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Crescimento e produção do tomateiro adubado com cama
de aviário e dejeto líquido de suínos

Alessandra Algeri2* , Augusto V. Luchese3 , Alessandro J. Sato3  & Laércio A. Pivetta3

ABSTRACT: The objective of the study was to evaluate the vegetative and productive growth of two varieties of 
tomato plants (‘Compack’ and ‘Gaucho’) with organic fertilization of two sources: poultry litter (PL) and swine 
wastewater (SWW), with and without mineral supplementation. The experimental design was in randomized blocks 
with seven treatments and four replicates for ‘Compack’ and five repetitions for ‘Gaucho’ . The applied treatments 
were: the control, 100% mineral fertilization, 100% organic poultry litter - PL, 100% organic swine wastewater 
(SWW), 50% PL and mineral supplementation, and 50% PL complemented with SWW. At 30 and 90 days after 
transplanting measurements of height, leaflets width and stem diameter were recorded. At harvest, measurements 
of diameter, length, mass, soluble solids and titratable acidity of fruits were carried out. Also, determination of N, P 
and K concentrations on foliar tissues were carried out. The vegetative growth of the two tomato cultivars was lower 
in the control. The highest yield of ‘Compack’ tomatoes was observed with mineral fertilization, PL and SWW with 
mineral supplementation and PL + SWW, whereas for Gaucho tomato cultivar, the highest yield was obtained with 
PL + SWW fertilization.
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RESUMO: O objetivo deste estudo foi avaliar o crescimento vegetativo e produtivo de duas variedades de tomateiro 
(‘Compack’ e ‘Gaúcho’) com adubação orgânica de duas fontes: cama de aviário (CA) e dejeto líquido de suínos (DLS), 
com e sem suplementação mineral. O delineamento experimental foi em blocos casualizados com sete tratamentos e 
quatro repetições para o ‘Compack’ e cinco repetições para o ‘Gaúcho’. Os tratamentos utilizados foram: testemunha, 
adubação 100% mineral, 100% orgânico de cama de aviário - CA, 100% orgânico de dejeto líquido suíno - DLS, 
cama de aviário e complementação mineral, 50% de dejeto líquido suíno e complementação mineral e CA 50% 
complementada com DLS. Aos 30 e 90 dias após o transplantio foram realizadas medidas de altura, largura dos 
folíolos e diâmetro do caule. Por ocasião da colheita foram realizadas medidas do diâmetro, comprimento, massa, 
sólidos solúveis e acidez titulável dos frutos. Também foi realizada análise dos teores de N, P e K dos tecidos foliares. 
O crescimento vegetativo das duas cultivares foi menor na testemunha. A maior produtividade de tomate ‘Compack’ 
foi obtida com adubação mineral, CA e DLS com complementação mineral e CA + DLS, enquanto que para o tomate 
‘Gaúcho’ a maior produtividade foi obtida com adubação de CA + DLS.

Palavras-chave: Lycopersicon esculentum, adubação orgânica, resíduos

HIGHLIGHTS:
Combining different sources of organic fertilizers is a viable strategy to balance the nutritional demand for tomato.
Tomato can be produced without soluble mineral fertilizers.
The effect of organic fertilization depends on the cultivar.
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Introduction

The economy of Western Paraná has focus to the 
agribusiness area, with emphasis on swine and poultry 
production. However, there is great waste production, which 
when indiscriminately disposed in the environment can cause 
environmental pollution (Silva & Bassi, 2012), consequently, it 
must have its rational management. It is important to highlight 
that if swine and poultry wastes are properly managed, this 
kind of environmental problem will be under control and can 
even be used as organic fertilizers in agriculture. 

Waste application generated in farms, or nearby, is a very 
common practice during crops for small farmers (Gatiboni 
et al., 2008). Some studies have shown that the use of organic 
fertilizers can supplement or replace mineral fertilization 
(Mueller et al., 2013; Santos et al., 2014). Another point is that 
animal manures have provided some decrease in expenses, 
consequently some increase on profit. This is an important fact 
especially for small and medium-sized producers of fruits and 
vegetables (Silva et al., 2012). 

The use of organic fertilizers can increase cation exchange 
capacity (CEC), acidity neutralization, as well as improvements 
in physical, chemical, biological soil properties and, 
consequently, increases in yield and quality of agricultural 
products (Lima et al., 2008; Correa et al., 2010). 

