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Abstract: Grape trunk diseases are critical problems for grapes from the time 

of planting to the harvest stage. Grapes are susceptible to 29 fungal diseases due 

to their perennial woody trunk, so identifying and managing them is crucial. 

Among the methods of controlling these diseases, feeding with mineral 

fertilizers to reduce leaf symptoms resulting from the toxic secretions of fungi 

living in the woody part of the tree is of great importance. To manage these 

diseases, a mixture of fertilizers including calcium chloride CaCl2, 466 g, 

magnesium nitrate Mg(NO3)2, 403 g, seaweed extract (75 ml) and sterile 

distilled water 466 ml per liter of foliar spraying on the selected treatments in 

Sohrabi’s garden were used once every 20 days. Guaiacol peroxidase, catalase 

and leaf area index were measured in Sohrabi’s garden during 2017 and 2018 

and were compared with the control. In the treatments sprayed with the 

fertilizers, the average amount of guaiacol peroxidase enzyme was 12.72 µl 

compared to the control (10.6 µl) and the average amount of catalase enzyme 

was 83.68 µl compared to the control (31.85 µl). The average size of the leaf 

area in the foliar treatments in Sohrabi’s garden was 11564 mm2, compared to 

the control that was 4959 mm2. The severity of the disease in the sprayed 

treatments (19.95 %) was lower than the control (56.6 %). These results are due 

to the increase in the leaf surface, which increases the amount of photosynthesis, 

and the increase in guaiacol peroxidase and catalase, which reduce the oxidative 

stress resulting from fungal secretions, which resulted in decreasing symptoms 

in foliar treatments. 
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Introduction12 

 

Grapevine trunk diseases (GTD) are currently 

considered one of the most important 

destructive challenges for grape growing, 

affecting the cuttings propagation to cultivation 
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in the field and harvesting stages (Whiting, 

2001; Bertsch et al., 2013). These destructive 

diseases have increased significantly in recent 

decades in all grape-producing countries 

(Baránek et al., 2018). Climatic changes are an 

additional pressure on grape cultivation. The 
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stresses caused by these changes make the vines 

susceptible to GTD. Therefore, finding 

agricultural solutions and technologies that are 

economically and environmentally sustainable 

is an urgent need (Reis et al., 2019). At least 

133 fungal species are associated with GTD 

worldwide involving four major trunk diseases: 

GTD, Esca, Eutypa dieback and Phomopsis 

dieback (Gramaje et al., 2018). Disease 

symptoms on infected grapevines can be 

variable. However, wood necrosis, brown 

streaking or cankers, discoloration, drying and 

stunting of foliage and dead 

spurs/cordons/vines are reported as the main 

GTD symptoms (Fontaine et al., 2016). 

Management of GTD is complicated and varies 

between geographical regions. Furthermore, 

scientific information on controlling GTD is 

limited and usually focuses on disease 

prevention and mitigation (Úrbez-Torres, 

2011). With the prohibition of poisons for 

chemical control of this disease, such as sodium 

arsenite, prevention, including treatment of 

wounds, is the most effective management 

strategy in controlling GTD (Creaser and 

Wicks, 2004; Sosnowski et al., 2011b). 

However, these preventive measures and 

wound treatments can be costly (Kühn et al., 

2017). As a result, recently it has been a priority 

for grape growers, processing industries and 

researchers to evaluate new active compounds 

and cultivation practices that can effectively 

reduce the contamination caused by GTD-

causing pathogens (Úrbez-Torres, 2011). 

Integrated management strategies such as 

physical, chemical, biological, and nutritional 

that cause pruning care and wound coverage 

can enhance plant vigor and overall tree health 

and allow economically viable production in 

infected trees (Halleen and Fourie, 2016). A 

positive relationship exists between the 

expression of foliar symptoms and reduced 

quality and yield in diseased trees (Pacetti et al., 

2021). The lack of quantitative and qualitative 

reduction in production in vines without leaf 

symptoms compared to healthy vines has led 

researchers to conduct studies to understand the 

mechanisms that reduce the expression of leaf 

symptoms and to try to improve the ability of 

infected plants to reduce the expression of 

symptoms (Guerin-Dubrana et al., 2013). Foliar 

application of some fertilizers effectively 

reduces the incidence and severity of foliar 

symptoms in GTD. In particular, a study tested 

the effect of foliar application with different 

nutrients to reduce symptoms in diseased trees. 

