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AbstractAbstractAbstractAbstract    
    
Root rot and wilt diseases are among the most pressing obstacles to the production of rose flowers in 

Egypt. Isolation results showed that these diseases are mainly caused by seven soil-borne fungi. However, 
Fusarium roseum, Verticillium dahlia, and Rhizoctonia solani were the most pathogenic fungi against Rosa 

gallica and R. chinensis compared to other isolated fungi. The present study aimed to investigate the potential 

of some bio- and synthetic fertilizers, including seaweed extract, Rhizobacterin, NPK, and potassium silicate, 
as well as the chemical fungicide vitavax 200, to control root rot and wilt and improve growth and flowering 
traits of both R. gallica and R. chinensis. Under in vitro conditions, the highest linear growth inhibition of 

pathogenic fungi was achieved by seaweed extract followed by potassium silicate, at 400 ppm each. In addition, 
vitavax 200 at 400 ppm completely inhibited the linear growth of these fungi. The results also showed that all 
treatments applied in vivo significantly reduced the incidence of diseases on rose plants in both seasons, leading 

to an improvement in all growth and flowering parameters and an increase in the content of photosynthetic 
pigments, total carbohydrates, nitrogen, phosphorus, and potassium. In this regard, seaweed extract (4 and 2 
g/L) and potassium silicate (4 g/L) were the most efficient, while Rhizobacterin (2 g/L) and NPK (2 g/plant) 
were the least effective. However, vitavax 200 was the most effective of all the treatments used. In conclusion, 
the results proved the possibility of increasing the tolerance of R. gallica and R. chinensis against root rot and 

wilt, while improving growth and flowering characteristics by using some bio- and synthetic fertilizers. 
    
Keywords:Keywords:Keywords:Keywords: bio and synthetic fertilizers; seaweed extract; Rhizobacterin; potassium silicate; root rot and 

wilt; Rosa gallica; R. chinensis 
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IntroductionIntroductionIntroductionIntroduction    
 
Rose (Rosa spp.) is a major commercial cut flower that is widely cultivated in different countries of the 

world (Gudin, 2000). Among all cut flowers, rose is the most popular because of its beauty, fragrance variety, 
and long blooming season. It is commonly known as the queen of flowers because of its majestic fragrance, 
wonderful colors, attractive shapes, and various sizes (Sumangala et al., 2019). Botanically, the rose is a woody 

perennial plant that belongs to the Rosaceae family with over 100 species and thousands of cultivated varieties 
(Horn, 1992; Kim et al., 2004). Rose is the most important ornamental crop worldwide, being the highest 

produced worldwide among the 10 commercial cut flowers (Synge, 1971). Its importance is due to its many 
uses in ornamental (floral decoration), as cut flowers, and in the medicinal and cosmetic industries (Amita et 

al., 2021). Rosa gallica L. or Gallic rose, French rose, or Provins rose, is the most widely used Rosa spp. for 

cosmetic, medicinal, and culinary purposes (Pires et al., 2018). It is one of the first rose to be cultivated in central 

Europe, and is the parent of several important cultivars. Rosa gallica L. is a low shrub with broad runners and 

above-ground reed-like shoots, which are erect and branched, reaching 0.5 to 1 m in height (Gahukar, 2003). 
Rosa chinensis Jacq. or China rose, Chinese rose, or Bengal rose, is a perennial shrub up to 2 m high, native to 

southwestern China, widely used outdoors and indoors to improve the aesthetic value of landscapes and has 
important economic and nutritional values worldwide (Yan et al., 2016).  

Rose plants are susceptible to many fungal diseases during their vegetative and flowering stages of 
growth, including powdery mildew, black spot, rust, stem canker, downy mildew, and gray mold (Whitaker et 

al., 2007; Williamson et al., 2007; Gastelum et al., 2014; Farr and Rossman, 2016; Sinha, 2017; Romero et al., 

2018). However, root rot and wilt are the most damaging diseases of rose worldwide (Hammett, 1971; 
Kageyama et al., 2002; Li et al., 2007; Armanious, 2016). Such diseases are a major limitation to crop 

production worldwide, causing poor crop performance, lower yield, and higher production costs (Panth et al., 

2020; Ahmed et al., 2021). Soil-borne pathogenic fungi, including Fusarium spp., Rhizoctonia spp., Verticillium 

spp., Sclerotinia spp., Phytophthora spp., and Pythium spp. can cause a yield loss of 50 to 75% for many crops 

such as cotton, maize, wheat, vegetables, fruits, and ornamentals (Mihajlovic et al., 2017; Baysal-Gurel and 

Kabir, 2018). Rose diseases are generally managed with heavy applications of fungicides. But in recent years, 
the use of fungicides has been associated with very serious problems such as the development of fungicide 
resistance in pathogenic fungi, the evolution of new strains of the pathogen, environmental risks and the 
deterioration of soil health (Apte and Kamble, 2008; Christopher et al., 2010).  

Seaweeds are among the most abundant sources of several bioactive compounds and have been widely 
used in agriculture as plant biostimulants and as inducers of plant defense against many pathogens (Shukla et 

al., 2019; Leandro et al., 2020). Seaweeds (or macroalgae) are multicellular marine algae that are an essential 

part of marine coastal ecosystems. Extracts derived from seaweeds contain a large number of bioactive 
compounds, including pigments, polysaccharides, phenolic compounds, proteins, peptides, phytohormones, 
and micro- and macronutrients (Khan et al., 2009; El Boukhari et al., 2020). This complex chemical 

composition could explain the multiple biological functions of these extracts. The potential of several seaweeds 
to reduce the progression of plant diseases and promote plant growth have been extensively reported. In this 
regard, De Borba et al., 2019 found that foliar application of seaweed extract on bean plants significantly 

reduced the colonization of epicotyl xylem vessels by F. oxysporum. Similarly, Rekanovic et al., 2010 reveal that 

seaweed extract was effective in controlling Verticillium wilt of pepper. Also, Esserti et al., 2017 reported that 

foliar spraying with a brown seaweed extract was more effective against V. dahliae in tomato plants. In a similar 

vein, Ara et al., 1996 concluded that soil amendment with dry powder of seaweeds (Sargassum tenerrimum, S. 

wightii, and S. swartzii) significantly reduced the progression of M. phaseolina and F. solani, the causative agents 

of sunflower root rot. 
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The foliar application of organic and inorganic materials on plants is an effective approach and has 
become an alternative technique in agriculture used to stimulate growth and mitigate the adverse impact of 
abiotic and biotic stresses (Gomaa et al., 2021; Taha et al., 2021; Ahmad et al., 2023; Alhammad et al., 2023; 

Ali et al., 2023; Qureshi et al., 2023; Seleiman et al., 2023). Potassium silicate (K2SiO3) is used as a plant 

stimulant and a good source of potassium (K) and highly soluble silicon (Si) (Rodrigues et al., 2009). Several 

reports have indicated the efficiency of potassium silicate in controlling fungal diseases. Among these reports, 
Ahmed et al., 2023 who found that the application of potassium silicate at a rate of 4 g/L was the most effective 

in decreasing the incidence of roselle root rot and wilt caused by M. phaseolina, F. solani, and F. oxysporum. 

Similarly, Whan et al. (2016) found that spraying cotton with potassium silicate was effective against wilt 

disease caused by F. oxysporum f. sp. vasinfectum. Also, Chérif et al. (1994) reported that cucumber treated with 

potassium silicate significantly decreased the incidence of root rot caused by Pythium spp. The antifungal 

activity of potassium silicate probably results from the combined effect of both potassium and silicon. Silicon 
increases the activity of defense-related enzymes and antimicrobial compounds, such as phytoalexins, 
pathogenicity-related proteins, and phenols. Si also regulates resistance in host plants through signaling 
hormones, such as jasmonic acid, salicylic acid, and ethylene (Wang et al., 2017). As for potassium, it improves 

the health and vitality of the plant, which reduces the possibility of infection and also helps in quick recovery 
(Perrenoud, 1993). 

Balanced mineral nutrition using macronutrients, including nitrogen (N), phosphorus (P), and 
potassium (K) is significant in imparting disease resistance and healthy growth for plant (Datnoff et al., 2007; 

Gupta et al., 2017). These mineral elements can affect plant health either directly by activating enzymes 

involved in the synthesis of defense metabolites (phenols, phytoalexins, glucosinolates, callose, and lignin,) or 
indirectly by altering microbial populations and activity, composition of root exudates, and modulating pH in 
the rhizosphere (Datnoff et al., 2007). Several studies have shown that various NPK-based fertilizers have a 

significant positive effect on growth, flowering, active components, and quality in different varieties of rose. 
These hypotheses have been documented on both Rosa sp. (Sumangala et al., 2019), R. hybria cv. ‘Gladiator’ 

(Patel et al., 2017), R. damascene (Ali et al., 2021), rose var. local (Kularathne et al., 2021), and Floribunda rose 

cv. Charishma (Parinitha et al., 2022). Biofertilizers are an environmentally sustainable and inexpensive 

alternative to synthetic fertilizers (Zheng et al., 2011; Kawalekar, 2013). Biofertilizers are products containing 

live microorganisms or their natural compounds that regulate soil bio-properties, improve plant growth, restore 
soil fertility, and reduce plant diseases (Abdel-Raouf et al., 2012; Mahanty et al., 2017). Extensive reports have 

showed the potential of biofertilizers to provide nutrients to grown plants and thus enhance crop yield (Sevilla-
Perea and Mingorance, 2015; Mukhtar et al., 2017). Most commercial products of rhizobacteria act as bio-

inoculants for plant disease resistance (Hermosa et al., 2012). For example, Ahmed et al. (2023) found that the 

mixture of Mycorrhizeen and Microbein was the most effective in reducing root rot and wilt diseases of roselle, 
followed by Mycorrhizeen, each at 10 g/kg seeds.  

