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Abstract 
 

Citrus is the major tree fruit crop grown and traded worldwide. Citrus industry around the globe has been facing deterioration 

in fruit cosmetic quality and increased farmgate rejections, mainly due to high incidence of rind blemishes. Rind blemishes are 

caused by various biotic (diseases and insects) and abiotic (environmental, physical and physiological) factors at various 

stages of fruit development, however initial 8–12 weeks of fruit setting are the most critical. While the causes and intensity of 

blemishes varies with agroecological conditions and citrus species, and fruits position in canopy, the blemishes due to 

melanose, scab, canker, thrips, mites, scales, and wind are generally the most common. Being a complex issue involving 

multiple factors in the field (environment, pathogens, tree, fruit, cultural practices), its control has always been very 

challenging. R&D progress overtime showed a great deal of work done on the subject, however for commercial success, an 

integrated approach is essential to reduce rind blemishes and improve fruits cosmetic quality. The key interventions include 

maintaining tree vigor and hygiene with judicial pruning, selective and timely application of pesticides at critical stages, 

particularly during initial 12 weeks of fruit development. Keeping in view the increasing concerns regarding food safety, the 

application of horticultural mineral oils (HMOs) and effective biological tools need to be integrated. To some degree, harvest 

and postharvest supply chain operations may also contribute towards some fruit blemishes (oleocellosis, rind/stem end 

breakdown, chilling injury, etc.) and are to be managed appropriately. While various advance technologies i.e., near-infrared 

(NIR), ultraviolet (UV), ultraviolet fluorescence (UVF), laser backscattering imaging (LBI) and hyperspectral imaging (HI) 

have been tested /developed for blemish-based fruit sorting, their high cost is prohibitive in adaptation particularly in 

developing countries. Future research needs to focus on assessing the impact of climate change on dynamics of biotic factors, 

blemish free fruit production under small tree-framework system, development of new chemistry low residue pesticides, 

reducing cost of high-tech sorting machines and consumer education to have acceptance of blemished fruit (still with good 

internal quality) to some degree. © 2021 Friends Science Publishers 
 

Keywords: Citrus fruit blemishes; Farmgate rejection; Multiple factors; Supply chain 
 

Introduction 

 

Citrus is the second most grown fruit crop, ranked next to 

grapes, in the world having significant social as well as 

economic impact on society (Nasir et al. 2016). It is 

cultivated in sub-tropical and tropical regions and comprises 

of several valuable commercial fruit species including 

mandarins, oranges, limes, lemons and grapefruit. 

Worldwide, annual production of citrus is 194.35 million 

tonnes, with export quantity of > 15.91 million tonnes. 

China, Brazil, India, Mexico, U.S.A. and are the leading 

citrus producing countries, with Pakistan ranking at 16
th
 

position (FAOSTAT 2018). 

External (cosmetic) appearance of fruit is an important 

criterion affecting the choice of the produce by the 

consumers in the market (Danedekar 2004). Consumers 

demand shiny, attractive, clean, and blemish free fruits 

(Chaparro 2004). The cosmetic appearance of the fruit is 

visual parameter for judgment of quality throughout the 

supply chain (production, marketing, retail and 

consumption) (Khalid 2013). Generally, in fruit quality, peel 

color is a widely studied parameter (Dobrzanski and 
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Rybczynski 2002). Primary color is stated as the uniformly 

and homogeneously distributed color on skin of fruit. 

Uniform colored skin is an indicator of good quality. Citrus 

usually has uniform distribution of color around the fruit 

surface and this is believed as a quality mark. Citrus fruit is 

hesperidium berry composed of three main sections, namely 

(from inside) endocarp or pulp, mesocarp or albedo, and the 

exocarp or flavedo, both mesocarp and exocarp together 

make the pericarp (the peel or rind) (Ladaniya 2008). 

Flavedo is covered with a thin layer of protective cuticle. 

Flavedo is composed of the epidermal cells (isodiametric 

and polygonal) and lacks the intercellular spaces (Agustí et 

al. 2001). Oil glands embedded in the epidermis surround 

the hypodermal parenchymatous cells. These cells are round 

to oval, thin walled, with distant vacuoles and have small 

intercellular spaces. These cells increase progressively in 

size deeper in the rind (Agustí et al. 2001; Ladaniya 2008) 

(Fig. 1) and any damage to oil glands lead to discoloration 

or blemish. Conclusively, blemishes are morphologically 

distorted, shrunken, deformed and collapsed hypodermal 

tissues with destructed oil glands on rind (Safran 1975; 

Petracek et al. 1998) and look different from the typical fruit 

color. 

Multiple factors are involved in causing rind 

blemishes, which can be generally grouped as biotic and 

abiotic in nature. Abiotic factors include environmental 

(wind, sun burn), physical, nutritional imbalance, while 

biotic factors include myriad of various pests, diseases 

(fungal or bacterial) and micro-organisms, which 

downgrade the external quality of fruit (Albrigo 1978; 

Ahmed 2005) and are considered as the major cause. A 

survey conducted in main citrus (Kinnow mandarin) 

growing districts in Punjab, Pakistan, revealed that farmgate 

rejection of Kinnow fruit ranged from 20–50%, due to high 

blemishes leading to poor cosmetic quality (Malik and Khan 

2014). Such a high farmgate rejection and price difference 

in various quality grades significantly affects the grower‟s 

net returns and makes crop production unsustainable. 

Further the price difference between A-grade (minor or no 

blemish) and B grade (moderately blemished) Kinnow 

mandarin at farmgate is almost double. Although, blemished 

and non-blemished citrus fruits of similar size displayed no 

significant difference for internal fruit quality in terms of 

biochemical (soluble solid contents, acidity) and 

organoleptic (taste, flavor and texture) evaluation (Malik 

and Khan 2014). While there has been good work done in 

various citrus producing countries, on fruit blemishes 

(Albrigo 1978; Agustí et al. 1997; Alférez et al. 2003), an 

updated review is currently lacking. It is very important to 

comprehensively review the published literature to have a 

clear understanding about types and intensity of blemishes, 

causal agents, R&D progress, and possible strategies to 

reduce blemishes and improve cosmetic quality of fruit. 

Previously published reviews and significant research work 

on citrus fruit blemishes is almost three decades old 

(Albrigo 1972; Safran 1975; Albrigo 1976, 1978), while the 

later studies on fruit blemishes were more focused on 

postharvest aspects (Alférez et al. 2003, 2008; Ahmed 2005; 

Alférez et al. 2010; Futch 2011; Zacarias et al. 2020). 

Overtime, the progress has been made starting from farm 

factors like blemish profile with respect to tree position, tree 

hygiene, advance chemistry fungicides, use of biological 

control agents, advancements in precision agricultural 

technologies to optimize pest and disease identification and 

management (Ampatzidis 2019; Partel et al. 2019), to the 

use of machine vision for fruit sorting based on skin 

blemishes (Zhang et al. 2018). Hence, this article presents 

an updated review on citrus fruit blemishes, causal factors, 

control strategies along with identifying gaps in knowledge 

and technology and suggest future research needs. 

 

Blemish development, intensity and distribution 

 

Rind blemishes are developed on fruit surface at various 

developmental stages and involve several factors as shown 

in a Tree-Fruit Environmental Profile of Kinnow mandarin 

(Fig. 2). The study showed that maximum fruit blemishes 

(>60%) on the surface of Kinnow mandarin were developed 

within eight weeks of fruit setting (April–May) (Khalid 

2013). An earlier study mentioned that rind blemishes start 

developing at the onset of fruit setting for 12 weeks and 

these cannot be minimized in later stages of fruit 

development (Freeman 1976). Hence, the period of eight to 

twelve weeks after fruit setting is critical for reducing rind 

blemishes. 

Percentage of blemishes largely depends upon the 

production technology being used in orchards (Zekri et al. 

2003). However, severity of causal factors like diseases and 

pest pressure also depends upon geographical conditions; 

being more in tropical humid areas than in arid, semi-arid 

and cool regions. Types and intensity of fruit blemishes may 

also vary with respect to tree canopy position: more wind-

borne blemishes on top, higher fungal linked and red scales 

blemishes at lower portion of canopy, and more greening 

incidence in center of canopy (Mazhar et al. 2016), which 

clearly reflects need for understanding the types and 

location of blemishes on tree, and devise specific 

management strategies (Fig. 3). 

 

Blemish rating scale 

 

Most of the blemish related research studies conducted on 

Kinnow mandarin used visual rating scale based on 

CODEX quality standards (Anonymous 1999) with certain 

modifications by categorizing into six groups: 1: < 1 cm
2
, 2: 

1–5%, 3: 6–10%, 4: 11–25%, 5: 26–50% and 6: >50%, 

(Ahmed 2005; Khalid et al. 2012b; Hasan 2018; Jahangir 

2018; Waqas 2019). While at commercial level, after 

harvest, Kinnow fruit is categorized visually, in A (minor or 

no blemish), B (moderately blemish-local market) and C-

grade (reject/juice purpose only) at farmgate. 
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For academic reasons, based on nature of blemishes, two 

major categories are made i.e., abiotic (physical, wind) and 

biotic (thrips, mites, scales and melanose, scab) group. 

Apart from these classifications, in the world, various 

quality monitoring systems have been adopted for the 

detection of defects, in fruits and vegetables (tomatoes, 

potatoes, oranges, mandarin and plums) such as dry rot, 

cracks, skin rub etc. (Budagovskaya 1997). For a better 

understanding and from management perspectives, biotic 

and abiotic factors-based grouping is more convenient and 

will be followed in this paper. 

 

Causes of blemishes 

 

Albrigo (1978) reported about 80 different causes 

responsible for off-grade production of citrus fruit. Beside 

the major contribution of above-mentioned factors during 

crop production cycle, processing techniques (Wild 1998; 

Cronje 2007), packaging material (Ben-Yehoshua et al. 

2001), and storage conditions (Porat et al. 2004) may also 

affect development of blemishes on fruit peel during various 

stages of supply chain. A detailed account of various causal 

factors/blemish types is detailed below. 

 

Blemishes caused by biotic factors 

 

Pathogens: Citrus groves remain susceptible to many 

pathogens during most part of their annual growth and fruit 

development. Pathogens can damage the plant as well as 

deteriorate the external and /or internal fruit quality. Most of 

the diseases which cause significant external damage to 

citrus belong to fungi group. Particularly, the melanose and 

scab have recently become the major cause of deteriorating 

cosmetic quality of Kinnow mandarin in Pakistan. 

