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ABSTRACT: The organomineral fertilizers can release organic compounds during their solubilization, and those compounds 
can affect the plant growth. The aim of this study was to evaluate the initial development of wheat, nutrient accumulation in the 
plant and soil chemical changes, with the use of organic, mineral and organomineral fertilizers. The experiment was conducted 
in a greenhouse using an Acrisol cultivated with wheat (Triticum aestivum). Six treatments were tested: 100% of the nutrient 
recommendation in organomineral form (OMF 100); broiler litter in the same amount present in the OMF 100 (BL 10); mineral 
fertilizer in the same quantity present in the OMF 100 (MF 90); 100% of the nutrient recommendation in the form of broiler litter (BL 
100); 100% of the nutrient recommendation in mineral form (MF 100); and a control without fertilization (CONT). The treatments 
were evaluated at six sampling times: 2, 4, 8, 15, 30 and 80 days after implantation. No significant differences were observed 
between fertilizers in dry matter yield. In the soil, there was a decrease in availability of N, P and K over time. By equivalence, all 
the sources tested can be used in the supply of nutrients to the wheat crop.
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Fertilizante orgânico, mineral e organomineral
no crescimento de trigo e alterações químicas do solo

RESUMO: Os fertilizantes organominerais podem liberar compostos orgânicos durante sua dissolução, os quais podem afetar 
o desenvolvimento das plantas. Objetivou-se avaliar o desenvolvimento inicial de trigo, acúmulo de nutrientes na planta e 
alterações químicas do solo, com o uso de fertilizantes orgânico, mineral e organomineral. O experimento foi conduzido em 
casa-de-vegetação, utilizando um Cambissolo Háplico cultivado com trigo (Triticum aestivum). Foram testados seis tratamentos: 
100% da recomendação de nutrientes na forma de organomineral (FOM 100); cama aviária na mesma quantidade presente no 
FOM 100 (CA 10); adubo mineral na mesma quantidade presente no FOM 100 (FOM 90); 100% da recomendação de nutrientes 
na forma de cama aviária (CA 100); 100% da recomendação de nutrientes na forma mineral (FM 100); e uma testemunha sem 
adubação (CONT). Os tratamentos foram avaliados em seis épocas de amostragem: 2, 4, 8, 15, 30 e 80 dias após a implantação. 
Não foram observadas diferenças significativas entre os fertilizantes no rendimento de massa seca. No solo houve decréscimo 
na disponibilidade de N, P e K ao longo do tempo. Pela equivalência, todas as fontes testadas podem ser empregadas no 
suprimento de nutrientes para a cultura do trigo. 

Palavras-chave: biofertilizante; cama aviária; adubação; Triticum aestivum
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Introduction
The application of fertilizers, mineral or organic, is a 

recommended practice to supply the nutrients necessary for 
the plant growth. However, the type of fertilizer may alter 
the initial development of the plants, since organic fertilizers 
need to be mineralized for the release of nutrients (Antille et 
al., 2014b). Regarding cultivated species, among them wheat 
(Triticum aestivum), the nutrient supply is predominantly 
done in the form of mineral fertilization, which stands out for 
the high concentration and solubility (Herrera et al., 2016). 

Organic fertilization with manure is an alternative to 
mineral fertilization in sites with large production of animals 
in a confined system (De Conti et al., 2016). The continuous 
addition of animal manure can increase the soil contents 
of macronutrients such as calcium (Ca), magnesium (Mg), 
potassium (K) and phosphorus (P) (Lourenzi et al., 2016) and 
of cationic micronutrients (Andreola et al., 2000), as well 
as the total organic carbon contents (Lourenzi et al., 2016). 
Furthermore, it can reduce the activity of aluminum in the 
soil (Brunetto et al., 2012). However, these sources present, 
in general, low concentration of nutrients, precluding their 
transport and application in areas far from the place where 
they are produced.

