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ABSTRACT 
 
 The commercial loss from decay could reach 30–50% in some susceptible citrus cultivars. Citrus black rot 
caused by Alternaria spp. is significant post harvest problem. Alternaria is found on citrus fruits as SER (stem-
end rot) and ICR (internal core rot) or black rot. Alternaria citri Ellis & Pierce or A. alternata Fr. (Keissler) 
cause these rots. Alternaria citri is widely distributed in citrus-growing areas. Under laboratory condition data 
presented that, all alternative fungicides i.e. Ascorbic acid, Benzoic acid, Citric acid and Potassium sorbate were 
effective to reduce the growth rate of the tested Alternaria fungus compared with untreated control. Benzoic 
acid was the most effective than others while, citric acid was less effective and 1500 ppm concentration was 
more effective on the fungal growth rate than other concentrates. Under room temperature data show that, all 
alternative fungicides were found to decrease significantly Alternaria rot decay compared with untreated control 
(500 and 1000 ppm).  Data also show that, Benzoic acid substance had higher affective than others which gave 
average mean 18.75% of disease incidence (infection) after 30 days from inoculation comparing with non-
treated control which record 77.78% of disease incidence (infection) after the same time of storage at room 
temperature followed by Ascorbic acid which record 20.83% of disease incidence (infection) after the same 
period. All of incubation tested substances were found to decrease significantly disease severity of Alternaria rot 
compared with untreated control. Benzoic acid had higher affected significant in controlling Alternaria rot 
severity which record 8.33% of disease severity  compared with other substance used followed by Potassium 
sorbate and Ascorbic acid which gives 10.97 and 11.25 %  respectively. Also, all substrates were found to cause 
enhanced protection in all physical and chemical composition against Alternaria rot of citrus navel orange fruits.  
 
Key word: Citrus Fruit Quality, Fungi, Ascorbic acid, Benzoic acid, Citric acid and   Potassium sorbate.  
 
Introduction 
 
 The commercial loss from decay could reach 30–50% in some susceptible citrus cultivars (Porat, et. al., 
2000). Post-harvest diseases account to about 50% losses in fruits stored in poor storage conditions especially 
under high humidity. The most important fungi causing post-harvest diseases include: Penicillium spp, 
Aspergillus spp, Alternaria spp, Botrytis cinerea, Monilinia lax and Rhizopus stolonifer (Agrios, 2005). In 
Northeastern Brazil, a survey of postharvest diseases in citrus indicated a 21.9% incidence of fungal rots 
(Dantas et al., 2003). In Spain, the percentage of the fruit rotting after harvest in a typical season is 3 to 6%. 
However, under favorable disease conditions, losses up to 50% can occur during marketing (Abd-El-Aziz & 
Mansour, 2006).  
 In one of the first descriptions of Alternaria rot of citrus, the causal agent was identified as Alternaria citri. 
This fungus produces small spores aggregated in branching chains and produces several plant pathogenic toxins, 
which are host specific to certain citrus cultivars. Alternaria rot of citrus is a serious problem in citrus 
production world- wide. Alternaria rot occurs primarily as a stem-end rot on fruit held in cold storage. However, 
under optimum conditions the disease occurs as a stylar-end rot in the orchards. The disease can significantly 
reduce yield, and annual fruit losses have been estimated at 0.5 box per tree. In terms of fruit quality, this 
disease can be a serious problem for the fresh fruit market as well as for the processing industry because only a 
small amount of rot imparts a bitter flavor and small black fragments of rotted tissue spoil the appearance of the 
juice (Barry, et. al., 2008). 
 Alternaria is found on citrus fruits as SER (stem-end rot) and ICR (internal core rot) or black rot. Alternaria 
citri Ellis & Pierce or A. alternata Fr. (Keissler) cause these rots. Fungus survives on infected twigs, stems, and 
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leaves from one year to another. Alternaria spp. colonizes flower parts during bloom and after petal fall.  
Alternaria can be recovered from sound fruits (stylar and stem-end) but because of the long incubation period, 
disease does not develop until fruit becomes susceptible during long storage. Stem-end or stylar-end rots 
develop during storage, or black-colored fungus develops in the core of fruit (without external symptoms) – 
hence it is also called core rot. The core rot disease is very common in ‘Nagpur’ mandarins stored for long 
periods under refrigerated conditions (Milind S. Ladaniya, 2008). Alternaria citri is widely distributed in citrus-
growing areas. In Navel oranges, fungal conidia may be located at the stylar end. However, infection may occur 
only if the fruit has been injured or physiologically weakened by unfavorable growing conditions.  
 Citrus black rot caused by Alternaria spp. is significant post harvest problem. The causal agent of black rot 
was originally identified as A. citri by Ellis and Pierce (Peever, et. al., 2005). The genus Alternaria 
circumscribes considerable morphological diversity and citrus black rot may be caused by more than one 
morphospecies in addition to A. citri (Peever, et. al., 2005, Milind, 2008 and Shideh and Naser 2012). 
Alternaria black rot of citrus may occur in the field before harvest. It infected most commonly citrus, navel 
oranges (Citrus sinensis (L.) Osbeck) in the field and in the storage. The disease is a common problem in 
Mediterranean climates due to cool, moist winters and hot dry. (Peever, et. al., 2005).  
 Affected fruit are more brightly colored than normal fruit due to ethylene generated in response to infection. 
It appears that most small-spored isolates of Alternaria are capable of causing black rot (Isshiki et al., 2001). 
Alternaria citri is widely distributed in citrus-growing areas. The conidia can be found at the stem end, as well 
as on or underneath the 'button' of citrus fruits of any age. In Navel oranges, fungal conidia may be located at 
the stylar end. After harvest, infection may originate in peel injuries or more frequently through the stem end, 
resulting in stem-end rotting. Infection through the button occurs only at the senescent stage, when the fungus is 
capable of progressing into the fruit, affecting the central core and to some extent the inner tissues of the rind. In 
this case, internal rot is frequently developed before the appearance of external disease symptoms. In oranges, 
grapefruits and some hybrids, the internal tissue becomes black; hence the common name for Alternaria 
infection - the black rot. In Navel oranges, infection usually originates at the stylar end. Similarly, citrus fruits 
that have been degreened by ethylene to accelerate color development are liable to be infected by A.  citri  
(Rivka, 2001).                 
 