The most common use for animals’ manure has been swine 
wastewater (SWW) and poultry litter. However, the applied 
amount of these residues must take into account the crop 
needs and chemical properties of soil to avoid environmental 
damages (Aita & Giacomini, 2008; Costa et al., 2009).

Tomato plants (Lycopersicon esculentum) have been one of 
the most important species in the world among other crops 
that can be grown with organic fertilizer application. 

In 2013, tomato production in Brazil, according to FAO 
(2016), was approximately 4.2 million tons. Paraná is the fifth 
Federation Unit in area in regarding its cropping, with 
4.7 thousand hectares, 7% of the total produced (SEAB, 2015). 

Based on these facts, this research aimed at evaluating 
vegetative and productive growth of two varieties of tomato 
(‘Compack’ and ‘Gaucho’) with organic fertilization from two 
sources: poultry litter (PL) and swine wastewater (SWW), with 
and without mineral supplementation.

Material and Methods

The experiment was carried out in an experimental area 
of Federal University of Paraná (UFPR - Palotina Sector), in 
Palotina city, PR, Brazil (24º 17’ 02’’ S, 53º 50’ 24” W), with 
a 20 ºC mean temperature and 333 m altitude and a climate 
classified as cfa: Subtropical Moist (Köppen), with hot summers 
and cold or mild winters (EMBRAPA, 2013). 

The soil used was an Oxisol collected in two areas in 
Palotina city. The analysis was carried out with representative 
samples that were taken to the UFPR Soil Laboratory of 
Palotina Sector (Tables 1) according to the recommendations 
of Silva (2009). 

The applied SWW was collected at the finishing swine 
farm of Larissa company, in Palotina, PR, and removed from 
anaerobic treatment lagoons, where there is some partial 
degradation and chemical stabilization of wastes. Poultry litter 
was also obtained from a rural property in Palotina, PR, and 
naturally composted in a 3 m height windrow during almost 
10 months. This allows some chemical stability to the wastes. 

An aliquot of wastes was sampled and taken to the Soil 
Laboratory of UFPR, Palotina Sector to determine nitrogen 
(N), phosphorous (P), potassium (K) concentration in 
accordance with Silva (2009) methodology. The applied wastes 
in ‘Compack’ tomato variety presented SWW and PL with 
6.2 g L-1 and 25.7 g kg-1 of N, 3.98 g L-1 and 54 g kg-1 of P2O5 and 
2.57 g L-1 and 36 g kg-1 of K2O, respectively. While for ‘Gaúcho’ 
tomato variety, the applied PL was the same for the ‘Compack’, 
however the applied SWW presented the concentration of 
3.32 g L-1 of N, 1.83 g L-1 of P2O5 and 0.25 g L-1 of K2O. 

The experimental design was in randomized block , with 
seven treatments and four replicates and for ‘Compack’ tomato, 
and five replicates for ‘Gaúcho’tomato. The treatments were: 
control (T1), 100% mineral fertilization (T2), 100% organic 
with poultry litter (T3), 100% organic of swine wastewater - 
SWW (T4), 50% poultry litter with mineral fertilization (T5), 
50% swine wastewater complemented with mineral fertilization 
(T6) and poultry litter with swine wastewater (T7), whose 
dosages are described in Table 2.

The fertilization needs was based on soil analysis according 
to Filgueira (2008) recommendation, therefore, the obtained 
values were 660 kg ha-1 of P2O5, 660 kg ha-1 of K2O and 
440 kg ha-1 of N. The waste doses were calculated according 
to the nutrient that reached the recommended dose first. 
Phosphorus was used as a nutrient to calculate treatments 
with PL and nitrogen was used to calculate the treatments 
with swine wastewater.

‘Compack’ tomato growing was carried out in slabs filled 
with vermiculite soil (Table 1) 30 days after sowing. For 
‘Gaúcho’ tomato variety, transplanting was carried out in 35-L 
pots with approximate 30 x 30 x 37 cm (height, width and 
length) filled with soil (Table 1). During slabs and pots filling, 
it was added phosphate fertilization and poultry litter. 

Nitrogen and mineral potassium fertilizations were divided 
into one application in transplanting and the other five topdressing 
applications were made at every 20 days. As the amount of SWW 
to be applied was very high for slab and to maximize nutrients 
absorption by the cropping, the waste total amount was divided 
into 24 weekly applications. For tomatoes in pots, the waste 
amount to be applied was divided in 15 applications.