The aims of this study were to: (1) Evaluate the inhibitory activity of seaweed extract, potassium silicate, 
and vitavax 200 against linear growth of rose root rot and wilt fungi, (2) Impact of bio- and synthetic fertilizers 
as foliar spraying and soil addition, on reducing root rot and wilt of R. gallica and R. chinensis, and (3) Efficiency 

of these controlling agents in improving the growth and flower yield characteristics of the two rose species. 
 

 
Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
Plant material, treatments, and experimental layout 

The current study was conducted in the greenhouse and open field in the nursery of the Horticulture 
Research Institute, ARC, Egypt, and Plant Pathology Laboratory, Sids Agricultural Research Station, Beni-
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Suef, Egypt during the 2021 and 2022 growing seasons. Experiments were performed to evaluate the potential 
of some bio- and synthetic fertilizers to increase the tolerance of two species of rose, including Rosa gallica L. 

and R. chinensis Jacq. to infection with root rot and wilt fungi, in addition to their effect on growth, flowering, 

and chemical composition of plants. The treatments included two biofertilizers (i.e., Rhizobacterin 
(Azotobacter chroococcum; 1010 cfu/g) and seaweed extract (macroalgae; Cystoseira myrica, Padina boergesenii, 

and S. cinereum)), two chemical fertilizers (i.e., NPK (Kristallon; 20:20:20 + microelements) and potassium 

silicate), and the chemical fungicide vitavax 200 75% WP (37.5% carboxin (5,6-dihydro-2 methyl-1,4-oxathin-
3-carboxanilide) + 37.5% Thiram (tetramethyl thiuram disulfide)). Rose cuttings of R. gallica and R. chinensis 

were provided by the Horticulture Research Institute, ARC. Cuttings were planted on February, 1st of each 
season in plastic pots with a diameter of 25 cm filled with an equal mixture of sand, clay, and peat moss sterilized 
with 5% formalin solution. The soil was covered with plastic sheet for 15 days and then aerated for another 15 
days with stirring to eliminate bacteria or fungi in the soil. Physicochemical properties of the sand, clay and 
peat moss used in this study were analysed according to Olsen and Sommers (1982), as shown in (Tables 1 and 
2). One month after planting (on March,1st), the plants received the following treatments: 

T1: Adding NPK to the soil at a rate of 2 g/plant. 
T2: Adding NPK to the soil at a rate of 4 g/plant. 
T3: Adding Rhizobacterin solution to the soil at a rate of 2 g/L. 
T4: Adding Rhizobacterin solution to the soil at a rate of 4 g/L. 
T5: Foliar spraying with seaweed extract at a rate of 2 g/L. 
T6: Foliar spraying with seaweed extract at a rate of 4 g/L. 
T7: Foliar spraying with potassium silicate solution at a rate of 2 g/L. 
T8: Foliar spraying with potassium silicate solution at a rate of 4 g/L. 
T9: Adding vitavax 200 solution to the soil at a rate of 3 g/L.  
T10: No fertilization, indicating control. 
The previous treatments were applied monthly until the end of the experiment in October of each 

growing season. Experiments were arranged in a randomized complete block design (RCBD) with three 
replicates, each containing five plants (one cutting/pot). Irrigation and other agricultural practices were 
performed as recommended by the Ministry of Agriculture and Land Reclamation, Egypt. 

 
Table 1.Table 1.Table 1.Table 1. Physicochemical properties of sand and clay used in pot experiments during the 2021 and 2022 
growing seasons 

SoilSoilSoilSoil    
TypeTypeTypeType    

Particle Size Distribution %Particle Size Distribution %Particle Size Distribution %Particle Size Distribution %    

S.P.S.P.S.P.S.P.    
E.C.E.C.E.C.E.C.    

(dS/m)(dS/m)(dS/m)(dS/m)    
pHpHpHpH    

Cations (meq/L)Cations (meq/L)Cations (meq/L)Cations (meq/L)    Anions (meq/L)Anions (meq/L)Anions (meq/L)Anions (meq/L)    

CoarseCoarseCoarseCoarse    
ssssandandandand    

Fine Fine Fine Fine 
ssssandandandand    

SiltSiltSiltSilt    ClayClayClayClay    Ca++Ca++Ca++Ca++    Mg++Mg++Mg++Mg++    Na+Na+Na+Na+    K+K+K+K+    HCOHCOHCOHCO3333----    ClClClCl----    SOSOSOSO4444--------    

Sand 84.21 6.28 1.51 7.47 21.89 3.76 7.80 15.64 8.13 7.22 1.72 3.18 16.90 12.63 

Clay 7.80 22.56 29.30 35.70 52.28 2.32 8.00 13.33 2.61 15.97 1.69 6.50 17.70 9.40 

Physicochemical analysis of sand and clay was carried out in the Laboratory of Soil and Water Analysis, Faculty of 
Agriculture, Fayoum University, Egypt.     

 
Table 2.Table 2.Table 2.Table 2. Physicochemical properties of peat moss used in pot experiments during the 2021 and 2022 
growing seasons 

ComponentComponentComponentComponent    ValueValueValueValue    ComponentComponentComponentComponent    ValueValueValueValue    

Organic matter (%) 90-95 N (%) 1.09 

Ash (%) 5-10 P (%) 0.23 

Density (vol. dry) 80-90 K (%) 1.77 

pH value 3.4 Fe (ppm) 421 

Water relation capacity (%) 60-75 Mn (ppm) 72 

Salinity (g/L) 0.30 Zn (ppm) 41 
Physicochemical analysis of peat moss was carried out in the Laboratory of Soil and Water Analysis, Faculty of 
Agriculture, Fayoum University, Egypt 
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Sampling, isolation, and identification of rose root rot and wilt fungi  

Rosa gallica and R. chinensis naturally infected with root rot and wilt were collected from many nurseries 

in Beni-Suef and Giza governorates, Egypt, during the season of 2021. Plant samples were taken separately to 
the laboratory for diagnosis and isolate pathogenic fungi as per the method mentioned by Sahi and Khalid, 
2007. Samples were washed, rinsed in sterile distilled water, disinfected in 5% Clorox solution, and then cut 
into small fragments. Small parts were transferred to 9 cm Petri dishes containing sterile PDA media 
supplemented with chloramphenicol (0.19 g/L), and then dishes were incubated for 7 days at 25 ± 2 °C. The 
resulting fungi were purified by the technique of hyphal tip or single spore isolation as reported by Booth, 1977. 
The identification was made according to Reid et al. (1965), Barnett and Hunter (1986), and Leslie and 

Summerell (2006) and then confirmed by the Department of Plant Pathology, Faculty of Agriculture, Beni-
Suef University, Egypt. Pure isolates were sub-cultured on fresh PDA, kept on PDA slants, and refrigerated at 
5 °C as stock cultures for further studies. Fungal frequency was assessed according to the following formula;  

Frequency % = [(No. of each isolated fungus colonies/ Total no. of all isolates) ×  100] 

    

Pathogenicity, pathogenic inoculum preparation, and soil infestation  

A pathogenicity test was carried out under greenhouse conditions to find out the potential of isolated 
fungi in causing root rot or wilt diseases in two rose species. Fungal inocula of Fusarium moniliform, F. roseum, 

F. semitectum, F. solani, Macrophomina phaseolina, Rhizoctonia solani, and Verticillium dahliae were prepared 

separately on sterile maize-meal-sand medium in 500 mL flasks. Flasks were inoculated separately with 5 discs 
(10 mm in diameter), taken from a 3-day-old culture and then incubated for 15 days at 25 ± 2 °C. An equal 
mixture of sand, clay, and peat moss was sterilized with a 5% formalin solution for 15 min, then covered with 
polyethylene for a week to retain gas and then left for 2 weeks to get rid of residual traces of formaldehyde 
(Whitehead, 1957). The prepared inocula were added individually to the soil at a rate of 3% and mixed well 7 
days before planting. Infested soil was packed in formalin-sterilized pots (25 cm in diameter) and watered 
regularly three times 7 days before planting. Rose cuttings were disinfected in 2% sodium hypochlorite solution, 
washed with sterile water, dried between two sterile layers, and planted at the rate of one cutting per pot. Five 
pots were used as replicates. Pots containing un-infested soil were used as control. The diseases incidence was 
measured three times every 15 days, starting from 60 days after planting and surviving plants were calculated. 
Re-isolation from artificially diseased cuttings was done. Developing colonies were sub-cultured on fresh PDA 
and identification confirmed with the original isolates to fulfil Koch's postulations. 

    

Disease management 

In vitro experiments 

The inhibitory effect of seaweed extract, potassium silicate, and vitavax 200 on the linear growth of F. 

roseum, R. solani, and V. dahlia, was tested using the food poisoning technique described by Adjou et al. (2012). 

Different weights of 5, 10, 20, 40 mg of each tested material were added separately to PDA medium (100 mL) 
before solidification (at 45 °C) in flasks, then shaken well to obtain 50, 100, 200, and 400 ppm, respectively. 
Streptomycin (0.2%) was added to the medium to prevent bacterial contamination. The medium poured into 
sterile Petri dishes (9 cm in diameter) at a rate of 25 mL/plate and left to solidify. The plates were inoculated 
individually in the center with equal discs (5 mm in diameter) taken from each fungal culture (7 days old). 
Plates inoculated with fungi without treatment were kept as a control. Each treatment included 5 replicate 
plates. All plates were incubated at 27 °C until the tested fungi reached full growth in the control. Linear growth 
was measured by averaging the two dimensions of the fungal colony. The inhibition in linear growth was 
assessed using the formula proposed by Pinto et al. (2009); 

Inhibition in linear growth % = [(dc − dt/dc) ×  100] 

where, dc = linear growth (LG) in the control and dt = LG in the treatment. 
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In vivo experiments 

Two successive trials were conducted during the 2021 and 2022 growing seasons to evaluate the 
potential of some bio- and synthetic fertilizers to reduce root rot and wilt of rose, consequently improving 
growth traits. The soil infested with the pathogenic inoculum was packed in formalin-sterilized pots as 
mentioned in the pathogenicity test. Cuttings were disinfected in 2% sodium hypochlorite solution and 
planted on February, 1st at a rate of one cutting/pot. The pots were transferred under open field conditions in 
the nursery of the Horticultural Research Institute, ARC, Egypt. The treatments were applied as mentioned 
before. Untreated plants were kept as control. Experiments were implemented in 3 replicates, each containing 
5 plants (one cutting/pot). The percentage of disease incidence of rose root rot and wilt was recorded after 
every application.  