Disinfection and Cleaning:  
 
 Disinfection of water used in washers or for general cleaning purpose can be achieved by chlorination, 
ozone, and/or UV treatment. The most commonly used chemicals are sodium or calcium hypochlorite for 
chlorination. Liquid soaps and detergents are also added to the wash water used for general sanitation of the 
packing house and for cleaning fruit. Fruit cleaners of various companies are available in the market. For 
example, FMC corporation, USA supplies fruit cleaner detergent (FMC fruit cleaner detergent 395) used as a 
foam application. The SOPP is commonly added to the water along with detergent before fruits are coated. Fruit 
cleaner, a biodegradable detergent, and FOMER (detergent _ 20 percent SOPP) are commercial products from 
the Fomesa Company of Spain (Zamani et al., 2008). 
 
Surface Coatings:  
 
 Waxes and coatings for polishing and improving sheen and reducing water loss of citrus fruits are available 
in various forms such as solvent waxes, aqueous emulsions, and resin solutions. ‘Wax’ has become a generic 
term and any type of coating –whether it contains wax or not – is called wax. Common waxes are carnauba, 
paraffin, and oxidized polyethylene. The ability of these coatings to extend shelf life is due to differential 
permeability to CO2, O2, and water vapor, which reduce metabolic rate and water loss.  Applying a water-wax 
emulsion by dipping was the most common method in the days before mechanization to extend the shelf life of 
citrus fruits. Paraffin wax offers good control of water loss while carnauba provides luster. Wax can be a carrier 
of fungicide to reduce rot or a carrier of anti-senescent PGR to slow aging. Water waxes give good results on 
clean fruit. Fruit should be at least damp (not completely dry) because a good bonding of water wax with fruit 
surface is necessary. Fruit should be clean to avoid ‘sweating’. The organic acids, wetting agents, and oils are 
also added because they act as plasticizers. Washing and waxing tend to increase the carbon dioxide content and 
decrease the oxygen content; the degree of change depends upon the wax used. Washing increases weight loss 
in fruit and waxing reduces weight loss compared with that of unwashed fruit (Zamani et al., 2008).  
 Sodium bicarbonate (NaHCO3), commonly known as baking soda was selected for integration with the bio-
control agent. It is a common food additive for pH adjustment, taste, texture modification, and spoilage control, 
and has been shown to have antimicrobial activity against P. digitatum on citrus fruit (Zamani et al., 2008). It is 
inexpensive, readily available, and could be used with minimal risk of injury to the fruit. However, it is a poor 
eradicante unable to kill spores and its inhibitory effect is not very persistent. Its inhibitory activity depends on 
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the presence of salt residues within the wound infection sites occupied by the fungus and on interactions 
between this residue and constituents of the peel (Palou et al., 2001). 
 
