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Article

Abstract

The experiment was installed in a greenhouse with the aimed to verify the influence of liquid swine 
waste in the development and nutrition of Corymbia citriodora seedlings. The swine waste was 
mixed with a commercial substrate in order to analyze the effects of five doses, in a randomized 
block design, considering the N requirement of the species, which were T1 – 0%; T2 – 50%; T3 – 
100%; T4 – 150% and; T5 – 200% and one treatment with mineral fertilization for comparison. The 
Corymbia citriodora seeds were germinated in plastic tubes with a commercial substrate plus 
swine waste. As the seedlings reached about five centimeters the thinning was performed, and 
when the plants reached 15 cm in length the growth analysis was started. At the end of the 
experiment the seedlings were measured, weighed and milled for macro and micronutrients 
determination. The best doses of liquid swine waste were 150% and 200% which showed the 
highest growth average values of the Corymbia citriodora seedlings, to the detriment of the 
nutritional and physical improvement of the substrate.
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Introduction
Swine breeding in Brazil has increased in 

recent years due to the swine meat consumption, 
which is cheaper and thus more affordable for 
the population. Brazil is the 4th largest producer 
of swine, representing 10% of the total exported 
in the world (Map, 2013). However, this increase 
in swine production also promoted the increase 
of the waste, and its disposal may generate an 
increasingly aggravating environmental problem.

For many years, these wastes, called swine 
waste (SW), have been accumulated in natura, 
in landfills near watercourses, or simply deposited 
around the swine farming, compromising soil 
fertility due to the high concentration of nutrients 

and heavy metals; or water quality because the 
swine waste can contaminate groundwater. 
Therefore, in the last years, some research has 
been dedicated to analyzing alternatives for the 
reuse of this waste. One of the most tested is its 
application in agriculture.

The swine waste improves soil physical 
properties such as soil aggregation, soil porosity, 
soil water retention and availability as mentioned 
by Agne & Klein (2014) and Oliveira et al. (2015). 
However, this will depend on the volume added 
to the soil and on the current conditions of this 
waste and the soil itself, additionally, can be 
used as a substrate for the production of plant 
seedlings. Therefore, it is necessary to carry out 
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studies to determine adequate doses for plants 
development. The wastewater (WW) or swine 
wastewater (SWW) may contain nutrients at 
levels toxic to plants, reach the water table, 
contain heavy metals (Condé et al., 2012), and 
pathogens, promote the sealing of soil micropores 
as a consequence of the soil compaction, 
or contain sodium in quantity to promote the 
dispersion of clay particles (Erthal et al., 2010; 
Homem et al., 2014). 

Therefore, this research was carried 
out using Corymbia citriodora and SWW as 
a nutrient source. This species belongs to the 
family Myrtaceae and is native to Australia, 
but adapted to the Brazilian soils. According to 
Silva et al. (2009), the cultivation of this species 
in Brazil is mainly aimed at producing wood for 
various uses such as cross-ties, energy, charcoal 
and sawn wood. Among the forest species, it is 
one of the most cultivated by small and medium 
farmers in Minas Gerais and São Paulo states, 
for the production of essential oil, energy, and 
building. However, it presents a great diversity 
of uses, due to the characteristics of the wood 
and the production of essential oil, whose main 
constituent is citronella (Batish et al., 2006).

Thus, this study was conducted with the 
objective of evaluating the growth and nutrition 
of Corymbia citriodora seedlings submitted to 

increasing doses of swine waste under plant 
nursery conditions.

Materials and Methods
The experiment was carried out at 

Agronomy, Veterinary Medicine, and Animal 
Sciences School of the Universidade Federal de 
Mato Grosso. The greenhouse used for the study 
was constructed according to the following 
characteristics: milk-white shading material on 
the sides and covered with asbestos tiles, without 
temperature control.

A Corymbia citriodora seed lot from Dom 
Aquino county, Mato Grosso state, Brazil was 
used. The sowing was carried out in 170 cm³ tubes, 
previously sterilized with 1% sodium hypochlorite 
solution for five minutes. Then, the tubes were 
filled with a commercial substrate (Vivatto Slim 
Plus®) constituted of biostabilized Pinus bark, 
vermiculite, pulverized charcoal, water and 
phenolic foam, which the characterization 
was determined using the Embrapa (1997) 
methodology (Table 1).