    

Recording of measurements data  

Disease assessment  
The percentage of disease incidence of root rot and wilt of rose was assessed using the equation given by 

Gamliel et al. (1996); 

Disease incidence (DI) % = [(No. of diseased plants/ Total no. of plants) ×  100] 

Morphological characteristics 
At the end of each season (on October, 30th), several morphological characteristics of the rose were 

recorded as follows: plant height (cm), stem diameter (cm), number of branches and leaves per plant, root 
length (cm), as well as fresh and dry weight of aerial parts and roots (g).  

    

Flowering parameters  
At the end of each month from April to October, rose flower parameters were recorded as follows: 

number of flowers per plant, flower fresh and dry weight (g), flower diameter (cm), flower stalk length (cm), 
and flower stalk fresh and dry weight (g). Results were expressed as the average of data measured from April to 
October. 

    

Chemical analysis 
In fresh rose leaf samples, photosynthetic pigments (mg/g FW) such as chlorophyll (a and b) and 

carotenoids were assessed as in the method presented by Sumanta et al. (2014). In addition, in dry leaves, total 

carbohydrates, nitrogen, phosphorus, and potassium were estimated using the methods described by Herbert 
et al. (1971), Blake (19560, John (1970), and Jackson (1973), respectively. 

    

Statistical analysis 

The obtained data analysed statistically by ANOVA, using WASP software (Web Agriculture Stat 
Package). The values presented are the means of all measurements taken. Combined analysis of data from the 
two growing seasons and Duncan's range test was used in comparison significant differences between the tested 
treatments at p ≤ 0.05 according to Mead et al. (1993). 

 
    
ResultsResultsResultsResults    
 
Isolation and identification of rose root rot and wilt fungi  

Data provided in Table 3 show that 7 soil-borne fungi belonging to 4 genera were isolated from rotted 
and wilted rose samples as follows: Fusarium moniliform (Sheld.) Snyd. & Hans., F. roseum Snyd. & Hans., F. 

semitectum Berk. & Rav., F. solani (Mart.) Sacc., Macrophomina phaseolina (Tassi) Goid., Rhizoctonia solani 
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Kühn, and Verticillium dahlia Kleb. The fungi isolated differed in frequency as follows: R. solani and F. 

moniliforme had the highest frequency (22.3 and 19.7%, respectively), followed by V. dahliae (14.5%), F. 

semitectum (14.5%), and M. phaseolina (13.3%). While F. solani (6.5%) and F. roseum (9.3%) least frequent. 

Inoculation of R. gallica and R. chinensis with the previous fungi showed the same symptoms of root rot or wilt 

as observed the first time. Re-isolation resulted in fungi that were morphologically identical to the original 
fungi. 

 
Table 3.Table 3.Table 3.Table 3. Frequency of seven fungi isolated from rotted root and wilted rose samples, collected from Beni-
Suef and Giza governorates, Egypt during the 2021 summer season 

Isolated Isolated Isolated Isolated ffffungiungiungiungi    
Frequency %Frequency %Frequency %Frequency %    

BeniBeniBeniBeni----Suef GovernorateSuef GovernorateSuef GovernorateSuef Governorate    Giza GovernorateGiza GovernorateGiza GovernorateGiza Governorate    MeanMeanMeanMean    

Fusarium moniliforme 20.0 19.4 19.7 

Fusarium roseum 7.5 11.1 9.3 

Fusarium semitectum 15.0 13.9 14.5 

Fusarium solani 7.5 5.6 6.5 

Macrophomina phaseolina 10.0 16.7 13.3 

Rhizoctonia solani 22.5 22.2 22.3 

Verticillium dahliae 17.5 11.1 14.5 

Total 100 100 100 

 
Pathogenicity test of isolated fungi against R. gallica and R. chinensis  

Data presented in Table 4 show that all tested fungi were pathogenic to the two tested rose species, 
especially to R. gallica L., as they significantly increased the disease incidence of root rot or wilt to varying 

degrees in contrast to the control. In both species, the highest disease incidence of root rot or wilt was recorded 
by F. roseum, followed by V. dahlia and R. solani. The corresponding values to the mean of disease incidence 

were 39.5, 34, and 29.4%, respectively. While F. semitectum (9.3%) followed by F. moniliforme (14%) recorded 

the lowest values. In general, F. roseum, V. dahlia, and R. solani were the most damaging fungi to the two rose 

species, recording 60.5, 66, and 70.6% of the surviving plants, respectively. Therefore, they were selected in the 
following studies. 

 
Table 4.Table 4.Table 4.Table 4. Pathogenicity test of seven isolated fungi against R. gallica and R. chinensis under greenhouse 

conditions 

FungiFungiFungiFungi     

Average of disease incidence %Average of disease incidence %Average of disease incidence %Average of disease incidence %    

SymptomsSymptomsSymptomsSymptoms    
SurvivingSurvivingSurvivingSurviving    
pppplants %lants %lants %lants %    

Rose Rose Rose Rose sssspeciespeciespeciespecies    Mean ofMean ofMean ofMean of    
iiiinfection %nfection %nfection %nfection %    R. gallicaR. gallicaR. gallicaR. gallica    R. chinensisR. chinensisR. chinensisR. chinensis    

Fusarium moniliforme 15.0 f 13.0 f 14.0 Root rot 86.0 

Fusarium roseum 40.0 a 39.0 a 39.5 Root rot 60.5 

Fusarium semitectum 10.0 g 8.7 g 9.3 Root rot 90.7 

Fusarium solani 25.0 d 24.0 d 24.5 Root rot 75.5 

Macrophomina phaseolina 20.0 e 18.8 e 19.4 Root rot 80.6 

Rhizoctonia solani 30.0 c 28.9 c 29.4 Root rot 70.6 

Verticillium dahliae 35.0 b 33.0 b 34.0 Wilt 66.0 

Control (un-infested soil) 0.0 h 0.0 h 0.0 No symptoms 100 
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Inhibitory activity of seaweed extract, potassium silicate, and vitavax 200 against linear growth of 

pathogenic fungi  

Data presented in Table 5 reveal that all treatments significantly inhibited the linear growth of tested 
fungi at all used concentrations. However, the highest inhibition was achieved by seaweed extract followed by 
potassium silicate, each at 400 ppm. The corresponding inhibition values were 96.6 and 94.4% for V. dahlia, 

94.4 and 93.3% for F. roseum, 90 and 90% for R. solani, respectively. While potassium silicate at 50 ppm 

recorded the lowest inhibition by 12.2, 16.6, and 26.6% for R. solani, F. roseum, and V. dahlia, respectively. 

Treatment with vitavax 200 at 400 ppm completely inhibited the growth of pathogenic fungi, making it 
significantly more effective.  

 
Table 5.Table 5.Table 5.Table 5. In vitro, efficiency of seaweed extract, potassium silicate, and vitavax 200 in inhibiting the linear 

growth of pathogenic fungi 

TreatmentsTreatmentsTreatmentsTreatments    
Conc. Conc. Conc. Conc. 
(ppm)(ppm)(ppm)(ppm)    

F. roseumF. roseumF. roseumF. roseum    R. solaniR. solaniR. solaniR. solani    V. dahliaeV. dahliaeV. dahliaeV. dahliae    

Linear Linear Linear Linear 
Growth (cm)Growth (cm)Growth (cm)Growth (cm)    

* * * * InhibitionInhibitionInhibitionInhibition    
%%%%    

Linear Linear Linear Linear 
Growth (cm)Growth (cm)Growth (cm)Growth (cm)    

* Inhibition* Inhibition* Inhibition* Inhibition    
%%%%    

Linear Linear Linear Linear 
Growth (cm)Growth (cm)Growth (cm)Growth (cm)    

* Inhibition* Inhibition* Inhibition* Inhibition    
%%%%    

Potassium 
silicate  

0.0 9.0 a 0.0 9.0 a 0.0 9.0 a 0.0 

50 7.5 b 16.6 7.9 b 12.2 6.6 b 26.6 

100 4.5 d 50.0 4.0 d 55.5 3.5 e 61.1 

200 2.8 g 68.8 2.8 e 68.8 2.7 f 70.0 

400 0.6 i 93.3 0.9 f 90.0 0.5 h 94.4 

Mean 4.8 46.6 4.9 45.5 4.5 50.0 

Seaweed 
extract 

0.0 9.0 a 0.0 9.0 a 0.0 9.0 a 0.0 

50 5.6 c 37.7 5.8 c 35.5 6.0 c 33.3 

100 3.9 e 56.6 4.0 d 55.5 4.5 d 50.0 

200 1.9 h 78.8 2.6 e 71.1 2.6 f 71.1 

400 0.5 i 94.4 0.9 f 90.0 0.3 h 96.6 

Mean 3.8 57.7 4.5 50.0 4.5 50.0 

Vitavax 200 

0.0 9.0 a 0.0 9.0 a 0.0 9.0 a 0.0 

50 3.5 f 61.1 4.2 d 53.3 4.6 d 48.8 

100 1.7 h 81.1 2.1 f 76.6 2.5 f 72.2 

200 0.8 i 91.1 0.9 f 90.0 1.0 g 88.8 

400 0.0 j 100 0.0 g 100 0.0 i 100 

Mean 3.0 66.6 3.2 64.4 3.4 62.2 
* Inhibition values were assessed based on the control value. In the same column, values followed by the same letters do 

not differ significantly at the p ≤ 0.05 statistical level, as per Duncan’s multiple range test. 

