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ABSTRACT. Sewage sludge generated from wastewater treatment plants is an environmental and economic 

liability that burdens not only waste management companies, but the society at large, because it causes 

environmental damage. Therefore, this study aimed to seek an alternative to the destination of this sludge, such 

as using it as a substrate to produce chrysanthemum (Dendranthema grandiflora) and petúnia (petunia x hybrid) 

seedlings. The sludge was collected at CASAN, Florianópolis (SC-Brazil), and subjected to solar drying for later 

application in proportions of 0, 5, 10, and 25%, together with soil collected from the Ressacada Farm 

Experimental Station, and used as inoculum for arbuscular mycorrhizal fungi. The parameters used in the 

analyses were plant height (cm), root length (cm), production of aerial part dry matter, production of root dry 

matter (g), nitrogen content in the aerial part (g kg-1), nitrogen accumulation in the aerial part (mg plant-1), 

phosphorus content in the aerial part (g kg-1), phosphorus accumulation in the aerial part (mg plant -1), soil 

arbuscular mycorrhizal fungi spore count (in 50 cm of soil), mycorrhizal colonization (%), and pH of the substrate 

(pre- and post-treatment). The study showed that solar drying is an efficient method of eliminating pathogens, 

and the sludge was classified as proper for agricultural application. The results showed that the best dosages of 

sludge for the growth of chrysanthemum and petunia varied from 5 to 13%, and 13 to 18%, respectively. These 

concentrations provided the best yield for all variables tested, except mycorrhizal colonization and spore 

counting that decreased as the sludge concentration increased. 
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Introduction 

Sewage sludge, a residue from treatment plants, is a material rich in organic matter (Abreu, et al., 2019) 

and its end-use includes sanitary landfill, which burdens sanitation companies. According to the National 

Solid Waste Management Information System (Brasil, 2020a), 64% of the waste was sent to landfills, 12% to 

dumps or controlled landfills, and 24% to unspecified treatments. 

Since sewage sludge is rich in pathogens capable of disrupting ecosystem balance, the use of this material 

as an agricultural substrate requires adherence to the criteria defined by the Brasil (2020b) Resolution 

498/2020. One of these recommendations is the sanitation process, which aims to make sewage sludge safe 

both for plants and for those handling it. One method of sanitation is solar drying, a technique that not only 

utilizes renewable energy (Chen et al., 2014) but also reduces pathogens (An-Nori et al., 2021) and results in 

a significant decrease in the volume of the treated material (Collard et al., 2017), thereby reducing costs 

related to transportation, handling, and storage. 

Ornamental plants utilize sewage sludge, as the diversity and range of climates and soils in Brazil allow for the 

cultivation of numerous flower and plant species. The floriculture industry in Brazil has become notably competitive 

in the market, spreading across the entire country and becoming a significant economic activity (Souza et al., 2020). 

The use of sewage sludge as a substrate for cultivating ornamental plants was aimed at reducing 

production costs for small producers while providing an appropriate waste disposal method. The plants 

selected for this work were chrysanthemum (Dendranthema grandiflora) and petunia (petunia x hybrida). 

Consequent upon its various colors and lush inflorescence, chrysanthemum is among the most popular plants 
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in Brazil (Carvalho et al., 2020). Petunia, on the other hand, is an ornamental plant used worldwide in 

landscaping projects, including ground cover in beds, pots, and planters, hence its importance to the Brazilian 

ornamental plant market (Stumpf et al., 2016). 

Few studies have investigated the use of sewage sludge with these plants, and their behavior in relation to 

arbuscular mycorrhizal fungi (AMF), which makes this work relevant. AMF occurs widely in soils, promoting 

plant growth by absorbing nutrients from the soil and increasing their resistance (Trovato et al., 2024). 

Therefore, this study aimed to find an alternative to the disposal of sewage sludge, such as using it as a 

substrate in the production of chrysanthemum and petunia seedlings, applying different concentrations of 

this waste and sanitizing it through the technique of solar drying. 

Material and methods 

Experimental Setup 

In this study, 500 liters of post-centrifuge sludge, with 80% moisture content, was collected at the 

anaerobic treatment station of the Companhia Catarinense de Águas e Saneamento (CASAN), located in 

Canasvieiras, Florianópolis, Santa Catarina State, Brazil, (27º35'48" S and 48º32'57" W). The material was 

spread in a 10 cm layer, over a dark plastic sheet and left under those conditions of solar drying for 50 

consecutive days, exposed to daily sunlight for 8 hours and stirred weekly. Before and after solar drying, 

sludge samples were analyzed for the quantification of total coliforms, E. coli, non-E. coli coliforms, viruses, 

Salmonella, and helminths. After the drying process, the sludge had a moisture content of 20% and was then 

ground using a Tecnal mill, model TE-680, with a 2 mm mesh. 

