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Abstact 

Pistachio, which is of great economic importance in Iran, is highly susceptible to crown 

and root rot disease, also known as gummosis. To evaluate the effectiveness of systemic 

fungicides in controlling this destructive disease, different concentrations of fosetyl-Al 

(Elite®), potassium phosphonate, Metalaxyl (Ridomil® Gold), and phosphorous acid were 

tested against the major causal agents of gummosis, including Phytophthora citrophthora, 

P. dreschleri, P. pistaciae, and P. cryptogea under in vitro and in situ conditions. The 

findings revealed a significant increase in inhibition of mycelial growth in concomitant 

with an increase in concentration of fungicides compared with control. At concentrations 

of 1120, 320, 80, and 40 µg/ml, Elite, potassium phosphonate, phosphorous acid, and 

Ridomil, respectively, completely inhibited mycelial growth. All tested fungicides 

exhibited a reduction in colonization levels on branches, with potassium phosphonate at 

320 µg/ml and Ridomil at 20 µg/ml concentrations showing 73% and 100% reduction, 

respectively. The effectiveness of fungicides in decreasing fungal colonization in the 

inoculation experiments on pistachio seedlings varied. Specifically, Elite, phosphoric acid, 

potassium phosphonate, and ridomil exhibited the highest levels of reduction, respectively. 

However, no significant differences were observed among the fungicide compounds with 

phosphite structure in inhibiting crown colonization in pistachio seedlings. These findings 

provide valuable insights for further investigation into the management of crown and root 

rot in pistachio trees. 
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Introduction 

Crown and root rot, an important disease 

affecting pistachio trees, which leads to the death of 

numerous fertile and infertile trees annually. This 

disease is caused by various Phytophthora species, 

including P. citrophthora (Leonian), P. cryptogea 

(Pethybr. & Laff.), P. drechsleri (Tucker), P. 

melonis (Katsura), P. nicotianae (Breda de Haan), 

P. parsiana (Mostowf., Cooke & Banihash.), and P. 

pistaciae (Mirab.) (Mirabolfathy et al. 2001; Fani et 

al. 2005, 2019; Mostowfizadeh-Ghalamfarsa et al. 

2008). Unfavorable conditions such as excessive 

irrigation, deep planting, monoculture, and 

inadequate management practices adopted by 

growers over the years have facilitated the 

development of Phytophthora species in orchards, 

resulting in substantial damage and mortality rates 

ranging from 2% to 11% (Mirabolfathy et al. 1990; 

Moradi & Masoumi 2011).  

While the use of pesticides in agriculture has 

decreased due to their negative impact on the 

environment and non-target microorganisms, 

chemical control remains an effective approach for 

managing plant diseases worldwide. Phosphonates 

and their derivatives are commonly used fungicides 

for preventing diseases caused by Oomycetes in 

plants. The use of phosphonates in agriculture dates 

back to the 1930s when phosphonic acid salts were 

utilized as substitutes for phosphate fertilizers in 

Germany (Erwin & Ribeiro 1996). Fosetyl-Al, a 

phosphonate fungicide, converts into phosphorous 

acid and phosphonate salts after application, 

allowing for movement within the plant's 

symplastic and apoplastic systems (Cohen & Coffey 

1986; McGrath 2004). Phosphonates have shown 

both direct effects and the activation of defense 

mechanisms against Oomycete pathogens in lentils, 

tobacco, and papaya (Smillie et al. 1989). Studies 

have demonstrated that the concentration of 

phytoalexins, lignins, ethylene, and phenylalanine 

ammonia lyase activity increases more rapidly in 

fosetyl-Al-treated stems of susceptible tobacco 

cultivars compared to untreated stems (Nemestothy 

& Guest 1990). Trunk injection of potassium 

phosphonate into avocado trees resulted in acropetal 

translocation of phosphonic acid, detectable in the 

leaves after 24 hours, and increased its 

concentration in the trunk and roots, indicating its 

movement through the phloem. Timing and dosage 

of injection, aligned with tree phenology, can 

enhance the effectiveness of fungicides by targeting 

specific organs in need of protection (Whiley et al. 