 
Management of root rot and wilt of R. gallica under in vivo conditions 

Data in Table 6 show that all treatments significantly decreased the incidence of root rot and wilt of R. 

gallica compared to the control plants in both growing seasons. In the first season, the lowest disease incidence 

was recorded by seaweed extract (4 g/L), followed by seaweed extract (2 g/L), potassium silicate (4 g/L), and 
potassium silicate (2 g/L). The corresponding averages for disease incidence were 6.4, 7.6, 9.1, and 10.4%, 
respectively. While the highest averages of disease incidence (17, 15.6, and 14.7%) were recorded by 
Rhizobacterin (2 g/L), Rhizobacterin (4 g/L), and NPK (2 g/plant), respectively. In the second season, the 
lowest averages of disease incidence were achieved by seaweed extract (4 g/L), seaweed extract (2 g/L), 
potassium silicate (4 g/L), and potassium silicate (2 g/L). They recorded 7.6, 8.7, 10.7, and 11.9%, respectively. 
Conversely, the highest averages of disease incidence (18.6, 17.8, and 16.4%) were recorded by Rhizobacterin 
(2 g/L), Rhizobacterin (4 g/L), and NPK (2 g/plant), respectively. The treatment with the fungicide vitavax 
200 (3 g/L) showed a significant superiority in reducing diseases compared to other treatments, as it recorded 
the lowest disease incidence 4.6 and 4.9% in both seasons, respectively.  
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Table 6.Table 6.Table 6.Table 6. Efficacy of bio and synthetic fertilizers against root rot and wilt of R. gallica L. during the growing 

seasons 2021 and 2022 under in vivo conditions 

TreatmentsTreatmentsTreatmentsTreatments    
Conc. Conc. Conc. Conc. 
(g/L)(g/L)(g/L)(g/L)    

Average of disease incidence %Average of disease incidence %Average of disease incidence %Average of disease incidence %    

Season 2021Season 2021Season 2021Season 2021    Season 2022Season 2022Season 2022Season 2022    

F. roseumF. roseumF. roseumF. roseum    R. solaniR. solaniR. solaniR. solani    V. dahliaeV. dahliaeV. dahliaeV. dahliae    MeanMeanMeanMean    F. roseumF. roseumF. roseumF. roseum    R. solaniR. solaniR. solaniR. solani    V. dahliaeV. dahliaeV. dahliaeV. dahliae    MeanMeanMeanMean    

NPK 
*2 13.8 d 14.2 e 16.3 d 14.7 18.6 d 12.9 f 17.8 d 16.4 

*4 13.5 d 14.6 d 15.5 e 14.5 12.9 e 14.0 d 12.9 e 13.2 

Rhizobacterin 
2 15.5 b 16.8 b 18.7 b 17.0 20.3 b 16.3 b 19.3 b 18.6 

4 14.2 c 15.5 c 17.3 c 15.6 19.5 c 15.6 c 18.5 c 17.8 

Seaweed extract 
2 6.5 g 7.8 h 8.5 g 7.6 8.0 g 9.4 h 8.9 g 8.7 

4 5.2 h 6.4 i 7.7 i 6.4 6.9 h 7.9 i 8.1 h 7.6 

Potassium 
silicate 

2 10.5 e 11.6 f 9.2 f 10.4 12.6 e 13.5 e 9.6 f 11.9 

4 8.9 f 10.3 g 8.1 h 9.1 11.5 f 12.3 g 8.3 h 10.7 

Vitavax 200 3 3.4 i 4.9 j 5.5 j 4.6 4.5 i 5.3 j 5.0 i 4.9 

Control - 35.8 a 37.4 a 39.2 a 37.4 32.9 a 38.5 a 39.2 a 36.8 
* = g per plant. In the same column, values followed by the same letters do not differ significantly at the p ≤ 0.05 

statistical level, as per Duncan’s multiple range test. 

 
Management of root rot and wilt of R. chinensis under in vivo conditions 

Data in Table 7 provide that all treatments significantly decreased the incidence of root rot and wilt of 
Rosa chinensis compared to the control plants in both seasons. In the first season, the lowest disease incidence 

was recorded by seaweed extract (4 g/L), followed by seaweed extract (2 g/L), potassium silicate (4 g/L), and 
potassium silicate (2 g/L). The corresponding averages for disease incidence were 5.4, 6.4, 8, and 9.5%, 
respectively. While the highest averages of disease incidence (15.9, 14.8, and 13.9%) were recorded by 
Rhizobacterin (2 g/L), Rhizobacterin (4 g/L), and NPK (2 g/plant), respectively. In the second season, the 
lowest averages of disease incidence were recorded by seaweed extract (4 g/L), seaweed extract (2 g/L), and 
potassium silicate (4 g/L), recording 6.3, 7.6, and 9.7%, respectively. While the highest averages of disease 
incidence (17.2, and 16%) were recorded by Rhizobacterin at 2 and 4 g/L, respectively. Vitavax 200 
outperformed all treatments, recording the lowest disease incidence (3.6 and 4.8%) in both seasons, 
respectively. 

 
Table 7.Table 7.Table 7.Table 7. Efficacy of bio and synthetic fertilizers against root rot and wilt of R. chinensis Jacq. during the 

growing seasons 2021 and 2022 under in vivo conditions 

TreatmentsTreatmentsTreatmentsTreatments    
Conc. Conc. Conc. Conc. 
(g/L)(g/L)(g/L)(g/L)    

Average of Average of Average of Average of Disease Incidence %Disease Incidence %Disease Incidence %Disease Incidence %    

Season 2021Season 2021Season 2021Season 2021    Season 2022Season 2022Season 2022Season 2022    

F. roseumF. roseumF. roseumF. roseum    R. solaniR. solaniR. solaniR. solani    V. dahliaeV. dahliaeV. dahliaeV. dahliae    MeanMeanMeanMean    F. roseumF. roseumF. roseumF. roseum    R. solaniR. solaniR. solaniR. solani    V. dahliaeV. dahliaeV. dahliaeV. dahliae    MeanMeanMeanMean    

NPK 
*2 12.8 d 13.6 d 15.5 d 13.9 17.5 d 11.5 f 16.5 d 15.1 

*4 12.5 d 13.5 d 14.5 e 13.5 11.0 f 15.5 b 11.5 e 12.6 

Rhizobacterin 
2 14.5 b 15.5 b 17.7 b 15.9 19.6 b 13.6 c 18.5 b 17.2 

4 13.3 c 14.6 c 16.5 c 14.8 18.4 c 12.2 e 17.4 c 16.0 

Seaweed extract  
2 5.4 g 6.3 g 7.6 g 6.4 7.0 h 8.3 g 7.5 g 7.6 

4 4.5 h 5.2 h 6.5 i 5.4 5.6 i 6.7 h 6.6 h 6.3 

Potassium 
silicate 

2 9.6 e 10.5 e 8.6 f 9.5 11.9 e 12.7 d 8.5 f 11.0 

4 7.5 f 9.7 f 6.9 h 8.0 10.6 g 11.3 f 7.2 g 9.7 

Vitavax 200 3 2.9 i 3.5 i 4.6 j 3.6 3.8 j 4.9 i 5.7 i 4.8 

Control - 34.7 a 35.9 a 38.6 a 36.4 33.4 a 37.6 a 38.4 a 36.5 
* = g per plant. In the same column, values followed by the same letters do not differ significantly at the p ≤ 0.05 

statistical level, as per Duncan’s multiple range test. 
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Growth and flower yield features 

Growth of R. gallica L.   

As shown in Figure 1, all fertilization treatments significantly improved the growth of rose compared to 
control. In this respect, plants treated with vitavax 200 and seaweed extract (4 g/L) recorded the best results 
for plant height with significant differences, followed by potassium silicate (2 g/L), NPK (4 g/plant), and NPK 
(2 g/plant). They recorded 80.7, 71.5, 57.8, 56.2, and 55.3 cm, respectively. While the lowest value was recorded 
40 cm by Rhizobacterin (2 g/L) (Figure 1A). Also, the highest values of stem diameter were recorded by vitavax 
200, seaweed extract (4 g/L), potassium silicate (2 g/L), NPK (4 g/plant), and NPK (2 g/plant), recording 1.5, 
1.3, 1.2, 1.1, and 1.0 cm, respectively. While the lowest value was recorded 0.7 cm by Rhizobacterin (2 g/L) 
(Figure 1B). The highest number of branches/plants was recorded by vitavax 200, seaweed extract (4 g/L), 
NPK (4 g/plant), and potassium silicate (2 g/L), recording 17.6, 16.3, 15.8, and 15.1, respectively. While the 
lowest value was recorded 8.9 by Rhizobacterin (2 g/L) (Figure 1C). Similarly, treatment with vitavax 200, 
seaweed extract (4 g/L), NPK (4 g/plant), and potassium silicate (2 g/L) recorded the highest number of 
leaves/plants as follows: 40.3, 35.5, 32.5, and 30.5, respectively. While the lowest value was recorded 19.5 by 
Rhizobacterin (2 g/L) (Figure 1C). Results also show that the highest root length was recorded in plants treated 
with vitavax 200, followed by seaweed extract (4 g/L), seaweed extract (2 g/L), potassium silicate (4 g/L), and 
potassium silicate (2 g/L), recording 35.8, 33.1, 32.3, 28.5, and 27.2 cm, respectively. However, the lowest value 
of 22.5 cm was recorded by Rhizobacterin (2 g/L) (Figure 1D). Concerning the fresh and dry weight of aerial 
parts/plant, the best results were obtained by vitavax 200, seaweed extract (4 g/L), potassium silicate (2 g/L), 
and NPK (4 g/plant). They recorded 41.6, 36.5, 33.1 and 31.9 g, respectively, in the fresh weight, and 19.4, 
17.4, 16.1, and 15.5 g, respectively, in the dry weight. While the lowest values were recorded by Rhizobacterin 
(2 g/L) (20.2 and 10.3 g) in the fresh and dry weight of aerial parts/plant, respectively (Figure 1E). In a similar 
vein, plants treated with vitavax 200, seaweed extract (4 g/L), potassium silicate (4 g/L), and potassium silicate 
(2 g/L) recorded the best results for fresh and dry weight of roots/plant. They recorded 18.9, 17.1, 16.4 and 
16.1 g, respectively, in the fresh weight, and 10.4, 9.5, 8.8, and 8.4 g, respectively, in the dry weight. While the 
lowest values were recorded by Rhizobacterin (2 g/L) (11.2 and 5.7 g) in the fresh and dry weight of roots/plant, 
respectively (Figure 1F). 
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Figure 1.Figure 1.Figure 1.Figure 1. Effect of bio and synthetic fertilizers on (A) plant height; (B) stem diameter; (C) number of 
branches and leaves/plant; (D) root length; (E) fresh and dry weight of aerial parts/plant; and (F) fresh and 