Materials and Methods 
 
Chemical used:  
 
 Ascorbic acid, Benzoic acid, Citric acid and Potassium sorbate. 
 
Table 1: Organic and inorganic salt compounds used  

No. Compound Formula Molecular weight g/mol 
1 Ascorbic acid C6H8O6 176.12 
2 Benzoic acid C6H5COOH 122.12 
3 Citric acid C6H8O7 192.12 
4 Potassium sorbate C6H7O2K 150.22 

 
I- In vitro conditions:  
 
 The efficacy of the tested chemical compounds as Ascorbic acid, Benzoic acid, Citric acid and Potassium 
sorbate, at different concentrations i.e. 500, 1000 and 1500 ppm were used to study the inhibitory effects on the 
growth rate of selected fungal pathogen Alternaria citri was evaluated under in vitro conditions. 
 Chemical compounds were added to sterilized malt agar 2% medium, before solidifying to obtain the 
proposed concentrations i. e. 500, 1000 and 1500 ppm and then shacked for five minutes to ensure the equal 
distribution of the added chemical(s). After this, the concentrations were dispensed in sterilized Petri plates 
(9cm diameter). Malt agar medium free of chemicals was used as control treatment.  All plates were inoculated 
at the center with discs (5mm diam.) of 10 days old culture of tested fungi. Three replicates were used for each 
treatment. Inoculated plates were incubated at 22±2oC. The average of linear growth was measured when the 
fungi reached full growth with control treatment. Reduction (%) in mycelial growth was calculated in all 
treatments relative to the fungal growth in the control one. 
 
II- In vivo tests:  
 
 The efficacy of the tested chemical compounds as Ascorbic acid, Benzoic acid, Citric acid and Potassium 
sorbate, at different concentrations i.e. 500, 1000 and 1500 ppm were used to study the inhibitory effects on 
selected test fungal pathogens i.e. Alternaria citri, Penicillium digitatum and Penicillium italicum with 
"Washington" Navel orange fruits under in vivo. 
 
* Preparation of fungal suspension:  
 
 All tested fungi were surface harvested after 10 days old culture from incubation. Spores were harvested by 
adding 9 ml of water sterile from the plate surface with a sterile glass rod, and passing through two layers of 
cheesecloth to removing the mycelial growth. The suspension was diluted with sterilized water to an optical 
density (OD) at 1 x 105 spores/ml (Plaza, et. al., 2004 and Zamani, et. al., 2009). 
 "Washington" Navel oranges was obtained from the field and disinfested with 70% ethanol. Calyces were 
removed from fruits before inoculation. Inoculation was performed by injecting 100 μl of conidial suspension 
(5×105 conidia/ml) into columella with syringe. For each isolates, six fruits were inoculated and incubated at 23 
to 25°C for 21 days. Fruits were scored on a scale of 0 to 3 (Peever, et. al., 2005 and Shideh and Naser 2012). 
 
** Experiments:  
 
 Experiments were carried out on "Washington" Navel orange fruits obtained from Qalyoubia Governorate. 
Mature fruits free from injuries and infections were placed in clean carton boxes. Fruits were surface sterilized 
by dipping into 1% Sodium hypochlorite for 3 min. The fruits were washed by rinsing 3 times in sterilized 
distilled water and then dried with sterilized filter paper. The fruits were dipped individually into water wax 
solution containing a mixture of each concentration of tested compound for 5 minutes. Then, the artificial 
infection was obtained by spraying the fruits with fungal spore suspension about 1 x 105 spores/ml of each 
tested fungus. In check treatment, fruits were dipped individually into water wax solution without any chemicals 
and then inoculated with pathogenic fungi.  
 Thereafter, all treated fruits were air dried at room temperature (22-24oC), placed into carton boxes with a 
capacity of 3 fruits/box, covered with plastic sheets to maintain a relative humidity _ RH (90-95%), and  stored 
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in a fruit store at room temperature for 30 days. Three replicates were used for each treatment as well as cheeks. 
Three fruits were used per each replicate (Plaza, et. al., 2004 and Zamani, et. al., 2009).  
 
