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ABSTRACT: Grazing intensity is a preponderant factor for the success of integrated 
crop-livestock systems (ICLS). Management of grazing intensity impacts soil organic matter 
(SOM) dynamics, soil reacidification process, and amount and quality of residues added to 
the ICLS. Consequently, the soil mineral nitrogen (N) forms may present different behavior 
throughout the pasture cycle, because they are directed linked to SOM and soil acidity 
dynamics. This study aimed to evaluate the impact of grazing intensities and liming in 
the temporal variation of acidity and mineral N forms in soil surface (0.00-0.20 m) and 
subsurface (0.20-0.40 m), throughout the pasture cycle of an ICLS under an Oxisol in the 
Brazilian subtropics. The study was performed 11 years after the beginning of the field 
experiment, characterized by the cattle grazing in a winter pasture of oat + ryegrass 
during the winter and soybean cropping during the summer. The experimental design 
is randomized block with three replicates, where the grazing intensities are in the plots 
and liming is the subplots. The grazing intensities were defined as grazing sward height 
management, being 0.10, 0.20-0.30, and 0.40 m defined as intensive (IG), moderate (MG) 
and light grazing (LG), respectively. We evaluated the soil ammonium (N-NH4

+), nitrate 
(N-NO3

-), mineral N and pH at 45, 70, 156 and 192 days after pasture sowing (DAPS). Our 
results showed that grazing intensities only affected the soil pH at the end of pasture cycle, 
with MG presenting higher pH than IG and LG, regardless of liming. A decrease of soil N 
mineral stocks was observed throughout the pasture cycle in all managements, due to 
the decrease of soil N-NO3

- stocks in the surface and subsurface layers and of N-NH4
+ only 

in the surface layer. The influence of grazing intensities was only observed for N mineral 
forms in limed areas before the beginning of grazing. At 45 DAPS, MG and LG presented the 
highest and the lowest N-NH4

+, respectively. At 70 DAPS, the behavior was inverse, and LG 
presented the highest N-NO3

- stock and the MG and IG the lowest N-NO3
- stocks. With such 

results, it is possible to conclude that there is an influence of grazing intensity and liming 
in the temporal variation of soil pH and mineral N forms in ICLS and this may be utilized 
for improvements in N fertilizer management, mainly before the starting of winter grazing.   
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INTRODUCTION
Integrated crop-livestock systems (ICLS) are conservationist production systems that aim 
to maximize animal and plant productions with economic and environmental sustainability 
(Moraes et al., 2014). In Brazil, approximately 11.5 million hectares are occupied by 
different arrangements of ICLS. The subtropical region is responsible for 44 % of this area 
(Skorupa and Manzatto, 2019). In the crop phase, commonly adopted in the summer 
period, the ICLS of the Brazilian subtropical region is characterized by irrigated rice (Oryza 
sativa), soybean (Glycine max) and/or corn (Zea mays). In the livestock phase, commonly 
adopted in the winter period, the main plant species utilized are forage grasses, as oats 
(Avena sp.) and annual ryegrass (Lolium multiflorum) (Carvalho et al., 2006).

These forage grasses are of great importance for the ICLS in Brazilian subtropics, since they 
produce high amounts of pasture with great quality in relatively low temperatures, being 
tolerant to the frosts that commonly occur in autumn and winter. The total production of 
dry matter (DM) that these plant species can produce is about 10 Mg ha-1 with adequate 
management. In addition, the concentration of total digestible nutrients can reach more 
than 80 % and provide a great animal performance (Fontaneli et al., 2016). However, 
a relevant factor for the success of ICLS is the grazing intensity management of the 
livestock phase, which determines the amount of available forage for the animal: higher 
grazing intensities will provide lower forage availability and vice versa. According to 
Carvalho et al. (2010a), the management of grazing intensity impacts nutrient cycling, 
animal production, and the amount of plant residue for soil covering. In addition, this also 
constitutes one of the main challenges for the increase of the ICLS area in Southern Brazil. 
There are paradigms linked to the consumption of forage material that would otherwise 
cover the soil and the potential soil compaction by animal trampling (Carvalho et al., 
2021), i.e., both are linked to the grazing intensity of the livestock phase.

