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ABSTRACT 
Almond red leaf blotch is the most important fungal disease that is caused by the fungus Polystigma 
amygdalinum. Symptoms depending on the cultivar almond trees can be seen almost all year. In this study the 
effect of 5 fungicides (Copper oxychloride  2000 µg/ml, Bordofix 2000 µg/ml, Mancozeb 200 µg/ml, 
Bordo Compound 10000 µg/ml, Triforin 300 µg/ml with rep.control) was examined in a randomized 
complete block design with 6 treatments in 4 replications to control disease in 2009-2010 in Khorasan-e- 
Razavi province. The degree of severity disease in leaves (from 0 to 9) was the character to be measured. First 
spraying was performed after petals falling (last week of May 2010) and two spraying next fortnightly intervals. 
Evaluating  the effect of each compound was carried out with sampling in comparison with rep. control in the 
last week in September. Comparison of treatments in statistical level of 5% showed that, Triforin and Mancozeb 
fungicides were classified in the first group, Brodofix, Bordo compound, and Copper oxychloride in second 
group and control in third group. 
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Introduction  
 
Almond with the scientific name of Prunus amygdalus Batsch. is part of Rosaceae family relative to 
peach, nectarine, plum, and prune, often non-self pollination and wild which is found in Central Asia, 
places like Iran, Tajikistan, Afghanistan, and Tianshan(China). Due to its growth potency in calcareous and 
little water soil, even in the past it has attracted farmers’ attention from Mediterranean subtropical areas 
(like Azerbaijan). Based on FAO statistics, almond is cultivated in 44 countries around the world. In the 
case of almond production, the performance of 10 major countries is estimated as much as 1.6 million 
tons which belongs to America, Spain, Italy, and Iran with 4.8, 6.5, 33.2 and 36.4 percent respectively. 
Almond is one of the important dehydrated fruits and is considered as the non-oil export products of 
Khorasan Province in Iran.Because of its compatibility and botanic capacity, this plant has continuously 
attracted farmers and state producers’ attention and it is easily planted in places in which planting other 
fruit trees is faced with more limitations and it is economically profitable. Accordingly after introducing 
late-flowering crops and decreasing the loss of spring frost, farmers are more encouraged to plant almond 
that comparing the cultivated land and the production of almond has proved it during recent years. Now 
the cultivated area of almond has been reported as 12,889 hectare in space and 14,145 tons in production 
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which is with the average 1800 kg per hectare yield 10.6% and in space and 4.2% total production of the 
country respectively (Extracted from unpublished statistics of Horticultural Crops of Khorasan-e-Razavi 
province during crop years of 2008-2009). This disease is caused by Polystigma DeCandolle which is 
P.ochraceum(whal.)Sacca. (the Cause of Almond red leaf blotch) and P.rubrum(the Factor of Prune red 
leaf blotch) and some other plants from Prunus Genous.(1). This disease was first mentioned by 
Esfandiyari(1948) in Ourmia and Lorestan’s(in Iran) almond orchard and its cause was reported as 
Polystigma rubrum(oers.)DC. Estiart, a Belgium expert in plant diseases, who was in Iran for scientific 
cooperation, observed the disease and explained it briefly (Ashkan & Asadi 1974). Ashkan & Asadi 
(1974) studied the Fungus Biology which caused the disease and controlled it in Eastern Azarbaijan 
province, further research was done by Banihashemi(1990). Studying the possibility of chemical control 
of the disease was done by Ghazanfari and Banihashemi(1979), Banihashemi(1982), Sharifi Tehrani & 
Zakeri (1989), Banihashemi (1990) , and Sahragard & et al. (2007). Heydarian & Moradi (2004) also had 
some studies on sensitivity of some kinds of almond to the disease.  
Trifonova (1934) studied fungus biology and the formation of fungal bodies in leaf, growth interplay and 
developmental stages of Perithecium. The disease was reported in France (Foex & Chabrolin 1923), 
Spain (Anonym 1926), Tunisia (Chabrolin, 1935) ، Greece (Sarejanni, 1935)، Romania (Rafaila et al., 
1961), India, Morocco, Portugal , and Israel. P.ochraceum was known as the pathogen in Iran until 1996 
when some samples was sent from Fars province, named P.amygdalinum by Cannon (Banihashemi 
1982). Almond red leaf blotch has not exactly been studied in other parts of the world. In recent years, 
absorbent fungicides such as Triforin, CA 70203, and copper compounds (especially Bordo compound) 
were used for chemical control of the disease, injecting liquid Urea on infected leaves of the ground (in 
garden) in autumn was reported effective in decreasing the disease (Lin & Szteimbery, 1992).  Almond 
red leaf blotch is the most important almond leaf disease in Iran. This disease is observed in all gardens 
when it rains in the spring.  The infection is reported as 100% in some trees which results in early leaf fall 
and the appearance of new leaves. It needs consuming storage organ which sensitises it against other 
damaging agents. The direct damage of the disease has been estimated as 20 % on the almond. Since the 
disease is observed in most kinds of almond such as native seeds and newly introduced items, controlling 
it is necessary and different methods have been employed for doing so. But the most effective and 
economical method of its control is using chemical pesticides which can control the disease well (by three 
or four times spraying) and can significantly decrease its damage. Therefore the present study was done 
for evaluating the effect of some fungicides in controlling red leaf blotch in Khorasan-e-Razavi province.    