Diseases parameters:  
 
 Percentages of diseases incidence and severity of citrus decayed fruits were determined as mentioned 
before. The loss of yield weight was calculated at the end 7, 15. 21 and 30 days of storage period according to 
the following formula:  
 

 
 
Results and Discussions       
 
1- Reducing linear growth rate (%R) of A. citri by using some alternative fungicides (in vitro): 
 
 Tested of some alternative fungicides i. e. Ascorbic acid, Benzoic acid, Citric acid and Potassium sorbate at 
500, 1000, and 1500 ppm conc. on growth rate (cm) of Alternaria  citri fungus presented that, all alternative 
fungicides were found to decreased significantly linear growth rate (%R) of A. citri fungus compared with 
untreated control Table (2). Data also presented that; Benzoic acid was the most effective than the others which 
gave completely inhibition growth rate of Alternaria  citri fungus with either 1000 and 1500 [ppm]. and gave 
zero percent  equal hundred reduction percent, followed by potassium sorbate and Ascorbic acid while; citric 
acid substance was less effective. The same table also shows that 1500 ppm concentration was more effective on 
the fungal growth rate than other concentrates. Also, both 1000 and/or 1500ppm was better conc. for reducing 
the entire fungal growth rate compared with 500 ppm conc. The same results were recorded by Palou et al., 
2002 and Plaza et al., 2004. 
 
Table 2: Reducing linear growth rate (%R) of A. citri by  using some alternative fungicides in vitro 

 
Substrates 

 
Conc. [ppm] 

Linear growth of tested fungi [cm]  
Mean A.  citri 

G (cm) %R 
 

Ascorbic acid 
500 5.3 cd 23.8  

4.17 B 1000 4.0 fg 42.9 
1500 2.5 jkl 63.8 

Benzoic acid 500 5.3 cd 18.5  
3.14 D 1000 0.0 q 100.00 

1500 0.0 q 100.00 
Citric acid 500 6.4 ab 23.8  

4.72 A 1000 4.8 de 42.9 
1500 3.0 hij 57.1 

Potassium sorbate 500 3.6 gh 48.6  
3.43 C 1000 1.8 lmn 73.8 

1500 0.8 p 88.1 
Control 7.0 a 00.00  
Mean 4.11 A  

Mean 500 4.95 A 
1000 2.25 B 
1500 1.25 C 

G= growth rate (cm)                                                    %R= reduction percent 
 
2- Reducing disease incidence (infection %) of Alternaria citri on "Washington" Navel orange fruits by  using 
some alternative fungicides: 
 
 Data in Table (3) presented that, all alternative fungicides were found to decrease significantly Alternaria 
rot decay compared with untreated control.  Data also show that, Benzoic acid had higher effect than others 
which gave average mean 18.75% of disease incidence (infection) after 30 days from inoculation comparing 
with non-treated control which record 77.78% of disease incidence (infection) after the same time of storage at 
room temperature followed by Ascorbic acid which record 20.83% of disease incidence (infection) after the 
same period time. Potassium sorbate substance was moderate affecting and gave 25.00% of disease incidence 
while; Citric acid had less effect which record 31.94% of disease incidence (infection). Also, 1500 ppm was the 
best concentration with all substances than other conc.  Benzoic acid was found to decrease significantly 
Alternaria rot decay incidence from 33.33, 44.44, 66.67 and 77.78% with un-treated control after 7, 15, 21 and 
30 days storage at room temperature to 11.11, 22.22 and 33.33% after the same period at 500 ppm respectively, 
while Benzoic acid was given hundred percent reduction with both 1000 and 1500ppm. Shelf life storage was 
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increased from 7 until 30 days when treated fruits with 1000 and 1500 ppm by using Benzoic acid substance 
under room temperature. All alternative fungicides substances were found to increase storage shelf life of 
"Washington" Navel orange fruits for 30 days under room temperature. Similar results were obtained by Palou 
et al., (2001) and Zamani et al., (2008). 
 