Intensive (or high) grazing intensities also result in higher animal stocking and higher 
live weight (LW) gain per area. However, it also results in lower pasture DM production, 
lower individual LW gain (Carvalho et al., 2010b), and lower plant residue on the soil 
surface. Silva et al. (2014) evaluated the effect of grazing intensities on soil carbon (C) 
balance after ten years of ICLS’s adoption in Brazilian subtropics, managed with a pasture 
of oat and annual ryegrass and bovine grazing in the winter season and soybean in the 
summer season. They demonstrated that intensive grazing (0.10 m of sward height 
management) results in a negative soil C balance. Thus, intensive grazing intensities 
is a potential C emitting for the atmosphere, decreasing the soil C stock and the soil 
organic matter (SOM) contents (Assmann et al., 2014).

The SOM is a stock and source of nutrients, such as nitrogen (N), phosphorus (P) and 
sulfur (S). According to Novais et al. (2007), 95 % of soil N is organic, and only 5 % is 
inorganic. Assmann et al. (2014) also evaluated the effect of different grazing intensities 
in a subtropical ICLS in southern Brazil, verifying that the soil N stock decreased under 
intensive grazing in the 0.00-0.40 m layer after nine years, mainly due to the decrease 
of SOM. This effect is associated with the low plant residue amounts linked to nitrogen 
losses in the soil surface, as ammonia volatilization and surface runoff due to the less soil 
water permeability under intensive grazing (Haynes and Williams, 1993; Assmann et al., 
2014). Therefore, since the grazing intensity adopted in the ICLS influences the soil C 
and N stock and SOM contents, our hypothesis is that grazing intensity also will influence 
N mineralization and the predominant forms of inorganic and mineral N. In the context 
of ICLS, the study of soil N dynamics is important to define pasture management more 
efficient in the use efficiency of N applied via fertilizers, minimizing losses for the 
environment. However, studies with such issues are still scarce. 

Ammonium (NH4
+) and the nitrate (NO3

-) are the major forms of mineral N in the soils. In 
subtropical and well aerated soils, the NH4

+ is the main N product from SOM mineralization, 
and tends to be transformed into NO3

- by soil microorganisms (Monteiro et al., 2014). The 
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pH is one of the major regulatory factors in the transformations of soil N forms. For this 
reason, the liming may be a strategy for mitigating N losses in the soil. The soil acidity 
correction through liming increases its cation exchange capacity (CEC) in soils with variable 
charges (CEC dependent on SOM) and consequently the NH4

+ adsorption (Tasca et al., 
2011), probably reducing potential losses due to NO3

- leaching. It is well-recognized that 
under ICLS the soil acidity dynamics is different because the corrective effect of surface 
liming can reach deeper soil layers (Martins et al., 2014) and the reacidification rate is 
lower (Martins et al., 2016), as compared to only cropping systems. However, studies 
that linked this different soil acidity dynamic with the soil mineral N dynamics, concerning 
its stocks and predominant forms, are still scarce.

We hypothesized that moderate grazing intensities associated with soil liming may have 
higher soil mineral N stocks (N-NO3

- + N-NH4
+) as compared to intensive grazing intensity 

and absence of liming. To verify this hypothesis, this study aimed to evaluate the effect 
of different grazing intensities and liming in the temporal variation of soil acidity and N 
mineral stocks in the surface (0.00-0.20 m) and subsurface (0.20-0.40 m) of an Oxisol, 
throughout the pasture cycle (livestock season) of a long-term ICLS (soybean-beef cattle) 
in Brazilian subtropics.

