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Abstract

:

Productive traits, total polyphenols (TPC), and antioxidant activity (DPPH) of arugula submitted to the combination (or not) of cow urine and doses of bokashi were evaluated in two experimental areas. Arugula was planted in cultivation bags with 55 dm3 of capacity in protected cultivation. The treatments were bokashi doses (0, 10, 20, and 30 g) and use (or not) of cow urine diluted 1% in water. The variables evaluated were fresh leaf biomass (FLB), dry leaf biomass (DLM), plant height (PH), chlorophyll index, TPC, and DPPH. In area 1, all agronomic variables were increased at 30 g and 20 g bokashi doses. FLB was increased by 87 and 76% with 30 g of bokashi. Cow urine only increased PH. In area 2, the use of bokashi + cow urine increased FLB, DLB, and PH with a positive quadratic response. At the maximum point, the FLB was increased by 159% with 28.92 g of bokashi. Bokashi increased FLB and DLB in the two areas in all evaluated doses. For TPC, with the use of cow urine, 10 g of bokashi increased TPC by 14%. Without the use of cow urine, increases of 17 and 33% with 10 and 30 g of bokashi were observed. The 30 g of bokashi is recommended because of increased productive traits and TPC.
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1. Introduction


Arugula (Eruca sativa L.) is a leafy vegetable of the Brassicaceae family with an herbaceous habit, rapid vegetative growth, and a short agronomic cycle [1]. This vegetable with tender leaves and strong and pungent flavor is much appreciated in the form of salads [1]. Also, the leaves are sources of bioactive compounds such as polyphenols, vitamins, and minerals [1], contributing to a healthier diet.



The success of vegetable production in general is determined by providing adequate nutrition at all growth stages of the crop of interest. In the production of arugula, plant nutrition is critical. Because arugula is a fast-cycle plant, nutritional imbalances can be irreversible [2]. In this context, research is needed to establish a balanced fertilization strategy that focuses on the efficient use of natural resources. It is also important to validate and adopt new technologies and strategies that can be used in transition areas or with organic certification of vegetables.



Several studies have shown that organic fertilization and amendment have a positive impact on vegetable growth [3,4,5,6,7]. One of the options is the use of organic matter with a controlled process of fermentation. Bokashi has as its main components a source of organic matter that undergoes a fermentation process through the inoculation of selected microorganisms and its composition may vary depending on the materials available locally to farmers [8,9]. Bokashi provides nutrients and beneficial microorganisms to the soil and helps in the recovery of nutritionally unbalanced and degraded areas [8]. The use of bokashi in agriculture has been well documented [10,11]. In general, studies show improvements in agronomic characteristics in a variety of plant species, ranging from seedling production [12,13,14], vegetables [15,16,17,18,19], fruits [20], to ornamental [21].



Cow urine presents itself as a safe and inexpensive alternative for small farmers, with the added benefits of promoting nutrient recycling, fertilization with nutrients and substances beneficial to plants, and use as a fortifier and biopesticide for the control of agricultural pests [22,23]. Increases in agronomic traits such as shoot fresh mass, plant dry mass, chlorophyll index, and lettuce (Lactuca sativa L.) yield were observed in studies using different doses from 0.25 to 2.4% (v/v) of cow urine as an organic amendment [24,25]. Cow urine at 5% (v/v) can reduce the negative effects of salts on purple passion fruit (Passiflora edulis Sims) seedlings while also increasing the leaf area of yellow and purple passion fruit seedlings [26]. However, cow urine (doses from 4 to 20%, v/v) had no effect on the fresh mass, number of leaves, or chlorophyll content of kale (Brassica oleracea L.) [27]. Therefore, further studies are needed for a better understanding of this organic amendment’s effects on plant growth.



Besides the plant production traits, the bioactive compound levels can be affected by different sources of fertilization [19,28,29]. In rhubarb (Rheum rhabarbarum L.) petioles, organic fertilizer with chicken manure provided higher total phenols content and antioxidant activity than control (unfertilized), being similar or superior compared to plants under chemical fertilization [28]. Studies show that bioactive compounds in lettuce, mustard (Brassica juncea L.) [30], and total phenolics and antioxidant enzymes in potatoes (Solanum tuberosum L.) [31] may be improved when cultivated with bokashi. However, in a study on tomatoes (Solanum lycopersicum L.), an increase in NPK fertilizer doses did not lead to an increase in bioactive compounds (flavonoids and polyphenols) and antioxidant activity [32].



