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Abstract 
Sooty blotch (SB) and flyspeck (FS) is a disease complex which causes the blemishes on skin surface 

of apple (Malus domestica Borkh) and damages the cosmetic look of fruit in humid temperate areas of 

the world. Not only it affects the postharvest quality of apple fruits but also reduces the storage life 

due to increased transpiration. During this study, five different organic fungicides (Ridomil gold, 

Thiophanate-methyl, Metalaxyl + Mancozeb, Dithane M-45 and Benomyl) at the rate of 5g/l were 

sprayed on mature and healthy apple trees to control this disease. Fungicides were applied with spray 

schedule of 15 days interval. Eight sprays were applied from the month of June to September. Results 

obtained revealed that the application of organic fungicides significantly (P ≤ 0.05) reduced the disease 

incidence of SB and FS as compared to control. Maximum disease control (92.50%) and minimum 

(7.50%) fruit blotches were recorded with a combined application of Metalaxyl + Mancozeb. Similarly, 

maximum fruit weight (140.57 g), and total yield per tree (28.30 kg) were obtained in plants treated 

with Metalaxyl + Mancozeb. However, maximum fruit set per tree (299.75) was recorded in plants 

sprayed with Dithane M-45 as compared to control (160.25). Maximum total soluble solids and total 

sugars (12.90%, 15.50%) were recorded in fruits which were sprayed with Benomyl and Dithane M-

45, while minimum total soluble solids and total sugars (10.90%, 10.87%) were recorded in control 

fruits. Minimum ascorbic acid and titratable acidity (15.10 mg/100 mL, 3.65%) were recorded in fruits 

which were treated with Benomyl, respectively. Overall, a combined treatment of Metalaxyl + 

Mancozeb not only gave the best control against SB and FS but also increased the total fruit yield and 

improved the fruit colour as compared to other treatments. Therefore, it could be further exploited on 

a commercial scale against SB and FS in future. 
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Introduction 

Apple (Malus domestica Borkh) is an 

important deciduous fruit of temperate 

region. It belongs to family Rosaceae. The 

center of origin of apple is Asia, Central Asia, 

Himalayan regions of India, Pakistan and 

Western China [1]. Apples are one of the 

most common fruits consumed on a regular 

basis by many people in different cultures. 

They are a significant part of the human diet. 

Moreover, only for the fruit phenolics 

consumed in USA, apples provide twenty 

two percent which makes them one of the 

largest sources of phenolics [2]. The nutritive 

value is well known and represents the vari-

able content of proteins, sugar, ascorbic acid, 

and mineral substances. Sugar content and 

firmness are important quality attributes that 

directly influence consumers on purchasing 

fresh apple fruit. The presence of a variety of 

nutrients in apple makes it an amazing super 

fruit. It is not just a treat to eat, but it is also a 

great fruit for your overall health [3, 4]. In 

Azad Jammu and Kashmir, apple is 

successfully grown in districts Poonch, 

Sudhnoti, Bagh, Muzaffarabad, and Neelum. 

Commercial varieties of apple grown in 

Pakistan and Azad Jammu and Kashmir are 

Kashmiri Amri, Kulu, Sky Spur, Red Chief, 

Golden Delicious, Red Delicious, Starking 

Delicious, Star Crimson, Banki, Red Labnani 

and Royal Gala [5]. Sooty blotch (SB) and 

Flyspeck (FS) are very serious diseases of 

apple caused by Schizothyrium pomi and 

Gloedes pomigena, respectively [6]. SB and 

FS fungi are ectoparasites growing on the 

epicuticular wax layer of apples [7]. Several 

different SB and FS fungi often co-exist in 

the same orchards and on the same fruit [8]. 

Symptoms of SB appear as a dark smudge-

like blemish on the apple surface. It 

deteriorates fruit quality other than yield. The 

olive-grey spots usually cover 80% of fruit 

surface; meanwhile, FS develop numerous 

small, round and black spots on the skin of 

fruit [9]. The presence of either SB or FS on 

the apple's surface lowers quality and market 

value of the fruit [8], even though the SB and 

FS fungi do not penetrate the cuticle [6]. 

Although, in late summer, the discrete 

colonies of FS pathogen (S. pomi) appear and 

mycelial mats which are only visible with 

microscope [9]. Fungi which cause the SB 

complex are categorized into different 

mycelial types which consist of punctate, 

ramose, rimate and fuliginous [10]. The 

climate of Azad Jammu and Kashmir favours 

vigorous growth, high yield potential, large 

fruit size with good taste of apple but with 

inferior cosmetic look due to SB and FS. In 

the past, many researchers have tried to 

control these diseases in other parts of the 

world using different techniques [11-14]. 