Pathological analysis of blemished Kinnow fruit samples 

showed the prevalence of Elsino fawcettii, Alternaria 

alternata, Colletotrichum gloeosporioides and Fusarium 

oxysporum as major pathogens (Malik and Khan 2014) (Fig. 

4). These are followed by bacterial diseases, such as citrus 

canker and greening (Ahmed 2005) (Table 1). 

 

Citrus scab 

 

Citrus scab is the most known pathogen in citrus growing 

regions of the world. This is caused by pathogenic fungus 

Elsinoe fawcettii Bitancourt and Jenkins, which is widely 

distributed in the rain fed conditions (Gopal et al. 2014a). 

Warm, humid weather and dense, shaded, and damp soil 

conditions of citrus groves are most liking environment for 

the development of this disease. As it is fungal disease, 

spores in the form of „conidia‟ are considered as initial 

inoculum for the spread of disease at the field level. There 

are two forms of conidia produced by concerning disease 

such as hyaline conidia and spindle conidia helpful in the 

development of lesions. Fungal spores start spreading just 

after onset of new flushes and fruit setting. All citrus 

  (A)                                                                               (B) 

  
 

Fig. 1: Citrus fruit parts (a) and transection of citrus rind (b). 

 

 
 

Fig. 2: A Tree-Fruit-Environment (TFE) Profile of Kinnow 

mandarin (Sargodha, Pakistan) showing the timeline of 

phenological stages of tree in relation to environment, fruit growth 

and developmental stages, disease and pest attack (AP= Aphid, 

LM= Leaf Miner, MB= Mealy Bug, CPS= Citrus Psylla, FF= 

Fruit Fly, WF= White Fly, Mt= Mites, CC= Citrus canker, SEB= 

Stem end breakdown) 
Source: Khalid (2013) 

 

 
 

Fig. 3: A tree -model showing the distribution of different type of 

blemishes with respect to canopy position where predominantly 

wind born scratches observed on top, greening incidence in the 

mid-section and fungal based blemishes along-with red scales, 

more apparent in lower canopy side reflects the need for good 

understanding about the type and location of fruit blemishes with 

relevant management strategies 
Source: Mazhar et al. (2016) 
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cultivars especially grapefruit, lemons, tangerines, mandarin 

and their hybrids are affected by scab. It affects all plant 

parts including leaves, twigs and fruits and develops watery 

pustules on their surface (Gopal et al. 2014a). The lesions 

typically appear as small dots (semi-translucent) showing 

nipple like structures which expand up to three mm in 

diameter (Table 1). Old scabby lesions show water soaked, 

upward, honey colored symptoms and crack deeply as they 

age (Timmer et al. 2012). Scab reduces yield and up to 50% 

worldwide market value of sweet orange and mandarin due 

to high incidence of blemishes on the fruit surface (Chung 

2011). Citrus scab along with melanose have become the 

major cause of skin blemishes leading to high farmgate 

rejection in Kinnow mandarin (Malik and Khan 2014). 

 

Citrus melanose 

 

Citrus melanose is another destructive fungal disease caused 

by Diaporthe citri found worldwide in citrus groves. During 

humid weather, the fungus affects leaves and fruits of 

various citrus species during tissue growth and 

development. Melanose causing fungal pathogen damages 

the cosmetic quality of fruit but does not affect the pulp 

content. Grapefruit is most susceptible by melanose 

followed by mandarins, tangerines and oranges. It has 

varying symptoms including scab like smart netting on the 

external surface and showing different tear patterns such as 

tear drop, star and mud cake (Gopal et al. 2014b). 

Symptoms developed on fruit surface remain small, pustules 

may become prominent in the form of dropping tear like 

structure in the latter stage of development (Fig. 5). 

Situation of mud cake may occur just after petal fall or late 

bloom. At later stages, these symptoms may produce small 

spots known as flyspecks (Hardy and Donovan 2007). This 

is most common disease in Kinnow mandarin. Malik and 

Khan (2014) survey report of citrus growing areas of 

Pakistan revealed that about 77% citrus orchards were 

affected by melanose and scab; and among them, 15% 

orchards showed level of high severity. Due to quality issue 

of rind blemishes caused by melanose, citrus fruits become 

unacceptable for exporters and consumers (Khalid et al. 

2012b). 

 

Citrus canker 

 

Citrus canker is the most damaging bacterial disease widely 

distributed in citrus orchards around the globe. Canker is 

ranked a quarantine disease in various high-end 

international markets, and hence has trade restriction. 

Following a self-imposed restriction by industry, Pakistani 

Kinnow is not being exported to EU since 2015, due to 

canker issue, in the wake of likely rejection (Anonymous 

2015). The affected fruit are sold at low price in local 

markets (Javed et al. 2007). It is believed that citrus canker 

originated from South East Asia and spread in limited 

duration in whole citrus genera (Fatima et al. 2019). 

 
 

Fig. 4: Microscopic view of isolated fungal pathogens from 

blemished Kinnow fruit. A = E. fawcetti, B = A. alternata and C 

= F. oxysporum 
Source: Malik and Khan (2014) 

Table 1: Important diseases downgrading cosmetic fruit quality of citrus and their possible management 
 

Disease Causal agent Symptoms/mechanism of damage Control References 

Citrus scab Elsinoe 

fawcettii 
Bitancourt 

Fungal disease; affect all plant parts; Small translucent 

lesions appeared initially expands into lesions cause 
cosmetic quality  

Two to three sprays of fungicides at 

different stages; overhead sprinkler 
irrigation; allamanda leaf, lemon grass 

and parthenium extracts 

Chung (2011); Siddiquee 

et al. (2011); Gopal et al. 
(2014a); Rehman et al. 

(2016) 

Citrus 
melanose 

Diaporthe citri Spots similar to scab with smart netting with different 
patterns such as tear drop, star and mud cake  

Spray of copper-based fungicides; 
Nativo application at 0.6 g/L  

Gopal et al. (2014b); 
Dewdney (2016); 

Anonymous (2017); Hasan 

et al. (2018) 

Citrus canker Xanthomonas 

campestris pv 
citri 

Watery spots on surface of thorns, leaves, twigs and 

fruits prolongs into corky and brownish and necrotic 
lesions  

Copper based fungicides; streptomycin 

/ phytomycin; extract spray of 
Tamarindus indica (fruit pulp)  

 

Leksomboon et al. (2001); 
Javed et al. (2007); 

Behlau et al. (2017);  

Citrus 
greening 

Candidatus 
liberibacter 

asiaticus 

All plant parts including leaves, twigs, roots and fruits; 
symptoms like Zn deficiency with interveinal chlorosis; 

trees showed inferior quality fruits with poor colour 

Control of its vector “Asian citrus 
psylla”  

Javed et al. (2007); 
Bassanezi et al. (2009) 

Anthracnose Colletotrichum 
gloeosporioides 

Branches, twigs show dieback symptoms; dark stains 
appeared on fruit skin start postharvest decay 

Preharvest spray of thiophanate methyl  Adaskaveg (2008); 
Ritenour et al. (2004) 

Greasy spot  

(rind blotch) 

Mycosphaerella 

citri 

Between oil glands black tiny spots (pinpoint) latterly 

transform into speck or blotch on fruit skin also called 
pink pitting 

Copper based fungicides along with 

petroleum oil sprays 

Futch (2011); Dewdney 

(2019) 

Black spot Guignardia 

citricarpa 

Fungal pathogen produces small, sunken, round, grey 

centered necrotic lesions surrounded by tissue (green or 
dark brown ring) on leaves, twigs and fruits.  

Appropriate fungicide application (up 

to 5) can reduce disease in heavily 
infected block 

Futch (2011) 
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Famous bacterium strain Xanthomonas campestris pv. citri 

is the most important causal agent of canker. It has short 

lifespan in the leaves and soil as well, but sometimes it 

prevails for long time in soil by developing microbial 

interaction especially with protozoa and show predatory 

effect. Warm humid and heavy rainfall, wind, and cloudy 

climate strongly promote citrus canker (Das 2003). Canker 

shows symptoms on all plant parts such as thorns, twigs, 

branches, leaves and fruits. Small raised and watery spots 

emerge on surface of plant parts initially and, as time passes, 

necrotic lesions become thickened, corky and brownish in 

color (Fig. 5). Infected petioles cause premature defoliation 

of leaves and deteriorate fruit quality due to the 

development of corky blemishes on the peel of fruit without 

disturbing internal quality. 

 

Citrus greening 

 

Citrus huanglongbing (HLB) or yellow dragon disease is 

commonly known as citrus greening. It is also a quarantine 

concern and affected fruit areas have trade restrictions. It is 

caused by bacterium Candidatus liberibacter asiaticus 

associated with restrictions of sieve tubes causing decline 

and unproductiveness of plants (Teixeira et al. 2005). Asian 

citrus psyllid (Diaphorina citri) and African citrus psyllid 

are considered as vector for its transmission to plant parts. 

Greening has been described as the most destructive disease 

worldwide. In 2004, Brazilian citrus orchards were badly 

affected and about three million trees were eliminated due to 

its severe attack (Bassanezi et al. 2009). Its main symptoms 

appear on leaves, twigs, and fruits. It may cause decline in 

tree life and fruit quality. Infected leaves show similar 

symptoms as leaves depicted in Zn deficiency i.e., 

interveinal chlorosis, yellowing of veins and sometimes 

premature defoliation. In severe condition, all parts of citrus 

plants may show twigs dieback and decay of roots (feeder 

and lateral), vigor decline and ultimate death of entire tree 

(Javed et al. 2007). Similarly, infected plants have small 

fruit size, low acid content, low soluble solid content (SSC), 

low soluble solid content/acidity ratio and poor peel color 

(Bassanezi et al. 2009) (Table 1). 

 

Other diseases 

 

A devastating disease „anthracnose‟ (Colletotrichum 

gloeosporioides) in citrus orchards causes dieback of 

branches and twigs, leaf drop (premature), staining of fruit 

and postharvest decay. Infected twigs and leaves of citrus 

trees are covered with spores of typical fungus through 

which fungal pathogen spreads. Peres et al. (2004) 

described that Colletotrichum acutatum fungus causes fruit 

drop after full bloom of flowers, infects the flower petals of 

citrus by the development of orange to brown spots 

(blemishes) that ultimately induce the retention of calyces 

and abscission in fruitless. In a similar study, Adaskaveg 

(2008) revealed that the fungal attack of anthracnose may 

develop spotting (blemish) on peel tissues of various citrus 

cultivars such as grapefruit, valencia oranges, navel oranges 

and sometimes lemon. 

