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ABSTRACT 
 

Citrus fruits are attacked by a number of pathogens from bloom to harvesting stage and subsequently by 
post-harvest pathogens that affect fruit yield and considerably deteriorate the fruit quality. Survey of citrus 
rotted fruits caused by fungi in the old valley (as Qalubia Governorate) and in the new reclaimed land as 
Nobaria region, Behira Governorate yielded 1120 fungal isolates were isolated among them  205 isolates from 
Beheira Governorate equal to (18.4%) and 915 isolates from Qalyoubia Governorate equal (81.69%). Qalyoubia 
Governorate gave the higher total fungal counts compared with Beheira Governorate. Data also indicated that 
Navel orange gave the most total fungal counts which recorded 170 fungal isolates (equal to 15.18%), followed 
by Eureka Lemon with 100 isolates (8.93%), March grapefruit which gave 90 isolates (equal to 8.04%), 
Valencia orange recorded 85 isolates (equal 7.59%), Lime recorded 70 isolates (6.25%), Balady mandarin gave 
60 isolates (5.36%), Sanguine orange recorded 55 isolates (4.91%).  While Hamlin Orange, Tanarrif orange and 
Volkamer lemon gave less total fungal count (1.7%). five species belonging to four fungal genera were isolated 
and identified from citrus rotted fruit collected from two localities i.e. Beheira and Qalyoubia Governorates. 
These are Alternaria citri, Botryodiblodia theobromae, Fusarium sp., Penicillium digitatum and Penicillium 
italicum. Genus Penicillium was the most fungal frequency in both Beheira and Qalyoubia Governorates. B. 
theobromae and A. citri were moderate fungal frequency. Fusarium sp. was less fungal frequency which 
appeared in Beheira Governorate only and recorded 12.19%. All fungal isolates were found to be pathogenic to 
navel orange citrus fruits and increase significantly the percentage of disease incidence (infection %) and 
disease severity as well as decrease significantly the shelf life of storage Navel orange fruits in addition to 
decreasing all physical and chemical characteristics comparing with non-inoculated (control).  
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Introduction 
 

Citrus fruits widely used as edible fruits belonging to citrus and related genera of the family Rutaceae 
(orange family) (Milind, 2008). The commercial loss from decay could reach 30–50% in some susceptible citrus 
cultivars (Porat, et. al., 2000).  The citrus fruit is attacked by a number of pathogens from bloom to harvesting 
stage and subsequently by post-harvest pathogens that affect the production of the crop and considerably 
deteriorate the fruit quality. Losses from post-harvest diseases caused by various pathogens account for nearly 
50 percent of the total wastage in citrus fruits. Infection and contamination occur at different stages in the field 
and after harvest during marketing. Most postharvest pathogens are weak (Penicillium, Alternaria, Diplodia, 
Phomopsis) and invade through wounds and when the host defense is weak. Micro-organisms are quite selective 
in their host tissues and pH. Citrus fruits have a pH lower than 4, so most of the fungi attack these fruits (Olsen 
et al; 2000 and Milind, 2008).  
 
AlternariaRot: 
 

Alternaria citriis widely distributed in citrus-growing areas. In Navel oranges, fungal conidia may be 
located at the stylar end. Alternaria black rot of citrus may occur in the field before harvest. The disease is a 
common problem in Mediterranean climates due to cool, moist winters and hot dry summers (Brown, and 
Eckert 2000). In one of the first descriptions of Alternaria rot of citrus, the causal agent was identified as 
Alternaria citri (Barry, et. al., 2003). 
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Diplodiaand Phomopsis Rots: 

 
Stem end rots of citrus fruit caused by B. theobromae Pat. (Physalosporarhodina Berk. & Curt.) Cooke) 

and Phomopsis citri Fawcett, are the major post-harvest diseases in citrus producing area receiving substantial 
rainfall during development period offruit. Alternaria rot develops faster in cold storage and fungus grows 
internally along the central core of Nagpur mandarin. Alternaria rot was observed as serious problem of lemons 
and Valencia orange for long-term storage (Snowdon, 1990and Naqvi, 2004). 
 
