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Abstract 

One of the difficulties in the kale seedlings production in containers is to ensure the production of aboveground 

biomass with a limited portion of roots, restricted to a small volume of substrate. Thus, we investigated whether 

substrates with organic compost added to it associated with kale cultivars interfere in the quality of seedlings 

produced in a greenhouse. Here, we studied two kale cultivars and five substrates. The experiment was designed in 

randomized blocks, with treatments arranged in a bifactorial scheme (2 x 5), with three replications. We carried out 

the physical and chemical characterization of the substrates and evaluated attributes of the aerial part and root system 

of the kale seedlings. The results showed that the substrate with the highest water retention was the one without the 

addition of organic compost. The greater the proportion of organic compound added to the substrate, the higher the 

nitrogen, phosphorus and organic carbon values. Seedlings produced in the substrate with greater water retention 

capacity had better performance in relation to the morphology of the aerial part and the morphology of the root 

system. We conclude that seedlings of kale cultivars associated with substrates with higher water retention have better 

quality. Seedlings of the ‘Gaudina’ cultivar stand out for their better phytometric morphology, while seedlings of the 

‘Manteiga’ cultivar have higher quality of root biomass. 

Keywords: Brassica oleracea L. var. acephala DC.; Physical and chemical properties; Phytometric morphology; 

Organic production of seedlings. 
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Resumo  

Uma das dificuldades na produção de mudas de couve-folha em recipientes é o de assegurar a produção de biomassa 

aérea com porção limitada de raízes, restritas a um pequeno volume de substrato. Assim, investigamos se substratos 

acrescidos de composto orgânico associados a cultivares de couve-folha interferem na qualidade das mudas 

produzidas em estufa. Aqui, estudamos duas cultivares de couve-folha e cinco substratos. O experimento foi 

delineado em blocos casualizados, com os tratamentos arranjados no esquema bifatorial (2 x 5), com três repetições. 

Realizamos a caracterização física e química dos substratos e avaliamos atributos da parte aérea e do sistema radicial 

das mudas de couve-folha. Os resultados mostraram que o substrato com maior retenção de água foi aquele sem 

adição de composto orgânico. Quanto maior a proporção de composto orgânico adicionada no substrato maiores os 

valores de nitrogênio, fósforo e carbono orgânico. Mudas produzidas no substrato com maior capacidade de retenção 

de água tiveram maior desempenho em relação à morfologia da parte aérea e à morfologia do sistema radicial. 

Concluímos que mudas de cultivares de couve-folha associada aos substratos com maior retenção hídrica têm melhor 

qualidade. Mudas da cultivar Gaudina destacam-se pela melhor morfologia fitométrica, enquanto que mudas da 

cultivar Manteiga apresentam maior qualidade de biomassa radicial.  

Palavras-chave: Brassica oleracea L. var. acephala DC.; Propriedades físicas e químicas; Morfologia fitométrica; 

Produção orgânica de mudas. 

 

Resumen  

Una de las dificultades en la producción de plántulas de col rizada en contenedores es asegurar la producción de 

biomasa aérea con una porción limitada de raíces, restringida a un pequeño volumen de sustrato. Por lo tanto, 

investigamos si los sustratos agregados con compost orgánico asociado con cultivares de col rizada interfieren en la 

calidad de las plántulas producidas en un invernadero. Aquí, estudiamos dos cultivares de col rizada y cinco sustratos. 

El experimento se diseñó en bloques al azar, con tratamientos dispuestos en un esquema bifactorial (2 x 5), con tres 

repeticiones. Realizamos la caracterización físico-química de los sustratos y evaluamos atributos de la parte aérea y 

sistema radicular de las plántulas de col rizada. Los resultados mostraron que el sustrato con mayor retención de agua 

fue el que no tuvo la adición de abono orgánico. Cuanto mayor sea la proporción de compuesto orgánico añadido al 

sustrato, mayores serán los valores de nitrógeno, fósforo y carbono orgánico. Las plántulas producidas en el sustrato 

con mayor capacidad de retención de agua tuvieron mejor desempeño en relación a la morfología de la parte aérea y la 

morfología del sistema radicular. Concluimos que las plántulas de cultivares de col rizada asociadas a sustratos con 

mayor retención de agua tienen mejor calidad. Las plántulas del cultivar Gaudina destacan por su mejor morfología 

fitométrica, mientras que las plántulas del cultivar Manteiga presentan mayor calidad de biomasa radicular. 

