
 

Journal of Sustainable  

Plant Protection and Biomics 

 مجلة استدامة وقاية النبات والانظمة الاحيائية 
تصدر عن قسم وقاية النبات علمية محكمة مجلة   

    علوم الهندسة الزراعية ، جامعة بغداد كلية

 

 
JSPPB 2026, 1:17-25 https://doi.org/10.xxx/xxxxx 

Article 

Eco-friendly control of fusarium root rot disease infecting cu-

cumber in Iraq 

Alaa K. Hassan1*, Aqeel A. Al-Luhaiby2 and Sawsan Al-Mayahi3 

1 Plant Protection Department, College of Agricultural Engineering Sciences, University of Baghdad, Bagh-

dad, Iraq; alaa.khuder@coagri.uobaghdad.edu.iq  
2 The Directorate of Agriculture, Ministry of Agriculture, Baghdad, Iraq; aqelasad6@gmail.com  
3  The Directorate of Plant Protection, Ministry of Agriculture, Baghdad, Iraq; sawsan.hussein1104@coagri.uo-

baghdad.edu.iq  

* Correspondence: alaa.khuder@coagri.uobaghdad.edu.iq  

Abstract 

The activity of chemical compounds to induce systemic resistance against fusarium root 

rot disease was assessed in cucumber plants. Ascorbic acid and Beltanol fungicide treat-

ments inhibited fungal growth up to 100% on PDA medium at concentration of 1000 mg/L. 

and 2000 mg / L, respectively. Potassium phosphate, coumaric acid and ascorbic acid com-

bination treatment decreased disease incidence and severity up to 0.00 and 0.00%, respec-

tively. compared to control treatment which scored 83.33 and 81.33%, respectively. 

Straight. In addition, it caused an increase. The wet and dry weight of the plant was sig-

nificant compared to the other treatments. All factors tested could induce systemic re-

sistance through increasing total phenol content, 15 days of the pathogen treatment. 

Ascorbic + K2HPO4 + cumaric + F. solani combination treatment scored the highest phenol 

content after 15 days, scoring 1.367 mg / g, compared to the control treatment (pathogenic 

fungus alone), which was 1.200 mg / g. This combination could increase total protein con-

tent in plants to 22.33% compared to the 15.00% in control treatment. Data obtained sug-

gests the combination ascorbic + K2HPO4 + cumaric is highly effective against fusarium 

root rot disease infecting cucumber in Iraqi environment. 
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 المكافحة الصديقة للبيئة لمرض تعفن الجذور الفيوزاريومي الذي يصيب الخيار في العراق 

 3وسوسن المياحي 2و عقيل اللهيبي 1الاء خضير حسان
 بغداد  -الهيأة العامة لوقاية المزروعات  3دائرة زراعة بغداد، وزراة الزراعة ،  2جامعة بغداد ،  –قسم وقاية النبات  1

 المستخلص 

الكيميائية في تحفيز المقاومة الجهازية ضد مرض تعفن الجذور الناجم عن فطر الفيوزاريوم  المركبات  تم تقييم فعالية بعض 

Fusarium  ( "في نباتات الخيار. أدت المعاملة بحمض الأسكوربيك ومبيد الفطريات "بيلتانولBeltanol  إلى تثبيط النمو )

ملغ/لتر على التوالي. كما   2000ملغ/لتر و  1000" الغذائي عند تركيزي  PDA% على وسط "100الفطري بنسبة تصل إلى  

الإصابة   نسبة  إلى خفض  الأسكوربيك  وحمض  الكوماريك  البوتاسيوم وحمض  فوسفات  من  المكونة  المشتركة  المعاملة  أدت 

% على 81.33و  %83.33% على التوالي، مقارنة بمعاملة المقارنة التي سجلت  0.00% و0.00بالمرض وشدته لتصل إلى  

التوالي. وبالإضافة إلى ذلك، تسببت هذه المعاملة في زيادة معنوية في الوزن الرطب والجاف للنبات مقارنة بالمعاملات الأخرى. 
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يوماً    15وقد أظهرت جميع العوامل المختبرة قدرة على تحفيز المقاومة الجهازية من خلال زيادة المحتوى الكلي للفينولات بعد  