Penicillium Rot: 
 

Green mould (P. digitatum Sacc.) and blue mould (P. italicum Wehmer) are important post-harvest 
pathogens of Nagpur mandarin next to sour rot. However, green and blue mould rots occur in all citrus growing 
areas and often constitute the predominant type of decay. These pathogens are important post-harvest pathogens 
(Snowdon, 1990 and Naqvi, 2004). These fungi live a long time and are quite durable, including even stable 
adverse conditions. Sometimes, fruits infected by P. italicum will adhere to each other to create synnemata. 
Penicillium growth typically occurs as a result of wound infections in produce (Nunes, et. al., 2010). The 
postharvest fungal pathogens Penicillium digitatum, P. italicum and P. expansum are an increasing problem for 
the Mediterranean orchards and fruit industry (Munoz, et. al., 2011). Green and blue moulds, due to the 
pathogenic action of Penicillium digitatumand Penicillium italicum respectively are the main cause of orange 
losses during postharvest. Under Mediterranean climate conditions, both together are responsible for 80% of 
total postharvest citrus fruit decay.The type of orchard production system, field location with different types of 
climate and soil has a main influence on mineral composition of fruits. The mineral composition of fruits can 
have a significant impact on fruit quality and shelf life during postharvest period (Nunes, et. al., 2010 and 
Munoz, et. al., 2011). 
 
Aim of this study: 
 

Interestingly, this work was focused on the fungal pathogens associated with citrus fruits which affecting 
fruit production and fruit quality (causing citrus fruit decay). Detection of citrus rotted fruits(fruit decay) 
compared with healthy once. Isolation and identification all fungal associationand to assess the effect of some 
alternative fungicides on growth rate (cm) of the isolated fungi (in vitro). 

 
Materials And Methods 

 
1- Fruit samples: 
 

Citrus rotted fruit samples were collected from two different localities namely Nobarya region (Behera 
Governorate) as the new land and Kalubia governorate as the old valley (Nile delta), Egypt. The collected 
samples were put into sterile polythene bags and sealed properly. They were brought into laboratory for further 
processing (López-Garcíaet al., 2000; and 2003). 
 
2- Isolation and identification of fungal associations: 
 

Fruit samples were washed aseptically with sterile distilled water and were surface sterilized using 2 % 
sodium hypochloride (NaOCl) solution for 5 minutes, then rinsed with sterile distilled water for several times. 
Prepared fruit samples were transferred and incubated into sterile glass discator (with 90%RH.) at room 
temperature and examined for growth appearance and sporulation of fungi for 5 days.  Potato dextrose agar 
(PDA) medium was prepared and streptomycin (antibiotic) was added to inhibit bacterial growth. Moulds grown 
on incubated fruits were isolated and purified on PDA according to (Simmons, 2002).  All fungi were routinely 
cultured on slant potato dextrose agar (PDA) (Difco-BD) (Munoz, et. al., 2011). 

All fungal isolates (7days old) were identified in Plant Pathology Dept., National Research Centre (NRC) 
based on cultural and morphological characteristics on specific media and the available of literature as compared 
with the description given by Barent& Hunter (1977), Booth, (1977)and Nelson et al (1983). All developing 
fungi were cultured on PDA slants then stored in a refrigerator until used. Total fungal count and frequency 
percent of naturally occurred fungi associated citrus fruit samples were calculated.  
 
3- Pathogenicity test: 
 

Healthy fruits of mature "Washington" Navel orange  were surface sterilized by 2% Sodium hypochlorite 
solution for 5 min, then washed by rinsing these fruits in sterilized distilled water for three times and dried with 
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sterilized filter paper. Inoculation procedures were performed under aseptic conditions by inserting 6 mm agar 
disc of the tested fungus into holes (6mm diameter and 4mm depth) made in both "stem-end and blossom-end" 
of fruit using a sterilized cork borer. Agar discs of each tested fungi i.e. Alternaria citri, Botrydiplodia 
theobromae, Penicillium digitatum and Penicillium italicum (about 6 mm diameter) were taken from the margin 
of 10 days old PDA-cultures of the isolated fungi.  After inoculation, the holes were plugged with the removed 
pieces of the peel. Three replicates, each of three fruits, were used for each tested fungi and control treatment 
was carried out by sterilized water only. The inoculated fruits were placed into carton boxes, and then incubated 
at 22±2oC.  and 65%RH. Infected fruits were recorded after 7days from inoculation. The disease incidence of 
blossom and stem end rot was calculated as percentage of infected navel orange fruit in relation to the total  
number of fruits in each replicate according to the following formula: 

