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Abstract 

Citrus fruits in the Rutaceae family include sweet oranges, mandarins (tangerines), grapefruit, kumquats, lemons, 

limes, and pummelos. With a global production of over 98 million tons, these  fruits are grown in tropical and 

subtropical countries and play a considerable economic role on the global fruit market. Citrus fruits are prone to 

mechanical damage in the citrus agroindustry due to biotic and abiotic stresses such as harvesting, packaging, 

storage, transportation, and stocking. Fungi are responsible for up to 90% of fruit losses during handling and 

marketing after harvest. To prevent financial losses due to mold, synthetic fungicides such as thiabendazole, 

imazalil, prochloraz, fludioxonil, and pyrimethanil are employed as control agents in citriculture. In response to 

increased use of synthetic fungicides, certain phytopathogens have developed resistant strains, reducing the 

efficacy of chemical treatments. People are becoming increasingly concerned about the environment, human 

health, and the accumulation of chemical residues in food. It is consequently critical to minimize negative 

environmental restrictions in order to develop a healthy and sustainable food system. It is critical to find less 

hazardous chemical alternatives and minimize their use in order to properly manage fungus. Alternative strategies 

include chitosan, food additives that are typically viewed as safe salts, synthetic elicitors, physical procedures such 

as heating or irradiation, and biological control utilizing undesirable bacteria, fungus, and viruses. Non-chemical 

methods are frequently less dangerous to humans, more secure, and less harmful to the environment than chemical 

fungicides. When used alone or in conjunction with two or more other strategies, these options provide a well-

balanced alternative to existing chemical pesticides for citrus mold control and sustainable production. 
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Introduction 
Citrus belongs to the Rutaceae family and is thought to have originated in Southeast Asia. In the late fourth century, 

Alexander the Great introduced 'citron' from India to North Africa, Turkey, and Greece. Citrus medica L. was the 

progenitor of citrus plants, according to historians. In 350 BC, Theophrastus mentioned the proximity of citrus in 

Europe. While it is unclear how today's citrus assortments came to be, it is widely agreed that they include lemon, 

sweet orange, pummelo, lime, kumquat, and grapefruit. Citrus was introduced by Muslims all over the world and 
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rrefrigeration innovation became important to export the citrus fruits throughout the world in 1889. Citrus lemon is 

called as lemon: Lime (C. auratifolia); Citrus reticulata (Tangerine); C. aurantinum (Sour orange); C. mobilis 

(Orange king); Citrus paradise also called as grapefruit; citron is also known as C. medica; Citrus sinensis as sweet 

orange and Citrus grandis is called shaddock or pummelo. Yeasts and moulds are responsible for the rotting of citrus. 

Citrus decay is caused by Hansenula spp. and Saccharomyces cervisiae (Jay, 2001). 

Significance  

 Citrus is number one in territory and its fruits production in Pakistan, and the Punjab province is known to 

one of the major grower of citrus fruits. C. reticulata (Kinnow mandarin) is the most widely benefitted scion’s variety 

initiated on a irregular lemon root-stock which has been locally amended (C. jambheri). In vitro culture was used to 

concentrate seed incipient species from randomly collected from all over Punjab territory, and 24 distinct 

undeveloped based seedlings shapes were discovered. In another study, 10534 seeds were haphazardly collected 

from fruits were cultured , with 65 percent being mono undeveloped, bi embryonic were 22 percent and poly 

embryonic were13 percent. It was also discovered that 19% of the 318 plants in the population had large leaves, 48% 

had dense foliage, 6% had large spines, 24% had straight roots, and just 3% of the plants had leaf abscission. Intra 

varietal variation exists in both cultivars (Abdel-Kader et al.2011). 

 Pathogen 

 Pathogens instantaneously penetrate the exterior portion of citrus as the skin decomposes, and a lesion at 

room temp might possibly extend by several centimeters in a day. For the prevention of these deterioration, tiny 

cushion with the parasite information "diphenyl" are occasionally used into fare boxes. These tiny cushions will be 

treated with "diphenyl," parasite information, at 4.7 gm per 23 kg in citrus fruits. The most well-known postharvest 

grapefruit contagious illnesses in Egypt are green shape. Fungicides can aid in mitigating the effects of bad food. 

Aside from that, fungicides also address environmental and health concerns. According to (Janisiewicz and 

Korseten), sodium benzoate and potassium sorbate, both food additives, had antifungal properties against postharvest 

rotting growths (Janisiewicz and Korseten, 2002).  

 Grapefruit postharvest diseases such as green and blue moulds are common in Egypt. In collaboration with 

specialists, spore-forming as well as the incidence of infections under different conditions, such as in vitro and in 

vivo, were studied. Fungicides like SOPP and chitosan are used, and natural acids like sorbic and salts like sodium 

benzoate and potassium sorbate. A few other natural acids and salts demonstrated excellent viability against natural 

product rot and easygoing specialists compared to fungicide. On the way to overseeing and preserving the grapefruits, 

a remedy with a shielding recipe of carnauba wax or chitosan can be used. This formula would contain sorbic or 

benzoic acids, as well as their salts. Not only can this treatment secure the grapefruits throughout the storage and 

managment and capability phase, but it will also protect them from rot species. The location of the damage and the 

form of injury are two significant factors in determining the seriousness of P. digitatum disease. Wounds of two 

millimeter’s or more in the mesocarp consistently result in higher disease poisonous synthetic concoctions by default, 
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and customers continually integrate pesticide deposits into their weight-loss plans (Gutter, 1982). To accept 

responsibility for the citrus natural goods rot, and because fungicide treatments were already causing issues, eco-

friendly and non-hazardous control methods are being presented. Plant leaf and essential oil concentrates have 

recently been lauded for their ability to prevent rot in citrus fruits (Droby et al., 1999).  

 The citrus industry has suffered significant losses as a result of postharvest infectious rot. As a consequence 

of the injuries that occur during the processing of natural citrus products, injury parasites such as P. digitatum Sac, 

which specialize in green find its way into citrus fruits. The pathogen in question is thought to exist in any 

environment where citrus is grown (Palou et al., 2001). Engineered fungicides, such as Imazil, are widely used to 

reduce the risk of contamination from green and blue molds during the postharvest season (Eckert et al., 1994). The 

dangerous watery position likely denotes rotten land. The sporulating areas are protected by white mycelium and 

soothed skin beats the sore's outside spot (Eckert and Brown, 1986). Azizi et al. (2007) investigated P. italicum, P. 

digitatum, Aspergillus flavus, Aspergillus niger, F. semitectum, F. solani, Helminthosporium spp and Rhizopus spp. 

For isolation of these citrus tree, such as stems, leaves, and twigs, were used to isolate these pathogens. Sheikhupura 

(52.26%), Sargodha (54%), Miyanwali (60%), and Faisalabad (62%) all had nematodes (T. ssemipenetrans).  

