and 
troyer  citrange were concerned the  lowest  infested root-stock, while, lime rootstock was the highest 
infested root-stock  in both season of study. In other words the studied citrus root-stocks concerning 
the infestation by CLM can be arranged in descending order as follows: lime, volkamer, cleopatra 
mandarine, troyer citrange and sour orange root-stocks in both seasons, respectively. 
 
Table 1: Effect of citrus worked root-stocks, in different  flushes  on percentage infestation by CLM 

during 2015 and 2016. 
 Season 2015 2016 

Flush  
cycle 

Spring  
% 

infestation 

Summer  
% 

infestation 

Autumn  
% 

infestation 

Total 
infestation 

Spring  
% 

infestation 

Summer  
% 

infestation 

Autumn  
% 

infestation 

Total 
infestation 

Root-stocks 
Sour orange 1.93 6.50 14.00 22.43 2.08 10.73 20.38 33.19 
Cleopatra 
mandarine 

2.66 12.00 38.41 53.07 3.25 17.17 36.91 57.3 

Troyer 
citrange 

2.00 6.00 14.82 22.92 1.66 10.17 13.38 25.41 

Volcamer 
lemon 

4.93 18.00 42.33 65.26 4.08 33.83 48.25 76.16 

Egyptian lime 6.66 21.50 54.16 32.32 8.33 32.16 53.17 93.66 
L.S.D. 0.5 0.94 3.67 7.28  1.30 6.05 5.53  
L.S.D. 0.1 2.40 5.33 10.33  1.91 8.79 8.05  

 
Many investigators Batra and Sandhle (1981) reported that most of tested root-stocks infested 

was CLM insect and Troyer, cleopatra and Rangpur root-stocks were moderately infected and other 
tested root-stocks showed low resistance. Jacas et al. (1997) found in experiment to evaluate 349 
citrus root-stocks in field and laboratory conditions reported that 0.9% of the trees checked during one 
growing seasons escaped from damage by flushing early in the season. They added that antibiotic 
secretion from the leaves may play important roll in such root-stocks resistance. Batra et al. (1998) 
worked on some commercial citrus root-stocks, reported that Rough lemon was more susceptible to 
leaf miner injury. The obtained results in harmony agreement with Batra et al. (1988), reported that 
oviposition was highest on citrus  limonia, slightly lower on C. jambhiri and moderate on C. koranei, 
C. reshni and they hybrid poncirus trifolicata x C. sinensis.  Batra et al. (1992) also found that 



Middle East J. Agric. Res., 7(4): 1592-1599, 2018 
ISSN: 2077-4605 

1595 

Cleopatra, promising root-stocks for sweet orange, was slightly susceptible, where as the commercial 
root-stocks. 

Tatti khatti (C. jambhire) was highly susceptible. In the same direction Shivanker and Rao 
(2003) in India found that percentage of infestation was higher on rough lemon than on Rangpur lime 
61.8-65.5% and 53.9-58.4%  on rough lemon  and 35.6-52.7% and 34.3-61.8% on Rangpur lime, 
respectively, compare than in autumn  flush  9.4-21.9% on rough lemon and 15-18%  in Rangpure 
lime. 

 
2. Effect of CLM infestation in navel orange variety gravited on different studied root stocks: 
 

As for the percentage of infestation with CLM in leaves of navel orange gravited on different 
root-stocks, percentage of infestation were the lowest (6.66, 5.33%) in navel orange gravited on 
Cleopatra mandarine tree followed trees gravited on troyer citrange (8.0, 7.66%), then those trees 
gravited on volkamer (10.0, 10.66%) and those gravited on sour orange and Egyptian lime (15.0, 
13.33 and 16.33, 15.66%) in ascending order of spring flush in both seasons, respectively. 

The same direction was noticed in summer cycle on the same root–stocks with  average 13.66, 
11.66; 13.50, 12.33; 15.00, 16.66; 22.33, 20.66 and 29.00, 31.33% by using Cleopatra mandarine, 
troyer citrange, volkamer, sour orange and Egyptian lime root-stocks. 