 
      Infection (%) =   Number of rotted fruits          
                                  Total number of tested fruits 

x 100 

 
Severity of infection was determined at two dimensions of the external rotted area in the proportion to the 

total length of the fruit. Rotted navel orange fruits were classified into six categories (0, 1, 2, 3, 4 and 5) 
according to decayed area of fruits, and disease severity was calculated as follows: 

 
  Grade Description 
0 No decay development. 
1 Decay up 0.5 cm in diameter without sporulation. 
2 Decay between 0.5 to1.0 cm in diameter with sporulation. 
3 Decay between 1.0 to 2.5cm in diameter. 
4 Decay between 2.5 to 4.0 cm in diameter. 
5 Fruits completely rotten and heavily covered with mycelium. 

 
The percentage of disease severity was calculated according to the formula suggested by Townsend and 

Heuberger (1943) as follows: 
 

                     Disease severity = ∑ (nxr1)…..(nxr5) x100 
5N 

 
Where:  
D.S.     = Disease severity. 
n          = Number of decayed fruits per category. 
r1...r5 = Category number. 
N         =   Total examined fruits multiplied by the maximum numerical disease grade, i.e. 5.   
 

4- Deterioration of some citrus fruit quality caused by fungi: 
 
4. a - Physical deterioration (Physical Parameters): 
 

These quality are measured by applying principles of physics and measuring the response of fruit as 
follow:-  
 
4. a.1- Fruit Weight: 
 

Fruit weight is a basic parameter of quality and has to be measured precisely on digital balance/weighing 
machine to calculate loss in weight of fruit (Milind S. Ladaniya, 2008 and Rab, et. al., 2012). The percentage of 
weight loss was calculated using the following formula: 

 

 
 

4. a.2- 
 
 Total soluble solids (TSS) of orange juice constitute mainly sugars (80–85 percent).Juice, a specific gravity 

of 1.04 is used, assuming the average soluble solids to be 10_Brix Milind S. Ladaniya, (2008).  
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4. b.3- TSS-to-Acid Ratio: 
 

The relative sweetness or sourness of citrus fruit is determined by its ratio of sugars to acids. It is calculated 
by dividing TSS (Brix) with titratable acidity. The soluble solids concentration (SSC) with a hand refractometer 
and the titratable acidity with an automatic titrator that measured the volume of 0.1 N NaOH required by 10 ml 
of juice to reach pH 8.0 were also measured. Data were expressed as ºBrix and percentage of citric acid, 
respectively. Maturity index Juice Percentage: Percentage of juice is calculated as the weight of juice divided by 
the weight of fruit multiplied by 100. Juice is squeezed and measured in milliliters and percentage is calculated 
as the volume of juice divided by the volume of the fruit multiplied by 100  (Milind S. Ladaniya, 2008).  
 
4. b - Chemical Attributes (Chemical Parameters): 
 

These attributes of quality are measured by applying certain principles of chemistry and based on response 
of fruit internal parts/composition to chemical reactions. These quality attributes for citrus include total titratable 
acidity, ascorbic acid and pH (Milind S. Ladaniya, 2008).  
 
4. b.1- Total (Titratable) Acidity: 
 

Phenolphthalein is generally used as a visual end point indicator; it gives a pink-colored endpoint. Total 
acidity can be determined by using 0.1 NaOH (or 0.3125 N NaOH) for a large number of samples. 

 
4.b.2-   Total Soluble Solids: 
 

(MI) was evaluated by the ratio: ºBrix / % Citric acid for each extracted juice (Porat,et. al.,(2000),Milind S. 
Ladaniya, (2008) and Nunes, et. al., (2010). 
 