They evaluated quality parameters in branches 

without symptoms and vines with symptoms, 

which recorded higher calcium content in grape 

leaves without symptoms (Calzarano et al., 

2009). These results led to further studies 

including the foliar application of a mixture of 

calcium, magnesium and seaweed during the 

growing season until the grape cluster is 

complete. The application of these minerals as 

fertilizers significantly reduced the symptoms 

of foliar disease. This reduction is probably due 

to the positive performance of each of these 

fertilizers in reducing the harmful effects of the 

substances secreted by the fungi living in the 

trunk of the grapevine that have been 

transferred to the leaves (Calzarano et al., 2014, 

2018). The role of calcium, magnesium, and 

sodium has recently been investigated as 

different possible interaction mechanisms 

between these fertilizers and symptom 

reduction. These investigations were done by 

applying a mixture of fertilizers on diseased 

trees that were naturally asymptomatic and 

grapevines with disease symptoms. As a result, 

the trees with symptoms also became 

asymptomatic due to using fertilizers 

(Calzarano et al., 2021). The above results and 

the need to further investigate the nature of the 

mechanisms involved in the expression of foliar 

spraying symptoms and the effect of different 

mineral elements in the form of fertilizers on 

the occurrence of symptoms in the leaves and 

fruits of grapes infected with this disease 

encouraged us that in a study in 2017 and 2018, 

the effect calcium chloride and magnesium 

nitrate fertilizers and seaweed extract as a 

mixture should be checked on diseased vines 

without symptoms and with symptoms. In this 

research, we investigated the effect of using 

different mineral fertilizers in the form of foliar 
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spraying during the grape growing season from 

BBCH 13 to BBCH 81 (Lorenz et al., 1995) on 

the size of the leaf surface index and the amount 

of two enzymes, catalase and guaiacol 

peroxidase. The reason for choosing these three 

criteria was that increasing the green area and 

reducing symptoms will increase 

photosynthesis. As a result, the grape yield will 

increase quantitatively and qualitatively. By 

participating in the antioxidant defense system 

and the detoxification cycle, the two mentioned 

enzymes can destroy the chloroplasts' hydrogen 

peroxide (H2O2) produced and help the plant 

remove and reduce the symptoms.  

 

Materials and Methods 

 

Disease survey and sampling  

During the spring and summer of 2017-2018, 

grapevine trunk diseases were investigated 

regarding the area under cultivation and the 

disease prevalence in northeast Iran, including 

North Khorasan provinces. Sampling was 

conducted from three vineyards in Badranlo, 

Qarjeh, Timurtash and Shirvan counties, the 

provinces' representative regions. Samples 

were collected from grapevines showing 

disease symptoms including yellowing, 

reduced growth, wilting and wood discoloration 

in cross-section. The predominant grape variety 

cultivated in these regions is Kolhadari which 

showed the highest percentage of GTD 

infection compared to other cultivated varieties. 

In addition to the symptoms of the disease that 

can be seen in the vines, the trunks infected with 

the disease are very brittle and slack due to the 

destruction of the inner wood, especially in the 

case of Esca disease. In each vineyard where 

sampling was done, the selected trees were 

marked to be clear for sampling in the next year, 

as well as other required operations such as 

foliar spraying. The collected samples were 

placed in separate plastic bags. Upon labeling 

the date, collection region, and the grape 

variety's name, they were transferred to the 

laboratory Neishabur Skills National 

University College of Agriculture for further 

studies and isolation of fungal agents. 

Disease severity  
Field studies were conducted in mid-September, 

just before the grape harvest (BBCH 89) (Lorenz 

et al. 1995), when some grapevines showed the 

highest leaf infection. Disease severity on leaves 

(as part of the grape crown) was recorded on a 

disease scoring scale from 0 to 5, where 0 = leaf 

without symptoms, 1 = 1-10%, 2 = 11-30%, 3 = 

31-50%. 4 = 70-51%, 5 = 71-100%. The 

percentage of disease severity was calculated 

from the McKinney index: ΣN × 100 / (Y × Z), 

where ΣN = total severity in each plant, Y = the 

number of grapes that were examined, Z = 5, 

which is the maximum score on the disease 

evaluation scale (Mc Kinney, 1923). 