Table 3: Reducing disease incidence (infection %) of Alternaria citri on "Washington" Navel orange fruits by using some alternative 

fungicides 
Treatments Conc. [ppm] Disease incidence (%) Mean 

7 15 21 30 
 

Ascorbic acid 
500 11.11 ef 44.44 bcd 55.56 abc 55.56 abc  

20.83 B 1000 00.00 f 22.22 def 33.33 cde 33.33 cde 
1500 00.00 f 00.00 f 11.11 ef 11.11 ef 

 
Benzoic acid 

500 11.11 ef 11.11 ef 22.22 def 33.33 cde  
18.75 B 1000 00.00 f 00.00 f 00.00 f 00.00 f 

1500 00.00 f 00.00 f 00.00 f 00.00 f 
 

Citric acid 
500 00.00 f 44.44 bcd 66.67 ab 77.78 a  

31.94 A 1000 00.00 f 33.33 cde 33.33 cde 33.33 cde 
1500 00.00 f 11.11 ef 11.11 ef 11.11 ef 

 
Potassium sorbate 

500 00.00 f 33.33 cde 55.56 66.67 ab  
25.00 B 1000 00.00 f 33.33 cde 33.33 cde 33.33 cde 

1500 00.00 f 00.00 f 00.00 f 00.00 f 
Control 33.33 cde 44.44 bcd 66.67 ab 77.78 a  
Mean 9.72 C 21.53 B 31.94 A 33.33 A  

 
Mean 

500 32.64 A 
1000 6.25 B 
1500 2.08 B 

 
3- Reducing disease severity (%) of Alternaria rot on "Washington" Navel orange fruits using some alternative 
fungicides: 
 
 Data in Table (4) indicated that, all alternative fungicides were found to decrease significantly disease 
severity of Alternaria rot compared with untreated control. Benzoic acid had higher effect significant in 
controlling Alternaria rot severity which record 8.33% of disease severity  compared with other substance used 
followed by Potassium sorbate and Ascorbic acid which gaves 10.97 and 11.25 %  respectively. Citric acid was 
less affective which gave 14.44 % of disease severity comparing with non-treated control which gave 17.78%.  
Also, both 1000 and/or 1500ppm was better conc. for reducing Alternaria rot severity compared with 500 ppm 
conc. On the other hand, both 1000 and 1500 Benzoic acid conc. were found to  reduced hundred percent of 
disease severity and protected Navel orange citrus fruits for 30 days under room temperature. All alternative 
fungicides substances were found to increase significantly storage shelf life of "Washington" Navel orange 
fruits for 30 days under room temperature. The same results were recorded by Palou et al., (2001) and Zamani et 
al., (2008). 
 
Table 4: Reducing disease severity (%) of Alternaria rot on "Washington" Navel orange fruits by using some alternative fungicides.  

 
Treatments 

 
Conc. (ppm) 

Disease severity (%)  
Mean 7 15 21 30 

 
Ascorbic acid 

500 2.22 f 13.33 cdef 26.66 abc 28.89 abc  
11.25 AB 1000 00.00 f 4.44 ef 11.11 def 15.55 bcdef 

1500 00.00 f 00.00 f 2.22 f 4.44 ef 
 

Benzoic acid 
500 2.22 f 4.44 ef 6.67 ef 11.11 def  

8.33 B 1000 00.00 f 00.00 f 00.00 f 00.00 f 
1500 00.00 f 00.00 f 00.00 f 00.00 f 

 
Citric acid 

500 00.00 f 11.11 def 24.45 abcd 37.78 a  
14.44 A 1000 00.00 f 6.67 ef 11.11 def 15.55 bcdef 

1500 00.00 f 6.67 ef 6.67 ef 6.67 ef 
 

Potassium sorbate 
500 00.00 f 6.67 ef 20.00 bcde 28.89 abc 10.97 AB 
1000 00.00 f 2.22 f 4.44 ef 4.44 ef 
1500 00.00 f 00.00 f 00.00 f 00.00 f 

Control 11.11 def 28.89 abc 31.11 ab 37.78 a  
Mean 3.06 D 10.14 C 14.03 B 17.78 A  