As an alternative to the combination of the benefits of 
organic and mineral fertilizers, the so-called organomineral 
fertilizers are nowadays offered in the market, resulting from 
the addition of mineral fertilizers to organic waste (Sá et al., 
2017). Among the benefits to the soil, it is possible to highlight 
the possible reduction of the specific adsorption of P, by the 
presence of labile forms of C, which may block the adsorption 
sites, or make complex the forms of Al, Fe and Ca (Weng et 
al., 2012). The use of these fertilizers can also reduce the 
losses of N by the presence of more recalcitrant forms of this 
element, which are bounded to organic compounds (Tejada 
et al., 2005).

Some studies show that organomineral fertilizers present 
similar potential to that of mineral fertilizers, as regards to 
the development and yield of agricultural species in the field 
(Andreola et al., 2000; Deeks et al., 2013). However, there is 
still a lack of studies evaluating the effect of the application of 
these fertilizers on the initial development of plants and on 
changes in soil chemical attributes. In addition, it is necessary 
to evaluate if the organic fraction present in the organomineral 
fertilizers results in benefits to the plant and to the soil, or 
if the response comes only from the mineral fraction, which 
supplies much of the nutrients present in the organomineral 
fertilizer.

Thus, the hypotheses of this work are that (1) the 
organomineral fertilizer, due to the slow release of nutrients 
and the presence of soluble fractions of C, results in greater 
initial growth of wheat, and (2) promotes improvements in 
soil chemical attributes. The objective of this study was to 
evaluate the efficiency of fertilizer sources in the initial growth 
of wheat and their effect on the soil chemical attributes and 
on the plant over time in a greenhouse experiment.

Materials and Methods
Place of study and soil used

The experiment was conducted in a greenhouse at the 
Santa Catarina State University. An Acrisol, important soil 
class of Santa Catarina and derived from sedimentary rocks, 
was collected in the 0.00-0.20 m layer of a land under native 
pasture (27° 11’ S, 49° 39’ W, and 690 m altitude). The soil was 
passed through a 5-mm sieve, air dried and incubated with lime 
to raise the pH in water to 6.0. The chemical characterization 
of the soil, based on the methodologies described by Tedesco 
et al. (1995), presented: 217, 345 and 438 g kg-1 of clay, silt and 
sand, respectively; pH-H2O = 4.9; SMP Index = 5.6; 33.4 g kg-1 
of organic matter (OM); 5.7 and 138.0 mg dm-3 of available P 
and K (Mehlich 1); 1.9, 1.9 and 2.2 cmolc dm-3 of exchangeable 
Ca, Mg and Al, respectively; 62.8, 0.9, 4.1 and 493.1 mg dm-3 

of Mn, Cu, Zn and Fe, respectively; 7.1, 4.1, 6.3 and 11.3 
cmolc dm-3 of potential acidity (H + Al), sum of bases, effective 
CEC and CEC pH 7; 34 and 37% of aluminum saturation and 
base saturation, respectively. The OM content and soil P and 
K contents were classified as medium, low and very high, 
respectively (CQFS-RS/SC, 2004).

Experimental design and treatments
The experiment was conducted in a completely 

randomized design in a 6 x 6 factorial scheme, with six 
treatments, six sampling times, and three replications, totaling 
108 experimental units. The treatments were: 1) OMF 100, 
with 100% of the recommendation of NPK in organomineral 
form; 2) BL 10 - same amount of broiler litter present in the 
OMF 100 treatment; 3) MF 90 - the same amount of mineral 
fertilizer present in the OMF 100 treatment; 4) BL 100: 100% 
of the NPK recommendation supplied by broiler litter; 5) MF 
100: 100% of NPK recommendation in mineral form; 6) CONT: 
treatment without fertilization. The organomineral fertilizer is 
composed by 60% of broiler litter and 40% of monoammonium 
phosphate (MAP) and each is responsible, respectively, by 10 
e 90% of N and P contents in the fertilizer. The applied NPK 
rates were based on the recommendations of the Local Soil 
Fertility Committee (CQFS-RS/SC, 2004), aiming at a yield of 
4 Mg ha-1 of wheat grains. The broiler litter, the MAP and the 
organomineral fertilizer had 2.3, 9.0 and 5.8% of N, 3.7, 48.0 
and 21.0% of P2O5, and 2,3, 0,0 and 1,6 % of K2O respectively, 
in their composition (Tedesco et al., 1995). The following 
amounts of N, P and K were added, respectively: OMF 100: 
31, 22 and 25 mg kg-1; BL 10: 3, 2 and 2.5 mg kg-1; MF 90: 28, 
20, 22.5 mg kg-1; BL 100: 31, 22 and 25 mg kg-1 and MF 100: 
31, 22 and 25 mg kg-1. In the treatments OMF 100, MF 90 and 
MF 100, urea (45% N) and potassium chloride (58% K2O) were 
added to supplement the deficiencies of N and K, respectively.