1995). In a study conducted by Guest et al. (1994), 

different application methods of potassium 

phosphonate, including trunk injection, trunk 

paintings, and foliar spraying, were used to control 

stem canker or collar rot in avocado trees. The 

results indicated that the application of 15 grams of 

active ingredient potassium phosphonate per tree 

had the greatest efficacy in controlling the disease. 

The effectiveness of the treatment was influenced 

by factors such as tree size, disease density, and the 

timing of injection. Similarly, McMahon et al. 

(2010) reported that trunk injection of potassium 

phosphonate, at approximately 16 grams of active 

ingredient per tree, provided effective control of 

stem canker and Phytophthora pod rot caused by P. 

palmivora (E.J. Butler) E.J. Butler 1919. The long-

term use of potassium phosphonate as a trunk 

injection proved to be a valuable option for disease 

management in avocado trees (Guest et al. 1994; 

Whiley et al. 1995). Metalaxyl is a phenyl-amide 

fungicide with chemical name, methyl N-

(methoxyacetyl)-N-(2, 6-xylyl)-DL-alaninate 

which inhibits protein synthesis in fungal cells 

(Erwin & Ribeiro 1996). It can be absorbed by 

roots, stems, and leaves through various application 

methods to control Oomycete pathogens within 

plant tissues. Limited information is available 

regarding the effects of fungicides on Phytophthora 

species causing crown and root rot in pistachio 

trees. Therefore, this study aimed to investigate the 

impact of phosphite-based fungicides (potassium 

phosphonate, fosetyl-Al, phosphorous acid and 

Ridomil) on the growth of P. citrophthora, P. 

drechsleri, P. pistaciae, and P. cryptogea on culture 

media, as well as their effects on 2-year-old 

pistachio tree branches and 2-month-old pistachio 

seedlings (Sarakhs cultivar). 
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Materials and Methods 

Fungal isolates 

In this research, four isolates of Phytophthora 

spp. (P. citrophthora, P. dreschleri, P. pistaciae and 

P. cryptogea) deposited at Department of 

Technology and Production Management in 

Pistachio Research Center were used. The isolates 

were maintained in small tubes containing distilled 

sterile water and tubes containing corn meal agar 

(CMA, Merck, Germany) at 4˚C (Boesewinkel 

1976). 

 

Fungicides 

Four fungicides including fosetyl-Al, 

phosphorous acid 30%, Ridomil Gold and 

potassium phosphonate were used (Table 1). The 

considered doses were added in sterile water and 

poured into medium at 45-55 ˚C.  To prepare 

potassium phosphonate, at first, 500g phosphorous 

acid (with 99% purity) and 500g potassium 

hydroxide (with 90% purity of Bayer Company, 

Germany) dissolved in 500 ml sterile water, 

separately. Then, phosphorous acid solution was 

slowly added to potassium hydroxide solution. 

According to heat production of reactions the 

essential cautious associated with chemicals were 

done. 

Biometric in laboratory conditions 

Mycelial growth: To investigate inhibitory 

effects of fungicides on mycelial growth of 

Phytophthora species, various doses of Elite, 

potassium phosphonate, phosphorous acid and 

Ridomil Gold in 100 ml CMA was prepared and 

dispensed into five petri dishes (Table1). 

Phytophthora citrophthora, P. dreschleri, P. 

megasperma and P. cryptogea species (each species 

one strain isolated from pistachio grown areas) were 

cultivated on CMA. After seven days, discs (five 

mm in diameter) were cut from the edge of  young 

colonies and transfered to the center of petri dishes 

containing CMA amended with different doses of 

fungicides and kept in a dark at 25 ˚C for a week. 

Radial growth of different species was recorded 

using a ruler accurate to one mm. The efficacy of 

fungicides was calculated compared to control 

(without fungicide) as follow: 

 

𝐼 =  (𝐶 − 𝑅/𝐶) ×  100 

 

I:  Inhibitory percentage (%), R: radial pathogen 

growth in reaction condition, C: radial pathogen 

growth in control plate 

 

Table 1. Characteristics of fungicides and used doses in laboratory conditions. 