OM - Organic matter

Table 1. Chemical attributes of soil used to fill slabs and planting ‘Compack’ and ‘Gaúcho’ tomato seedlings
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During the cycle of both tomato varieties, stem diameter, 
plant length and plant medium leaflet width were evaluated at 
30 and 90 days after transplanting (DAT). The tomatoes were 
staked with ribbon and bamboo and their training was done in 
a single stem and there was no harvesting and fruits thinning. 
The fruits harvest began in December, 2016 until February, 
2017 for ‘Compack’ tomato, while from August to October, 
2017, for the ‘Gaucho’ tomato. The fruits had been harvested 
when they were completely red. After that they were taken to 
the Physiology and Vegetal Nutrition Laboratory of UFPR 
Palotina Sector, where evaluations of diameter (mm), length 
(cm) and mass (g) regarding the fruits were recorded. Soluble 
solids concentration (SS, in °Brix) were also determined with 
a digital refractometer and titratable acidity (TA, expressed as 
% citric acid) according to IAL methodology (2008).

Soon after the beginning of fruiting, 15 leaves with stems 
were also collected, close to the top inflorescences (Alvarenga, 
2013), to determine N, P and K concentrations according to 
methodology of Silva (2009). 

The data were submitted to analysis of variance and Scott-Knott 
test, for each variety, using Sisvar software 5.0 (Ferreira, 2008). 

Results and Discussion

Both varieties of tomato showed distinct vegetative growth. 
The Compack variety, at 30 days after transplanting (DAT), 
showed greater stem diameter, height and width of the largest 
leaflet in treatments with poultry litter (Table 3). This fact can 
be explained by the fast mineralization of nitrogen present in 
this residue, which, according to Azeez &Van Averbeke (2010), 
is a maximum of 30 days. The greatest initial development of 
tomato, mainly of leaf, increases plant ability to photosynthesize, 
consequently to allow it on increasing yield (Alvarenga, 2013). 

It was also observed that ‘Compack’ tomatoes treated 
with SWW and mineral fertilization presented lower stem 
diameter when compared to the other treatments at 30 DAT 
and they were statistically equal to the control. But, at 90 DAT, 

Table 2. Dose of the forms of fertilization used in the experiment for the ‘Compack’ and ‘Gaúcho’ tomatoes

PL - Poultry litter; SWW - Swine wastewater; SSP - Super Simple Phosphate; KCl - Potassium chloride; P2O5 - Phosphorus oxides; K2O - Potassium oxide; N - Nitrogen; T1 - Control;  
T2 - 100% mineral fertilization; T3 - 100% organic with poultry litter; T4 - 100% organic of swine wastewater - SWW; T5 - 50% poultry litter with mineral fertilization; T6 - 50% 
swine wastewater complemented with mineral fertilization; T7 - Poultry litter with swine wastewater

Different letters in column evidence distinct groups by Scott-Knott’s clustering test at p ≤ 0.05. PL - Poultry litter; SWW; PL + Mineral - Fertilization with poultry litter plus mineral 
complementation; SWW + Mineral - Fertilization with swine wastewater plus mineral complementation; PL + SWW - Fertilization with poultry litter plus swine wastewater; 
CV - Coefficient of variation

Table 3. Stem diameter, height and width of leaflets of tomato plant at 30 and 90 days after transplanting (DAT) 
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the plants of both treatments showed a higher stem diameter 
when compared to the control. A similar fact also happened 
with height and width of tomato leaflets. This behavior can be 
explained by the split of SWW applications and the topdressing 
fertilization with N and K, which increased nutrients over time. 

If the total SWW amount were applied in a single dose, 
probably the tomatoes would not absorb nutrients completely, 
mainly ammoniacal nitrogen that, in nearly 30 days, is nitrified 
and can be leached in system (Aita & Giacomini, 2008). 

‘Gaúcho’ tomato showed the same diameter, height and 
leaflet width at 30 days in all treatments, except for the control, 
which showed the lowest values. Cosme et al. (2011) worked 
with hydroponic tomato, and found similar values for stem 
diameter when compared to this study (from 11.5 to 12 mm). 
Albuquerque Neto & Peil (2012) observed that Gaúcho tomato 
plants registered a 1.70 m height, which is consistent with 
heights observed at 90 days for tomatoes that were treated with 
some kind of fertilization. 

The difference between the growth of both tomato varieties 
at 30 DAT can be explained by splitting the fertilizers, mainly 
SWW, which was divided in 15 doses for ‘Gaúcho’ tomato 
instead of 24 (‘Compack’ tomato) and also due to the plant 
growth place, since the slab has a more restricted area for 
root expansion, which was different from the vases with the 
greatest volume. 