Wheat, cultivar Tbio Sintonia, was sown in pots containing 
2.7 kg of soil. The soil was maintained with moisture at 85% 
of field capacity, with daily replacement of the lost volume 
through the addition of distilled water. Fertilization was carried 
out at the time of sowing. Initially, a cylindrical opening was 
made in the soil in the central part of the pot, with a diameter 
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of 0.01 m and a depth of 0.04 m, in which the fertilizers were 
put, they were then covered with soil. Seeding was done later, 
with the placement of 5 wheat seeds per pot, at a depth of 2 
cm. After emergence, 3 plants were maintained per pot.

Collection of material and analyzes carried out
Soil samples were collected at 2, 4, 8, 15, 30 and 80 days 

after implantation (DAI), and the plants samples at 8, 15, 30 
and 80 DAI. In each of the six sampling periods, a set of 18 pots 
were collected, and the plant and soil samples were collected 
for subsequent determinations. The soil was sampled in two 
ways: in the first one a soil sample located at 0.01 m from the 
fertilization site was collected, for evaluation of: Water Soluble 
Carbon (WSC), whose extraction followed the methodology 
of Mendonça & Matos (2006) and determination by Silva 
& Bohnen (2001), and available P by Mehlich 1 (Tedesco 
et al., 1995). For the other sample, the remaining soil was 
homogenized and sampled, analyzing: available levels of P by 
Mehlich 1, K, NO3

-, NH4
+, Mn, Cu and Zn extracted by Mehlich 

3 (Mehlich, 1984), as well as the values of pH in water and 
total organic carbon content (TOC) (Tedesco et al., 1995).

After removal from the pots, the plants were placed in 
paper bags and oven dried at 60ºC for 72 hours to determine 
the dry mass. Subsequently the samples were ground and 
underwent wet digestion with sulfuric acid, hydrogen peroxide 
and digestion mixture containing sodium sulfate, copper 
sulfate and selenium (Tedesco et al., 1995). The contents of 
N, P and K were analyzed according to the methodology of 
Tedesco et al. (1995), and the amount of each of the nutrients 
accumulated per pot was calculated.

The obtained data were submitted to the Shapiro Wilk 
normality test and subsequent analysis of variance. When 
significant, the qualitative effects (fertilizers) were compared 
by the Tukey Test (P<0,05), while the quantitative (sampling 
periods) were analyzed by regression. Data analysis was 
performed using the statistical software SISVAR (Ferreira, 2014).

Results and Discussion
Growth and nutritional parameters of the wheat crop

The total dry matter yield of the wheat crop varied over 
time and between treatments (Table 1). The OMF 100 and 

MF 90 treatments presented higher yield than the control 
in the last sampling period (80 DAI), but were similar to the 
other sources in all the initial samplings, indicating that there 
was no superior response of the organomineral in relation to 
them. The reduced growth of wheat, observed up to the 30 
DAI, is mainly due to the restriction of sunlight in that period. 
Due to their higher solubility, the mineral fertilizers can 
promote superior growth, especially in the early stages of crop 
development (Lourenço et al., 2013). In addition, fertilizers of 
higher solubility may favor nutrient uptake by plants in the 
early stages of development (Lourenço et al., 2013), where 
the volume of soil explored is small. However, due to the 
residual effect of the organic and organomineral fertilizers, 
with the late release of some nutrients, this response ceases 
to exist in subsequent crops (Silva et al., 2015). 