 Produced by Company Doses purred substance (µg/ml) Commercial name Common name of 

fungicides 

 Shandong Dacheng, China 0, 14, 28, 140, 280, 560, 1120, 2800, 3000 Elite® 80% (WDG) Fosetyl-Al 

 Merk, Germany 0, 5, 10, 20, 40, 80, 160 - Phosphorous acid (30%) 

 Syngenta, Netherland 0, 0.01, 0.05, 0.1, 1, 5, 10, 20, 40 Ridomil Gold® SL 48% Metalaxyl 

 Prepared in Pistachio 

Research Center 

0, 5, 10, 20, 40, 80, 160, 320 - Potassium phosphonate 

 

Reducing the level of Phytophthora species 

colonization on branches: First, two-year old 

branches of the Sarakhs variety with similar 

diameters were collected and transported to the 

laboratory. The branches were then sterilized using 

70% ethanol and immersed in different 

concentrations of Elite, Potassium phosphonate, 

Phosphorous acid, and Ridomil Gold, which were 

1120, 320, 80, and 40 µg/ml, respectively. This 

immersion process lasted for 3 hours, after which 

the branches were rinsed with sterile distilled water. 

Next, small incisions measuring 0.5-1 mm in depth 

and 5-10 mm in length were made on the bark of the 

branches using a sterile scalpel. An agar block 

containing a three-day-old culture of Phytophthora 

was used for inoculation. During this period, the 

longitudinal growth rate of the different 

Phytophthora species on the branches was 

measured using a ruler with millimeter accuracy. 

The inhibition rate of each species, compared to the 

control without any fungicides, was calculated to 

determine the effectiveness of the tested fungicides 
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in preventing the growth of the Phytophthora 

species on the branches as follow. 

 

𝐼 = (
𝐿1 − 𝐿2

𝐿1
) × 100 

 

I: Inhibition (%), L1: length growth with only 

pathogen inoculation, L2: length growth with 

fungicide,  

 

Biometric in greenhouse condition: Two-month-old 

pistachio seedlings of the Sarakhs variety were 

treated to different concentrations of Elite, 

potassium phosphonate, phosphorous acid, and 

Ridomil Gold as soil drench. The selected 

concentrations were 1120, 320, 80, and 40 µg/ml, 

respectively, with 200 ml of the Elite, potassium 

phosphonate, phosphorous acid, and Ridomil Gold 

solution applied to as a soil drench in four 

replications to each pot. To prepare the seedlings for 

treatment, the crown area was disinfected with ethyl 

alcohol 70% and then washed with sterile distilled 

water. For the inoculation of Phytophthora species, 

incisions measuring 1 mm in depth and 5-10 mm in 

length were made in the bark of the seedlings using 

a scalpel. Actively growing mycelium plugs were 

placed over the incisions. To maintain a suitable 

environment for growth, the inoculated area was 

covered with wet sterile cotton and sealed with 

laboratory parafilm (Parafilm, USA). In control 

treatments, seedlings were immersed in sterile 

distilled water without the presence of pathogens 

(negative control) or inoculated with Phytophthora 

species (positive control). The seedlings were then 

placed under greenhouse conditions for two weeks.  

The progress of the pathogen was measured using a 

millimeter scale ruler. Crown colonization 

inhibition was calculated as follow. 

 

𝐼 = (
𝐿1 − 𝐿2

𝐿1
) × 100 

 

C: crown colonization inhibition (%), L1: 

length growth with only pathogen inoculation, 

L2: length growth with fungicide  

 

Statistical analysis 

Collected data were analyzed in completely 

randomized design and Duncan's multiple-

range test was used for compare means at the 

5% level. Data was analyzed with the SPSS 

version 16 statistical analysis system 

 

Results 

Mycelial growth inhibition 

The results indicated that the growth of 

Phytophthora spp. was inhibited by various 

concentrations of fungicides, Elite with varying 

effectiveness (Table 2). As the concentrations of the 

fungicides increased, the inhibition of mycelial 

growth also increased. Complete inhibition (100%) 

of mycelial growth was observed at concentrations 

of 1120, 320, 80, and 40 µg/ml for Elite, potassium 

phosphonate, phosphorous acid, and Ridomil Gold 

fungicides, respectively. The highest levels of 

inhibition were 97%, 84%, 90%, and 96% for Elite, 

potassium phosphonate, phosphorous acid, and 

Ridomil Gold, respectively. Moreover, no 

inhibition of mycelial growth was observed at 

concentrations below 140, 40, 5, and 0.01µg/ml for 

Elite, potassium phosphonate, phosphorous acid, 

and Ridomil Gold fungicides, respectively. The 

sensitivity of Phytophthora species to the 

fungicides used followed the order of P. 

citrophthora, P. drechsleri, P. megasperma, and P. 

cryptogea, with decreasing sensitivity. 