 Damages 

 According to Mendel 1981, penicillium in mandarin orange in West Bengal caused up to 35% misfortune 

(1981). Toxic growths were extracted from infected fruits (Stinson et al., 1981). Depending on season and crop, 

postharvest losses in industrial countries vary from 10% to 15%, while in developing countries, they range from 20% 

to 40% (Madrid, 2011). The most popular viruses, fungi, phytoplasmas, infections, and microorganisms may inflict 

significant financial harm to plant products. Growths, for example, sometimes cause severe problems in foods 

obtained from field plants, creating extremely complicated assemblages of plant pathogens (Chang et al., 2008). 

Concerning post-harvest rotting citrus natural product being dirty with conidia of two loose growths when handling 

defiled food, Within 48 hours after implanting in wounds that break oil organs or puncture the strip's albedo at 20-

25C, conidia acquire a lost, permanent illness. In skin injuries, all types of conidia require free supplements and 

water to develop. Via epi carpic wounds, these diseases contaminate citrus fruits harming those who manage and 

harvest them. As a result, a sponsorship construction section site is required to avoid the manufacture and spread of 

contaminating waste, decay, and degradation of citrus. The preceding damage exposes citrus fruits to pathogen 

Aspergillus flavus and other growths, resulting in preserved organic citrus goods rotting. When Aspergillus flavus 

produces aflatoxin, a type of cancer-causing mixtures, it may pose a medical problem (Diener et al., 1987).  

 P. digitatum is the most economically critical post-harvest disease in all citrus-producing nations, including 

California, Spain, and Israel. The symptoms are the absence of summer precipitation (Eckert et al., 1989). The 

plantation level, the transportation and advertisement tier of the dealer, and the retailer stage are three standards for 

measuring and finding proof of misfortunes imposed on the kinnow. The stages were established based on sectors of 

the farming industry and different people interested in elements of the kinnow agrarian market. Writers, seasonal 
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workers, wholesalers, retailers, and end-users are all indicators of individuals interested in business elements 

(Acharya and Agrawai; 2001). Infection occurs due wounds caused by G. citri-aurantii is citri-aurantii subspecies. 

These viruses are the primary infections, not the resulting casualties. Citrus fruits skin albedo tissue pH varies from 

4.5-5.5 and in their accidents, lemons had pH ratios 2mm deep and 1mm high with yellow lemons 5.6 and green 

lemons 5.1 (Smilanick; 2006). The application of P. digitatum spores in water on seemingly unaffected orange skin 

doesn't really lead to formation of lesions. The contribution of citric acid, citrus juice, or several rind compounds had 

minor effect on infectivity. Whenever spores in solutions are sprayed to wounds formed within oil vesicles, only 

injuries which penetrate extensively into the albedo develop lesions. The flavedo of most oranges appears to be 

tolerant to disease even when affected, but in a few containers it exhibited substantially lower sensitivity. Increasing 

the volume of conidiophores in the inoculation enabled more lesions to accumulate, yet some fruits acquired lesions 

from inocula containing relatively few spores. The manner and timing of spore administration to incisions had a 

significant impact on the occurrence of lesions; emanations from diseased fruit still have no consequence. Although 

spore dispersion in water were exposed to skin injuries that devastated oil vesicles, lesions formed more incredibly 

quickly and effortlessly; wounds as small as 0.25 mm permitted lesions to emerge. 

 Management through Fungicides   

 Separate AntraCol, Calixin, Daconil, Polyram Combi, Calixin-M, Nimrod, Rubigon, Thiabendazole, and tilt 

concentrations were among the nine fungicides used by (Ilyas et al. 2007) to control P. digitatum, which caused 

green mold in kinnow mandarin. Daconil, a well-known fungicide, was found more effective in inhibiting P. 

digitatum mycelial production in vitro. In a plunge treatment, tilt successfully managed postharvest rot on kinnow 

mandarin but less on fruits. 

 McKay et al (2012) investigated the efficacy of different fungicides like benoyl thibenzdate, methyl 

thiophanate against Alternari alternata and penicillium spp At concentrations between 4 to 6%, calcium chloride 

effectively decreased infectious rot in vivo and at low temperatures. Long-term usage of certain concoctions and 

nourishment compounds, causes tolerance in postharvest pathogens such as P. digitatum and other pathogens to these 

synthetics. Sodium lactate, benzoic corrosive, and potassium sorbate have been investigated as potential inhibitors 

of spore development and mycelial enhancement in P. digitatum. Near potassium sorbate (KS) and benzoic corrosive, 

P. digitatum mycelial development and spore germination are slowed. Benzoic acid corrosive 0.1% percent 

prevented spore germination by up to 55 percent, mycelial advancement by up to 97% percent and dose expressed 

85-100% respectively. 

 Thonglem et al. (2007) showed the efficacy of pre-harvest fungicidal doses in avoiding a variety of post-

harvest spoil diseases. Apples, strawberries, lychees, mangoes, and bananas are only a few of the tropical and 

temperate fruits are listed. Although it is thought that spraying crops with synthetic fungicides reduces post-harvest 

disease the results are not always predictable. In conjunction with understanding the causal living being, coordination 

of disease prevention is important for disease control. 
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 Thiabendazole has recently been linked to the prevention of post harvest decay caused by penicillium spp. 

This disease affects all citrus fruits through wounds. This contamination must be accepted because such oil organs 

have injuries. The organism develops its stamina in the region by eating soil flotsam and jetsam, which is infected 

by the fungal spores, and the fruits on the earth and in trees is rotted during the cold winter temperatures, suitable for 

organism development, many spores form, which are carried away by the wind in the trees. The spores usually appear 

and develop when muckiness on wounds infections because of the lethal buildups of fungicides in citrus fruits from 

the field enlistment of obstruction of pathogens against the post-harvest disease like green mold when applied 

fungicides (Brown, et µal. 2002). 

 Using synthetic compounds and fungicides as dip treatment is the most common method for treating 

postharvest vegetables and citrus fruits. The results of submerging in fungicides or concoctions have been carefully 

researched (Narayanasamy, 2006). By immersing organic materials in non-foundational blends such as calcium 

polysulfide or lime-sulfur in warm water, researchers could reduce citrus green type sickness (P. digitatum) by 80 

percent (Smilanick and Sorenson, 1999). Thiabendazole, a fungicide, was used to cut the green outline in two 

(Narayanasamy, 2006). According to existing data, dipping time substantially affects P. digitatum activity in test 

infected fruits; as recently mentioned, expanded dipping time in fungicide-containing arrangements significantly 

decreased disease intensity (Palou et al., 2002). 

Management through Thiabendazole (TBZ)  

 The primary period cycle of fruit set stage of fruit abscission which typically lasts a month after complete 

sprouting and is often known as the cleaning decline. TBZ will effectively take credit for two post-harvest pathogens, 

P. digitatum, in douse and wet environments. It has also been proven ineffective against P. digitatum, a TBZ-safe 

pathogen, and other pathogens such as G. citri-aurantii, a cause of citrus fruits spoilage (Brown, 1977).   