dry weight of roots of R. gallica L. Data are mean of two repeated trials during the 2021 and 2022 growing 

seasons    

 
Flower yield of R. gallica L.   

As shown in Figure 2, it is clear that all fertilization treatments led to an increase in most flowering 
parameters starting from April to October, as the averages reached maximum values compared to the control 
treatment. In this regard, plants treated with vitavax 200, seaweed extract (4 g/L), seaweed extract (2 g/L), and 
potassium silicate (4 g/L) gave the highest values of number of flowers/plants as follows: 21.6, 19.3, 17.9, and 
17.2, respectively. While the lowest values were recorded by Rhizobacterin (2 g/L) (11.2) (Figure 2A). In 
addition, vitavax 200, followed by seaweed extract (4 g/L), seaweed extract (2 g/L), and potassium silicate (4 
g/L) recorded the best results for fresh and dry weight of flowers/plant. They recorded 4.6, 3.6, 3.5, and 3.3 g, 
respectively, in the fresh weight, and 0.95, 0.90, and 0.80 g, respectively, in the dry weight. While the lowest 
values were recorded by Rhizobacterin (2 g/L) (2.0 and 0.34 g) in the fresh and dry weight, respectively (Figure 
2B). Results also show that the highest values of flower diameter were obtained by vitavax 200, seaweed extract 
(4 g/L), seaweed extract (2 g/L), and potassium silicate (4 g/L), recording 7.5, 6.8, 6.4, and 5.6 cm, respectively. 
While the lowest value was recorded 4.8 cm by Rhizobacterin (2 g/L) (Figure 2C). Similarly, the highest length 
of flower stalk was recorded in plants treated with vitavax 200, followed by seaweed extract (4 g/L), seaweed 
extract (2 g/L), and potassium silicate (4 g/L), recording 25.8, 23.8, 23.2, and 21.2 cm, respectively. While the 
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lowest value was recorded 17 cm by Rhizobacterin (2 g/L) (Figure 2C). Concerning the fresh and dry weight 
of flower stalks/plant, the best results were obtained by vitavax 200 and seaweed extract (4 g/L). They recorded 
6.2 and 5.7 g, respectively, in the fresh weight, and 4.5 and 3.4 g, respectively, in the dry weight. While the 
lowest values were recorded by Rhizobacterin (2 g/L) (3.8 and 1.8 g) in the fresh and dry weight, respectively 
(Figure 2D). 

 

 
Figure 2.Figure 2.Figure 2.Figure 2. Effect of bio and synthetic fertilizers on the average of (A) number of flowers/plants; (B) fresh 
and dry weight of flowers/plant; (C) flower diameter and flower stalk length; and (D) fresh and dry weight 

of flower stalks/plant of R. gallica L. Data are mean of two repeated trials during the 2021 and 2022 

growing seasons    

 
Growth of R. chinensis Jacq.   

As shown in Figure 3, all fertilization treatments significantly increased the growth parameters of rose. 
In this respect, the treatment with vitavax 200 and seaweed extract (4 g/L) recorded the best results for plant 
height with significant differences, followed by potassium silicate (4 g/L), and NPK (4 g/plant) as follows: 60.6, 
58.4, 49.5, and 45.7 cm, respectively. While the lowest value was recorded 40.3 cm by Rhizobacterin (2 g/L) 
(Figure 3A). Also, the highest values of stem diameter were recorded by vitavax 200, seaweed extract (4 g/L), 
potassium silicate (4 g/L), and NPK (4 g/plant), recording 1.5, 1.2, 1.0, and 0.9 cm, respectively. While the 
lowest value was recorded 0.8 cm by Rhizobacterin (2 g/L) (Figure 3B). Regarding the number of 
branches/plant, the highest values were recorded by vitavax 200, seaweed extract (4 g/L), potassium silicate (4 
g/L), and NPK (4 g/plant), recording 18.0, 17.3, 16.3, and 16.2, respectively. While the lowest value was 
recorded 12.1 by Rhizobacterin (2 g/L) (Figure 3C). Similarly, plants treated with vitavax 200, seaweed extract 
(4 g/L), potassium silicate (4 g/L), and NPK (4 g/plant) noted the highest number of leaves/plants, 45.8, 44.7, 
39.7, and 37.7, respectively. While the lowest value was recorded 30.7 by Rhizobacterin (2 g/L) (Figure 3C). 
Our results also show that the highest length of roots was recorded in plants treated with vitavax 200, followed 
by seaweed extract (4 g/L), potassium silicate (4 g/L), and NPK (2 g/plant) as follows: 37.7, 35.9, 33.4, and 
29.7 cm, respectively. While the lowest value was recorded 25.7 cm by Rhizobacterin (2 g/L) (Figure 3D). 
Concerning the fresh and dry weight of aerial parts/plant, the best results were obtained by vitavax 200, seaweed 
extract (4 g/L), potassium silicate (4 g/L), and NPK (4 g/plant) with significant differences. They recorded 
50.6, 48.5, 44.7, and 40.3 g, respectively, in the fresh weight, and 22.7, 20.5, 18.7, and 18.3 g, respectively, in 
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the dry weight. However, the lowest values were recorded by Rhizobacterin (2 g/L) (30.2 and 12.6 g) in the 
fresh and dry weight of aerial parts/plant, respectively (Figure 3E). Similarly, plants treated with vitavax 200, 
seaweed extract (4 g/L), potassium silicate (4 g/L), and NPK (4 g/plant) recorded the best results for fresh and 
dry weight of roots/plant, recording 19.7, 18.6, 16.0, and 15.4 g, respectively, in the fresh weight, and 9.6, 8.6, 
8.1, and 8.0 g, respectively, in the dry weight. While the lowest values were recorded by Rhizobacterin (2 g/L) 
(10.5 and 5.4 g) in the fresh and dry weight of roots/plant, respectively (Figure 3F). 

 

 
Figure 3.Figure 3.Figure 3.Figure 3. Effect of bio and synthetic fertilizers on (A) plant height; (B) stem diameter; (C) number of 
branches and leaves/plant; (D) root length (E) fresh and dry weight of aerial parts/plant; and (F) fresh and 

dry weight of roots of R. chinensis Jacq. Data are mean of two repeated trials during the 2021 and 2022 

growing seasons 

 
Flower yield of R. chinensis Jacq.   

As shown in Figure 4, all fertilization treatments significantly enhanced rose flowering characteristics 
from April to October, as the averages reached maximum values compared to the control treatment. In this 
concern, plants treated with vitavax 200, followed by seaweed extract (4 g/L), seaweed extract (2 g/L), and 
potassium silicate (4 g/L) recorded the highest number of flowers/plants as follows: 24.4, 21.7, 18.9, and 17.8, 
respectively. While the lowest value was recorded by Rhizobacterin (2 g/L) (10.3) (Figure 4A). Similarly, 
vitavax 200, seaweed extract (4 g/L), potassium silicate (4 g/L), and NPK (4 g/plant) recorded the best results 
for fresh and dry weight of flowers/plant as follows: 5.2, 4.8, 4.7, and 4.5 g, respectively, in the fresh weight, and 
1.5, 1.2, 1.1, and 1.0 g, respectively, in the dry weight. While the lowest values were recorded by potassium 
silicate (2 g/L) (3.7 and 0.8 g) in the fresh and dry weight, respectively (Figure 4B). Our results also show that 
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the highest values of flower diameter were recorded by vitavax 200, seaweed extract (4 g/L), potassium silicate 
(4 g/L), and NPK (4 g/plant) with significant differences, recording 9.3, 8.3, 7.8, and 7.2 cm, respectively. 
While the lowest value of 5.7 cm was recorded by Rhizobacterin (2 g/L) (Figure 4C). Also, the highest length 
of flower stalks was recorded by vitavax 200, followed by seaweed extract (4 g/L), potassium silicate (4 g/L), 
and NPK (4 g/plant), recording 28.6, 25.6, 24.4, and 23.5 cm, respectively. While the lowest value was recorded 
19.9 cm by Rhizobacterin (2 g/L) (Figure 4C). Regarding the fresh and dry weight of stalks/plant, the best 
results were obtained by vitavax 200, seaweed extract (4 g/L), potassium silicate (4 g/L), and NPK (4 g/plant) 
as follows: 7.4, 6.9, 6.5, and 6.2 g, respectively, in the fresh weight, and 4.0, 3.5, 3.2, and 2.8 g, respectively, in 
the dry weight. While the lowest values of 4.3 and 2.3 g, were recorded by Rhizobacterin (2 g/L) in fresh and 
dry weight, respectively (Figure 4D). 