Palabras clave: Brassica oleracea L. var. acephala DC.; Propiedades físicas y químicas; Morfología fitométrica; 

Producción orgánica de plántulas. 

 

1. Introduction 

Increasingly, the world’s spotlight is focused on functional foods due to the benefits related to preventive health 

(Skrovankova, et al., 2015). A vegetable that is generally found on the list of healthiest foods is kale (Brassica oleracea L. var. 

acephala DC.), characterized by leaves that do not form a head (Šamec; Urlić; Salopek-Sondi, 2019). Traditionally, this 

vegetable is inserted in family farming production systems, in small plots, and is intended for human and/or animal 

consumption. However, due to the human health benefits arising from the consumption of this horticultural crop (Becerra-

Moreno, et al., 2013) the demand for kale is increasing. 

Thus, adopting technologies that enhance the kale production chain, such as the production of quality seedlings, is a 

key factor in providing producers with profitability. In horticultural crops, the supply of quality seedlings to producers is 

important to obtain high production after the establishment of the plants in their cultivation environment (Chiomento, et al., 

2019). This quality refers to the robustness of plants against abiotic and biotic stresses (Zhao, et al., 2016). However, a 

difficulty in the production of seedlings in containers is to ensure the production of aboveground biomass with a limited 

portion of roots (Lemaire, 1995), restricted to a small volume of substrate, in response to the species/cultivars used. 

When cultivating vegetable seedlings for commercial purposes, nurseries should use a growing medium (substrate) 

with desirable properties to produce good quality seedlings (Oagile, et al., 2016). Due to the cost of acquiring the commercial 

substrate, it is possible, after having proven its technical efficiency, to use local resources such as substrate conditioners. 

Handmade organic compounds are an important alternative in this case. Seedlings of leafy vegetable species, such as kale, are 

strongly dependent on substrate quality and water availability. Substrates can interfere with the development of roots, favoring 



Research, Society and Development, v. 10, n. 8, e58010817707, 2021 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i8.17707 
 

 

3 

or disfavoring this organ and this compromises the production of aerial biomass of leafy species. To identify these effects, it is 

essential to take into account the responses to mixtures of conditioners to reduce losses due to negative interactions when using 

proportions that are unfavorable to production, such as when the substrate becomes denser and with less water retention 

(Chiomento, et al., 2019). 

Substrates often have inconsistent physical properties because their different components are derived from various 

sources and show different attributes (Lishtvan, et al., 2017). Therefore, choosing an adequate material is essential for the 

development of plants and this can contribute to reducing the negative effects of ecophysiological stress during the production 

of seedlings and after their transplantation. An eligible substrate must provide plants with sufficient water and nutrients and 

allow oxygen to be acquired by the roots (Meng, et al., 2018). In addition, we emphasize that genetic differences are always 

welcomed in horticulture as they provide different responses to the growing environment in a stressful situation. Plants of the 

same genus can show different responses when subjected to the same substrate, especially if this material affects the root 

system produced (Chiomento, et al., 2020). 

Due to the fact that the substrate used in the seedling production system is essential for seed germination and plant 

establishment (Auler, et al., 2015) and that increases in productivity are linked to this input, we proposed to answer the 

following question: how substrates with organic compost added to it when associated with kale cultivars interfere in the quality 

of seedlings produced in a greenhouse? 

Therefore, based on the hypothesis that the development of seedlings of kale cultivars depends on the water retention 

of the substrate, here we investigate whether substrates added with organic compost associated with kale cultivars interfere in 

the quality of the seedlings. Our study provides an insight into the development of kale seedlings using substrates with 

increasing proportions of organic compost to improve the quality of greenhouse-grown seedlings. 

 

2. Material and Methods 

2.1 Plant Material 

The experiment was carried out in the Brazilian subtropics, in the municipality of Passo Fundo (28º 15’ 46” S, 52º 24’ 

24” W), Rio Grande do Sul (RS), Brazil, in the fall (April-June) of 2017. 