Colonization of pathogen on branches 

Figure 1 present the results of study on twig 

colonization of two-year-old seedlings the Sarakhs 

cultivar treated with different concentrations of 

fungicides. The lowest inhibition rate belonged to 

potassium phosphanate at 320 μg/ml with a range of 

73 to 87% in the studied species. The highest level 

of inhibition was also observed in the concentration 

of 20 micrograms per liter of Ridomil with 100% 

inhibition.  

The effect of the two fungicides, Elite and 

phosphorous acid, on the inhibition of colonization 

in skin tissue differed significantly among the 

studied species. However, there was no significant 

difference between Elite and phosphorous acid in 

terms of their inhibition of colonization on 
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branches, despite the different doses of the two 

fungicides. Comparison of colonization on 

pistachio branches among the various species in the 

presence of the four fungicides did not reveal any 

significant differences. However, Ridomil Gold 

showed the highest efficiency, resulting in 100% 

inhibition. 

 

Table 2. Comparison of inhibition of mycelial growth of Phytophthora spp. caused by different concentration of 

fungicides.  

Fungicide dose 

g/ml) µ) 

Mycelial growth inhibition (%) 

P. citrophthora P. drechsleri P. megasperma P. cryptogea 

Elite 

140 

280 

560 

 

61.1 cA 65.2 cA 46.7 cA 43.2 cA 

79.4 bA 76.1 bA 64.6 bB 60.2 bB 

97.3 aA 95.2 aA 83.8 aB 76.7 aB 

Potassium phosphonate  

40 22.4 cA 18.4 cAB 15.7 cAB 10.1 cB 

80 46.5 bA 41.5 bB 38.2 bC 30.9 bD 

160 84.3 aA 80.0 aA 77.3 aA 72.7 aA 

Phosphorous acid             

5 24.5 cA 23.2 cA 21.1 cA 17.7 cA 

10 39.3 cA 37.5 cA 32.6 cA 30.0 cA 

20 63.8 bA 60.7 bA 53.0 bA 49.5 bA 

40 90.4 aA 85.7 aB 78.5 aC 76.3 aD 

Ridomil Gold             

0.01 6.7 dA 5.7 eA 7.5 eA 7.1 eA 

0.05 23.2 cA 17.5 dA 17.9 eA 14.3 eA 

0.1 53.6 bA 31.4 cB 28.6 cB 24.6 cB 

1 63.6 bA 46.6 bAB 39.3 cB 35.7 cB 

5 87.5 aA 85.0 aA 72.9 bB 64.3 bB 

10 93.2 aA 93.6 aA 84.3 aB 82.1 aB 

20 96.4 aA 96.1aA 94.3 aAB 91.8 aB 
Mean followed with the same letters in each row (fungicide concentrations, capital letters) and column (Phytophthora species and 

fungicides, small letters) are not significantly different according to Duncan's multiple-range test at 5% level. 

 

 Colonization level of pathogen on pistachio 

seedling crown 

Similar to the findings regarding the impact of 

fungicides on the inhibition of fungal colonization 

on pistachio branches, all the fungicides used 

exhibited varying levels of reduction in colonization 

on the crown of pistachio seedlings (as shown in 

Figure 2). Ridomil Gold demonstrated the lowest 

inhibitory effect on fungal colonization in the 

crown, with a range of variation between 83-92%. 