 

 
Figure 4.Figure 4.Figure 4.Figure 4. Effect of bio and synthetic fertilizers on the average of (A) number of flowers/plant; (B) fresh 
and dry weight of flowers/plant; (C) flower diameter and flower stalk length; and (D) fresh and dry weight 

of flower stalks/plant of R. chinensis Jacq. Data are mean of two repeated trials during the 2021 and 2022 

growing seasons    

 
Photosynthetic pigments  

Data provided in Table 8 show that all treatments significantly increased the content of chlorophyll a, 
chlorophyll b, and carotenoids in both seasons. In R. gallica, the highest content of chlorophyll a was recorded 

by vitavax 200, followed by seaweed extract (4 g/L) and potassium silicate (4 g/L). They recorded 1.79, 1.69, 
and 1.54 mg g−1 FW, respectively. While the lowest content was recorded by Rhizobacterin (2 g/L) (1.03 mg 
g−1 FW). Similarly, the highest content of chlorophyll b was recorded by seaweed extract (4 g/L), followed by 
vitavax 200 and potassium silicate (4 g/L), recording 0.75, 0.64, and 0.61 mg g−1 FW, respectively. While the 
lowest content was recorded by Rhizobacterin (2 g/L) (0.38 mg g−1 FW). In addition, the highest contents of 
carotenoids were recorded by vitavax 200, seaweed extract (4 g/L), and potassium silicate (4 g/L) as follows: 
0.98, 0.94, and 0.93 mg g−1 FW, respectively. While the lowest content was recorded by Rhizobacterin (2 g/L) 
(0.44 mg g−1 FW). In Rosa chinensis, the highest contents of chlorophyll a were found in plants treated with 

vitavax 200 and seaweed extract (4 g/L), while the lowest content was noted by Rhizobacterin (2 g/L). They 
recorded 1.69, 1.65, and 0.98 mg g−1 FW, respectively. Also, the highest content of chlorophyll b was obtained 
by seaweed extract (4 g/L) and vitavax 200, recording 0.95 and 0.93 mg g−1 FW, respectively. While the lowest 
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content was recorded by Rhizobacterin (2 g/L) (0.30 mg g−1 FW). Results also show that the highest contents 
of carotenoids were recorded by vitavax 200 and seaweed extract (4 g/L), recording 1.20 and 1.19 mg g−1 FW, 
respectively. While the lowest content was recorded by Rhizobacterin (2 g/L) (0.44 mg g−1 FW). 

 
Table 8.Table 8.Table 8.Table 8. In vivo, effect of bio and synthetic fertilizers on chlorophyll a, chlorophyll b, and carotenoids of 

two species of rose during the growing seasons 2021 and 2022 

TreatmentsTreatmentsTreatmentsTreatments    
Conc. Conc. Conc. Conc. 
(g/L)(g/L)(g/L)(g/L)    

Chlorophyll a Chlorophyll a Chlorophyll a Chlorophyll a     
(mg g(mg g(mg g(mg g−1−1−1−1    FW)FW)FW)FW)    

Chlorophyll b Chlorophyll b Chlorophyll b Chlorophyll b     
(mg g(mg g(mg g(mg g−1−1−1−1    FW)FW)FW)FW)    

Carotenoids Carotenoids Carotenoids Carotenoids     
(mg g(mg g(mg g(mg g−1−1−1−1    FW)FW)FW)FW)    

Rosa gallica L. 

NPK 
*2 1.08 h 0.47 f 0.58 f 

*4 1.23 f 0.51 e 0.70 e 

Rhizobacterin 
2 1.03 i 0.38 g 0.44 h 

4 1.17 g 0.47 f 0.47 g 

Seaweed extract 
2 1.40 d 0.54 d 0.78 c 

4 1.69 b 0.75 a 0.94 b 

Potassium silicate 
2 1.33 e 0.52 de 0.75 d 

4 1.54 c 0.61 c 0.93 b 

Vitavax 200 3 1.79 a 0.64 b 0.98 a 

Control - 0.93 j 0.36 h 0.42 i 

Rosa chinensis Jacq.  

NPK 
*2 1.06 f 0.34 h 0.48 e 

*4 1.20 d 0.43 f 0.67 d 

Rhizobacterin 
2 0.98 h 0.30 i 0.44 f 

4 1.04 g 0.39 g 0.59 e 

Seaweed extract 
2 1.22 d 0.59 d 0.71 c 

4 1.65 b 0.95 a 1.19 a 

Potassium silicate 
2 1.12 e 0.48 e 0.68 d 

4 1.34 c 0.61 c 0.83 b 

Vitavax 200 3 1.69 a 0.93 b 1.20 a 

Control - 0.75 i 0.29 j 0.44 f 
* = g per plant. In the same column, values followed by the same letters do not differ significantly at the p ≤ 0.05 

statistical level, as per Duncan’s multiple range test. Data are mean of two repeated trials during the growing seasons 

2021 and 2022 under in vivo conditions. 

 
Chemical analysis  

Data presented in Table 9 show that all treatments significantly increased the percentage of total 
carbohydrates, nitrogen, phosphorus, and potassium in both seasons. In R. gallica, the highest percentage of 

total carbohydrates was recorded in plants treated with vitavax 200, followed by seaweed extract (4 g/L) and 
potassium silicate (4 g/L), recording 71.45, 69.56, and 67%, respectively. While the lowest value was recorded 
by Rhizobacterin (2 g/L) (41.37%). Our results also show that the highest percentage of nitrogen was recorded 
by vitavax 200, followed by seaweed extract (4 g/L), potassium silicate (4 g/L), and NPK (4 g/plant) as follows: 
3.44, 3.39, 2.57 and 2.47%, respectively. However, the lowest value was recorded by Rhizobacterin (2 g/L) 
(1.95%). Regarding phosphorus, the highest values were found in plants treated with vitavax 200, seaweed 
extract (4 g/L), potassium silicate (4 g/L), and NPK (4 g/plant), recording 0.18, 0.18, 0.17, and 0.16%, 
respectively. While the lowest value was recorded by Rhizobacterin (2 g/L) (0.11%). Also, the highest 
percentages of potassium were recorded by seaweed extract (4 g/L), vitavax 200, and potassium silicate (4 g/L), 
recording 2.21, 2.05, and 1.92%, respectively. While the lowest value was recorded by Rhizobacterin (2 g/L) 
(1.19%). In Rosa chinensis, the highest values of total carbohydrates were recorded by seaweed extract (4 g/L), 

vitavax 200, and potassium silicate (4 g/L) as follows: 73.91, 71.23, and 70.71%, respectively. While the lowest 
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value was noted by Rhizobacterin (2 g/L) (43.25%). In addition, the highest percentage of nitrogen was 
recorded by each vitavax 200 and seaweed extract (4 g/L) (3.0%), followed by potassium silicate (4 g/L) (2.63%) 
and NPK (4 g/plant) (2.39%). However, the lowest value was recorded by Rhizobacterin (2 g/L) (1.92%). 
Similarly, the highest percentages of phosphorus were found in plants treated with seaweed extract (4 g/L), 
vitavax 200, potassium silicate (4 g/L), and NPK (4 g/plant), recording 0.29, 0.27, 0.23, and 0.21%, 
respectively. While the lowest value was recorded by Rhizobacterin (2 g/L) (0.14%). Also, the highest 
percentage of potassium was recorded by seaweed extract (4 g/L), followed by vitavax 200 and potassium silicate 
(4 g/L), recording 2.11, 1.94, and 1.90%, respectively. While the lowest value was recorded by Rhizobacterin 
(2 g/L) (1.04%).     

 
Table 9. Table 9. Table 9. Table 9. In vivo, effect of bio and synthetic fertilizers on total carbohydrates, nitrogen, phosphorus, and 

potassium of two species of rose during the growing seasons 2021 and 2022 

TreatmentsTreatmentsTreatmentsTreatments 
Conc.Conc.Conc.Conc.    
(g/L)(g/L)(g/L)(g/L)    

Total Total Total Total 
Carbohydrates %Carbohydrates %Carbohydrates %Carbohydrates %    

Nitrogen Nitrogen Nitrogen Nitrogen     
%%%%    

Phosphorus Phosphorus Phosphorus Phosphorus     
%%%%    

Potassium Potassium Potassium Potassium     
%%%%    

Rosa gallica L. 

NPK 
*2 42.05 h 2.14 f 0.14 e 1.44 e 

*4 57.45 f 2.47 d 0.16 c 1.79 d 

Rhizobacterin 
2 41.37 h 1.95 h 0.11 g 1.19 h 

4 48.10 g 2.10 g 0.13 f 1.22 g 

Seaweed extract 
2 62.42 d 2.28 e 0.15 d 1.80 d 

4 69.56 b 3.39 b 0.18 a 2.21 a 

Potassium silicate 
2 58.05 e 2.10 g 0.14 e 1.31 f 

4 67.00 c 2.57 c 0.17 b 1.92 c 

Vitavax 200 3 71.45 a 3.44 a 0.18 a 2.05 b 

Control - 40.12 i 1.70 i 0.11 g 1.03 i 

Rosa chinensis Jacq. 