The kale seeds (B. oleracea var. acephala) used in this study were from the ‘Gaudina’ (dark green, with curled and 

wavy leaves) and ‘Manteiga’ (light green, with rounded and large leaves) cultivars. 

The materials used as substrates were the commercial substrate Horta 2® and a locally prepared compost, based on 

plant remains from pruning bushes and grass, composted in piles until stabilization (when considering that the residues were 

fully composted). The composition of Horta 2® consists of pine bark, vermiculite, acidity corrector and fertilizers, in quantities 

not provided by the manufacturer. These two materials were mixed in different proportions and gave rise to five other 

substrates: 100% Horta 2® + 0% compost (100H 0C), 75% Horta 2® + 25% compost (75H 25C), 50% Horta 2® + 50% 

compound (50H 50C), 25% Horta 2® + 75% compound (25H 75C) and 0% Horta 2® + 100% compound (0H 100C). 

 

2.2 Experimental Design 

The treatments, delineated in a bifactorial scheme, consisted of two cultivars of kale (‘Gaudina’ and ‘Manteiga’) and 

five substrates (100H 0C, 75H 25C, 50H 50C, 25H 75C and 0H 100C), arranged in a randomized block design, with three 

repetitions. Each plot, in each block, consisted of sixteen plants. 
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2.3 Procedures 

The seedlings were produced in expanded polystyrene trays, with dimensions of 0.34 m in width and 0.68 m in length. 

Each tray had 128 cells, with a volume of 35 cm³. On April 20, the trays were filled with substrates 100H 0C, 75H 25C, 50H 

50C, 25H 75C and 0H 100C and, after that, three seeds (untreated) of the kale cultivars were sown in each cell. 

The trays were kept on metal benches, 1.2 m in relation to the soil surface, in a 90 m2 agricultural greenhouse, with a 

semicircular roof, installed in the northwest-southeast direction. The galvanized steel frame is covered with a low-density 

polyethylene film, with an anti-ultraviolet additive and a thickness of 150 microns, and the sides are covered with an anti-aphid 

screen. 

The irrigation used was with sprinklers, in the mechanized system, with a flow of 2 L.min-1 per unit. The irrigation 

regime consisted of activating the sprinklers four times a day, with a total wetness of seven minutes. The water depth supplied 

to the seedlings was 4.35 mm.day-1. During the execution of the experiment, through a mini meteorological station, we 

monitored the average relative humidity of the air, the photosynthetically active radiation and the average air temperature 

inside the greenhouse, whose average values were 74%, 122.25 µmol m-2 s-1 and 17.3ºC, respectively. Regarding seedlings, 

evaluations started thirty-five days after sowing. Attributes referring to phytometric morphology and seedling quality were 

evaluated. 

 

2.4 Physical and Chemical Properties of Substrates 

A 1 L sample of each substrate was collected and analyzed to obtain physical and chemical attributes of the materials. 

The physical attributes determined in the substrates were: density (D), total porosity (TP), aeration space (AS), readily 

available water (RAW) and buffer water (BW) (Brasil, 2007). The chemical attributes determined in the substrates were: 

nitrogen (N), phosphorus pentoxide (P2O5), potassium oxide (K2O), organic carbon (OC), hydrogen ionic potential (pH), 

electrical conductivity (EC) and cation exchange capacity (CEC) (Brasil, 2014). 

 

2.5 Phytometric Morphology 

After germination, we perform the thinning, leaving only one plant per cell in each tray. Thirty-five days after sowing, 

we measured the height of the aerial part (HAP, mm) and the length of the roots (RL, mm) of the seedlings, using a digital 

caliper. We also evaluated the fresh mass of the aerial part (FMAP, g) and roots (FMR, g) and the dry mass of the aerial part 

(DMAP, g) and roots (DMR, g). To obtain the dry mass, the seedlings were kept in an oven with forced air circulation, at 65ºC 

for 48 hours, until constant mass, weighing in an electronic analytical balance. 

 

2.6 Seedling Quality 

Seedling quality was obtained by plant development models. These development models are mathematical models 

that consider plant growth variables (Cournède, et al., 2013), such as shoot morphology and root system morphology attributes. 