As seen in the abovementioned studies, there is still scarce information on cow urine use as vegetable fertilization, and mixing this low-cost organic amendment with bokashi studies is still incipient. The hypothesis was that a combination of two organic amendments can increase plant production, total polyphenols, and antioxidant activity. Therefore, the objective of the present study was to evaluate the productive traits, total polyphenols, and antioxidant activity of arugula submitted to the combination (or not) of doses of bokashi and use (or not) of cow urine.




2. Materials and Methods


The experiments took place in two different locations in Brazil (Figure S1). The experiment in area 1 was carried out in protected cultivation at the Universidade Estadual de Londrina, Londrina, Paraná (23°20′28″ S, 51°12′34″ W; 548 m). Londrina has a Köppen climate classification of Cfa, which means it has a humid temperate climate with rainfall throughout the year, with the possibility of dry periods during the winter [33].



For area 2, the experiment was carried out in the city of Bandeirantes, Paraná, in protected cultivation at the Universidade Estadual do Norte do Paraná (23°06′35.4″ S, 50°21′45.3″ W; 444 m). Bandeirantes has a Köppen climate classification of Cwa, which means it has a humid temperate climate with hot summers and dry winters [33].



For both areas 1 and 2, the experimental materials were similar and were grown under an organic management system. The experiments were carried out in cultivation bags filled with the substrate (TurfaFertil), composed of carbonized rice husk, limestone, turf, and earthworm humus with the following chemical characteristics: N = 7.5 g kg−1; P = 5.01 g kg−1; K+ = 4.42 g kg−1. The cultivation bag was 1.5 m long and 0.5 m wide and had a total volume of 55 dm3. Data for minimum, average, and maximum temperature and rainfall are given in Tables S1 and S2 for Londrina and Bandeirantes, respectively.



The experiments were carried out in a 2 × 4 double factorial design, the first factor being the use (or not) of cow urine at 1% dilution in water and the second factor being doses of bokashi (0, 10, 20, and 30 g). The control was considered without the use of cow urine and 0 g of bokashi. The doses of bokashi were incorporated into each planting pit. In each planting pit, there were ten arugula plants. This was achieved because the commercial seedling production nursery used ten arugula seeds per cell of the seedling tray. Seven groups of ten arugula seedlings cv. Donatella (Folha larga) were transplanted into each cultivation bag, with only five central ones serving as the experimental plots for the replications. Areas 1 and 2 were transplanted on 1 April 1 and 7 June 2021, respectively.



Bokashi was prepared with residues of wheat, rice, and soybean, having the following chemical characteristics: N: 37.67 g kg−1; P: 14.36 g kg−1; K: 21.01 g kg−1; Ca: 12.00 g kg−1; and Mg: 8.8 g kg−1. Cow urine, without dilutions, had the following chemical characteristics: N = 3.80 g kg−1; P = 0.01 g kg−1; K+ = 0.002 g kg−1; Ca2+ = 0.31 g kg−1; and Mg2+ = 0.11 g kg−1.



There was no application of phytosanitary products. Irrigation management was performed twice a day, at 10 A.M. and 4 P.M., with water added until the field capacity was reached.



Fresh leaf biomass of individual plants (FLB) (g), dry leaf biomass of individual plants (DLB) (g), plant height (PH) (cm), and chlorophyll index (CLO) (Falker index) were the agronomic variables studied. FLB, DLB, and PH were measured 28 days after seedling transplanting. CLO was measured 21 days after seedling transplanting. To obtain the dry leaf biomass, the fresh leaves were first washed with distilatted water three times and then dried in an oven with forced air circulation at 65–70 °C for 72 h. The Falker ClorofiLOG® 1030 device was used to read the indirect chlorophyll measurement index, with 3 readings taken on fully expanded leaves of each plant for a total of 15 readings per treatment.