NPK 
*2 45.78 g 2.16 e 0.16 g 1.35 g 

*4 58.34 e 2.39 c 0.21 d 1.67 e 

Rhizobacterin 
2 43.25 g 1.92 h 0.14 h 1.04 i 

4 52.86 f 2.03 g 0.17 f 1.18 h 

Seaweed extract 
2 65.40 d 2.24 d 0.19 e 1.73 d 

4 73.91 a 3.00 a 0.29 a 2.11 a 

Potassium silicate 
2 59.00 e 2.08 f 0.17 f 1.39 f 

4 70.71 c 2.63 b 0.23 c 1.90 c 

Vitavax 200 3 71.23 b 3.00 a 0.27 b 1.94 b 

Control - 42.77 h 1.80 i 0.13 i 0.98 j 
* = g per plant. In the same column, values followed by the same letters do not differ significantly at the p ≤ 0.05 

statistical level, as per Duncan’s multiple range test. Data are mean of two repeated trials during the growing seasons 

2021 and 2022 under in vivo conditions. 

 
    
DiscussionDiscussionDiscussionDiscussion    
 
Rose plants suffer from many fungal diseases during their different growth stages, which causes severe 

losses in flower production (Salamone et al., 2011). However, root rot and wilt which belong to soil-borne 

diseases are the most damaging diseases of rose worldwide (Hammett, 1971; Kageyama et al., 2002; Li et al., 

2007; Armanious, 2016). Rose diseases are generally controlled with several fungicides. However, with the 
increasing international demand to reduce the use of toxic fungicides, this approach has become undesirable 
(Apte and Kamble, 2008; Christopher et al., 2010). Therefore, the present investigation was conducted to 
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manage the root rot and wilt of rose in an eco-friendly manner through the use of seaweed extract, 
Rhizobacterin, potassium silicate, and NPK. Our results showed that seven soil-borne fungi, including F. 

moniliform, F. roseum, F. semitectum, F. solani, M. phaseolina, R. solani, and V. dahlia were isolated from rotted 

and wilted rose samples, collected from Beni-Suef and Giza governorates, Egypt. R. solani and F. moniliforme 

had the highest frequency followed by V. dahliae, F. semitectum, and M. phaseolina, while F. solani and F. 

roseum were the least frequent. In addition, F. roseum, V. dahlia, and R. solani were the most damaging fungi 

to the two rose species, recording 60.5, 66, and 70.6% of the surviving plants, respectively. These results are 
consistent with those investigated by (Hammett, 1971; Kageyama et al., 2002; Li et al., 2007; Armanious, 2016; 

Barguil et al., 2019). 

Our in vitro studies revealed that all treatments significantly reduced the linear growth of tested fungi at 

all used concentrations. However, potassium silicate followed by seaweed extract, each at 400 ppm recorded 
the highest inhibition of linear growth. The corresponding inhibition values were 96.6 and 94.4% for V. dahlia, 

94.4 and 93.3% for F. roseum, 90 and 90% for R. solani, respectively. While seaweed extract at 50 ppm recorded 

the lowest inhibition by 12.2, 16.6, and 26.6% for R. solani, F. roseum, and V. dahlia, respectively. Several 

reports showed the efficiency of potassium silicate in inhibiting the growth of fungi causing root rot and wilt 
diseases in vitro. Among these reports, Ahmed et al., 2023, who found that potassium silicate at 2000 ppm was 

the most effective in reducing the linear growth of F. solani, M. phaseolina, and F. oxysporum, causing root rot 

and wilt of roselle by a reduction of 62.3, 60.7, and 60.3%, respectively. Likewise, Abdel-Monaim et al. (2015) 

reported that potassium silicate significantly inhibited the mycelium growth of R. solani, F. solani, F. 

oxysporum, F. equiseti, and F. semitectum, the causal agents of root rot and wilt diseases of fodder beet. On the 

other hand, the antifungal activity of seaweed extract against the mycelial growth of several pathogenic fungi 
was investigated. For example, Ambika and Sujatha (2014) found that seaweed extract of S. myricocystum 

(brown alga) exhibited significant antifungal activity against F. oxysporum f. sp. udum followed by Gracilaria 

edulis (red alga) and Caulerpa racemosa (green alga). Similarly, Abdellatif and Armanious (2015) observed that 

seaweed extract significantly reduced the fungal growth of F. oxysporum, F. solani, and M. phaseolina in vitro 

conditions. In addition, Ben Salah et al. (2018) found that polysaccharides extracted from seaweeds, namely 

ulvan and alginate produced significant inhibitory rates on mycelial growth of V. dahliae in vitro. In a similar 

vein, Mabrouki et al. (2020) evaluated 54 organic and 18 aqueous extracts of 18 seaweeds against the mycelium 

growth of Sclerotium rolfsii in vitro. The results indicated that among the organic extracts, the maximum 

inhibition was obtained by Plocamium cartilagineum in dichloromethane (89%), followed by Ellisolandia 

elongata in methanol (62%). For aqueous seaweed extracts, the highest inhibitory effect was obtained by E. 

elongata (81%) followed by P. cartilagineum (62%). Moreover, the aqueous extract of E. elongata gives 

complete inhibition of sclerotia germination. Our finding also showed that treatment with vitavax 200 at 400 
ppm inhibited the growth of tested fungi in vitro, making it significantly more effective. These results are similar 

to those of Adhikari et al. (2018) who found that vitavax 200 was most effective in inhibiting mycelial radial 

growth of R. solani at the lowest concentration (10 ppm). Also, Saad et al. (2014) reported that vitavax 200 

had a significantly greater inhibition effect on F. solani linear growth than other treatments. Similarly, Dubey 

et al. (2020) observed that vitavax is highly effective against Pythium spp. isolated from diseased chili pepper, 

inhibiting mycelium growth by 93.3%. 
Our results demonstrated that all treatments applied under in vivo conditions significantly reduced the 

disease incidence of root rot and wilt in both R. gallica and R. chinensis. In this regard, the lowest disease 

incidence was recorded by seaweed extract (4 g/L), followed by seaweed extract (2 g/L), potassium silicate (4 
g/L), and potassium silicate (2 g/L). While the highest disease incidence was recorded by Rhizobacterin (2 g/L) 
in both seasons. Extensive reports showed the potential of seaweeds in controlling fungal diseases. Among these 
reports Abdellatif and Armanious, 2015, who reported that seaweed extract achieved positive results in 
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reducing the incidence of snap bean wilt. Similarly, Ben Salah et al. (2018) reported that a polysaccharide 

extracted from seaweed, namely ulvan was most effective in controlling olive wilt caused by V. dahlia, and 

significantly reduced the area under the disease progress curve for severity to 39.9% and final incidence to 
28.9%. In addition, Esserti et al. (2017) reported that foliar spraying with a brown seaweed extract was more 

effective against V. dahliae in tomato plants. In a similar vein, Ara et al. (1996) found that soil amendment with 

dry powder of seaweeds (Sargassum tenerrimum, S. wightii, and S. swartzii) significantly reduced the 

development of M. phaseolina and F. solani, the causative agents of sunflower root rot. Several reports showed 

the efficiency of potassium silicate to suppress root rot and wilt diseases. For example, it was found that 
potassium silicate solution (4 g/L) used as seed soaking and foliar spray significantly decreased the disease 
incidence of root rot and wilt of roselle caused by M. phaseolina, F. solani, and F. oxysporum (Ahmed et al., 

2023). Similarly, it has been observed that spraying cotton plants with potassium silicate was effective against 
wilt disease caused by F. oxysporum f. sp. vasinfectum (Whan et al., 2016). In addition, Chérif et al. (1994) 

reported that cucumber treated with potassium silicate significantly decreased the incidence of root rot caused 
by Pythium spp. The antifungal activity of potassium silicate probably results from the combined effect of both 

potassium and silicon. Silicon has been found to increase the activity of defense-related enzymes and 
antimicrobial compounds, such as phytoalexins, pathogenicity-related proteins, and phenols. Si also regulates 
resistance in host plants through signaling hormones, such as jasmine acid, salicylic acid, and ethylene (Wang 
et al., 2017). As for potassium, it improves the health and vigor of the plant, which reduces the possibility of 

infection and also helps in rapid recovery (Perrenoud, 1993). Also, potassium may exert its effect on plant 
diseases through its effect on some metabolic functions, changing the relationship between the pathogen and 
the environment, and producing pathogen-inhibiting compounds, such as phenolic compounds, phytoxins, 
and auxins (Abd-El-Kareem et al., 2004). Our finding also showed that vitavax 200 (3 g/L) exhibited significant 

superiority in reducing diseases compared to other treatments. This result is similar to that obtained by Dubey 
et al. (2020) and Arora et al. (2021).  

Our results indicated that all fertilization treatments led to a significant improvement in the parameters 
of growth of both R. gallica and R. chinensis, including plant height, stem diameter, number of branches and 

leaves per plant, root length, as well as fresh and dry weight of aerial parts and roots. These results are in 
agreement with those reported by (Wang et al., 2017; Esserti et al., 2018; De Borba et al., 2019). In this regard, 

the improvement of growth by seaweed extract may be attributed to their higher content of organic matter 
which provides plants with minerals needed for good growth (Devdhara et al., 2019). In addition, organic 

seaweed compost may improve the structure and texture of the growing medium, electrical conductivity (EC), 
pH, organic matter and organic carbon contents, fertility, and CEC, while improving the total porosity and 
WHC of the mixture, and thus the availability of water and nutrients to plants (Velasco-Ramírez et al., 2020). 