The SWW used in the experiment came 
from Piccini farm located in Lucas do Rio Verde 
County, Mato Grosso state, which uses the swine 
finishing system. The SWW was collected in a 
deposition lagoon and its chemical properties 
are described in Table 2.

Table 1. Substrate chemical properties

pH H+Al Al Ca2+ Mg2+ K P SB CEC t V m
CaCl2 --------- cmolc dm-³ --------- -- mg dm-³ -- ----- cmolc dm-³ ----- ---- % ---

5.6 5.5 0.0 7.3 2.08 137.5 37.3 9.74 15.24 9.74 64 0.0
pH in CaCl2 – proportion 1:2.5; H+Al – in calcium acetate; Al, Ca2+ and Mg2+ - in KCl 1N; P and K – in Mehlich; SB – sum of basis; CEC – cation exchange capacity at pH 7.0; 
t– effective CEC; V% - percentage of basis saturation; m% - percentage of Al saturation.

Table 2. Swine waste chemical properties

Boron (B) Calcium (Ca) Copper (Cu) Sulfur (S) Iron (Fe) Phosphorus (P2O5)
mg/L

8.1 150.1 2.1 418.2 2.6 700.1
Magnesium (Mg) Manganese (Mn) Nitrogen (N) Potassium (K) Sodium (Na) Zinc (Zn)

mg/L
90.12 0.6 2100.4 400.2 210.1 1.2

The sowing was performed using a 
transparent pen tube, adapted to drop few 
seeds in the tube. After sowing the germination 
occurred at 20 days. When the seedlings reached 
5 cm height, was performed the thinning, leaving 
one seedling per container, the most central and 

robust one.
The experiment was carried out in a 

randomized block design: three blocks with six 
treatments (12 plants per block). The application 
of the SWW occurred after the thinning when the 
seedlings reached 10 cm height. The treatments 
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used were 0, 50, 100, 150 and 200% of the N 
requirement by the species and a treatment with 
mineral fertilization that considered the levels of 
N, P and K in the waste. The SWW dose took into 
account the N levels, as this is the constituent with 
the highest relative concentration in the effluent. 
The application was made with a graduated 
syringes and followed the nutritional requirement 
suggested by Gonçalves and Benedetti (2000). 
Thus, the applied doses of SWW were 0 dose: 0 
mL plant-1; 50% dose: 5 mL plant-1; 100% dose: 10 
mL plant-1; 150% dose: 15 mL plant-1; 200% dose: 
20 mL plant-1.

For the mineral fertilization treatment, 
the N, P and K contents were taken to account 
the levels in the waste, remaining quantitatively 
equal to the 100% SWW treatment. The sources of 
N, P and K were urea, potassium phosphate, and 
single superphosphate, respectively. The amount 
applied for each seedling in this treatment was 
4.67 g L-1 urea, 1.026 g L-1 potassium phosphate 
and 1.91 g L-1 single superphosphate. The 
micronutrients available to the seedling was 
derived from the substrate and the SWW.

Nitrogen fertilizations with SWW and 
mineral fertilizer were performed every seven 
days from the 10th day after the thinning until 
the last day of growth analysis. In this way, six 
applications of SWW and mineral fertilization 
were carried out. During this period, irrigation 
occurred daily with an average water depth of 
five mm, in the early morning and late afternoon, 
using a watering can.

Morphological characteristics were 
measured at the end of the study (75 days). 
The plant height was measured (cm) with a 
graduated scale, from five centimeters from the 
soil surface to the apical bud. The plant neck 
diameter (mm) was measured with a digital 
caliper. Afterward, they were sectioned in aerial 
part and root system, taken to a forced air oven 
at 65 ºC until constant weight and, and then 
weighed to obtain the dry mass of the aerial part 
and of the root system. In order to evaluate the 
quality of the seedlings, the Dickson seedlings 
quality index (DQI), determined by the equation 
proposed by Dickson et al. (1960) was used.

The dry material was ground in a Wiley-
type mill to determine macro and micronutrient 

concentrations after sulfur and nitro-perchloric 
digestion, following the Malavolta et al. (1997) 
methodology.