MATERIALS AND METHODS
This study was carried out in an experiment established in 2001, located in São Miguel 
das Missões County, Rio Grande do Sul State, Brazil, in Espinilho Farm (29° 03’ 10” S 
latitude, 53° 50’ 44” W longitude) (Figure 1). The average altitude is 465 m and the 
climate is classified as subtropical with a warm humid summer (Cfa), according to 
Köppen classification system (Kottek et al., 2006). The average annual temperature is 
19 °C, and the average annual precipitation is 1,850 mm. The soil is a red Oxisol, deep, 
well drained, and with clayey texture (540, 270, and 190 g kg-1 of clay, silt, and sand, 
respectively). The soil chemical properties in 0.00-0.20 m soil layer at the beginning of 

Experimental site

Porto Alegre

Figure 1. Location of the experimental area in the county of São Miguel das Missões, Rio Grande 
do Sul State, Southern Brazil.
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the experiment (November 2000) were: pH(H2O) (1:1 ratio) of 4.7, SOM (Walkley-Black) 
of 32 g kg-1, exchangeable calcium (Ca2+) (KCl 1 mol L-1) of 48 mmolc kg-1, exchangeable 
magnesium (Mg2+) (KCl 1 mol L-1) of 16 mmolc kg-1, exchangeable aluminum (Al3+) 
(KCl 1 mol L-1) of 4 mmolc kg-1, potential acidity (H+Al, via SMP index) of 96 mmolc kg-1, 
available phosphorous (P) (Mehlich-1) of 8 mg kg-1, available potassium (K) (Mehlich-1) 
of 126 mg kg-1, base saturation of 41 % and Al saturation of 10 %. The cattle grazing 
began in June 2001 in a black oat (Avena strigosa) + Italian ryegrass mixed winter 
pasture. The ICLS consisted of grazing cycles from May-June to November (winter season) 
and soybean cropping from November-December to March-April (summer season).

Treatments consisted of grazing intensities during the winter season, which were 
determined by the sward management height, in plots ranging from 0.8 to 3.6 ha. Sward 
management heights were 0.10, 0.20, 0.30, and 0.40 m with an additional reference 
treatment (non-grazed), organized in a randomized block design with three replications. 
For this study, intensive grazing (IG – 0.10 m of sward management height), moderate 
grazing (MG - average of 0.20 and 0.30 m of sward management height) and light 
grazing (LG – 0.40 m of sward management height) were used. Pasture heights were 
controlled every 14 days by the Sward stick method (Barthram, 1986), which consists of 
a graduated stick measuring system with a “marker” that slides up and down until the 
first forage leaf blade is reached. In each plot, approximately 100 randomized readings 
(points) were conducted. The average sward height resulted from managing the grazing 
intensity (stocks) by adding or removing steers from each plot as required.

After the first grazing cycle and the implantation of the first soybean cycle (November 
2001), 4.5 Mg ha-1 of lime was applied to the soil surface of the entire experimental area 
[relative neutralizing power (RNP) = 62 %]. In May 2010, a new superficial application 
of the limestone was carried out, aiming to increase the pH of the soil to 5.5 in the 
0.00-0.10 m layer (CQFS-RS/SC, 2004), with a rate of 3.6 Mg ha-1 (RNP = 74 %). This 
application was performed in half of the plots, and from this application, the experimental 
design was considered a randomized block with split plots. The fertilization consisted 
of the N supply in pasture and P and K supply in soybeans, expecting yields between 
4.0 and 7.0 Mg ha-1 of dry matter for pasture and 4.0 Mg ha-1 of grains for soybeans 
(CQFS-RS/SC, 2004). More details concerning the long-term data are available in 
table 1 and Martins et al. (2015).