„Encor‟ disease is reported in mandarin group where 

 
 

Fig. 5: Different types of rind blemishes on citrus fruit. 

Different letters represent specific blemish type. A = Citrus 

melanose, B = Citrus greening, C = Citrus canker, D = Citrus 

scab, E = Anthracnose, F = Thrips, G = Mites, H = Peel miner, 

I = Cottony cushion scale, J = Fruit fly, K = Red scale, L = 

Bush cricket feeding, M = Sucking insect web, N = Wind 

scratches, O = Dry branch rub, P = Stylar end deformity, Q = 

Stem end rind breakdown (Tarrer), R = Sun burn S = Hail 

injury, T = Oleocelosis, U = Blemish due to poor tree canopy 

management 
Note: Some symptoms are combination of more than one causes, however these are 

often tagged with the predominate cause 
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injury starts by the development of pre-harvest rind stains in 

few epidermal cells also known as initial spotted zones of 

rind which may develop as disorder of fruit. In later stages 

of stain development, disruption in rind of the fruit provides 

habitat for amoeboid like microorganisms resulting in the 

expressions of chlorotic disorders (Medeira et al. 2000; 

Maia et al. 2004). Similarly, citrus orchards especially 

grapefruit are susceptible to greasy spot (rind blotch) caused 

by Mycosphaerella citri, which also downgrades quality of 

fruit. The black tiny spots appear between the oil glands 

which later turn into blotch or speck commonly known as 

pink pitting. Around specks, the adjacent living cells remain 

green and normal color until exposure of ethylene for the 

purpose of de-greening. 

Alternaria brown spot (ABS) produced by fungus A. 

alternata is among the important diseases observed in 

tangerines as well as its hybrids around the globe (Timmer 

et al. 2003; Peever et al. 2004). It produces adenylate 

cyclase toxin (ACT-toxin), which produces necrotic lesions 

on fruit and new foliage. Alternaria brown spot is more 

prevalent on dense trees with vigorous spring growth. 

Presently fungicides can be used to control ABS on 

vulnerable cultivars (Peres and Timmer 2006; Vicent et al. 

2009). 

Septoria spot is yet another disease of concern in 

citrus, which is caused by Septoria citri (Menge 2000). In 

most of citrus-producing countries, Septoria spot is 

normally considered as a disease of lesser importance, 

except for fruit produced for the fresh market because rind 

blemishes decrease aesthetic fruit quality. Overhead 

sprinkler irrigation favors Septoria spot in lemon orchards as 

well as brown spot appearance on susceptible tangerine 

cultivars, while under the canopy sprinkler irrigation causes 

Phytophthora infections on fruits. Symptoms of Septoria on 

fruit are small, round, light tan-colored lesions of 1–2 mm in 

diameter with a slender green border on the outer rind. 

These lesions become reddish to pale brown and have small 

black spots (S. citri pycnidia) hardly observable to the naked 

eye as the fruit develops. During fruit storage or when frost 

occurs, these lesions may expand to 3–10 mm in diameter 

and combine to form brown-to-black sunken blotches. 

These lesions may enlarge to numerous centimeters in 

diameter and prolong to albedo and occasionally into the 

fruit segments. In severe cases, fruits drop prematurely and 

develop an off flavor. 

Another fungal disease „black spot‟ caused by 

Guignardia citricarpa is found in commercial citrus species 

except Tahiti lime. Its causal agent reproduces over infected 

fallen leaves in most suitable environment having high 

summer rainfall. Fungal pathogen produces small, sunken, 

round, grey centered necrotic lesions surrounded by tissue 

(green or dark brown ring) on leaves, twigs and fruits. 

Infected orchards may be susceptible for four to five months 

even after fruit set; fresh fruit is unacceptable for consumer 

and exporter in the market but can be used for processing 

(Futch 2011). 

Insects 
 

Several insect pests are responsible for damaging citrus 

groves. The insects potentially causing economic rind 

blemishes are peel miner, thrips, fruit fly, red scale and 

some other (Table 2). 
 

Peel miner 
 

Peel miner is considered a notorious blemish causing agent 

in insect‟s category. Its damage is visible on fruit rind due to 

skin feeding. Although, the apparent damage is cosmetic, 

the fruit is unacceptable for both national and international 

markets (Headrick 2004). Millar (2004) stated that the citrus 

leaf miner (Phyllocnistis citrella) is the most common insect 

in citrus growing regions of the world. Feeding damage 

caused by leaf miner also facilitates the development of 

citrus canker (Junior et al. 2006). All cultivars of citrus are 

affected by the damage of this insect; but grapefruit, 

tangerine and pummelo are the most susceptible (Fig. 5).  
 

Red scales 
 

Red scale (Aonidiella aurantii) (Hemiptra: Diaspididae) is 

also known as California red scale and has been reported as 

a serious pest of citrus. This insect, even in low population, 

causes economic injury by affecting the plant health as well 

as reducing the fruit marketability (Garcera et al. 2011; 

Alfaro et al. 2003; Vanaclocha et al. 2009) (Table 2). The 

larvae and adults of red scale are mobile, while other life 

stages are sessile and feed continuously on leaves, shoots, or 

fruits. Scales mainly suck cell sap from plant parts resulting 

in defoliation of leaves, loss of plant vigor and fruits drop 

(Anonymous 2004). In severe case of infestation of red 

scale, citrus tree loses its vigor and reduce production. 
 

Thrips 
 

Citrus groves all around the world are seriously affected by 

citrus thrips (Seirtothripscitri Moult), which causes 

significant economic loss to growers. Orphanids (1998) 

reported that Kelly‟s citrus thrip is most damaging specie to 

cosmetic quality of lemons and grapefruit as it develops scars 

around calyx of the fruit (Fig. 5). Thrips cause damage by 

feeding near calyx-end of the fruit and by developing a 

“halo” or ring having brownish tissues, which turn into grey 

colored scar (Table 2). Citrus thrips also cause injury to the 

flowers (Broughton and Lima 2002). Thrips feed in protected 

regions in the orchard, and thus the sheltered regions near the 

plants are their habitat. Thrips scars downgrade the quality of 

fruit and thus reduce fruit marketability. 

 

Mites 

 

Citrus red mites (Panonychus citri) are a common pest of 

evergreen or deciduous plants such as citrus, peach and pear. 

It interferes with the plant vigor and quality of fruit (Shi and 

Feng 2006). Primarily, young leaves are damaged on both 
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sides (upper, lower) and yellowing of leaves occurs 

(Gonzalez 2000). All parameters of fruit development are 

affected by mites; that also increases fruit drop percentage 

(Huan et al. 1992; Yang et al. 1994). Mites damage appears 

as rough web marks on fruit skin and their infestation is 

usually more in drier conditions, when temperature is high 

(Fig. 5). 

 

Citrus psylla 

 

Citrus psyllid (Diaphorina citri) is also known as Asian 

citrus psylla, which was first reported in Taiwan and then it 

spread throughout the tropical and subtropical Asian 

countries in a short time (Naeem et al. 2016). Citrus psylla 

at nymphs and adult stages is more destructive to tree 

growth and development and causes shoot dieback 

immediately by feeding (direct) on phloem tissues (Garnier 

et al. 2000). This insect is strong vector of bacteria 

(Candidatus liberibacter asiaticus) and potentially causes 

citrus greening or Huanglongbing (HLB) (Bove 2006). 

Halbert and Manjunath (2004) reported that affected plants 

can survive hardly up to 5 to 8 years and produce inferior 

quality fruit (color and taste). 

 

Citrus fruit fly 

 

Fruit fly is the most serious pest in all citrus growing 

tropical and sub-tropical regions having varying species of 

group Diptera: Tephritidae. This insect is active in fruit and 

vegetable gardens during or near the ripening stage (Cheng 

2003; Umeh et al. 2004; Sarwar 2015). Fruit flies have 

annual life cycle or one-year generation that replicates 

multiple times in favorable temperature at around 22°C. 

This is a pest of quarantine concern, and, depending on type 

of species in trading countries, its trade is subject to meeting 

specific market access protocols. These include cold 

quarantine and irradiation treatments. Sarwar (2015) 

reported that fruit fly infestation increases the possibility of 

rejection of horticultural commodities in trade (export and 

import) and needs more quarantine management at pre and 

postharvest level. 

 

Cottony cushion scale 

 

It is an infrequent pest found during humid conditions in 

regions of heavier soils and crowded plantation. It is a 

crawling insect with flight characteristics (male only) and 

moves from tree to tree through bird‟s feet and labor crews 

etc. Its female (reddish to brown in color) has distinguished 

egg sacs with grooved cottony white properties. After 

hatching eggs, the instars start moving along twigs, 

branches and rarely available on fruits. It sucks sap from 

different plant parts (leaves, twigs and branches) and 

reduces tree vigor and increases commercial fruit drop. It 

secretes honeydew on fruit surface which may discolor 

laterally and block photosynthesis and prone the fruit to 

attack by sooty mold (Kerns et al. 2004) (Fig. 5). 

 

Other insects 

 
Some other insects are also responsible for deteriorating 
cosmetic quality of citrus fruit. Bush cricket (false jumping 
type and dark brown in color) causes serious damage to peel 
by feeding on it (Fig. 5). Its serious infestation can cause 
pre-mature fruit drop, which is commercially unacceptable. 
Similarly, leaf footed bug (Leptoglossus phyllopus) (dark 
brown in color and 20 mm long) feeds on fruit by inserting 
mouthparts and damaging citrus peel which results in early 
breakdown of fruit color and sometimes causes serious fruit 
drop. Another insect „green stink bug‟ is also known as 
plant bug (Nezara viridula) in citrus groves. It damages the 
external quality by piercing peel through sucking mouthpart 
and causes damage by the development of tiny brown spots 
in the albedo indicated as feeding sites (Futch 2011). 
Moreover, citrus mealy bug is also considered a destructive 
pest for citrus orchards. It starts feeding just after petal fall 

Table 2: List of insect pest affecting the cosmetic quality of citrus along with possible control measures 

 
Insect Damage Control Reference  

Red scale Commonly known as California red scale; sucks cell sap, 

causes economic injury to fruit by downgrading quality 

Application of imidacloprid, chloropyrifos, and 

carbaryl insecticide  

Garcera et al. (2011); Argolo et 

al. (2013) 
Leaf/Peel 

miner 

Insect causes extensive mining on the rind surface 

through feeding and affects the cosmetic quality 

Broad-spectrum pesticides i.e. organophosphates, 

pyrethroids and neoncotinoids: neem and datura leaf 

extracts significantly reduce pest population 

Headrick (2004); Powell et al. 