 

Fertilizing 
A mixture containing 466 g of calcium chloride 

(CaCl2), 403 g of magnesium nitrate Mg(NO3)2, 

75 ml of seaweed extract, and 466 ml of distilled 

H2O per liter (4 L/ha) was prepared. A 600 L of 

water per hectare mixtuer was used for foliar 

spraying with an electric atomizer in Sohrabi’s 

garden. Foliar spraying in five selected times, 

from the stage of "open three leaves" (BBCH 13) 

to the stage of completion of grapes (BBCH 81) 

according to the plan of Lorenz (Lorenz et al. 

1995), from early May to mid-August, at 

intervals of 20 Fasting was done (Calzarano et 

al., 2014). 

 

leaf area index 

Grid paper was used to measure the surface of 

the leaf. For this purpose, the leaf was first 

dried on the herbarium press and then placed 

on graph paper. Its surface was measured in 

mm2, and then the total surface of the leaves of 

each treatment was averaged (Caldas et al., 

1992). In the grid counting method, the leaf is 

first removed from the plant and placed on the 

grid paper, the leaf lines are made using a 

pencil on the grid paper, and finally, the leaf's 

surface is measured by counting the grids 

covered by the leaf. 

 

Treatments 

Based on the symptoms of leaves in Sohrabi’s 

garden, the treatments were selected and 
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divided into four groups: healthy, 

asymptomatic disease, symptomatic disease 

and control. In collecting leaves for each 

treatment, three trees were randomly selected in 

garden, and nine leaves from each tree, 

including three leaves from the middle part, 

three leaves from the right side and three leaves 

from the left side of the tree, were selected and 

separated from the petiole by a scalpel. Then, 

each part's area of three leaves was calculated 

and considered one sample. In this way, three 

leaf samples were prepared in each tree (an 

average of three leaves in each part), and 9 leaf 

samples were prepared for each treatment. 

 

Catalase activity assay  
Catalase activity assay was evaluated based on 

changes in hydrogen peroxide concentration at 

a wavelength of 240 nm. In this method, the 

catalase present in the plant extract reduces the 

absorption of this substance at the wavelength 

of 240 nm by breaking down the hydrogen 

peroxide present in this extract, and the activity 

of the enzyme was measured from the 

difference in absorption at the wavelength of 

240 nm in the patient and control samples. The 

optical density (OD) of both cuvettes 158 was 

read using a spectrophotometer (Beers and 

Sizer, 1952; Aebi, 1984).  

 

guaiacol peroxidase activity assay  

To determine the amount of guaiacol peroxidase 

activity, the reaction mixture (2 ml) was 

prepared using 1 ml of 100 mM phosphate buffer 

(pH = 7), 250 µl of 0.1 mM EDTA, 1 ml of 5 

mM guaiacol, 1 ml of 15 mM hydrogen 

peroxide, and 50 µl of the solution. The extracted 

enzyme was used. The reaction was started by 

adding the enzyme solution and the OD was 

measured at 470 nm for a minute. Enzyme 

activity was obtained based on the tetraguaiacol 

formed (Chance and Maehly,1955).  

 

Statistical analysis  

In this research, due to the same geographical 

conditions of both gardens and the sampling 

type, a completely random design (CRD) was 

used. SPSS software (version 24, 2017) and LSD 

test were used for statistical analysis of leaf 

surface, pathogenicity test and enzyme data. 

 

Results  

 

vineyard survey, sampling, and disease 

symptoms 

In this study, leaf disease symptoms observed 

in vineyards were classified into two primary 

groups. The first group included leaves 

exhibiting chlorosis and interveinal necrosis, 

commonly referred to as "tiger skin 

symptoms" (Fig. 1A, B, C). The second group 

was characterized by a general decline in the 

health of vines. Symptoms in this group 

typically began as burning from the tips and 

edges of the leaves, gradually progressing 

inward until the entire leaf was affected and 

ultimately died (Fig. 1D, E). 

 

Effect of foliar fertilizers on disease severity 

Applying foliar fertilizers over two consecutive 

years significantly reduced both the occurrence 

and severity of leaf symptoms in grapevines. In 

2017, diseased vines treated with foliar spraying 

showed an average disease severity of 24.4%, 

compared to 57.7% in untreated control vines. 