For bioactive compound (total polyphenols and antioxidant activity) evaluations, samples were prepared before the analysis. For the preparation of samples, the dried leaves samples were ground into powder. These samples were obtained after the mass measurement of DLB. One gram of sample was ultrasonically extracted three times at 40 °C for 30 min using 10 mL 80% aqueous methanol (w:v = 1:10). The extracts were centrifuged at 1500 G for 5 min. After this process, the supernatant was collected for quantification. Three repetitions were used for bioactive compound evaluations.



The total polyphenols were determined with the Folin–Ciocalteu reagent, with adaptation on absorption at 750 nm, at room temperature [34].



The antioxidant activity of arugula leaves was determined by using the DPPH (2,2′-diphenyl-1-picrylhydrazyl) radical scavenging ability method. The methodology was according to Brand-Williams et al. [35]. Absorbance values were measured on a spectrophotometer at 517 nm. Results were expressed in percentage of antioxidant capacity.



Homogeneity of variance (Bartlett test), independence from errors (Durbin–Watson test), and normality of errors tests (Shapiro–Wilk test) were performed. If all the prerequisites were met, the data were subjected to analysis of variance. When there was an interaction between the factors, the data were split and the means were compared using the Tukey test for bokashi doses and the LSD test (least significant difference) for comparisons with and without cow urine, both at a significance level of 5%. Regression analysis was performed with linear or quadratic adjustment, depending on the best-fit model for each variable, at 1% significance. The Microsoft Excel, PAST [36], and R (AgroR) [37] programs were used for the statistical analyses.




3. Results


According to the analysis of variance (Table 1), there was no interaction between the factors (cow urine use and bokashi doses) for the area 1 experiment. As a result, each factor was examined separately for statistically significant variables. The regression curve was tested, however, with no significant effect. Our results are presented in figures for area 1. For both areas 1 and 2, only statistically significant results are presented. Non-significant data are shown in Tables S3–S5 as supplementary material.



Plants fertilized with bokashi showed increases in the averages of the variables FLB, DLB, PH, and CLO (p < 0.05) (Figure 1). For FLB, the means of the 30, 20, and 10 g bokashi treatments increased by 87, 76, and 55%, respectively, when compared to the control (Figure 2A). For the DLB variable, the means of the 30, 20, and 10 g bokashi treatments increased by 97, 82, and 52%, respectively, when compared to the control (Figure 2B). In comparison to the control, the CLO variable increased by 11 and 9% in the 30 and 20 g bokashi treatments, respectively (Figure 2C).



For the PH variable, the use of cow urine provided an increase of 6.5% of plant height compared to plants of the control (Figure 3A). The means of the 30, 20, and 10 g bokashi treatments increased by 24, 13, and 13%, respectively, when compared to the control (Figure 3B).



In area 2, the analysis of variance showed that there were significant differences between the treatments and interaction between the use of cow urine with the different doses of bokashi applied (Table 2) (Figure 4).



For all variables, there was a positive and significant linear response (p < 0.01). In general, the use of cow urine had no influence on the treatments used in the area 2 experiment. The variables DLB and CLO had higher averages in the treatment without bokashi, and the variable PH had a significant difference in the bokashi 30 g treatments, with the use of urine having a lower value than the treatment without cow urine (Figure 5).



The treatments with the different doses of bokashi showed a significant difference in the experiment carried out in area 2. In FLB, an increase of 210.2% and 100.7% was observed in the dose of 30 g of bokashi in relation to the control without and with cow urine, respectively (Figure 5A). For DLB, at the dose of 30 g of bokashi, there was an increase of 232.5% and 89.5% in relation to the control without and with cow urine, respectively (Figure 5B). For the variable PH, at a dose of 30 g, bokashi showed an increase of 46.6% and 24.3% at a dose of 30 g of bokashi compared to the control without and with cow urine, respectively (Figure 5C). In CLO, there was a significant increase of 14.38% in relation to the control without cow urine (Figure 5D). There was no significance for regression (p > 0.05) for CLO when cow urine was used (Figure 5D).



According to the analysis of variance (Table 3), the treatments influenced TPC only in area 2, and there was interaction between the factors (cow urine use and bokashi doses). For DPPH, in area 1, only bokashi doses had an effect on plant antioxidant activity.