Concurrently, soil from the Fazenda Experimental da Ressacada (UFSC) located in the Tapera 

neighborhood of Florianópolis, Santa Catarina State, Brazil, was collected and sieved through a 4 mm mesh. 

According to the methodology described by Gerdemann and Nicholson (1963), a portion of this soil (50 mL) 

was separated for the extraction and counting of AMF spores. The trials were conducted in a greenhouse using 

a base substrate composed of a 1:1 (v/v) soil-vermiculite mixture. The sewage sludge treatments evaluated 

correspond to the proportions added to the base substrate, which were: 25, 10, 5, and 0% (control) of sewage 

sludge. A randomized block design was used with 30 replications, and the tubes (300 mL) were arranged on a 

grid stand. Figure 1 presents the logic used in the setup of the experiments. 

 

Figure 1. Experimental Setup Process. Source: The authors. 

For the planting of chrysanthemum, conducted in April 2014, apical cuttings with 4 to 5 expanded leaves 

and approximately 5 cm in length from the Chrystal White variety were used. For petunia, the planting was 

carried out in May 2014 using seeds from the Isla brand, with 5 seeds per tube. 
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The chrysanthemum experiment was conducted for over 96 days. During this period, the plants were 

irrigated daily with deionized water and did not receive any fertilization.  

Petunia plant emergence occurred from the 8th day after sowing. On the fifteenth day, thinning was performed, 

leaving only one plant per tube. The experiment was concluded 115 days after its implementation. Like 

chrysanthemum, petunia was irrigated daily with deionized water until the substrate reached field capacity. 

Evaluation of the experiments 

At the end of each experiment, a 30-cm graduated ruler was used to measure the height of the aerial part 

of the plants. For dry matter determination, the aerial part was then separated from the root system and dried 

in an air-circulation oven at 55ºC for five days. The soil from each tube was removed simultaneously, and the 

roots were separated by washing in running water over a sieve with a 0.5 mm mesh. Thereafter, one gram of fine 

roots was collected, stored in capsules, and immersed in FAA solution (formalin-acetic acid-alcohol) for 

subsequent clarification and staining with Trypan Blue (Phillips & Hayman, 1970), intended for use in quantifying 

the mycorrhizal colonization rate (Giovannetti & Mosse, 1980). The remaining roots were dried in the oven under 

the same conditions as the aerial part. After drying, the material was weighed on an analytical balance to obtain 

the dry matter data for the aerial part (DMAP) and the root system (DMRS). The aerial part was then ground in a 

mill with 0.5 mm sieves, and the phosphorus and total nitrogen contents were determined according to the 

methodology described by Tedesco et al. (1995). From the foliar N and P contents, the accumulated amount of 

these nutrients in the aerial part was calculated along with its respective dry matter production. 

A composite and homogeneous mixture of the substrate from each treatment was prepared for soil pH 

determination and for the extraction and counting of AMF spores, according to the methodology described 

by Gerdemann and Nicholson (1963). 

All data obtained were subjected to analysis of variance, using a statistical program, to assess the statistical 

significance of the differences observed in the means. To assist in the interpretation of the data obtained and 

to evaluate the relationship between them, regression analyses were performed. 

Results 

The results of the analyses (Table 1) obtained from a composite sample of the collected material showed that the 

exposure time of the sewage to solar drying (50 days, for 8 hours daily) was effective in eliminating pathogens, thereby 

bringing the material from ETE Canasvieiras within the limits stipulated in the CONAMA Resolution 498/2020. 

Table 1. Quantification of pathogens in sewage sludge from the ETE in Florianópolis, before solar drying. 

Pathogens Solar pre-drying 50 days after collection  

Total coliforms 2.1 x 106 CFU mL-1 120 CFU mL-1  

E. coli 7.5 x 105 CFU mL-1 Not detected  

Coliforms not E. coli 1.31 x 106 CFU mL-1 120 CFU mL-1  

Virus Presence Not detected  

Salmonella Presence Absence  

OPG count 50 eggs gram-1 Not detected  

Source: The authors. 