+ حمض الكوماريك + فطر   K2HPO4من المعاملة بالعامل الممرض؛ حيث سجلت المعاملة المشتركة )حمض الأسكوربيك +  

F. solani  ملغ/غرام، مقارنة بمعاملة المقارنة )الفطر الممرض   1.367يوماً، إذ بلغت    15( أعلى محتوى من الفينولات بعد

الكلي للبروتين في النباتات إلى    1.200وحده( التي سجلت   ملغ/غرام. كما ساهمت هذه المعاملة المشتركة في رفع المحتوى 

وتشير البيانات المستخلصة إلى أن الخليط المكون من حمض الأسكوربيك % في معاملة المقارنة.  15.00% مقارنة بـ  22.33

وحمض الكوماريك يتمتع بفعالية عالية في مكافحة مرض تعفن الجذور الناجم عن الفيوزاريوم والذي يصيب الخيار    K2HPO4و

 . في البيئة العراقية

 

1. Introduction 

Cucumber, Cucumis sativus L. is one of the major vegetable crops in Iraq as it is grown 

both in open and protected cultures (1). Based on the latest statistics, the Iraqi growing 

area and fruit production of cucumber scored 84155 dunums and 185484 tonnes, respec-

tively (2). Several diseases infect cucumber plants, including those caused by soil-borne 

fungi (3). The fungus Fusarium solani is a soil born pathogen impacting a wide range of 

hosts causing severe losses (4). This pathogen can destroy the plant root system and di-

minish the foliar system (5). Due to the significant damage caused by the extensive use of 

chemical pesticides to human health and the ecosystem, recent efforts have been directed 

toward developing eco-friendly pesticide alternatives to manage plant diseases (6 , 7), in-

cluding those used to induce disease resistance in plants (8). In Iraq, chemicals were used 

to induce resistance against fungal pathogens, including potassium phosphate (K2HPO4) 

(9), coumaric acid (10) and ascorbic acids (11). This study therefore aimed to assess the 

efficacy of some resistance-inducing agents against F. solani infection and their growth-

promoting effects on cucumber plants. 

  

2. Materials and Methods 

2.1. Isolation, identification and pathogenicity of F. solani 

A local isolate of the pathogenic fungus F. solani (acc. No. MN857748), previously 

described, was used. The pathogenic fungus inoculum was prepared using local millet 

Panicum miliaceum seeds method described by Dewan and Sivasithamparam (12). F. solani 

pathogenicity was confirmed on cucumber plants grown in pots.   

 

2.2. The activity of K2HPO4 and organic compounds against the pathogenic fungus 

growth on PDA medium 

The poisoned food technique was performed to test the inhibitory activity of K2HPO4, 

cumaric acid, and ascorbic acid. Concentrations (400, 600, 800 and 1000) mg/L. of each 

compound were prepared, passed through a 0.45 µm Millipore filter using vacuum filtra-

tion, mixed well in PDA medium before solidification, and added to 9 mL disposable 

plates. Beltanol (Probelte, Spain) (containing 50%Chinosol active ingredient) was tested 

as described above. Beltanol concentrations (500, 1000, 1500 and 2000) mg/L were pre-

pared based on the active ingredient concentration. Four plates of each treatment and con-

trol were inoculated in the middle with 0.5 ml discs sliced from the edge of F. solani culture 

at 5th day of growth stage and incubated at 25 (±2) °C. Inhibition percent was calculated 

as follows:      

Inhibition%= 
 𝑚𝑒𝑎𝑛 𝑜𝑓 𝑟𝑎𝑑𝑖𝑎𝑙 𝑔𝑟𝑜𝑤𝑡ℎ 𝑖𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝑚𝑒𝑎𝑛 𝑜𝑓 𝑟𝑎𝑑𝑖𝑎𝑙 𝑔𝑟𝑜𝑤𝑡ℎ 𝑖𝑛 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡

𝑚𝑒𝑎𝑛 𝑜𝑓 𝑟𝑎𝑑𝑖𝑎𝑙 𝑔𝑟𝑜𝑤𝑡ℎ 𝑖𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
    X 100 
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2.3. Efficacy assessment of K2HPO4 and organic compounds to induce systemic re-

sistance and promote growth of cucumber plants against the pathogenic fungus   

This experiment was performed in a greenhouse at the Abu-Ghraib Research Station, 

Ministry of Agriculture. A mixture of sandy soil and peatmoss (2:1) was prepared, auto-

claved, and added to plastic pots at a rate of 3 Kg per pot. Cucumber seeds were surface-

sterilized with sodium hypochlorite for 2 min, washed for 2 min with sterile distilled wa-

ter, and sown at 5 seeds per pot. Soil in pots was contaminated with pathogenic fungal 

inoculum (grown on millet) at 30 g/pot 15 days before sowing. Millet-free fungus was 

added to pots as a control treatment. Treatments used as follows:  

1. Control 

2. F. solani 

3. Cumaric acid 

4. K2HPO4 

5. Ascorbic acid 

6. Cumaric + F. solani 

7. F. solani + K2HPO4 

8. Ascorbic + F. solani 

9. Cumaric + K2HPO4 + F. solani 

10. Cumaric + K2HPO4 

11. Cumaric + Ascorbic + F. solani 

12. Cumaric + Ascorbic 

13. Ascorbic + K2HPO4 + F. solani 

14. Ascorbic + K2HPO4 

15. Ascorbic + K2HPO4 + Cumaric + F. solani 

16. Ascorbic + K2HPO4 + Cumaric 

17. Beltanol + F. solani 

All treatments were added at sowing. K2HPO4 and Coumaric acid were added to the 

soil at a rate of 50 ml/pot and a concentration of 800 mg/L. Ascorbic acid was added at a 

rate of 50 ml/pot and a concentration of 1000 mg/L. Beltanol was added at 1 ml/L and 50 

ml per pot, respectively. 

Half of each concentration was used in combination treatments. The experiment was 

designed based on a completely randomized design (CRD) using 17 treatments in 3 repli-

cates. Data were analyzed using least significant difference (LSD) at a probability level 

(0.05%). Data were recorded 4 days of pathogen inoculation based on wilt symptoms, up 

to 45 days. Seedling mortality percent was calculated using the equation as follows: 

Seedling mortality% = 
𝑁𝑜.  𝑜𝑓 𝑑𝑒𝑎𝑑 𝑝𝑙𝑎𝑛𝑡𝑠

𝑇𝑜𝑡𝑎𝑙 𝑝𝑙𝑎𝑛𝑡 𝑁𝑜.
    X100 

Plants were collected 60 days of planting and disease severity was assessed the fol-

lowing disease index described by Alwan (13):  

0= Healthy plants 

1= 1- 25 of root is rotten 

2= more than 25-50% of root is rotten 

3= more than 50-75% of root is rotten 

4= more than 75-100% of root is rotten or plant death 

Disease severity percent was calculated based on McKinney (14) as follows:  

 

Disease severity%=  
( 𝑝𝑙𝑎𝑛𝑡 𝑜𝑓 0 𝑠𝑐𝑎𝑙𝑒×0)+ …………+( 𝑝𝑙𝑎𝑛𝑡 𝑜𝑓 4 𝑠𝑐𝑎𝑙𝑒×4 

𝑡𝑜𝑡𝑎𝑙 𝑝𝑙𝑎𝑛𝑡𝑠 × 4
 X 100 

 

Whole plant was collected, washed to remove soil debris and fresh weight was esti-

mated. For dry weight estimation, plants were placed in paper bags and dried at 40 °C up 
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to weight stabilization. Biochemical properties related to systemic induced resistance 

were measured. Total phenol and protein contents were estimated 15 and 30 days of path-

ogen inoculation, respectively. 