For the total phenolic compound in arugula in area 2, results often varied. Without the use of cow urine, the use of 10 and 30 g of bokashi provided higher levels of TPC compared to the control (Figure 6). With the use of cow urine, only 10 g of bokashi showed higher levels of TPC compared to the control.



Concerning cow urine, the treatments without application of cow urine provided higher TPC in the doses of 20 and 30 g of bokashi in area 2 (Figure 6).



For antioxidant activity evaluated by using DPPH, in area 1, treatments did not differ from the control. The only difference was between 10 and 20 g of bokashi. The 20 g bokashi had a higher percentage of antioxidant capacity than 10 g (Figure 7).




4. Discussion


In both experimental areas, the effects of bokashi were more pronounced than the effects of cow urine on arugula yield variables. There have been few studies on how much cow urine to use for plant fertilization. The dose of 1% cow urine that produced the best results when applied to lettuce via soil was the most productive [38]. Freire et al. [25] evaluated that the concentration of 2.2% of cow urine increased the fresh mass of leaves of two lettuce cultivars. Freire et al. [25] verified that doses of up to 20% of cow urine applied weekly did not influence fresh mass, number of leaves, chlorophyll levels, and productivity of kale. For the present study, it was verified that cow urine increased the variables dry mass of leaves and chlorophyll index when bokashi was not used, and only in area 2 (Figure 5). This fact may indicate that the dose used was low, since the use of bokashi supplied the nutritional needs of the plant, and cow urine at this dose did not have a sufficient concentration of nutrients to influence the productive variables.



In several vegetables, such as lettuce [39,40,41], strawberry (Fragaria × ananassa Duchesne) [17,42], arugula [16], parsley (Petroselinum crispum [Mill.] Fuss var. Crispum) [18], and tomato [43], the use of bokashi resulted in an increase in agronomic variables, e.g., fruits or leaves biomass production, dry matter, and chlorophyll levels. In an experiment with three production cycles of arugula, using bokashi resulted in an average increase of 137% in leaf biomass production [16]. The fresh biomass of lettuce had an increase of more than 250% with the use of bokashi compared to the control without fertilization [39]. Productivity similar to the treatment with chemical fertilization was observed in kale [15], indicating that the productivity of bokashi can be equivalent to the productivity obtained with chemical fertilization.



Although there is a considerable amount of nutrients in the composition of bokashi [9], the advantages of using this plant soil conditioner are extensive. When compared to the control, the use of bokashi resulted in significant increases in microbial biomass carbon [40,42,44], changing and regulating the pattern of microorganisms in the soil [45]. An increase in fungi diversity, mostly of the Penicillium genus, was observed when chemical fertilizer was replaced by bokashi [44]. When applying bokashi, an increase of non-random microorganisms was observed in addition to an increase of positive correlation between microbes [45]. This suggests a reduction in resource competition, making the soil microbiota more stable and resilient to disturbance [45].



Furthermore, lactic acid bacteria present in bokashi can produce plant growth-promoting substances such as 3-phenyl-lactic acid, which induced the development of adzuki bean roots, Vigna angularis (Willd.), according to Ohwi & H. Ohashi [46]. The development of the roots promotes better nutrient absorption and, as a result, the development of the plant’s aerial part. The nitrogen, phosphorus, and chlorophyll content of strawberry fruits increased by 139, 68, and 22%, respectively, when bokashi was used [43]. Phosphorus and magnesium levels in Swiss chard (Beta vulgaris L. var. cycla) were higher than the control in plants fertilized with EM-Bokashi, despite having lower levels of vitamin C than the control [47]. For area 2, FLB, DLB, and PH had different regression adjustments. Without the use of cow urine, a linear and positive trend was observed. With the use of cow urine, there was a quadratic adjustment, reaching a maximum point (24.61, 21.32, and 19.50 g of bokashi for FLB, DLB, and PH, respectively), and next, reducing the potential of increasing these variables. This can indicate that, in our study, cow urine inhibited or limited the development of beneficial bokashi microorganisms because of its antimicrobial activity. Previous studies demonstrate that a series of antimicrobial metabolites and peptides have been found in cow urine [48,49].