4. b.3- Ascorbic Acid: 
 

Ascorbic acid can be estimated using 2.6-dichlorophenol indophenol dye that is reduced by ascorbic acid. 
Ascorbic acid is calculated as: 

 
Vitamin C was calculated according to following formula  

 
T = ml of dye used for sample – ml of dye used for blank 
D = ml of sample taken for dilution 
S = ml of dilute sample taken for titration 
 

Results and Discussion 
 
1-Fungi associated with citrus fruit decay: 
 

Percentage of total fungal count isolated from citrus fruit decay (fruit rots) which collected from two 
different localities i.e. Behera and Qalyoubia Governorates in Egypt were recorded in Table (1). Data in this 
table presented that, sum 1120 fungal isolates belong 205 isolates from Behera governorate equal to (18.4%) 
and 915 isolates from Qalyoubia governorate equal (81.69%). Qalyoubia governorate was higher total fungal 
count compared with Behera governorate.Also data indicated that Navel orange was the most total fungal count 
which record 170 fungal isolates (equal 15.18%) followed by Eureka Lemon with 100 isolates (8.93%), March 
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grapefruit which gave 90 isolates (equal 8.04%), Valencia orange record 85 isolates  (equal 7.59%), Lime record 
70 isolates (6.25%), Balady mandarin gave 60 isolates (5.36%), Sanguine orange record 55 isolates (4.91%).  
While Hamlin Orange, Tenerife orange and Volkamer lemon gave less total fungal count (1.7%). 
 
Table 1: Percentage of total fungal count isolated from citrus rotted fruit which collected from two different localities i.e. Behera and  
               Qalyoubia 

cultivar Location Total 
B Q T.C % 
T.C % T.C % 

Balady orange NF NF 30 2.68 30 2.68 
Balady mandarin NF NF 60 5.36 60 5.36 
Centreall orange NF NF 40 3.57 40 3.57 
Eureka Lemon 45 4.02 55 4.91 100 8.93 
Gold orange NF NF 50 4.46 50 4.46 
Hamlin Orange NF NF 20 1.79 20 1.79 
Jaffa orange NF NF 50 4.46 50 4.46 
Lime NF NF 70 6.25 70 6.25 
March grapefruit 40 3.57 50 4.46 90 8.04 
Masisi orange  NF NF 35 3.13 35 3.13 
Red Khalily orange NF NF 25 2.23 25 2.23 
Roja orange NF NF 35 3.13 35 3.13 
Rough Lemon 30 2.68 NF NF 30 2.68 
Sanguine orange NF NF 55 4.91 55 4.91 
Stasuma mandarin NF NF 45 4.02 45 4.02 
Sour orange NF NF 50 4.46 50 4.46 
Succari orange NF NF 25 2.23 25 2.23 
Tanarrif orange NF NF 20 1.79 20 1.79 
Tunisian orange NF NF 35 3.13 35 3.13 
Valencia orange 20 1.79 65 5.8 85 7.59 
Volkamer lemon NF NF NF NF NF 00.00 
Washington navel orange 70 6.25 100 8.93 170 15.18 
Total 205 18.4 915 81.69 1120 100 

T.C = Total fungal count                                            NF = Not found 
 

2- Fungal identification: 
 
 Five fungal species belong to four fungal genera were isolated and identified from citrus rotted fruit 
samples collected from Beheira Governorate as Alternariacitri, Botryodiplodia theobromae, Fusariumsp., 
Penicillium digitatumand Penicillium italicum. Also, three fungal genera belong to four fungal species were 
isolated and identified from citrus rotted fruit samples collected from Qalyoubia Governorate. These are A. citri, 
B. theobromae, P. digitatumand P. italicum Figs (1, 2, a & b). 
 

  
 
Fig. (1, a & b):  H= Healthy fruit                                           I= Infected fruit 

                   a-Alternaria citri (Rot core),        b- Botrydiplodia thiopromae 
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Fig (2, a & b):   c- Penicillium digitatum,                d- P. italicum of citrus rotted fruits 

 
3-Fungal frequency associated with citrus rotted fruit samples were tabulated in Table (2a &b). 
 
