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Abstract 

Citrus leafminer (CLM), Phyllocnistis citrella Stainton (Lepidoptera: Gracillariidae) 

is a major insect pest of citrus and cause extensive damage in both nurseries and orchards in 

Pakistan. Feeding by CLM larva exposes leaf cuticle to the causal pathogens of the citrus 

canker disease as well as effect indirectly on photosynthetic activity that can cause greater 

losses than the direct removal of leaf area. 

The seasonal incidence of CLM in Citrus reticulata Blanco orchards was determined 

in the three most growing citrus tehsils (Kotmomin, Bhalwal and Sargodha) of Pakistan, 

during 2014-15. The significantly higher population of CLM was observed in May and 

September during both study years. While in January-March the CLM populations were 

observed minimum during both study years. The abiotic factors such as temperature showed 

significantly (P<0.05) positive correlation with CLM infestation, however, humidity did not 

show any significant (P>0.05) effect on CLM infestation during both years.  

The feeding preference of CLM was evaluated on ten citrus cultivars and also the 

relation of leaf morphological characters and trace elements of different citrus cultivars with 

CLM intensity was determined. The results showed that percent infestation of CLM was 

99.3%, 92.6%, 92.0% and 91.3% on Grapefruit, Fairchild, Kinnow and Succari cultivars 

respectively at the last day of observation during summer of 2015 and proved as most 

susceptible cultivars for CLM. During Fall 2015, the percent CLM infestation was more than 

80% on all citrus cultivars except Salustiana, seedless Lemon and Musambi. Similar results 

were observed during Summer-2016 for percent CLM infestation. However, the least 

affected cultivars from CLM infestation were Musambi and seedless Lemon during all three 

seasons. The CLM larval intensity was also higher on Fairchild, seedless Kinnow, Kinnow 

and Grapefruit and the least activity of CLM larvae was found on seedless Lemon and 

Musambi during all three seasons. No significant relation of leaf morphological characters 

and trace elements were observed with CLM larval intensity at P>0.05. 

The leaf area damage of different citrus cultivars due to mining activity of CLM was 

quantified. The total leaf area and mine area per leaf was calculated by image analysis 

method using Sigmascan Pro 5.0 software. The results of our study showed that CLM 

generated larger mines (1.64cm
2
, 1.44 cm

2
, 1.40 cm

2
) on Grapefruit, Kinnow and Succari 

respectively, compared to other cultivars. The percent leaf damage due to CLM larvae 
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feeding was also observed higher (44.2%, 36.5%, 36.3% and 35.8%) on Citrus tangerines 

(Fairchild) and Citrus mandarins (seedless Kinnow, Feutrellôs early and Kinnow) 

respectively, which showed susceptibility to this insect pest. Smallest mines generated by 

CLM were found on China Lemon and Succari and the percent leaf damage was also found 

minimum on these two cultivars. 

Effect of CLM feeding damage on the photosynthetic rate (Pn), CO2 exchange rate, 

(Ci), H2O exchange rate (Wi), stomatal conductance (C) and transpiration rate (E) of various 

cultivars was tested. However, Fairchild, Kinnow and seedless Kinnow cultivars showed 

maximum reduction (97.3%, 94.2% and 86.3% respectively) in Pn. The Grapefruit cultivar 

initially showed a decreasing trend in Pn and then increased at the end. Furthermore, the 

correlation analysis was verified that C, E, Ci and Wi were significantly and positively 

correlated with Pn except in case of Grapefruit in which Ci and Wi was not significant 

(P>0.05). 

For eco-friendly management of CLM, first, the effectiveness of some synthetic 

insecticides and essential oils was assessed against CLM larvae in laboratory. Two laboratory 

bioassays, leaf dip bioassay (LDB) and topical bioassay (TB) were developed to check the 

efficacy in laboratory. As seen from results, abamectin showed significant mortality (63.5%) 

of CLM larvae when topical bioassay was performed. Similarly, the percent mortality of 

CLM larvae was 53.8% after application of abamectin, when leaf dip bioassay technique was 

used. However, among tested botanicals, Azadirachta indica A. Juss (Family: Meliaceae) oil 

showed better results with percent CLM mortality of 35.6%, through topical bioassay and 

31.8% through leaf dip bioassay. In the case of A. indica, the LC50 value was also observed 

lower (1.88±0.373, 1.73±0.289) in LDB and TB respectively, as compared to other 

botanicals. Secondly, the aqueous and alcoholic extracts of some selected plant species were 

also tested against CLM larvae by two different bioassays. Highest CLM mortality was 

observed in the aqueous (61.17%) and alcoholic (58.3%) extracts of A. indica compared to 

rest of the plant extracts after 24 hours of exposure. Among two treatment application 

methods, higher CLM mortality was obtained in the topical application of A. indica extract 

than leaf dip application. Furthermore, the LC50 value of A. indica aqueous extracts was 6.8% 

in leaf dip bioassay as well as 4.55% in topical application which was lower compared to all 

other extracts. Musa acuminate and Citurs limon extracts (both aqueous and alcoholic) were 
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found least effective against CLM larvae. When combined efficacy of plant extracts with 

abamectin was evaluated, the aqueous and alcoholic extract of A. indica combination 

treatments provided highest mortality (62.25% and 66.25% respectively) than the rest of the 

treatments.  

Third, the extracts of A. indica at 5% and 7% and its oil at 1% and 1.5% 

concentration were studied in comparison to synthetic insecticide abamectin 1.8% EC against 

CLM at nursery plantations. Two foliar application of each treatment during September-2015 

and one during April-2016 were executed and the data of live larvae were recorded at 3
rd

 and 

7
th
 days after each application. The results showed that the control rate of all larval instars 

was higher with the application of abamectin and A. indica oil at 1.5% concentration during 

both seasons and there was no significant difference in their abilities to suppress the CLM 

larval population. In comparison to oil of A. indica, its extract was not well enough to 

suppress the CLM larval population. Likewise abamectin, the A. indica oil also gave better 

control of CLM larvae in nursery plantations and should be a part of the integrated 

management program. 

Furthermore, the natural mortality factors of CLM were assessed in Citrus valencia 

and Grapefruit orchards at Fort Pierce, Florida, USA. Results from both orchards clearly 

showed that predation of CLM was about 40-59% during June and August, however the 

parasitism rate was higher in the month of July which was about 50-55%. Ageniaspis 

citricola Logvinoskaya (Hymenoptera: Encyrtidae) population contribute in CLM parasitism 

comparatively high than Eulophid spp. The parasitism sign on CLM as well as the empty 

mines were observed on 20-25% leaves per shoot in both citrus hosts. Similarly, about 50-

88% mortality of CLM was found due to predation in unprotected (control) branches 

compared to cage barrier treatment in which no empty mine was observed, while the 

parasitism contributed the least (9-14%) to CLM mortality. 

 

 

 

 

 

 

 

 



1 
 

1. General Introduction 

1.1 History and importance of citrus 

Citrus (Rutaceae: Spindales) is one of the major fruit crop worldwide with a major 

contribution to human diet (Liu et al., 2012). Some researchers believe that it was first 

originated in South East Asia including India, China and Malay Archipelago (Scora, 1975; 

Ramana et al., 1981; Gmitter and Hu, 1990) and reached the Mediterranean region more than 

2000 years ago. However, the orange and mandarins were present in China around 4000 

years ago and lemon was grown in India (Liu et al., 2012). Recent research suggests that the 

true origins of citrus are New Caledonia, Australia and New Guinea (Anitei, 2007). During 

the 1940s, Kinnow was planted in Punjab Agricultural Research Institute, currently known as 

University of Agriculture Faisalabad, Pakistan (Mustafa et al., 2014a). In Pakistan, Kinnow 

was imported from California and Feutrellôs early from Australia (Johnson, 2006). Now, a 

various group of citrus (Mandarin, Orange, Grapefruit, Lemon, and Lime) is being cultivated 

and exported from Pakistan (Iqbal et al., 2015).  

Citrus are evergreen shrubs bearing flowers with a strong scent. Citrus fruits can have 

various sizes (about 3.8-14.5cm in diameter) and have different forms like round, oblong and 

elongated (UNCTAD, 2004). Citrus fruits have a key role to fulfill the nutritional 

requirements of human since ancient times and have also great medicinal values (Albrigo and 

Carter, 1977). Citrus fruits are a good source of vitamin C, sugar, organic acid and minerals 

having 3-4% sugar and minerals (Safdar et al., 2010). Fruits are abundant in macro and 

micronutrients such as dietary fiber, sugar, thiamin, potassium, magnesium, and calcium 

which are essential for normal growth and health (Economos and Clay, 1999). Similarly, the 

Oranges and Grapefruits are very helpful for the human body to improve blood circulation 

and minimizing the risk of heart attack (Spreen, 2001).  

1.2 Citrus in Pakistan and insect pests 

Agroecological environment diversity of Pakistan is favorable for the production of 

30 different types of fruits. The share of citrus, mango, dates, guava, and apple is about 75% 

of the total annual production of all fruits (Tahir, 2014). Citrus retains a significant position 

among all fruits in Pakistan with almost 40% of total fruit production (Mustafa et al., 2014a). 

According to Pakistan Economic Survey (2015-16), citrus is being harvested at 201 thousand 

hectares and the total production is 2.3 million tons. In concern about quality and export of 
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different agricultural stuff, citrus plays a vital role in the economy of Pakistan. Total citrus 

export of our country is about 593 thousand tons (Pakistan Economic Survey, 2015-16). 

However, citrus is being grown throughout Pakistan, but the contribution of only 

Punjab province is 95%. The main citrus producing districts of Punjab are Sargodha, Sahiwal 

and Toba Tek Singh (Safdar et al., 2010). The total yield (per hectare) of the citrus is quite 

low in Pakistan compared to other countries like Brazil, USA, India, and China. Despite the 

huge citrus production in Pakistan, export is very low due to poor fruit quality caused by 

insect pest attack (Mustafa et al., 2014a).  

The major insect pests of citrus crop in Pakistan are citrus leafminer, Phyllocnistis 

citrella Stainton (Lepidoptera: Gracillariidae) (Tahir et al., 2015); Asian citrus psyllid, 

Diaphorina citri  Kuwayama. (Hemiptera: Psyllidae) (Hoddle, 2012); citrus whitefly, 

Dialeurodes citri  (Ashmead) (Hemiptera: Aleyrodidae) (Khan et al., 1991) and citrus 

mealybug, Planococcus citri , (Homoptera: Pseudococcidae), (Arshad et al., 2015). However, 

damage of armyworm, Spodoptera litura (Lepidoptera: Noctuidae) (Ullah et al., 2016) has 

been reported in Pakistan citrus. 

1.3 Citrus leafminer life cycle 

Citrus leafminer (CLM), Phyllocnistis citrella Stainton (Lepidoptera: Gracillariidae), 

is a micro-lepidopteran insect pest that originates first from south-eastern Asia (Clausen, 

1931). Now, it has been spread to all citrus growing areas worldwide. The female lays about 

50 eggs in her lifespan, which persist up to 2-12 days. It lays egg singly on leaf surface 

mostly near the midrib (Mustafa et al., 2014a) (Fig. 1).  
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Figure 1. Egg of citrus leafminer lay singly near the midrib of leaf 

In 2-4 days, eggs hatching occur which may depend on the environmental conditions 

(Ba-Angood, 1978). After the emergence, first instar CLM larva starts puncturing the leaf 

and generate mine directly into leaf tissue (Heppner, 1993) (Fig. 2).  