The efficiency of seaweed extract in improving growth has been investigated. For example, it was found that 
the use of seaweed extract at 2.5 or 3.0 mL/L significantly improved the growth of Amaranthus tricolor plants 

irrigated with saline water 1000 ppm (Abdel-Aziz et al., 2011). Several studies have shown the role of potassium 

silicate (K2SiO3) in enhancing the growth qualities of many plants. Among these studies, Hasanv and Nejad 
(2016) found that weekly application of K2SiO3 at 1 mM significantly improved growth, physiological, and 
biochemical characteristics of geranium under salinity stress. Similarly, Abdelsadek et al. (2021) reported that 

plant height, number of branches and leaves, root length and total fresh and dry weight of Dendranthema 

grandiflorum cv. White Rivor is greatly increased as a result of the application of K2SiO3 at 900 ppm. Also, 

Khalifa et al. (2017) reported that soil drenching of K2SiO3 was the most effective for decomposing onion white 

rot disease and increasing plant fresh weight and bulb yield under in vivo conditions. This activity of potassium 

silicate in enhancing growth may be due to the combined effect of both potassium (K) and silicon (Si). Silicon 
enhances some of the plant's desirable physiological processes by enhancing certain enzymatic systems 
(Hasanvand and Nejad, 2016). It provides plants resistance to diverse stresses and is effective in controlling 
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various diseases caused by fungi and bacteria (Khalifa et al., 2017). Moreover, Si plays a vital role in stimulating 

antioxidant enzymes in the plant and improving plant water status, besides its role in improving nitrogen 
utilization efficiency and ion distribution (Malav and Ramani, 2017). According to Wang et al. (2017), Si has 

been shown to improve plant root structure, photosynthesis, leaf erection, and water relations. Also, potassium 
performs several functions in plants, such as protein and starch synthesis, cell divisions, and improving seed size 
and quality. It also promotes root length and growth, regulates osmosis, and increases chlorophyll pigments, 
movement of stomata, and status of water (Perrenoud, 1993; Hasanuzzaman et al., 2019). To date, both 

chemical and organic fertilizers are used alone or mixed with any of the bio- or stimulant fertilizers for the 
commercial production of ornamental plants, as these fertilizers cooperate to provide the plants with the 
nutrients and growth-promoting substances needed for good healthy growth (Bi et al., 2010). In addition, 

compost is highly valued in the fertilizer industry and may improve soil structure and texture, increase CEC 
and fertility, and raise the WHC of the medium, and thus water uptake by plants (UL-Nisa et al., 2016). In 

this context, El-Naggar and El-Sayed, 2008 reported that spraying the leaves of Dianthus charyphyllus with a 

solution of 0.6% macro- and microelements gave the best vegetative and root growth. Similarly, Abbasniayzare 

et al. (2012) found that triple superphosphate + Barvar -2 (P-biofertilizer) significantly increased leaves 

number and fresh and dry weight of Spathiphyllum illusion, while Barvar-2 + Nitrokara (N-biofertilizer) gave 

better effect on leaf size. Also, El-Mokadem and Sorour (2014) recommended the use of 19 N:19 P2O5:19 K2O 
chemical fertilizer at 25 g/plant with N-fixing bacteria + P2O5-dissolving bacteria at a rate of 2 mL/L, twice to 
promote the growth of Petunia hybrida cv. ‘Bravo White’ in high quality. Similarly, Bordoloi and Talukdar 

(2019) found that the highest plant length, leaves number, leaf area and plant propagation in Anthurium 

andreanum were achieved by RDF + Azospirillum + 100 ppm GA3. Also, Dachung and Kalu (2019) found 

that the application of cow manure with NPK fertilizer (15:15:15) provided more nutrients for maximum 
growth. 

Our results revealed that all treatments significantly increased flower yield characteristics of both R. 

gallica and R. chinensis, including number of flowers/plant, flower fresh and dry weight, flower diameter, flower 

stalk length, and flower stalk fresh and dry weight. In this regard, the ability of seaweed extract in improving 
flower yield properties may be attributed to its role in improving soil fertility and providing plants with 
adequate nutrients needed for good flowering. Additionally, Ali et al. (2021) stated that seaweed biological 

products have plant stimulation effects on rose and other flowering crops, which leads to increased plant 
growth and flower production traits. Besides, its components induces defensive plant responses against many 
plant pathogens abiotic stresses, such as drought, salinity, and cold. These findings agreed with those of 
Sumangala et al. (2019), who found that treating Rosa hybrida cultivars with a seaweed extract (20%) as often 

as once a week resulted in a significant increase in plant height, leaf area, plant biomass, number of flowers, 
flower diameter, and flower dry weight. Similarly, Kularathne et al. (2021) reported that the application of a 

seaweed extract (20%) at a rate of once per week resulted in significant improvement in leaf area, fresh and dry 
biomass and flower yield in roses. Moreover, Parinitha et al. (2022) observed that spraying Floribunda rose cv. 

Charishma with seaweed extract (2000 ppm) gave the best results for flower diameters and stalk lengths. 
Regarding the role of potassium silicate in improving the characteristics of the flower yield, it has been proven 
that silicon improves the activity of antioxidant enzymes, the state of plant water and the distribution of ions 
in the plant, and this reflects positively on growth and flowering. In this context, Farahani et al. (2020) found 

that the foliar spraying of Rosa damascena plants under the conditions of water stress with potassium silicate 

(0.2%) improved the flower yield and the composition of the essential oil. Likewise, Abdelsadek et al. (2021) 

reported that spraying Dendranthema grandiflorum cv. White Rivor with potassium silicate (900 ppm) 

provided the number of inflorescences, flower heads/plant and the length of the flower stalk. On the other 
hand, chemical, organic, and biofertilizers have been successively used for many years to enhance flowering 
ornamental plants due to their high potential to supply plants with minerals and flowering stimulating 



Abdel-Wahed GA et al. (2024). Not Bot Horti Agrobo 52(1):13397 

 

20 

 

 

 

 

 

 

substances for the purpose of producing better and higher flower yield. Extensive reports contributed to 
clarifying this fact. Among these reports, Patel et al. (2017), who found that stalk length, flower diameter, and 

number of flowers of Rosa hybrida cv. ‘Gladiator’ were significantly higher when plants treated with castor cake 

(0.8 kg) + azotobacter (1 mL) + PSM (1 mL) + KSB (1 mL) per plant. Likewise, Ali et al. (2021) noted that 

treating Rosa damascena with 30 kg of phosphorous fertilizer/ha with pruning at the level of 80 cm gave the 

highest number of flowers and the best components of the crop. In addition, Massoud et al., 2016 indicated 

that the fertilization of Achillea millefolium with NPK (3 g/plant) has achieved the highest production of 

inflorescences. Moreover, Pandey et al. (2020) found that foliar spraying of Tagetes erecta with urea solution 

(0.2%) significantly increased number of days to the first opening of the flower, number of flowers per plant, 
flower stalk length, fresh and dry weight of flowers. Similarly, Sahu et al. (2021) mentioned that treating Dahlia 

variabilis cv. ‘Kenora Sunburst’ plants with 80% RDF through NPK + 20% farmyard manure (FYM) gave the 

best flower productivity and quality. 
Our results also showed all fertilization treatments significantly increased the content of photosynthetic 

pigments, total carbohydrates, nitrogen, phosphorus, and potassium in both R. gallica and R. chinensis. The 

improvement of leaf chemical composition by seaweed extract may be attributed to the high value of such 
organic and bio-stimulant product, which improves soil fertility and provides plants with nutrients needed for 
good and healthy growth (Devdhara et al., 2019). In this regard, Al-Sayed et al., 2020 found that the use of 

biofertilizers increased total chlorophyll, carotenoids, and NPK uptake by roselle plant. This activity may be 
due to improving the texture and structure of the medium, EC, pH, organic matter and organic carbon ratios, 
CEC, porosity, and WHC of the growing medium (Velasco-Ramírez et al., 2020). Similarly, Mahmood, 2022 

reported that foliar spraying of seaweed (algae 600) at 1.5 mg/L significantly increased chlorophyll, nitrogen, 
phosphorus, and potassium concentrations in Acacia farnesiana leaves. In terms of potassium silicate 

applications, Si also enhance plant uptake of nutrients and partition of mineral ions within plant cells. In this 
context, Malav and Ramani, 2017 stated that Si plays an important role in improving N utilization efficiency 
and ion distribution within the plant. In addition, Farahani et al., 2020 showed that foliar spraying of Si (0.2%) 

improved the essential oil composition of Damask rose under water-deficient conditions. Similarly, Abdelsadek 

et al. (2021) found that spraying Dendranthema grandiflorum cv. White Rivor with potassium silicate (900 

ppm) significantly increased total carbohydrates and total chlorophyll in leaves. It was noted that the 
combination of NPK chemical fertilizers with organic fertilizers or bio-stimulants usually leads to a synergistic 
effect, as the benefits of these components are combined and the plants are provided with many nutrients and 
stimuli necessary for good and healthy growth. These facts are consistent with those of Nofal et al. (2021), who 

found that the concentration of the pigment B-carotene in the dry flower of Tagetes erecta was maximized by 

treating the plant with NPK (2 g/plant) along with seaweed extract (2 g/L). Also, Ali et al. (2021) found that 

treating Rosa damascena with 30 kg of phosphorous/ha with pruning at the level of 80 cm gave the best results 

for chlorophyll, sugars, nitrogen, phosphorus, and potassium in the leaves. 
 
    
ConclusionsConclusionsConclusionsConclusions    
 
Our results concluded that the possibility of increasing the tolerance of R. gallica and R. chinensis against 

root rot and, while improving growth and flowering features by using some bio- and synthetic fertilizers. 
Seaweed extract and potassium silicate at a concentration of 400 ppm achieved the highest efficiency in 
inhibiting the linear growth of pathogenic fungi. All treatments applied in vivo led to a significant decrease in 

the incidence of diseases on both species of rose in both seasons, leading to an improvement in all growth and 
flowering parameters and an increase in the content of photosynthetic pigments, total carbohydrates, nitrogen, 
phosphorus, and potassium. In this regard, seaweed extract (4 and 2 g/L) and potassium silicate (4 g/L) were 



Abdel-Wahed GA et al. (2024). Not Bot Horti Agrobo 52(1):13397 

 

21 

 

 

 

 

 

 

the most efficient, while Rhizobacterin (2 g/L) and NPK (2 g/plant) were the least effective. However, vitavax 
200 was the most effective of all the treatments used. 
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