Both varieties showed the same grouping at 90 DAT. This 
means that, regarding vegetative growth organic fertilizing 
was as efficient as the mineral. Some authors also observed 
the same answers in some papers that showed the same results 
for SWW and poultry litter fertilization during the vegetative 
development of several crops, mainly winter pastures (Assman 
et al., 2009; Santos et al., 2014).

The greatest averages for fruits diameter and yield for 
‘Compack’ tomatoes were obtained with mineral fertilization, 
PL and SWW fertilization with extra mineral and the mixture 
of PL with SWW (Table 4). Mueller et al. (2013), during a study 
with tomatoes cropping, found that organic fertilization plus 
the supplementation with mineral fertilization supplies more 
evenly the cropping demand for the primary macronutrients.

The low yield of the treatments with organic fertilization, 
for ‘Compack’ tomato, can be attributed to an uneven amount 
of nutrients in the studied wastes. SWW presented more N 
than P and K, whereas PL showed more K and P than N. 

This resulted in deficiency of some nutrients for the crop, 
consequently, there was a negative impact on yield (Table 2). 
This also explains why the PL + SWW treatment produced 
good results, since association of both wastes provided the 
nearest values of N, P and K required for a good cropping yield. 

The treatment that presented the highest yield for ‘Gaucho’ 
tomato was the association of SWW with PL (Table 4). Organic 
fertilizations, with or without mineral complementation, 
had higher yield when compared to the control and mineral 
fertilization. The treatment with only mineral fertilization 
showed superior yield only to the control treatment, even 
when fertilization was according to the recommendation. These 
results suggest that ‘Gaucho’ tomato plant has the highest yield 
and fruit quality when fertilized with organic material. 

According to Andrade et al. (2012) and Pascale et al. 
(2016), the plants answer to fertilization depends on several 
factors and, among them, the cropping species. In addition, it 
is noteworthy that this cultivar is not a hybrid and, therefore, 
presents more rustic features. Albuquerque Neto & Peil (2012) 
worked with ‘Gaúcho’ tomato and recorded a nearly 38 t ha-1 
yield, which is similar to PL + SWW treatment yield. 

Polat et al. (2010) worked with tomatoes fertilization 
to evaluate yield and concluded that organic fertilization 
increased yield and fruit quality, when compared to 
conventional fertilizing, because of waste composition and 
the presence of humic substances. These same authors report 
that this kind of fertilization must be used to make easy the 
reuse of organic waste, as well as to maintain and/or increase 
soil fertility by increasing organic matter and nutrient supply, 
as well as yield and maximize profits.

The highest diameter for the ‘Gaúcho’ tomato was 
obtained with organic fertilizations with and without mineral 
supplementation. Only organic fertilizations stood out for fruit 
length. This suggests bigger fruits with greater commercial 
attractiveness, and this results in a product which can be 
easily sold. 

There was no significant difference among the treatments 
(Table 5) on the soluble solids (SS) and titratable acidity (TA) 
for ‘Compack’ tomato. The averages of 5.28 ºBrix and 0.40% 
of citric acid are next to the values recorded by Ferreira et al. 
(2010) (5.44 ºBrix and 0.32%), respectively. This suggests a 
good ripeness degree of the fruits at harvest, regardless the 
treatment.

Different letters in column evidence distinct groups by Scott-Knott’s clustering test at p ≤ 
0.05. PL - Poultry litter; SWW; PL + Mineral - Fertilization with poultry litter plus mineral 
supplementation; SWW + Mineral - Fertilization with SWW + mineral supplementation; 
PL + SWW - Fertilization with poultry litter plus SWW; CV - Coefficient of variation

Table 4. Diameter, length and yield of fruits of the ‘Gaucho’ 
and ‘Compack’ tomato plants

Different letters in column evidence distinct groups by Scott-Knott’s clustering test at 
p ≤ 0.05. PL - Poultry litter; SWW; PL + Mineral -: Fertilization with poultry litter plus 
mineral complementation; SWW + Mineral - Fertilization with swine wastewater plus 
mineral complementation; PL + SWW - Fertilization with poultry litter plus swine 
wastewater; CV - Coefficient of variation

Table 5. Titratable acidity (TA) and soluble solids (SS) of 
‘Gaúcho’ and ‘Compack’ tomato fruits
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The lowest averages of SS were observed for the control, 
fertilization only with PL and the association of PL + SWW 
in ‘Gaúcho’ tomato. SS concentration is one of the main 
characteristics of the fruits, because with higher values, the 
greater will be the industrial income (Shirahige et al., 2010). 
Thus, it can be inferred that these three treatments provided 
fruits with less sweetness and lower quality.