 

Figure 2. First instar larvae of CLM start making mine on leaf surface 

The larvae damage the leaves preferably the young ones through making zigzag 

mines (Sarada et al., 2014) and these mines are lined with frass. This characteristic feature 

helps citrus leafminer to separate from the citrus peelminer, Marmara gulosa Guillén and 

Image: M. Arshad 

Image: M. Arshad 
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Davis (Lepidoptera: Gracillariidae) (Mustafa et al., 2013). Third instar CLM larvae turn and 

molt into a non-feeding pre-pupa stage. The fourth larval instar or pre-pupae spent their time 

to folds a small piece of the leaf mostly at the leaf edge and spins a silk cocoon for pupation 

(Beattie and Hardy, 2004) (Fig. 3).  

 

Figure 3. Fourth instar larvae of CLM making pupal chamber 

The sexing of CLM moth is very difficult because it has no apparent external sexual 

dimorphism. According to Clausen (1931), CLM pupal stage might be identified due to 

morphological differences. Later on, Jacas and Garrido (1996) separated the male and female 

pupae according to the morphology of last abdominal segment. Female pupae have long last 

segment having two long hairs and presumably, it is the fusion of 9
th
 and 10

th
 abdominal 

segment. Whereas, the male pupae have a small pygidium or last abdominal segment has no 

hair. So, this pygidial difference of pupae leads the prediction of adult sex (Jacas and 

Garrido, 1996) (Fig. 4).  

Image: M. Arshad 
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Figure 4. Pygidial difference of male and female pupae of CLM 

The adult emerges after 7-10 days from pupation and remain active early in morning 

and late in evening (Beattie, 1989). The appearance of an adult moth is silvery white and 

about 2mm long with folded wings and up-to 4mm without folded wings (Fig. 5). The tan 

marking or black spots can be easily observed on the tip of forewings (Ba-Angood, 1978). 

 

Figure 5. Adult citrus leafminer (wing folded and without folded) 

 

 

Image: M. Arshad 

Image: M. Arshad 
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1.4 Hosts of citrus leafminer 

CLM is very effective to exploit a wide range of citrus and attacks almost all citrus 

cultivars as well as some related Rutaceae family. The attack of CLM has been observed on 

Citrus aurantium L., C. aurantifolia (Christm.), C. maxima (Burm. ex Rumph) Merr., C. 

limon (L.) Burm. f., C. medica L., C. paradise Macfad., C. sinensis (L.) Osbeck, C. reticulata 

Blanco, C. unshiu Marc, Aegle marmelos (L.) Corr. Serv., Atalantia spp, Citrofortunella 

microcarpa (Bungel) D.O., Fortunella marginata (Lour.) Swingle, F. crassifolia Swingle, 

Limonia spp, Murraya koenigii  (L.) Spreng., M. paniculata (L.) Jack, Severinia buxifolia 

(Poir.) Ten., Poncirus trifoliata (L.) Raf., (De Prins and De Prins, 2005; 2009). 

CLM is found throughout the year but its activity increases during new flushes of the 

citrus (Bernet et al., 2005). The population of CLM remained higher during spring and 

autumn flushes in Pakistan (Ahmed et al., 2013) but it depends on young flushes and 

environmental conditions. Differential susceptibility of CLM has been found among different 

varieties of citrus in Pakistan (Mustafa et al., 2014a; Atiq et al., 2013), Florida (Heppner, 

1993), Ecuador (Bermudez et al., 2004) and Argentina (Diez et al., 2006). 

Insects also make host selection based on their nutritional and ecological 

requirements (Brues, 1920). Nutritional imbalances can lower plant resistance to insect attack 

(Brodbeck et al., 2004). Host plant endogenous of nutrients like nitrogen (N) and mineral 

elementals can have positive, negative or neutral inþuences on insect preference. Previously, 

it was shown that magnesium and calcium are correlated negatively whereas potassium 

correlated positively with CLM infestation in various citrus cultivars (Mustafa et al., 2014a). 

Various chemical compounds in citrus plants may act as attractant or repellent for CLM 

which persuade differential susceptibility or resistance in citrus cultivars for its attack 

(Rocchini et al., 2000). 
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1.5 Direct and Indirect damage of CLM 

It feeds mostly on the lower surface of leaf but feeding on upper surface has been 

observed in case of severe infestation. Larvae feed on epidermis cells of leaves making 

serpentine mines of cuticle covering, resulting in leaf curling (Mustafa et al., 2014a) (Fig. 6).  

 

Figure 6. Damage caused by CLM larvae, pic by M. Arshad 

The larvae damage the citrus by mining the underside of young leaves and the 

associated leaf tissue becomes emaciated and later curling, necrosis, chlorosis, and leaf 

deformation occur and ultimately impair the photosynthetic activity (Pena et al., 2000). 

Normally, one mine per leaf was observed but in case of severe infestation, the larval density 

can be increased. Infestations of 1-3 mines per leaf were recorded from Australia, while 

wetter conditions in other areas, like Florida, may facilitate more mines per leaf (Jones, 

2001). A single larva has the ability to consume 1 to 7 cm
2
 leaf area (Gottwald et al., 2002) 

and the percent damage might be increased to 50% if 2 to 3 larvae consumed the leaf surface. 

In case of >4 mines per leaf, sever injury occur and the leaves become distorted and abscise 

(Pena and Duncan, 1994). In cases of immense infestation, CLM larvae can damage even the 

young fruits (Heppner, 1995). CLM can seriously affect the citrus plants and has been 

Image: M. Arshad 
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reported a major insect pest in all citrus producing countries like; Turkey (Elekioĵlu, 2013), 

USA (Peña et al., 2000), India (Chhetry et al., 2012) and Brazil (Prates et al., 1996). 

The severity of CLM infestation depends on timing of infestation in relation to 

seasonal pattern of flushing that varies among the regions, plant age and varieties (Knapp et 

al., 1995). Previously it has been reported that among the climatic factors, bright sunshine 

and evaporation negatively affect the infestation of CLM, while temperature, humidity and 

rainfall had positive effect (Patel and Patel, 2001). Among the region, it was reported that 

CLM cause minor damage to spring flushes in China and Australia (Bingling and Mingdu, 

1996). Similarly, lower damage was found in winter seasons of South Florida (Pena et al., 

1996) and Argentina (Diez et al., 2006). 

Additionally, CLM larvae enhance the citrus canker disease by providing the entry 

hole for Xanthomonas axonopodis pv citri  bacterium (Chagas et al., 2001). It is a serious 

disease of citrus and causes lesions on leaves, stem, and fruits initially and if the disease 

progress, than defoliation, blemished fruits, premature fruit drop, twig dieback, and tree 

decline occurs (Diez et al., 2006). CLM larva may carry the bacteria throughout the mine, 

and the intensity of disease can be increased by increasing the mine area on the leaf surface 

(Gottwald et al., 2002; Belasque et al., 2009). 

Among the biotic and abiotic stresses that influence the plant optimal growth, insect 

herbivory is one of the important biotic factors that damages plant directly through feeding or 

indirectly through transmission of pathogens and interference with physiological processes. It 

affects the plant health, and causes the significant economic losses of crops in term of yield 

(Delaney and Macedo, 2001).  

The primary physiological assay of plant feeding by insect is the estimation of net 

photosynthetic rate (Pn) in damaged and undamaged part of leaf or between leaves (Peterson 

and Higley, 2001; Neves et al., 2006). These variations are dependent on insect species, plant 

age, feeding time, and intensity (Crawley, 1989). However, the leaf response to insect 

feeding demonstrates the overall response of affected plants to stress (Dickson and Isebrands, 

1991). Feeding may impact the water status of leaves (Wilson, 1980; Hoad et al., 1998) and 

interrupt the leaves integrity to loss of water from edges (Ostlie and Pedigo, 1984; Welter, 

1989). Furthermore, evaporation can occur or water can move towards cut edges through 

symplasm or apoplasm of epidermal cells (Canny, 1990; Barbour and Farquhar, 2003). 
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Plant feeding by stem borers, leafminers, and sap sucking insects such as aphids are 

known to affect the photosynthetic rates in different plant species (Welter, 1989). However, 

insect feeding may result in increase, decrease or no change of photosynthetic rates across 

plant species (Zangerl et al., 2002; Mercader and Isaacs, 2003; Delaney and Higley, 2006; 

Tang et al., 2006). Zangerl et al. (2002) reported up to 20% reduction in photosynthetic rate 

in remaining portion of leaves of wild parsnip leaf area consumed 5% by cabbage looper, 

Trichoplusia ni (Lepidoptera: Noctuidae). Insect feeding damage interacts with the gaseous 

exchange in undamaged part of leaf (Kessler and Baldwin, 2002). However, the mechanisms 

involved behind this or other physiological processes are not well understood and can vary 

among plant and insect combinations (Hunter, 2001; Peterson et al., 2004).  

1.6 Management of CLM 

The broad spectrum insecticides such as pyrethroids, organophosphates and 

neonicotinoids are being used against CLM (Maý and Ohbayashi, 2006; Powell et al., 2007). 

Furthermore, the abamectin having nematicidal, acaricidal and insecticidal activity (Lasota 

and Dybas, 1991) is considered the best chemical against this pest (Paiva, 2011). However, 

the insecticide applications are costly and effective for short period as well as need to be 

applied repeatedly (Setamou et al., 2010). Repeated applications of insecticides are often 

required for effective control of CLM due to their high reproduction rate, multivoltine life 

history (Yumruktepe et al., 1996), protection of larvae within the mines evading topical 

sprays, and pupal protection by the rolled leaf margins (Beattie, 2004). Together all these 

factors may render the suppression of the pest in the growing season, and/or development of 

insecticide resistance in the target population (Amiri-Besheli, 2008; 2009). Considering the 

importance of alternative management practices, in the past decade, several researchers 

suggested the need of integrating biopesticides in the conventional pest control programs 

(Broderick et al., 2000; Lacey et al., 2001). 

Recently the increasing trend of using biopesticide is also very effective to control 

major insect pests and alternative to conventional insecticides (Broderick et al., 2000; Lacey 

et al., 2001). Mineral oil can be used as a surfactant and reduce surface tension and can be 

very helpful to manage CLM by minimizing the protection of epidermal layer (Dias et al., 

2005). Using of mineral oils are the most popular alternative for the management of CLM 

population and are recommended for the use in home gardens, nurseries, and orchards 



10 

 

(Khalid et al., 2012). The foliar application of oils proved as a repellent for a female to egg 

laying (Beattie et al., 1995; Liu et al., 2001). The oils are also proved to be safer for 

beneficial fauna as compared to insecticidal spray. Thus, they may incorporate well with 

biological control agents used for pest control (Cranshaw and Baxendale, 2005). Amiri -

Besheli (2011) specified the use of biopesticides like tondexir extracts from hot pepper 

dispirited CLM adults from egg laying on leaves and posed a lower risk to humans and the 

environment than other pesticides. Botanicals are comparatively harmless against the non-

target organisms as compared to insecticides (Isman, 2006). 

Among different approaches, utility of plant extracts as a broad spectrum pesticides 

(insecticidal, antiviral, antifungal, antibacterial, anti-feedant, insect growth regulators) have 

been widely investigated and recommended for their use against multiple pest of economic 

importance (Belmain et al., 2001; Carlini and Grossi-de-Sá, 2002; Grzywacz et al., 2014). 

The multiple active ingredients in insecticidal plant extracts act synergistically and exhibit a 

various mode of actions that prevent the resistance development in insect pests (Belmain et 

al., 2001) and these natural insecticides are relatively harmless to the non-target organisms 

(Isman, 2006).  

