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ABSTRACT: The incorporation of nitrogen (N) fertilizers in the soil and the use of enzyme 
inhibitors (EI) can improve the efficiency of N fertilization by reducing losses by ammonia 
volatilization and nitrate leaching. This study aimed to evaluate the efficiency of EI 
addition and fertilizer incorporation on both grain and dry mass yields of corn as well 
as on some soil chemical properties, with focus on N availability. A field experiment was 
carried out for three years in randomized blocks with four replications. The treatments 
consisted of a 2 × 5 factorial, including two forms of fertilizers application: superficial (SUP) 
and incorporated (INC), allocated in the plots; and five fertilizations: mineral fertilizer 
(NPK); NPK + EI; pig slurry (PS); PS+EI; and control (TEST), allocated in the subplots. The 
soil mineral N content was determined at 30, 60, and 90 days after fertilizer application 
(DAA) and these times were considered as sub-subplots. All fertilizers increased the 
dry corn matter and grain yields and the soil availability of N, P, and K, mainly in the 
upper layer (0.00-0.05 m). However, only the PS promoted higher productivity when 
incorporated into the soil relative to the soil superficial application. The incorporation of 
fertilizers increases soil available P but has little effect on soil mineral N. The EI addition 
to the fertilizers promotes higher soil mineral N contents in the soil until 30 and 60 DAA 
respectively when superficially applied and soil incorporated, although this does not 
increase the corn productivity.
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INTRODUCTION
The Brazilian soils, in general, have some chemical limitations to agricultural production, 
requiring the supply of nutrients to promote high crop yields. However, in addition to 
increase the production costs, most fertilizers have low uptake efficiency by the plants, 
particularly nitrogen (N) and phosphorus (P) sources, which have average efficiency of 
only 51 % (Fan et al., 2004; Dobermann and Cassman, 2005) and 50 % (Roy et al., 2016), 
respectively. Thus, several products have been used to increase the N fertilizers efficiency, 
with emphasis on enzyme inhibitors (EI), such as N-(n-butyl) triphosphoric triamide (NBPT) 
and dicyandiamide (DCD). The NBPT inhibits urease by decreasing the urea hydrolysis,  
and thus the N loss by ammonia volatilization (Aita et al., 2014; Dall’Orsoletta et al., 
2017). The DCD inhibits the ammonia monooxygenase enzyme, present in nitrifying 
bacteria, thus keeping nitrogen longer in the ammonium form (Gonzatto et al., 2016), 
which reduces the losses by leaching (Aita et al., 2013).

Some management techniques such as the incorporation into the soil can also improve 
fertilizers efficiency, especially for N (Dell et al., 2012; Damian et al., 2018) and P 
(Roberts and Johnston, 2015). Incorporation of ammonium compounds allows retention 
of ammonium in the soil electrical negative charges and also enables the ammonia, that 
forms inside the soil to react with hydrogen, returning to ammonium (Singh et al., 2008). 
Furthermore, when P fertilizers were incorporated into the soil in a concentrated way, 
microzones in soil with high P availability are created, even in soils with high adsorption 
capacity (Roberts and Johnston, 2015).

However, the technical feasibility of EI addition and organic fertilizer incorporation still 
need further evaluation. Withers et al. (2018) emphasized the importance of rational 
organic wastes use, as a source of nutrients for the sustainability of Brazilian agriculture. 
In part, this practice is already being used, such as the application of pig slurry (PS) 
in the south of Brazil (Cassol et al., 2012; Lourenzi et al., 2014; Moraes et al., 2014; 
Alves et al., 2017). However, techniques to improve the efficiency of PS and reduce its 
polluting environmental effect still require research efforts, especially to control losses 
of N through ammonia volatilization in areas conducted under the no-tillage system 
(Aita et al., 2014; Capoane et al., 2015). In addition, in the absence of soil plowing, 
nutrients with low mobility accumulate in the soil surface, like P (Boitt et al., 2018). In 
this case, P can be lost through erosion (Bertol et al., 2017) and cause eutrophication 
of surface water sources, especially at periods of high rainfall following application of 
PS (Cherobim et al., 2017).

Thus, our hypothesize is that the application of EI in addition to the incorporation of 
mineral and organic fertilizers reduces N and P losses at the same time that improve 
the efficiency of such fertilize, resulting in increases in corn yield. Therefore, this study 
aimed to evaluate the influence of EI addition and soil incorporation of mineral and 
organic fertilizers on grain and dry mass yields of corn, as well as on some soil chemical 
properties, with focus on N availability.

MATERIALS AND METHODS
The experiment was conducted in Lages - SC (27° 49’ 00” S, 50° 35’ 50” O), in a site 
located at 892 m a.s.l. The climate is mesothermal humid, with mild summer (type Cfb, 
according to Köppen classification system), with distributed rainfalls throughout the year 
and average annual precipitation and temperature of 1,550 mm and 15.6 °C, respectively.

The experiment site is located in a Cambissolo Húmico Álico (Santos et al., 2013), 
which corresponding to a Humic Cambisol (IUSS, 2015), with 8 % slope. Before the 
experiment, this area has been used for 20 years with native grass species. Also, six 
months prior to the experiment installation, the soil was limed with 8.0 Mg ha-1 of dolomitic 



Erdmann et al. Incorporation in soil and addition of enzyme inhibitor as a way to increase...

3Rev Bras Cienc Solo 2020;44:e0190103

limestone incorporated into the 0.00 to 0.20 m layer by plowing and disking. At the 
beginning of the experiment, the soil presented the following properties: pH(H2O) =  5.4; 
clay = 455 g kg-1, and organic matter = 46 g kg-1; 1.5, 5.6, 1.9, and 12.7 cmolc dm-3 

respectively for exchangeable Al3+, Ca2+, Mg2+, and Cation Exchange Capacity (CEC); and 
3.1 and 92 mg dm-3 for available P and K (Mehlich 1), respectively. All evaluations were 
performed according to Tedesco et al. (1995).