Development models are related to the quality of seedlings, as they refer to the robustness of plants against biotic and abiotic 

stresses (Zhao, et al., 2016). Thus, the dry matter content of the aerial part (DMCAP) and of the root system (RDMC) was 

determined, according to Atif, et al. (2016), by the equation: 
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2.7 Statistical Analysis 

The data obtained were subjected to analysis of variance and, when there was significance, the means of the 

treatments were compared using the Tukey test, at 5% probability of error, using the Costat® program. 

 

3. Results 

3.1 Physical and Chemical Properties of Substrates 

Regarding the physical characterization of the substrates, our results showed that, due to the density of the materials, 

the substrate 100H 0C is the lightest (Table 1). With the TP, AS, RAW and BW values from Table 1, we made a graph to 

visualize the relationship between air and water in each substrate (Figure 1). We observed that the materials 100H 0C and 75H 

25C presented a balanced air-water ratio (Figure 1). The other materials (50H 50C, 25H 75C and 0H 100C) presented an air-

water imbalance (Figure 1). 

 

Table 1. Physical characterization of five substrates used in the production of kale seedlings. Passo Fundo, RS, 2017. 

Substrates1 
 D2  TP AS RAW BW 

 (kg.m-3)  (m3.m-3) 

100H 0C  241  0.837 0.303 0.149 0.020 

75H 25C  268  0.819 0.299 0.154 0.018 

50H 50C  257  0.846 0.402 0.125 0.014 

25H 75C  274  0.832 0.397 0.139 0.014 

0H 100C  305  0.837 0.400 0.153 0.013 
 

1 100H 0C: 100% Horta 2® + 0% compost; 75H 25C: 75% Horta 2® + 25% compost; 50H 50C: 50% Horta 2® + 50% compost; 25H 75C: 

25% Horta 2® + 75% compost; 0H 100C: 0% Horta 2® + 100% compost. 
2 D: density; TP = total porosity; AS: aeration space; RAW: easily available water; BW: buffer water. 

Source: Authors’ data (2017). 

 

 

Figure 1. Physical characterization of the substrates used in the study. 1100H 0C: 100% Horta 2® + 0% compost; 75H 25C: 

75% Horta 2® + 25% compost; 50H 50C: 50% Horta 2® + 50% compost; 25H 75C: 25% Horta 2® + 75% compost; 0H 100C: 

0% Horta 2® + 100% compost. Passo Fundo, RS, 2017. 

 

Source: Authors’ data (2017). 
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Still with the values of TP, AS, RAW and BW in Table 1, we made a graph to visualize the water retention curve of 

each substrate (Figure 2). The 100H 0C and 75H 25C substrates showed higher water retention, requiring volumes of 0.385 

m3.m-3 and 0.366 m3.m-3, respectively, to remain in the range of readily available water to the plants (10-50 -cm. H2O-1) (Figure 

2). The substrate 0H 100C had greater water drainage (Figure 2). 

 

Figure 2. Substrates water retention curve. 100H 0C: 100% Horta 2® + 0% compost; 75H 25C: 75% Horta 2® + 25% compost; 

50H 50C: 50% Horta 2® + 50% compost; 25H 75C: 25% Horta 2® + 75% compost; 0H 100C: 0% Horta 2® + 100% compost. 

Passo Fundo, RS, 2017. 

 
Source: Authors’ data (2017). 

 

The five materials showed nutrient availability, except for potassium (Table 2). Among the substrates, the higher the 

proportion of organic compound (100% C), the higher the values of N2 (57%), P2O5 (74%) and OC (40%). The same trend was 

obtained for electrical conductivity (EC) and cation exchange capacity (CEC), with the substrate being 100% C higher (to 0% 

C), 20% higher in EC and 63% higher in CEC (Table 2). 

 

Table 2. Chemical characterization of five Substrates. Passo Fundo, RS, 2017. 