The current study was performed in the winter season of 2012: eleven years after the 
experiment implantation and two years after the lime application in subplots. In this 
year, the pasture sowing was performed on April 24th, with 50 and 25 kg ha-1 of black 
oat and ryegrass seeds, respectively. In this year, the fertilization time changed, and all 
the fertilizers started to be applied in the winter season. Therefore, 60 kg ha-1 of P2O5 
ha and 60 kg ha-1 of K2O were applied in the pasture sowing (CQFS-RS/SC, 2004), in the 

Table 1. Average sward height, average herbage mass (HM), average daily herbage accumulation rate (DHA), total herbage production 
(THP), residual biomass on soil surface at the end of the stocking period (Residue) in mixed black oat (Avena strigosa Schreb.) and 
Italian ryegrass (Lolium multiflorum Lam.) pastures and soybean yield of a long-term (12 years) integrated crop–livestock system 
under no-till in Brazilian subtropics

Variable
Treatment

Intensive grazing Moderate grazing Light grazing Mean RMSE(1)

Sward height (cm) 12.1±0.84 25.5±0.60 37.8±0.84 25.2 4.85
HM (kg DM ha-1) 1375.6±111.80 2552.2±79.05 3481.6±113.74 2481.8 612.36
DHA (kg DM ha-1 day-1) 41.4±2.52 43.4±1.80 48.7±2.57 44.2 13.83
THP (kg DM ha-1) 5933.8±392.51 6761.1±272.67 7314.8±385.67 6697.6 2076.30
Residue (kg DM ha-1) 1377.4±245.19 3853.9±169.09 5555.2±245.19 3663.6 1095.84
Soybean yield (kg ha-1)(2) 2549.3±226.59 2468±160.22 2720.6±226.59 2551.9 1177.38

(1) Root mean square error. ns: not significant. (2) Relationship soybean yield/soybean residue = 1:1. 
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forms of triple superphosphate and potassium chloride, respectively. The N fertilization 
has been performed in 30 and 60 days after the pasture sowing (DAPS), with 60 and 
80 kg ha-1 of N, respectively, broadcast applied as urea. The grazing started in 70 DAPS, 
when the pasture reached the average height of 0.30 m and a DM of 2.2 Mg ha-1, with 
animals weighing 212 kg, on average. The winter grazing period was 130 days (200 DAPS). 

The soil sampling was performed in 0.00-0.05, 0.05-0.10, 0.10-0.20, and 0.20-0.40 m 
layers four times during the pasture season (45, 70, 156, and 192 DAPS). The soil pH(H2O) 
(1:1 ratio) was determined in all soil layers. For evaluation of N mineral forms, layers 
of soil surface (0.00-0.20 m) and subsurface (0.20-0.40 m) were used to determine 
the contents (mg kg-1) of NH4

+ and NO3
- (Kjeldahl method). The forms of mineral N 

were converted into N stock (kg ha-1) through conversion by soil density (1.32 and 
1.35 kg dm-3 in layers 0.00-0.20 and 0.20-0.40 m). For N determination, the field soil 
moisture was preserved and determined, with the soil samples being maintained at 
4 °C up to 14 days until the KCl extraction. The other steps in pH and N analyses were 
those described in Tedesco et al. (1995).

The results obtained were submitted to analysis of variance (ANOVA) and, when significant 
(p<0.05), the means were compared by Tukey’s test at 5 % significance. The statistical 
model was a mixed-model. The model considered the grazing intensities (IG, MG and LG), 
liming application (no-liming and liming), soil sampling times (45, 70, 156, and 192 DAPS) 
and soil layers (0.00-0.20 and 0.20-0.40 m for N mineral forms, and 0.00-0.05, 0.05-0.10, 
0.10-0.20, and 0.20-0.40 m for soil pH) as fixed factors and the blocks as random factor. 
In addition, the significance of the relationship between soil pH and soil mineral N forms 
was evaluated using Pearson’s correlation coefficients (r) at the 5 % level. All statistical 
analyses were performed in the R program. 