The inhibitory effects of the fungicides on pathogen 

colonization in the crown of pistachio seedlings by 

Phytophthora species decreased in the following 

order: Elite, phosphorous acid, potassium 

phosphonate, and Ridomil Gold. Moreover, there 

were no significant differences among the 

fungicides with a phosphite base in terms of their 

inhibition on the crown of pistachio seedlings 

against the four Phytophthora spp. Similarly, no 

significant difference was observed in the inhibition 

of colonization on the crown of pistachio seedlings 

by various fungicides when exposed to P. 

cryptogea. When comparing the various fungicides 

in terms of their inhibition on crown colonization of 

pistachio seedlings, no significant difference was 

observed among the three species, P. citrophthora, 

P. drechsleri, and P. megasperma, as well as P. 

cryptogea compared to P. megasperma. The 

maximum inhibitory effect of the fungicides on 

crown colonization was associated with P. 

cryptogea, with a variation range of 91% to 95%, 

while the minimum inhibitory effect was associated 

with P. citrophthora, with a variation range of 83% 

to 91%. 
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Figure 1. The effect of different fungicides on branch colonization caused by Phytophthora spp. on two years Sarakhs 

cultivar. Means followed by the same letter are not significantly different at p < 0.05, by Duncan's Multiple Range, Error 

bars indicates standard deviation 

 

  

Figure 2. Inhibitory effect of different fungicides on crown colonization caused by Phytophthora spp. in Sarakhs cultivar. 

Means followed by the same letter are not significantly different at p < 0.05, by Duncan's Multiple Range Test. Error bars 

indicates standard deviation. 
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Discussion 

Crown and root rot are highly detrimental 

diseases in pistachio orchards which are normally 

caused by various Phytophthora spp., and can result 

in significant economic losses. To effectively 

manage diseases and prevent the growth of 

pathogenic agents in plant tissues, it is necessary to 

understand the pathogenicity mechanisms, optimal 

concentrations of fungicides, timing of application, 

and specific plant species involved. 

The current study demonstrated that all the 

fungicides used in this study had a noteworthy 

inhibitory effect on the mycelial growth of 

Phytophthora spp. (with a significance level of p ≤ 

0.05), and their effectiveness increased as the 

dosage was increased. Among the fungicides, 

Ridomil Gold exhibited the lowest required dose for 

complete inhibition of mycelial growth, at 40µg/ml. 

Furthermore, there were no significant differences 

observed between the concentrations of 10 µg/ml 

and 20 µg/ml of Ridomil Gold in terms of their 

inhibition of mycelial growth, indicating a high 

level of toxicity of Ridomil Gold against 

Phytophthora species. Previous studies have 

reported that the required dose for 50% inhibition of 

mycelial growth with Ridomil ranges from 1-3.5 

µg/ml (Rekanović et al. 2012; Benson & Grand 

2000; Mbaka et al. 2009). 

Phosphorous acid exhibited the highest level of 

inhibition of mycelial growth compared to fosetyl-

Al and potassium phosphonate, at a concentration of 

80µg/ml. Previous studies have shown that 

phosphites, such as phosphorous acid, can 

effectively reduce Oomycete pathogens through 

both direct and indirect modes of action (Lobato et 

al. 2010). The concentrations of phosphate ion and 

phosphite in the culture media play a significant role 

in inhibiting mycelial growth of Phytophthora 

species (Griffith et al. 1989). The interaction 

between phosphite and phosphate is likely to greatly 

influence efficacy in in vitro assays. This could be 

due to phosphate that competitively inhibits the 

uptake and transport of phosphites by Phytophthora 

spp., and this interaction may vary among different 

species (Barchietto et al. 1989; Griffith et al. 1989; 

Varadarajan et al. 2002). 

In contrast, increasing the concentration of 

phosphate ion in the culture media had little to no 

effect on the antifungal activity of phosphite 

(H3PO3), while it reduced the inhibition of mycelial 

growth in the presence of fosetyl-Na. Among 

Phytophthora species, P. infestans is the only 

species known to be insensitive to phosphorous acid 

(Fenn and Coffey 1984), and fosetyl-Al has shown 

limited effectiveness in managing potato late blight 

(Schwinn 1983). However, our results indicate the 

susceptibility of Phytophthora spp., the causative 

agents of crown and root rot in pistachio, to 

phosphite-based compounds. 

Similarly, to the results obtained in in vitro 

experiments, all the fungicides demonstrated a 

reduction in fungal colonization in the tissue of 

branches and the crown of pistachio seedlings. 

Among them, Ridomil Gold exhibited the highest 

significant reduction and prevention of tissue 

colonization on branches. This suggests that 

Ridomil Gold is able to penetrate the tissue and 

inhibit the development of Phytophthora spp. 