Even organic and inorganic fungicides were 

also applied under spray programs [12, 15-

20]. However, no work has been done on 

improvement of cosmetic look and overall 

quality of important cultivars of apple like 

‘Banki’ grown in sub-humid temperate hilly 

tracts of Azad Jammu and Kashmir. 

Therefore, this study was designed to 

determine the effect of organic fungicides on 

SB and FS of apple grown under Rawalakot 

conditions. 

Materials and methods 

The current studies were carried out in sub-

humid temperate hilly region of Rawalakot, 

district Poonch, Azad Jammu and Kashmir. 

Twenty four (24) apple trees of same age, 

size and health of cultivar Banki were 

selected. The experiment was laid out in 

randomized complete block design (RCBD) 

with six treatments, repeated four times. 

Different organic fungicides (Ridomil gold, 

Thiophanate-methyl, Metalaxyl + Mancozeb, 

Dithane M-45 and Benomyl) along with 

water as a control were used at 5 g per liter 

concentration at 15 days interval on apple 

trees at fruit set stage. Data was collected for 

different parameters such as fruit set per tree, 

number of fruits affected by blotches, disease 

control percentage, fruit colour (L*, a*, b* 



Pure Appl. Biol., 7(1): 400-406, March, 2018 
http://dx.doi.org/10.19045/bspab.2018.70049 

402 

values), average fruit weight (g), total weight 

of fruits per plant (kg), total soluble solids 

(%), total sugars (%), ascorbic acid (mg/100 

mL) and titratable acidity (%) using standard 

methods. Data were subjected to the analysis 

of variance (ANOVA) and tested for 

significant differences among treatments by 

the Least Significant Difference (LSD) test at 

(P ≤ 0.05) using MSTAT-C software.   

Results and discussion 

Number of fruit set per tree 
Results given in (Table 1) showed that 

maximum fruit set per tree was obtained with 

Dithane M-45 (299.75) followed by 

Metalaxyl + Mancozeb (273.25), 

respectively. Whereas the minimum fruit set 

per tree was obtained with control (160.25) 

followed by Ridomil gold (193.50) and 

Benomyl (208.25), respectively. Similar 

results were also obtained by different 

researchers in the past when they applied 

organic fungicides on other fruits as well [12, 

18-20]. 

Total weight of fruits per tree (kg)  

Results regarding total weight of fruits per 

tree showed that the influence of organic 

fungicides on fruit yield was statistically 

significant (Table 1). Maximum fruit yield 

was recorded on trees that were treated with 

Metalaxyl + Mancozeb (28.30 kg), while 

minimum was obtained from untreated trees 

(12.15 kg). Presumably, fungicides increased 

yield through increasing fruit holding 

capacity, reduced fruit drop and by keeping 

plants healthy. It was also confirmed by the 

findings of Rosenberger et al. [21] who 

reported that trees treated with fungicides 

produced more yield (11.6%) and higher 

(50%) gross return than untreated trees. 

Disease control percentage  

Data regarding disease control percentage 

showed that Metalaxyl + Mancozeb gave the 

best control (92.50%) as compared to other 

treatments (Table 1). Disease control 

percentage of 88.0% and 82.50% was 

observed with Dithane M-45 and 

Thiophanate-methyl, respectively. Similarly, 

79.50% and 78.50% disease control was 

observed with Ridomil gold and Benomyl, 

respectively. While the lowest percentage of 

disease control was recorded in untreated 

control fruits (7.50%). Similarly, Brown and 

Sutton [9] observed that SB was not properly 

controlled when the spray treatments were 

beyond 14-days schedule and best control 

was achieved by Mancozeb concentrate. 

Average number of fruits affected by 

blotches (SB, FS) 

Data pertaining to the number of fruits 

affected by blotches (SB, FS) showed that 

different fungicides caused significant 

reduction in the fruits infected by blotches 

than control fruits (Table 1). Control fruits 

showed the highest level of infected fruits 

(92.50) with SB and FS. Minimum number of 

fruits affected by SB and FS were recorded 

on trees those were treated with Metalaxyl + 

Mancozeb (7.50) followed by Dithane M-45 

(12). Results showed that organic fungicides 

significantly reduced the effect of SB and FS 

when sprayed at 15 days interval. Similar 

findings were reported previously by 

different scientists where they found when 

applying organic fungicides the incidence of 

SB and FS can be minimized [17, 20, 21]. 