The data were submitted to the analysis 
of variance and the comparison of means by the 
Tukey's test at the level of 5% and regression test, 
using the statistical software Assistat 7.6 beta, of 
UFCG, after verifying data normality.

Results and Discussion 
Growth of Corymbia citriodora seedlings

The addition of SWW favored the plant 
height growing (Figure 1) of Corymbia citriodora 
seedlings, since the increase of the doses 
promoted a linear increase for this characteristic, 
with the highest average values at the 200% dose 
treatment. This is due to the addition of nutrients, 
mainly N and P (Faria et al., 2013), K, Ca, S and 
micronutrients (Trevisan et al., 2013; Krajeski & 
Povaluk, 2014); organic matter (Caldeira et al., 
2012), and the appropriate conditions of soil 
porosity (Caldeira et al., 2014).

The average value for height growth 
at the 200% (30.33 cm) dose was 50% higher 
than the average values observed for the 0% 
treatment. Mineral fertilizer promoted an increase 
in growth of 2% compared to the treatment with 
200%, although it is the way to provide nutrients 
in adequate contents and in a shorter time. This 
proves that SWW can be used in the production 
of Corymbia citriodora seedlings. Batista et al. 
(2014) also demonstrated the influence of SWW 
on the height growth of Eucalyptus urophylla 
seedlings at 50% of SWW and attributed the 
results to the nutrient content, in addition to the 
favorable soil physical characteristics offered by 
SWW.

Oliveira et al. (2014) verified higher 
growth in height (10.85 cm) of Corymbia 
citriodora seedlings in 25% of carbonized rice husk 
+ 75% of vermiculite. Steffen et al. (2011) found 
an average value of 14 cm for plant height using 
80% of vermicompost + 20% of peat, whereas 
Bernardi et al. (2012) observed the average 
growth of up to 16.42 cm in the treatment with 
hydrogel + 80% of a slow-realise fertilizer (19-6-10). 
All these results were lower than those found in 
the present study. 
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The SWW doses also influenced the 
growth in diameter, demonstrating the adequate 
initial development of the species in the enriched 
substrate. The growth in diameter occurred in a 
quadratic model during the 75 days, reaching 
average values of 2.7 mm and 2.6 mm at the 
150% and 200% doses, respectively. These 
average values were 40.7% and 38.5% higher in 
the abovementioned doses, in relation to the 0% 
dose and; 3% and 7% lower than the average 
values observed for the treatment with mineral 
fertilization. According to Trazzi et al. (2014), this 
growth is due to the higher soil water retention 
capacity and low soil microporosity, improving 
the efficiency of water and nutrients supply, 
mainly K.

Oliveira et al. (2014) observed growth 
in diameter of 1.4 mm in Corymbia citriodora 
seedlings cultivated in 25% of carbonized rice 
husk + 75% vermiculite. Bernardi et al. (2012) 
verified a diameter average value of 2.29 mm 
in treatment with hydrogel + 80% of slow-release 

fertilizer (19-6-10). Lopes et al. (2015) found 
an average value of 2.28 mm in the substrate 
containing biostabilized sugarcane bagasse 
and pulverized charcoal (8/2 v: v). Results lower 
than those observed in the 100%, 150% and 200% 
doses in the present study.

As recommended by Xavier et al. (2009), 
in order to plant Corymbia citriodora seedlings in 
field, the height should be between 20 to 40 cm 
and 2 mm diameter, thus, it is emphasized that 
the addition of SWW provided these conditions, 
because only at the 0% dose these average 
values were not reached. 

Therefore, the applications of SWW had 
a positive influence on growth in height and 
diameter of Corymbia citriodora. However, 
since SWW is to be used in combination with 
another material, must also pay attention to the 
characteristics of the added materials so that if 
there is no incompatibility. In the present case, 
the commercial substrate used was favorable to 
the seedling growing.

Figure 1. The regression equations for height (cm), diameter (mm), dry mass of aerial part and 
root system (g) and Dickson quality index on Corymbia citriodora seedlings.
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The growth in plant height influenced 
the dry mass production in the aerial part of 
the Corymbia citriodora seedlings, showing a 
quadratic response as a function of the SWW 
application. The highest average values were 
found at the 200% dose, with 1.34 g, which was 
83% higher than the 0% dose treatment and; 19% 
lower than the mineral fertilization treatment.