RESULTS
The results from ANOVA are presented in table 2. The soil pH presented a significant 
effect for grazing intensity and liming, with both presenting significant interaction also 

Table 2. Significance of the effects of experimental factors and their interactions in mineral nitrogen 
forms and pH in integrated crop-livestock system experiment in Southern Brazil, as resulting from 
analysis of variance (ANOVA)

Variable NH4
+ NO3

- Mineral N pH
G(1) ns ns ns ns
A(2) ns ns ns **
S(3) *** *** *** ***
L(4) *** *** *** ***
G × A ns ns ns ns
G × S * *** * **
A × S ns ** ** *
G × L ns ns ns ns
A × L * ns ns ***
S × L ** *** *** ns
G × A × S * ** ** ns
G × A × L ns ns ns ns
G × L × S ns * ns ns
A × L × S ns ns ns ns
G × A × S × L ns ns ns ns

(1) Grazing intensity. (2) Liming. (3) Sampling time. (4) Soil layer. * significant at p<0.05. ** significant at p<0.01. 
*** significant at p<0.001. ns: not significant.
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with sampling time throughout the pasture cycle. Regarding the effect of soil layer on 
pH, only the interaction with liming was significant (Table 2). The forms of soil mineral 
N presented triple interaction among the grazing intensity, the liming and the sampling 
time, and double interaction with the soil layer and sampling time. Specifically for N-NH4

+, 
also the interaction between liming and soil layer was significant (Table 2). Due to these 
significances among sources of variation and evaluated soil variables, the results are 
presented in the following manner.

Effects on soil pH

The grazing intensities did not influence the soil pH in each sampling time throughout 
the pasture cycle. The pH values vary from 4.6 to 5.1, regardless of soil layer and 
liming (Figure 2a). However, the only grazing intensity that did not show variation 
throughout the pasture cycle was the MG, which maintained an average pH value of 
5.0. The grazing intensities of IG and LG presented a pH decrease from the beginning 
to the ending of the pasture cycle, when they presented pH values of 4.6 and 4.7, 
respectively (Figure 2a).

Regarding the liming effects (Figure 2b), independent of grazing intensity and soil 
layer, the soil pH was similar to the 156 DAPS for limed and non-limed areas, averaging 
5.1 and 4.9, respectively. At the end of the pasture cycle (192 DAPS), a decrease of 
0.2 and 0.4 units in soil pH was observed for limed and non-limed areas, respectively 
(Figure 2b). The average soil pH values without liming were similar to those with liming 
only in the 156 DAPS. Limed areas presented higher soil pH as compared to non-limed 
areas, and these differences were of 0.2, 0.2 and 0.3 units in the 45, 70 and 192 DAPS, 
respectively (Figure 2b).

Soil pH was also affected in different soil layers, regardless of grazing intensity and 
sampling time (Figure 3). The limed area presented higher pH (5.5) than the non-limed 
area (4.9) only in the soil surface layer (0.00-0.05 m). Finally, the limed areas 
presented a higher soil pH values stratification among soil layers, with differences 
being observed in all evaluated soil layers and values varying from 4.6 to 5.5. 
In non-limed areas, there was no difference between the pH values from the soil 
surface up to 0.20 m depth, with the values averaging 4.9. The difference in these 

Figure 2. Soil pH (average of 0.00-0.05, 0.05-0.10, 0.10-0.20 and 0.20-0.40 m layers) affected by grazing intensities (a) and liming 
(b) – application was in May 2010, during the pasture winter season of a no-till integrated crop-livestock system in an Oxisol of 
Brazilian subtropics. Tukey test (p<0.05): the uppercase letters compare grazing intensities (a) or lime application (b) within each 
soil sampling time and the lowercase letters compare soil sampling time within each grazing intensity (a) or lime application (b). 
The blue line is the N application.
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areas occurred only in the deeper evaluated soil layer (0.20-0.40 m), where the soil 
pH value was 4.6 (Figure 3).