 Smilanick et al. (2006) described two efforts to reduce postharvest green type: soaking citrus fruits after collection 

and adding a fungicide to trees before harvest. Penicillium digitatum causes the above-mentioned green mold, which 

is particularly harmful to fruits that depend on ethylene gas after harvesting. De greening is a method for removing 

green skin pigmentation. It's also worth noting that the pre-harvest materiality of thiophanatemehtyl (TM) restricted 

the after-harvest green mold. Before gathering, when TM was deemed suitable, there was 16 percent of green type 

among the degreed orange natural product in 5 tests; and the incident was stated to be 89.5 percent among the organic 

products that were not included in this examination. Thiabendazole (TBZ) is applied to fruits in containers, resulting 

in highly stable organic materials. The potency of TBZ was improved by modest warming (41°C), plunging rather 

than drenching the natural product, and adding sodium carbonate into the arrangement. The TBZ was surprisingly 

assumed liability for, at an advanced level, by the reception of these methods; it was also found that the residual TBZ 

levels in organic lemon oil were nearly twice as large at 41°C as they were at 24°C. The expulsion of green coloring 

during the de-greening of the natural orange product was unaffected by either TBZ or TM applied prior to harvest or 
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sodium bicarbonate applied after harvest. Sodium bicarbonate, on the other hand, slowed the rate of the lemon 

shading transition. 

 The persistent utilization synthetic fungicides on citrus post - harvest had resulted in the emergence of tolerant 

strains towards the fungicides already in practice, posing a significant hazard since the controlling methodologies 

are no longer productive. The susceptibility of 75 P. digitatum isolates to seven distinct fungicides indicated the 

existence of a considerable number of TBZ- (84%) and IMZ-resistant (77%) isolates, i.e., these certain fungicides 

usually frequently exploited in citrus post - harvest. The fungicide resistant genes of P. digitatum were characterized 

molecularly. Several P. digitatum genes had been considered depending on specific processes of sensitivity 

according to fungicide targeting or way of activation. TBZ-resistance was identified as a single point mutation in the 

-tubulin gene sequencing correlating to amino acid 200, supporting prior research on the issue. Tolerance to 

strobilurins varies from high to low, with no mutations observed in the cytochrome b gene. The CYP51 gene and 

four distinct ABC carriers, PMR1, PMR3, PMR4, and PMR5, were examined to determine DMI susceptibility. The 

CYP51 gene did not show any DMI-resistance mutations, but a recently identified five simultaneous repeated 

sequences were detected in the CYP51 promoters in three of the 75 samples evaluated, while DMI-sensitive samples 

and the other DMI-resistant strains isolated of P. digitatum had just one sequential repetition. Particularly PMR1 and 

PMR5 prove to be relevant in fungicide impedance out of all the ABC exchangers analyzed, and several variations 

in the promoters and encoding sequence of PMR5 were detected in resistant organisms comparing to responsive 

variants. In all situations, the development of resistant was equivalent in either orchards or packing-house samples, 

with no variations imparted by origin or fungicide dosage. As a result, since distinct methods that impart fungicide 

resistance to the same chemicals, such as DMIs, have been reported, the concept that numerous mechanisms may be 

functioning concurrently acquires credence. Introduction Citrus decay is the leading cause of postharvest losses 

globally. P. digitatum causes green mold (Pers.:Fr.) Sacc. is the most prevalent cause of citrus postharvest 

deterioration, accounting for up to 90% of total losses, particularly in dry and subtropical settings (Li et al., 2009).  

 Postharvest deterioration may be reduced by good procedures such as preventing injuries during harvesting 

and transporting, as well as cleaning of packing and storage facilities. Fungicides applied after harvest, on the other 

hand, have been demonstrated to give the most direct management. Thiabendazol (TBZ), Imazalil (IMZ), and sodium 

o-phenylphenate (SOPP) have been the most extensively applied fungicides throughout the globe for treating green 

and blue molds of oranges (Smilanick et al., 2005), although sensitivity to them is accumulating. 

 Management through IBC (Integrated Biological 

Control)  

 Pimenta et al. (2010) started development triggers post-harvest rot in oranges. The yeast helps control this 

organism in unreasonable circumstances. Following these promising results, the researchers advanced to the next 

stage involving yeast saccharomyces’s against fungus S catagenesis examination combined with sodium bicarbonate 

chloride. A sheltered oil is sodium bicarbonate salt. The resilience of the yeast was discovered at various salt 
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concentrations (1%, 2%, and 5%), and the yeast could survive while being powerless at the wound site. The hurt 

stayed helpless for fourteen days on the fruit surface in elevated condition. Both yeast and sodium bicarbonate 

delayed manifestation development, with yeast lowering the degree of rot by 41.7 percent and sodium bicarbonate 

reducing it by 19.8 percent. These side effects were prolonged from two to ten days. Components of terms were also 

discovered as non-abrasive and non-harmful to fruits. 

 Management through Urea  

 In May and August, the navel orange displayed enhanced natural product size, and the citrus juice squeeze 

substance increased from 68.5% to 75.3% utilizing potassium nitrate 3% to 4% (Penter and Stassen, 1999). Increases 

in the rate of nitrogen use resulted, according to (Saleem et al. 2005), in expanding the skin thickness of fruits from 

a comparable outside gap. The thickness of the strip varied from 7.1 mm to 5.5 mm for manure trees. According to 

(Embleton et al, 1980). Used nitrogen, phosphorus, and potassium in sweet orange did not influence juice rate or 

strip thickness. Furthermore, they found that citrus juice decreased to 2.6 percent leaf N, but the juice substance 

improved marginally as N increased above 2.6 percent. They also stated that N, P, and K had a significant impact on 

organic citrus development. Late foliar N in Valencia decreased the size of fruit juice, and ascorbic corrosive 

material. It also increased heel thickness and heel tenture.  

 Management by Waxing  

 The wax wrapping on fruits been prominent in China as earlier in the 12th century. Water wax have considered 

highly valuable than other solubilized waxes due to rising international pricing for oil-based commodities. 

Smilanick™ et al. (2008) proposed that natural citrus goods should be washed with water before using sodium 

bicarbonate to avoid salt deficiency. P.digitatum was viably monitored at 32-36°C and 94-98 percent relative 

sogginess for 2-3 days during storage of citrus, in the period of postharvest fruits at different temperatures. Several 

molds can produce mycotoxins during refrigeration (Tournas and Stack, 2001). 

 It was investigated by Farooqi et al (1978) the effects of wax-covering, antifungal plunges, and gamma light 

on the usability of Feutrell's initial and Kinnow mandarin at cold storage and room temperatures while consolidating 

some coating content, for example, wax paper, polyethylene (PE) record, tissue paper, cellophane, and paper. 

Organoleptic, psychological, metabolic, and microbiological studies were carried out. Gamma light at 100 Krad or 

higher causes strip damage to kinnow. The wax-covering keeps the fruits looking clean. It should also be remembered 

that off-enhancement synthesis was discovered at room temperatures above 20 °C. 