The treatments consisted of a 2 × 5 factorial scheme, including two forms of fertilizers 
application: superficial (SUP) and incorporated (INC); and five fertilizations systems: 
mineral fertilizer (NPK), NPK + enzymatic inhibitors (EI), pig slurry (PS), and PS+EI, in 
addition to the control (TEST), with no fertilizer. Treatments were allocated in a complete 
randomized blocks design with four replicates. The application form was located in the 
main plot and the fertilization system in the subplots. The soil mineral N was evaluated 
at 30, 60, and 90 days after fertilizer application (DAA), which was considered as a 
sub-subplots. The plot and subplot sizes were respectively 168 m2 (8 × 21 m) and 33.6 m2 
(8 × 4.2 m), with a useful area of 22.4 m2.

The experiment was carried out during three crop seasons: 2012/2013 (Alves et al., 
2017), 2013/2014 and 2014/2015, with corn (Zea mays) in the summer and black 
oat (Avena stringosa) as a cover crop in the winter. Fertilizers were applied 15 days 
before corn sowing, which always occurred in the second half of October. The mineral 
fertilizers were urea, triple superphosphate, and potassium chloride applied at doses 
based on the official research committee for corn (SBCS - NRS, 2004). Thus, the total 
mineral fertilizer added for the three seasons was 440, 465, and 230 kg ha-1 for N, 
P2O5, and K2O, respectively. 

The doses of PS applied were respectively 40, 35, and 47 m3 ha-1 PS for 2012/2013, 
2013/2014, and 2014/2015 growing season, to apply the same amount of N provided 
by NPK treatment. Thus, in the three crop seasons, PS added a total of 435, 864, and 
291 kg ha-1 of N, P2O5, and K2O, respectively. The PS was collected from stabilized anaerobic 
lagoons that received the wastes of a commercial meat pork production. The chemical 
composition of the PS (Table 1) was determined according to Tedesco et al. (1995). The EI 
was mixed with the fertilizers, in a dose of 10 kg ha-1 few minutes before its application 
in the field. The EI was the Agrotain Plus® that has 81 % of dicyandiamide (DCD) which 
inhibits the nitrification process and is formulated with the urease inhibitor N-(n-butyl) 
triphosphoric triamide (NBPT).

The incorporation of PS was performed with a slurry spreader tank with 4,000 L of capacity 
comprised of a set of incorporation lines developed by the MEPEL® company. This set was 
adapted from a no-till sowing machine, which has a front cutting disc and a furrower stem, 
in which the posterior face is located the output of the jet of PS. Thus, incorporations 
were performed in furrows of 0.12 m deep and spaced 0.35 m, with average width soil 
mobilization of 0.10 m (Rech et al., 2018). The PS superficial applications were made 
with the same equipment, but with the incorporation set suspended over the ground. The 

Table 1. Dry mass and total N, P, and K contents of pig slurry originated from swine in the 
growing phase
Crop year Dry mass(1) N(2) P(2) K(2)

g kg-1 kg m-3 

2012/2013(3) 38 3.90 2.90 1.30
2013/2014 39 3.42 2.99 3.69
2014/2015 87 3.38 3.34 1.30
Means 54.7 3.57 3.08 2.10

(1) Values determined by the weight difference between the wet swine manure and swine manure oven-dried 
at 65°C until a constant mass. (2) Contents determined after sulphuric digestion (Tedesco et al., 1995). (3) Data 
from Alves et al. (2017).
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NPK application was manual incorporated in furrows opened by the same incorporation 
set, and then covered with soil by hoe.

In all crop seasons, we used the 30F53 Pioneer® cultivar, cropped in no-tillage system, 
with sowing rows spaced 0.7 m, with an estimated population of 65,000 plants ha-1. 
Weeds were controlled with herbicide glyphosate, applied 15 days before corn sowing, 
along with the dryness of the oat, and Nicossulfurom, approximately 20 days after 
oat germination.

Samples of soil from layers 0.00-0.05, 0.05-0.10, and 0.10-0.20 m were collected 
with a Dutch auger in November 2015, at 30 DAA, to determine the amount of soil 
available nutrients. To quantify mineral N, soil samples were collected at 30, 60, and 
90 DAA. The determinations were performed according to the methodology described 
by Tedesco et al. (1995).

The aerial parts of corn dry mass were estimated by collecting 12 plants; grains yield 
was determined by mechanical harvesting of remaining plants in the useful area of each 
subplot. For dry mass quantification, grains were removed and subsequently the plants 
were dried at 65 °C until constant weight. The grain and dry mass yields from 2012/2013 
were reported by Alves et al. (2017).

The data obtained were subjected to analysis of variance (ANOVA) at (p<0.05). The 
comparison of means was performed by the Tukey test (p<0.05), using the statistical 
software Sisvar 5.6 (Ferreira, 2011).

RESULTS

Corn grain and dry mass yields

The corn dry mass was influenced by fertilization, but not by the form of fertilizers application 
(Figure 1a). The average corn dry mass from fertilized treatments was approximately 50 % 
higher than without fertilization. However, there was no difference among fertilizations, 
regardless of the form (organic or mineral) and the presence of EI addition.

There was an interaction effect of application form and fertilization on corn grain yield 
(Figure 1b). The effect of application form was restricted to plots fertilized with PS; the 
incorporation, however, provided greater grain yield than the surface application. In 
the PS fertilizations, the average grain yields ranged from 6.3 Mg ha-1 yr-1, when the 
PS was incorporated into the soil, to 4.9 Mg ha-1 yr-1, when the application was on the 
soil surface. The fertilization increased grain yield compared to control, regardless of 
the application form of the fertilizer source (organic or mineral) and the presence or 
not of EI. The average productivity for the superficial application varied from 5.2 to 
3.1 Mg ha-1 yr-1 for fertilized treatments and control, respectively. For the soil incorporated 
fertilizers, average yield varied from 5.2 to 3.3 Mg ha-1 yr-1 on fertilized treatments 
and control, respectively.