The concentration of N, P and K in the plants increased 
in the plant up to the 30 DAI, with subsequent reduction 
(data not shown), mainly due to the dilution caused by 
the increase in phytomass accumulation. The amount of 
nutrients accumulated in the plant increased over time due 
to plant growth, and the differences between treatments only 
occurred in the last two harvests for P and N and only in the 
last one for K (Table 2). In general, the amounts of N, P and 
K accumulated by the plants were similar in the treatments 
with 100% fertilization (OMF 100, BL 100 and MF 100) but also 
in the MF 90. For P, however, fertilization with 100% broiler 
litter (BL 100) resulted in a lower absorption in relation to the 
mineral source at the 80 DAI. The higher accumulation of P 
in treatments with mineral fertilization may be due to the 
greater solubility in relation to organic fertilization, indicating 
that part of the P present in the organic fertilizer was not made 
available to the plant in the period (Antille et al., 2014a).

In general, it was observed that the organomineral 
fertilizer presented a similar response to mineral and organic 
fertilization in wheat development, without resulting in a 
differentiated initial growth, as was expected. In the same 
way, the nutrient absorption suffered little interference 
between the sources, except for P, with greater absorption 
of the element when the mineral fertilization was done, in 
relation to the organic one. It should be noted that, despite 
the equivalent response to mineral fertilizers, organomineral 

OMF 100: 100% of NPK in the form of organomineral fertilizer; BL 10: same amount of broiler litter present in the OMF 100 treatment; MF 90: same amount of mineral fertilizer 
present in the OMF 100 treatment; BL 100: 100% NPK in the form of broiler litter; MF 100: 100% NPK in mineral form; CONT: control, without fertilization.
(1) Means followed by different letters in the columns differed by Tukey test (p <0.05). ns: not statistically significant. CV: coefficient of variation. ** Significant by t test, P < 0.01.

Table 1. Yield of total dry mass of wheat cultivated in greenhouse, evaluated in different periods after implantation, and 
equations of behavior over time, due to the addition of fertilizer sources.
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fertilizers may present positive factors, especially from the 
environmental point of view, giving adequate destination to 
residues of animal production (Sá et al., 2017).

Availability of nutrients and soil chemical parameters
The availability of soil P varied significantly over time and 

between treatments (Table 3). Over time there was a linear 
reduction of nutrient contents (y = -0.025*x + 12.759 R² = 
0.66), possibly due to their absorption by the plant and the 
adsorption of P to the soil’s solid constituents, especially iron 
and aluminium oxides, becoming unavailable to the plant. 
The highest availability of P was observed in soil with mineral 
fertilization (MF 100, MF 90), higher than the other treatments 
that received equivalent doses of P (OMF 100 and BL 100). 
The lower P availability in the soil fertilized with organic and 
organomineral fertilizers may be related to the presence of 
compounds of lower lability in their constitution, delaying 
the solubilization (Tejada et al., 2005). In addition, the lower 
release of P by the organomineral fertilizer in relation to the 
mineral source may be related to the preparation processes 
of that fertilizer, with formation of less soluble fractions of the 
nutrient (Antille et al., 2014a). 

The highest contents of P in the soil collected near the 
fertilizer deposition site (P localized) were observed in 
treatments with mineral fertilization (MF 100, MF 90), and 
those were higher than the other treatments (Table 3). The 
greater solubility of mineral fertilizers may have resulted in 

Table 2. Accumulated values of phosphorus (P), nitrogen (N) and potassium (K) in wheat plants grown in greenhouse, evaluated 
at different periods after implantation, and behavioral equations over time, as a function of the addition of fertilizer sources.

OMF 100: 100% of NPK in the form of organomineral fertilizer; BL 10: same amount of broiler litter present in the OMF 100 treatment; MF 90: same amount of mineral fertilizer 
present in the OMF 100 treatment; BL 100: 100% NPK in the form of broiler litter; MF 100: 100% NPK in mineral form; CONT: control, without fertilization.
(1) Means followed by different letters in the columns differed by Tukey test (p <0.05). ns: not statistically significant. CV: coefficient of variation. **Significant by t test, P < 0.01.