Management through PS (Potassium Sorbate) 

 According to Smilanick et al. (2008), KS's sodium non-nearness and lower pH, as well as relatively low salt 

consumption, are valuable advantages over the widely used sodium bicarbonate. Increased fungicide visibility using 

sodium bicarbonate. KS can be discarded due to sodium deficiency or lower pH. The influence on the distribution 

of Penicillium digitatum spores (pH 4-9) and the role of KS emphasis (1%) on spore distribution was evaluated 

separately or in combination with the four post-harvest citrus fungicides. The four post-harvest fungicides are 
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fludioxonil and pyrimethanil. KS TBZ and imazalil were ideal for green-mold defense on inoculated and immunized 

citrus fruits for these fungicides and continued their presentation. Sodium bicarbonate and KS were selected in 

combined rather than alone. The green mold was successfully preserved by attaching KS to a warm TBZ or IMZ 

setup, allowing P. digitatum TBZ and IMZ. Temperature rather than KS elevates both orange fungicide residuals. 

Geotrichum citri- aurantia spoil fell from 94.5% to 49.1% and 47.2% respectively by consuming 25°C (wt/vol) and 

37.0 and 15.7% separately. Its varieties were recorded at 50°C. Sorbic corrosive salts, particularly potassium sorbate 

(KS), are popular food preservers. Sorbic tube, fungi, nutrients. KS was used in industry to delay post-harvest decay, 

but its limited efficacy was unclear. Green was mostly suspended rather than deleted (Gutter, 1981; Palou et al., 

2002).  

 Food additives are more effective than commonly used methods for managing citrus rot. While these 

nutritional additives were added to P. digitatum-vaccinated citrus fruits, they disclosed similar fungicide movement 

as widespread techniques. Chitosan covers soil diseases like onions, apples, and limes. Dynamic antimicrobial 

substances generated important results in after-collection diseases of citrus fruits, such as the remarkable antifungal 

behavior of chitosan composite films. These composite films, besides methylcellulose, contain 4% sodium benzoate 

or potassium sorbate. The potassium sorbate combined with chitosan covering equation (2%) showed findings that 

ultimately modified strawberry form (Park et al., 2005).  

 (Winniczuk 1994) assured oranges' preservation by immersing them in a corrosive surfactant solution of 500 

ppm. These fifteen-second bath oranges. Water brush washing decreased the surface population by 85% relative to 

brush washing alone, reducing the surface population by 60%) found that P. digitatum supply was more than 90% 

reduced relative to unchanged access when Daconil revised the processing medium. Sodium benzoate and potassium 

sorbate are used to control post-harvest diseases and citrus diseases. According to (Wild and Nelson et al. 1987), KS 

increased TBZ's capacity to regulate green citrus disease. Using a spectrophotometer, water was used to minimize 

the sample to 2.0 at 425 nm. L-l . If infected, P. digitatum contains. Changes in cell anatomy, changes in cell layer, 

graduality of chemicals and indigestion of transportability, genetic differences, and the gradual shape of cell transport 

are all possible ways for sorbates to operate (Sofos, 1989).  

Management through Resistance 

 The manifestation of infection obstruction in various plants was interpreted as a barrier to pathogen passage 

in plants (Van Loon et al., 1998). Exogenous application of salicylic acid at non-toxic concentrations can enhance 

pathogen resistance in citrus plants (Murphy et al., 2000). Natural resources support the digestive process and are 

highly perishable during the post-harvest organization. The primary disadvantages are the consequences of capacity 

diseases, particularly those induced by pathogenic parasites (Sommer, 1985). However, formulated fungicides are 

typically used to treat postharvest illnesses; alternative approaches have been suggested instead of substance-based 

ones. These treatments are evaluated regarding pathogen susceptibility to fungicides, fungicide efficacy, and various 

interconnected effects on human and environmental health. 
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Management through SB (Sodium Bicarbonate)  

 Smilanick et al. (1999) found that the controlling green mold fungus caused by P. digitatum using bicarbonate 

and carbonate salts. It was found that fragments of 5.0, 6.2, 14.1, 16.4, and 33.4 mm inhibited the progress by the 

application of sodium bicarbonate (SBC), potassium bicarbonate, P. digitatum spores (SC), and ammonium 

bicarbonate (ED 50). SBC and SC established nearly equal and better outcomes in organ and lemon green control 

inoculated twenty-four hours before treatment. By reducing PH and sodium, SC can be substituted with SBC. 

Furthermore, purifying SBC should be relatively easy due to higher NaOCl content in SBC relative to SC and lower 

PH in hypocaloric corrosive. Reduced capability by inserting SBC NaOCI (200 ug/ml) at pH 7.5. Flushing water as 

much as 50 ml after SC did not hurt SC's efficacy for any food grown in the area; however, high-pressure water 

cleaning after SC damaged SC's effectiveness. Citrus fruits washing with high-pressure water until SC decreased 

green mold. The wounds likely to be activated to the natural commodity are prevented by dipping oranges at 28, 33, 

44, 50, 56, or 61°C (1°C) for a brief 3% (w t/vol) SC and then for three weeks at 10°C. At 56 and 61 degrees Celsius, 

treatment was found sufficient to recognize skin wounds. The chance of damage is minimized by reaching the 

breakpoint required to control orange. Natural and imazil components are SC-related. Sodium carbonate and sodium 

bicarbonate are used to reduce rot. According to (McKay et al. 2011), postharvest fungicides such as azoxystrobin, 

fludioxonil, and propiconazole are incredibly successful in regulating green mold (Penicillium digitatum) in citrus 

fruits after harvesting, and imazil, a fungicide with tolerance in citrus fruits, is a particularly effective alternative. 

Submersion propiconazole is a primary post-harvest fungicide to control Penicillium digitatum as an alternative to 

imazalil. 

Control through HWT (Heated Water 

Treatment) 

 During cold storage, heated water was used to detect green mold P. digitatum splattered over natural 

materials. Various temperatures were immunized with hot water. In plastic bags, spore treated fruits were sprayed 

put in 6°C cold storage, and 85-90% mugginess. Results showed that ecological factors could minimize green mold. 

Standard life and sweet orange production in Pakistan differ significantly from other worldwide sweet orange-

producing countries. Climate and social differences attribute that. Intense organic product decline frequently begins 

shortly after sprouting and continues until compilation. The fall in manufacturing organizations triggers further 

tragedy (Malik€ et al., 1993). Mandarins are much fewer citrus, fare, and handling than oranges. It has oranges 

adding 69.38%, while mandarins contribute 16.32%.  

 High-temperature water treatment can destroy disease onset. It can be achieved by instantly operating on the 

suitability of the spore from accidents, controlling the instruments of organic material resistance in the outer layers 

of the epicarp, which hides pathogen improvement, and dispensing with the spore mentioned above (Schirra et al., 

2000). Boiling water treatment was beneficial, particularly in controlling Penicillium Spp's green mold on citrus. 