Concerning the autumn cycle, root-stocks of cleopatra  mandarine, troyer citrange, volkamer, 
lemon, sour orange and Egyptian  lime , recorded 33.33, 31.66; 39.33, 37.66; 45.00, 42.66; 62.33, 
60.33 and 66.33, 69.33%  in ascending   order, respectively in both tested season (Table 2). 

The obtained data between root-stocks and percentage of infestation by CLM significant 
differences in both seasons.  

It can be concluded that navel orange variety gravited on cleopatera madarine root-stock was 
the most resistance to CLM infestation, while navel  orange variety gravited on lime root-stocks was 
the highest infestation with CLM and the other root –stocks sited between such  worked root stocks. 

 
Table 2:  Percentage of infestation with CLM in navel orange gravited on different studied root- 

stocks during  2015 and 2016 
Season 2015 2016 

Flush cycles Spring  
% 

infestation 

Summer  
% 

infestation 

Autumn  
% 

infestation 

Average 
total 

infestation 

Spring  
% 

infestation 

Summer  
% 

infestation 

Autumn  
% 

infestation 

Average 
total 

infestation 
Root-stocks 

Sour orange 15.00 22.33 62.33 33.22 13.33 20.66 60.33 31.44 
Cleopatra 
mandarine 

6.66 13.66 33.33 17.88 5.33 11.66 31.66 16.22 

Troyer citrange 8.00 13.50 39.33 20.27 7.66 12.33 37.66 19.22 
Volcamer 

lemon 
10.00 15.00 45.00 23.33 10.66 16.66 42.66 23.33 

Egyptian lime 16.33 29.00 66.33 37.22 15.66 31.33 69.33 38.77 
L.S.D. 0.5 1.84 4.94 1.89  1.12 6.33 4.08  
L.S.D. 0.1 2.68 7.18 2.75  1.61 9.19 5.93  

 
The obtained data clearly that the percentage infestation in tested root-stocks showed a decrease 

or increase in the percentage of infestation before or after graviting with navel orange variety which  
might be correlated with the relationship between the root-stock and gravited  variety i.e., sour orange 
root-stock less affected by CLM insect and after graviting with navel orange the percentage of 
infestation sharply increased  by CLM insect, which  correlated  with the physiological relations 
found between varieties and their root-stocks. 

Also, the  results proved that the highest infestation with CLM was recorded in autumn flushes, 
followed by summer one and the lowest infestation was recorded in spring flush.  The obtained data 
show that the percentage of infestation with CLM showed significant differences either between root-
stocks and / or between growth  cycles (spring, summer and autumn) of both seasons of study. The 
available literature in this concern were not available now. However, many investigators Mogahed 
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(1999); Khalil et al., (2001), El-Saadany et al., (2002) and Shimaa et al., (2016) are in general 
agreement with the obtained results, working on different citrus varities gravited on sour orange only. 

  
3. Effect of citrus leaf miner (CLM) infestation on leaf age (longevity) of navel orange variety 
gravited  on sour orange root-stock: 
 

The relationship between CLM infestation and age of the emerged leaf (sound and infested) 
from its emergence up to leaf chidding in different growth cycles of navel orange infected leaves and 
healthy (sound) ones, in both seasons of study, were studied. 

For instance , infected leaf decreased the age of leaf from 850 to 550 and 796 to 611 days as in 
average for sound and infested leaves in spring cycle respectively, in both seasons. However, the 
decrements in leaf age of summer cycle were 770 to 450 and 802 to 485 days in 1st and 2nd seasons, 
respectively. Also, the same direction was noticed in the autumn cycle with averages 760 to 400 and 
741 to 391 days in both  seasons, respectively.  

It can be concluded that the chidding infected were chedded after 391 & 400 days from their 
emergence in autumn cycle, and after 450, 485 days in summer flush, while the chidding leaves in 
spring flush, noticed after 550 and 611 days in 1st and 2nd seasons respectively. The relationship 
between age of chidded  leaves clearly affected by the percentage of infestation with CLM which the 
percentage of infestation reach to 4.66, 5.00; 55.00, 57.33 and 68.67, 70.33% in different growth, 
cycle (spring , summer and autumn) in 1st and 2nd seasons, respectively  Table (3).  