Neem (Azadirachta indica A. Juss), a plant native to Indian subcontinent is 

extensively grown in Pakistan and India for their medicinal and pesticidal usage. The product 

of neem like bark, seed, leaves and neem oil have been reported to suppress over 200 species 

of insect pests, 5 nematodes, and 3 mite species and also considered benign to non-target 

organisms (Raguraman and Singh, 1999; Ukeh et al., 2007). A. indica acts as a repellent and 

affects the insectôs growth by inhibiting the release of prothoracic hormones (Isman, 2006; 

Khattak and Rashid, 2006). In addition, the plant extracts of a perennial herb, Datura 

stramonium L. have been documented as repellent toxic to many agricultural insect pests in 

Asia (Zhang et al., 2006; Kumral et al., 2010). Furthermore, in agricultural pest management, 

natural insecticides are safer to use in organic food production in industrialized countries, as 

well as play an important role in the production and post-harvest protection of food in 

developing countries (Isman, 2006). 
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1.7 Justification 

The citrus growers considered the CLM as a destructive insect pest in citrus nurseries 

(Villanueva-Jimenez and Hoy, 1998; Amiri-Besheli, 2008; Grafton-Cardwell et al., 2009). 

The CLM mostly feed on young flushes making serpentine mines on leaves and the impact of 

its feeding is highest on nursery stock (Grafton-Cardwell et al., 2009). According to Garcia-

Mari et al. (2002), 45% of new leaf area could be lost due to mining activity of CLM. 

Similarly, Shivankar et al. (2002) reported that CLM affects more than 80% of citrus 

nurseries in central India and the percentage increased to >87% in case of severe infestation. 

Besides its direct feeding, the CLM also causes the indirect damage to new flush by 

exacerbation of canker infection so; controlling the CLM population is a dynamic component 

for the management of canker disease (Pena et al., 1996; Belasque et al., 2005). 

Citrus growers face economic loss due to the increased cost of treating nursery and 

non-bearing citrus. Aesthetic point of view, the CLM damage also results in a reduction of 

horticultural productionôs sale for the garden centers and homeowners (Heppner and Fasulo, 

2010). The relationship of CLM population with various abiotic factors have been reported 

earlier (Ateyyat and Mustafa, 2000; Rahman et al., 2005; Xiao et al., 2007; Jesus et al., 

2008; Sinclair and Hughes, 2008; Malika et al., 2010). However, there is a lack of reliable 

data on Kinnow mandarins that is a high yield mandarin hybrid and has been extensively 

grown in the wider regions of citrus plantations in Pakistan. To the best of our knowledge, no 

comprehensive study has been performed on endogenous trace elements in citrus cultivars 

and host specificity of CLM. The effect of CLM damage on growth and productivity of citrus 

is not clearly defined. Similarly, the impairment of gaseous exchange by feeding of CLM 

larvae on citrus cultivars has not been investigated in detail. Furthermore, the development of 

sustainable management system that involves the environment-friendly approaches to control 

this pest is required. A number of plants having insecticidal properties are available in nature 

but a limited number of studies have dealt with the use of botanicals against CLM. 
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1.8 Objectives 

1.8.1 Overall objective 

The key objective of this study was to determine the CLM status in Sargodha region; its 

damage potential; host preference and impairment in plant physiology. 

1.8.2 Specific objectives 

The specific objectives of study were: 

1. Determination of the seasonal incidence of CLM populations on Kinnow mandarin 

and its relation with abiotic factors in different locations of Sargodha district, Punjab 

Pakistan.  

2. Determination of the preferences of CLM on ten citrus cultivars, and to evaluate the 

relation between the morphological and nutritional status of the host to its defense 

against CLM.  

3. Estimation of the leaf area damage caused by CLM in different citrus cultivars 

through image analysis method.  

4. Quantification of the effect of CLM feeding on selected physiological parameters of 

different citrus cultivars; 

¶ Photosynthetic rate 

¶ CO2 exchange rate 

¶ H2O exchange rate 

¶ Stomatal conductance 

¶ Transpiration rate 

 

5. Evaluation of the toxicity of plant extracts, essential oil and some synthetic 

insecticides against CLM in laboratory and field conditions. 

6. Determination of the natural mortality factors acting on CLM in Citrus valencia and 

Grapefruit orchards. 
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2. Review of literature 

The citrus leafminer, originate first time from southern Asia (Stainton, 1856; Clausen, 

1931), and now has spread to all major citrus-growing areas in the world (Heppner, 1993; 

Hoy and Nguyen, 1997; Legaspi et al., 2001; Garcia-Mari, 2004; Diez et al., 2006). It was 

first reported in Calcutta, India in 1856 (Stainton, 1856). It became a very destructive and 

serious pest especially in the citrus nursery as well as mature orchards (Abbas and AL-

Jboory, 1994; Garcia-Mari et al., 2002; Mustafa et al., 2014a,b). 

The population dynamics of CLM have been reported by many researchers (Chen et 

al., 1989; Pena et al., 1994; Pena et al., 1996; Urbaneja-Garcia et al., 2000; Legaspi et al., 

2001; Diez et al., 2006; Lapointe and Leal, 2007) in different part of the world. According to 

Lapointe and Leal (2007), CLM can be found throughout the year, but its peak incidence was 

started from late March to early October in Florida, which depends on new vegetative 

growth. Diez et al. (2000) stated the seasonal abundance of CLM in Tafi Viejo (Tucuman 

province) throughout the year and highest activity observed during the spring and summer. 

Rahman and Yunus (1945) reported adult activity in February that reached at its peak 

position once in March-May and again during September-November and the lowest activity 

were observed during December-February. In Uttar Pradesh, India, the CLM larval and pupal 

stages were observed during winter under the field condition (Pandey and Pandey, 1964) and 

the activity of CLM increased during August to November and starting to decline as winter 

progressed. The activity was expected again in February-March and gradually followed to 

decline with the beginning of summer. The 1
st
 peak period of CLM was from February-

March and 2
nd

 was from July-October (Khanna and Pandey, 1966). Furthermore, Sarada et 

al. (2014) reported two peaks of leafminer incidence during the whole year (mid-October and 

end-March) in Maharashtra Salhi and Doumandji-Mitiche (2009) recorded three generations 

of CLM, mostly during summer and autumn flushes in Algeria, but the highest activity was 

during the autumn flush. Diez et al. (2006) reported the peak population of CLM in January 

to March in Argentina. Farghaly et al. (2016) reported the higher activity of CLM during 

March to May in Egypt. Ali and Ali (2018) determined the seasonal abundance of CLM in 

Sudan and reported the peak activity of CLM during December to February with the 

availability of young flushes. Similarly, two peaks of CLM infestation (first during April-

May and again during September-October) was also reported by Batra and Sharma (2001) 
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and Sharma et al. (2006), however, the infestation was associated more with the young citrus 

flushes. According to Mustafa et al. (2014a), the population of CLM remains high during 

April -May and September in Pakistan. 

The population of CLM may depend on abiotic factors like temperature, humidity, 

rainfall and wind speed. The relation of environmental conditions with population dynamics 

of CLM has been reported by many researchers (Patel et al., 1994; Pena et al., 1996; Ateyyat 

and Mustafa, 2000; Ujiye, 2000; Legaspi et al., 2001; Rahman et al., 2005; Diez et al., 2006; 

Xiao et al., 2010; Sinclair and Hughes, 2008; Jesus et al., 2008; Malika et al., 2010; Abbas et 

al., 2013; and Mustafa et al., 2014a). According to Patel et al. (1994) the larval population 

was recorded higher during August-September in India and minimum temperature showed a 

positive correlation with population, while vapor pressure deficit and sunshine hours showed 

negative associations.  

Shivankar and Rao (2003) reported a positive correlation of maximum and minimum 

temperatures, rainfall and wind speed, with an infestation of citrus leafminer, while relative 

humidity showed a negative correlation with infestation. The hot and dry climatic conditions 

were also reported more favorable to CLM population. The main period of CLM activity was 

extended from 2
nd

 week of May to end of December in Egypt (El-Saadany et al., 2002), 

whereas El-Dessouki et al. (2005) reported five peaks of this pest and found that both 

weather factors and the parasitoids show a positive effect on the insect population. The 

temperature of spring and autumn was liable for the incidence of CLM resulting in higher 

population and damage to plants (Rahman et al., 2005). Nguvu (2015) reported the negative 

relation of CLM activity with temperatures in Tanzania. Furthermore, Singh (2014) reported 

negative relation of CLm infestation with relative humidity in India. Contrarily, Farghaly et 

al. (2016) conducted the study in Middle Egypt and reported the positive relation of CLM 

population with maximum and minimum temperature, while relative humidity was 

negatively related. Mustafa et al. (2014a) also reported the relation of abiotic factors with P. 

citrella incidence in Pakistan. 

The life cycle of CLM varied with different citrus species (Shevale and Pokharkar, 

1992; Patel and Patel, 2001). It was clearly documented that plants having succulent leaves 

and a thin cuticle provided CLM more favorable medium for its mining activity (Latif and 

Yunus, 1951). Pandey and Pandey (1964) reported that the extent of damage fluctuated 
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extensively on different host plants in the form of a length of mines. It was observed that 

elephant lemon (C. medica) had the maximum mine length proving to be the most preferred 

for CLM, whereas the lime (C. aurantifolia) was least favored with a minimum mine length.  

Batra et al. (1970) screened out 24 cultivars for CLM host selectivity and described 

the commercially resistant cultivars including, Citrumelo, Troyer, Carrizo and Jatti khatti. 

Patil et al. (1972) also conducted similar studies and found that Orange-michal, Deshndo, 

and Coorg-citron are completely resistant based on percent leaf damage. In Punjab India, the 

occurrence of CLM damage on different citrus cultivars and root stocks was observed by 

Sandhu and Batra (1977). Several important rootstocks were found to be susceptible viz. 

Citrus jambhiri, C. karna, and C. limonia while Poncirus trifoliate and its hybrids were 

proved to be least susceptible to CLM. In Egypt, Mogahed (1999) studied the susceptibility 

of six citrus varieties viz; Grapefruit (C. paradisi), Mandarin (C. reticulata), Sweet Orange 

(C. sinensis), Baladi Orange, Navel Orange and Lime acid (C. medica var. limonum) against 

CLM, under field and laboratory conditions. It was observed that the new flushes (1 to 5 days 

old) of all the tested varieties proved to be most susceptible to CLM. Goane et al. (2008) 

reported the Grapefruit, Lime, and Orange as susceptible cultivars to CLM in Argentina. 

Similarly, Mustafa et al. (2014c) reported the Kinnow cultivar as the most infested cultivar 

through CLM population in Pakistan. 

The higher infestation of CLM can cause serious problems to the citrus nursery plants 

and young trees whereas the effect is less substantial in mature citrus trees (Uygun et al., 

2000). The same trend was also observed by Garcia-Marí et al. (2002) who reported that 

CLM severely damage the newly planted citrus trees, graftings, and nurseries. But the 

damage is less severe and economically insignificant on adult citrus trees. CLM infestation 

makes the plants susceptible to plant pathogens like citrus canker bacterium (X. axonopodis 

pv. citri ) (Sohi and Sandhu, 1968; Cook, 1988; Gottwald et al., 2002; Junior et al., 2006; 

Canteros et al., 2017). The citrus leaves infested by CLM were prone to citrus canker as the 

entry of the citrus canker bacterium into the leaves has been facilitated by the mines formed 

by the leafminer (Kwansaki, 1920; Voute, 1932, 1934; Bokura, 1936; Chagas et al., 2001; 

Das, 2003; Belasque et al., 2005). The disease caused by this bacterium is worldwide known 

as "Asiatic Citrus Canker" which is proved very devastating on some citrus species, 

especially the species grown in areas where abundant rain and high temperatures are 
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available simultaneously (Pruvost et al., 1997). Sohi and Sandhu (1968) and Sinha et al. 