 
Mean 

500 14.03 A 
1000 2.78 B 
1500 0.97 B 
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4- Efficacy of alternative fungicides in reducing some physical characteristics of stored Navel orange fruit 
decay caused by Alternaria citri fungus: 
 
 All changes in physical characteristics i.e. weight loss (%), Juice (%) and Fiber (gm) of stored Navel orange 
fruits affected by Alternaria citri fungus compared with non-treated control (Table 5) were assessed. Data in this 
table presented that, significantly differences in between the three tested concentration of alternative fungicide 
substances. 1500 ppm was the most affecting on all physical determined than others.  On the other hand data in 
this table show that, both potassium sorbate and benzoic acid substances were higher affected and significantly 
decreased weight loss (%) of Navel orange fruits compared with other tested substances which recorded average 
1.11 and 1.13%, respectively, comparing with non-treated control which gave 2.21%. Citric acid substance was 
moderate affected, while ascorbic acid substance was less affected and gave 1.51 and 1.27%, respectively. 
 All alternative fungicide substances were found to increase significantly Juice (%) of Navel orange fruits 
compared with non-treated control. Potassium sorbate was the most effective on and increased significantly 
Juice (%) of Navel orange fruits from av. 29.15% with non-treated control to 33.73%, followed by ascorbic acid 
with 32.12% and benzoic acid with 29.60%, respectively. Also the same table indicated that, all alternative 
fungicide substances were found to significantly increase fiber content (g for the whole fruit) of Navel orange 
fruits compared with non-treated control. Potassium sorbate was the most affected on and increased significantly 
fiber content (g for the whole fruit) from av. 80.46 (g for the whole fruit) with non-treated control to 94.68 (g for 
the whole fruit), followed by benzoic acid with 89.60 % and ascorbic acid with 88.59 %, respectively. These 
results are agreement with these recorded by Palou et al., (2001) and Zamani et al., (2008). 
 
Table 5: Efficacy of alternative fungicides in reducing some physical characteristics of stored Navel orange fruit decay caused by Alternaria 

citri fungus. 
 

Compounds 
 

Conc. 
(ppm) 

Weight loss 
(%) 

Mean Juice (%) Mean Fiber (gm) Mean 

 
Ascorbic acid 

500 1.45 bc  
1.27 AB 

28.73 ab  
32.12 A 

81.43 bcde 88.59 A 
1000 1.01 cd 35.02 a 84.68 bcde 
1500 0.4 e 35.6 a 107.8 ab 

 
Benzoic acid 

500 1.07 cd  
1.13 B 

27.2 ab  
29.60 A 

74.01 bcde 89.60 A 
1000 0.84 cd 27.99 ab 100.54 abcd 
1500 0.42 d 34.05 a 103.36 abc 

 
Citric acid 

500 2.09 ab  
1.51 A 

15.31 b  
21.58 B 

55.91 e 66.40 B 
1000 1.04 cd 16.29 b 61.81 e 
1500 0.69 d 25.59 ab 67.43 cde 

 
Potassium sorbate 

500 1.09 cd  
1.11 B 

15.31 b  
33.73 A 

64.05 de 94.68 A 
1000 0.8 cd 16.29 b 102.36 abc 
1500 0.43 d 25.59 ab 131.86 a 

Control 
 

2.21 a 29.15 ab 80.46 bcde 

Mean 500 1.40 A 25.24 B 68.85 C 
1000 0.92 B 28.92 AB 87.35 B 
1500 0.48 C 33.72 A 102.6 A 

 
Efficacy of alternative fungicides in reducing some chemical characteristics of stored Navel orange fruit decay 
caused by Alternaria citri fungus: 
 
