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INTRODUCTION

One of the major factors influencing 
forestry productivity is seedling quality, which 
requires suitable substrates (LIMA FILHO et al., 
2019). A suitable substrate must provide plants with 
a balanced supply of water, nutrients, and oxygen; 
present chemical, physical and biological conditions 
that allow the plant to be sustained; have an appropriate 
pH; be pathogen, and weed free (SILVA et al., 2017a). 

Another important aspect when selecting a substrate 
is the cost of acquisition (FERMINO et al., 2018); 
the large amounts used in the nursery are responsible 
for the main expenditure in seedling production 
(ABREU et al., 2019). Thus, researching alternative 
substrates to produce forest seedlings constitutes 
both economic and environmental necessity, as 
commercial substrates usually employ mineral 
fertilizers and other materials from non-renewable 
sources. Moreover, the use of alternative substrates 
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ABSTRACT: Composting and vermicomposting before addition to the soil is a viable alternative to the disposal of cattle manure. However, 
this residue has been used in the untreated form for seedling production. This study evaluated the use of cattle manure in natura, and the 
organic composted or vermicomposted variants of cattle manure on substrates used in the production of Eucalyptus urograndis seedlings. The 
treatments consisted of substrates formulated by mixing the organic fertilizers with washed sand in 20, 40, 60, 80 or 100 (v/v) percentages, 
compared to a commercial substrate. The E. urograndis seedlings were grown in tubes in a greenhouse and evaluated after 120 days for shoot 
and root dry weights, plant height, stem diameter, shoot/root ratio, and Dickson quality index. The substrate formulated from a mixture of 80% 
(v/v) of cattle manure in natura and washed sand allows for better development in Eucalyptus seedlings. Substrate containing 100% bovine 
manure vermicompost or organic compost produced seedlings with lower quality than in natura bovine manure but superior to the commercial 
substrate. Due to the health risks associated with use of untreated bovine manure, organic compost and vermicompost are good alternatives 
for the production of E. urograndis seedlings.
Key words: organic waste, organic fertilizers, substrate, eucalyptus, seedling quality. 

RESUMO: Uma alternativa para destinar corretamente o esterco bovino é realizar a compostagem e/ou vermicompostagem e depois adicioná-
lo ao solo como fonte de nutrientes às plantas. Porém, este resíduo tem sido utilizado na produção de mudas sem tratamento. O estudo teve 
por objetivo avaliar o uso de esterco bovino in natura, de composto orgânico e de vermicomposto, produzidos a partir do esterco bovino, em 
substratos para a produção de mudas de Eucalyptus urograndis. Os tratamentos constituíram-se dos substratos formulados pela mistura dos 
fertilizantes orgânicos com areia lavada nas porcentagens de 20, 40, 60, 80 e 100 (v/v), em comparação com um substrato comercial (SC). 
As mudas de Eucalyptus urograndis foram cultivadas em tubetes, em casa de vegetação, e avaliadas aos 120 dias quanto a massa seca da 
parte aérea e raiz, altura da planta, diâmetro do caule, relação parte aérea/raiz e índice de qualidade de Dickson. O substrato formulado 
pela mistura de 80% (v/v) de esterco bovino in natura com areia lavada proporcionou o melhor desenvolvimento das mudas de eucalipto. 
O substrato contendo 100% de vermicomposto de esterco bovino ou composto orgânico produziu mudas com qualidade inferior ao esterco 
bovino in natura, mas superior ao substrato comercial. Devido aos riscos à saúde associados ao uso de esterco bovino não tratado, o composto 
orgânico e o vermicomposto são boas alternativas para a produção de mudas de E. urograndis.
Palavras-chave: resíduos orgânicos, fertilizantes orgânicos, substrato, eucalipto, qualidade da muda.  
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can contribute to the environmentally correct disposal 
of potential pollutants such as cattle manure, a 
nutrient-rich waste, and produced in large quantities 
throughout Brazil (ECKHARDT et al., 2018). 

Recommendations for the use of 
bovine manure as a fertilizer include an a priori 
treatment by composting and/or vermicomposting 
(DOMÍNGUEZ & EDWARDS, 2011). These 
processes increase mineralization and the availability 
of nutrients to plants, humidify organic matter, 
reduce coliform bacteria, worms and weed seed 
contamination, and improve the remaining physical, 
chemical, and biological properties of fertilizers 
(MANÁKOVÁ et al., 2014). However, carrying out 
composting or vermicomposting requires labour, 
technical knowledge, adequate facilities, and time 
(ECHKARDT et al., 2016). For this reason, cattle 
manure in natura is used as a fertilizer without prior 
treatment, also in the production of forest seedlings 
(LISBOA et al., 2018). This study evaluated the use 
of cattle manure in natura, and the organic composted 
or vermicomposted variants of cattle manure on 
substrates used in the production of Eucalyptus 
urograndis seedlings. 