 Data show that, Penicillium genus was the most fungal frequency in both Beheira and Qalyoubia 
Governorates. In Beheira, P. italicum more frequent than P. digitatum, being 29.27% and 24.39% respectively. 
In Qalyoubia Governorate, P. digitatum more frequent than P. italicum which recorded 24.04% and 18.58% 
respectively. B. theobromae fungus was moderate fungal frequency which gave 34.97% in Qalyoubia 
Governorate followed by A. citri which recorded  22.41%.  While, in Beheira Governorate A. citri was moderate 
fungal frequency which gave 19.51% in Beheira Governorate followed by B. theobromae which recorded 
22.41%. Fusarium sp. was less fungal frequency which appeared in Beheira Governorate only and 
recorded12.19%. 
 
Table 2a: Fungal frequency associated with rotted citrus fruit samples collected from Beheira Governorate 

Citrus 
cultivars 

Fungal identified  
A. citri B. theobromae Fusarium sp. P. digitatum P. italicum Total 
T.C % T.C % T.C % T.C % T.C % T.C % 

E. Lemon 20.00 9.76 NF  00.00 5.00 2.44 NF  00.00 20.00 9.76 45.00 21.95 
M. 
grapefruit 

NF  00.00 10.00 4.88 10.00 4.88 20.00 9.76 NF  00.00 40.00 19.51 

R.  Lemon 10.00 4.88 NF  00.00 NF  00.00 NF  00.00 20.00 9.76 30.00 14.63 
V. orange NF  00.00 10.00 4.88 NF  00.00 10.00 4.88 NF  00.00 20.00 9.76 
N.  orange 10.00 9.76 10.00 4.88 10.00 4.88 20.00 9.76 20.00 9.76 70.00 34.15 
Total 40.00 19.51 30.00 14.63 25.00 12.19 50.00 24.39 60.00 29.27 205.00 100.00 

T.C = Total fungal count                                            NF = Not found 
 
Table 2b: Fungal frequency associated with citrus rotted fruit samples collected from Qalyoubia Governorate. 

Citrus cultivars Fungal identified 
A. citri B. theobromae P. digitatum P. italicum Total 
T.C % T.C % T.C % T.C % T.C % 

Balady orange 10.0 1.09 20.0 2.18 NF  00.0 NF  00.0 30.0 3.28 
Balady mandarin 20.0 2.18 20.0 2.18 10.0 1.09 10.0 1.09 60.0 6.56 
Centreall orange 10.0 1.09 10.0 1.09 10.0 1.09 10.0 1.09 40.0 4.37 
EurekaLemon NF  00.0 NF  00.0 30.0 3.28 25.0 2.73 55.0 6.01 
Gold orange NF  0.00 20.0 2.18 20.0 2.18 10.0 1.09 50.0 5.46 
Hamlin Orange 10.0 1.09 10.0 1.09 NF  00.0 NF  00.0 20.0 2.19 
Jaffa orange NF  00.0 30.0 3.28 10.0 1.09 10.0 1.09 50.0 5.46 
Lime NF  00.0 NF  00.0 40.0 4.37 30.0 3.28 70.0 7.65 
March  grapefruit 20.0 2.18 30.00 3.28 NF  00.00 NF  00.00 50.00 5.46 

T.C = Total fungal count                                            NF = Not found 
 
Table 2b: Continue 

Citrus cultivars Fungal isolates 
A. citri B. theobromae P. digitatum P. italicum Total 
T.C % T.C % T.C % T.C % T.C % 

Masisi orange 15.00 1.64 20.00 2.18 NF  00.00 NF  00.00 35.00 3.83 
Red Khalily 
orange 

NF 00.00 00.00 NF  00.00 25.00 2.73 NF  00.00 25.00 2.73 

Roja orange 15.00 1.64 20.00 2.18 NF  00.00 NF  00.00 35.00 3.83 
Sanguine orange 15.00 1.64 20.00 2.18 10.00 1.09 10.00 1.09 55.00 6.01 
Satsuma  10.00 1.09 10.00 1.09 15.00 1.64 10.00 1.09 45.00 4.92 
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mandarin 
Sour orange 20.00 2.18 30.00 3.28 NF  00.00 NF  00.00 50.00 5.46 
Succari orange 10.00 1.09 15.00 1.64 NF  00.00 NF  00.00 25.00 2.73 
Tanarrif orange 10.00 1.09 10.00 1.09 NF  00.00 NF  00.00 20.00 2.19 
Tunisian orange NF  00.00 15.00 1.64 NF  00.00 20.00 2.18 35.00 3.83 
Valencia orange 20.00 2.18 10.00 1.09 20.00 2.18 15.00 1.64 65.00 7.1 
Navel orange 20.00 2.18 30.00 3.28 30.00 3.28 20.00 2.18 100.00 10.93 
Total 205.00 22.41 320.00 34.97 220.00 24.04 170.00 18.58 915.00 100.0 