According to Staub et al. (1978), the acropetal 

transport of Ridomil Gold after spray applications 

primarily occurs through uptake into green stem 

parts, followed by apoplastic transport. Symplastic 

transport from treated leaves contributes to a lesser 

extent. However, when Ridomil Gold was applied 

as a soil drench in experimental pots, its efficacy 

was reduced by 8-17% compared to immersing 

branches in the fungicide solution. This observation 

may indicate the apoplastic transport of Ridomil 

Gold within the plant. Fungicides with apoplastic 

transport have the ability to move through phloem 

tissue at high concentrations. Furthermore, crown 

and stem uptake, as well as acropetal transport in 

seedlings, may occur, leading to the inhibition of 

fungal colonization. 

In contrast, other fungicides based on phosphite 

applied as soil drenches were more effective in 

reducing fungal colonization compared to 

immersing branches in the fungicides. This suggests 

that phosphite-based fungicides may have both 

direct and indirect modes of action in pistachio 

seedlings. When using the immersion method, the 

fungicides directly prevent the development of 
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Phytophthora species on the branches. 

Brown et al. (2011) proposed that a late-summer 

foliar application of potassium phosphonate on the 

aboveground parts of Persian walnut trees, at a rate 

of 7 liters/ha, can potentially decrease the mortality 

rate and damage caused by P. citricola. 

Türkölmez & Derviş (2017) conducted 

greenhouse experiments and found that foliar sprays 

of fosetyl-Al and phosphorous acid, as well as soil 

drenches of metalaxyl-M, significantly reduced the 

severity of crown and root rot in apricot and cherry 

trees caused by P. palmivora. They also noted that 

symptoms development was suppressed after two or 

three foliar applications of phosphorous acid at a 

concentration of 2 g a.i./l, as observed in field 

experiments. 

Numerous studies have reported that the 

application of phosphite-based fungicides on 

various crops can exhibit a complex mode of action 

against Phytophthora species (Smillie et al. 1989; 

Grant et al. 1990). For instance, potassium 

phosphonate, fosetyl-Al, and phosphorous acid 

have been shown to have a direct mode of action 

against Phytophthora species (Fenn & Coffy 1985; 

Grant et al. 1990). These fungicides can induce 

changes in fungal metabolism at low concentrations 

without affecting fungal growth (Grant et al. 1990). 

Additionally, they can indirectly stimulate natural 

defense mechanisms within the plant (McGrath 

2004; Smillie et al. 1989). Studies have indicated 

that fosetyl-Al can be converted to potassium 

phosphonate by certain plant species (Cohen & 

Coffey 1986; McGrath 2004). 

In general, concentrations of 1120 µg/ml, 320 

µg/ml, 80 µg/ml, and 40 µg/ml of Elite, Potassium 

phosphonate, phosphorous acid, and Ridomil Gold, 

respectively, demonstrated significant inhibitory 

effects on the growth of Phytophthora species under 

laboratory and greenhouse conditions. These 

findings provide valuable insights for further 

research and investigation into the management of 

crown and root rot in pistachio trees. 

 

 

References 

Barchietto T, Saindrenan P, Bompeix G, 1989. 

Characterization of phosphonate uptake in two 

Phytophthora spp. and its inhibition by phosphate. 

Archives of Microbiology 151:54–58.  

Barchietto T, Saindrenan P, Bompeix G, 1992. 

Physiological responses of Phytophthora 

citrophthora to a sub-inhibitory concentration of 

phosphonate. Pesticide Biochemistry & Physiology 

42: 151–166.  

Benson DM, Grand LF, 2000. Incidence of Phytophthora 

root rot of Fraser fir in North Carolina and sensitivity 

of isolates of Phytophthora cinnamomi to metalaxyl. 

Plant Disease 84: 661–664. 

Boesewinkel HJ, 1976. Storage of fungal cultures in 

water. Transactions of the British Mycological 

Society 66(1): 183–185. 

Browne GT, Leslie CA, Grant JA, Bhat RG, Schmidt LS, 

et al., 2015. Resistance to species of Phytophthora 

identified among clones of Juglans microcarpa × J. 

regia. HortScience 50(8): 1136–1142. 

Cohen Y, Coffey MD, 1986. Systemic fungicides and the 

control of Oomycetes. Annual Review of 

Phytopathology 24: 311–338. 