 
Materials and Methods 
 
In this study the effect of Copper oxychloride,  Bordofix, Mancozeb,  Bordo compound, and  Triforin 
(with Trade Name of Saprol DC) was investigated in an almond orchard in major places where this 
product is cultured in Khorasan-e-Razavi province (Khohsorkh of Kashmar)with the history of the 
infection in the Randomized Complete Block design (RCB) (5 Treatments and 4 Replications). Therefore 
for every treatment 2 bearing trees (similar to each other as much as possible) were considered and to 
prevent the interference of spraying and to avoid the sprinkles of different treatments on each other, it was 
done in every other row of the trees. Considering the ascospores discharge, three times spraying (one time 
after the petal fall and two more times with 15 days in between) was done. Eight weeks after the last 
spraying, some actions were taken for evaluating the effectiveness of fungicides. . In doing so, from each 
tree, 5 branches (30 cm) from different directions were randomly selected; they were put within plastic 
bags and were transferred to the laboratory. In the laboratory, all leaves were separated from the branches 
and all the repeated leaves of each treatment were put in a bag, 50 leaves were randomly selected, by 
giving the disease severity index of 0-9 to the infected leaves and computing the mean, the data were 
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analyzed and the effect of each fungicides was estimated. The ANOVA (of treatments) was measured by 
SPSS 16 and the comparison of the means was computed by Duncan Test  at P ≤ 0.05 (7 and 8). The used 
treatment fungicides included Copper oxychloride, Mancozeb, Bordofix 2000 µg/ml , Bordo Compound 
10000 µg/ml, Triforin 300 µg/ml and the control (tap water). The severity of leaf infection was 
determined by the following coefficients and was used in evaluating the effect of each of fungicides.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Results  
  
According to the research method, the first spraying was applied after petal fall (the last week of 
May 2010) and the next two spraying at fortnightly intervals. For evaluating the effect of each of 
the above compounds in comparison with the control, the sampling was carried out in the last 
week of September. The ANOVA of the data of treatments was evaluated by SPSS 16 and the 
comparison of the means was computed by Duncan Test at P ≤ 0.05. The results of the ANOVA 
of the data are shown in tables 1 &2.  
 Table 1: Analysis of variance of the data used in this study to evaluate the effectiveness of 
fungicides in reducing the severity of polystigma ochraceum  in 2009-2010.  
 

 
As shown in table 1, there is no meaningful difference between the blocks at P≤0.05. The 
comparison of the means of the treatments at P≤0.05 percent has (table 2) also shows that 
fungicides used in this study belong to three major classes. Therefore, Triforin and Mancozeb are 
placed in group A, Copper oxychloride and Bordo Compound in group B, and the control in 
group C. 
 