Soil chemical properties

The fertilizers application form did not affect the soil nutrients content, exception for 
available P in the 0.00-0.05 m layer, where the P on the incorporated treatments was 
higher than P on the surface application treatments (Figure 2).

Soil pH and the Al3+ contents were not affected by fertilization, regardless of the layers 
evaluated (Table 2). In general, Ca2+ and Mg2+ were higher than control only on PS 
treatments and in the first two upper soil layers. For available K+ content, the NPK 
without the addition of EI was the only treatment that gave higher values than the 
control in all soil layers. For the soil available P content, the effects differed among 
layers. In the layer of 0.00-0.05 m, the use of PS increased the P content in relation to 
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NPK, and these two fertilizers increased the P content relative to the control. For the 
0.05-0.10 m layer, soil available P contents were similar among fertilization, which 
differed from the control.

Mineral nitrogen in the soil

For the soil mineral N content, a triple interaction was observed between the application 
time, application forms, and fertilizations (Table 3). In general, the highest contents were 
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Figure 1. Yield of aerial part dry mass (a) and grains (b) of corn in the second and third crops in a Cambissolo Húmico Álico (Humic 
Cambisol) under fertilization with mineral fertilizer (NPK), mineral fertilizer plus enzyme inhibitors (NPK+EI), pig slurry (PS), pig slurry 
plus enzyme inhibitors (PS+EI), and control without fertilization (TEST), in application on soil surface and incorporated. Columns with 
the same lowercase letters among fertilizations within each application form and with same uppercase letters between application 
forms within each fertilization do not differ among themselves by the Tukey test (p<0.05).
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Figure 2. Available P (Mehlich-1) contents in the soil layer of 0.00-0.05 m in a Cambissolo Húmico 
Álico (Humic Cambisol) after three years of fertilization with applications on soil surface and 
incorporated into the soil. Means of contents from four reps and five tested fertilizations: mineral 
fertilizer (NPK), mineral fertilizer plus enzyme inhibitors (NPK+EI), pig slurry (PS), pig slurry plus 
enzyme inhibitors (PS+EI), and control without fertilization (TEST). Columns with the same letters 
do not differ among themselves by the Tukey test (p<0.05). Bars on the columns represent the 
standard error of the mean.
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observed at 30 DAA, regardless of the application form and type of fertilizer used. As an 
exception, the control presented constant contents of mineral N from 30 to 90 DAA, in 
the layers 0.05-0.10 and 0.10-0.20 m, in the superficial application form. 

In relation to the application form, at 30 DAA was observed effect in the NPK treatment 
without EI, where the soil mineral N content was higher with incorporation relatively to 
the superficial application, in all soil layers. However, the NPK+EI superficially applied 
presented mineral N content higher than the incorporated form during this same period, 
although this effect was limited to 0.00-0.05 m layer. For PS, with or without the addition 
of IE, the application form showed no differences on the soil mineral N content in all 
times of evaluation. In general, the fertilizers with the addition of IE superficially applied 
maintained higher soil mineral N content up to the 60 DAA relatively to fertilizers without 
EI. This effect is pronounced when the EI were added to mineral fertilizer, maintaining 
mineral N content higher than the organic fertilizer. However, when the fertilizers were 
incorporated, the effect of the addition of EI in the soil mineral N content was only 
observed up to the 30 DAA. 

Table 2. Chemical properties in the soil layers 0.00-0.05, 0.05-0.10, and 0.10-0.20 m in a 
Cambissolo Húmico Álico (Humic Cambisol) after three years of fertilizations with mineral fertilizer 
(NPK), mineral fertilizer plus enzyme inhibitors (NPK+EI), pig slurry (PS), pig slurry plus enzyme 
inhibitors (PS+EI), and control without fertilization (TEST). Means of the applications forms on the 
soil surface and incorporated into the soil and four reps
Treatments pH(H2O)(1) Al3+(2) Ca2+(2) Mg2+(2) K+(3) P(3)

cmolc dm-3 mg dm-3

0.00–0.05 m
NPK 6.4NS 0.3NS 13.3 bc 11.1 ab 145 a 60 b
NPK+EI 6.4 0.2 13.6 abc 11.3 ab 133 ab 68 ab
PS 6.5 0.1 14.0 ab 12.1 a 135 ab 87 a
PS+EI 6.7 0.1 15.3 a 12.9 a 112 ab 71 ab
TEST 6.5 0.4 12.0 c 9.7 b 96 b 12.1 c
Mean 6.5 0.2 13.6 11.4 124 60
CV% 4.6 133 9.7 11.3 22.3 25.5

0.05–0.10 m
NPK 6.0NS 0.6NS 11.9 ab 10.7 ab 121 a 46 a
NPK+EI 6.0 0.8 12.6 ab 10.6 ab 106 ab 48 a
PS 6.0 0.5 13.1 ab 11.1 a 101 ab 54 a
PS+EI 6.1 0.5 14.0 a 12.0 a 97 ab 44 a
TEST 6.2 0.8 11.4 b 9.1 b 90 b 8.0 b
Mean 6.1 0.6 12.6 10.7 103 40
CV% 6.2 99.4 12.3 11.4 16.7 43.1

0.10–0.20 m
NPK 5.3NS 1.7NS 9.2NS 10.4NS 106 a 15.5NS

NPK+EI 5.4 1.8 9.1 9.9 93 ab 23.1
PS 6.0 1.4 9.5 10.6 88 ab 24.8
PS+EI 6.1 1.4 9.8 11.9 85 b 17.9
TEST 5.4 1.6 8.5 10.1 81 b 8.3
Mean 5.6 1.6 9.2 10.6 90 17.7
CV% 5.4 68.8 14.9 13.3 15.6 73.1