Erwin DC, Ribeiro OK, 1996. Phytophthora Diseases 

Worldwide. APS Press, USA. 562 pp.  

Fani SR, Zamanizadeh HR, Mirabolfathy M, 2005. 

Isolation and identification of the causal agents of 

root and crown rot of pistachio trees in the Sistan and 

Baluchistan provinces. Acta Horticulture (ISHS) 726: 

647–650. 

Fani SR, Moradi M, Mirabolfathy M, 2019. A review of 

the pistachio gummosis disease. Plant Pathology 

Science 8(2): 16–30 (In Persian with English 

abstract). 

Fenn ME, Coffey MD, 1984. Studies on the in vitro and 

in vivo antifungal activity of Fosetyl-Al and 

phosphorous acid. Phytopathology 74(5): 606–611. 

Fenn ME, Coffey MD, 1985. Further evidence for the 

direct mode of action of fosetyl-Al and phosphorous 

acid. Phytopathology 75(9): 1064–1068. 

Grant BR, Dunstan RH, Griffith JM, Niere JO, Smillie 

RH, 1990. The mechanism of phosphonic 

(phosphorous) acid action in Phytophthora. 

Australasian Plant Pathology 19: 115–121. 



Moradi M, et al., Evaluation of Systemic Fungicides for…                                                                                                          31 

 J Appl Res Plant Prot 

Guest DI, Anderson RD, Ford HJ, Philips D, 1994. Long-

term control of Phytophthora disease of cocoa using 

trunk-injected phosphonate. Plant Pathology 43:479–

492.  

Griffith JM, Akins LA, Grant BR, 1989. Properties of the 

phosphate and phosphite transport systems of 

Phytophthora palmivora. Archives of Microbiology 

152: 430–436.  

Lobato MC, Olivieri FP, Daleo GR, Andreu AB, 2010. 

Antimicrobial activity of phosphites against different 

potato pathogens. Journal of Plant Diseases & 

Protection 117(3): 102–109. 

Mbaka1 JN, Wamocho LS, Turoop L, Waiganjo MM, 

2009. In vitro growth inhibition of Kenyan 

Phytophthora cinnamomi isolates by different 

fungicide formulations. Journal of Applied 

Biosciences 20: 1159 – 1165. 

McGrath MT, 2004. What are Fungicides? The plant 

health instructor. The American Phytopathological 

Society 10: 109–115.  

McMahon PJ, Purwantara A, Wahab A, Imron M, 

Lambert S, et al., 2010. Phosphonate applied by trunk 

injection controls stem canker and decreases 

Phytophthora pod rot (black pod) incidence in cocoa 

in Sulawesi. Australasian Plant Pathology 39: 170–

175. 

Mirabolfathy M, Cooke DE, Duncan JM, Williams NA, 

Ershad D, et al., 2001. Phytophthora pistaciae sp. 

nov. and P. melonis: the principal causes of pistachio 

gummosis in Iran. Mycological Research 105(10): 

1166–1175.  

Mirabolfathy M, Ershad D, Hejaroud G, 1990. 

Evaluation of several fungicides in control of crown 

and root rot of pistachio. Iranian Journal of Plant 

Pathology 26: 47–56 (In Persian with English 

abstract). 

Moradi M, Masoumi H, 2011. Pistachio crown and root 

rot. Journal of Iranian Pistachio Association 70: 28-

30. (In Persian) 

Moradi M, Masoumi H, 2013. Familiarization with 

gummosis disease or pistachio black sap. Journal of 

Iranian Pistachio Association 70: 28–30. 

Mostowfizadeh-Ghalamfarsa R, Cooke DEL, 

Banihashemi Z, 2008. Phytophthora parsiana sp. 

nov., a new high-temperature tolerant species. 

Mycological Research 112(7): 783–794.  

Nemestothy GS, Guest DI, 1990. Phytoalexin 

accumulation, phenylalanine ammonia lyase activity 

and ethylene biosynthesis in fosetyl-Al treated 

resistant and susceptible tobacco cultivars infected 

with Phytophthora nicotianae var. nicotianae. 

Physiological & Molecular Plant Pathology 37: 207–

219.  