The chemical analyses results of the sewage sludge showed nitrogen, phosphorus, and potassium levels of 

5.1 g kg-1, 35.7 g kg-1, and 3.33 cmolc dm-3, respectively. For organic carbon and organic matter, the values 

were 156.4 and 269.0 g kg-1, respectively. Also assessed were sodium (2 cmolc dm-3), sulfur (36.3 g kg-1), calcium 

(134.50 cmolc dm-3), magnesium (116.66 cmolc dm-3), and the pH of the water (6.1). 

The average pH of the composite sample of sewage sludge and soil was 4.58, before the start of the experiments. 

After conducting the experiments, the average pH values were 4.90 for chrysanthemum and 4.91 for petunia. 

Using the SISVAR statistical program, the data obtained were subjected to variance analysis (Ferreira, 

2011). The results of this analysis have been presented in graphs, one graph for each parameter. 

Regarding the chrysanthemum experiment, Figure 2 shows that height, dry matter of the aerial part 

(DMAP), and root length exhibited statistically significant differences among all treatments due to the 

increased concentration of sewage sludge in the substrate (Figure 2A, B, and C). 

The greatest plant height and dry matter of the aerial part (DMAP) were achieved with 8% and 11% sewage 

sludge, respectively, while the greatest root length was achieved with 9% sewage sludge in the substrate. 
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Regarding the dry matter of the root system (DMRS), statistical differences were found among all treatments, 

with higher values obtained at the 5% sewage sludge concentration (Figure 2D). Nitrogen and phosphorus 

levels exhibited a positive linear effect with increasing sewage sludge concentration in the substrate, with 

increments of 22.57 g kg-1 for nitrogen and 4.60 g kg-1 for phosphorus at the 25% sewage sludge doses (Figure 

3A and C). Compared to the control, nitrogen and phosphorus levels increased by 370% and 570%, respectively. 

The accumulation of nitrogen and phosphorus exhibited a quadratic behavior with the increasing concentration of 

sewage sludge in the substrate, with the highest values obtained at the 12% sewage sludge concentration (Figure 

3B and D). At the 25% concentration, low accumulation of N and P was observed. This result is due to the low dry 

matter production of the aerial part at that sewage sludge concentration. 

 

Figure 2. Growth of chrysanthemum (Dendranthema grandiflora) seedlings in substrate with different concentrations of sewage sludge. 

A) Plant height; B) Root length; C) Dry matter of the aerial part; and D) Dry matter of the root system. Vertical bars represent the 

standard error of the mean (n = 30). ** Significant at 1% probability. 

 

Figure 3. Nitrogen and phosphorus levels in chrysanthemum (Dendranthema grandiflora) seedlings in substrate with different concentrations 

of sewage sludge. A) Nitrogen content in the aerial part; B) Nitrogen accumulation in the aerial part; C) Phosphorus content in the aerial part; 

and D) Phosphorus accumulation in the aerial part. Vertical bars represent the standard error of the mean (n = 30). ** Significant at 1% 

probability. *** Significant at 5% probability. 
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Compared to the control treatment, mycorrhizal colonization showed a 74% decline at the 25% sewage 

sludge concentration (Figure 4A). Regarding sporulation, there was a 4% reduction compared to the initial 

sporulation in the control treatment. The treatment with 10% sewage sludge showed the greatest reduction 

in sporulation compared to the control treatment, with a decrease of 52% (Figure 4B). During the experiment, 

chrysanthemum completed the cycle indicated by the supplier of the cuttings; however, there was no 

flowering in the cultivar used. 

 
Figure 4. Mycorrhizal colonization (A) and number of spores (B) of arbuscular mycorrhizal fungi (AMF) in chrysanthemum 

(Dendranthema grandiflora) seedlings in substrate with different concentrations of sewage sludge. Vertical bars represent the standard 

error of the mean, n=30 for mycorrhizal colonization and n = 3 for the number of spores. *** Number of AMF spores present in the soil 

before applying the treatments. ** Significant at 1% probability. 

Figure 5 shows that with increasing concentrations of sewage sludge in the substrate, factors such as plant 

height, dry matter of the aerial part (DMAP), root length, and dry matter of the root system (DMRS) for petunia 

exhibited a quadratic behavior. The greatest plant height and DMAP were achieved with 16 and 15% sewage 

sludge, respectively (Figure 5A and C). For root length and DMRS, the highest values were obtained with 13 

and 15% sewage sludge in the substrate, respectively (Figure 5B and D). 

 
Figure 5. Growth of petunia (petunia x hybrida) seedlings in substrate with different concentrations of sewage sludge. A) Plant height; 

B) Root length; C) Dry matter of the aerial part; and D) Dry matter of the root system. Vertical bars represent the standard error of the 

mean (n = 30). ** Significant at 1% probability. 