Heated water treatment (HWT) significantly affects pathogen tolerance of green-mold control (P. digitatum). Citrus 
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natural products were vaccinated with P. digitatum until dipping at 50°C and 55°C for 2-3 minutes. These citrus 

items were processed at 4°C for around 30 days, with 85-90% relative humidity (RH). This heated water technique 

culminated in remarkable significant outcomes to postpone disease-causing event contamination. It decreased the 

volume of sick fruits along with decreasing lesion disease estimation and disease intensity.  

 Smilanick et al..(2005) examined biochemical improvements in citrus strips undergoing boiled water 

treatment and determined that p-1,3glucanase and chitinase growth in plantar tissues of treated fruits significantly 

improved after 15 storage period. It was also found that after 25 days of storage, peroxidase activity increases over 

inoculated and zero treated materials. High-temperature water treatment-induced biochemical changes and protein 

examples of heels showed 112,20 and 100,00 kDa proteins in 5-day storage, demonstrating that boiling water 

treatment-induced heat problem in the natural product strip tissue, heated water treated fruits gave 22,39 kDa thick 

band protein designs compared to unimmunized and untreated. Finally, high-temperature water therapy in fruits heels 

induced skin defense method. It should also be remembered that wounds should occur before and after harvesting 

during the fruit management. Contaminations from these operations would then achieve through management 

practices. 

Control through Salts, Amino acids and 

Chitosan  

 Anti-toxins, carbohydrates, amino acids, calcium salts, and chitosan are used against parasitic infections like 

P. digitatum for enemy biocontrol. Sometimes known as exogenous or physical. When processing fruits at 

temperatures above 40°C, Dunning fruits dipping in hot water proves effective in controlling rot during capacity. It 

increased the resistance of fruit tissues, thus reducing pathogens, influencing maturation and digestion (Barkai-Golan 

and Philips, 1991). Post-harvest submersions have long been used at high temperatures as latent contaminations of 

bacterial and viral spores occur in the first few cell layers or, superficially, under citrus fruits heels. The impact of 

Penicillium spoils on citrus fruits demonstrated the influence of Penicillium spoils. Chitosan protects regular lime, 

grape, and tomato diseases. Fungicide is effectively regulated when added by the soaking technique at 0.1% (e.g.1000 

ppm) as a water suspension in water-based wax at 0.2% (e.g., 2000 ppm). 

Management through Cold Storage  

 Thonglem et al. (2007) focused on an inquiry into the potential usage of Pantoea agglomerates (strain CPA-

2) in specific, or when combined with sodium carbonate arrangements or sodium bicarbonate, to track the Penicillium 

italicum (blue shape) and Penicillium digitatum(green mold). As a consequence, rot occurred in 97.6 percent of cases 

at 20°C and 3°C. It has everything to do with the untreated controls. Additionally, satisfactory findings were obtained 

with the inclusion of blue form control therapy. P. agglomerans developed well within orange accidents at both 20 

°C and 3 °C. At a concentration of 2%, sodium bicarbonate has a little discernible impact on foe population 

development. Consequently, bicarbonate therapy at 2% in conjunction with the antagonist P. agglomerans CPA-2 

can be used to manage orange postharvest infections in place of synthetics. Pest control agents, compared to 
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fungicides, have a comparatively limited range of operation (Janisiewicz and Bros, 1995). One of the most harmful 

components of orange spoilage in cold storage occurs between 5 and 12 weeks after capacity. As a result, in 3 992, 

high-temperature water treatment was used to prevent the spoilage of citrus fruits. Boiling water treatment for a brief 

amount of time, a few moments before stockpiling, is only possible against pathogens. 

 According to Smilanick et al. (2005), kinnow mandarin was held at encompassing temperature after various 

salts (sodium carbonate and boric corrosive) were applied at different fixations of 2 percent and 3 percent. Fruits that 

had been treated were stored in punctured polyethylene packs. Fruits were found physicochemically (15, 30, 45, and 

60 days) with boric acid. 

Management through Bacteria  

 Zamani et al. (2009) Pantoea agglomeram, a rival bacterium, was measured at 4°C cold storage and 20°C to 

control P. digitatum green mold. The isolate as mentioned earlier, was attempted when Thomson navel oranges were 

artificially immunized in 24°C and 45°C sodium bicarbonate arrangements. By inserting foe at all temperatures, the 

green mold P.digitatum decreased by 75%. It's still not as well regarded as Imazil, which causes an over 87 percent 

decrease in rot. It was found that the competing bacterium was completely abstaining and immune to 3% sodium 

bicarbonate.  (Lee et al. 2009) tracked Aspergillus flavus' causes post-harvest lemon disease, researchers evaluated 

twenty-four strains of microscopic violent productivity. Two lemon types used treatments. Ten strains competed 

against Aspergillus flavus, displaying a well-known restriction zone of up to 34 mm. Give Bacillus subtilis, Erwinia 

chrysenthemi. These strains were suggested natural control pieces for Aspergillus flavus and other post-harvest 

pathogens in organic citrus fruits.  

 (Andersen, 1937) found that in Washington Navel orange plants, skin thickness was higher in plots with 

plenty of nitrogen and almost no phosphorus. According to (Chapman and Parker 1942), N is the most significant 

component of adequate tree growth just before and during flowering, fruits set, and June fall.  Using 53 to 54 g of 

unadulterated urea increased the N status of insufficient lemon seedlings with tip and partial injury to a few growing 

plants. He also believed that adding 3 g hydrated lime to the same urea concentration improved N status without 

damage. 

Control through Pathogenic Fungi  

 Five plant pathogenic organisms, P. digitatum, A. niger, D. waiensis, A. alternata, and Aspergillus flavus, 

were tested differently with the AloeVera gel extracted from the Aloe Vera leaves, and this gel was applied to these 

five pathogenic parasites to track the gel's antifungal movement toward the Aloe Vera leaves. This antifungal 

movement was 0.15, 0.25, and 0.35% fixation. Aloe vera gel's 0.35% convergence stopped A. alternata and D. 

waiensis development.   

Management through Antagonistic 

Microorganisms  
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 Thonglem et al. (2007) discovered that green mold caused by P. digitatum is a significant citrus organic 

product ailment caused after harvesting. 121 antagonistic microorganisms were isolated from different citrus tree 

parts, and P. digitatum was used to treat green mold disease. 15 of the 121 harmful microorganisms were deemed 

sufficiently significant to thwart the mycelial growth of P. digitatum. The agar plate dispersion technique with society 

filtrates was used to test this. Confines W1L9, D1L2, and W1L1 provided the most substantial restriction, with a 

span across 14, 15, and 21 mm, respectively.  

 Management through Enzymes 

 Plant tissue divider breakdown enzymes xylanase, polygalacturonase, cellulase, and amylase were 

investigated as media PDB in both cell - free culture tests performed fungi on natural fruit heels and Potato Dextrose 

agar. Xylanase and polygalacturonase are the most abundant enzymes in comparison to cellulose and amylase. 