Effects on soil mineral N forms 

Soil N-NH4
+ stocks throughout the pasture cycle did not differ between limed and non-limed 

areas (Figures 4a, 4b, 4c and 4d), and the average of three first sampling times (45, 70 and 
156 DAPS) was 66 % higher than that observed at 192 DAPS. However, 79 and 58 % 
more N-NH4

+ were observed in the MG in limed areas and at 45 DAPS, as compared to 
LG and IG, respectively (Figure 4a). With liming and at 45 DAPS, the MG presented a 
soil N-NH4

+ stock that was 95 % higher than the other sampling times. On the other 
hand, the LG presented similar soil N-NH4

+ stocks during the whole pasture cycle, which  
was 26 kg N ha-1.

Regarding N-NO3
-, the MG and IG presented a higher soil stock in the first period (45 DAPS), 

which was 327 % higher than the other sampling times (Figure 4a). For the LG, the 
N-NO3

- stock with liming was similar between 45 and 70 DAPS (Figures 4a and 4b) 
(38 kg ha-1 of N), decreasing to only 9 kg ha-1 of N in 156 and 192 DAPS (Figures 4c 
and 4d). At 70 DAPS, in this same scenario, the soil N-NO3

- stocks were 216 and 247 % 
higher than the MG and IG, respectively, and was 140 % higher than the non-limed  
areas (Figure 4b).

Concerning the soil mineral N stocks in different layers (Figure 5), a higher N-NH4
+ stock 

was observed in the surface layer (0.00-0.20 m) than in the subsurface layer (0.20-0.40 m) 
throughout the whole pasture cycle and regardless of grazing intensity and liming. The 
difference between soil layers was, on average, 22 kg ha-1 of N (Figure 5). The surface soil 
layer (0.00-0.20 m) presented a gradual decrease in the N-NH4

+ stocks throughout the 
pasture cycle (Figure 6a). In this soil layer, the N-NH4

+ stock at 192 DAPS was 50 % of the 
N-NH4

+ stock at 192 DAPS. On the other hand, in the subsurface soil layer (0.20-0.40 m), 

Figure 3. Soil pH (average of different grazing intensities and soil sampling times during the 
pasture winter season) affected by lime application in a no-till integrated crop-livestock system 
in an Oxisol of Brazilian subtropics. Tukey test (p<0.05): the uppercase letters compare the lime 
application within each soil layer for soil pH, and the lowercase letters compare the soil layer 
within each lime application.
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the N-NH4
+ stocks did not present variation throughout the pasture cycle (Figure 6a), 

with an average amount of 15 kg ha-1 of N. In addition, in this soil layer, the non-limed 
areas presented an N-NH4

+ stock 37 % higher than the limed areas (Figure 5). 

For soil N-NO3
- stocks, we observed that surface and subsurface layers presented a 

gradual decrease in the amounts during the pasture cycle, regardless of grazing intensity 
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and liming (Figure 6b). The difference observed from 45 DAPS to 192 DAPS was 57 and 
24 kg ha-1 of N in the soil surface (0.00-0.20 m) and subsurface layer (0.20-0.40 m), 
respectively. In addition, the surface layer presented a soil N-NO3

- stock that was 17 kg ha-1 
of N higher than the subsurface layer, and the liming did not influence the N-NO3

- stocks 
in any of the soil layers (Figure 5).

Figure 6. Soil mineral nitrogen forms (average of different grazing intensities and lime application) affected by soil layer and sampling 
time (DAPS – days after pasture sowing) during the pasture winter season in a no-till integrated crop-livestock system in an Oxisol of 
Brazilian subtropics. Tukey test (p<0.05): the uppercase letters compare soil sampling time within each soil layer, and the lowercase 
letters compare soil layer within each soil sampling time.
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Effects on soil mineral N amounts

The total mineral N (N-NO3
- + N-NH4

+) was affected by liming only in the LG at 45 and 
70 DAPS, regardless of soil layers (Figures 4a and 4b). In this grazing intensity, the 
non-limed area presented 39 % more mineral N stock at the 45 DAPS (Figure 4a) and 
56 % less mineral N stock at 70 DAPS (Figure 4b), as compared to limed areas. There 
were no differences among grazing intensities in each soil sampling time, regardless of 
soil layer evaluated, presenting the average of 79, 43, 36 and 23 kg ha-1 of N at 45, 70, 
156 and 192 DAPS, respectively (Figures 4a, 4b, 4c and 4d). 