 Tested of some alternative fungicides on changes of chemical characteristics in stored Navel orange fruits 
affected by A. citri resulted that, all tested alternative fungicides were found to protected all chemical 
characteristics determined i.e. TSS (%), TA (%), TSS/acid ratio and L-ascorbic acid (mg/100 ml juice) of stored 
Navel orange fruits affected by A. citri fungus compared with non-treated control as we see in (Table 6). Data in 
this table presented that, significantly differences in between the three tested concentration of alternative 
fungicide substances was observed. 1500 ppm was the most affecting on all chemical determined than others. 
No significant differences in between 1000 and 1500 ppm. Alternative fungicide substances were found to 
increase the average of TSS (%) from 9.00% with non-treated control to 9.5, 10.33 and 10.75% when treated 
with 500, 1000 and 1500ppm respectively. Alternative fungicide substances were found to increase the average 
of TSS/acid ratio from 46.15% with non-treated control to 56.88, 62.94 and 74.14% when treated with 500, 
1000 and 1500 ppm, respectively. Also, alternative fungicide substances were found to increase the average of 
L-ascorbic acid (mg/100 ml juice) from (12mg/100 ml juice) with non-treated control to 15, 17, 19 and 20 of L-
ascorbic acid (mg/100 ml juice) when treated with alternative fungicide substances at 500, 1000 and 1500 ppm, 
respectively. While, alternative fungicide substances were found to changed the average of TA (%) from 0.26 % 
with non-treated control to 0.20, 0.17 and 0.15 % when treated with 500, 1000 and 1500 ppm, respectively. 
 On the other hand, data in the same table show that, Benzoic acid substance was the most effective and 
increasing TSS (%) followed by Ascorbic acid and Potassium sorbate while, Citric acid was less effective. The 
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average of TSS (%) was 10.92, 10.75, 10.5 and10.42% when treated the Navel orange fruits with benzoic acid, 
ascorbic acid, potassium sorbate and citric acid substances, respectively. No significant in between all these 
substances. Benzoic acid was the most effective and increasing TSS/acid ratio followed by potassium sorbate 
and citric acid, while ascorbic acid and citric acid was less affected. The average of TSS/acid ratio was 74.79, 
56.23, 55.79 and 53.31% when treated the Navel orange fruits with benzoic acid, potassium sorbate, citric acid 
and ascorbic acid substances, respectively. No significant in between ascorbic acid, citric acid and potassium 
sorbate substances. Benzoic acid substance was the most affected and increasing L-ascorbic acid (mg/100 ml 
juice) followed by potassium sorbate and ascorbic acid while, Citric acid was less affected. The average of L-
ascorbic acid was 20, 19, 17 and 15 mg/100 ml juice when treated the Navel orange fruits with Benzoic acid, 
Potassium sorbate, ascorbic acid and citric acid substances respectively. No significant in between Ascorbic 
acid, benzoic acid and potassium sorbate substances. Similar results were recorded by Palou et al., (2001) and 
Zamani et al., (2008). 
 
Table 6: Efficacy of alternative fungicides in reducing some chemical characteristics of stored Navel orange fruit decay caused by 

Alternaria citri fungus . 
 

Compounds 
Conc. 
(ppm) 

TSS (%) Mean TA (%) Mean TSS/TA Mean Vitamin C 
(mg/100 ml 

juice) 

Mean 

 
Ascorbic acid 

500 9.33 cd 10.75 A 0.24 ab 0.22 
A 

53.77 bc 53.31 B 16 bc 17 AB 
1000 10.67 abc 0.2 abc 55.62 bc 18 abc 
1500 11.00 ab 0.17 

abcd 
57.69 bc 22 ab 

 
Benzoic acid 

500 10.00 bc  
10.92 A 

0.19 
abcd 

0.17 
A 

61.13 bc 74.79 A 22 ab 20 A 

1000 10.67 abc 0.13 cd 82.05 ab 24 a 
1500 11.00 ab 0.11 d 109.8 a 24 a 

 
Citric acid 

500 9.67 bcd 10.42 A 0.19 
abcd 

0.2 A 54.72 bc 55.79 B 16 bc 15 B 

1000 10.00 bcd 0.19 
abcd 

56.01 bc 16 bc 

1500 10.00 bcd 0.15 bcd 66.26 bc 18 bc 
 

Potassium sorbate 
500 9.00 d 10.5 A 0.19 

abcd 
0.19 

A 
57.89 bc 56.23 B 20 ab 19 AB 

1000 10.00 bcd 0.17 
abcd 

58.06 bc 20 ab 

1500 11.00 ab 0.16 bcd 62.82 bc 20 a 
Control 9.00 d 0.26 a 46.15 c 12 c 

Mean 500 9.5 B 0.20 A 56.88 A 18.5 A 
1000 10.33 A 0.17 AB 62.94 A 19.5 A 
1500 10.75 A 0.15 B 74.14 AB 22.00 A 
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