Overall, Aspergillus spp. is plentiful, and infectious polygalacturonases and xylanases are responsible for destroying 

the fruits. Pectinases are important catalysts secret as parasites attack plant cell dividers (Idnurm and Howlett, 2001). 

Gelatin-degrading catalysts disrupt the plant cell divider, exposing various polymers to cellulose degradation and 

hemicellulase. These compounds are the major contaminant. The most archived parasitic separation entries registered 

in fungal identification. However, 83% of examples of citrus fruits showed development of fungus ranging from 

25% to 100% of the treated fruits. Fusarium spp. is the most widespread in citrus fruits (Tournas and Katsoudas, 

2005).  

 Characterize formally to boost and maximize natural product resistance to pathogen disease, a wide variety 

of proteins involved in various safeguard reactions must be stimulated. These proteins, including a combination of 

antifungal catalysts, the development of lignin, phytoalexin, etc., which involve a combination of antifungal 

catalysts, lignin synthesis, phytoalexin production, etc. It is important to remember that, owing to the ability of 

organic tissue to enter parasites and the effect of heat treatment on peroxidase action, green tomatoes were not 

developed. P-l, 3-glucanase, and chitinase can increase pathogen tolerance. P. digitatum in Petri dish is hampered by 

exogenous use of [3-1, 3-glucanase and chitinase-rich callus medium. 'Femminello'lemons' callus cultures, which 

may abstain and indulge Phoma tracheiphila, have a greater creation of these chemicals into the medium of existence. 

 Jay et al. (2001) argued that a group of seventeen species was studied for the success and growth of 

extracellular gelatin lyase PL. The species was developed in a fluid state, containing gelatin as a carbon source. The 

most influential behavior of P. expansitm and Penicillium italicum life-filtrates. According to (McCollum et al. 1995) 

discovered that all parts of the citrus tree, such as roots, branches, and blooms, signaled the production of the 

pathogenesis-related proteins characteristic of each pathogen to trigger a safeguard role in themselves. This is an 

interesting approach to help researchers develop healthy germplasm against pathogens. Two groups of these proteins 

have been detected in citrus tissues (p-l,3-gkicanase, and chitinases) are harm to fungi  and others. The concentration 

varies with tissue culture and plant age. Development of fi-l,3-glucanase in Penicillium digitatum-affected fruits 

(Stintzi et al, 1983). These proteins (p-l,3-gkicanase, and chitinases) were used in citrus tissues and are toxic to fungi 
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and pathogens. The distribution of these proteins varies by plant tissue culture and age. In Penicillium digitatum-

infected fruits, fi-l,3-glucanase, and chitinases synthesis are discovered.  

 Tayel et al. (2009) announced that creative and exceptional use of pomegranate strip extricate (PPE) as a 

replacement minimized the chance of the antifungal specialist managing citrus green mold. According to primary 

findings, the strongest antifungal strip distinguishes Penicillium digitatum from those removed. Aerosolization has 

been validated as a Penicillium digitatum antifungal cleaner. Penicillium digitatum, which targets citrus fruits, was 

successfully handled in vivo in extracting pomegranate strip arrangements by immersing damaged fruits. 

Consequently, pomegranate strip concentrate can be used for maximum management of green mold by using extra 

room cleaning and handling of fruits. Citrus is grown in over 135 nations, with the highest yield in diverse rural 

climatic conditions. Citrus popularity is due to its numerous uses and value, exceeding 102.64 million tonnes, and 

perhaps one of the most desirable organic product numbers reached by this statistic.  

Management through Essential Oils 

 Various skin-covering materials (e.g., paraffin wax, carnauba wax, bee wax, CaC12, CMC, shellac, etc.) have 

been employed in Pakistan to defend and detect late cultivars Kinnow, Fruiter early, Valencia, and Pineapple 

avoiding external damages. Besides that, another study examined the impact of essential oils from several plants on 

the movement of dark-form counter-growth. Their results indicated Pranus persica, Ocimum basilicum, Zingibero 

Officinalis, Chenopodium ambrosides, Clove, Neem, Lawsonica ineris, and Eucalyptus were all 100 percent 

inhibited. Numerous natural oils are important, with about 300 being economically significant (Burt, 2004).  

 The researchers concentrated on the feasibility of clove, thyme, neem, and eucalyptus plan oils and post-

harvest diseases associated with citrus fruits such as Penicillium digitatum and Penicillium italicum, and Alternaria 

citri. The results indicate that at 500 ppm centralization, thyme forces halt and contain the development of two 

Penicillium spp, while 1000 ppm thyme essence grouping increases the growth restriction of Alternaria mycelium. 

The concentrate's inhibitory request was defined as "thyme cuminmint" (Azizi et al 2007). Lemon and mint are 

beneficial in many green citrus and essential oils, and compound-specific oils are a legitimate alternative for bogus 

and synthetic fungicides.  

 Currently, the pleasant cover is used to protect citrus fruits, clothing, meat and citrus fruits. Simple thymus 

oil contains 40% phenolic compounds (carvacrol and thymol) that have a powerful disinfectant effect. The corrosive 

thymole, thanin, and caffeic acids present in essential oils, bacteria, fungi, and growth may be avoided. Thymole 

concentration maximum in Thymus vulgaris Thymus captatus contains carvacrol, which researchers attribute to its 

capacity to inhibit the movement of these urban blends and its antimicrobial properties. The essential orange skin 

oil, according to research, is limonin. Ten post-harvest spreaders ensured that this critical oil was not contaminated. 

The concentration range used in this study was 100-1000 ppm, with 700 ppm fixation causing spore germination 
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hindrance and 300 ppm treatment causing restriction in the majority of organisms (around 70%-100%) (Sharma and 

Tripathi, 2006). 

  Several post-harvest parasite diseases, including Alternaria, citri, and P. digitatum, were used to assess the 

results of different real oils, including C. basilicum, Thymus vulgaris, Mentha piperita, and S. hortensis. Studies 

discovered that two different origins of P. digitatum inhibited mycelium production in T. vulgaris unique oil at 500 

ppm fixation (Azizi et al., 2007). (Casian et al. 2007) discovered that hydro-alcoholic fresh aloe vera leaves inhibited 

the growth of Botrytis gladiatorum, F. oxysporum, Heterosporium pruneti, and P. gladioli. Cumin and wintergreen 

leaves were previously believed to be exceptionally large, thus inhibiting mycelial development and spore 

production. 

  After infection, the pathogen is typically complex due to environmental and physiological conditions that 

favor infection. This pathogen triggers spoilage at this point. (Brown, 1971). Penicillium may become a concern due 

to ret alienation or fungicide resistance, as this opponent isolates and overgrows on contaminated natural goods. 

California's most vulnerable households were screened for Penicillium protection using SOPP, imazlil, and TBZ.  