T.C = Total fungal count                                            NF = Not found 
 
3- Pathogenicity test: 
 

Obtained data resulted that, all fungal isolates i.e. A. citri, P. digitatum and P. italicum were found to 
pathogenic for "Washington" Navel orange citrus fruits. Percentages of disease infection for these fungi and 
their effect on fresh weight (g) of citrus rotted fruits (Navel orange) after 7 days from artificial inoculation as 
well as weight loss percentage were tabulated in (Table, 3). With blossom end, both P. digitatum and P. italicum 
were higher infection percent which reached to 57.78% in each. Less infection percent was recorded with A. 
citri (53.33%).  In stem end, both P. digitatum and P. italicum gave higher infection percentage which reached 
to (46.67%) in each. A. citri was less infection percent which gave 40%. Infection at blossom end was higher 
than at stem end. On the other hand, all tested fungi were found to decrease the inoculated citrus fresh weight 
compared with un-inoculated fruits (control). Also data presented that, P. italicum gave higher weight loss 
which recorded 27.84 (g) equal to 0.25%,  followed by P. digitatum with 21.96 (g) equal to 0.17% of loss. A. 
citri gave less weight loss of fresh navel orange which recorded 18.46 (g) equal to 0.14% of loss.  Similar results 
were obtained by Peeveret al.,(2005).Rivka, (2001)found that, each fungus reduces the storage life of healthy 
fruits in the same container or sometimes even in the same room by producing and releasing ethylene. 
 
Table 3: Pathogenicity test of some isolated fungi and it is effect on fresh weight of citrus rotted fruits ("Washington” Navel orange cv.) 

after 7 days from inoculation 
 
Isolated fungi 

% Infection Weight (gm) Loss% 
B-end S-end Weight 

before Weight after7days Weight loss 

Alternaria citri 53.33 40.00 122.19 103.73 18.46 0.14 
Penicillium digitatum 57.78 46.67 135.75 113.79 21.96 0.17 
Penicillium italicum 57.78 46.67 112.96 85.12 27.84 0.25 
Control NF NF 179.07 178.09 0.97 0.01 

B-end= blossom end                            S-end= stem end                      NF= Not found 
 
4- Percentage of disease incidence: 
 

Percentages of diseases incidence were recorded in Table (4). Data in this table presented that, all tested 
fungi were found to increase significantly the percentage of disease incidence (infection %) as well as decrease 
significantly the shelf life of storage Navel orange fruits comparing with non-inoculated control. Also, data 
show that, increased  the percentage of disease incidence with increasing the time period of storage Navel 
orange fruits under room temperature from 7 to 10 and 15 days which recorded (average stem-end and Blossom-
end) 37.5, 45.84 and 54.17% of disease incidence (infection%) with all tested fungi i.e. A. citri, P. digitatum and 
P. italicum respectively compared with non-inoculated control which was gave zero percent (free infection).  On 
the other hand, data in the same table show that P. italicum gave higher infection percent (disease incidence) 
which gave av. 72.23%. Moderate infection percent (disease incidence) was recorded with P. digitatum with av. 
61.16%. Alternaria citri gave less disease incidence (infection) with av. 50.00% only. Also, the same table 
shows that no significant difference in between stem-end and blossom-end diseases incidence at all intervals 
while, differences significant were recorded in between stem-end and blossom-end diseases incidence with 
different tested fungi. 
 