(2007); Shareef et al. (2016) 

Thrips Causes damage by feeding near calyx end and develop 

„scar‟ or permanent ring with brownish to grey color 

tissues 

Use of thiamethoczame, chloropyrefos, acetamaprid 

sprays; application of HMOs, neem and rosemary 

oil 

Orphanids (1998); Raetano et al. 

(2003); Vassiliou (2007); Khalid 

et al.(2012b); Salem et al. (2017) 
Citrus 

psylla  

Nymphs and adults are more destructive to tree growth, 

strong vector of bacterium „Candidatus liberibacter 
asiaticus‟ causing greening disease in citrus grooves 

Imidacloprid, bifenthrin and guava leaf extract 

sprays  

Garnier et al. (2000); Bove 

(2006); Barman and Zeng 
(2014); Tiwari et al. (2011); 

Naeem et al. (2016) 

Fruit fly Cause serious quarantine issue at export and import  Installation of pheromone traps at high density grip  Sarwar (2015);  
Cottony 

cushion 

scale 

Insect secrets honeydew on fruit surface promotes sooty 

mold disease and might cause discolouration and 

photosynthesis blockage  

Use of cultural (pruning, hedging), biological 

(vedalia beetle) and chemical control (pyriproxyfen, 

malathion, chlorpyrifos with narrow range spray oil) 
if orchard is heavily infested. 

Kerns et al. (2004) 

HMOs-Horticultural mineral oils 
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and initial fruit setting. Feeding of mealy bug on peel 
surface produces honeydew in abundance which leads to the 
development of cottony appearance and becomes a habitat 
for micro Lepidoptera to lay their eggs (Anonymous 2004). 

Climate change is modifying the incidence, intensity 

and distribution of pests and diseases in citrus producing 

regions of the World. In a simulation model study, 

Aurambout et al. (2009) reported that increasing 

temperature due to climate change result in decrease in the 

Asiatic citrus psyllid (vector of greening disease) population 

in Northern Territory, Queensland and the northern part of 

Western Australia whereas increase in population will be 

observed in southern coastline of Australia. High 

temperature and relative humidity are conducive to disease 

and pest development which results in increased blemishes 

on the fruit (Davies 1997). Climate change favors leaf minor 

growth and survival as its generation time decreased with 

increase in temperature and showed no reduction in survival 

within 18 to 32°C (Chagas and Parra 2000). In colder 

environment leaf miner slows down development instead to 

enter diapause (Lim and Hoy 2006). Humid conditions in 

citrus producing areas caused by climate change also favor 

the red scale infestations (Nawaz et al. 2019) and high 

temperature favors oviposition of fruit fly (Nawaz et al. 

2019) which results in more blemished fruit. 

 

Blemishes caused by abiotic factors 

 

Various groups of abiotic factors involved in development 

of fruit blemishes include environmental, physical, 

physiological, and nutritional. Some other unknown factors 

are also involved to cause stylar end deformity (SED) in 

Kinnow mandarin (Fig. 5). 

 

Environmental factors 

 

Wind: Citrus fruit can be scarred where twigs or thorns rub 

against the rind due to consistent or incidental winds. 

Rubbing of the skin of one fruit onto another object can 

cause scaring and discoloration of the rind (Albrigo 1976). 

Wind damage is the main cause of economic loss at pack 

house and export. Wind damage to fruit increases discard 

percentage in export; at least 10% reported in oranges 

(Valencia) and tangors (Ortanique and Ellendale) and 

reaches up to 40% in more susceptible varieties i.e., oranges 

(„Washington‟ navel) and Lemons (Lisbon) (Martinez 

1995). 

Wind scars on fruit occur when wind velocity exceeds 

6.7 m s
-1

 (24 km h
-1

) (Green 1968). Rind damage 

particularly occurs in early stages of fruit growth due to 

friction caused by leaves, twigs and sprouts (Roger 1988). It 

is initiated almost exclusively within 12 weeks after petal 

fall with significant fruit damage (95%) (Freeman 1973). In 

early stages when fruit is of small size (less than 1 cm), the 

rind damage mainly occurs due to rubbing of adjacent old 

hard leaves (small scale movement) to small petal-less 

fruitlets (Freeman 1973). The scratch caused by old leaves 

in early stages of fruit growth results in damage to the fruit 

skin, with the release of some oil on the fruit surface and 

after that tissues get repaired and become corky, turning fine 

creamy yellow. When fruit color development occurs, the 

mark becomes buff colored, but the final color depends 

upon on the chemical (particularly copper) used in spray 

program (Anonymous 2006). In mature fruit, rind damage 

could be associated with movement of branches, which hit 

the fruit (large scale movement) (Cataldo et al. 2013). This 

type of rind damage is primarily due to poor pruning 

practices followed in the orchard (Anonymous 2006). 

 

Sun burn 

 

Sunburn of citrus rind is also among major blemishes, 

causing significant economic loss. Fruits with sunburn 

necrosis typically have dark brown spots on the rind that is 

exposed to the sun; these spots appear as dark irregular 

areas. Sunburn injury on citrus fruit is mostly found on 

water stressed trees (Brown 2009) and predominantly on 

trees having poor vigor (Schrader et al. 2003). The leaves 

present on vigorous trees protect the fruit and branches from 

sun damage. However, in comparison with leaves, fruits are 

more prone to sunburn, mainly due to their lesser ability for 

using and/or dissipating solar radiation (Blanke and Lenz 

1989). A combination of excessive visible light and 

temperatures cause sunburn injury in fruits (Generally, the 

fruits that grown on top, and on sun-side (south and south-

west in northern hemisphere) in outer periphery are exposed 

to higher radiation and more prone to sun burn injury. 

Sunburn injury arises when reactive oxygen species are 

formed inside the fruit surface cells primarily because of 

high fruit surface temperature (Schrader et al. 2001, 2008). 

The free radicals are very reactive and cause a loss of 

membrane integrity due to electrolyte leakage and cell death 

(Wünsche et al. 2004). In citrus, sunburn is exaggerated by 

splitting of the oil glands into the flavedo, which causes 

injuries to underlying cells (Ketchie and Ballard 1968) (Fig. 

5). 

 

Other environmental factors 

 

Hail can cause marks on exposed fruit surfaces. If hail 

occurs on young fruit, marks can become large and 

distinctive with fruit development (Fig. 5). 
As a subtropical plant, citrus is mostly susceptible to 

frost and freeze. Oil glands in the fruit rind split due to low 
temperature, which results in oil leakage and injured the rind 
surface in the form of brown scares. 
 

Spray injury 
 

Citrus trees subjected to pesticide and fungicide sprays after 
fruit setting may cause spray injury to the fruits in extreme 
environmental conditions. It has been observed that the trees 
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sprayed with faulty nozzle of sprayer / spray machine may 
get chemical concentrate on fruit skin which could cause 
severe rind injury upon exposure to sun. 
 

Physiological and Nutritional Factors 

 

In citrus fruit physiological disorders affect the flavedo, 

which lead to nasty marks on the rind surfaces resulting in 

unmarketable fruit (Cronje 2013). Fruit mineral contents are 

also important in determining external fruit quality (Cronje 

et al. 2011b). Important blemishes linked to physiological 

and nutritional causes are given below. 

 

Oleocellosis 

 

Oleocellosis causes blemishes on the citrus fruit and reduces 

its quality and value in the market (Lado et al. 2019) (Fig. 

5). Moreover, damage caused by release of oil from oil 

glands can lead to increased decay (Krajewski and Pittaway 

2002). Two mechanisms have been identified as causing 

this disorder. In the first mechanism, mechanical damage to 

the rind causes leakage of phytotoxic oils (terpenes) from oil 

glands into the flavedo (Fischer et al. 2009; Montero et al. 

2012) damaging the cells and moving towards the fruit 

surface. In the second mechanism, the oil is translocated 

from the surface of a damaged fruit to an adjoining fruit 

during postharvest handling as this affects a larger area and 

can diffuse into the rind from the surface, leading to damage 

to epidermal and cortex cells in the flavedo (Knight et al. 

2002). Pre-harvest oleocellosis develops on the tree because 

of various kinds of injuries such as insect damage or 

unfavorable environmental factors like wind or hail and 

bruising (Whiteside et al. 1988). Postharvest disorder occurs 

due to mishandling during harvest or transport to the 

packinghouse as well as during the packing process (Wild 

1998). Weather conditions in the orchard and fruit ripeness 

stage influences the occurrence of oleocellosis (Alférez and 

Zacarias 2001). Fruit harvested after rain are more 

susceptible to oleocellosis occurrence (Santos and Oliveira 

2004) (Table 3). This issue has been commonly observed in 

Kinnow mandarin harvested during rainy and foggy 

conditions. 
 

Rind breakdown (RBD) 
 

Vitor et al. (2000) reported that RBD disorder decreases 

cosmetic and commercial value of fruit without disturbing 

internal fruit quality. In Kinnow mandarin, a widely gown 

citrus cultivar in Pakistan, a typical stem end side rind 

breakdown (SERB), locally known as „Tarrer‟ is observed 

at pre-harvest stage. A small crack appears in often 

drier/necrotic peel tissues at the shoulders mostly after 

foggy moist conditions (Malik and Khan 2014) (Fig. 5). In 

RBD, the hypodermal cells associated with an oil gland 

collapse possibly due to a physiological breakdown of cell 

membranes and organelles (Alférez et al. 2008) and the 

wound continuously extends and develops a necrotic area. 