Similarly, in 2018, disease severity dropped to 

15.5% in treated vines, while control vines 

exhibited a severity of 55.5%. This marked 

reduction in symptoms during the second year 

was attributed to the continuous application of 

foliar fertilizers, which supplied the necessary 

minerals to the diseased vines. 

 

Effect of foliar fertilizers on leaf area 

Leaf area measurements were conducted in 

Sohrabi's vineyard (Table 1). Foliar spraying 

with a complete fertilizer mixture had a 

significant impact on the leaf area index (F = 

77.88; df t,e = 3, 32; p < 0.0001). No significant 

difference was observed between the healthy and 

asymptomatic treatments, but both had a 

substantially greater leaf area index compared to 

the symptomatic and control treatments. 

Notably, the symptomatic treatments also 

exhibited a significantly higher leaf area index 

compared to the control. 
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Figure 1 A- initial Esca symptoms on leaves; B- Typical Esca symptoms on leaves; C- tiger skin symptoms in 

vineyard; D- General decline symptoms on leaves; E- General decline damage in vineyard. 

 

Foliar spraying and its effect on catalase and 

guaiacol peroxidase 

Variance analysis results (Table 2) demonstrated 

significant differences at the 1% level due to 

sampling time, fertilizer application, and 

grapevine treatments. Additionally, the 

interaction between time and treatments showed 

significant effects. In five sampling periods, foliar 

spraying treatments were compared in terms of 

catalase and guaiacol peroxidase enzyme levels 

(Fig. 2). The study further explored the impact of 

the sampling time relative to foliar spraying (zero 

time, 48 hours post-spraying, and 72 hours post-

spraying) on catalase activity. 

Mean comparisons revealed that both 

catalase and guaiacol peroxidase levels 

increased over time following foliar spraying, 

with the highest concentrations observed 72 

hours post-application (Fig. 3). This indicates 

that foliar spraying enhances the activity of these 

enzymes, contributing to improved plant defense 

mechanisms. 
 

Discussion 

 

Some vines affected by grape trunk diseases 

(GTD) exhibit variable disease symptoms across 

different years, making them indistinguishable 

from healthy plants at times. The complete or 

partial disappearance of foliage symptoms in 

certain diseased vines indicates that other 

physiological or environmental factors may 

contribute to the expression of these symptoms. In 

years when symptoms are absent, diseased trees 

demonstrate yields-both quantitative and 

qualitative- that are comparable to those of 

healthy plants (Calzarano and Di Marco, 2007, 

2008; Bertsch et al., 2013). Leaf area plays a 

critical role in various physiological studies 

related to plant growth, photosynthetic efficiency, 

evapotranspiration, and responses to fertilizers 

and irrigation. Therefore, both the health status 

and leaf area significantly influence overall 

growth and production (Blanco and Folegatti, 

2005). It has been established that toxic 

metabolites produced by GTD fungi within 

infected grape tissues can be transported to the 

crown via sap flow. This transport contributes to 

foliar symptoms associated with grape trunk 

diseases (Sparapano et al., 1998; Mugnai et al., 

1999; Surico, 2009). The predominant hypothesis 

regarding symptom development involves 

phytotoxic substances generated by these 

pathogens being moved into the leaves through 
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the host’s vascular system (Sparapano et al., 

1998; Evidente et al., 2000). The entry of these 

phytotoxic substances secreted by fungi residing 

in woody tissues into leaf tissue acts as a stress 

factor for plants. These toxic metabolites can 

trigger plant responses such as necrotic lesions on 

leaves-a hypersensitivity reaction characterized 

by the formation of antimicrobial compounds 

including enzymes and stilbene derivatives. 