Table 3. Levels of P available in the total soil (P total soil) and 
in the fraction collected near the fertilizer deposition site (P 
localized), in the average of the six samples, as a function of 
the addition of fertilization sources.

OMF 100: 100% of NPK in the form of organomineral fertilizer; BL 10: same amount of 
broiler litter present in the OMF 100 treatment; MF 90: same amount of mineral fertilizer 
present in the OMF 100 treatment; BL 100: 100% NPK in the form of broiler litter; MF 
100: 100% NPK in mineral form; CONT: control, without fertilization.
(1) Means followed by different letters in the columns differed by Tukey test (p < 0.05). 
CV: coefficient of variation.

increased concentration and consequent saturation of soil 
adsorption sites at the fertilizer deposition site (Castro et al., 
2015), resulting in the displacement of a small fraction of the 
element. This diffusion of P in the soil usually occurs within a 
few weeks after fertilization, being restricted, in most cases, 
to a few millimeters of the application site, varying according 
to the texture and adsorptive capacity of the soil (Degryse & 
McLaughlin, 2014). 

The availability of K decreased over time (Table 4) as a 
function of plant growth and consequent absorption of the 
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The content of NH4
+ in the soil (Table 4) reduced until 

the 30 DAI due to the nitrification process. Between the 
treatments, the lowest values observed for the BL 100, in 
relation to MF 100, can be attributed to the fact that part 
of the N present in the broiler litter is linked to more stable 
organic compounds, which need to be decomposed to make 
their nutrients available in the soil (Lourenço et al., 2013), as 
well as to a predominance of the nitric fraction in the broiler 
litter used in this study, which is not normally observed in this 
type of material (Rogeri et al., 2016).

The values of NO3
- (Table 4) increased up to the 30 DAI 

as a result of nitrification, and subsequently reduced as 
a function of the increase in nutrient uptake by the plant 
(Lourenço et al., 2013). The availability of NO3

- was equivalent 
for all treatments that received fertilization. Considering the 
treatments that received equivalent doses of N (OMF 100, BL 
100 and MF 100), nitrate concentration peaks in the soil were 
observed at the 43, 44 and 47 DAI for organomineral, mineral 
and organic sources, respectively. The tardiest peak for the BL 
100 indicates a delay in the nutrient release process, because 
it is linked to stable organic fractions, thus retarding its 
solubilization (Rogeri et al., 2016).

The pH in water lowered up to the 30 DAI and subsequently 
increased (Table 4). The initial reduction of the soil pH can 
be attributed to the higher rate of absorption of cationic 
elements by the plant in these initial periods of evaluation and 
consequent release of H+ ions in the soil solution (Andreola et 
al., 2000). In the same sense, the slight pH increase observed in 
the last sampling may be due to the high NO3

- values absorbed 
in this period in comparison to the cationic nutrients, resulting 
in release of hydroxyls in the soil (Ernani, 2016). In addition, 
the pH change can be attributed to the soil rewetting, carried 
out in the implantation of the experiment, and the increase 
in the decomposition of the soil organic matter in function of 
the activation of microbial activity of the soil (Lourenzi et al., 
2011). The soil pH of the CONT treatment showed less variation 
in time, possibly due to the non-addition of fertilizers. The pH 
of the BL100 treatment was higher than that observed for the 
treatments OMF 100 and CONT, and equivalent to the others. 
The small increase in pH caused by the application of broiler 
litter can be attributed to the presence of calcium carbonate 
in the diet of the birds or by the adsorption of H+ ions caused 
by the presence of organic compounds in the waste (Lourenzi 
et al., 2016). 