Foliar mass production is one of the 
characteristics related to the survival of the 
species in the field. In this case, the seedlings of 
the 200% swine waste treatment would be the 
most suitable for planting, reinforcing the previous 
results, which, according to Trazzi et al. (2014) 
can be attributed to the physical and chemical 
properties provided by the waste. These results 
at the 200% dose for the aerial part were higher 
than those obtained by Lopes et al. (2015) for 
Corymbia citriodora seedlings produced from 
bioremediate cane bagasse and pulverized 
charcoal (8/2 v: v), whose average value was 
1.34 g and by Steffen et al. (2011) in seedlings 
produced with 80% vermicompost + 20% peat, 
with an average value of 0.2 g. 

The dry mass production of the roots was 
similar to the leaf mass production, with average 
values equal to 0.36 g at the 150% doses and 0.34 
g at the 200% dose, which were 55% and 53% 
higher than the average values obtained for the 
0% dose treatment, respectively. In comparison 
with the mineral fertilization, the average values 
were 7.7% higher than the 150% dose and; 
12.8% higher than the 200% dose, showing a 
quadratic response for this characteristic. This 
mass production in the root system is important 
because it influences the absorption of water 
and nutrients. Plants with a well-developed root 
system can achieve a larger substrate volume 
and absorb nutrients in adequate levels to the 
species needs.

The Dickson quality index (DQI) data also 
showed a quadratic effect as a function of the 
SWW doses, with the highest average values at 
the 150% and 200% doses. Similar to the results 
observed for the mineral fertilization, which was 
15% higher than the 150% dose and 23% higher 
than the 200% dose. 

Therefore, the use of SWW in the 
production of Corymbia citriodora seedlings is 

a viable alternative since it contributes to the 
nutrition of the seedlings and, consequently, 
conferred a faster growth, thus, considering all 
characteristics analyzed the recommended 
doses should be 150% and 200% doses.

Macronutrient levels in the Corymbia citriodora 
seedlings

The macronutrient levels in the leaves of 
Corymbia citriodora seedlings were influenced 
by the addition of SWW, to the detriment of 
the improvement in nutrient conditions of the 
substrate (Figures 2 and 3). However, adequate 
levels of K, Ca and Mg were not observed, as 
recommended by Malavolta et al. (1997) for 
forest species. This can be justified by the levels of 
K, Ca and Mg present in the SWW treatments, but 
this did not limit growth.

The N content (Figure 2) showed an 
increasing trend in relation to the SWW doses, 
obtaining a linear equation. The average 
values were within the range recommended by 
Malavolta et al. (1997), which is from 12 to 35 g 
kg-1, only at the 150% and 200% doses and the 
mineral fertilization. These results indicate the 
plant need for N, which is one of the essential 
elements required since it is part of important 
reactions in the plant such as photosynthesis, 
ionic absorption, protein synthesis, among others 
(Malavolta et al., 1997). This is because the N 
levels present in the commercial substrate and 
in SWW were sufficient to maintain the seedlings 
grown in these treatments, without the necessity 
of complementary fertilization.

The average values for P content (Figure 
2) showed a decreasing quadratic tendency 
stem from the 100% dose, with the lowest values 
at the 0% dose. However, these levels were higher 
than those recommended by Malavolta et al. 
(1997), which is from 1.0 to 2.3 g kg-1, increasing 
the SWW doses. It was verified that SWW was 
efficient in providing P, which may be related to 
the improvement of soil fertility conditions. Swine 
waste may works as a neutralizer of the soil acidity 
since it increases the nutrient content and the 
basis saturation, consequently, it increases the 
pH values and reduces the levels of Al, making 
the P content available. Thus, this contributes to 
plant growth, since P is related to the production 
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Figure 2. The regression equations for N, P and K contents in leaves of Corymbia citriodora.