Water potential changes and tension in the flavedo-albedo 

junction causes cellular disruption probably due to the 

dehydration at low RH (45%) and later rehydration at high 

RH (95%) which results in RBD (Cronje et al. 2011a). The 

disorder develops across the outer albedo and the inner 

flavedo, eventually approaching the epidermis. The RBD is 

different than oleocellosis chilling injury induced rind 

staining, stem end rind breakdown (SERB) and rind 

breakdown of „Navelina‟ and „Navelate‟ oranges. In 

oleocellosis, oil glands disrupt because of physical damage 

(Knight et al. 2002), whereas in RBD oil glands collapse 

due to physiological damage (aging) to cells. The RBD is 

different than chilling injury linked rind staining as RBD 

develops gradually in storage almost 21–35 days after 

harvest and not due to low temperature in storage (Lafuente 

and Zacarias 2006), as greater RBD occurred at 7.5°C than 

at -0.5°C storage. The indicators of RBD of „Nules 

Clementine‟ mandarin vary from SERB, rind breakdown of 

„Navelina‟ and „Navelate‟ oranges and rind staining, in the 

sense that the dark marks accompanied with a breakdown of 

oil gland are disseminated erratically above the surface of 

the fruit in a “leopard spot” design and are therefore not 

concerted at either the stem-end as in case of SERB 

(Albrigo 1972), or in the equatorial area as in the case of 

rind breakdown of „Navelate‟ and „Navelina‟ oranges 

(Alférez et al. 2003) and the injured cells do not extend to 

the epidermal cell sheet as observed in the rind breakdown / 

staining of „Navel‟ orange (Agustí et al. 2001) (Table 3). 

Rootstock and postharvest water stress have also been 

implicated in rind breakdown as reported for „Navelate‟ 

orange (Zacarias et al. 2001). „Encore‟ mandarin is reported 

(Freeman 1976; Duarte and Guardiola 1995) to produce 

symptoms of chlorotic spots due to combination of several 

pre- and post-harvest factors such as climate, chemical, 

mechanical and chilling injury. The incidence of RBD 

increases with various postharvest treatments such as 

ethylene used for color development, a deferral in cooling, 

or extended storage, delay in washing, waxing, and packing 

(Hopkins and Mccornack 1961). 

 

Rind pitting or staining 

 

Pitting or staining disorders may become evident just one 

week after harvest during processing in the packinghouse, 

and its first symptoms may appear before shipment of the 

fruit. The first indication of pitting or staining of citrus fruit 

is the development of small, round depressions randomly 

scattered on the fruit surface. The dark “pitting” symptoms 

are often associated with collapsed oil gland and leakage of 

oil (Cronje 2013). The oxidation of oil glands results in dark 

brown lesions on the fruit (Alquézar et al. 2010). If the 

collapsed spot can develop in a continuous area it is referred 

to as staining whereas if the damaged rind forms clearly 

defined depressed and detached areas, it is termed as pitting. 

The development is aggravated by high temperatures 
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(Petracek et al. 1998) or occurs at ambient temperatures. 

The mechanism of rind pitting is not fully clear due to 

complexity of interactions between fruit and its adjacent 

environment (temperature and RH) as well as pre and 

postharvest factors (waxing and modified atmosphere 

packaging). The more the level of dehydration in the fruit 

before and after harvest but before storage at high RH, the 

more susceptible the fruit is to develop postharvest rind 

staining (Table 3). 

 

Pecteca spot 

 

Pecteca spot of lemon generally develops between harvest 

and cold storage. In this disorder oil glands collapse due to 

senescence (Storey and Treeby 2002; Cronje et al. 2014), 

leaking its contents into the surrounding tissues. This 

breakdown of the oil glands takes place in green and yellow 

fruit, but the depressed lesion is clearly observed in yellow 

fruit (Cronje 2007). Cold and moist conditions and sudden 

changes in day-night temperature adjacent to harvest have 

been linked with a higher prevalence of this disorder (Wild 

1991; Torres-Leal et al. 2004). Rind maturity is also an 

important factor in the incidence of this disorder. Immature 

yellow colored fruit have more incidence of this disorder as 

compared to more mature fruit with „silver‟ stage. The 

prevalence of peteca is more in early harvested fruit, and a 

dramatic reduction is observed with late harvested fruit 

(Cronje 2015). During processing, wax application, and 

brushing (Wild 1991); and during storage, CO2 exposure 

increases while ethylene treatment reduces its incidence 

(Cronje et al. 2014). 

 

Noxan 

 

The necrosis on flavedo surface of „Shamouti‟oranges is 

commonly called as noxan. It is a severe physiological rind 

discoloration in some parts of the world. This blemish is 

primarily observed in postharvest life of the fruit as surface 

depths on the flavedo, and progressively some depths 

develop in both size and number to form a necrotic region. 

Likewise, the analogous blemishes are mostly showing 

symptoms like SERB in oranges and the rind pitting of 

grapefruit (Grierson 1986). Petracek et al. (1998) defined an 

analogous blemish in grapefruit and „Temple‟ oranges which 

is also associated to demolish oil glands, but unlike noxan, is 

caused by waxing. Ben-Yehoshua et al. (1983) revealed that 

the beneficial effects of sealing are related to the lessening of 

water stress of the fruit. Grierson (1986) also recommended 

that most blemishes of citrus rind are because of water stress. 

Cohen et al. (1979) have validated that noxan and brown pit, 

a similar blemish, are not produced by the bacterium 

Pseudomonas syringae but are physiological blemishes. 

 

Chilling injury 

 

Citrus, being the sub-tropical fruit, is susceptible to chilling 

injury during exposure to low temperature (Paull 1990). 

Generally, all citrus species can develop chilling injury in 

prolonged postharvest storage, but lemons and mandarins are 

comparatively more susceptible (Sala 1998). Lafuente et al. 

(2005) reported for „Fortune‟ mandarin that chilling injury 

can be caused in fruit due to a combination of biochemical 

and physiological factors including genes transcript, 

carbohydrate composition, hormonal composition, changes 

in oxidative stress-associated and the phenylpropanoid 

metabolism processes, and alteration in lipid compounds of 

the fruit tissues. The symptoms of chilling injury include 

cold scald visible as a superficial grey or brown blemish, 

collapsed areas of dark brown color with irregular 

boundaries that is occasionally surrounded by brown „halo‟. 

Incidence of chilling injury in fruit with any other pre-

existing skin disorder is greater (Taverner et al. 2001). Citrus 

fruit affected with chilling injury are highly susceptible to 

decay and return little economic return (Maul et al. 2011). 

 

Nutritional Imbalance 

 

Deficiency or access of certain essential nutrients lead to 

Table 3: Citrus blemishes caused by physiological disorder and their causal factors 

 
S. No. Physiological disorder Casual factor Reference 

Senescence related disorders 

1. Rind breakdown Pre harvest: Fruit position in the canopy  

Postharvest: Ethylene treatment, storage temperature and storage duration 

Van-Rensburg et al. 

(2004); Khumalo (2006) 

2. Peteca Spot of Lemons Occurs due to physiological breakdown (senescence) of the oil gland  Storey and Treeby (2002) 

Environmental conditions 

3. Pitting or staining Pre and postharvest change in temperature and RH Agustí et al. (1997); 

Alférez et al. (2010). 
4. Stem end rind breakdown High amount of moisture loss from the flavedo due to high temperature and low RH (high 

VPD) during harvest, packing, and cold storage. 

Ritenour and Dou (2003) 

Mechanical damage 

5. Oleocellosis Caused by mechanical damage to the rind due to mishandling during harvest or transport to 

the packinghouse as well as during the packing process  

Wild (1998) 

6. Zebra skin/horseshoe green Caused by damaged during the packing process Cronje (2007) 
7. Blossom-End Clearing of 

Grapefruit 

The formation of a wet area on the fruit‟s surface is the result of internal bruising and juice 

leakage out of the vesicles into the rind due to physical mishandling  

Goell et al. (1988) 

8.  Styler end deformity Development of scar at styler end in the form of rind breakdown caused by unknown means  Malik and Khan (2014) 
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different kind of rind blemishes in citrus. 

 

Copper 

 

Copper deficiency results in fruit splitting which starts from 

blossom end and appearance of dark reddish-brown marked 

areas of hardened gum on the fruit rind (Srivastava 2013). 

 

Boron 

 

Boron deficiency results in misshapen fruit with uneven 

surface and darkish colored spots appeared in white albedo 

of fruit (Rattanpal et al. 2017). Boron deficiency also causes 

peteca spot on lemon (Storey and Teeby 2002). 

 

Calcium 

 

Calcium improves rind strength and resistance to blemish 

such as rind pitting (Zaragoza et al. 1996) rind breakdown 

(Cronje et al. 2011a) and fruit creasing (Sallato et al. 2017). 

Abundance of calcium results in peteca spot on lemon 

(Storey and Teeby 2002). 

 

Magnesium 

 

Magnesium deficiency results in fruit creasing (Sallato et al. 

2017). 

 

Management strategies for biotic based blemishes 

 

A great deal of research work on different aspects of rind 

blemishes management has been done in various citrus 

producing countries. Various interventions have been tested 

at pre-harvest level to resolve the issues and increase 

volume of marketable quality fruit, with key findings being 

summarized below. 

 

Use of synthetic fungicides 

 

Fungal infection resulting in scab and melanoses, and 

bacterial diseases (citrus greening and citrus canker) are the 

major source of disease-based blemishes in citrus (Ahmed 

2005). Worldwide, one of the most popular and broad-

spectrum fungicides is Bordeaux mixture (copper sulfate 

pentahydrate and lime mixture). Since its discovery in 1885, 

it is being extensively used for controlling various plant 

diseases (Lamichhane et al. 2018) including citrus crop. Cu 

is a micronutrient, when applied at higher concentrations 

acts as a broad-spectrum biocide due to its interaction with 

nucleic acids, disruption of enzyme active sites, interference 

with the energy transport system, and finally disintegrating 

the cell membranes (Fleming and Trevors 1989). However, 

all copper-based fungicides act as a contact material only 

and do not have a systemic action to penetrate plant tissues 

and kill pathogens. Therefore, these must be applied on 

fruits before disease occurs, to prevent infection, on a time 

coinciding with the conditions favorable for disease 

development (Kennelly et al. 2007). Although there are 

many formulas for preparing Bordeaux mixture, a ratio of 

10-10-100 (10 pounds copper sulfate, 10 pounds lime, 100 

gallons water) is more effective for many disease-causing 

pathogens (Broom and Donaldson 2010). Further, both 

spray concentration and spray volume are important for 

effective control of pathogens. 