 

disease severity indexseverity of infection (%)

zero zero 
1 5-1/0  
2 10-  1/5  
3 15-  1/10  
4 20-  1/15  
5 25- 1/20  
6 30 - 1/25  
7 35-1/30  
8 40-  1/35  
9 50 > 

Sources of 
variation 

Sum of 
squares 

Degree of 
freedom Mean-square F Sig. 

block 11.683 3 3.894 2.127 .140 
treatment 126.003 5 25.201 13.762 .000 
error 27.467 15 1.831   

total 396.661 24    
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Table 2: Comparison of the mean of data resulted from studying the effect of fungicides in 
reducing the percentage of infected leaves to polystigma ochraceum  in 2009-2010 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table3 shows the effectiveness of fungicides used in this study. As shown in the table, Triforin 
and Mancozeb have the most effect in reducing the leaf infection and disease severity 
respectively. 
 
Table 3: The effectiveness of fungicides in controlling red leaf blotch (polystigma ochraceum ) 

 
 
 
 
 
 

According to Duncan Test, the numbers in each column do not have meaningful difference with 
similar letters at P≤0.05 
 
 
Discussion and Conclusion:  
 
Overwintering of the Almond red leaf blotch pathogen is only in infected leaves. Also the 
pathogen has asexual reproduction, in the form of Picnid and reproduces much Picnidiospores 
during summer which has not a role in further infection in almond trees (Ashkan & Asadi, 1974).  
In early spring, the source of infection is the Ascospores which result from overwintering infected 
leaves.  
Therefore, deleting the source of leaf infection can have an effective role in decreasing the 
disease. Accordingly, the use of fungicides should be done after petal fall and should be continued until 
the ascospores discharge with appropriate intervals in late June (Sahragard & et al. 2007). Investigating 

Treatment 
replicati
ons 

mean 
A B C 

Triforin 4 1.0056   
mancozeb 4 1.2688   
Bordo 
compound 4 1.9762 1.9762  

Copper 
oxychloride 4 2.6901 2.6901  

Bordeaux 4  3.9447  
control 4   7.7494 

treatment used (µg/mL) Percentage of 
leaf infection 

Severity of the 
disease 

Triforin 300 012/5  a 005/1 a 
Mancozeb 2000 334/6  a 268/1  a 
Bordo Compound 10000 731/9 ab 975/1  ab 
Copper oxychloride 2000 451/13  ab 689/2  ab 
Bordeaux 2000 724/19 b 94/3  b 
Control  -- 784/38 c 753/7  c 
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the time and chemical control of this disease has shown that Bordo Compound 1.5 percent with two foliar 
applications at weeks two and four after petal fall could reduce the percentage of leaves infection, 
compared to control trees at the rate of 83.1 and 91.5 percent respectively (Sahragard & et al. 2007). In 
this study the application of Bordo compound 1% could reduce the percentage of leaves infection 
up to 74 % by three times of spraying. By four times spraying after petal fall in Eastern Azarbaijan , 
Mancozeb was effective in controlling this disease (Ashkan & Asadi, 1974). The results of this 
study in controlling the disease, by applying 3 times Mancozeb(2000 µg/ml) after the petal fall 
showed that the percentage of leaves infection has reduced to 83.6 %. By 2 or 3 times of applying 
Triforin 300 µg/mL after the petal fall, it showed that this one, compared to other tested 
fungicides, had the best effect in controlling this disease (Banihashemi, 1990). The results also 
showed that this fungicide with the concentration of 300 µg/ml by 3 times of its application after 
the petal fall, had the best and the most effect in reducing the percentage of leaves infection(87%) 
and that other ones (Copper oxychloride and Bordofix) did not have significant effect in reducing leaves 
infection (table2).  We can claim that among tested fungicides, Triforin was the most effective one. Since 
there is no meaningful difference between Triforin and Mancozeb  in reducing the severity of the disease 
at P≤0.05, then we can suggest both of these fungicides for controlling this disease. The users can 
take proper actions in using these fungicides based on their own decision and their economic 
costs.  
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