3. Results 

3.1. Antifungal activity of K2HPO4, ascorbic and cumaric acids against F. solani on PDA 

medium 

K2HPO4 treatment could inhibit the fungal growth on PDA at all concentration scor-

ing 83.70-100% compared to 0% inhibition in K2HPO4 free control (Table 1). Both ascorbic 

and cumaric acids showed inhibitory effects against the pathogenic fungus growth, varied 

based on concentration used (Fig. 1). Cumaric acid scored 100% highest growth inhibition 

at concentrations 800 and 1000 mg/L. Whereas, ascorbic acid scored 100% growth inhibi-

tion at 1000 mg/L.  

Table 1. Antifungal activity of K2HPO4 against F. solani on PDA. 

Concentration (mg/L.)  Fungal radial growth rate Concentration (mg/L.)  

0 9.00 0.00 

400 1.46 83.70 

600 0.00 100.00 

800 0.00 100.00 

1000 0.00 100.00 

L.S.D 0.05 0.59 6.66 

1 Each value represents an average of 3 replicates. 

 

 

Figure 1. The inhibitory activity of organic compounds tested against F. solani growth on PDA me-

dium. Each value represents an average of 3 replicates. L.S.D0.05 of cumaric acid inhibition=4.89, 

L.S.D0.05 of ascorbic acid inhibition= 4.97 . 

3.2. Toxic activity of Beltanol pesticide against F. solani on PDA medium 

Beltanol inhibited pathogenic fungal growth at all concentrations tested, achieving 

100% inhibition at 2000 mg/L (Table 2).  

3.3. The activity of bio- and chemical inducers against F. solani on cucumber plants 

under greenhouse conditions 

Among the treatments, the combination ascorbic + K2HPO4 + cumaric acid scored 0.00 

and 0.00% for disease incidence and severity, respectively (Table 3). Similarly, cucumber 

plants treated with this combination scored 11.600, 11.700, and 4.033, 3.967 g/plant, the 

highest fresh and dry weight rates, with or without fungus treatment, respectively (Fig. 

2).  
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Cucumber plants treated with the combination ascorbic + K2HPO4+ cumaric scored 

22.33 mg/g maximum protein content compared to other treatments (Fig. 2). Similarly, the 

combination ascorbic + K2HPO4 + cumaric scored 1.367 mg/gm maximum phenol content 

15 days of treatment (Fig. 4). 

 

Table 2. Antifungal activity of Beltanol against F. solani. 

Concentration (mg/L) Fungal radial growth rate (cm) Concentration (mg/L) 

0 9.00 0.00 

500 7.06 21.48 

1000 4.50 50.00 

1500 1.13 87.40 

2000 0.00 100.00 

L.S.D 0.05 0.44 6.92 

1 Each value represents an average of 3 replicates. 

 

Table 3. Activity of bio- and chemical compounds against disease incidence and severity percent of 

F. solani under greenhouse conditions. 

Treatments Incidence% % Severity 

Control 0.00 0.00 

F.solani 83.33 81.33 

Cumaric acid 0.00 0.00 

K2HPO4 0.00 0.00 

Ascorbic acid 0.00 0.00 

Cumaric + F. solani 16.67 14.67 

K2HPO4 + F. solani 6.67 2.67 

Ascorbic + F. solani 23.33 21.33 

Cumaric + K2HPO4 + F. solani 3.33 1.33 

Cumaric + K2HPO4 0.00 0.00 

Cumaric + Ascorbic + F. solani 6.67 4.00 

Cumaric + Ascorbic 0.00 0.00 

Ascorbic + K2HPO4 + F. solani 3.33 1.33 

Ascorbic + K2HPO4 0.00 0.00 

Cumaric + Ascorbic + K2HPO4 + F. solani 0.00 0.00 

Cumaric +Ascorbic + K2HPO4 0.00 0.00 

Beltanol + F.solani 43.44 36.67 

L.S.D0.05 6.57 5.69 

1 Each value represents an average of 3 replicates. 

 

4. Discussion 

Data from this study showed that the use of K2HPO4, cumaric acid, and ascorbic acid 

can provide an efficient control method against F. solani. A combination of these materials 

can offer an eco-friendly pesticide alternative for root rot disease management and en-

hance plant growth as well.  

K2HPO4 can damage fungal hyphae and spores, directly preventing their spread (15). 