 A study by (Eckert and Brown; 1986) revealed that recommended inoculums must be mixed with water to an 

absorption spectrum of 0.1 at 425 nm, that can be assessed utilizing a spectrophotometer; this solution contains 

roughly 106 spores per ml, and to immunize, a steel bar had been used to dip into the spore suspension, and a single 

cut was made in  citrus fruits with the additional support of the bar noticed that cumin was extremely significant 

effective against green mold this oil is sprayed 6 mm apart through channel paper surfaces. Coriander and rosemary 

oil were also added to Petri channel sheets but had no impact on the growth of Penicillium digitatum. Cumin oil is 

effective at suppressing Penicillium digitatum mycelial development. For pathogen culture, the wash-off technique 

was used. fruits were washed in distilled water until parasitic multiplication and held at 28°C on PDA media surfaces. 

Decontamination by 28°C hatchings and population maintenance at 4°C (Rashad et al., 2011). The most often used 

keys for identifying pure, unadulterated parasites (Domsch et al., 1993). 

References: 

1. Abdel-Kader, M. M., El-Mougy, N. S & Aly, M. H. (2011). Effect of a new  chemical formula on 

postharvest decay incidence in citrus fruit. Journal of Plant  Protection Research, 52, 156-164.  

2. Acharya, S. S, & Agrawal, N.L.   (2001). Agricultural Marketing in India, Oxford & IBH  Publishing 

Company, New Delhi.  

3. Andersen, F. G. (1937). Citrus manuring its effect on cropping and on composition  and keeping 

quality of oranges. Journal of Pomology and Horticultural Science,  5, 34-37.  

4. Azizi, M., Ebrahimpour, A., & Ghani, A. (2007, September). Effect of essential oils and  temperature on 

storage improvement of sour cherry. In 38th International  Symposium on Essential Oils Research. 

5. Barkai-Golan, R., & Phillips, D. J. (1991). Postharvest heat treatment of fresh fruits and  vegetables for 

decay control. Plant Disease, 75(11), 1085-1089. 

6. Brown, G. E. (1977). Application of benzimidazole fungicides for citrus decay control.  In Procedding of 

International Society of Citriculture Vol. 1 pp. 273-277. 



 

15 | P a g 
e 

 

 

7. Brown, G. E., Davis, C., & Chambers, M. (2000). Control of citrus green mold with  Aspire is 

impacted by the type of injury. Postharvest Biology and  Technology, 18(1), 57-65. 

8. Burt, S. (2004). Essential oils: their antibacterial properties and potential applications in  foods—a 

review. International journal of Food Microbiology, 94(3), 223-253. 

9. Chang, H. T., Cheng, Y. H., Wu, C. L., Chang, S. T., Chang, T. T., & Su, Y. C. (2008).  Antifungal 

activity of essential oil and its constituents from Calocedrus macrolepis  var. formosana Florin leaf against 

plant pathogenic fungi. Bioresource  Technology, 99(14), 6266-6270. 

10. Diener, U. L., Cole, R. J., Sanders, T. H., Payne, G. A., Lee, L. S., & Klich, M. A. (1987). 

 Epidemiology of aflatoxin formation by Aspergillus flavus. Annual Review of 

 Phytopathology, 25(1), 249-270. 

11. Domsch, K. H., Gams, W., & Anderson, T. H. (1980). Compendium of Soil Fungi. Volume  1. 

Academic Press (London) Ltd.. 

12. Droby, S., Porat, R., Cohen, L., Weiss, B., Shapiro, B., Philosoph-Hadas, S., & Meir, S.  (1999). 

Suppressing green mold decay in grapefruit with postharvest jasmonate  application. Journal of the 

American Society for Horticultural Science, 124(2),  184-188. 

13. Eckert, J. W., & Brown, G. E. (1986). Evaluation of postharvest fungicide treatments for  citrus fruits. 

14. Eckert, J. W., & Brown, G. E. (1986). Postharvest citrus diseases and their control. Fresh Citrus Fruits, 

315-360. 

15. Eckert, J. W., & Eaks, I. L. (1989). Postharvest disorders and diseases of citrus fruits. The  Citrus 

Industry, 5, 179-260. 

16. Eckert, J. W., Sievert, J. R., & Ratnayake, M. (1994). Reduction of imazalil effectiveness against citrus 

green mold in California packinghouses by resistant biotypes of Penicillium digitatum. Plant 

Disease, 78(10), 971-974. 

17. Embleton, T. W., Jones, W. W., Pallares, C., & Platt, R. G. (1980). Effects of fertilization of citrus on fruit 

quality and ground water nitrate-pollution potential. In Proceedings International Society of Citriculture. 

18. Farooqi, W. A., Ahmad, M., & Khalid, Z. M. (1979). Postharvest research on citrus fruits at NIAB [Nuclear 

Institute for Agriculture and Biology, Pakistan, Storage life]. Proceedings of the Florida State Horticultural 

Society (USA). 

19. Gutter, Y. (1982). Investigations on new postharvest fungicides: Israel. In Proceedings of the International 

Society of Citriculture/[International Citrus Congress, November 9-12, 1981, Tokyo, Japan; K. Matsumoto, 

editor]. Shimizu, Japan: International Society of Citriculture, 1982-1983.. 

20. Idnurm, A., & Howlett, B. J. (2001). Pathogenicity genes of phytopathogenic  fungi. Molecular Plant 

Pathology, 2(4), 241-255. 

21. Ilyas, M. B., Naveed, T., Inam-ul-Haq, M., Javed, N., & Mughal, S. M. (2007). Chemotherapeutic control 

of postharvest decay of kinnow mandarin and lemon caused by Penicillium digitatum SACC. Pakistan 

Journal of Botany, 39(3), 961-965. 

22. Janisiewicz, W. J., & Bors, B. (1995). Development of a microbial community of bacterial  and yeast 

antagonists to control wound-invading postharvest pathogens of  fruits. Applied and Environmental 

Microbiology, 61(9), 3261-3267. 

23. Janisiewicz, W. J., & Korsten, L. (2002). Biological control of postharvest diseases of  fruits. Annual 

Review of phytopathology, 40(1), 411-441. 

24. Jay, J. M., Loessner, M. J., & Golden, D. A. (2001). Modern Food Microbiology. Springer Science & 

Business Media. 

25. Lee, Y. S., Kim, J., Lee, S. G., Oh, E., Shin, S. C., & Park, I. K. (2009). Effects of plant essential oils and 

components from Oriental sweetgum (Liquidambar orientalis) on growth and morphogenesis of three 

phytopathogenic fungi. Pesticide Biochemistry and Physiology, 93(3), 138-143. 

 

26. Madrid, M. (2011). Reducing postharvest losses and improving fruit quality worldwide:  the one-billion-

dollar untapped business opportunity. Available on: http://www.  fruitprofits. com/ing/articulo. asp. 