(1) Values determined in samples diluted in water, according Tedesco et al. (1995). (2) Extracted from the soil 
with KCl (1 mol L-1) solution and quantified by atomic absorption spectrophotometry, which methodology was 
adapted by Tedesco et al. (1995). (3) Extracted from the soil by double acid (Mehlich 1), and P quantified by 
colorimetry, and K, by flame spectrophotometry. CV: coefficient of variation; NS: not significant by the F test 
(p<0.05). Means followed by the same letters in the columns do not differ by the Tukey test (p<0.05).
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DISCUSSION

Corn grain and dry mass yields

The lack of difference in grain and corn dry mass yield among the fertilized treatments 
may be due to nutrient availability that has remained at similar content among the 
fertilizations (Table 2). Furthermore, the soil nutrient contents are in the class of high 
availability (CQFS-RS/SC, 2004), regardless of the fertilizer used. The addition of IE did 
not affect the corn grain and dry mass yields, which agree with results published by 
Schirmann et al. (2013). Studying fertilization with NPK and split dose of PS (a total of 
62 m3 ha-1), with and without the addition of EI, applied in pre-sowing and topdressing in 
corn, in a Red Acrisol, these authors also did not observe difference between the NPK and 
the PS, regardless EI addition. On the other hand, in a Red Ferrasol, Seidel et al. (2010) 
observed that the PS and mineral fertilizer did not differ on corn grain yield. In the first 
crop season of this current study, there was also no difference between soil fertilized 
with PS or NPK, and with EI addition in the corn grains and dry mass yields (Alves et al., 
2017). Therefore, it is considered that the fertilization with PS is similar to NPK on the 
supply of nutrients necessary to corn dry mass and grain yield.

Table 3. N-mineral content in the soil layers 0.00-0.05 m, 0.05-0.10 m, and 0.10-0.20 m in a Cambissolo Húmico Álico  (Humic 
Cambisol) after three years of fertilizations with mineral fertilizer (NPK), mineral fertilizer plus enzyme inhibitors (NPK+EI), pig slurry 
(PS), pig slurry plus enzyme inhibitors (PS+EI), and control without fertilization (TEST) with applications forms on soil surface (SUP) and 
incorporated into the soil (INC), determined at the times 30, 60, and 90 days after the fertilizers application (DAA). Means of four reps

Form DAA
NPK NPK+EI PS PS+EI TEST

N-mineral(1)

mg dm-3

0.00–0.05 m 

INC
30 87.8 aBa 116.7 aAb 73.1 aBa 107.3 aAa 28.0 aCa
60 30.9 bAa 44.5 bAa 32.4 bAa 46.9 bAa 11.8 bBa
90 18.5 bABa 30.1 cAa 25.2 bAa 28.7 cAa 5.6 bBa

SUP
30 68.7 aCb 133.9 aAa 64.3 aCa 99.3 aBa 25.7 aDa
60 32.6 bBa 50.6 bAa 40.8 bABa 37.7 bABa 13.9 abCa
90 19.5 bAa 25.3 cAa 24.5 cAa 23.7 cAa 9.6 cAa

CV% = 14.98
0.05–0.10 m

INC
30 83.7 aBa 105.3 aAa 69.6 aBa 107.8 aAa 23.1 aCa
60 23.8 bBCa 42.2 bAa 30.6 bABa 44.5 bAa 8.1 bCa
90 18.0 bABa 25.4 cAa 25.0 bAa 28.0 cAa 5.2 bBa

SUP
30 60.1 aCb 119.8 aAa 56.8 aCa 92.6 aBa 18.8 aDa
60 29.8 bAa 46.8 bAa 36.0 bAa 35.4 bAa 12.4 aBa
90 19.1 bAa 21.9 cAa 18.9 cAa 22.0 bAa 8.0 aAa

CV% = 17.19
0.10–0.20 m

INC
30 91.9 aAa 105.9 aAa 69.6 aBa 102.7 aAa 23.7 aCa
60 19.2 bBCa 34.3 bABa 26.7 bABCa 41.1 bAa 7.9 abCa
90 18.9 bABa 21.5 bABa 21.5 bABa 27.6 bAa 6.4 bBa

SUP
30 62.1 aCb 121.6 aAa 57.6 aCa 83.8 aBa 18.9 aDa
60 23.7 bABa 38.1 bAa 34.2 bAa 29.0 bAa 9.3 aBa
90 19.9 bAa 21.4 cAa 18.1 bAa 23.6 bAa 7.2 aAa

CV% = 20.78
(1) Mineral nitrogen (NH4

+ + NO3
-) was quantified by the macro-kjeldahl method adapted by Tedesco et al. (1995). CV: coefficient of variation. Means followed 

by the same first lowercase letters between times of determination within each fertilization and form, same uppercase letters between fertilization within 
each time and form, and last lowercase letters between forms within each fertilization and time do not differ by Tukey test (p<0.05).
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The incorporation of PS presented higher grains yield relatively to the superficial application, 
probably due to the greater availability of P on the upper soil layer promoted by this form 
of application. Also, in the study conducted by Damian et al. (2018), the incorporation 
of pig and bovine slurry provided higher productivity of grains of wheat relatively to the 
surface application. These authors believe that the increase in grain yield caused by 
the incorporation was associated with greater mineralization of soil organic matter, as 
well as intensification of microbial activities promoted by small mobilization of soil with 
the incorporation machine.

Soil chemical properties

The PS and NPK did not affect soil pH, regardless of the addition of EI and fertilizer 
application forms. The soil used has high organic matter content, which gives a high 
buffer power, reducing the variations in pH that could be caused by fertilization. The 
lack of effect of PS and NPK in pH is also due to the lack of alkalinizing compounds, such 
as carbonates or organic anions, or acidifying compounds reactions, like nitrification of 
NH4

+, in enough amounts to cause significant impacts in the soil pH. Thus, the soil Al3+ 
content was also not affected following PS and NPK fertilization.