Figure 3. The regression equations for Ca, Mg and S contents in leaves of Corymbia citriodora.

of cellular energy, the photosynthetic process, 
and storage. This was confirmed by Santos et 
al. (2008) who verified that, when increasing 
the supply of P, there were increases in dry mass 
production, proving that the swine waste has a 
higher amount of P in its constitution. In addition 
to these characteristics, P is also associated with 
the greater development of the root system 
(Rocha et al., 2013). A well-developed root 
system facilitates the P absorption, which occurs 

by diffusion, aiding in the growth of the plant.
The highest S content (Figure 3) were 

observed in the 150% dose and were adjusted to 
the decreasing quadratic model, with adequate 
averages at the 100%, 150%, 200% doses and 
mineral fertilization treatment, according to 
Malavolta et al. (1997). Therefore, the S content 
present in the SWW and the commercial 
substrate were sufficient to maintain the growth 
of Corymbia citriodora seedlings.
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Therefore, the macronutrient levels in 
the SWW will depend on the composition of 
the material, its origin, and the process until it 
becomes suitable for use as a substrate in the 
seedlings production. In addition, the results 
obtained will also depend on the nutritional 
requirements of the species over its growth. This 
may explain the low levels of K, Ca and Mg in 
leaves of Corymbia citriodora.

Micronutrient levels in the Corymbia citriodora 
seedlings

The micronutrient contents in Corymbia 
citriodora are shown in Figures 4 and 5. Fe content 
were not significant, however, adequate levels 
were observed in all treatments, with the highest 

average values at the 0% dose. This occurred 
probably due to the Fe content present in the 
commercial substrate. At the 100% dose, the 
results were similar to those obtained in mineral 
fertilization. Important results for total plant 
growth.

The Cu content (Figure 4) data as a 
function of the SWW doses was adjusted to a 
linear increasing model. This implies that the 
contents of this micronutrient in the substrate 
and SWW increased the levels in the leaves of 
Corymbia citriodora, contributing to its growth. 
Thus, only at the 0% dose was not observed 
adequate Cu levels, according to Malavolta et 
al. (1997), which should be between 10 and 70 
mg kg-1.

Figure 4. The regression equations for Cu, Fe and B contents in leaves of Corymbia citriodora.

The B contents (Figure 4) data were 
adjusted to a decreasing linear model, therefore, 
the SWW likely has a lower B content than those 
found in the commercial substrate, which could 
limit B levels in the plant and, consequently, 
its growth. However, all treatments provided B 
levels greater than the adequate levels, since, 
Malavolta et al. (1997) recommended up to 
20 mg kg-1 and the average values for this 
characteristic in the present study ranged from 
73 mg kg-1 at the 200% dose to 162 mg kg-1 at the 
0% dose.

Regarding the Mn contents (Figure 5), 
data were adjusted to a decreasing linear model, 
and the highest average values were found 

in the plants submitted to mineral fertilization. 
However, these average values were within the 
adequate range according to Malavolta et al. 
(1997) in all treatments. This result contributed to 
the growth of Corymbia citriodora seedlings in 
the SWW treatments.

The addition of SWW also increased the Zn 
levels (Figure 5), showing a quadratic regression, 
with the lowest average value (34 mg kg-1) at 
the 0% dose and; the highest one at the 200% 
dose (71 mg kg-1) and in the mineral fertilization 
(93 mg kg-1). However, all these treatments 
showed micronutrient levels lower than those 
recommended by Malavolta et al. (1997). These 
results proved that SWW can contribute to 
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Figure 5. The regression equations for Mn and Zn contents in leaves of Corymbia citriodora.

the plant nutrition, helping the plants to grow. 
However, the combinations should be observed, 
since these can lead to increase nutrient levels to 
toxic levels.

Conclusions
a) The best doses of SWW were 150% and 

200% which allowed the highest growth rates of 
Corymbia citriodora seedlings, to the detriment 
of nutritional and physical conditions. However, 
considering that the producer seeks the smallest 
investment in the seedlings production, it is 
recommended to use commercial substrate 
Vivatto Slim Plus® plus 150% of swine waste.

b) The Corymbia citriodora seedlings 
on the commercial substrate with SWW did not 
show adequate levels of K, Ca, Mg and Fe. 
However, neither symptoms of deficiency and 
nor reduction in growth were observed.
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