27. Malik, A. U., Malik, M. N., Chaudhary, M. I., & Ashraf, M. (1993). Control of fruit drop in Pineapple sweet 

orange with the use of growth regulators. Pakistan Journal of Agriculture Science 30(3), 303-306. 

http://www/


 

16 | P a g 
e 

 

 

28. McCollum, T., Doostdar, H., McDonald, R., Shapiro, J., Mayer, R., TIMMER, L., & SONODA, R. (1995). 

Exploitation of plant pathogenesis-related proteins for enhanced pest resistance in citrus. In Journal of 

Florida State Horticulture Society. 

29. McKay, A. H., Förster, H., & Adaskaveg, J. E. (2012). Efficacy and application strategies  for 

propiconazole as a new postharvest fungicide for managing sour rot and green  mold of citrus fruit. Plant 

disease, 96(2), 235-242. 

30. Murphy, A. M., Holcombe, L. J., & Carr, J. P. (2000). Characteristics of salicylic acid-induced delay in 

disease caused by a necrotrophic fungal pathogen in tobacco. Physiological and Molecular Plant 

Pathology, 57(2), 47-54. 

31. Narayanasamy, P. (2006). Postharvest Pathogens and Disease management. John Wiley  & Sons. 

32. Palou, L., Usall, J., Smilanick, J. L., Aguilar, M. J., & Vinas, I. (2002). Evaluation of food  additives 

and low‐toxicity compounds as alternative chemicals for the control of  Penicillium digitatum and 

Penicillium italicum on citrus fruit. Pest Management  Science, 58(5), 459-466. 

33. Park, S. I., Stan, S. D., Daeschel, M. A., & Zhao, Y. (2005). Antifungal coatings on fresh strawberries 

(Fragaria× ananassa) to control mold growth during cold storage. Journal of Food Science, 70(4), M202-

M207. 

34. Penter, M. G & Stassen, P. J. C. (1999). Chemical manipulation as part of a management programme for 

improved fruit yield and quality in avocado orchards. South African Avocado Growers Association 

Yearbook, 22, 69-75. 

35. Pimenta, R. S., Silva, J. F. M., Coelho, C. M., Morais, P. B., Rosa, C. A., & Corrêa Jr, A.  (2010). Integrated 

control of Penicillium digitatum by the predacious yeast  Saccharomycopsis crataegensis and sodium 

bicarbonate on oranges. Brazilian  Journal of Microbiology, 41, 404-410. 

36. Saleem, B. A., Ziaf, K., Farooq, M., & Ahmed, W. (2005). Fruit set and drop patterns as  affected by type 

and dose of fertilizer application in mandarin cultivars (Citrus  reticulata Blanco.). International 

Journal of Agriculture Biology 7(6), 962-965. 

37. Schirra, M., D’Aquino, S., Cabras, P., & Angioni, A. (2011). Control of postharvest diseases of fruit by heat 

and fungicides: efficacy, residue levels, and residue persistence. A Review. Journal of Agricultural and 

Food chemistry, 59(16), 8531-8542. 

38. Sharma, N., & Tripathi, A. (2006). Fungitoxicity of the essential oil of Citrus sinensis on  post-harvest 

pathogens. World Journal of Microbiology and  Biotechnology, 22(6), 587-593. 

39. Smilanick, J. L., & Sorenson, D. (1999). Use of lime-sulfur solution for the control of  postharvest mold 

of citrus fruit. Subtropical Fruit News, 7(1), 18-22. 

40. Smilanick, J. L., Mansour, M. F., & Sorenson, D. A. V. I. D. (2006). Pre-and postharvest treatments to 

control green mold of citrus fruit during ethylene degreening. Plant Disease, 90(1), 89-96. 

41. Smilanick, J. L., Mansour, M. F., Gabler, F. M., & Goodwine, W. R. (2006). The  effectiveness of 

pyrimethanil to inhibit germination of Penicillium digitatum and  to control citrus green mold after 

harvest. Postharvest Biology and  Technology, 42(1), 75-85. 

42. Smilanick, J. L., Mansour, M. F., Gabler, F. M., & Sorenson, D. (2008). Control of citrus postharvest green 

mold and sour rot by potassium sorbate combined with heat and fungicides. Postharvest Biology and 

Technology, 47(2), 226-238. 

43. Smilanick, J. L., Mansour, M. F., Margosan, D. A., Gabler, F. M., & Goodwine, W. R.  (2005). Influence 

of pH and NaHCO3 on effectiveness of imazalil to inhibit  germination of Penicillium digitatum and to 

control postharvest green mold on  citrus fruit. Plant disease, 89(6), 640-648. 

44. Sofos, J. N. (1989). Sorbate food preservatives. CRC Press. 

45. Sommer, N. F. (1985). Role of controlled environments in suppression of postharvest diseases. Canadian 

Journal of Plant Pathology, 7(3), 331-339. 

46. Stinson, E. E., Osman, S. F., Heisler, E. G., Siciliano, J., & Bills, D. D. (1981). Mycotoxin 

 production in whole tomatoes, apples, oranges, and lemons. Journal of  Agricultural and Food 

Chemistry, 29(4), 790-792. 

47. Stintzi, A., Heitz, T., Prasad, V., Wiedemann-Merdinoglu, S., Kauffmann, S., Geoffroy, P., ... & Fritig, B. 

(1993). Plant ‘pathogenesis-related’proteins and their role in defense against pathogens. Biochemstry, 75(8), 



 

17 | P a g 
e 

 

 

687-706. 

48. Tayel, A. A., El-Baz, A. F., Salem, M. F., & El-Hadary, M. H. (2009). Potential  applications of 

pomegranate peel extract for the control of citrus green  mould. Journal of Plant Diseases and 

Protection, 116(6), 252-256. 

49. Thonglem, K., Plikomol, A., & Pathom-aree, W. (2007). Growth inhibition of Penicillium  digitatum 

by antagonistic microorganisms isolated from various parts of orange  tree. Maejo International 

Journal of Science and Technology, 1(2), 208-215. 

50. Tournas, V. H., & Katsoudas, E. (2005). Mould and yeast flora in fresh berries, grapes and citrus 

fruits. International journal of Food Microbiology, 105(1), 11-17. 

51. Tournas, V. H., & Stack, M. E. (2001). Production of alternariol and alternariol methyl  ether by 

Alternaria alternata grown on fruits at various temperatures. Journal of  Food Protection, 64(4), 528-532. 

52. Van Loon, L. C., Bakker, P. A. H. M., & Pieterse, C. M. J. (1998). Systemic resistance induced by 

rhizosphere bacteria. Annual Review of Phytopathology, 36(1), 453-483. 

53. Winniczuk, P. P. (1994). Effects of sanitizing compounds on the microflora of orange fruit surfaces and 

orange juice (Doctoral dissertation, University of Florida). 

54. Zamani, M., Tehrani, A. S., Ahmadzadeh, M., Hosseininaveh, V., & Mostofy, Y. (2009). Control of 

Penicillium digitatum on orange fruit combining Pantoea agglomerans with hot sodium bicarbonate 

dipping. Journal of Plant Pathology, 437-442. 
 