Substrates1 
 N2 P2O5 K2O OC  pH  EC  CEC 

 % (m/m)    mS.cm-1  mmolc.kg-1 

100H 0C  0.69 0.39 0.00 12.60  6.1  0.45  278.60 

75H 25C  0.62 0.65 0.00 14.27  6.3  0.68  250.11 

50H 50C  0.99 0.88 0.00 19.09  6.4  0.66  520.86 

25H 75C  1.05 0.72 0.00 13.32  6.6  0.69  582.20 

0H 100C  1.62 1.52 0.00 21.11  6.6  0.58  757.62 
 

1 100H 0C: 100% Horta 2® + 0% compost; 75H 25C: 75% Horta 2® + 25% compost; 50H 50C: 50% Horta 2® + 50% compost; 25H 75C: 

25% Horta 2® + 75% compost; 0H 100C: 0% Horta 2® + 100% compost. 
2 N: nitrogen; P2O5: phosphorus pentoxide; K2O: potassium oxide; OC: organic carbon; pH: hydrogenic potential; EC: electrical 

conductivity; CEC: cation exchange capacity. 

Source: authors’ data (2017). 
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3.2 Phytometric Morphology 

We observed a significant effect for the interaction between substrates and cultivars in relation to the attributes HAP, 

FMAP and DMAP. The best combination between the studied factors corresponded to the ‘Gaudina’ cultivar seedlings 

produced in the substrate 100H 0C for these three attributes (Table 3), but without differing until the use of 75% of compost 

(25H 75C). The most negative responses were when using substrate with 100% compost (0H 100C). Among the cultivars, we 

observed that ‘Manteiga’ in the 75H 25C treatment presented taller seedlings than ‘Gaudina’, but with lower fresh mass, with 

no difference in dry mass production in this substrate. With more compost in the substrate (75% and 100% C), ‘Manteiga’ 

produced less DMAP. 

 

Table 3. Association of five substrates and two cultivars of kale regarding shoot morphology of seedlings at 35 days after 

sowing. Passo Fundo, RS, 2017. 

Substrates1 

 HAP (mm)2  FMAP (g) 

  Cultivars  Cultivars 

 ‘Gaudina’  ‘Manteiga’  ‘Gaudina’  ‘Manteiga’ 

100H 0C  117.9±02.89  Aa   99.06±11.65  Aa  0.57±0.15  Aa  0.42±0.04  Aa 

75H 25C  91.53±02.21  Bab  98.84±02.68  Ab  0.43±0.03  Aa  0.30±0.02  Bb 

50H 50C  91.74±08.56  Aab  98.12±05.39  Ab  0.51±0.09  Aa  0.44±0.04  Aa 

25H 75C  86.23±10.56  Aab  75.03±05.16  Ac  0.48±0.17  Aa  0.17±0.02  Ac 

0H 100C  66.92±02.05  Ab  71.49±09.82  Ac  0.18±0.01  Ab  0.13±0.04  Ac 

Mean  88.68  0.36 

18.68 CV (%)3  06.79  

Substrates 

 DMAP (g) 

 Cultivars 

 ‘Gaudina’  ‘Manteiga’ 

100H 0C  0.055±0.01  Aa  0.052±0.01  Aa 

75H 25C  0.042±0.02  Aa  0.039±0.01  Ab 

50H 50C  0.048±0.01  Aa  0.046±0.02  Aab 

25H 75C  0.049±0.03  Aa  0.019±0.01  Bc 

0H 100C  0.018±0.02  Ab  0.015±0.01  Bc 

Mean  0.038 

CV (%)  18.20 
 

Data presented as mean ± standard deviation. Means followed by the same uppercase letter in the row and lowercase letter in the column do 

not differ significantly by Tukey’s test (p≤0.05). 
1 100H 0C: 100% Horta 2® + 0% compost; 75H 25C: 75% Horta 2® + 25% compost; 50H 50C: 50% Horta 2® + 50% compost; 25H 75C: 

25% Horta 2® + 75% compost; 0H 100C: 0% Horta 2® + 100% compost. 
2 HAP: height of the aerial part; FMAP: fresh mass of the aerial part; DMAP: dry mass of the aerial part. 
3 Coefficient of variation. 

Source: Authors’ data (2017). 

 

We also observed statistical differences for substrates regarding FMR and DMR attributes. Seedlings produced in 

substrate 100H 0C presented higher FMR and DMR by 72% and 66%, respectively, in relation to seedlings developed in 

substrate 0H 100C (Table 4). 