(1972) reported that the citrus canker incidence and severity in Punjab was encouraged by 

CLM infestation.  

During the larval period, the feeding damage is restricted to the epidermal layer 

which negatively affects the photosynthetic process by leaving a thin covering layer over the 

gallery consisting of the cuticle and outer cell wall resulting in reduced yield of citrus trees 

(Knapp et al., 1995; Morsi, 2002). Complex and often interacting processes which govern the 

gaseous exchange in the remaining leaf tissues are frequently initiated by the CLM damage 

and the photochemical status of the leaf can be altered by many secondary compounds (Leon 

et al., 2001; Kessler and Baldwin, 2002). The effect of insect herbivores on plant 

productivity and physiology was determined by many researchers (Welter, 1989; Peterson 

and Higley, 1996, 2001; Neves et al., 2006; Meyer, 1992; Peterson et al., 1993; Meyer, 1998; 

Oleksyn et al., 1998; Peterson et al., 2004; Zangerl et al., 2002; Mercader and Isaacs, 2003; 

Delaney and Higley, 2006; Tang et al., 2006). However, the influence of CLM on plantôs 

performance through leaf mining activity on an epidermal layer has been addressed by few 

studies such as Schaffer et al. (1997) and Pena et al. (2000) and they reported decreasing of 

yield and reduction of net photosynthetic rate by epidermal mining in Tahiti lime. 

Several insecticides have been reported previously for effective management of CLM 

(Tan and Huang, 1996; Nucifora, 1996; Michaud and Grant, 2003; Nayak et al., 2005; Mafi 

and Ohbayashi, 2006). The efficacy of abamectin against CLM larvae has been reported by 

many researchers who found that this insecticide performs well against CLM (Shivankar et 

al., 2002; Rao et al., 2002; Hammad and Antar, 2003; Patil, 2013). However, repeated 

applications of insecticides are required for better control of CLM due to its many 

generations per year (Yumruktepe et al., 1996) and higher costs involved for multiple 

applications. Recently, the increasing trend of using biopesticide is also very effective to 

control major insect pests and alternative to conventional insecticides (Broderick et al., 2000; 

Lacey et al., 2001). The oils are also proved to be safer for beneficial fauna as compared to 

insecticidal spray. Thus, they may incorporate well with biological control agents used for 

pest control (Cranshaw and Baxendale, 2005).  

Amiri -Besheli (2011) specified the use of biopesticides like tondexir extracts from 

hot pepper dispirited CLM adults from egg laying on leaves and posed a lower risk to 
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humans and the environment than other pesticides. Botanicals are comparatively harmless 

against the non-target organisms as compared to insecticides (Isman, 2006). According to 

Sarvanan (2000), azadirachtin 5ml/L showed 80% mortality of CLM. The Melia azedarach 

L. extract was also proved effective against CLM (Mckenna et al., 2013). 
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Chapter 1 

Seasonal abundance of citrus leafminer, Phyllocnistis citrella (Lepidoptera: 

Gracillariidae) on mandarin (Spindales: Rutaceae) groves in Pakistan 

1.1 Materials and methods 

The seasonal abundance of CLM was studied during 2014 to 2015 in Kinnow 

orchards of different tehsils; Sargodha (32Á5'1" N/72Á40'16"E), Kotmomin (31Á58ô23ò N, 

73Á19ô32ò E) and Bhalwal (32.8ÁN/73.7ÁE) of Sargodha district, Pakistan. The selected 

plants in orchards of Kotmomin and Bhalwal tehsils were 10 years old, while in tehsil 

Sargodha, plants were 8 years old. For sampling, the orchards were randomly divided into 

three blocks in each tehsil. For each block, one acre of the orchard was selected. Five trees 

were randomly selected from each orchard and kept free from insecticidal treatment for both 

study years. So, the CLM population records were made on total 15 plants from each tehsil 

and marked for recording observation. Four shoots were randomly selected from each of four 

geographical directions of each tree. The shoots were collected, packed in plastic bags and 

kept transferred to Entomology laboratory for data recording. The terminal 10cm portion of 

each branch was examined under a microscope to record the population of CLM (Chhetry et 

al., 2012). At the fortnightly interval, observation on CLM population was recorded, starting 

from 1
st
 week of January 2014 to mid-December of 2015. The infestation percentage was 

calculated by formula suggested by Gupta and Tara (2014). 

 

ὍὲὪὩίὸὥὸὭέὲ Ϸ
ὔέȢέὪ άὭὲὩί ὴὩὶ ὴὰὥὲὸ

Ὕέὸὥὰ ὲέȢέὪ ὰὩὥὺὩί ὴὩὶ ὴὰὥὲὸ ὩὼὥάὭὲὩὨ
ὢ ρππ 

 

The meteorological data with regard to temperature and relative humidity were obtained from 

the Pakistan Meteorological Department (PMD) for both study years. Percent infestation data 

were analyzed by ANOVA to test the significance for location and time. Means were 

separated by Tukey HSD all-pairwise test. The infestation percentage of CLM was also 

analyzed by regression (both linear and multiple) and correlation with abiotic factors using 

MINITAB 16.1 software. 
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1.2 Results 

The results showed that locations (F=113.5, P<0.001) and date (F=661.1, P<0.001) 

had significant variations in percent CLM infestation during 2014. The interaction of location 

and date (F=4.1, P<0.001) was also observed significant during 2014. Similar findings were 

observed during 2015, in which the locations (F=56.47, P<0.001) and date (F=288.6, 

P<0.001) showed significant variation in percent CLM infestation. Their interaction was also 

observed significant at P<0.001. The CLM infestation had two peaks in Kinnow mandarin 

during both years. The first peak was reached during May-June of 2014 and the percent CLM 

infestation was about 30-40% in Sargodha, 25-32% in Kotmomin and 30-38% in Bhalwal 

region (Fig. 1.2.1). However, during 2015, the 1
st
 peak activity of CLM was found in April -

May with percent CLM infestation of 37-47% in Sargodha and Kotmomin and 44-50% in 

Bhalwal region (Fig. 1.2.2). Thereafter, a steep decline of CLM population was observed till  

June during both years. In August, the population started rising and reached to second peak 

position in September during both years. The percent CLM infestation was about 53-62% in 

all three tehsils during September-2014 and 55-64% during September-2015. The least 

activity of CLM was found in January to March. The CLM activity was comparatively high 

(61%) in Bahlwal tehsil during both years (Fig. 1.2.1; Fig. 1.2.2). At a larger scale, CLM 

populations were recorded in higher numbers during the year 2015 (Fig. 1.2.2). 
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Figure 1.2.1. Means ± SE of percent CLM infestation on Kinnow mandarins at three tehsils of Sargodha district during 2014 
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Figure 1.2.2. Means ± SE of percent CLM infestation on Kinnow mandarins at three tehsils of Sargodha district during 2015 
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Multiple regression models were performed to determine the combined effect of 

abiotic factors on CLM infestation (Table 1.2.1). The regression equation showed that overall 

0.17, 0.30 and 0.51% CLM infestation decreased corresponded to one unit change in X1 

(maximum temperature) for Sargodha, Bhalwal, and Kotmomin respectively, for the year 

2014, by keeping all other independent factors constant. While CLM infestation was 

increased corresponded to a unit change in X2 (minimum temperature). In 2014, a similar 

trend was observed in Sargodha, Kotmomin, and Bhalwal respectively, with 0.097, 0.15 and 

0.136% increase of CLM infestation corresponded to a unit change in X3 (humidity). 

However, in 2015 an increase of CLM populations was observed due to one unit change in 

X1, X2, and X3 for all locations (Table 1.2.1). 

The correlation analysis for CLM infestation and abiotic factors are given in Table 

1.2.2. The results showed a uniform pattern of correlation between infestation of CLM and 

abiotic factors for both years. Temperature appears to play a significant role in percent 

infestation of CLM. The maximum and minimum temperature were found to be significantly 

and positively correlated with CLM infestation (P<0.05), but relative humidity showed a 

non-significant and negative correlation with CLM infestation at P>0.05, during both years. 

So, temperature stands out the most important determinant constraining CLM infestation for 

both study years.    
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Table 1.2.1. Regression analysis of abiotic factors on CLM population at three different tehsils of Sargodha 

                                                       2014                                                                                 2015 

Predictors                                Regression equation                                R
2                     

Regression equation                                R
2
 

Sargodha 

Max. Temp.                              Y= -8.5+1.11X1 

Max., Min. Temp.                     Y=  10.1-0.376X1+1.46X2          

Max., Min. Temp., R.H.           Y= -2.1-0.17X1+1.35X2+0.097X3 

0.35          Y=3.82+0.904X1 

0.43          Y=4.8+0.79X1+0.125X2 

0.44          Y= -17.1+1.04X1+0.094X2+0.18X3 

0.32 

0.33 

0.33 

Kotmomin 

Max. Temp.                               Y=-10.4+1.047X1 

Max., Min. Temp.                      Y=13.1-0.836X1=1.84X2 

Max., Min. Temp., R.H.            Y= -6.0-0.51X1+1.67X2+0.15X3 

0.30           Y=3.7+0.799X1 

0.41           Y=7.02+0.424X1-0.437X2 

0.44           Y= -7.2+0.58X1+0.41X2+0.12X3 

0.21 

0.23 

0.23 

Bhalwal 

Max. Temp.                                Y=-11.2+1.16X1 

Max., Min. Temp.                       Y=10.6-0.58X1+1.716X2 

Max., Min. Temp., R. H.            Y=-6.5-0.30X1+1.56X2+0.136X3 

0.33           Y=0.5+1.02X1 

0.42           Y=5.0+0.52X1-0.58X2 

0.44           Y= -7.4+0.66X1+0.56X2+0.10X3 

0.31 

0.34 

0.34 

         Max. Temp. (X1); Min. Temp. (X2); R.H. (X3); Critical values for R
2
 were p<0.05 
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Table 1.2.2. Correlation coefficient values between CLM infestation and abiotic factors in 

three tehsils of Sargodha during 2014-15 

                         Locations                 Max. Temp.             Min. Temp.                R.H. 

2014 Sargodha                  0.577*                      0.632*                      -0.194 

Kotmomin                0.526*                      0.610*                      -0.105 

Bhalwal                    0.554*                      0.625*                      -0.139 

2015 Sargodha                  0.559*                      0.507*                      -0.396 

Kotmomin                0.453*                      0.446*                      -0.321 

Bhalwal                    0.556*                      0.551*                      -0.402 

*Represents p<0.05 Critical value for R
2
 were p<0.05 

 

1.3 Discussion 

The seasonal abundance of CLM was assessed on Kinnow mandarins; an 

economically important cultivar, in Sargodha region. The incidence of CLM showed well-

marked seasonal variation in Kinnow orchards, but two peaks abundance were found on 

Kinnow during both study years. The first peak was in May and second was in September 

and these peaks corresponded to spring and autumn vegetative growth of citrus. For both 

years, the extent of CLM damage was observed higher in May and September and the 

infestation percentage remains low during January-March in Sargodha region. Our findings 

were in accordance to Legaspi et al. (2001) and Ahmed et al. (2013), who also reported that 

maximum percent damage caused by CLM was in September and decline from January to 

March. During 2014-15, the infestation of CLM reached at highest to 55-62% and lowest 

damage percentage was 8-12%, which was in line to Zeb et al. (2011) who also reported that 

21-55% damage caused by CLM.  