For DPPH assays, previous studies showed that organic fertilizer and amendments alter the polyphenol profile and, consequently, the antioxidant capacity [15,28,29,50]. Romaine and frisée lettuce cultivars’ total phenolics increased by 30 and 35%, respectively, with the use of bokashi amendment in comparison to the control (water only) [19]. However, similarly to our study, the means of the DPPH and FRAP antioxidant methods varied and bokashi did not show higher means than the control [19]. TPC and DPPH assays were also not consistent in the two different experimental areas. The different climate conditions and the use of organic amendments in the two experimental areas can be explained by the differences in plant secondary metabolisms and gene regulation and, consequently, the phytochemical profile of plants, accumulation of bioactive compounds, and antioxidant activity [51,52,53].



We recommend the use of 30 g of bokashi because it increased the FLB, an important variable for arugula commercialization, for both areas. Despite the experiment in area 1 showing that 20 and 30 g had no significant differences, the bokashi is a low-cost amendment and is usually used with organic wastes. Therefore, a higher dose is recommended in the present study conditions for arugula. The results of bokashi without cow urine in area 2 indicate a positive linear trend for FLB, DLB, and PH. Thus, future studies could use a higher dose of bokashi.



In the present study, a small effect of cow urine was observed. Future research should increase cow urine doses from 1 to 10%, for example, or increase the frequency of application to the soil. Further studies should also evaluate the antimicrobial effect of cow urine if used in combination with fermented-based organic amendments such as bokashi. These studies will help farmers use these low-cost organic amendments to increase plant production and nutritional quality, reducing production costs and organic wastes. Also, the combination of bokashi with other organic sources such as biochar [54] and specific microorganisms such as Azospirillum brasilense and Pseudomonas fluorescens [55] would be interesting to farmers to use organic wastes for plant fertilization, soil benefits, and microbiota improvement.




5. Conclusions


In general, for area 1, the 20 g of bokashi dose was sufficient to increase the variables when compared to the control, being similar to 30 g in all of the studied variables. The use of cow urine only increased the plant height.



With only the use of bokashi at the tested doses, the variables fresh leaf biomass and dry leaf biomass had a positive linear response for area 2. With the use of bokashi and cow urine at the evaluated doses in area 2, the variables fresh leaf biomass, dry leaf biomass, and height had a quadratic response.
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Figure 1. Illustration of arugula submitted to cow urine at 1%, or not (control), and bokashi doses (0, 10, 20, and 30 g per group of ten plants). Experiment was carried out in area 1, Londrina, Paraná, Brazil. 
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Figure 2. Mean values of fresh leaf biomass (FLB, g per plant) (A), dry leaf biomass (DLB, g per plant) (B), and chlorophyll index (CLO, Falker index) (C) in arugula as a function of bokashi doses in an experiment carried out in area 1, Londrina, Paraná, Brazil. Bars represent standard deviation from the mean. Means followed by the same letter do not differ according to the Tukey test (p > 0.05). 
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Figure 3. Mean values of plant height (PH, cm) of arugula in function of the application (or not) of cow urine 1% (A) and doses of bokashi (0, 10, 20, and 30 g per plant) (B) in an experiment carried out in area 1, Londrina, Paraná, Brazil. Bars represent standard deviation from the mean. Means followed by the same letter do not differ according to the Tukey test (p > 0.05). 