In relation to kale cultivars, significant differences occurred for the attributes RL, FMR and DMR. Seedlings of 

‘Manteiga’ cultivar had a higher RL by 8% when compared to seedlings of ‘Gaudina’ cultivar (Table 4). However, seedlings of 

‘Gaudina’ cultivar had higher FMR and DMR by 25% and 11%, respectively, in relation to those of ‘Manteiga’ cultivar (Table 

4). 
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Table 4. Root system morphology of two kale cultivars produced on five substrates at 35 days after sowing. Passo Fundo, RS, 

2017. 

Substrates1  RL (mm)2 FMR (g) DMR (g) 

100H 0C  109.95±06.63 ns 0.11±0.02  a 0.012±0.001  a 

75H 25C  104.99±09.49   0.09±0.01  b 0.010±0.001  b 

50H 50C  107.02±02.65 0.07±0.02  c 0.008±0.002  bc 

25H 75C  108.70±06.38 0.06±0.02  c 0.007±0.001  c 

0H 100C  107.73±10.86   0.03±0.01  d 0.004±0.001  d 

Cultivars     

‘Gaudina’  103.53±14.12  b 0.08±0.01  a 0.009±0.001  a 

‘Manteiga’  111.82±08.29  a 0.06±0.01  b 0.008±0.001  b 

Mean  107.68 0.07 0.008 

CV (%)3  5.39 12.43 10.68 
 

Data presented as mean ± standard deviation. Means followed by the same letter in the column do not differ significantly by Tukey’s test 

(p5).0.05). 
1 100H 0C: 100% Horta 2® + 0% compost; 75H 25C: 75% Horta 2® + 25% compost; 50H 50C: 50% Horta 2® + 50% compost; 25H 75C: 

25% Horta 2® + 75% compost; 0H 100C: 0% Horta 2® + 100% compost. 
2 RL: length of roots; FMR: fresh mass of roots; DMR: dry mass of roots. 
3 Coefficient of variation. 
ns Not significant. 

Source: Authors’ data (2017). 

 

3.3 Seedling Quality 

We observed a significant difference for the interaction between substrates and cultivars in relation to the DMCAP 

attribute. The best combination of the studied factors corresponded to the seedlings of ‘Manteiga’ cultivar produced in 

substrates 100H 0C and 75H 25C (Table 5). 

 

Table 5. Association of five substrates and two cultivars of kale for seedling quality at 35 days after sowing. Passo Fundo, RS, 

2017. 

DMCAP (%)2 

Substrates1 
 Cultivars 

 ‘Gaudina’  ‘Manteiga’ 

100H 0C  09.21±1.03  Ba  12.96±1.14  Aa 

75H 25C  09.69±1.78  Ba  12.91±1.13  Aa 

50H 50C  09.12±1.05  Aa  10.50±1.04  Ab 

25H 75C  10.18±1.42  Aa  11.22±1.07  Ab 

0H 100C  10.03±2.29  Aa  10.91±1.11  Ab 

Mean  10.68 

CV (%)3  7.60 
 

Data presented as mean ± standard deviation. Means followed by the same uppercase letter in the row and lowercase letter in the column do 

not differ significantly by Tukey’s test (p≤0.05). 
1 100H 0C: 100% Horta 2® + 0% compost; 75H 25C: 75% Horta 2® + 25% compost; 50H 50C: 50% Horta 2® + 50% compost; 25H 75C: 

25% Horta 2® + 75% compost; 0H 100C: 0% Horta 2® + 100% compost. 
2 DMCAP: dry matter content of the aerial part. 
3 Coefficient of variation. 

Source: Authors’ data (2017). 

 

Furthermore, we observed statistical differences for cultivars in relation to the RDMC attribute. Seedlings of 

‘Manteiga’ cultivar had 9% higher RDMC compared to seedlings of ‘Gaudina’ cultivar (Figure 3). 
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Figure 3. Root dry matter content (RDMC) of seedlings of two kale cultivars produced in substrates at 35 days after sowing. 

Data presented as mean ± standard deviation. Means followed by the same letter in the bars do not differ significantly by 

Tukey’s test (p≤0.05). Passo Fundo, RS, 2017. 

 

 

Source: Authors’ data (2017). 