A number of other fungicides including Benomyl 

(Topsin M
®
), Trifloxystrobin & Tebuconazole (Nativo

®
), 

Metiram Complex & Pyraclostrobin (Cabriotop
®
), Copper 

hydroxide (Champion
®
), Copper oxychloride (Coprus

®
) and 

Difenoconazole (Score
®
) have been tested via in vitro 

evaluation where Benomyl, Trifloxystrobin & 

Tebuconazole and Metiram Complex & Pyraclostrobin 

ranked in the order of reducing the mycelial growth of C. 

gloeosporioides, A. alternate and E. fawcettii pathogens 

(Malik and Khan 2014). On the other hand, Trifloxystrobin, 

Azoxystrobin, Pyraclostrobin, Ferbam, Thiophanate-methyl 

(active ingredient of Topsin M fungicide) and copper 

fungicides, have been tested against citrus scab by spraying 

trees at various stages of fruit development (Chung 2011; 

Gopal et al. 2014a). Timmer et al. (2012) reported that 

copper-based fungicides had significant effect on grapefruit 

melanose at concentration of 907 g. acre
-1

, and trees were 

sprayed at fruit size from ¼ to ½ inch. Other citrus cultivars 

like oranges and tangerines need one or two fungicide 

applications. Likewise, Nativo (combination of 

Tebuconazole and Trifloxystrobin), a broad-spectrum 

systemic fungicide was tested at a commercial Kinnow‟ 

orchard at various concentrations and 0.6 g. L
-1

 foliar 

application after fruit setting was found to significantly 

reduce incidence of melanose and scab diseases (Hasan et 

al. 2018). 

Management of citrus canker is dependent on the 

amount of copper-based pesticide sprayed in epidemic 

areas. Behlau et al. (2017) reported that copper formulations 

containing copper hydroxide or cuprous oxide and copper 

oxychloride are commonly used by citrus growers for the 

eradication of canker. Crude streptomycine (100–1000 ppm) 

application after every 15 days and phytomycine (2500 

ppm) sprays are also reported as an effective remedy against 

canker causing pathogen (Javed et al. 2007). While copper 

salts are being used in several fungicides; copper chloride 

used as part and parcel of copper hydroxide and oxychloride 

production; during manufacturing, if not oxidized 

completely, can sustain in copper formulations up to 2% 

(Brodrick 1970). Copper salts are rapidly dissolved in water 

and turn into copper ions as soon as the product is added to 

spray tank. Copper with lead, cadmium and other heavy 

metals applied through spray can increase blemish 

percentage on fruit (Khalid et al. 2012a). On susceptible 

cultivars of citrus, foliar sprays of copper fungicides are 

recommended every 10–15 days during severe susceptibility 

of Alternaria brown spot (ABS). An integrated approach can 

lessen the threat of ABS infections and the disease severity 
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(Timmer et al. 2003). Copper sprays in late fall or early 

winter to control brown rot are also beneficial against 

Septoria spot (Menge 2000). Dense planting is not 

recommended for vulnerable cultivars. Vulnerable cultivars 

should be frequently monitored to perceive the incidence 

and avoid epidemic outbreaks of the disease. 

Topsin-M (thiophanate methyl) is another popular 

broad-spectrum fungicide and inhibits functioning of fungal 

tubule. Preharvest spray of thiophanate methyl consistently 

reduces postharvest diseases like anthracnose. It also affects 

incidence of stem-end-rot on harvested sunburst fruits 

(Ritenour et al. 2004). Zhang and Timmer (2007) tested 

several fungicides (benomyl, azoxystrobin, fludioxonil, 

thiophanate methyl and pyraclostrobin) as preharvest 

strategy for the control of postharvest diseases (anthracnose 

and stem-end rot) on citrus cultivars. Topsin-M was found 

more effective for the control of postharvest green mould in 

Navel oranges. 

It can be surmised that fungicides have wide range of 

effects in the management of plant diseases related to 

fungus and related pathogens. Globally, various fungicides 

are being used on regular basis to prevent the crops from 

losses. In order to obtain the best result, their applications 

need to be optimized due to risk of resistance development, 

fungicide efficacy, environmental concerns, pesticide 

residues and impact on beneficial organisms, etc. (Rebollar-

Alviter and Nita 2011). 

 

Effect of synthetic insecticides 

 

Citrus orchards can be a habitat for good and bad bugs 

which may perform activities beneficial for the plant and 

fruit growth and development, harm to the plant, as well as 

damage the fruit quality. Peel miner, red scales, thrips, fruit 

fly and mites are the potential insects of concern as well as 

main causal agents for fruit blemishes (Futch 2011; Mazhar 

2007; Mazhar et al. 2007). Mealy bug and citrus psylla 

(Khalid et al. 2012b) also cause direct or indirect damage. 

The suitable strategy of insects control is the right choice 

and timely application of pesticides against the type 

(sucking or chewing) of insects (Khalid et al. 2012b). 

Many growers have adopted broad spectrum 

insecticides such as organophosphates, pyrethroids and 

neoncotinoids. Broad-spectrum insecticides are generally 

inexpensive in the market, but these can also kill beneficial 

pests just due to their uneven application (Desneux et al. 

2007; Lu et al. 2012). Zhang et al. (2012) reported the 

emerging class of pesticide „Neonicotinoid‟ having novel 

mode of action commonly used by orchard owners, because 

they have antagonistic effect on insect nicotinic receptors 

which ultimately affect their transmission way of nervous 

system. This group of insecticides contains popular 

insecticides like Imidacloprid, Nitenpyram, Thiamethoxam, 

Acetamaprid, Chlothianidin, Thiacloprid and Imidaclothiz 

which are being marketed with various trade names. Talebi-

Jahromi (2007) described Imidacloprid as a type of systemic 

insecticide which acts as neurotoxin and can be effective in 

every type of pest. Imidacloprid concentrations at lower 

levels were found to be effective for the management of 

several insect pests of vegetables and fruit plants (Rakhshani 

2002; Sabar 2011). Likewise, Thiamethoxam is mostly used 

for the control of sucking type of insects (aphids, thrips, 

whiteflies, lepidoptera and coleopteran species) and certain 

chewing pests. Presently, thiamethoxam is one of the most 

effective chemicals used as pesticide of varied 

concentrations. It has contact and systemic mode of action 

and can be applied as soil, foliar, and used as seed treatments 

in agriculture crops (Karmakar and Kulshrestha 2009). 

Previously, insect specific insecticidal control was 

being used. For example, imidacloprid (Argolo et al. 2013), 

chloropyrifos (Garcera et al. 2011) and carbaryl insecticide 

(trade name Sevin) used against California red scale which 

causes most economic cosmetic injury to the citrus fruit 

(Walker et al. 1999). Similarly, Minecto Pro 

(cyantraniliprole, abamectin), Chlorpyriphos and 

Acetamiprid sprays were found most effective remedy 

against citrus thrips (Vassiliou 2007; Grafton-Cardwell and 

Doria 2020). As discussed earlier, leaf miner or peel miner is 

a serious pest in citrus orchards, almost all major groups of 

broad-spectrum insecticides including organophosphates, 

pyrethroids and neoncotinoids have been tested as their 

control measure (Powell et al. 2007). Moreover, Asian citrus 

psylla are found more destructive pest in citrus groves that 

causes shoot dieback and stunted plant growth due to the 

direct feeding of nymphs and adults. It also serves as a vector 

for causal bacteria which result in citrus greening disease 

(Bove 2006), thus disease infected plants bear inferior 

quality of fruit (Halbert and Manjunath 2004). Tiwari et al. 

(2011) reported that use of imidacloprid chemical spray has 

become common trend in growers against citrus psylla and 

other sucking type of insects because of its effectiveness. 

Naeem et al. (2016) performed a comprehensive study in 

different districts of Punjab, Pakistan and tested seven 

insecticides including imidacloprid, acetamiprid, bifenthrin, 

thiamethoxam and nitenpyram. Results depicted that 

bifenthrin showed better control as compared to others 

regarding the efficacy and pesticide resistance. 

Various management strategies have been suggested at 

pre-harvest and postharvest stages for the control of scales. 

At preharvest level, various insecticide groups were tested 

including organophosphates and neonicotinoid 

(imidacloprid) which significantly decreased the insect pest 

population (Garcera et al. 2011). Walker et al. (1999) 

reported reduction of scales population in packing house by 

applying high pressure water sprays that physically detached 

the scales. 

 

Use of plant extracts and alternative of chemicals 

 

Physiological peel spots or defects are the most critical 

factors affecting external appearance of fruit of various 

citrus cultivars that cause economic loss to industry 
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worldwide (Alférez et al. 2003). Plant extracts are being 

used as substitute of synthetic chemicals against various 

plant diseases because of high anti-microbial and anti-fungal 

properties. Different plant parts have abundant reserves of 

phytochemicals including phenolics, flavonoids, flavanoles 

showing inhibitory mode of action against various 

pathogens (Farooq et al. 2018). Disease severity of citrus 

scab is reported to have been significantly reduced in lemon 

fruits when trees were sprayed with allamanda leaf extract 

and showed similar results to target fungicides (Siddiquee et 

al. 2011). Lemon grass and parthenium extracts (ethanolic) 

were tested in lab conditions against fungal pathogen of 

scab, both botanicals showed minimum fungal growth and 

their application at field can be tried as a best remedy 

against fungal diseases (Rehman et al. 2016). Various plant 

extracts from different plant parts i.e., Hibiscus subdariffa 

Linn. (dry flower), Psidium guajava Linn. (leaves), Punica 

granatum Linn. (dry fruit skin), Spondias pinnata (Linn.f.) 

Kurz (fresh leaves), and Tamarindus indica Linn (fruit pulp) 

were evaluated against Xanthomonas bacterium (causing 

citrus canker) on lime plants in the green house as well as in 

the field. In the green house, the fruit pulp of Tamarindus 

indica significantly showed least disease incidence (48%) as 

compared to control (100%), while in the field, T. indica 

depicted 3.59% disease incidence compared to control 

(9.46%) in the field (Leksomboon et al. 2001). 