The nitrogen content showed a positive linear effect with increasing sewage sludge concentration in 

the substrate, an increment of 12.25 g kg-1 was recorded at 25% sewage sludge concentration. Compared 

to the control, the nitrogen content in the plants increased by 70% (Figure 6A). For phosphorus content, the 

results showed that the control treatment had the best result, with an average of 1.42 g kg-1 of P (Figure 6C), due 

to the small biomass production in that treatment. 
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The accumulation of nitrogen and phosphorus (Figure 6B and D) exhibited a quadratic behavior with 

increasing sewage sludge concentration in the substrate, and the highest values for nitrogen and phosphorus 

were recorded at 18 and 16% sewage sludge concentration, respectively. At the 25% concentration, low 

accumulation of N and P was observed. This result is due to the low dry matter production of the aerial part 

for that species. 

 
Figure 6. Nitrogen and phosphorus levels in petunia (petunia x hybrida) seedlings in substrate with different concentrations of sewage 

sludge. A) Nitrogen content in the aerial part; B) Nitrogen accumulation in the aerial part; C) Phosphorus content in the aerial part; 

and D) Phosphorus accumulation in the aerial part. Vertical bars represent the standard error of the mean (n = 30). ** Significant at 1% 

probability. *** Significant at 5% probability. *n. a. = not adjusted polynomially. 

Regarding mycorrhizal colonization, the control treatment recorded the highest percentages of 

colonization (Figure 7B). Compared to the control treatment, the addition of 10% sewage sludge resulted in a 

64% decrease in mycorrhizal colonization (Figure 7A). When petunia was cultivated without sewage sludge, 

sporulation increased by 103% compared to the initial values obtained for the soil used in the base substrate 

preparation (Figure 7B). However, there was an average reduction of 69% in initial sporulation, when sewage 

sludge was incorporated into the substrate. 

 

Figure 7. Mycorrhizal colonization (A) and number of spores (B) of arbuscular mycorrhizal fungi (AMF) in petunia (petunia x hybrida) 

seedlings in substrate with different concentrations of sewage sludge. Vertical bars represent the standard error of the mean, n = 30 for 

mycorrhizal colonization and n = 3 for the number of spores. *** Number of AMF spores present in the soil before applying the 

treatments. ** Significant at 1% probability. 

Discussion 

The disposal of sewage sludge for agricultural use is an efficient alternative for the proper disposal of this 

material, since chemical analyses results showed that the material contains trace elements below that permitted 

by the CONAMA Resolution 498/2020. Chemical analysis showed that the nitrogen content was 5.1 g kg-1, a value 
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below the adequate leaf content for the development of chrysanthemum, which according to the Brazilian Society 

of Soil Science (Sociedade Brasileira de Ciência do Solo [SBCS], 2016) varies from 40 to 60 g kg-1. For petunia, the 

fertilization manual lacks specific recommendations for nitrogen and phosphorus. Notwithstanding, neither 

species showed any symptoms of deficiency of that element throughout the experiment. 

Regarding phosphorus, the analysis showed a content of 35.7 g kg-1, and according to the Fertilization 

Manual, for chrysanthemums the recommended value varies between 2.5 and 10.0 g kg-1 (SBCS, 2016). In this 

study, phosphorus was apparently in excess in the sludge used, and could have interfered with the absorption 

of other nutritional elements, but no typical deficiencies of these elements were identified in the plants 

analyzed. In both experiments, a reduction in phosphorus content was observed as the sewage sludge 

concentrations increased. 

According to Figure 2C, treatments with concentrations of 10 and 25% of sewage sludge satisfied the 

phosphorus needs of chrysanthemum. For petunias, this value is between 2 and 8 g kg-1. The maximum 

amount of phosphorus absorbed was identified in the control treatment (Figure 5C). Even with the increase 

in P supply through the addition of sludge, there was a reduction in phosphorus levels in the MSPA in petunia. 

This result, as with nitrogen, is related to the dilution effect. However, for chrysanthemum, as sludge 

concentrations increased, there was a decline in growth and MSPA production, i.e., a result influenced by the 

effect of P concentration in the plant. 

The relationships between biomass, nitrogen, and phosphorus accumulation in crops depend on several 

physiological processes, including the absorption of these elements, crop growth rate, and the allocation of C 

and N among plant organs (Gastal & Lemaire, 2002). In this study, nitrogen and phosphorus accumulation 

followed the same trend as dry matter production in the aerial part of chrysanthemum and petunia (Figures 

2B and D; 5B and D).  