In relation to titratable acidity, the lowest values for 
‘Gaúcho’ tomato were found for the control treatment and 
poultry litter. This fact is probably related to the amount of 
nitrogen present in these treatments that was inferior to the 
others (Table 2).

According to Chitarra & Chitarra (2005), the great majority 
of organic acids are translocated from the roots or leaves to 
the fruits and their synthesis occur due to changes along 
Krebs cycle respiratory pathway. In such a way, although the 
treatment with PL presented good vegetative development, 
probably the amount of organic acids produced by leaves 
and roots was low and also resulted in lesser acidity and 
lesser soluble solid concentration. On the other hand, the 
development of vegetative phase for the control treatment 
was reduced, which indicates a lower photosynthetic rate and 
consequently lower production of sugars and acids.

Regarding macronutrient concentration, it was observed 
that tomatoes of the control treatment showed the lowest N and 
K values for Compack variety (Table 6). According to Trani et 
al. (2015), the values adjusted for the tomato plant leaf ranged 
from 40-60 g kg-1 for N, 4-8 g kg-1 for P, and 30-50 g kg-1 for K. 
So, it can be considered that the plants of the control treatment 
presented nitrogen deficiency and this caused less vegetative 
growth and consequently minor yield (Alvarenga, 2013). In 
relation to P concentration, it did not have significant difference 
among the studied treatments, which can be explained by the 
high concentration of phosphorus in soil (Table 1).

The concentrations of K for ‘Compack’ tomato are below 
expected for this crop, however, visual deficiencies had not 
been found out, except for the control treatment. Moreover, the 
concentrations cited in literature depend on several factors as 
handling, cropping tolerance/strength and weather conditions 
(Alvarenga, 2013).

Leaf concentration of N in ‘Gaucho’ tomato was lower for 
the control and PL treatments; this can be justified by the low 

amount of N available from the poultry litter that was less than 
half the crop demand (Table 2). The remaining values are close 
to the desired pattern for the crop (Trani et al., 2015).

Phosphorus concentrations in tomato plants were lower 
for the treatments control, mineral and the fertilized one with 
SWW only. Nevertheless, only the plants from the control 
treatment showed values below the ones considered adequate 
for the crop (Trani et al., 2015). In relation to potassium, the 
highest concentration was found out for plants of the treatment 
with mineral fertilization, however, all the treatments showed 
adequate concentrations for the studied crop. 

The control and PL treatments presented the least 
potassium concentrations, for ‘Gaucho’ tomato, as well as the 
lowest concentrations of SS. According to Alvarenga (2013), 
potassium deficiency may reduce the percentage of soluble 
solids in tomato, reducing its nutritional value. Thus, even all 
K values were within the range considered adequate for the 
crop, there was a deficiency in potassium supply in these two 
treatments, which influenced the fruits sweetness.

It should be observed that the treatment with PL + SWW, 
which presented the highest yield average for ‘Gaúcho’ tomato, 
showed statistically equal levels of N and K to the treatment with 
only mineral fertilization and almost twice P concentration. 
The results have corroborated the hypothesis that ‘Gaúcho’ 
tomato responds positively to organic fertilization, since there 
is a balanced nutritional management. Although both varieties 
have presented different results, mainly in relation to mineral 
fertilization, it’s important to stand out that organic fertilization 
with poultry litter and swine wastewater, in this study, can be 
used in substitution to mineral fertilization, without damage 
for the vegetative development and yield of ‘Gaucho’ and 
`Compack’ tomatoes. This allows some sustainable application 
of organic waste and greater profit for the farmers.

Conclusions

1. Despite differences at 30 days after transplanting (DAT), 
all the fertilization treatments promoted satisfactory growth 
in both tomato cultivars at 90 DAT.

2. For the Gaúcho cultivar, it is recommended the 
fertilization with two wastes combined; poultry litter (PL) + 
swine wastewater (SWW), because it promoted greatest yield. 

3. For the Compack cultivar, it is recommended the mineral 
fertilization, PL, SWW fertilization with extra minerals, and the 
mixture of PL and SWW, because they promoted greatest yields. 

4. In relation to the quality of the fruits, the Compack 
cultivar was not affected by the types of fertilization. For the 
Gaúcho cultivar the fertilization with only PL caused low values 
of soluble solids (SS) and titratable acidity (TA)
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