The population fluctuation of CLM during the study period of two years may be due 

to fluctuation in abiotic factors, which suggest that abiotic factors play an important role in 

CLM incidence besides new flushes. Abiotic factors such as temperature, relative humidity, 

and vapor pressure enhanced the severity of CLM infestation (Patel and Patel, 2001). 

According to Chettry et al. (2012), the fluctuation of CLM abundance depends on different 

factors like bright sunshine, which have a negative effect on the activity of CLM. The present 

results showed that temperature was a single abiotic factor showing a strong influence on 

CLM incidence in Kinnow orchards, which lead to fluctuations in population. Humidity 
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showed non-significant and negative relation with CLM population. For the survival of 

insect, the threshold of humidity varies with the chencages in temperature (You and Wang, 

1999), but for CLM the availability of young flushes is the vital factor. High temperature or 

sunlight may lead in increase the young flushes (Setamou et al., 2010) that are suitable for 

growth and development of CLM. The peak activity of CLM larvae was recorded in 

September during both years. Chhetry et al. (2012) determined that a steep decline of P. 

citrella incidence occur in winter due to environmental variations and unavailability of new 

flushes which are necessary to CLM larvae for its development and reproduction. During 

spring, the CLM infestation increases suddenly due to higher temperature and availability of 

new vegetative flushes (You and Wang, 1999; Diez et al., 2006).  

CLM infestation was significantly positive correlated with maximum and minimum 

temperature. The temperature above 15
o
C was a most favorable condition for population 

buildup of CLM. Similarly, the average maximum temperature of about 35
o
C was in favor of 

the multiplication of this insect pest. The maximum temperature stands 33% effects alone in 

infestation of citrus leafminer, while combined effects of all abiotic factors exceed infestation 

up to 44%. But, the citrus leafminer larvae showed no sensibility to humidity over the period 

studied. As in Patel et al. (1994), CLM incidence was highest at 18
o
C and its multiplication 

increased at 35
o
C. However, humidity showed no variations in percent CLM infestation and 

these findings are in line with Chhetry et al. (2011). 
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Chapter 2 

Variations in the host preferences of Phyllocnistis citrella Stainton (Lepidoptera: 

Gracillariidae) based on morphological characteristics and trace elements of different 

citrus cultivars 

2.1 Materials and methods 

The study was conducted in a citrus nursery plantations located at the College of 

Agriculture, University of Sargodha, Pakistan. The coordinates of nursery area are 

32Ü07ᾳ52.5ᾴN, 72Ü41ᾳ03.0ᾴE. Ten citrus cultivars, C. mandarins (Kinnow, seedless Kinnow, 

Feutrellôs early), C. sinensis (Succari, Salustiana, Musambi), C. tangerines (Fairchild), C. 

limon (China lemon, seedless Lemon) and C. paradisi Macfad (Grapefruit) were selected to 

study the preferences of CLM. Ten one-year-old plants were selected from each cultivar, and 

three shoots were selected randomly from each plant. Five young leaves from each shoot 

were randomly selected and tagged. Different colored tags were used for each selected plant, 

shoots and leaves. The plants were kept free from insecticides during experimentation.  

2.1.1 Percent CLM infestation 

A number of leaves containing mines were recorded from the selected leaves of each 

plant at every three-day interval for the period of one month using a hand lens. The data were 

recorded from each cultivar during different seasons (summer, fall, and next year summer). 

The percent infestation of CLM larvae was expressed as a number of mined leaves and 

calculated by the following formula (Gupta and Tara, 2014): 

ὖὩὶὧὩὲὸ ὭὲὪὩίὸὥὸὭέὲ
ὔόάὦὩὶ έὪ άὭὲὩὨ ὰὩὥὺὩί

Ὕέὸὥὰ ὲόάὦὩὶ έὪ ίὩὰὩὧὸὩὨ ὰὩὥὺὩί ὴὩὶ ὴὰὥὲὸ
 ὢ ρππ 

2.1.2 CLM larval intensity 

Total number of mines per leaf was expressed as the CLM larval intensity per leaf 

and calculated by following formula: 

ὅὒὓ ὰὥὶὺὥὰ ὭὲὸὩίὭὸώ
ὔόάὦὩὶ έὪ άὭὲὩί έὲ ίὩὰὩὧὸὩὨ ὰὩὥὪ

Ὕέὸὥὰ ὲόάὦὩὶ έὪ ίὩὰὩὧὸὩὨ ὰὩὥὺὩί ὴὩὶ ὴὰὥὲὸ
 ὢ ρππ 

 

2.1.3 Measurement of plant morphological characters 

2.1.3.1 Leaf thickness (ɛm) 

Ten healthy leaves of almost same size were taken from each cultivar and its mean 

value in micrometer was determined using micrometry technique (Todd, 1971). The ocular 
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lens with a micrometer disc was engaged on the microscope. Focused on the object to be 

measured and determined the size in ocular units. The ocular units were multiplied by 

calibration factor for that specific microscope, objective and an ocular micrometer.  

2.1.3.2 Leaf moisture contents (%)  

Ten healthy young leaves were randomly collected from each cultivar and weighed 

using weight balance. The sample was dried for 24 hours in an oven at 105-110 
o
C. The 

sample was reweighed for dry mass. The moisture content was determined using the 

following equation (Mustafa et al., 2014b): 

ὓέὭίὸόὶὩ ὧέὲὸὩὲὸί Ϸ
ὊὶὩίὬ ύὩὭὫὬὸ Ὀὶώ ύὩὭὫὬὸ

ὊὶὩίὬ ύὩὭὫὬὸ
 ὢ ρππ 

2.1.3.3 Leaf area (cm
2
) 

Ten healthy leaves of each cultivar were randomly collected from selected plants in 

the field. The leaf area was measured using CI-202 portable laser leaf area meter (CID, Bio-

Science). 

2.1.3.4 Nutritional contents (ppm)  

From each cultivar, about 50 to 80 leaves with no apparent insect or any other 

physical damage were randomly collected from experimental plants, packed in plastic bags, 

labeled and kept transferred to Entomology laboratory. The leaves were washed carefully 

with distilled water to remove dust and contaminants. Then, leaves were first dried at room 

temperature for a couple of days followed by oven drying at 60 °C for two days (Galvez-Sola 

et al., 2015). The dried leaves were grounded using grinding mills to make a fine powder and 

nutrient analysis was performed. The samples were digested with a mixture of nitric acid 

(HNO3) and perchloric acid (HCIO4) at the ratio of 3:1 (Chapman and Parker, 1961). The 

digested material was diluted and micro-nutrients (Cu, Zn, Mn, and Fe) were analyzed on 

Atomic Absorption Spectrophotometer (Varian®220). 

2.1.4 Statistical analysis 

The data were analyzed using two-factor factorial CRD design for cultivars and time 

interval as the main factors to check the significance for percent CLM infestation and CLM 

intensity for each season. Means were compared using Tukey HSD all pairwise comparison 

test. The multiple regression was performed to test the relationship of leaves morphological 
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and micronutrients characters with CLM intensity. All the analysis was done using Minitab 

16.1 and SPSS 20.0 software. 

2.2 Results 

The results showed that cultivars, days and their interaction had significant variations 

(P<0.001) in percent CLM infestation during all three sampling seasons (Table 2.2.1). 

Table 2.2.1. Analysis of variance for percent CLM infestation on different citrus cultivars 

during different seasons 

  Summer-2015 Fall-2015 Summer-2016 

SOV DF F P F P F P 

Cultivars 9 676.9 <0.001 580.8 <0.001 750.2 <0.001 

Days 9 279.8 <0.001 235.2 <0.001 272.4 <0.001 

Cultivars x Days 81 6.32 <0.001 6.37 <0.001 5.23 <0.001 

Error 900       

Total 999       
P<0.001 shows highly significance 

Percent CLM infestation was increased with the passage of time in all citrus cultivars. 

However, at the last day of the experiment, maximum infestation (99.3%, 92.6%, 92.0% and 

91.3%) was observed on Grapefruit, Fairchild, Kinnow and Succari respectively during 

Summer-2015. The least affected cultivars were seedless Lemon and Musambi, on which the 

percent CLM infestation was observed only 26.6% (Table 2.2.2.). During Fall 2015, the 

percent infestation was observed higher (62.0%, 72.0%) on Grapefruit and Fairchild 

respectively at 1
st
 day of observation. The percent infestation of CLM reached to 100% on 

Fairchild at the 22
th
 day. However, the percent CLM infestation was more than 80% on all 

citrus cultivars except Salustiana, seedless Lemon, and Musambi at the last day of 

observation. The least affected cultivars were seedless Lemon and Musambi on which the 

infestation of CLM was only 33.3% and 30.7% respectively at last day of observation (Table 

2.2.3). Similar results were observed during Summer 2016, in which the percent CLM 

infestation was more than 80% in all citrus cultivars except Salustiana, seedless Lemon and 

Musambi at the last day of observation. The percent infestation was lower (27.3%, 26.0%) on 

seedless Lemon and Musambi respectively at the last day of observation (Table 2.2.4). 
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Table 2.2.2. Means±SE of percent CLM infestation on different citrus cultivars at different time interval during Summer-2015 

Cultivars  1
st
 day 4

th
 day 7

th
 day 10

th
 day 13

th
 day 16

th
 day 19

th
 day 22

th
 day 25

th
 day 28

th
 day 

Grapefruit 44.0±3.32
a
 68.6±2.00

a
 74.6±3.82

a
 80.0±3.71

a
 84.0±3.87

a
 88.0±2.77

a
 91.3±2.23

a
 98.6±0.89

a
 99.3±0.67

a
 99.3±0.67

a
 

China Lemon 28.0±2.59
b
 44.0±2.03

d
 59.3±2.88

b
 65.3±2.77

bc
 65.3±2.78

bc
 66.0±2.71

bc
 68.0±2.77

cd
 71.3±2.98

d
 80.0±2.81

bc
 84.0±2.04

b
 

Kinnow 45.3±1.33
a
 60.0±1.72

abc
 64.0±2.26

ab
 66.6±2.62

abc
 69.3±2.26

bc
 71.3±2.00

bc
 79.3±3.36

a-d
 80.6±2.88

bcd
 83.3±3.33

bc
 92.0±2.17

ab
 

Feutrellôs early 38.0±2.00
ab

 52.6±2.71
cd

 64.0±3.32
ab

 72.6±3.51
abc

 72.6±3.51
abc

 73.3±3.58
bc

 76.6±3.88
bcd

 76.0±3.17
cd

 77.3±3.32
c
 82.6±2.85

b
 

Salustiana 14.0±1.19
c
 23.3±2.27

e
 34.6±1.93

c
 43.3±3.47

d
 46.0±3.64

d
 48.0±3.55

d
 51.3±3.15

e
 54.0±2.52

e
 58.6±2.94

d
 61.3±3.83

c
 

Succari 11.3±1.02
cd

 22.0±1.73
e
 34.6±1.33

c
 44.0±3.17

d
 59.3±2.52

cd
 77.3±2.84

abc
 87.3±2.09

ab
 88.0±1.93

abc
 90.0±1.11

ab
 91.3±1.42

ab
 

Seedless Lemon 0.00
d
 0.00

f
 10.6±1.08

d
 10.6±1.09

e
 20.6±1.19

e
 25.3±1.33

e
 25.3±1.33

f
 26.6±1.72

f
 26.6±1.72

e
 26.6±1.72

d
 

Musambi 0.00
d
 6.0±0.67

f
 6.0±0.67

d
 11.3±2.44

e
 25.3±3.11

e
 27.3±3.51

e
 26.6±3.58

f
 26.6±3.58

f
 26.6±3.58

e
 26.6±3.57

d
 

Seedless 

Kinnow 

46.0±4.03
a
 57.3±3.75

bc
 60.6±3.64

b
 60.6±3.64

c
 62.0±4.33

c
 65.3±4.64

c
 66.0±4.60

d
 73.3±3.14

d
 82.0±3.44

bc
 86.0±2.88

b
 

Fairchild 47.3±4.81
a
 65.3±4.07

ab
 76.0±3.61

a
 76.0±3.61

ab
 78.0±3.15

ab
 80.0±2.98

ab
 82.0±3.30

abc
 88.6±2.44

ab
 91.3±1.73

ab
 92.6±1.85

ab
 

F-value 57.6 110 88.8 66.2 45.7 48.3 56.2 89.7 94.5 119 

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Means sharing similar letters within the columns are not significantly different (P>0.05) 
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Table 2.2.3. Means±SE of percent CLM infestation on different citrus cultivars at different time interval during Fall-2015 