The NPK fertilization did not differ from control (TEST) in the soil Ca2+ and Mg2+ contents, 
which is explained by the fact that the amount of added calcium by the triple superphosphate 
is not relevant. However, larger amounts of Ca2+ and Mg2+ were applied with the PS, 
which explain the increase in soil Ca2+ and Mg2+ contents with PS fertilizer relatively to 
the control. The PS fertilizer added a higher quantity of K+ than the NPK, besides the 
latter presented higher soil K+ content. According to Ernani (2016), potassium has a weak 
strength of attraction in the negative soil charges in relation to the Ca2+ and Mg2+. Thus, 
the greater addition of Ca2+ and Mg2+ with the PS may have promoted the leaching of 
K+ added by the organic fertilizer, as observed by Sacomori et al. (2016). Maggi et al. 
(2011), applies PS once at the doses of 0, 100, 200, and 300 m3 ha-1 and observed high 
concentrations of K+ in leachate in the higher doses.

The doses of PS were based on the recommendation of nitrogen for the corn. Therefore, the 
quantities of P and K were higher than the crop needs. As a result, much of the quantity 
added was not absorbed by the plants and remained available in the soil, whereas in 
the mineral fertilization nutrients were added according to the crop recommendation. 
Therefore, on the first layer (0.00-0.05 m), the P content was higher for the PS treatment 
relative to the NPK. However, because P is little mobile in the soil, this effect was not 
observed in the 0.05-0.10 m layer, where the fertilizers effects were similar; no effect 
was observed in the 0.10-0.20 m layer. However, successive applications of high doses 
of PS for many years, in addition to increasing the levels of P on the superficial layers, 
can also increase in the subsurface layers (Lourenzi et al., 2015; Boitt et al., 2018). 

The surface application increases the nutrients contents in the most superficial layers, 
mainly of those nutrients with low mobility, like P (Boitt et al., 2018). However, the most 
superficial layer is also more susceptible to losses of those nutrients by both erosion 
and runoff (Baker et al., 2017; Bertol et al., 2017). Thus, the slurry applied superficially 
favors the occurrence of losses of P by surface runoff (Bierer et al., 2017). Comparing the 
superficial and incorporated applications of fertilizers, higher levels of P are observed in 
the first layer in the incorporated application, indicating that the incorporation of fertilizers 
prevents the P lost at the same rate as when applied superficially (Kleinman et al., 2011; 
Cherobim et al., 2017). Thus, the incorporation of fertilizers in the soil mitigates potential 
environmental problems, such as the water eutrophication.

Despite the benefits of organic fertilizers incorporation, the adoption of this technique 
has not been high due to the higher energy consumption and cost of the equipment 
(Maguire et al., 2011). Chen et al. (2014) studied the cost of different fertilizer application 
techniques and found that the incorporation has a higher initial cost. Nevertheless, 



Erdmann et al. Incorporation in soil and addition of enzyme inhibitor as a way to increase...

9Rev Bras Cienc Solo 2020;44:e0190103

as over the years of use, the economic result of incorporation may be greater than 
the surface application due to higher fertilizer efficiency and a consequent decrease in 
fertilizers purchase. Rotz et al. (2011) also compared different application techniques 
and concluded that the additional costs of the incorporation of organic fertilizers are 
compensated with the long-term economic return. 

Mineral N in the soil

The decrease in the soil mineral N contents over time occurred in all the evaluated 
conditions. At 90 DAA all treatments without the soil mobilization presented levels 
equivalent to the control, which did not receive N during the three years. This behavior 
was expected, because the increase in mineral N content resulting from the fertilizers 
is not permanent (Gonzatto et al., 2016), this is due to N absorption by the plants, and 
above all, to losses processes that usually occur with this nutrient, especially by nitrate 
leaching and denitrification (Bayer et al., 2015; Rauber et al., 2017).

When the N fertilizers are incorporated in the soil, the N losses by ammonia volatilization 
decrease sharply due to the exposure of ammonia in the air is reduced and its retention 
by soil particles increases (Dell et al., 2012; Aita et al., 2014; Rauber et al., 2017). In 
addition, incorporation increases the chances of the ammonia react with acidic soil 
zones, incorporating proton and returning the form of ammonium. Thus, higher mineral 
N contents would be expected in the treatments with fertilizers incorporation and this 
was observed for the NPK at 30 DAA. However, where the PS fertilizer was incorporated 
there were higher mineral N contents than the control at 90 DAA, indicating that the 
soil mobilization by the incorporation process of fertilizers, even being small, is able 
to stimulate N mineralization from organic matter by micro-organisms (Raiesi and 
Kabiri, 2017). 

The EI DCD acts on the enzyme ammonia monooxygenase, delaying the nitrification 
(Gonzatto et al., 2016), while the NBPT inhibits the enzyme urease and acts by lengthening 
the urea hydrolysis period (Manunza et al., 1999). The duration of the effect of inhibition 
is also distinct, the DCD acts in the soil for up to 30 days, depending on the conditions 
of temperature and humidity (Kelliher et al., 2008; Rauber et al., 2017, 2018), while the 
NBPT has effect not more than 15 days after its application (Dall’Orsoletta et al., 2017). 
Thus, the treatments with the addition of EI maintained higher soil mineral N content 
up to the 30 DAA and after this time, with the reduction of the effect of EI, this content 
tended to be similar among the treatments.

Considering the effect of EI, it is remarkable that the maintenance of high mineral N content 
occurs when these products were added to the urea (Turner et al., 2010). However, when 
applied to PS fertilizer, the EI does not have the same efficiency in maintaining the levels 
of mineral N, probably because the greater part of the N in this waste are ammonium 
(Gonzatto et al., 2016), and therefore is not affected by the NBPT. This difference observed 
between organic and mineral fertilizers must be considered in order to choose the use 
of EI (Aita et al., 2014; Gonzatto et al., 2016; Rauber et al., 2018).