 

4. Discussion 

Here, we show that the quality of seedlings of kale cultivars was associated with the types of substrate studied. We 

proved that substrates with greater water retention enhanced the growth and development of seedlings. Thus, the physical 

characterization of the substrates used in the production of seedlings makes it possible to select materials with greater water 

availability, in order to increase the quality of the seedlings produced and establish adequate management to enhance the 

production chain of kale. When analyzing the studied genotypes, we verified that ‘Gaudina’ cultivar had better phytometric 

morphology and ‘Manteiga’ cultivar had the highest quality of root biomass. 

Kale, due to its morphological characteristics of investing in the formation of larger leaves, requires greater 

availability of water, both for production and for maintaining the turbidity of these leaves. Therefore, the higher quality of the 

seedlings produced at 100H 0C (Tables 3, 4 and 5) was attributed to the greater availability of water for this material (Figure 

2), as the water retention capacity of the substrates influences the growth and development of the seedlings (Graceson, et al., 

2013). As in our study, other studies showed greater growth and development of seedlings produced on substrates with greater 

water retention (Chiomento, et al., 2019; Chiomento, et al., 2020). 

The availability of water from a substrate is related to its retention and release and its volume available to plants under 

low tension (Bunt, 1961). The more water available at low tensions, the less energy the plant demands to use it (Fermino; 

Kämpf, 2012). Thus, the greater the water storage capacity at low tensions, as observed at 100H 0C (Figure 2), the greater the 

water savings and the lower the costs with irrigation and fertilization, as frequent irrigation can lead to a more pronounced 

leaching of nutrients. 

Although the substrate with the highest percentage of compost (0H 100C) had the highest nutrient and CEC contents 

(Table 2), this did not mean improvements for the seedlings, as in this material we observed lower effects on the seedlings, 

both in the aerial part (Table 3) as in the roots (Table 4). This could be due to the greater presence of phosphorus in the organic 

form. We emphasize that it is not possible to distinguish organic and inorganic phosphorus in the analysis performed (Table 2). 

Therefore, even though the 0H 100C material had higher phosphorus contents, possibly this nutrient was in its organic form. 

The mineralization process is responsible for the absorption of nutrients by plants, releasing orthophosphate anions 

(HPO4
-2 or H2PO4

-) in the substrate solution, as it is the form of absorption by plant roots (Richardson, et al., 2009). Possibly, 
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the commercial substrate (100H 0C) has inorganic phosphorus in its composition, supplied via fertilizers, which makes the 

phosphorus readily available in the solution for absorption by plants. As the production of kale seedlings is a quick step, plants 

grown in the commercial substrate had greater access to phosphorus. Thus, the limiting conditions of this nutrient at 0H 100C 

may have contributed to reducing the height and dry mass of seedlings (Huang, et al., 2002). This material (0H 100C) was the 

substrate that presented the lowest water retention (Figure 2) and the lowest residual water (Figure 1), but the highest density 

and largest aeration space (Table 1), not differing in porosity. These combined physical characteristics did not allow for the 

good development of the seedlings. 

We observed differences between cultivars, which are attributed to genetic issues. The ‘Manteiga’ cultivar, even with 

lower FMAP when produced in the substrate 75H 25C, did not differ from the ‘Gaudina’ cultivar in the production of DMAP 

(Table 3) and presented longer roots with lower fresh and dry mass (Table 4). This made the quality of seedlings of ‘Manteiga’ 

cultivar, verified by DMCAP (Table 5) and by RDMC (Figure 3), superior than the ones from ‘Gaudina’ cultivar. It is almost a 

compensation of the root system in relation to the lower height of the aerial part. 

 

5. Conclusion 

The quality of seedlings of kale cultivars is associated with the types of substrate studied. We proved that substrates 

with greater water retention promote greater growth and development of seedlings. In addition, we show that the cultivar 

Gaudina stands out for its better phytometric morphology, while the cultivar Manteiga has higher quality of root biomass. We 

suggest that nurseries do not use organic compost alone as a substrate and that prior to the production of seedlings, carry out 

physical analysis of the substrates, selecting materials with greater availability of water in order to establish adequate irrigation 

management to enhance the production chain of kale. 
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