The water-soluble carbon (WSC) reduced until the 30 DAI 
(Table 4), but showed a small increase in the last sample (80 
DAI). The initial reduction of the WSC can be due to the great 
lability of this fraction, which is rapidly decomposed in the 
soil, a lot because it is a fraction with a great response to the 
management (Hue, 1991), to microbial activity, availability of 
C substrates and sorptivity to soil colloids (Weng et al., 2012). 
The increase observed at 80 DAI can be attributed to the 
greater accumulation of phytomass of the plants in the period, 
resulting in exudation of organic compounds by the roots (Ren 
et al., 2014). The treatments, considering the average of all the 

Table 4. Potassium (K), ammonium (NH4
+) and nitrate (NO3

-) 
availability, pH H2O value and water soluble carbon content 
(WSC), mean of the six samples, and behavioral equations 
over time, due to the addition of fertilization sources.

OMF 100: 100% of NPK in the form of organomineral fertilizer; BL 10: same amount of 
broiler litter present in the OMF 100 treatment; MF 90: same amount of mineral fertilizer 
present in the OMF 100 treatment; BL 100: 100% NPK in the form of broiler litter; MF 
100: 100% NPK in mineral form; CONT: control, without fertilization.
(1) Means followed by different letters in the columns differed by Tukey test (p < 0.05). 
ns: not statistically significant. CV: coefficient of variation. * Significant by t test, P< 0.05. 
** Significant by t test, P < 0.01.

element. All treatments with equivalent doses of K (OMF 100, 
BL 100 and MF 100) and the MF 90 showed similar availability 
of the nutrient. This behavior between the sources is related 
to the fact that the element is in soluble forms, including in 
the organic fertilizers used (CQFS-RS/SC, 2016). However, 
the time reduction of K availability in BL100 treatment was 
lower, much as a function of the increase in nutrient content 
observed at 80 DAI (data not shown).
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samplings, did not differ statistically, indicating the absence of 
response of the fertilizers regarding the content of WSC.

The fertilization with broiler litter (BL 100) increased the Zn 
contents in the soil (Table 5), not differing from the OMF 100 
treatment. Cu and Mn contents did not show considerable 
variations. Considering the critical contents of these nutrients 
in soils of the states of Rio Grande do Sul and Santa Catarina 
(CQFS-RS/SC, 2016), that is, 5, 0.4 and 0.5 mg dm-3 for Mn, 
Cu and Zn, respectively, it is observed that the soil used in 
this study, as it occurs for the soils that predominate in the 
southern states of Brazil, has values above the critical content, 
justifying the low influence of the fertilizers. The use of large 
amounts of organic residues may present significant increases 
of Cu and Zn in the soil, which may also cause environmental 
damage due to the accumulation of these metals (De Conti 
et al., 2016). There was variation over time only for Mn (y = 
0.003*x² - 0.27x + 66.59, R² = 0.54) and Cu (y = 0.008**x + 
0.99, R² = 0.74), without interaction of the treatments and the 
time.

There were small increases in the values of H + Al (y = 
-0.0001**x² + 0.03x + 1.91, R2 = 0.96), CEC pH 7 (y = -0.0004**x 
+ 0.05x + 12.02, R2 = 0.84) and reduction of base saturation (y 
= 0.0008**x² - 0.14x + 84.1, R2 = 0.92) (Table 5). The values 
of TOC did not vary over time or between treatments. This 
was already expected since the amount of C added by 
organomineral and organic fertilizers is small, relative to the 
amount of C native of the soil.

The results showed that there were few changes in 
the soil between the tested fertilizers. Fertilization with 
organomineral and broiler litter resulted in slower P release, 
but did not significantly affect the availability of the other 
nutrients in the soil. Other chemical attributes of the soil were 
also not influenced by the fertilizer sources. Thus, the choice 
of fertilizer source should follow criteria such as availability 
and transportation, storage and application costs. 

Conclusions
The yield of wheat dry matter does not vary in function of 

the tested fertilizers.
Organic and organomineral fertilizers present slow release 

of P, while the dynamics of release of N and K and other soil 

chemical attributes do not suffer significant variation as a 
function of the source of nutrients used. 

The organomineral fertilizer can be used as a substitute 
for mineral fertilization, but it does not present any additional 
improvements in relation to the other sources when it comes 
to wheat growth.
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