Rekanović E, Potočnik I, Milijašević-Marčić S, 

Stepanović M, Todorović B, et al., 2012. Toxicity of 

metalaxyl, azoxystrobin, dimethomorph, cymoxanil, 

zoxamide and mancozeb to Phytophthora infestans 

isolates from Serbia. Journal of Environmental 

Science & Health, Part B 47(5): 403–409.  

Smillie R, Grant BR, Guest D, 1989. The mode of action 

of phosphite: evidence for both direct and indirect 

modes of action on three Phytophthora spp. in plants. 

Phytopathology 79: 921–926. 

Staub TH, Dahmen H, Schwinn FJ, 1978. Biological 

characterization of uptake and translocation of 

fungicidal acylalanines in grape and tomato plants. 

Journal of Plant Diseases & Protection 85: 162–168. 

Türkölmez Ş, Derviş S, 2017. Activity of metalaxyl-m+ 

mancozeb, fosetyl-al, and phosphorous acid against 

Phytophthora crown and root rot of apricot and 

cherry caused by Phytophthora palmivora. Plant 

Protection Science 53(4): 216–225.   

Varadarajan DK, Karthikeyan AS, Matilda PD, 

Raghothama KG, 2002. Phosphite, an analog of 

phosphate, suppresses the coordinated expression of 

genes under phosphate starvation. Plant Physiology 

129(3): 1232–1240. 

Whiley AW, Hargreaves PA, Pegg KG, Doogan VJ, 

Ruddle LJ, et al., 1995. Changing sink strengths 

influence translocation of phosphonate in Avocado 

(Persea americana Mill.) trees. Australian Journal of 

Agricultural Research 46: 1079–1990.  

 

  



         پزشکی های کاربردی در گیاهپژوهش

 

 

 (1404) 32-23(: 1) 14پزشکی های کاربردی در گیاهپژوهش

  مقاله پژوهشی
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 چکیده

 یابيارز یاست. برا (يا انگومک به گموز )معروف شهيو ر طوقه یدگیپوس یماریدارد، به شدت حساس به ب رانيدر ازيادی  یاقتصاد تیپسته که اهم

  لیتالاکسم م،ی، فسفونات پتاس)Elit®( ومینیآلوم وزتیلاز ف یمختلف یهاغلظت ،مخرب یماریب نيدر کنترل ا کیستمیس یهاکشقارچ یاثربخش

) Gold ®Ridomil( از جمله  ،گموزبیمارگرهای اصلی عامل در برابر  کيفسفر دیو اسPhytophthora citrophthora ،P. dreschleri ،P. 

pistaciae  وP. cryptogea ایدر شرايط درون شیشه (in vitro) و در محل (in situ) ظتغل شينشان دادند که با افزا هاافتهيشدند.  شيآزما 

 تر،یلیلیدر م کروگرمیم 40و  80، 320، 1120 یهادر غلظتيابد. می به میزان قابل توجهی کاهشبیمارگر رشد  زانی، ممحیط کشتها در کشقارچ

های مورد استفاده، باعث کشتمامی قارچرا به طور کامل مهار کردند.  بیمارگر، رشد ريدومیلو  کيفسفر دیاس م،ی، فسفونات پتاسالیت ب،یبه ترت

میکروگرم در میلی لیتر و ريدومیل با  320درصد به ترتیب برای فسفونات با غلظت  100و  73ها شدند که از کاهش میزان کلونیزاسیون سرشاخه

 اسید اِلیت، ترتیب به قارچ کلونیزاسیون کاهش در هاقارچکش توانايی پسته، هاینهال طوقه زنیمايه درمیکروگرم در میلی لیتر متغیر بود.  20غلظت 

 از بازدارندگی در آماری نظر از تفاوتی فسفیتی بنیان با هاکشقارچ بین که است ذکر قابل نکته اين. يافت کاهش ريدومیل و فسفانات فسفورس،

 شهيطوقه و ر یدگیپوس تيريدر مورد مد شتریب یبررس یرا برا یارزشمنداطلاعات ها  افتهي ني. انگرديد مشاهده پسته هاینهال طوقه کلونیزاسیون

 دهد.یدر درختان پسته ارائه م

 ، مهار شیمیايیلیمتالاکساسید فسفونیک، فوزتیل آلومینیوم، فیتوفتورا،  کلمات کلیدی:

 