Table 4: Percentage of disease incidence of some isolated fungi on "Washington" Navel orange fruits after 7, 10 and 15 days  

Tested fungi Disease Incidence (%) Mean  
General 
mean 

7 10 15 
S-end B-end S-end B-end S-end B-end S-end B-end 

A. citri 44.44 bc 55.56 bc 55.56 abc 66.67 abc 66.67 ab 77.78 ab 55.65 AB 66.67 AB 61.16 
P. digitatum 33.33 c 44.44 c 44.44 bc 55.56 bc 55.56 abc 66.67 abc 44.44 B 55.56 B 50.00 
P. italicum 55.56 abc 66.67 abc 66.67 ab 77.78 ab 77.78 a 8.89 a 66.67 A 77.78 A 72.23 
Control 00.00 d 00.00 d 00.00 d 00.00 d 00.00 d 00.00 d 00.00 C 00.00 C 00.00  
Mean 33.33 B 41.67 B 41.67 AB 50.00 AB 50.00  A 58.33 A    
General mean 37.5 45.84 54.17   

S-end: stem-end                                                            B-end: Blossom-end 
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5- Percentage of disease severity: 
 

Percentages of disease severity were recorded in Table (5). Data in this table presented that, all tested fungi 
were found to increase significantly the percentage of disease severity as well as decrease significantly the shelf 
life of Navel orange fruits comparing with non-inoculated control. Also, data show that the average of disease 
severity percent was increased with increasing the time period of storage Navel orange fruits under room 
temperature from 7 to 10 and 15 days which recorded (average stem-end and Blossom-end) 11.25, 14.17 and 
18.06 % of disease severity with all tested fungi i.e. A. citri, P. digitatum and P. italicum respectively compared 
with non-inoculated control which was gave zero percent.  

On the other hand, data in the same table show that P. italicum gave higher disease severity incidence 
which gave av. 24.45 %. Moderate disease severity incidence was recorded with Alternaria citri with av. 21.29 
%. P. digitatum was less disease severity with av. 12.22 % only. Also, the same table shows that no significant 
in between stem-end of diseases severity and blossom-end diseases severity with all time periods while, 
differences significant were recorded in between stem-end and blossom-end diseases severity with different 
tested fungi. 
 
Table 5: Percentage of disease Severity of some isolated fungi on "Washington" Navel orange fruits after 7, 10 and 15 days  

Fungi Disease Severity (%) Mean General 
mean 7 10 15 

S-end B-end S-end B-end S-end B-end S-end B-end 
A. citri 16.67 b 20.00 cd 15.55 b 22.22 bc 24.45 a 28.89 ab 18.89 A 23.70 A 21.29 
P. 
digitatum 

6.67 a 8.89 e 11.11 bc 13.33 de 13.33 b 20.00 cd 10.37 B 14.07 B 12.22 

P. italicum 15.56 b 22.22 bc 24.45 a 26.67 abc 26.67 a 31.11 a 22.22 A 26.67 A 24.45 
Control 00.00 d 00.00 f 00.00 d 00.00 f 00.00 d 00.00 f 00.00 C 00.00 C 00.00 
Mean 9.72 B 12.78 B 12.78 B 15.56 B 16.11 A 20.00 A    
General 
mean 

11.25 14.17 18.06   

S-end: stem-end                                                                        B-end: Blossom-end 
 
6- Weight loss decay of Navel orange citrus fruits: 
 

All tested fungi were found to be decreasing significantly the fresh weight of "Washington" Navel orange 
fruits compared with control according to Table (6). Data show that increased the average of weight loss percent 
with increasing the time period of storage Navel orange fruits under room temperature from 7 to 10 and 15 days 
which recorded average mean 0.95, 2.24 and 3.86 % loss of fresh weight with all tested fungi i.e. A. citri, P. 
digitatum and P. italicum respectively. Data also  indicated that, higher loss of fresh weight (g) as well as loss 
percent caused by P. italicum follwed by P. digitatum while, A. citri was less which recorded 16.73 (g) equal 
6.78 %, 12.66(g) equal 5.14% and 8.73 (g) equal 3.44% respectively.  

 Similar results were obtained by Snowdon, (1990), Naqvi, (2004) and Milind, (2008). Also, Barry, et. al., 
(2003) recorded that, black rot 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. 
 