Natural plant extracts are available with wide range of 

action characteristics i.e., insecticidal, repellence to pests, 

antifeedant effects, toxicity to various pests and nematodes 

(Prakash and Rao 1997). Various types of plant extracts such 

as neem, garlic, ginger, tobacco, syringe, Eve's apple, lilac 

and Kappettiya from different plant parts (leaves, seeds, 

fruits, peels) have been utilized as green pesticides for pest 

control (Rehman et al. 2016). Vasquez et al. (2016) reported 

the effect of acetogenins available in the seed extract of 

Annona mucosa Jacq. on citrus red mites and showed high 

mortality rate of red mite females after varying times of 

exposure to seed oil. This was the first report on acetogenins 

as miticide which can be commercialized at pre-harvest stage 

on domestic level due to low cost in small areas. Similarly, 

high concentrations of guava leaf extract were tested in the 

laboratory against adult psyllids both in the cage and Y-

olfactometer tests. Guava leaf extract significantly reduced 

(44.2 and 50%) the adult psyllids landing on citrus shoots 

sprayed with 10,000 mg. L
-1

 followed by 5,000 mg. L
-1

 

respectively (Barman and Zeng 2014). Moreover, neem and 

rosemary oil were also identified as a good repellent of thrips 

in citrus orchards, reduced rind scaring and improved the 

cosmetic quality of fruit (Salem et al. 2017). In another 

study, selected botanicals including leaf extracts of neem 

(Azadirachta indica A. Juss), datura (Datura stramonium L.) 

and peel extracts of lime (Citrus aurantiifolia Swingle), and 

kurtuma (Citrullus colocynthis L.) were tested against the 

control of leaf miner. Results revealed that population of leaf 

miner significantly reduced by 12% through the application 

of 30% neem and datura leaf extracts (Shareef et al. 2016). 

While plant extracts show potential in controlling various 

insects/pests, the main limitation remains their availability 

and commercial viability. 

 

Horticultural mineral oils 

 

Horticultural mineral oils (HMOs) are the most effective 

alternative to synthetic chemicals for the control of blemish 

causing insect pests and diseases since they are non-toxic 

and have little or no side effects (Nile et al. 2019). HMO 

assessed in agroclimatic conditions of district Sargodha, 

Pakistan revealed that, foliar application of 1.5% HMO 

along with pruning significantly reduced the population of 

mites, psylla, aphid, leaf miner and citrus mealy bugs in 

Kinnow mandarin, and increased proportion of A-grade 

fruits, while no sign of phytotoxicity was observed (Khalid 

2013; Jahangir 2018). Time of spray application is crucial 

factor to achieve best results as according to Tree-Fruit 

Environment profile (TFE) (Fig. 2) insect pest active period 

and development of blemishes on citrus fruit is from March 

to May (Khalid et al. 2012b). Results from study in Vietnam 

suggests that, application of HMO is highly effective in 

limiting the population of red mites, citrus rust mites, citrus 

mealy bug and red scales in sweet oranges (Nguyen et al. 

2001). Reports from an IPM program in China on citrus 

claimed that, major foliage and fruit insect pest and diseases 

like citrus red mite, citrus rust mite, armoured scales, sooty 

mould were effectively controlled by using low 

concentrations of HMO (Huang et al. 2001). Spread of 

Huanglongbing in citrus (Citrus greening) was observed in 

Malaysia and it was revealed that the infection was 

significantly reduced (11.4%) in HMO treated plots as 

compared to untreated control plot (42.2%) (Leong et al. 

2012). Certain fungal diseases (greasy spots, melanoses, 

alternaria brown spots) on fruit are very common in Florida 

citrus groves and the growers use different HMO 

concentrations mixed with copper formulations, which 

proved to be very effective (Roberts and Timmer 2001). 

 

Use of Biological control agents 

 

Biological control is a potential alternative to chemical 

methods for insect pest and disease management, but its 

impact and level of use globally remains modest and 

inconsistent (Gurr and You 2016). But at the same time, this 

strategy along with other management techniques have been 

successfully executed around the globe, various multi-

national companies provide commercially reared insects for 

biological control. Likewise, the Chinese citrus growers 

have been using predatory arthropods since hundreds of 

years ago and about 109 natural enemies reported against 

different citrus pests in China (Niu et al. 2014). 

 

Other technologies 

 

Organic mulching beneath citrus trees potentially increase 



 

Factors Affecting the Cosmetic Quality of Citrus / Intl J Agric Biol, Vol 25, No 2, 2021 

 311 

the population of predatory mites which feed on Kellys 

citrus thrips (Pezothrips kellyanus) pupae which is 

important pest of citrus in New Zealand (Jamieson and 

Stevens 2006). Similarly, population of citrus red mites 

(CRM) is highly associated with the presence of predatory 

mites and other natural enemies including Ladybirds, 

Stethorus spp. and Halmus chalices in citrus orchards 

(Jamieson et al. 2005). 

Studies from Spain revealed that use of sticky barrier 

in citrus was effective and economical in controlling 

population of ants in tree canopy (Blasco et al. 2010). James 

(1991) revealed that installation of sticky band around tree 

trunk significantly prevented the oviposition by the 

curculionid Asynonychus cervinus [Pantomorus cervinus] 

on Valencia orange fruit. However, a study on sticky bands 

and colored tapes did not show significant effect in insect 

management in Kinnow mandarin orchard in Sargodha, 

Pakistan (Khalid 2013). 

 

Management strategies for abiotic based blemishes 

 

Cultural practices in orchards such as pruning, fruit 

thinning, irrigation, fertilization, weed control etc. 

contribute to better plant growth and development and fruit 

quality. For fruiting trees, pruning is compulsory operation 

to prolong bearing age, quality fruit production, reducing 

blemishes and enhance effectiveness of other cultural 

practices like spraying etc. (Smith 1999). Kinnow mandarin 

when pruned properly gives higher yield, with more fruit 

weight and attractive orange color. In case of light or no 

pruning in Kinnow trees; light cannot reach in crowded 

groves and poor-quality fruit is produced (Ahmad et al. 

2006; Khalid 2013). Similarly, Green (1968) and Gravina et 

al. (2011) revealed that wind velocity not to exceed 24 km.h
-

1
 (6.7 m.s

-1
) in fruits and 5 m.s

-1 
in citrus crop, otherwise 

wind damage is produced on fruit peel. Different trees of 

erect stem nature including Casuarinas, Eucalypts, Cypress, 

Poplars, Pines, and Alders can be planted as natural wind 

breaks for citrus orchards (Owen-Turner and Hardy 2006). 

Likewise, wind borne blemishes can be reduced by using 

semi-porous artificial windbreak nets (5 cm by 10 cm mesh) 

in the citrus orchards (Gravina et al. 2011). 

Reduction of temperature and direct sun contact can 

decrease the risk of sunburn on fruit (Smart and Sinclair 

1976). Kaolin-based particle films, due to their reflective 

nature of the particles and having the ability to modify the 

microenvironment of the plant canopy, can reduce heat and 

ultraviolet stress in horticultural crops and can reduce 

sunburn damage (Glenn 2012). After concluding trials in 

Egypt, El-Tanany et al. (2019), recommended spray of 

kaolin at 4% or Glycine betaine at 50 mM three times 

during summer months (May, June and July) as an effective 

remedy to reduce fruit sunburn damage, improvement of 

yield and fruit quality of Balady mandarin trees. Sunburn on 

citrus fruits can also be reduced on commercial scale by 

reducing water stress through optimal irrigation during 

critical periods by using shade nets (Smit 2007) and by 

applying kaolin particle film technology (Table 4). 

Climatic conditions of a region have a significant 

effect on quality of fruit which is more visible than any 

other factor such as site (cultural practices), soil and the 

genetic characters. Citrus cultivars (mandarins, oranges, 

lemons and limes) are suitable to specific regions with 

variable fruit quality (Albrigo 2004). A single cultivar 

„Navel orange‟ grown in two different states (California and 

Florida) of U.S.A. produced different quality characters 

(Ladaniya 2008). So, only locally tested management 

strategies should be recommended to reduce the incidence 

of blemishes caused due to abiotic factors. 

 

Management strategies for physiological blemishes 

 

For control of oleocellosis, fruit should not be harvested in 

wet conditions, such as after rainfall in the harvest period, as 

this leads to more turgid oil glands and results in higher 

incidence of this disorder. It is also recommended not to 

harvest sensitive cultivars early in the morning but to wait 

until the ambient temperature has increased, which leads to 

some moisture loss from the rind and therefore a less turgid 

oil gland. 

To control peteca spot development, packing-line 

speed should be as slow as possible, and wax applied to 

allow for enough CO2 exchange from the fruit to the 

surroundings. Noxan incidence on „Shamouti‟ orange have 

been significantly reduced by different postharvest 

treatments like individual seal-packaging, packaging of fruit 

with plastic liners or in plastic bags or even by briefly 

keeping the fruit in a saturated environment (Ben-Yehoshua 

et al. 2001). 

Chilling injury can be managed by gradually exposing 

the fruit to low temperature regimes through the desired 

storage duration (Taverner et al. 2001). Generally, if citrus 

fruit is required to be stored for longer duration then initial 

holding of fruit at 10˚C for 2 to 3 weeks followed by 

holding the fruit at 5˚C for up to three weeks can be helpful. 

In case the fruit is required to be held below 3˚C to meet the 

quarantine requirements, then the fruit should be marketed 

in six weeks from the time of harvest. 

 

Postharvest technologies for blemish detection 

 

Worldwide, most of the pack-houses sort out blemished fruit 

visually by employing labor, primarily at two stages (before 

washing and then before packing) of processing. However, 

various modern postharvest technologies including near-

infrared (NIR), ultraviolet (UV) and ultraviolet fluorescence 

(UVF), hyperspectral imaging (HI) and laser backscattering 

imaging (LBI) have been evolved and tested for blemish 

detection of citrus fruits with fast and accurate assessment 

(Blasco et al. 2007; Lorente et al. 2013; Zhang et al. 2018). 

Commercial model for blemished based grading and sorting, 

are an option with greater efficiency and quality assurance 
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but their high cost is prohibitive in adoption especially in 

developing countries and small-scale packing operations. 

 

Integrated approach to reduce rind blemishes 

 

Internationally, huge resources are spent for managing causal 

organisms of citrus peel blemishes (Agostini et al. 2003; 

Maia et al. 2004) and to improve fruit quality. Experimental 

success does not always lead to commercial solution, since 

the field conditions and complexity of issues greatly varies. 