MATERIALS   AND   METHODS

Organic fertilizers
Organic fertilizers were produced from 

the feedlot cattle manure. The treatment named cattle 
manure consisted only of air-dried, hand-crushed 
manure. The organic compost was obtained by mixing 
cattle manure with hay, consisting mainly of Axonopus 
affinis, Paspalum notatum, Andropogon lateralis 
and Aristida laevis species. This composted mixture 
was injected with air at the bottom of the windrow 
whenever the temperature reached 65 °C, for 120 
days, yielding a cattle manure and hay compost. The 
vermicompost was obtained by the action of Eisenia 
andrei BOUCHÉ (1972) earthworms on pure cattle 

manure for 45 days, without previously going through 
any composting. According to the manufacturer 
(Esa Soluções Ambientais, Brazil), the commercial 
substrate Tecnomax™ has a cation exchange capacity 
(CEC) of 200 cmolc dm-3, electrical conductivity (EC) 
of 0.7 ± 0.3 mS cm-1, and pH 6.0. Samples of three 
organic fertilizers and commercial substrate were 
dried at 65 °C and ground for analysis. Carbon (C) 
and Nitrogen (N) contents were determined on a 
CHNS elemental autoanalyzer (Flash model EA 1112, 
Thermo Finnigan, Milan, Italy) (Table 1). The pH and 
contents of Phosphorus (P), Potassium (K), and N 
(N-NH4

+ and N-NO2
- + N-NO3

-) were determined as 
in TEDESCO et al. (1995) (Table 1). The efficiency 
indexes were 0.16, 0.11, and 0.14 for N, 0.34, 0.57, 
and 0.48 for P, and 0.17, 0.66, and 0.69 for K for 
organic compost, vermicompost, and cattle manure, 
respectively, calculated in  Eckhardt et al. (2018). 

Experimental design and seedling production
The production of Eucalyptus urograndis 

(clone of E. urophylla ST Blake x E. grandis W. Hill 
ex Spreng) seedlings was carried out in a greenhouse. 
The experiment was a completely randomized 3 × 5 + 
1 factorial design with 20 replicates. The treatments 
consisted of the three organic fertilizers (in natura, 
composted, or vermicomposted manure) mixed, in 
five different percentages (20%, 40%, 60%, 80%, 
and 100%, v/v), with washed sand. The commercial 
substrate was included as an additional treatment as 
a control. 

The sand was washed once in water, once 
in a hydrochloric acid solution (0.5% v/v), followed 
by three additional washes in distilled water. The 
experimental units consisted of 50 cm³ plastic tubes 
(3 cm Ø × 12 cm of height) containing a seedling. 
E. urograndis seeds were superficially sterilized in 
a sodium hypochlorite solution (1% v/v) and pre-
germinated in petri dishes on moist germination 
paper, at 25 °C, in the absence of light, for five days. 

Table 1 - Chemical attributes of cattle manure, compost, vermicompost, and a commercial substrate, used in Eucalyptus urograndis 
seedling production. 

 

Treatments  pH Org Ctotal Ntotal NH4
+ NO2

-+NO3
- C:N Ptotal Ktotal 

 - ----------------------------(g kg-1)--------------------------- - ------------(g kg-1)----------- 
Cattle manure 8.1 305 22.2 0.2 1.7 13.7 10.8 24.9 
Compost 7.2 232 19.9 0.1 1.7 11.6 19.7 20.1 
Vermicompost 8.3 228 19.7 0.1 1.8 11.5 16.5 14.5 
Commercial 
substrate 5.6 361 12.8 0.06 0.3 28.2 3.8 2.3 
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The germinated seeds were transplanted into the 
tubes containing the different substrates. After the 
transplantation, the tubes remained in a greenhouse, 
with the temperature ranging between 20 and 29 
°C. Irrigation with distilled water was carried out 
manually and periodically. 