Cultivars  1
st
 day 4

th
 day 7

th
 day 10

th
 day 13

th
 day 16

th
 day 19

th
 day 22

th
 day 25

th
 day 28

th
 day 

Grapefruit 62.0±4.22
a
 70.0±2.85

ab
 70.0±2.85

ab
 74.0±3.64

ab
 77.3±4.78

bc
 80.7±4.60

ab
 82.0±4.97

abc
 84.0±4.68

bc
 84.0±4.69

b
 84.7±4.87

b
 

China Lemon 27.3±1.55
c
 44.0±2.26

d
 60.0±3.29

b
 68.0±2.94

b
 71.3±2.63

bc
 74.0±2.52

b
 75.3±2.44

c
 78.0±2.44

c
 86.0±1.55

b
 88.0±1.94

ab
 

Kinnow 63.3±2.27
a
 63.3±2.27

ab
 66.0±2.32

b
 72.7±2.32

ab
 84.0±1.77

ab
 86.7±2.43

ab
 86.7±2.43

abc
 90.6±2.04

abc
 90.6±2.04

ab
 94.0±1.55

ab
 

Feutrellôs early 36.6±2.67
c
 52.0±2.39

cd
 64.0±2.66

b
 73.3±2.81

ab
 74.0±2.71

bc
 75.3±2.82

b
 79.3±3.21

bc
 78.7±2.59

bc
 80.0±2.62

b
 85.3±1.94

b
 

Salustiana 16.0±1.47
d
 25.3±2.17

e
 38.0±2.82

c
 50.0±5.09

c
 53.3±5.44

d
 55.3±5.26

c
 58.6±4.84

d
 61.3±4.07

d
 66.0±4.60

c
 68.6±5.16

c
 

Succari 12.0±0.89
de

 22.7±1.47
e
 36.0±1.77

c
 46.0±3.21

c
 63.3±2.67

cd
 80.7±3.36

ab
 91.3±1.73

ab
 92.0±1.66

ab
 92.7±1.19

ab
 92.6±1.19

ab
 

Seedless Lemon 4.6±1.74
e
 4.67±1.74

f
 16.7±2.48

d
 16.7±2.48

d
 26.7±2.98

e
 30.7±2.84

d
 31.3±2.81

e
 33.3±3.29

e
 33.3±3.29

d
 33.3±3.29

d
 

Musambi 4.0±1.08
e
 11.3±1.73

f
 11.3±1.73

d
 16.0±2.84

d
 30.0±3.02

e
 31.3±2.44

d
 30.7±4.00

e
 30.7±4.00

e
 30.7±4.00

d
 30.7±4.00

d
 

Seedless 

Kinnow 

48.0±4.31
b
 60.0±4.21

bc
 65.3±3.95

b
 67.3±3.36

b
 69.3±3.61

bc
 73.3±3.58

b
 74.0±3.64

c
 80.6±2.09

bc
 86.6±2.81

ab
 90.0±2.48

ab
 

Fairchild 72.0±0.88
a
 72.0±0.88

a
 81.3±1.66

a
 84.7±1.42

a
 94.7±0.89

a
 94.7±0.89

a
 94.6±0.89

a
 100.0±0.0

a
 100.0±0.0

a
 100.0±0.0

a
 

F-value 111 111 80.9 59.1 44.5 42.8 47.7 63.9 63.8 65.6 

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Means sharing similar letters within the columns are not significantly different (P>0.05) 
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Table 2.2.4. Means±SE of percent CLM infestation on different citrus cultivars at different time interval during Summer-2016 

Cultivars  1
st
 day 4

th
 day 7

th
 day 10

th
 day 13

th
 day 16

th
 day 19

th
 day 22

th
 day 25

th
 day 28

th
 day 

Grapefruit 46.6±3.58
a
 70.6±2.26

a
 76.0±3.61

a

b
 

81.3±3.41
a
 85.3±3.69

a
 89.3±2.47

a
 

92.0±2.17
a
 

98.6±0.88
a
 99.3±0.66

a
 

99.3±0.66
a
 

China Lemon 30.6±1.77
bc

 

46.6±2.62
c
 60.0±3.14

c
 66.6±3.14

b

c
 

68.0±2.94
b

c
 

68.6±3.15
b
 

70.0±3.18
bc

 

73.3±3.29
d
 82.0±2.81

b
 

85.3±2.59
b
 

Kinnow 49.3±1.08
a
 65.3±1.33

a
 70.0±1.49

a

bc
 

72.6±2.09
a

bc
 

74.6±2.17
a

bc
 

77.3±1.77
ab

 

84.6±2.63
a
 

86.0±2.09
b

c
 

88.0±2.17
ab

 

92.6±2.09
ab

 

Feutrellôs early 38.6±2.39
a

b
 

52.6±2.71
bc

 

65.3±3.11
b

c
 

73.3±2.81
a

bc
 

74.6±2.94
a

bc
 

77.3±3.61
ab

 

80.6±3.90
ab

 

80.6±3.21
b

cd
 

82.0±3.44
b
 

86.6±2.62
b
 

Salustiana 18.6±1.66
c

d
 

29.3±2.26
d
 

39.3±2.09
d
 48.6±3.30

d
 52.6±3.64

d
 54.6±3.55

c
 

58.0±2.98
c
 

60.0±2.81
e
 64.6±3.59

c
 

67.3±4.49
c
 

Succari 15.3±1.42
d
 

26.0±1.84
d
 

38.0±1.01
d
 47.3±2.88

d
 62.0±2.44

c

d
 

78.0±2.44
ab

 

87.3±2.09
a
 

88.0±1.93
a

b
 

90.0±1.11
ab

 

90.6±1.08
ab

 

Seedless Lemon 0.00
e
 0.00

e
 8.00±1.33

e
 8.00±1.33

e
 18.0±1.73

e
 22.0±2.00

d
 

24.6±1.42
d
 

26.6±1.98
f
 27.3±1.84

d
 

27.3±1.84
d
 

Musambi 0.66±0.66
e
 5.30±1.33

e
 5.30±1.33

e
 10.0±2.67

e
 22.0±3.44

e
 24.0±3.61

d
 

24.6±3.59
d
 

26.0±3.50
f
 26.0±3.50

d
 

26.0±3.50
d
 

Seedless 

Kinnow 

49.3±4.68
a
 60.0±3.84

a

b
 

63.3±3.88
c
 63.3±3.88

c
 64.6±4.66

c

d
 

68.0±4.07
bc

 

68.6±3.98
bc

 

74.6±3.26
c

d
 

82.6±3.32
b
 

86.0±2.88
b
 

Fairchild 50.0±4.99
a
 67.3±4.26

a
 78.0±3.44

a
 78.6±3.69

a

b
 

81.3±3.11
a

b
 

84.0±2.84
a
 

85.3±3.11
a
 

91.3±2.00
a

b
 

93.3±1.72
ab

 

94.6±1.66
ab

 

F-value 53.4 103 100 78.9 53.5 61.0 67.8 95.3 101 110 

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Means sharing similar letters within the columns are not significantly different (P>0.05) 
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The results regarding CLM intensity per leaf on different citrus cultivars showed that 

cultivars and days had significant variation in CLM intensity at P<0.001. Similarly, the 

interaction of cultivars and days also showed significant results (P<0.001) for CLM intensity 

per leaf (Table 2.2.5). 

Table 2.2.5. Analysis of variance for CLM intensity per leaf on different citrus cultivars 

during different seasons 

  Summer-2015 Fall-2015 Summer-2016 

SOV DF F P F P F P 

Cultivars 9 512.02 <0.001 393.8 <0.001 490.8 <0.001 

Days 9 265.6 <0.001 211.4 <0.001 223.9 <0.001 

Cultivars x Days 81 8.47 <0.001 5.29 <0.001 5.58 <0.001 

Error 900       

Total 999       
P<0.001 shows the highly significance 

During Summer-2015, CLM intensity was observed higher on Fairchild (1.63 

number/leaf), seedless Kinnow (1.25 mines/leaf), Grapefruit (1.21 mines/leaf) and Kinnow 

(1.18 mines/leaf) at the last day of observation. However, the least number of CLM was 

observed on seedless Lemon (0.27 mines/leaf) and Musambi (0.26 mines/leaf) (Table 2.2.6). 

During Fall-2015, the CLM activity was found greater on Fairchild (2.07 mines/leaf), 

seedless Kinnow (1.45 mines/leaf), Kinnow (1.43 mines/leaf) and Grapefruit (1.27 

mines/leaf) at the last day of observation. However, the least number of CLM larvae (0.37 

mines/leaf, 0.32 mines/leaf) was observed on seedless Lemon and Musambi respectively 

(Table 2.2.7). 