(Heath, 2000). Typically observed is an increase 

in foliage symptoms during specific 

developmental stages of grapes-from flowering 

through cluster formation until harvest time 

(Calzarano et al., 2016), which includes distinct 

chlorosis-necrosis patterns between leaf veins 

known as “tiger skin” in Esca-infected plants 

(Mugnai et al., 1999). Stress-induced oxidative 

reactions lead to free radical production within 

plant cells-comprising superoxide anions (O2-) 

hydroxyl radicals (OH), hydrogen peroxide 

(H2O2), among others-which can damage 

carbohydrates, fats and nucleic acids structures 

damaging cellular integrity further exacerbated 

under stress conditions caused excessive reactive 

oxygen species production relative antioxidant 

capacity leads oxidative stress (Bian and Jiang, 

2009; Sharma et al., 2012). Since there are no 

pathogens present on foliage specifically involved 

in this disease it becomes evident that only those 

toxic secretions from pathogens induce stress 

response subsequent metabolic activity generates 

symptomatic damage revealed tissue impact. To 

mitigate against environmental stresses plants 

utilize various enzymatic non-enzymatic 

antioxidant systems control excess reactive 

oxygen species levels resulting from such 

conditions (Mittler, 2002). Non-enzymatic 

defense comprises low-molecular-weight 

antioxidants beta-carotene ascorbic acid reduced 

glutathione while enzymatic counterparts include 

superoxide dismutase catalase guaiacol 

peroxidases glutathione reductase respectively. 

While non-stressed scenarios maintain 

equilibrium between ROS generation scavenging 

capacity antioxidant defenses any tipping point 

triggers oxidative distress thus necessitating 

robust antioxidative mechanisms (Yang et al., 

2017). Key enzymes like guaiacol peroxidases 

dismutase play frontline roles combating ROS yet 

their resultant product hydrogen peroxide remains 

potentially harmful requiring removal facilitated 

catalases recycling pathways involving catalase 

or guaiacol peroxidase ascorbate, ascorbate 

glutathione cycle (Asada, 1992; Laspina et al., 

2005). A significant management strategy lies 

supplying essential mineral elements throughout 

growing seasons aiming preemptively address 

tension prevent onset oxidative demands 

(Sparapano et al., 1998; Mugnai et al., 1999; 

Surico, 2009). Calcium depletion in diseased 

grape leaves with symptoms were treated with 

NPK fertilizer mixed with calcium chloride. 

Therefore, unlike what was observed in untreated 

grapes, the level of symptoms in these grapes was 

reduced and the reduction in symptoms in 

diseased grapes sprayed with NPK fertilizers 

mixed with calcium chloride could be due to the 

reduction in the metabolic activity of the toxic 

secretions of the fungi as a result of this foliar 

spray. Similar results were observed in the present 

study in garden where nitrogen fertilizer or fresh 

animal manure was used at the beginning of the 

season. The reduction of calcium content can 

weaken the role of calcium in reducing the 

intensity of the plant's oxidative response and the 

activity of superoxide dismutase, guaiacol 

peroxidase, catalase and ascorbate guaiacol 

peroxidase increased (Lecourieux et al., 2006; 

Lima et al., 2012). 
 

Table 1 Mean leaf area index of grapvine in foliar 

treatments (Healthy, asymptomatic, and 

symptomatic) sprayed with complete fertilizer and 

control in 2017 and 2018. 
 

Year Treatments Mean leaf area (mm2) 

2017 Healthy 13326a 

Asymptomatic 12766a 

Symptomatic 8358b 

Control 4866b 

2018 Healthy 13589a 

Asymptomatic 12868a 

Symptomatic 8476b 

Control 5053c 

Means followed by the same letters are not significantly different 
(LSD test, P < 0.05).
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Table 2 Mean squares (MS) of different periods of foliar spraying on catalase and guaiacol peroxidase activity of 

grapevine in foliar-sprayed and control treatments in 2017 and 2018. 
 