Table 6: Effect of the tested fungi on fresh weight (gm) and loss percent of "Washington" Navel orange fruits after 7, 10 and 15 days 

 
Fungi 

loss of fresh weight stored at room temperature  
Mean 

W (g) 
at zero 
time 
 

7 10 15 

A L % L A L % L A L % L 

A. citri 253.91 251.69 2.22 0.87 fg 249.02 4.89 1.93 e 245.18 8.73 3.44 cd 2.08 C 
P. digitatum 246.09 246.09 3.22 1.31 ef 238.74 7.35 2.99 d 233.43 12.66 5.14 b 3.15 B 
P. italicum 246.81 246.81 3.81 1.54 ef 236.88 9.93 4.02 c 230.08 16.73 6.78 a 4.09 A 
Control 276.24 276.24 0.18 0.07 g 275.96 0.28 0.1 g 275.79 0.45 0.16 g  
Mean 0.95 C 2.24 B 3.86 A  

Wg = Weight (g)                     L= Weight loss                 % L = Percentage of Weight loss 
 
7- Changes in physical characteristic of Navel orange citrus fruits: 
 

Data in (Table 7) presented that, all tested fungi were found to decrease all physical characteristics in the 
inoculated navel orange citrus fruits compared with control.  Data showed that, in weight loss percentage P. 
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italicum was the most fungus increased weight loss percentage from 0.74% to 2.47% followed by P. digitatum 
and A. citri being, 1.98%, 1.34%, respectively with no significant differences. P. italicum was the most fungus 
decreased juice percentage from 44.65% to 30.22% followed by P. digitatum and A. citri being, 32.29%, 
36.88%, respectively with no significant differences. Also, P. italicum was the most fungus significantly 
decreased dietary fiber from 41.04 (g for whole fruit) to 13.04 (g for whole fruit) followed by P.  digitatum and 
A. citri being, 18.29, 29.31 (g for whole fruit), respectively. Similar results were recorded by Barkai-golan, 
(2001). 
 
Table 7: Changes in some physical characteristics of Navel orange citrus fruitscaused by tested fungi 

Fungi  Weight loss (%) Juice (%) Fiber 
(g for whole fruit) 

A. citri 1.34 ab 36.88 a 74.41 b 
P. digitatum 1.98 ab 32.29 a 45.0 bc 
P. italicum 2.47 a 30.22 a  32.10 c 
Control 0.74 b 44.65 a 113.36 a 

 
8- Changes in chemical characteristic of navel orange citrus fruits: 

 
Table (8) indicated that, all the tested fungi were found to reduce TSS%, TA%, TSS/acid ratio and L-

ascorbic acid (mg/100 ml juice) in the Navel orange citrus fruits compared with un-inoculated control. In the 
total soluble solid (TSS), all tested fungi decreased total soluble solids with no significant differences. Total 
soluble solid (TSS) was significantly decreased from 14% in un-inoculated control to 8.17,  9 and 10%, with P. 
italicum, P. digitatum and A. citri, respectively. In titratable acidity, P. italicum had higher effect on titratable 
acidity followed by P. digitatum while, A. citri was the less effective fungus. Titratable acidity (TA) was 
significantly increased from 0.32% in un-inoculated control to 2.13, 1.62, and 1.13%, with P. italicum, P. 
digitatum and A. citri, respectively. All tested fungi decreased TSS/acid ratio with no significant differences. 
TSS/acid ratio was significantly decreased from 44.41% in un-inoculated control to 3.82, 5.56, and 8.89%, with 
P. italicum, P. digitatum and A. citri, respectively. In L-ascorbic acid (Vitamin C), P. italicum was higher 
effective on L-ascorbic acid followed by P. digitatum with no significant differences. While, A. citri was the less 
effective fungus. L-ascorbic acid was significantly decreased from 84 mg/100 ml juice in un-inoculated control 
to 39.67, 42, and 51.3384 mg/100 ml juice, with P. italicum, P. digitatum and A. citri, respectively. Similar 
results were recorded by (Barkai-golan, 2001). 
 
Table 8: Changes in some chemical characteristics of Navel orange citrus fruitscaused by tested fungi 

Tested fungi TSS (%) TA (%) TSS/acid ratio L-ascorbic acid 
(mg/100 ml juice) 

A. citri 10.00 b 1.13 c 8.89 b 51.33 b  
P. digitatum 9.00 b 1.62 b 5.56 b  42.00 c  
P. italicum 8.17 b  2.13 a  3.82 b  39.67 c 
Control 14.00 A 0.32 D 44.41 A 84.00 A 
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