Seedling quality analysis
One-hundred and twenty days after 

transplantation, seedling height and stem diameter 
were determined with a digital calliper. Subsequently, 
the seedlings were sectioned at the level of the 
substrate, and the roots were washed in distilled water 
over a sieve (Ø 0.05 mm). The shoots and roots were 
dried in a forced air circulation oven set to 65 °C, 
until reaching a constant mass. The data were used 
to determine the Dickson quality index (DICKSON 
et al., 1960):
DQI = Total Dry Mass/[(Height/Stem 
Diameter)+(Shoot Dry Matter/Root Dry Matter)].

	
Statistical analysis

The data were submitted to a normality 
test (Shapiro-Wilk with P < 0.05), and to an analysis 
of variance (ANOVA) and, the comparison between 
the percentages of the same substrate was performed 
by regression analysis using SISVAR software 
(FERREIRA, 2014). 

RESULTS

Composting and vermicomposting 
modified the chemical attributes of cattle manure 
(Table 1). The composting process reduced the pH 
(12%) and C:N ratio (15%), as well as the content 
of organic C (24%), total N (10%), NH4 (50%), and 
potassium (19%), while increasing P-content (82%). 
Vermicomposting treatment reduced the content 
of organic C (25%), total N (11%), NH4 (50%), 
potassium (41%), and the C:N ratio (16%), while the 
pH (3%), NO3 (6%) and P (53%) content increased. 
Compared to the commercial substrate, the organic 
fertilizers had higher concentrations of nutrients, 
particularly N total (73% cattle manure, 55% compost 
and 53% vermicompost), mineral N (350% cattle 
manure, 267% compost and 283% vermicompost), 
total P (184% cattle manure, 418% compost and 334% 
vermicompost), and total K (982% cattle manure, 
773% compost and 530% vermicompost) content, as 
well as higher pH values (45% cattle manure, 29% 
compost and 48% vermicompost). The three organic 
fertilizers exhibited features that concur with the 
prevailing legislation in Brazil for analysed attributes 

(BRASIL, 2009) and can be used in the production of 
forestry seedlings. 

Organic fertilizers and their mixture with 
sand significantly influenced the shoot and root dry 
masses, seedling height, stem diameters, shoot/root 
ratio, and Dickson’s quality index (Figure 1). The 
cattle manure yielded a greater shoot and root mass 
production in Eucalyptus seedlings compared to the 
other treatments, in all percentages except 100% (pure 
manure), where the plants did not survive (Figures 1A 
and 1B). Considering the average dry mass of each 
mixture, manure increased shoot biomass by 13% 
(without significant correlation to the percentage), and 
root biomass by 18% (dependent on the percentage, P 
< 0.05), compared to the other treatments.

The organic compost and the 
vermicompost, mixed with sand ≥ 40%, yielded 
shoot dry masses very similar to those obtained 
with the commercial substrate (Figure 1A). Root 
dry masses showed a positive linear response to the 
organic compost and vermicompost percentages 
in the substrate mixture: a 40% mixture yielded 
similar results to the commercial substrate; higher 
percentages increased this mass (Figure 1B). Due 
to the performance of the three organic fertilizers in 
root production, the shoot/root ratio decreased as the 
manure percentage in the substrate increased (except 
for the 100% organic compost), which indicates 
seedlings with well-developed root systems. Cattle 
manure stood out for having the smallest shoot/root 
ratios in Eucalyptus seedlings (Figure 1C). 

Seedling height was similar between 
the three organic fertilizers, and very close to the 
commercial substrate in percentages above ≥ 40% 
(Figure 1D). The stem diameter was the only parameter 
where the commercial substrate performance 
exceeded the organic fertilizers. Nevertheless, it was 
surpassed by cattle manure in percentages above 
20% (Figure 1E). The organic compost was like the 
commercial substrate at 40% and 60%, whereas the 
vermicompost was similar only at 60%. The Dickson 
quality index establishes the relationship between all 
the analysed parameters (Figure 1F). It indicated that 
the quality of seedlings produced with all percentages 
of cattle manure (except 100%), was superior to the 
other treatments. The quality of seedlings produced 
using organic compost or vermicompost was very 
similar to seedlings cultivated using the commercial 
substrate in percentages above ≥ 40%, indicating 
that they constitute an alternative with technical 
and environmental feasibility for the production of 
Eucalyptus seedlings. 
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DISCUSSION