Period SOV df MS. Cat F MS. Gua F 

First period Treatment (Tr)   3 0.1067   7.674** 8.2463 0.895ns 

 Time (T)   2 0.0630   4.532* 0.0004 4.055* 

 Tr × T   6 0.0399   2.870* 0.0002 2.349ns 

 Error 24 0.0139  9.2083  

Second period Treatment (Tr)   3 0.0821   7.334** 5.8074 0.734ns 

 Time (T)   2 0.0691   6.171** 0.0005 6.046** 

 Tr × T   6 0.0429   3.831** 8.4518 1.068ns 

 Error 24 0.0112  7.9083  

Third period Treatment (Tr)   3 0.2745 16.55** 0.0004 5.050** 

 Time (T)   2 0.1298   7.828** 0.0007 8.901** 

 Tr × T   6 0.1151   6.944 0.0003 3.582* 

 Error 24 0.0165  8.2361  

Fourth period Treatment (Tr)   3 0.2675 17.121** 960.02 4.680* 

Time (T)   2 0.1225   7.838** 1135.1 5.534* 

 Tr × T   6 0.1182   7.568** 610.43 2.976* 

 Error 24 0.0156  205.12  

Fifth period Treatment (Tr)   3 0.2772 16.65** 4.7055 0.570ns 

 Time (T)   2 0.1363   8.188** 0.0004 4.952* 

 Tr × T   6 0.1135   6.814** 0.0001 1.610ns 

 Error 24 0.0166  8.2611  
Cat: Catalase, Gua. Guiacol guaiacol peroxidase, **Significant at P < 0.01, *Significant at P < 0.05, ns: Non-significant. 

 

 
 

 
 

Figure 2 Comparison of the average levels of catalase and guaiacol peroxidase activity of grapevine in sprayed 

and control fertilizer treatments separately in five different periods (early May to mid-August). 
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Figure 3 The effect of sampling time on catalase and guaiacol peroxidase activity of grapevine (zero, 48 and 72 

hours after foliar fertilizer spraying). 

 

Magnesium deficiency causes symptoms of 

interveinal chlorosis in leaves, which are similar 

to those that lead to tiger skin in Esca-infected 

grapes (Shaul, 2002; Marschner, 2012). In 

addition, magnesium can play a role in the 

detoxification of phytotoxins, as shown in 

Eutypa dieback, where eutypine is converted to 

the non-toxic compound eutypineol via Mn2+ 

and Mg2+ (Colrat et al., 1999). Application of 

fertilizers in the form of foliar spraying in each 

period (once every 20 days) increased the 

amount of catalase and guaiacol peroxidase 

regularly. These results are consistent with 

previous findings (Colrat et al., 1999; Mittler, 

2002; Calzarano et al., 2017a,b; Yang et al., 

2017). In the present study we applied complete 

fertilizers incorporating CaCl2 and Mg(NO3)2 

occurred five designated intervals spanning 

phenological stages open three-leaf (BBCH 13) 

until full fruiting (BBCH 81) sequentially 

administered every twenty days commencing 

(Lorenz et al. 1995), from early May to mid-

August (Calzarano et al., 2014). The amount of 

catalase in the second period was not 

significantly different in the asymptomatic 

treatment from the healthy treatment, but the 

healthy treatment and the asymptomatic 

treatment were significantly different from the 

symptomatic treatment, while the symptomatic 

treatment also had a significant difference from 

the control. In the third period, the expected 

result was seen, the symptomatic treatment did 

not have a significant difference from the 

asymptomatic treatment. This result means that 

foliar spraying with fertilizers has been able to 

increase the catalase level in the symptomatic 

treatment and reduce symptoms. These effects 

increase the final product in this treatment to the 

same extent as the asymptomatic treatment. 

However, the symptomatic treatment had a 

significant difference from the control, and this 

difference was constantly increasing in different 

periods. The effect of foliar spraying on the 

guaiacol peroxidase activity was also increasing 
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in all periods, but in the third period, the amount 

of this increase in the symptomatic treatment 

was equal to the healthy treatment, which is a 

very interesting and noteworthy result because 

the healthy trees had green leaves and no 

symptoms. In the fourth period, in the 

symptomatic treatment the enzyme activity 

increased and were significantly higher from the 

control, and this difference was much greater 

than in the first period. In the fifth period, in all 

treatments, the enzyme activity decreased 

compared to the fourth period, which is due to 

the movement of minerals from the leaves to the 

fruits. This indicates that the application of 

ferilizer in disease treatments, especially in the 

symptomatic treatment, has been able to increase 

the amount of catalase and guaiacol peroxidase, 

thereby increasing the plant's response to 

oxidative responses and reducing the number of 

symptoms. Comparing the average results for 

both enzymes showed that after the fourth period 

of foliar spraying (80 days after the first foliar 

spraying), the highest catalase and guaiacol 

peroxidase activity was observed. Foliar 

spraying in successive periods compensates for 

the lack of these effective mineral elements in 

chlorophyll and leaf parenchyma and prevents 

symptoms. The lowest value was observed in the 

first period for control grapes. Collection of 

leaves from foliar treatments was done at three 

different times, including leaf collection 

immediately before foliar application as time 

zero, 48 and 72 hours after foliar application. 