Accordingly, and from the mentioned results showed that CLM insect significantly decreased 
age of infected leaves and the highest chedding leaves noticed with high infestation. 

The available literature concerning the effect of CLM and the age of infested leaves were not 
available on citrus or other fruit species. However, Wang Lian De et al., (1999) reported that larvae of 
CLM where the feed up on the liquid contents of leaves cells and some leaves drop. 
 
Table 3:  Effect of CLM infestation on leaf age (longevity) of navel orange gravited on sour orange 

root-stock  2015 and 2016 seasons. 

Season 
Leaf   

characters 

Flush cycles % percentage infestation  in different 
flush cycles 

Spring Summer Autumn 

Average leaf age / day Spring Summer Autumn 

201
5 

Healthy leaves 850 770 760    
Infected leaves 550 450 400 4.66 55.00 68.67 

L.S.D. 0.5 39.67 32.67 52.47    
L.S.D. 0.1 72.83 59.98 96.31    

2
0

16
 Healthy leaves 796 802 741    

Infected leaves 611 485 391 5.00 57.33 70.33 
L.S.D. 0.5 23.54 10.46 27.02    
L.S.D. 0.1 43.22 19.22 49.59    

 
Pritchard and James (1984)  working on the longevity of beech and holm oak leaves and 

reported that leaf miner phyllonoryclter maestingella make mines in premature leaves which cause 
damage in the infected leaves and this premature leaf fall is a damage response . 
 From our observation most of infested leaves of any plants tended to chedded early than those 
sound leaves of different plants species. 
 
4. Effected of CLM infestation on total leaf chls. Content of navel orange in different growth 
cycles gravited on sour orange root –stock: 
 

Data  recorded in Table (4) show the percentage of infestation with CLM in different growth 
cycles and the ratio between total leaf area to the area of infected part leaf (cm.2), in addition to, leaf 
chls. Content (a, b and a+b) in both seasons of study. As for the percentage of infestation of CLM in 
navel orange were as follows: the autumn growth  cycle came the first (75.71%) followed by the 
summer growth cycle (68.07%), then lowest percentage of spring cycle (36.52%) with significant 
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differences  among growth cycles in 2016 season. The data  also show that the ratio between the total  
area of leaf and the infected part of such leaves in different growth cycles. The highest ratio was  
recorded in autumn leaves (75.71%) as in averages, while in summer cycle (68.07%), the lowest ratio 
was recorded in spring flush (36.52%) as in averages in 2016 season. 

Accordingly, the leaf chls. Content in healthy showed that chl. a and total chls. (a+b) in leaves 
of spring flush was  the highest ratio, followed by in leaves of summer  flush, then chl. a and chls. 
(a+b) contents the lowest in leaves in autumn flush, in 2016 season of study. However, chl. b content 
in leaves in autumn  cycle, recorded the highest values and followed by chl. b in leaves of summer 
flush and the lowest one was found in leaves of spring flush. Total chls. in infected leaves  showed a 
decrements in  the studied leaves of the most cycles as compared with the healthy leaves  of different 
flushes. 

Differences among growth cycles concerning chls. a, b and (a + b) in healthy and infected 
leaves showed significant  differences in most cases. 

It can be concluded that navel orange trees infected with CLM showed a decrease in leaves 
chls. content as compared with healthy leaves and the decrements were correlated with growth cycles, 
area of infested part / leaf  and total percentage of infestation. 

The available literature in this concern reported by Bruce Schaffer et al. (1997)  reported that  
leaf damage by CLM was negatively correlated with net photosynthesis of potted trees and trees in an 
orchard, and that leaf area damage. 
 Wang Lian De et al. (1999), reported that the after damage by the leaf miner, the leaves had 
certain compensatory abilities in photosynthesis and tissue repair. 

 
Table 4:  Effect of CLM infestation on total chls. content   in different growth cycles of navel orange  

gravited on sour orange root-stock  during 2016 season. 