Hence, an integrated approach tested under local condition 

can help resolve the issue. Previously, different researchers 

(Ahmed 2005; Mazhar 2007, Mazhar et al. 2007; Khalid 

2013; Hasan 2018; Waqas 2019; Malik et al. 2019) made 

extensive studies and tested several interventions (pruning, 

pest and disease management, HMOs, nutrition, new 

chemistry fruit fly baits etc.) to reduce rind blemishes in 

Kinnow mandarin. As a result, significant improvement was 

reported in fruit cosmetic quality and final pack out (Khalid 

et al. 2012a; Hasan 2018; Malik et al. 2019). Main strategy 

was to prevent, inhibit or lessen the incidence and severity of 

issues, using judicious tree pruning (major pruning 

immediately after harvest followed by removal of unwanted 

growth and water sprouts during season) and orchard floor 

sanitation (removal of weeds, pruned material, dead diseased 

branches, fallen fruits) for reducing disease inoculum and 

pest hibernation, and timely application of most effective 

fungicides/insecticides. Among the copper-based fungicides, 

„Kocide‟ (2.5 mg L
-1
) performed significantly better, beside 

Bordeaux mixture, which has always been a good choice for 

fungal and bacterial disease complex suppression, while 

Nativo (Trifloxystrobin & Tebuconazole) 0.6 mg L
-1

 

outclassed others as broad-spectrum (preventive and 

curative) fungicide. Among insecticides, Confidor 1.5 mL L
-1

 

and HMO (1.5 mL L
-1
) sprays produced best results, to 

minimize disease incidence and insect pest control (Khalid et 

al. 2012b; Hasan 2018; Malik et al. 2019). For fruit fly, 

change of geometry by installing six pheromone traps in a 

row per acre length significantly improved male trapping and 

control (Malik et al. 2018). Overall, the integrated approach 

significantly reduced rind blemishes and increased 

proportion of A-grade fruit (Hasan 2018; Waqas 2019; Malik 

et al. 2019). 

 

Conclusion 

 

Citrus rind blemishes are caused by several biotic and a 

biotic factor, including diseases, insect pest and various 

physiological and nutritional nature, resulting in high fruit 

rejection and heavy economic losses to growers. The 

prevalence of diseases and insect pest varies depending 

upon cultural practices, climatic conditions, and species etc. 

However, now a days, diseases of main concern causing 

rind blemishes in citrus are melanoses, scab, and citrus 

canker, Pathogens related to melanose and scab are most 

active during initial fruit development when environmental 

Table 4: Sunburn control measures in citrus groves 

 
S. No. Crop Country Treatment Application rate Results Reference 

1. Balady 
mandarin 

Egypt Screen Duo ® 
and Surround 

®  

Screen Duo ® (1.25 kg/100 L of water) 
single application 

Screen Duo ® (1.25 kg/100 L of water) 

double application 
Surround ® 3% 

Surround ® 6% 

In both season all treatments were applied 
in mid-June whereas Screen Duo ® was 

applied in mid-June and first July. 

In first season injured fruit (%) in Surround ® 3 and 
6% were 11.66% and 14.02% and with single and 

double application of Screen  

Duo ® were19.6 and 14.9% respectively as compared 
with control with 31.6% injured fruits. In second 

season Surround ® 3 and 6% produced 9.33 and 

15.5% and single and double application of Screen 
Duo ® gave 20.5 and 16.3% injured fruit respectively 

as compared with control with 32.6% injured fruits.  

Zaky 
(2018) 

2. „Murcott‟ 
Tangor 

Taiwan White paper 
bags, calcium 

carbonate and 

shade nets 

White paper bags (27.8 × 15.8 cm), 
calcium carbonate (3%) three applications 

from 22 July to 28 September, or shade 

nets (white with 20%, green with 30% and 
black with 50% shading rate) installed 50 

cm above the citrus trees. 

In white paper bags and shade nets treated fruit 
sunscald was 0% and in calcium carbonated treated 

fruit 4.4% as compared with control with 13.6% sun 

burn injury. 

Tsai et al. 
(2013) 

3. „Miho 

Wase‟ 

Satsuma 

mandarin 

South 

Africa. 

ScreenTM, 

Vapor Gard®, 

Silicon, 

Nontox 
Silica® and 

RaynoxTM 

ScreenTM (2.5 kg/100 L water), Vapor 

Gard® Silicon (1 L/100 L water), Nontox 

Silica® (200 mL concentrate/100 L water) 

and RaynoxTM (2.5 L/100 L water). 
Treatments were applied on 10 and 21 

December 2009 and on 27th January 2010 

ScreenTM reduced the sunburn incidence by 50%, by 

reducing leaf and fruit temperature. Vapor Gard® 

increased fruit temperature, and increased sunburn 

incidence by 16% while, other treatments had no 
effect on sunburn incidence. 

Verreynne 

and Merwe 

(2011) 

4. „Ponkan‟ - White netting White nylon net with 20% shading rate 
installed 100 cm above the tree from 

August to end of October. 

In 2009 season low sunburn injury (3.4%) was 
observed in September and October months as 

compared with control with 8.3 and 8.5% sunburn 
injury during September and October respectively. 

During 2010 season 2.94 and 3.04% sunburn injury 

was recorded in September and October respectively 
as compared with control with 9.15 and 9.45% 

sunburn injury in September and October respectively.  

Lee et al. 
(2015) 

 



 

Factors Affecting the Cosmetic Quality of Citrus / Intl J Agric Biol, Vol 25, No 2, 2021 

 313 

conditions are mild (temp. average 22–27ºC and wetness for 

> 80 h per week) (Agostini et al. 2003). Symptom based 

identification sometime become challenging due to the 

presence of more than one disease compounded with other 

factors (insect or wind etc.). For correct identification of the 

pathogen, appropriate sampling time and techniques are 

critical, as in some case while the symptoms are still there 

on rejected fruit, the fungus was not isolated. Hence, 

improved sampling technique and appropriate time are 

necessary for proper disease diagnosis. 

Various research studies and reject fruit analysis at 

commercial facilities, show that thrips, mites and scales, are 

the most common insects causing cosmetic damage to citrus 

fruit. Thrips infestation starts at the earliest stage, from petal 

fall to the time fruit attains 4 cm in diameter (Arpaia and 

Morse 1991). Mites are prevalent at later stage of fruit 

development (May to September) when temperature is high 

(Fig. 2). Among other insects, scale infestation is more in 

dense orchards with high humidity. Leaf miner is active 

during citrus flushing period, but it causes damage at early 

stage when fruit skin is soft. Identification of blemishes due 

to mites become difficult in the presence of wind blemishes, 

as they get mixed easily, and a closer examination need 

using magnifying glass. 

Among the abiotic factors, environment related wind-

borne blemishes, and sun burn are the most common at 

production level. Olecellosis is linked to physical pressure, 

and become an issue when fruit is harvested under 

rainy/moist conditions as well as due to mishandling during 

postharvest stages. Stylar End Deformity (SER), is a new 

type of blemish found in Kinnow mandarin, in which some 

tissues at the stylar end become raised as ring like structure 

due to some unknown cause. Chilling injury associated 

blemishes may also develop in some citrus species when 

stored at sub-optimal temperature for longer duration. 

Managing citrus rind blemishes is a major challenge 

all over the world, and an integrated approach will be the 

major influencer for producing better quality citrus fruit. 

Tree pruning and cleaning plays a key role in reducing 

disease inoculum, by improving aeration and better spray 

penetration within canopy of tree. More fungal and scale 

linked blemishes at lower canopy draws attention to better 

skirting and spray coverage for controlling fungal infections 

and insect pest population. Understanding the issue, 

implementing an appropriate monitoring system and timing 

of control measures are the key for successful management. 

Diseases like melanose and scab appear on young fruits. 

Likewise, thrips cause damage at early fruit stage, while 

mites are problem during summer. Avoid the application of 

excessive amount of nitrogenous fertilizers and/or frequent 

heavy irrigation as both increase diseases incidence. Use 

drip irrigation to reduce fruit diseases. Use of recommended 

insecticides and fungicides at optimum dose at correct time, 

especially focussing during initial 8–12 weeks of fruit 

development, with due consideration to biological 

alternatives, can effectively reduce the disease and insect 

pest pressure in the orchard ultimately leading to reduced 

fruit blemishes and the farm gate rejection. Copper sprays in 

late fall or early winter to control fruit brown rot caused by 

Phytophthora citrophthora are also effective against 

Septoria spot. Incorporation of HMOs in spray programs 

helps in managing insects and diseases as well as avoiding 

resistance development. Application of best practices in 

harvest and postharvest can help manage the incidence of 

blemishes (Oleocellosis, rind breakdown, bruises, chilling 

etc.) during postharvest supply chain. In order to avoid 

cross-contamination of bacterial and fungal diseases, fruit 

bins, pruning scissors and harvest clippers, need to be 

cleaned and sanitized regularly (Malik and Khan 2014). 

Nonetheless, research at grower‟s fields in different citrus 

growing regions to test and customize integrated technology 

would be the prudent approach. 
 

Future research directions 
 

This review clearly shows significant advancements made 

in different aspects of citrus fruit blemishes and their 

management to improve cosmetic quality of fruit. However, 

still work is required to address the unresolved issues and 

challenges. Research is required on evaluating the impact of 

climate change on the dynamics of insect pest and disease 

pressure and their resistance, in different citrus growing 

regions of the world. Research is also needed to produce 

blemish free fruit production under high density small tree 

framework. Research on new-chemistry insecticides, IGRs, 

fungicides with low health and environmental risks will 

remain a high priority area. Further, there is need for 

comprehensive studies on the causes and control measures 

of some rind blemishes still not understood e.g., stylar end 

deformity (SED) and stem end rind breakdown (SERB) 

disorders in Kinnow mandarin which are becoming critical 

problem in citrus groves. In future, more research is needed 

to develop low cost technology of blemished based fruit 

sorting for better efficiency, and quality at packhouses. 

Finally, since in an agriculture eco-system all fruits on tree 

in an orchard can never be 100% blemish free, therefore 

research is also needed to change perception of the 

consumers about the quality of blemished fruit and improve 

its acceptability, highlighting the relevant aspects like 

blemished fruit does not mean always poor internal quality, 

impact of fruit rejection based on blemishes accounts food 

loss and waste etc. 
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