The differences in chemical composition 
between the three organic fertilizers stem from the 
composting and vermicomposting processes (mixture 
of plant residues in the compost, earthworm activity 
in the vermicompost, and microbial activity in both), 
since all three are derive from the same cattle manure 
source. During these processes, a significant fraction 
of the organic carbon is converted into CO2, resulting 

in the reduction of organic carbon, the C:N ratio, 
and residue mass, which increased the phosphorus 
concentration in these fertilizers (GONG et al., 
2019). The potassium content decreased because of 
immobilization in earthworm and microorganism 
biomasses and/or leaching due to its low capacity to 
bind to organic matter (DOMÍNGUEZ et al., 2010). 
The nitrifying bacteria present in the composting and 
vermicomposting processes oxidized NH4

+ to NO2
- + 

NO3
-, which may have been fixed in the earthworm and 

Figure 1 - Shoot (A) and root (B) dry masses, shoot:root ratio (C), seedling height (D), stem diameter (E), 
and Dickson quality index (F) of Eucalyptus urograndis seedlings after 120 days of cultivation on 
substrates formulated with cattle manure, organic compost, and vermicompost, in different ratios with 
washed sand, compared to the commercial substrate (horizontal dotted line). * indicates a significant 
difference and ns indicates a non-significant difference (P > 0.05).
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microorganism biomasses, or lost by denitrification 
(HAIT et al., 2012). Other modifications not evaluated 
in this study also occur during the composting and 
vermicomposting processes. Recently, SANTANA 
et al. (2020) evaluated 35 characteristics of the 
grape marc (skins, stalks and seeds) over 2 years of 
vermicomposting. The pH and electrical conductivity 
as well as the dissolved organic N and Cu contents 
decreased, while the Ca, S, zinc, and Mn contents 
increased. Microbial respiration, carboxylesterase, 
peroxidase, and catalase activities were highest during 
the first 30 days. In contrast, urease, acid phosphatase, 
alkaline phosphatase, and arylsulfatase activities 
were greater after 30 days of vermicomposting.

The E. urograndis seedlings cultivated 
in substrates containing 20–80% cattle manure 
presented the largest shoot and root dry masses, 
the smallest shoot/root ratios, most of the largest 
stem diameters, and the highest Dickson quality 
indices when compared to the other treatments, 
indicating an excellent performance as a substrate 
for the development of E. urograndis seedlings. 
This indication considers the quality of the seedling 
produced exclusively, excluding the risk of 
contamination to workers, and the environment from 
handling untreated cattle manure, as will be discussed 
below. The differences in the chemical composition 
of the three organic fertilizers and the commercial 
substrate justify, at least in part, the results of seedling 
growth. The total nitrogen, ammonium, and potassium 
contents were higher in manure, in addition to the high 
levels of total carbon, nitrate + nitrite and phosphorus 
contents, which may have resulted in better seedling 
nutrition compared to other treatments. Moreover, the 
mixture with sand may have provided good physical 
conditions for root development (REIS et al., 2014). 
Eucalyptus seedlings cultivated on a substrate of 100% 
bovine manure did not survive. The high ammonium 
content in bovine manure has a phytotoxic effect on 
plants, limiting their development, or inhibiting seed 
germination (VARNERO et al., 2007). Moreover, the 
environmental conditions under which the study was 
developed render in natura manure unstable and may 
lead to the release of phytotoxic organic compounds in 
the decomposition process (OLIVEIRA et al., 2014). 

The commercial substrate Tecnomax™ 
was chosen for this research because it has been used 
in many studies where its efficiency in the seedlings 
production has been proven (KASPARY et al., 2014; 
BRUM et al., 2016; AFONSO et al., 2017; SILVA 
et al., 2017b).  The lower growth and quality of 
seedlings cultivated using the commercial substrate 
compared to cattle manure may also be due to its low 

pH, and low levels of macronutrients in comparison. 
The low pH reduces the plant’s efficiency in using 
nutrients such as phosphorus, providing less biomass 
in the initial growth of Eucalyptus (MAEDA & 
BOGNOLA, 2012). The availability of nutrients, 
mainly N, P and K, greatly influences the quality 
of forestry seedlings (TUCCI et al., 2009). Lower 
availability, as in the case of the commercial substrate, 
tends to limit seedling development.

The organic compost and the 
vermicompost exhibited similar chemical features, 
thus yielding similar seedling growth rates when 
cultivated in substrates formulated from these 
fertilizers. Generally, when used in a 20% amount in 
the substrate, their performance was worse than the 
commercial substrate’s. It was expected that when 
used in pure form (100%), they would cause greater 
nutritional imbalances to plants, due to the high pH 
and high concentration of nutrients. However, the 
robustness of the Eucalyptus allowed the seedlings 
to develop almost normally, except for the smaller 
stem diameter compared to the commercial substrate. 
In any case, the literature is quite clear in not 
recommending the use of pure organic composts and 
vermicompost for plant cultivation. However, these 
materials produced seedlings with similar or superior 
quality to the commercial substrate when mixed with 
sand in ratios between 40% and 80%. 