Similar results were found during Summer-2016, in which the CLM activity was 

found higher on Fairchild (1.82 mines/leaf), Kinnow (1.32 mines/leaf), seedless Kinnow 

(1.30 mines/leaf) and Grapefruit (1.24 mines/leaf) at the last day of observation. The CLM 

activity was observed minimum on seedless Lemon and Musambi during the whole month 

(Table 2.2.8). 
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Table 2.2.6. Means±SE of CLM intensity per leaf on different citrus cultivars at different time interval during Summer-2015 

Cultivars  1
st
 day 4

th
 day 7

th
 day 10

th
 day 13

th
 day 16

th
 day 19

th
 day 22

th
 day 25

th
 day 28

th
 day 

Grapefruit 0.45±0.04
a
 0.71±0.02

a
 0.76±0.04

a
 0.87±0.05

a
 0.91±0.06

a
 0.94±0.05

a
 0.98±0.04

a
 1.05±0.03

a
 1.06±0.03

ab
 1.21±0.07

bc
 

China Lemon 0.28±0.03
b
 0.44±0.02

d
 0.59±0.03

b
 0.65±0.03

b
 0.65±0.03

bc
 0.66±0.03

b
 0.68±0.03

c
 0.72±0.03

c
 0.84±0.04

cd
 0.89±0.03

de
 

Kinnow 0.45±0.01
a
 0.60±0.02

abc
 0.64±0.02

ab
 0.66±0.02

b
 0.69±0.02

bc
 0.71±0.02

b
 0.78±0.03

bc
 0.81±0.03

bc
 0.91±0.04

bcd
 1.18±0.04

bc
 

Feutrellôs early 0.38±0.02
ab

 0.52±0.03
cd

 0.64±0.03
ab

 0.72±0.04
ab

 0.72±0.05
bc

 0.73±0.06
b
 0.76±0.04

bc
 0.76±0.03

c
 0.78±0.03

d
 0.85±0.03

de
 

Saustiana 0.14±0.01
c
 0.23±0.02

e
 0.34±0.03

c
 0.43±0.04

c
 0.46±0.04

d
 0.48±0.04

c
 0.51±0.03

d
 0.54±0.02

d
 0.59±0.03

e
 0.62±0.03

e
 

Succari 0.11±0.01
cd

 0.22±0.02
e
 0.34±0.03

c
 0.44±0.03

c
 0.59±0.03

cd
 0.77±0.03

b
 0.88±0.03

ab
 0.92±0.02

ab
 0.96±0.02

bc
 0.98±0.03

cd
 

Seedless 

Lemon 

0.00
d
 0.00

f
 0.11±0.01

d
 0.11±0.01

d
 0.21±0.01

e
 0.25±0.03

d
 0.25±0.03

e
 0.26±0.03

e
 0.26±0.03

f
 0.27±0.02

f
 

Musambi 0.00
d
 0.06±0.06

f
 0.06±0.06

d
 0.11±0.02

d
 0.26±0.03

e
 0.27±0.04

d
 0.26±0.03

e
 0.26±0.04

e
 0.26±0.03

f
 0.26±0.04

f
 

Seedless 

kinnow 

0.46±0.04
a
 0.57±0.04

bc
 0.61±0.04

b
 0.61±0.04

b
 0.61±0.04

cd
 0.66±0.05

b
 0.68±0.05

c
 0.79±0.04

bc
 0.97±0.07

bc
 1.25±0.12

b
 

Fairchild 0.47±0.05
a
 0.65±0.04

ab
 0.76±0.04

a
 0.77±0.04

ab
 0.78±0.03

ab
 0.81±0.03

ab
 0.85±0.05

ab
 1.00±0.06

a
 1.21±0.06

a
 1.63±0.11

a
 

F-value 53.1 108 85.8 59.6 41.9 43.8 48.2 67.1 62.5 55.5 

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Means sharing similar letters within the columns are not significantly different (P>0.05) 
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Table 2.2.7. Means±SE of CLM intensity per leaf on different citrus cultivars at different time interval during Fall-2015 

Cultivars  1
st
 day 4

th
 day 7

th
 day 10

th
 day 13

th
 day 16

th
 day 19

th
 day 22

th
 day 25

th
 day 28

th
 day 

Grapefruit 0.64±0.04
b
 0.79±0.04

a
 0.79±0.04

b
 0.88±0.07

ab
 0.93±0.08

ab
 1.04±0.10

ab
 1.11±0.12

bc
 1.19±0.13

bc
 1.21±0.13

bc
 1.27±0.15

bcd
 

China Lemon 0.27±0.02
de

 0.44±0.02
c
 0.60±0.03

c
 0.71±0.04

bc
 0.75±0.04

bc
 0.81±0.04

bc
 0.83±0.04

cd
 0.90±0.06

cd
 1.03±0.04

bcd
 1.07±0.05

de
 

Kinnow 0.63±0.02
b
 0.65±0.02

b
 0.67±0.03

bc
 0.78±0.04

bc
 0.93±0.05

ab
 1.05±0.06

ab
 1.13±0.08

b
 1.25±0.07

b
 1.30±0.08

b
 1.43±0.07

bc
 

Feutrellôs early 0.37±0.02
cd

 0.53±0.02
bc

 0.65±0.02
bc

 0.75±0.03
bc

 0.78±0.02
bc

 0.82±0.03
bc

 0.89±0.05
bcd

 0.92±0.04
cd

 0.94±0.05
cd

 1.01±0.04
de

 

Salustiana 0.17±0.03
ef
 0.27±0.03

d
 0.41±0.04

d
 0.58±0.07

cd
 0.63±0.08

c
 0.64±0.08

c
 0.68±0.08

d
 0.71±0.07

d
 0.77±0.07

d
 0.81±0.07

e
 

Succari 0.12±0.01
fg
 0.23±0.01

de
 0.37±0.02

d
 0.48±0.04

d
 0.69±0.04

c
 0.88±0.05

bc
 1.03±0.03

bc
 1.07±0.03

bc
 1.10±0.04

bc
 1.10±0.04

cde
 

Seedless Lemon 0.05±0.02
g
 0.05±0.02

f
 0.17±0.02

e
 0.17±0.02

e
 0.27±0.03

d
 0.32±0.04

d
 0.33±0.04

e
 0.35±0.05

e
 0.37±0.05

e
 0.37±0.05

f
 

Musambi 0.04±0.01
g
 0.11±0.02

ef
 0.11±0.02

e
 0.16±0.03

e
 0.30±0.03

d
 0.33±0.04

d
 0.32±0.04

e
 0.32±0.04

e
 0.32±0.04

e
 0.32±0.04

f
 

Seedless 

Kinnow 

0.48±0.05
c
 0.61±0.05

b
 0.70±0.04

bc
 0.76±0.03

bc
 0.78±0.03

bc
 0.87±0.03

bc
 0.91±0.03

bcd
 1.02±0.05

bc
 1.18±0.06

bc
 1.45±0.09

b
 

Fairchild 0.77±0.01
a
 0.87±0.02

a
 0.96±0.03

a
 1.03±0.04

a
 1.15±0.04

a
 1.19±0.053

a
 1.47±0.06

a
 1.77±0.05

a
 1.75±0.06

a
 2.07±0.03

a
 

F-value 104 107 74.0 42.0 32.2 26.0 31.6 43.9 40.0 52.8 

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Means sharing similar letters within the columns are not significantly different (P>0.05) 
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Table 2.2.8. Means±SE of CLM intensity per leaf on different citrus cultivars at different time interval during Summer-2016 

Cultivars  1
st
 day 4

th
 day 7

th
 day 10

th
 day 13

th
 day 16

th
 day 19

th
 day 22

th
 day 25

th
 day 28

th
 day 

Grapefruit 0.49±0.05
a
 0.75±0.03

a
 0.81±0.04

ab
 0.92±0.05

a
 0.96±0.05

a
 1.01±0.05

a
 1.03±0.04

a
 1.10±0.03

ab
 1.11±0.03

b
 1.24±0.07

bcd
 

China Lemon 0.33±0.02
bc

 0.48±0.03
c
 0.62±0.03

c
 0.69±0.03

bc
 0.71±0.03

bcd
 0.72±0.03

bc
 0.74±0.03

bc
 0.79±0.04

de
 0.91±0.05

bc
 0.95±0.04

de
 

Kinnow 0.53±0.02
a
 0.68±0.02

a
 0.76±0.04

abc
 0.79±0.02

abc
 0.85±0.03

ab
 0.90±0.03

ab
 0.98±0.04

a
 1.03±0.03

abc
 1.12±0.05

b
 1.32±0.04

b
 

Feutrellôs early 0.39±0.03
ab

 0.53±0.03
bc

 0.67±0.03
bc

 0.77±0.03
abc

 0.81±0.03
abc

 0.85±0.05
ab

 0.88±0.05
ab

 0.89±0.05
cd

 0.92±0.05
bc

 0.99±0.05
cde

 

Salustiana 0.18±0.02
c
 0.29±0.02

d
 0.40±0.02

d
 0.50±0.04

d
 0.55±0.04

d
 0.58±0.04

c
 0.61±0.03

c
 0.65±0.03

e
 0.71±0.04

c
 0.75±0.05

e
 

Succari 0.18±0.02
c
 0.29±0.02

d
 0.41±0.02

d
 0.51±0.03

d
 0.65±0.03

cd
 0.81±0.02

b
 0.93±0.03

ab
 0.97±0.03

bcd
 1.01±0.02

b
 1.02±0.02

b-e
 

Seedless Lemon 0.00
d
 0.00

e
 0.08±0.01

e
 0.08±0.01

e
 0.18±0.02

e
 0.22±0.02

d
 0.25±0.01

d
 0.27±0.03

f
 0.27±0.02

d
 0.27±0.01

f
 

Musambi 0.01±0.01
d
 0.05±0.01

e
 0.05±0.01

e
 0.10±0.03

e
 0.22±0.03

e
 0.24±0.04

d
 0.25±0.04

d
 0.26±0.04

f
 0.26±0.03

d
 0.26±0.03

f
 

Seedless Kinnow 0.52±0.05
a
 0.63±0.04

ab
 0.67±0.04

c
 0.67±0.05

cd
 0.68±0.05

bcd
 0.74±0.05

bc
 0.77±0.05

bc
 0.86±0.04

cd
 1.03±0.06

b
 1.30±0.09

bc
 

Fairchild 0.53±0.06
a
 0.71±0.05

a
 0.84±0.05

a
 0.87±0.06

ab
 0.97±0.06

a
 1.01±0.07

a
 1.07±0.08

a
 1.21±0.08

a
 1.39±0.08

a
 1.82±0.13

a
 

F-value 41.4 80.5 82.0 59.7 46.1 46.0 49.2 57.6 55.7 49.7 

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Means sharing similar letters within the columns are not significantly different (P>0.05) 
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Figure 2.2.1. Relationship between CLM intensity per leaf and percent CLM infestation 

A significant (F=478.24, P<0.001) relation was observed in CLM intensity with 

percent infestation of CLM. The trend line shows the strong and positive relation of CLM 

intensity with percent CLM infestation with R
2
 value of 94.4% (Figure 2.2.1). 

Nutritional contents and leaf morphology of citrus ï CLM larval density  

A significant (P < 0.001) difference of leaf moisture contents, leaf area and thickness was 

found among citrus cultivars. However, leaf moisture percentage was higher in Kinnow 

(79.6%), Fairchild (76.7%) and Grapefruit (71.7%). Leaf area (11.0 cm2) and thickness 

(218.0 ɛm) of Grapefruit was found greater than other cultivars. The leaf area of China 

Lemon and Salustiana (5.6 cm2) and leaf thickness in seedless Kinnow (154.1 ɛm) were 

found smallest than other cultivars. Among nutrional profile of leaves, the concentration of 

iron (236.0 ppm) and manganese (47.7 ppm) in Kinnow; zinc (115.0 ppm) and copper (22.5 

ppm) in Succari was higher compared to other cultivars (Table 2.2.9). 
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Table 2.2.9. Leaf morphological characters and nutritional contents in leaves of different 

citrus cultivars 

 Morphological character Nutritional contents (ppm) 

Cultivars  Moisture 

content (%) 

Leaf area 

(cm
2
)  

Leaf thickness 

(ɛm) 

Fe Zn Mn  Cu 

Grapefruit 71.7±0.61b 11.0±0.31a 218.0±6.79ab 97.50 23.5 17.8 14.9 

China Lemon 58.1±0.72cd 5.6±0.13e 162.1±5.12de 107.3 27.2 42.5 6.45 

Kinnow 79.6±0.62a 9.8±0.04b 180.0±6.14cde 236.0 47.5 47.7 7.25 

Feutrellôs early 53.6±1.53d 6.8±0.12d 172.1±6.46cde 98.90 36.2 26.5 4.70 

Salustiana 56.9±1.82d 5.6±0.15e 168.0±4.67cde 79.50 43.2 23.2 5.35 

Succari 55.4±1.10d 6.7±0.22d 188.2±6.11cd 136.7 115.0 21.4 22.5 

Seedless Lemon 54.7±0.78d 6.3±0.15de 194.1±4.01bc 114.5 46.0 27.1 17.7 

Musambi 55..0±0.58d 8.9±0.11c 232.0±4.42a 125.0 57.0 35.6 6.75 

Seedless Kinnow 61.9±1.16c 8.3±0.18c 154.1±4.67e 117.5 27.6 31.9 5.35 

Fairchild 76.7±0.48a 8.1±0.23c 184.1±7.48cd 124.5 38.0 39.2 25.2 

F-value 90.9 104 18.3     

P-value < 0.001 < 0.001 < 0.001     

Df 9,99 9,99 9,99     

Fe = iron, Zn = zinc, Mn = manganese, Cu = copper 

 

No significant relationship (P > 0.05) was found between of CLM larval densityintensity 

was observed with leaf morphological characters and trace elements (P > 0.05). All variables 

showed a positive relationship with CLM larval densityintensity except leaf area and zinc 

contents that were negatively related. The combined effect of all morphological characters 

and trace elements of leaves also showed weak relationship in CLM larval intensity density 

with R
2
 value of 48.6% (Table 2.2.10). 