Figure 3. Mean values of plant height (PH, cm) of arugula in function of the application (or not) of cow urine 1% (A) and doses of bokashi (0, 10, 20, and 30 g per plant) (B) in an experiment carried out in area 1, Londrina, Paraná, Brazil. Bars represent standard deviation from the mean. Means followed by the same letter do not differ according to the Tukey test (p > 0.05).
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Figure 4. Illustration of arugula submitted to cow urine at 1%, or not (control), and bokashi doses (0, 10, 20, and 30 g per group of ten plants). Experiment was carried out in area 2, Bandeirantes, Paraná, Brazil. 
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Figure 5. Mean values of fresh leaf biomass (FLB, g per plant) (A), dry leaf biomass (DLB, g per plant) (B), plant height (PH, cm) (C), and chlorophyll index (CLO, Falker index) (D) of arugula in function of the application (or not) to 1% cow urine and doses of bokashi (0, 10, 20, and 30 g per group of 10 plants) in an experiment carried out in area 2, Bandeirantes, Paraná, Brazil. (0) Without application of cow urine; (1) with application of 1% cow urine. Bars represent standard deviation from the mean. Regression equation and respective R2 value, significant at 1% of probability. Means followed by an asterisk differ significantly at 1% in comparison with and without application of cow urine. ns: non-significant. 
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Figure 6. Mean values of total phenolic compounds (absorbance at 517 nm) in arugula subjected to doses of cow urine (with or without) and bokashi (0, 10, 20, and 30 g per group of 10 plants) in experiment carried out in area 2, Bandeirantes, Paraná, Brazil. Means followed by the same lowercase letter between the same bokashi dose and uppercase in different doses of bokashi, in the same cow urine factor (with or without), do not differ according to the Tukey test (p > 0.05). 
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Figure 7. Mean values of antioxidant activity percentage, evaluated using DPPH (2,2′-diphenyl-1-picrylhydrazyl) method in arugula subjected to doses bokashi (0, 10, 20, and 30 g per group of 10 plants) in experiment carried out in area 1, Londrina, Paraná, Brazil. Data shown in percentage of antioxidants. Means followed by the same letter do not differ according to the Tukey test (p > 0.05). 
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Table 1. Summary of analysis of variance for the productive variables fresh leaf biomass (FLB, g per plant), dry leaf biomass (DLB, g per plant), plant height (PH, cm), and chlorophyll index (CLO, Falker index) in arugula submitted to cow urine doses and bokashi in an experiment carried out in area 1, Londrina, Paraná, Brazil.
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Source of Variation

	
Mean Square




	
df

	
LFB

	
LDB

	
PH

	
CLO






	
Factor 1 (cow urine)

	
1

	
1.218

	
0.002

	
39.006 *

	
12.100




	
Factor 2 (bokashi)

	
3

	
13.536 *

	
0.101 **

	
76.556 **

	
44.067 **




	
Interaction

	
3

	
0.548

	
0.006

	
4.273

	
10.700




	
Error

	
32

	
0.389

	
0.003

	
5.736

	
4.438




	
CV

	

	
13.46

	
15.33

	
7.50

	
5.98




	
Mean

	

	
4.64

	
0.37

	
31.75

	
35.17








df: degrees of freedom; CV: coefficient of variation; * significant at 5% probability; ** significant at 1% probability.
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Source of Variation

	
Mean Square




	
df

	
LFB

	
LDB

	
PH

	
CLO






	
Factor 1 (cow urine)

	
1

	
0.471

	
0.139

	
2.256

	
4.579




	
Factor 2 (bokashi)

	
3

	
22.105 **

	
0.2189 **

	
128.523 **

	
11.755




	
Interaction

	
3

	
1.587 *

	
0.024 *

	
24.523 *

	
20.970 *




	
Error

	
32

	
0.322

	
0.006

	
7.003

	
3.389




	
CV

	

	
13.73

	
18.36

	
9.9

	
5.8




	
Mean

	

	
4.14

	
0.44

	
26.74

	
31.73








df: degrees of freedom; CV: coefficient of variation; * significant at 5% probability; ** significant at 1% probability.













 





Table 3. Summary of analysis of variance for total phenolic compounds (TPC, absorbance at 517 nm) and antioxidant activity using 2,2-diphenyl-1-picrylhydrazyl radical (DPPH, percentage of antioxidant) method in arugula subjected to doses of cow urine and bokashi in experiment carried out in area 1 and 2.
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Source of Variation

	
Mean Square




	
df

	
TPC

Area 1

	
TPC

Area 2

	
DPPH

Area 1

	
DPPH

Area 2






	
Factor 1 (cow urine)

	
1

	
0.001

	
0.006 *

	
0.078

	
46.171




	
Factor 2 (bokashi)

	
3

	
0.006

	
0.018 *

	
14.525 *

	
29.958




	
Interaction

	
3

	
0.001

	
0.005 *

	
3.506

	
1.845




	
Error

	
32

	
0.003

	
0.001

	
3.848

	
16.400




	
CV

	

	
12.08

	
5.23

	
14.97

	
16.401




	
Mean

	

	
0.43

	
0.48

	
13.10

	
16.67








df: degrees of freedom; CV: coefficient of variation; * significant at 5% probability.
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