Flush 
cycles 

Leaf chl. content 

Total leaf 
area cm2 

% of leaf area infected  
by CLM to total leaf 

area /cm2 

Chl. A Chl. B Chl.  A+B 

Healthy 
leaf 

Infected 
leaf 

Healthy 
leaf 

Infected 
leaf 

Healthy 
leaf 

Infected 
leaf 

Spring 1.88 1.38 1.72 1.04 3.60 2.42 5.33 36.52 
L.S.D.0.5 0.519 0.49 0.23   
Summer 1.68 1.42 1.81 1.48 3.49 2.90 7.66 68.07 

L.S.D.0.5 0.14 0.041 0.667   
Autumn 1.54 1.34 1.98 1.56 3.52 2.90 5.66 75.71 

L.S.D.0.5 0.10 0.25 0.45   

 
Tzur  et al. (1998), reported that photosynthesis  rate of damage leaves was75% lower  than that 

of healthy leaves. At the same time, a significant decrease in starch accumulation was found in the 
bark of the twigs  with damage leaves. 

Gobran, (2002), reported that highest infestation in citrus trees caused reduction in contents of 
chlorophyll a and b. 

 
5. Effect of CLM infestation on the exhausted of some leaf minerals, (N, P and K %) of navel 
orange trees: 
 

Data recorded in Table (5) show the  percentage of N% in healthy and infected leaves of navel 
orange in three growth cycles 2016 seasons of study. In this concern the infected leaves were contain 
less N% in  different cycles as compared with healthy leaves i.e., the average percentage of N% were 
(1.223%) against 1.394 % in spring cycle, 1.193 against, 1.396% in summer cycle and 1.235% against 
1.411% in autumn cycle, for 2016 season, respectively. 

The obtained results also revealed that the exhausted N% increased as percentage of infestation 
by CLM and recorded high losses in autumn flush followed by summer flush then spring flush in 
desending order. Significant  differences  among growth cycles and percentages of infestation by 
CLM in most cases were recorded. 
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As for P%  exhausted due to the infestation  with CLM, reached to 0.433%  against  0.544 in 
autumn flush in 2016 season, respectively. Leaves of summer flush were decreased in P% leaf content 
as compared with spring and autumn growth cycle in 2016 season. 

 
Table 5: Effect of CLM infestation on nitrogen, phosphor and potassium of navel orange leaves 

gravited on sour orange root-stock during 2016 season. 

Flush 
 cycles 

N% P% K+% 
Average percentage  

infestation 
Healthy 

leaf 
Infected 

leaf 
Healthy 

leaf 
Infected 

leaf 
Healthy 

leaf 
Infected 

leaf 
Spring  1.394 1.223 0.591 0.416 1.915 1.708 5.00 

L.S.D.0.5 0.014 0.235 0.205  
Summer 2.396 1.193 0.502 0.401 1.923 1.806 57.33 

L.S.D.0.5 0.006 0.005 N,.S  
Autumn 1.411 1.235 0.544 0.433 1.645 1.517 70.33 

L.S.D.0.5 0.004 0.036 0.049  

 
The same  table also indicated that exhausted K% followed the same noticed  direcation in N% 

and P% doses, which the losses of K % correlated with growth with cycles and percentage of 
infestation by CLM. The recorded data also proved that amount N% exhausted with CLM insect was 
higher as than exhausted P % and K% either in different growth cycles or the percentage of 
infestation, CLM. 

From  another  point of view, the percentages of infestation with CLM insect was increased in 
autumn flush followed by summer cycle and lowest  infestation was noticed in spring cycle, recording 
average 70.33, 57.33 and 5.0% which paraella with the exhausted N, P and K%. 

It can be concluded that the infestation by CLM insect in navel orange trees had  a clear losses 
effect concerning leaf N, P  and K leaf mineral content and reflected on tree growth and fruit yield. 

The available literature concerning the effect of CLM infestation of citrus trees or other fruit 
crops on exhausted minerals were no available now. However, Gobran (2002) reported that CLM 
infestation caused a reduction in leaf N, P, K, Mg and Ca. 
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