Another important issue to be highlighted is that the evaluated EI has as main objective 
to keep the N in the form of ammonia longer in the soil, being common to find this effect 
until approximately 25 DAA (Gonzatto et al., 2016; Rauber et al., 2018). Thus, with 
decreasing the nitrification process, the added N is maintained in the ammonium form 
for a longer time, allowing soil mineral N content up to around 30 DAA, regardless of 
the application form. This increase in the availability of mineral N of the soil, however, 
despite having presented a significant correlation with yield (R 0.731***), was not 
enough to increase the yield of corn grains. Even in the fertilized treatments where 
EI was not applied, the contents of mineral N in the soil were sufficient to sustain the 
grains yield allowed by the edaphic-climatic conditions of the experiment at levels 
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similar to those treatments with addition of EI, corroborating with results of other 
authors (Schirmann et al., 2013; Gonzatto et al., 2016). 

The relatively low grain yield obtained in the experiment also favored the lack of response to 
the addition of EI in the two crop seasons evaluated, especially because the soil has a high 
organic matter content, which can provide much of the N absorbed by plants. In addition, 
under the studied conditions, the amount of N required by crops was supplied in a single, 
but high dose despite the N exposure to processes of loss. However, the EI could positively 
influence the corn grains yield when it reaches higher values, where the difference found in 
the soil mineral N content could result in increased yield. Thus, future studies to investigate 
the effect of the EI (DCD and NBPT) addition to N fertilizers should be conducted under high 
productivity conditions and with the use of moderate doses to enable yield differences due 
to the maintenance of higher soil mineral N content throughout the growing season. 

CONCLUSION
The enzyme inhibitors addition to N fertilizer keeps high soil mineral N content long after 
the fertilization, but this may not provide increases on corn dry mass and grain yields.

The pig slurry incorporation increases its fertilizer efficiency as it provides an increase 
in corn grain yield, but this was not observed to mineral NPK fertilizers.

The soil fertilization, regardless of the tested fertilizer source or the of enzyme inhibitors 
addition increases the soil N, P, and K availability, which favors the corn yield.

AUTHOR CONTRIBUTIONS
Conceptualization: Luiza Fernanda Erdmann, Paulo Cezar Cassol, Wagner Sacomori, 
and Daniel João Dall´Orsolleta. 

Methodology: Luiza Fernanda Erdmann, Wagner Sacomori, and Daniel João Dall´Orsolleta.

Formal analysis: Luiza Fernanda Erdmann and Daniel João Dall´Orsolleta.

Investigation: Luiza Fernanda Erdmann and Wagner Sacomori.

Resources: Paulo Cezar Cassol.

Writing – original draft: Luiza Fernanda Erdmann, Wagner Sacomori, and Daniel João 
Dall´Orsolleta.

Writing – review and editing: Paulo Cezar Cassol and Analu Montovani.

Visualization: Luiza Fernanda Erdmann and Daniel João Dall´Orsolleta.

Supervision: Paulo Cezar Cassol.

Funding acquisition: Paulo Cezar Cassol.

REFERENCES
Aita C, Balem A, Pujol SB, Schirmann J, Gonzatto R, Giacomini DA, Vargas PV, Giacomini SJ.  
Redução na velocidade da nitrificação no solo após aplicação de cama de aviário com 
dicianodiamida. Cienc Rural. 2013;43:1387-92. https://doi.org/10.1590/s0103-84782013005000102

Aita C, Gonzatto R, Miola ECC, Santos DB, Rochette P, Angers DA, Chantigny MH, Pujol SB, 
Giacomini DA, Giacomini SJ. Injection of dicyandiamide-treated pig slurry reduced ammonia 
volatilization without enhancing soil nitrous oxide emissions from no-till corn in Southern Brazil. 
J Environ Qual. 2014;43:789-800. https://doi.org/10.2134/jeq2013.07.0301



Erdmann et al. Incorporation in soil and addition of enzyme inhibitor as a way to increase...

11Rev Bras Cienc Solo 2020;44:e0190103

Alves CTF, Cassol PC, Sacomori W, Gatiboni LC, Ernani PR, Aita C, Panisson J, Ferreira 
AKT. Influência da adubação com dejeto suíno e adubo mineral adicionada de inibidor de 
nitrificação sobre a produtividade e a nutrição do milho. Rev Cienc Agrovet. 2017;16:2-10. 
https://doi.org/10.5965/223811711612017002

Baker DB, Johnson LT, Confesor RB, Crumrine JP. Vertical stratification of soil phosphorus 
as a concern for dissolved phosphorus runoff in the Lake Erie basin. J Environ Qual. 
2017;46:1287-95. https://doi.org/10.2134/jeq2016.09.0337

Bayer C, Gomes J, Zanatta JA, Vieira FCB, Piccolo MC, Dieckow J, Six J. Soil nitrous oxide 
emissions as affected by long-term tillage, cropping systems and nitrogen fertilization in 
Southern Brazil. Soil Till Res. 2015;146:213-22. https://doi.org/10.1016/j.still.2014.10.011

Bertol I, Luciano RV, Bertol C, Bagio B. Nutrient and organic carbon losses, 
enrichment rate, and cost of water erosion. Rev Bras Cienc Solo. 2017;41:e0160150. 
https://doi.org/10.1590/18069657rbcs20160150

Bierer AM, Maguire RO, Strickland MS, Thomason WE, Stewart RD. Effects of 
dairy slurry injection on carbon and nitrogen cycling. Soil Sci. 2017;182:181-7. 
https://doi.org/10.1097/SS.0000000000000209