Due to its inhibitory activity, this chemical was used effectively to control many fungal 

pathogens, including F. solani, F. oxysporum f.sp. melonis, Rhizoctonia solani and Sclerotinia 

rolfsii (9, 16, 17). The antimicrobial activity of K2HPO4 may be related to its role in control-

ling cellular osmotic pressure and carbohydrate accumulation, resulting in reduced 
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fungal infections and increased plant resistance to fungal pathogens (18). Hence, K2HPO4 

could decrease disease incidence and severity of many fungal pathogens including F. ox-

ysporum, F. solani and R. solani, in addition to increase plant growth parameters as well 

(17, 19).  

 

 

Figure 2. Effectiveness of bio- and chemical compounds on fresh and dry weights, total protein and 

phenol contents of cucumber plants grown in pots. Each number represents the average of three 

replicates. 

Similarly, organic compounds were used successfully to inhibit R. solani growth in-

fecting beans in Iraq (10). The inhibitory activity of cumaric acid may be related to in-

creased concentration, which increased phenolic compounds. These compounds inhab-

ited fungal growth through damaging cell membranes or modifying protein synthesis 

through binding the active sites of fungal enzymes (20, 21). Ascorbic acid may have a 

direct inhibitory activity against pathogen growth metabolites, resulting in growth sup-

pression and death (22). Many studies have reported that these compounds have antimi-

crobial activity against many plant pathogens (9, 10, 11, 22). 

Cumaric acid activity against disease incidence and severity may be involved in its 

role to induce systemic resistance in plant. This activity is resulting in the accumulation 

of pathogenicity related proteins at the infection site, including B-1, 3-glucanase and chi-

tinase degrading the fungus cell walls, and peroxidases, ascorbate oxidase, polyphenol 

oxidase and phytoallexines (23). Besides, cumaric acid may decrease the soil pH around 

the rhizosphere and improve the nutrient supply, as the pH of Iraqi soil is higher than 7 

(24). Ascorbic acid activity against pathogens could be through decrease the action of ox-

idation, harmful to cell metabolisms, resulted from the pathogen activity (11, 16). Hence, 

ascorbic acid could increase resistance against pests and enhance plant growth by increas-

ing the antioxidant activity of enzymes, including peroxidase and catalase, and inducing 

chitinase and glucanase related to induced resistance (22). Additionally, ascorbic acid can 

enhance plant growth through increasing root efficiency in nutrient uptake and photo-

synthesis (25). It also increases nitrogen and chlorophyll concentration in leaves, contrib-

utes chlorophyll synthesis and components and acts as a chlorophyll antioxidant (26). The 

increase in the plant fresh and dry weights in plants treated with ascorbic acid may be 

related to it acted as a growth regulator homologous (27, 28), in addition to its role to 

decrease heat stress and improve photosynthesis (11, 29, 30). 

In this study, the high fungicidal activity of Beltanol against F. solani may be related 

to its active ingredient, Chinosol, which binds heavy elements and forms complex com-

pounds that the pathogen cannot easily absorb. Besides, Chinosol comprises chelating 

compounds with copper in the host tissues, enabling these compounds to pass and be 
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released through the pathogen cells, resulting in the death of the pathogen (31). Beltanol 

inhibited the growth of F. solani causing root rot and wilt disease on soybean, pepper and 

Madagascar periwinkle Catharanthus roseus on PDA medium up to 100% at concentra-

tion 2000 mg/L (9, 32, 33). Phenols can inhibit enzymes produced by pathogens prior plant 

infection, including cellulases, pectinases, laccase and xylanase. Besides, they inhibit oxi-

dative phosphorylation in the fungus and restrict it from element, protein and antioxidant 

uptake (34, 35, 36). The accumulation of phenol produced by cells in infected plants en-

hances plant defense mechanisms against fungal bacterial and viral pathogens (37).  

5. Conclusions 

The current study suggests that the biochemical combinations can offer an effective, 

eco-friendly control method against Fusarium root rot disease. They can be used alone or 

combined with bio-fertilizers to enrich poor soils and promote the growth of beneficial 

micro-organisms in agricultural ecosystems. 
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