Comparison of the data obtained from spraying 

solution in each period and with the passage of 

time showed that after spraying the catalase and 

guaiacol peroxidase activities increased. So that 

72 hours after spraying showed the highest 

increase compared to the previous times. 

Subsequently analyzing expressions related each 

component activity collected samples revealing 

synergistic trends catalytic exertions distinctly 

elevated following initial post-treatment 

respective intervals ensuring adequate 

compensation elemental deficiencies manifested 

during transitional phases evolving maturation 

climactic changes (Lecourieux et al., 2006; 

Calzarano et al., 2018, 2021). 

Conclusion 
In summary, our study highlights the complex 

relationship between grape trunk diseases (GTD), 

environmental factors, and plant physiological 

responses. The variable expression of symptoms 

in diseased vines highlights the need for a 

nuanced understanding of GTD dynamics and 

their impact on vine health and productivity. Our 

findings suggest that management strategies 

incorporating mineral supplementation- such as 

calcium and magnesium- can significantly 

mitigate disease symptoms while enhancing leaf 

area and overall vine vigor. These results align 

with previous research, reinforcing the critical 

need for effective nutrient management as part of 

integrated disease management practices in 

viticulture. Future research should continue to 

explore these relationships further, examining 

additional factors influencing grapevine 

resilience to trunk diseases. Ultimately, adopting 

proactive nutritional strategies will be essential 

for sustainable viticulture practices aimed at 

safeguarding vineyard health against evolving 

challenges posed by grapevine pathogens. 
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 تنه انگور یهایماریبر ب یپاشمحلول یکاربرد کودها ریثأت
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 .رانیا ،یسار ،یسار یعیطب
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تنه انگور از زمان کاشت تا مرحله  یهایماریبده: یچک

داشتن  لیدلانگور بهانگور است.  یاتیبرداشت از مشکلات ح

است،  یقارچ یماریب 29ساله، مستعد ابتلا به چند یتنه چوب

ازجمله مهم است.  اریها بسآن تیریو مد ییشناسا نیبنابرا

 یبرا یمعدن یبا کودها هیها، تغذیماریب نیکنترل ا یهاروش

ساکن در قسمت  یهاقارچ یاز ترشحات سم   یکاهش علائم برگ ناش

کنترل  یبرخوردار است. برا ییبالا تیدرخت از اهم یچوب

، 2CaCl میکلسدیکلر یحاو یاز کودها یها، مخلوطیماریب نیا

گرم، عصاره جلبک  3Mg(NO ،403(2 میزیمن تراتیگرم، ن 466

 تریلیلیم 466 لیتر( و آب مقطر استریلیلیم 75) ییایدر

 یسهراب باغدر  یانتخاب یمارهایت یرو ،یپاشمحلول تریدر ل

 داز،یمورد استفاده قرار گرفت. پراکس بارکیروز  20هر 

و  1396 یهاسال یط یکاتالاز و شاخص سطح برگ در باغ سهراب

 یمارهایشدند. در ت سهیو با شاهد مقا یریگاندازه 1397

 72/12 دازیپراکس میآنز نیانگیشده با کودها، م یسمپاش

 نیانگی( و متریکرولیم 6/10نسبت به شاهد ) تریکرولیم

 85/31نسبت به شاهد ) تریکرولیم 68/83کاتالاز  میآنز

 یمارهای( بود. متوسط اندازه سطح برگ در تتریکرولیم

با شاهد  سهیدر مقا 11564 یباغ سهراب شده در یپاشمحلول

 یاسپر یمارهایدر ت یماری. شدت ببودمربع  متریلیم (4959)

درصد( بود.  6/56)تر از گروه شاهد درصد( کم 95/19شده )

 شیسطح برگ است که باعث افزا شیافزا لیدلبه جینتا نیا

و کاتالاز که  دازیپراکس شیشود و افزایفتوسنتز م زانیم

دهد که یاز ترشح قارچ را کاهش م یناش ویداتیاسترس اکس

 شود.یم یپاشمحلول یمارهایدر ت علائممنجر به کاهش 

 

استرس  ،یمعدن یکاهش انگور، کودها: یدیکل واژگان
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