Boitt G, Schmitt DE, Gatiboni LC, Wakelin SA, Black A, Sacomori W, Cassol PC, Condron LM. 
Fate of phosphorus applied to soil in pig slurry under cropping in southern Brazil. Geoderma. 
2018;321:164-72. https://doi.org/10.1016/j.geoderma.2018.02.010

Capoane V, Tiecher T, Schaefer GL, Ciotti LH, Santos DR. Transferência de nitrogênio 
e fósforo para águas superficiais em uma bacia hidrográfica com agricultura 
e produção pecuária intensiva no Sul do Brasil. Cienc Rural. 2015;45:647-50. 
https://doi.org/10.1590/0103-8478cr20140738

Cassol PC, Costa AC, Ciprandi O, Pandolfo CM, Ernani PR. Disponibilidade de macronutrientes 
e rendimento de milho em Latossolo fertilizado com dejeto suíno. Rev Bras Cienc Solo. 
2012;36:1911-23. https://doi.org/10.1590/S0100-06832012000600025

Chen L, Gray CW, Neibling H, Yadanaparthi SKR, Chahine M, De Haro, Marti ME.  
On-farm comparison of two dairy manure application methods in terms of ammonia  
and odor emissions and costs. Appl Eng Agric. 2014;30:805-13. 
https://doi.org/10.13031/aea.30.10600

Cherobim VF, Huang C-H, Favaretto N. Tillage system and time post-liquid dairy manure: 
effects on runoff, sediment and nutrients losses. Agr Water Manage. 2017;184:96-103. 
https://doi.org/10.1016/j.agwat.2017.01.004

Dall’Orsoletta DJ, Rauber LP, Schmitt DE, Gatiboni LC, Orsolin J. Urea coated with poultry 
litter as an option in the control of nitrogen losses. Rev Bras Eng Agr Amb. 2017;21:398-403. 
https://doi.org/10.1590/1807-1929/agriambi.v21n6p398-403

Damian JM, Muraro DS, Basso CJ, Silva AN, Pinto MAB, Santi AL. Strategies for fertilization 
with pig and cattle slurry in wheat crop. Rev Bras Eng Agr Amb. 2018;22:261-6. 
https://doi.org/10.1590/1807-1929/agriambi.v22n4p261-266

Dell CJ, Kleinman PJA, Schmidt JP, Beegle DB. Low-disturbance manure 
incorporation effects on ammonia and nitrate loss. J Environ Qual. 2012;41:928-37. 
https://doi.org/10.2134/jeq2011.0327

Dobermann A, Cassman KG. Cereal area and nitrogen use efficiency are drivers of 
future nitrogen fertilizer consumption. Sci China Ser C: Life Sci. 2005;48:745-58. 
https://doi.org/10.1360/062005-268

Ernani PR. Química do solo e disponibilidade de nutrientes. 2. ed. Lages: O Autor; 2016. 

Fan X, Li F, Liu F, Kumar D. Fertilization with a new type of coated urea: Evaluation 
for nitrogen efficiency and yield in winter wheat. J Plant Nutr. 2004;27:853-65. 
https://doi.org/10.1081/PLN-120030675

Ferreira DF. Sisvar: um sistema computacional de análise estatística. Cienc Agrotec. 
2011;35:1039-42. https://doi.org/10.1590/S1413-70542011000600001



Erdmann et al. Incorporation in soil and addition of enzyme inhibitor as a way to increase...

12Rev Bras Cienc Solo 2020;44:e0190103

Gonzatto R, Stüker F, Aita C, Giacomini SJ, Lüdtke RC, Dessbesell A, Giacomini DA, Pujol SB. 
Dicyandiamide as nitrification inhibitor of pig slurry ammonium nitrogen in soil. Cienc Rural. 
2016;46:802-8. https://doi.org/10.1590/0103-8478cr20141664

IUSS Working Group WRB. World reference base for soil resources 2014, update 2015: 
International soil classification system for naming soils and creating legends for soil maps. 
Rome: Food and Agriculture Organization of the United Nations; 2015. (World Soil Resources 
Reports, 106).

Kelliher FM, Clough TJ, Clark H, Rys G, Sedcole JR. The temperature dependence 
of dicyandiamide (DCD) degradation in soils: a data synthesis. Soil Biol Biochem. 
2008;40:1878-82. https://doi.org/10.1016/j.soilbio.2008.03.013

Kleinman PJA, Sharpley AN, McDowell RW, Flaten DN, Buda AR, Tao L, Bergstrom L, Zhu Q. 
Managing agricultural phosphorus for water quality protection: principles for progress. Plant 
Soil. 2011;349:169-82. https://doi.org/10.1016/j.soilbio.2008.03.013

Lourenzi CR, Ceretta CA, Brunetto G, Girotto E, Tiecher TL, Vieira RCB, Cancian A, 
Ferreira PAA. Dejeto líquido de suínos e o acúmulo de nutrientes e matéria seca e a 
produção de grãos de culturas diversificadas. Rev Bras Cienc Solo. 2014;38:949-58. 
https://doi.org/10.1590/S0100-06832014000300027

Lourenzi CR, Ceretta CA, Tiecher TL, Lorensini F, Cancian A, Stefanello L, Girotto E, Vieira RCB, 
Ferreira PAA, Brunetto G. Forms of phosphorus transfer in runoff under no-tillage in a soil 
treated with successive swine effluents applications. Environ Monit Assess. 2015;187:209. 
https://doi.org/10.1007/s10661-015-4437-2

Maggi CF, Freitas PSL, Sampaio SC, Dieter J. Lixiviação de nutrientes em solo cultivado 
com aplicação de água residuária de suinocultura. Rev Bras Eng Agr Amb. 2011;15:170-7. 
https://doi.org/10.1590/s1415-43662011000200010

Maguire RO, Kleinman PJA, Dell CJ, Beegle DB, Brandt RC, McGrath JM, Ketterings QM. Manure 
application technology in reduced tillage and forage systems: a review. J Environ Qual. 
2011;40:292-301. https://doi.org/10.2134/jeq2009.0228