Regarding nitrogen and plant height, Soares et al. (2016), working with sunflowers using different doses 

of nitrogen and phosphorus, observed that plant height and capitulum diameter were unaffected by N doses, 

but obtained a linear and positive response for P2O5 doses. Almeida et al. (2014) studied different nitrogen 

doses in dragon fruit and observed that the application of increasing doses of N affects the root system and 

aerial part, influencing the initial growth of these plants. In chrysanthemum and petunia, there was an 

increase in the foliar nitrogen content as the doses of sewage sludge increased (Figures 2A and 5A), with a 

consequent decrease in plant growth (Figures 1A and 4A). These results represent the direct effect of the 

concentration of that element in the plants. Nitrogen is an element that influences plant development (Silva 

et al., 2024) and its deficiency can cause reduced growth and production (Batista et al., 2018). However, 

despite the low concentration of nitrogen in sewage sludge, there was availability of N for the plants. 

According to Costa et al. (2015), the rate of organic N mineralization is variable, mainly depending on 

temperature, soil moisture and microbial activity, and these losses can be minimized by incorporating 

biosolids into the soil, in which a large part of the ammonia will be retained by soil particles and converted to 

nitrate, with N remaining available. In addition, sewage sludge has long term benefits in the soil, due to the 

slow and constant release of nutrients with the decomposition of organic matter, making them available to 

microbial biomass for a longer time (Sayara et al., 2020). 

Growth parameters such as shoot height, shoot dry mass, length and root system dry mass are the most 

commonly used to determine seedling quality standards. In chrysanthemums, the sewage sludge 

concentration that provided the best results for height was 8% and for root length, 9% (Figure 1A and B). For 

petunias, the concentration estimated as most suitable for stimulating plant height was 16% and for root 

length, 13% (Figure 4A and B). This difference identified for the two evaluated species may be related to the 

availability of nutrients, such as nitrogen, for example, which directly influences shoot development. 

The reduction in mycorrhizal colonization (Figures 3A and 6A) can be attributed to the concentration of 

phosphorus found in the sewage sludge, since, according to Silva et al. (2018), this nutrient greatly influences 

mycorrhizal colonization. According to Moreira and Siqueira (2006), soils with high P levels promote sharp 

declines in colonization. 

In turn, sporulation (Figures 3B and 6B) showed a proportional decline in this parameter as the sewage 

sludge levels in the substrate increased, with the exception of chrysanthemum, which in the treatment with 

25% sludge presented a number of spores similar to the 4% concentration, as observed in Figure 3B. This 

result corroborates Moreira and Siqueira (2006), who emphasized that sporulation does not have a direct 

influence on the symbiont, but may be related to the degree of colonization and root extension. However, this 
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behavior is not mandatory, as there is no direct relationship between the number of spores and mycorrhizal 

colonization (Boff et al., 2014). 

In this study, the solar drying technique was used to eliminate pathogens, and it is known that disinfection 

by sunlight depends on light intensity and temperature (Saxena & Den, 2022; Koottatep et al., 2018). During 

the time in which the sewage sludge was subjected to solar drying, the average maximum temperature was 

30.9°C, and the average minimum was 22.7°C. This temperature was effective in eliminating pathogens and 

is in line with Sweya et al. (2020), who found a 100% reduction in pathogens in Tanzania when the material 

was subjected to solar drying for 13 days in the dry season, and in the rainy season the exposure time was 42 

days. These procedures allowed the sewage sludge used to be classified as class A, according to the CONAMA 

Resolution 498/2020. Thus, it is possible to conclude that for this work, solar drying is a viable alternative for 

disinfection of the sludge, enabling its use as a substrate for agronomic purposes. 

Conclusion 

Solar drying is an effective technique for eliminating pathogens present in domestic sewage sludge, 

making it suitable for use as a substrate for plant cultivation and it could serve as an alternative disposal 

method for this material. By reducing the health risks associated with raw sludge, this method enabled its 

safe application in agriculture, contributing to more sustainable waste management practices. This study 

successfully identified the potential of solar-dried sewage sludge to serve as a substrate in the production 

of chrysanthemum and petunia seedlings, using varying waste concentrations. The results indicated that 

optimal sludge concentrations differ between species, with 5% being ideal for chrysanthemums and 13% to 

18% for petunias. These findings demonstrate that solar drying not only ensures the safe reuse of sewage 

sludge but also offers a sustainable alternative for its disposal, fulfilling the study’s objective of promoting 

environmentally responsible agricultural practices. 

Data availability 

The data resulting from this study are fully available in the body of the article. 
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