High root growth occurred when 
cultivation was carried out with organic fertilizers, 
which is a very important characteristic in seedling 
production (LIMA FILHO et al., 2019). It is 
likely that the higher P content contributed to this, 
compared to the low levels offered by the commercial 
substrate. Phosphorus supply stimulates root growth 
in Eucalyptus (ZHOU et al., 2017; VIEIRA et al., 
2017). A low shoot/root ratio is beneficial for seedling 
development, particularly in conditions of low soil 
fertility, as it results in a higher proportion of the soil 
being explored by the root system, facilitating greater 
absorption of nutrients to meet the plant’s needs 
(STEFFEN et al., 2011). 

Dickson’s quality index is considered a 
good indicator of seedling quality (SOUZA et al., 
2018). According to GOMES (2002), values above 
0.2 are considered adequate for the survival (in the 
field) of Pseudotsuga menziessi and Picea abies 
seedlings. However, there is no consensus for ideal 
Dickson index values in Eucalyptus seedlings, which 
makes it a variable parameter depending on the 
species, management, substrate, container, and age 
of the seedlings (ELOY et al., 2013). O Dickson’s 
quality indices calculated in the present study 
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ranged from 0.3–0.5 higher than those determined 
by STEFFEN et al. (2011), with values lower than 
0.21 in substrates based on vermicompost and peat. 
KRATZ et al. (2013) observed even lower values 
than previously reported (0.06) using substrates 
based on rice husks, vermiculite, pine husks, and 
coconut fibre. ELOY et al. (2013) observed values 
of 0.49 after 125 days of E. grandis seedling 
production in tubes with high density of plants per 
tray, using a commercial substrate. 

Untreated cattle manure proved to be 
an excellent substrate for the growth of Eucalyptus 
seedlings, mixed with sand at percentages ≤80%, 
probably due to its high concentration of nutrients. 
However, no analyses were carried out to detect the 
presence of total and faecal coliforms, pathogenic 
bacteria, fungi, or worms in this fertilizer. The 
literature indicates that cattle manure in natura can be 
a source of pathogenic microorganisms (Aspergillus 
fumigatus, Petriellidium boydii, Salmonella spp., 
Escherichia coli, Listeria monocytogenes, inter 
alia), viruses (Enterovirus, Rotavirus, Parvovirus, 
among others), and worms (Ascaris lumbricoides, 
Ancylostoma sp., inter alia), that can be transmitted 
to those handling this waste (VENGLOVSKY et 
al., 2006). Furthermore, when untreated, poorly 
stored cattle manure is a source of environmental 
contamination with the production of leachate and a 
bad smell, which attracts insects and rodents. Thus, 
despite the possibility of producing Eucalyptus 
seedlings from cattle manure in natura, this 
practice must be carried out according to technical 
guidelines to avoid risks to the health of workers and 
the environment. 

The production of Eucalyptus seedlings 
on substrates produced from a mixture containing 
40%, 60%, or 80% vermicompost or organic compost 
in the mixture with sand proved to be technically 
viable. Most of the growth parameters of these 
seedlings were equal to or superior to the commercial 
substrate. Unlike cattle manure, organic compost 
and vermicompost present an extremely low load 
of pathogenic agents (DOMÍNGUEZ et al., 2010; 
WANG et al., 2018). Moreover, composting and 
vermicomposting involves mixing of cattle manure 
with other residues, converting an environmental 
problem into a high quality, organic fertilizer. The 
use of organic compost and vermicompost in the 
formulation of substrates to produce Eucalyptus 
seedlings facilitates a combination of technical 
feasibility, health security, and environmental and 
economic sustainability.   

CONCLUSION

The substrate formulated from a mixture 
of 80% (v/v) of cattle manure in natura and washed 
sand allows for better development in Eucalyptus 
seedlings. Substrate containing 100% bovine 
manure vermicompost or organic compost produced 
seedlings of lower quality compared to cattle manure 
in natura, though they were superior to seedlings 
given the commercial substrate. Due to the health 
risks associated with use of untreated bovine manure, 
compost and vermicompost are a good alternative for 
the production of E. urograndis seedlings.
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