Manunza B, Deiana S, Pintore M, Gessa C. The binding mechanism of urea, hydroxamic acid and 
N-(N-butyl)-phosphoric triamide to the urease active site. A comparative molecular dynamics 
study. Soil Biol Biochem. 1999;31:789-96. https://doi.org/10.1016/S0038-0717(98)00155-2

Moraes MT, Arnuti F, Silva VR, Silva RF, Basso CJ, Da Ros CO. Dejetos líquidos de suínos como 
alternativa a adubação mineral na cultura do milho. Semin-Cienc Agrar. 2014;35:2945-54. 
https://doi.org/10.5433/1679-0359.2014v35n6p2945

Raiesi F, Kabiri V. Carbon and nitrogen mineralization kinetics as affected by tillage systems in a 
calcareous loam soil. Ecol Eng. 2017;106:24-34. https://doi.org/10.1016/j.ecoleng.2017.05.023

Rauber LP, Andrade AP, Borges Júnior WS, Mafra AL, Andreola A, Gatiboni LC. Ammonia 
volatilization with swine slurry injection and use of nitrification inhibitor. Rev Ceres. 
2017;64:307-14. https://doi.org/10.1590/0034-737X201764030012

Rauber LP, Andrade AP, Mafra ÁL, Borges Junior WS, Dall’Orsoletta DJ, Gatiboni LC, Aita C. Soil 
mineral nitrogen in soil under injection and surface application of swine slurry with nitrification 
inhibitor. Brazilian J Agric. 2018;93:313-23. 

Rech C, Albuquerque JA, Corrêa JC, Mafra AL, Bortolini D. Injection of liquid swine slurry 
and effects on properties of a Nitossolo Vermelho. Pesq Agropec Bras. 2018;53:518-21. 
https://doi.org/10.1590/S0100-204X2018000400014

Roberts TL, Johnston AE. Phosphorus use efficiency and management in agriculture. Resour 
Conserv Recycl. 2015;105:275-81. https://doi.org/10.1016/j.resconrec.2015.09.013

Rotz CA, Kleinman PJA, Dell CJ, Veith TL, Beegle DB. Environmental and economic comparisons 
of manure application methods in farming systems. J Environ Qual. 2011;40:438-48. 
https://doi.org/10.2134/jeq2010.0063

Roy ED, Richards PD, Martinelli LA, Coletta LD, Lins SRM, Vazquez FF, Willig E, Spera SA, 
VanWey LK, Porder S. The phosphorus cost of agricultural intensification in the tropics. Nat 
Plants. 2016;2:16043. https://doi.org/10.1038/NPLANTS.2016.43



Erdmann et al. Incorporation in soil and addition of enzyme inhibitor as a way to increase...

13Rev Bras Cienc Solo 2020;44:e0190103

Sacomori W, Cassol PC, Ernani PR, Miquelutti DJ, Comin JJ, Gatiboni LC. Concentração de 
nutrientes na solução do subsolo de lavoura fertilizada com dejeto suíno. Rev Cienc Agrovet. 
2016;15:245-58. https://doi.org/10.5965/223811711532016245

Santos HG, Jacomine PKT, Anjos LHC, Oliveira VA, Oliveira JB, Coelho MR, Lumbreras JF, Cunha 
TJF. Sistema brasileiro de classificação de solos. 3. ed. rev. ampl. Rio de Janeiro: Embrapa 
Solos; 2013.

Schirmann J, Aita C, Giacomini SJ, Pujol SB, Giacomini DA, Gonzatto R, Olivo J. Inibidor de 
nitrificação e aplicação parcelada de dejetos de suínos nas culturas do milho e trigo. Rev Bras 
Cienc Solo. 2013;37:271-80. https://doi.org/10.1590/S0100-06832013000100028

Seidel EP, Gonçalves Junior AC, Vanin JP, Strey L, Schwantes D, Nacke H. Aplicação de dejetos 
de suínos na cultura do milho cultivado em sistema de plantio direto. Acta Sci - Technol. 
2010;32:113-7. https://doi.org/10.4025/actascitechnol.v32i2.5312

Singh J, Saggar S, Bolan NS, Zaman M. The role of inhibitors in the bioavailability and 
mitigation of nitrogen losses in grassland ecosystems. In: Naidu R, editor. Chemical 
bioavailability in terrestrial environments. Amsterdan: Elsevier; 2008. p. 329-62. 
(Developments in Soil Science 32).

Sociedade Brasileira de Ciência do Solo - Núcleo regional Sul – SBCS - NRS. Manual de adubação 
e calagem para os estados do Rio Grande do Sul e Santa Catarina. 10. ed. Porto Alegre: 
Sociedade Brasileira de Ciência do Solo; 2004.

Tedesco MJ, Gianello C, Bissani CA, Bohnen H, Volkweiss SJ. Análise de solo, plantas e outros 
materiais. 2. ed. Porto Alegre: Universidade Federal do Rio Grande do Sul; 1995. (Boletim 
técnico, 5).

Turner DA, Edis RB, Chen D, Freney JR, Denmead OT, Christie R. Determination and mitigation 
of ammonia loss from urea applied to winter wheat with N-(n-butyl) thiophosphorictriamide. Agr 
Ecosyst Environ. 2010;137:261-6. https://doi.org/10.1016/j.agee.2010.02.011

Withers PJA, Rodrigues M, Soltangheisi A, De Carvalho TS, Guilherme LRG, Benites VDM, 
Gatiboni LC, De Sousa DMG, Nunes RDS, Rosolem CA, Andreote FD, Oliveira A, Coutinho ELM, 
Pavinato PS. Transitions to sustainable management of phosphorus in Brazilian agriculture. Sci 
Rep. 2018;8:2537. https://doi.org/10.1038/s41598-018-20887-z