Average fruit weight (g)  

Mean values for the average fruit weight 

showed that the application of Metalaxyl + 

Mancozeb and Dithane M-45 helped the 

apple fruits to gain weight as compared to 

control and other treatments (Table 2). These 

results clearly showed that different organic 

fungicides application affected the average 

fruit weight (g) significantly. These results 

are in accordance with the findings of 

Rosenberger et al. [21] who observed that 

fungicides application minimized the 

incidence of fungal diseases in sprayed 

defoliated trees than unsprayed trees. Treated 

trees with fungicides produced more yield 

(11.6%) and higher (50%) gross returns than 

untreated trees. 
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Fruit colour (L*, a*, b*)  

Mean values for fruit colour (L*) showed that 

Metalaxyl + Mancozeb treated fruits 

presented maximum (68.50) fruit colour (L*) 

values that decreased to 65.25 in Dithane M-

45, 61.25 in Thiophanate-methyl, 61 in 

Benomyl and 60.25 in Ridomil gold treated 

fruits. While, in control fruits colour (L*) 

value was recorded only 32.50 (Table 2). 

Similarly, mean values for fruit colour (a*) 

showed that the effect of organic fungicides 

used were highly significant. Maximum fruit 

colour (a*) values were recorded for 

untreated control fruits (-3.50) that produced 

fruits of dark colour, while minimum fruit 

colour (a*) value was recorded for trees those 

were treated with Metalaxyl + Mancozeb (-

8.50) and presented excellent natural colour 

of fruits (Table 2). Moreover, mean values of 

fruit colour (b*) showed that the effect of 

organic fungicides used were highly 

significant. Maximum fruit colour (b*) 

values were recorded for fruits treated with 

Metalaxyl + Mancozeb (42), while minimum 

were recorded for untreated control fruits 

(11) (Table 2). It is evident from these results 

that organic fungicides improved fruit colour 

by controlling SB and FS of apples. Many 

researchers also reported previously that 

better control of SB and FS blotches by using 

fungicides application improved the cosmetic 

appearance of the fruits as well [12, 19, 20, 

22]. 

Total soluble solids (%)  

Mean values of total soluble solids showed 

that fungicides significantly affected the total 

soluble solids (Table 3). Maximum total 

soluble solids were recorded in fruits treated 

with Benomyl (12.90%), while minimum 

were observed in control fruits (10.90%). 

Ridomil gold (11.96%), Metalaxyal + 

Mancozeb (11.92%), Thiophanate-methyl 

(11.36%) and Dithane M-45 (11.26%) 

showed intermediate levels of total soluble 

solids. Findings of Hafez and Haggag [23]  

showed that all foliar sprays of fungicides 

increased total soluble solids, total sugar, 

total anthocyanins, while decreasing total 

acidity, in apple fruits for their best quality 

when compared with untreated ones. 

Total sugars (%)  

Results regarding total sugars in treated and 

untreated fruits showed that organic 

fungicides had significant effect on the total 

sugars in all the treated fruits (Table 3). It is 

evident from the results that total sugars 

increased in those fruits which were treated 

with fungicides compared to untreated ones. 

Maximum total sugars were recorded in fruits 

which were treated with Dithane M-45 

(15.50%) and minimum were recorded in 

untreated apple fruits (10.87%). Hafez and 

Haggag [23] also reported similar results 

when they used fungicides as a foliar 

application. Fungicides treatment increased 

fruit firmness, total sugars, total soluble 

solids, total anthocyanins, while decreased 

the total acidity. 

Ascorbic acid (mg/100 mL) 
Results regarding ascorbic acid showed that 

organic fungicides significantly affected 

ascorbic acid content (Table 3). Maximum 

ascorbic acid was recorded in untreated fruits 

(18.07 mg/100 mL), while minimum was 

found in Benomyl treated fruits (15.10 

mg/100 mL). It appeared that application of 

organic fungicides has more or less similar 

effect on ascorbic acid and decreased 

ascorbic acid content compared to control 

fruits. Ascorbic acid content may be 

decreased due to more or less effect of 

fungicides application on fruits and it 

depends upon climatic conditions and 

concentration of fungicides. Results of Hafez 

and Haggag [23] also showed that fruit 

quality of apple was affected by different 

concentrations of fungicides applied. 