Table 2.2.10. Relationship of CLM larval density with leaf morphological characters and 

trace elements of different citrus hosts 

Elements Estimates Standard Error T-value P-value 

Intercept -2.39E+00 3.978E+00 -0.60 >0.05 

Moisture content (%) 2.4E-02 4.18E-02 0.58 >0.05 

Leaf area (cm
2
) -6.9E-03 1.939E-01 -0.04 >0.05 

Leaf thickness (ɛm) 3.65E-03 01.04E-02 0.35 >0.05 

Zinc (ppm) -1.69E-03 9.14E-03 -0.19 >0.05 

Copper (ppm) 1.67E-02 2.64E-02 0.63 >0.05 

Iron (ppm) 3.57E-03 5.6E-03 0.64 >0.05 

Manganese (ppm) 1.19E-02 3.54E-02 0.34 >0.05 

CLM larval intensity = -2.39+0.0241 moisture content -0.007 leaf area +0.0037 leaf 

thickness-0.00169Zn+0.0167Cu+0.00357Fe+0.0119Mn, R
2 
= 48.6%, P>0.05 shows non-

significance 
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2.3 Discussion 

The host selectivity of CLM was determined at nursery plantations and our results 

showed that almost all citrus hosts were attractive to CLM but the percent infestation was 

little higher on Fairchild, Grapefruit and Kinnow mandarin during all seasons. Two cultivars, 

Musambi, and seedless Lemon were not preferred to CLM feeding because the infestation 

was lower as compared to others. Similar results were observed for CLM intensity per leaf 

which also confirmed the variability of the citrus host to CLM feeding. The larval activity 

was also higher on Fairchild, Grapefruit, and Kinnow mandarins and the lowest mines were 

observed on Musambi and seedless Lemon during all seasons. The variations in host 

selectivity of CLM could be due to many factors like Musambi leaves have very rough and 

compact skin and larvae do not make mines easily, therefore, the infestation was low in case 

of Musambi. While, mandarins have smooth leaves and CLM larvae make mines easily on 

the surface of leaves (Mustafa et al., 2014a). The highest infestation on Grapefruit may be 

due to the preference of CLM larvae on larger leaves and the higher CLM population on 

Grapefruit was also confirmed by Canarte-Bermudez et al. (2004) and Hall et al. (2010). 

Host ranking of CLM could be explained by alter the plant quality, like phenology, stress, or 

even environmental conditions (Cronin and Abrahamson, 2001). Due to different flushing 

pattern of citrus species throughout the year, could also greatly affect the host ranking of 

CLM with the availability of newly emerged leaves (Gotthard et al., 2004). The other citrus 

cultivars which showed resistance against CLM larvae might be due to lack of attractant 

components or due to plant chemical defenses (Rocchini et al., 2000). Coll and Guershon 

(2002) suggested that the impact of the physiological state of leaf tissue likely to have a 

greater impact on larvae compared to the direct effect of environmental conditions which is 

protected by a cuticular layer of mines. 

The data of trace elements showed the greater value of iron and lower of copper in 

Kinnow as compared to other cultivars. Our findings were in conformity to Galvez-Sola et al. 

(2015) who also reported the lower concentration of copper in Kinnow and higher in Orange 

and Grapefruit. Our results showed that there was no significant relation of leaves 

morphological characters and trace elements in CLM intensity per leaf. There was a minor 

role of selected leaf morphological characters and trace elements in CLM feeding. According 

to Mustafa et al. (2014b), citrus leafminer showed weak correlations with macro essential 
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elements of leaves (Ca, K and Mg) and the infestation might be influenced due to the 

abundance of citrus leafminer, soil conditions, environmental conditions and location of 

orchards. The variation of CLM infestation might be also due to anatomical modifications 

(Mathews et al., 2007) or due to some metabolic changes (Smith and Boyko, 2007). The 

moisture content of leaf is another factor which can play a major role in CLM infestation. In 

our study, the CLM infestation was positively correlated with leaf moisture contents and the 

results agreed with Al-Zyoud et al. (2015). 
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Chapter 3 

Citrus leafminer, Phyllocnistis citrella Stainton (Lepidoptera: Gracillariidae) in 

different citrus cultivars: Image analysis estimates of leaf area damage 

3.1 Materials and methods 

The experiment was conducted in citrus nursery plantations at certified nursery area 

of College of Agriculture, University of Sargodha. Eight cultivars, Citrus mandarins 

(Kinnow, Seedless Kinnow, Feutrellôs early), Citrus sinensis (Succari, Salustiana), Citrus 

tangerines (Fairchild), Citrus limon (China lemon) and Citrus paradisi Macfad (Grapefruit) 

were selected to check the infestation level of citrus leafminer. Ten one-year-old plants were 

selected from each cultivar and three leaves with newly hatched CLM larvae were selected 

from each plant and tagged for capturing image. One plant was considered as a replication.  

3.1.1 Image analysis 

An image of each selected leaf was captured by digital camera (DSC-WX60, 16.2MP 

HD, CHINA) at three day interval for one month. For image capturing in field, the selected 

leaves were carefully placed on white background. To avoid light reflection white cotton 

cloth was used as a background placed on the cardboard. The distance between camera lens 

and object (leaves) were kept constant using camera stand. The distance was neither too close 

nor too far; it was adjusted in such a way that photographs cover only background and leaf. 

Images were captured, arranged in numbers and stored in computer hard drive for further 

analysis. Total leaf area and mine area per leaf was calculated using Sigmascan pro 5.0 

software. When image was opened in software, trace mode was selected to get the desired 

portion of leaves and adjust threshold to get red leaf image. Hue ranges were set from 47 to 

107 and saturation from 0 to 100 (Richardson et al., 2001) to identify the green pixels 

(leaves). Measurement set in menu tab was selected to calculate the area of desired portion of 

leaf on a different worksheet. The schematic diagram of image analysis process is given in 

figure 3.1.1.  
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Figure 3.1.1. Image analysis process to estimate the area of leaf 

Total leaf area and mine area measurement was obtained in pixels. So, a reference 

object was used to calculate the area in cm
2
 instead of pixel at constant distance. To convert 

pixel values into cm
2
, a coin was used as a reference object (Fig. 3.1.2). The reference object 

is an object with a known area.  

 

Figure 3.1.2. A coin considered as reference object to calculate area 
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3.1.2 Area of reference object 

The area of a reference object was measured as suggested by Patil and Bodhe (2011): 

ὃὶὩὥ έὪ ὧέὭὲ“ὶ 

Ò
Ὠ

ς
 

r = radius, d = diameter, the diameter of coin was 2.3cm. So, the radius of the coin was 

1.15cm. 

ὃὶὩὥ έὪ ὧέὭὲ σȢρτ ὢ ρȢρυ 

ὃὶὩὥ έὪ ὧέὭὲτȢρυ ὧά 

The calculated area of a coin through above formula was 4.15 in cm
2
 and 262380 in pixels 

through Sigmascan. Hence, 1 cm
2
 was equal to 63224.1 pixels at a constant distance which 

we kept between camera lens and object. So, the total leaf area and mine area measured in 

pixels were converted into cm
2
 by this method. 

3.1.3 Percent leaf damage 

The mine area and total leaf area was calculated by image analysis and percent leaf damage 

was calculated by formula suggested by (Raimondo et al., 2013): 

ὖὩὶὧὩὲὸ ὰὩὥὪ ὨὥάὥὫὩ
άὭὲὩ ὥὶὩὥ 

ὸέὸὥὰ ὰὩὥὪ ὥὶὩὥ
 ὢ ρππ 

 

3.1.4 CLM larval mass 

To quantify the CLM larval weight, 10 third instar healthy larvae were randomly collected 

from each cultivar using hand lens. These larvae were placed in a freezer for 1-2 hours and 

then in a drying oven for 48 hours at 45 
o
C and weighed (Low et al., 2009). 

 

3.1.5 Data analysis 

The data for percent leaf damage were analyzed by two-factor factorial ANOVA to check the 

significance of different cultivars at a different time interval. Means were separated by Tukey 

HSD all-pairwise comparison test. The data were analyzed using SPSS 20.0 software. 
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3.2 Results 

The results regarding mine area generated by CLM on different citrus cultivars at 

different time intervals showed that cultivars (F=62.68, P<0.001), time interval (F=106.6, 

P<0.001) and their interaction (F=1.41, P<0.05) were significant at a probability level of 

5%. The results regarding percent leaf damage of different citrus cultivars due to CLM 

feeding at different time intervals also showed that cultivars (F=48.77, P<0.001), time 

interval (F=93.36, P<0.001) and their interaction (F=1.90, P<0.001) were highly significant 

at probability level of 5% (Table 3.2.1). 

Table 3.2.1. Analysis of variance for percent CLM infestation and mines area per leaf on 

different citrus cultivars at different time interval 

    Mine area per leaf Percent infestation 
Source DF F P F P 
Cultivars (A) 7 62.68 <0.001 48.7 <0.001 
Days (B) 9 106.6 <0.001 93.4 <0.001 
A x B 63 1.41 <0.05 1.9 <0.001 
Error 720         
Total 799         
P<0.001= highly significant, P<0.05= significant 

 

 

Figure 3.2.1. Means±SE of mines area per leaf generated by CLM on different citrus 

cultivars. 

Means sharing similar letters are not significantly different from each other (P>0.05) 
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The mine area per leaf on different cultivars calculated by image analysis method 

showed that CLM generated larger mine (1.64cm
2
,
 
1.44cm

2 
and 1.40cm

2
) on Grapefruit, 

Kinnow, and Succari leaves respectively. The smallest mine generated by CLM having area 

of 0.88cm
2
 and 0.89cm

2 
was found on China lemon and Salustiana leaves respectively that 

mean CLM didnôt prefer these cultivars as well (Fig.3.2.1). 

 

 

Figure 3.2.2. Percent leaf damage caused by CLM larvae on different citrus cultivars at 

different time interval 

Percent leaf damage of Fairchild due to the feeding of CLM larvae was found higher 

(44.23%) at last day of observation. However, leaves of seedless Kinnow, Feutrellôs early 

and Kinnow were damaged about 36.5%, 36.3%, and 35.8% respectively at the last day of 

sampling. Percent leaf damage of Succari and China Lemon was found the minimum (26.5% 

and 25.5% respectively) compared to other cultivars (Fig 3.2.2.). 
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