Neimczyk et al. [24] found that the quality of 

apples from fungicides spray was slightly 

lower or lower than that of control plot.
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Table 1. Effect of different organic fungicides on fruit set per tree, total weight of fruits per tree, disease control percentage 

and average number of fruits affected by blotches (†) 

Treatments 
No. of fruit set 

per tree 

Total weight of fruits 

per tree (kg) 

Disease control 

percentage 

Avg. no. of fruits affected by 

blotches (SB, FS) 

Control 160.25 c 12.15 d 7.50 d 92.50  a 

Ridomil gold 193.50 bc 18.00 c 79.50 c 20.50  b 

Thiophanate-methyl 219.75 b 23.57 b 82.50 bc 17.50  b 

Metalaxyl + Mancozeb 273.25 a 28.30 a 92.50 a 7.50   d 

Dithane M-45 299.75 a 23.55 b 88.00 ab 12.00  c 

Benomyl 208.25 b 16.97 c 78.50 c 21.50  b 
†Any two means in a column not sharing a common letter are significantly different at (P ≤ 0.05) using LSD. Each value is the mean of four replicates 

 

Table 2. Effect of different organic fungicides on physical properties of apple fruits (†) 

Treatments Avg. fruit weight (g) 
Fruit colour 

L* values a* values b* values 

Control 83.93 c 32.50 d -3.50 a 11.00 c 

Ridomil gold 110.08 b 60.25 c -6.00 b 37.75 b 

Thiophanate-methyl 113.70 b 61.25 c -3.50 a 37.25 b 

Metalaxyl + Mancozeb 140.57 a 68.50 a -8.50 c 42.00 a 

Dithane M-45 139.90 a 65.25 b -6.75 bc 41.25 a 

Benomyl 118.16 b 61.00 c -4.75 ab 35.50 b 
†Any two means in a column not sharing a common letter are significantly different at (P ≤ 0.05) using LSD. Each value is the mean of four replicates 

 

Table 3. Effect of different organic fungicides on chemical properties of apple fruits (†). 

Treatments Total soluble solids (%) Total sugars (%) Ascorbic acid (mg/100 ml) Titratable acidity (%) 

Control 10.90 c 10.87 c 18.07 a 6.50 a 

Ridomil gold 11.96 ab 12.87 b 15.46 cd 4.96 b 

Thiophanate-methyl 11.36 bc 12.22 bc 16.57 bc 5.27 b 

Metalaxyl + Mancozeb 11.92 ab 11.22 bc 17.75 ab 6.05 ab 

Dithane M-45 11.26 bc 15.50 a 16.85 ab 5.50 ab 

Benomyl 12.90 a 12.45 bc 15.10 d 3.65 c 
†Any two means in a column not sharing a common letter are significantly different at (P ≤ 0.05) using LSD. Each value is the mean of four replicates 
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Titratable acidity (%)  

Mean values of titratable acidity showed that 

control fruits presented maximum (6.50%) 

titratable acidity that decreased up to 6.05% 

and 5.50% for Metalaxyal + Mancozeb and 

Dithane M-45, respectively (Table 3). 

Thiophanate-methyl and Ridomil gold 

treated fruits showed 5.27% and 4.96%, 

while minimum titratable acidity was 

recorded in Benomyl treated fruits (3.65%). 

It is evident from the results that fungicides 

spray like Metalaxyl + Mancozeb and 

Dithane M-45 slightly reduced the ascorbic 

acid than that of the fruits from control. 

Niemczyk et al. [24] reported that the quality 

of apples from fungicides spray like Dithane 

M-45 was slightly lower or lower than that of 

fruits from control plots. Hafez and Haggag 

[23] also found that all foliar sprays of 

fungicides gave the best results in terms of 

fruit quality parameters when compared to 

the control fruits. 

Conclusions and recommendations  

It can be concluded that all the treatments of 

organic fungicides had positive effects on the 

studied parameters. However, the combined 

treatment of Metalaxyl + Mancozeb not only 

increased the number of fruit set per tree, 

average fruit weight and total weight of the 

fruits per tree but also improved fruit colour 

and overall quality. Moreover, it also 

decreased the blotches (SB, FS) percentage 

on harvested apple fruits. Therefore, based on 

the results obtained from the current study, 

Metalaxyl + Mancozeb can be recommended 

to be used at commercial scale against SB and 

FS, to increase total yield and improve 

quality of apple fruits under Rawalakot 

conditions. 
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