Also, there were no differences among sampling times in the IG limed and non-limed, in 
the MG limed and in the LG non-limed. These treatments presented higher soil mineral 
N at 45 DAPS as compared to the other sampling times (Figure 4). The MG non-limed 
presented a similar soil mineral N at 45, 70, and 156 DAPS, being 32 kg ha-1 N higher than 
the soil mineral N at 192 DAPS. On the other hand, the limed LG treatment presented 
similarity in soil mineral N at 45 and 70 DAPS, being 53 kg ha-1 N higher than the N 
mineral amounts at 156 and 192 DAPS (Figure 4).

Regarding the soil layers, the soil surface (0.00-0.20 m) presented the mineral N stock 
higher than the soil subsurface (0.20-0.40 m) in all the evaluated sampling times, 
regardless of grazing intensity and liming (Figure 6c). The difference between layers 
decreased along the pasture cycle, with average amounts of 70, 38, 25 and 19 kg ha-1 of 
N at 45, 70, 156, and 192 DAPS, respectively (Figure 6c). The decrease in soil mineral N 
stock in the first sampling time (45 DAPS) for the average of the first 86 days of animal 
grazing (70 to 156 DAPS) represented 105 and 83 % for the soil surface and subsurface, 
respectively. And the difference from the first 86 days of animal grazing up to the end of 
animal grazing (192 DAPS) represented 68 and 71 % for the soil surface and subsurface, 
respectively (Figure 6c).

DISCUSSION

Stocks and forms of N mineral throughout the pasture cycle

The ICLS are production systems of great complexity due to the interaction between 
plant and animal components. The animal insertion strongly impacts soil physical and 
chemical properties (Carvalho et al., 2015). The animal impact may be highlighted 
by the temporal variability of attributes with high dynamicity in a short period, as pH 
(Martins et al., 2016) and the mineral N forms (Sá et al., 2011).

The pH is considered a soil master variable (McBride, 1994) and has great variability 
throughout the time (Martins et al., 2016). This great variability is due to the interaction 
of pH with many other soil factors, mainly linked to the C and N cycles (Bolan and 
Hedley, 2003). Animal grazing influences C and N cycles, increasing the microbial activity 
(Souza et al., 2010), nutrient cycling (Carvalho et al., 2010a), and residue addition 
(Assmann et al., 2014). The LG treatment maximizes the SOM accumulation due to 
the higher plant residue (Assmann et al., 2014). On the other hand, the IG presents a 
higher addition of animal residue and a higher microbial activity (Souza et al., 2010). 
Both SOM and microbial activity affect soil acidity, maybe being the reason for the 
decrease in soil pH values at the end of the pasture cycle in the treatments LG and 
IG, respectively (Figure 2a).

The different sampling times also highlighted the different dynamics of soil mineral N. 
Higher mineral N stocks were expected after the leguminous cropping and N fertilization, 
decreasing along time due to the plant uptake and losses for the environment (Cardoso et al., 
2011). After the mineralization of soybean residue, a predominance of N-NO3

- is expected 
(Figure 4) due to the fast decomposition of low C/N residues (Sá et al., 2011; Assmann et al., 
2015). However, the N-NO3

- is very mobile in soil, and if it is not uptake by plants, it may 
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be lost by leaching. This process explains the lower mineral N stocks from 45 DAPS, with 
the exception of LG in limed areas – which lasted until 70 DAPS –probably due to the 
higher SOM of this treatment (Assmann et al., 2014) (Figure 4).

The absence of difference in soil N-NH4
+ stocks up to 156 DAPS, the top period for pasture 

DM production, may be explained as a function of soybean residue mineralization and the 
beginning of grazing with frequent N cycling due to animal dung and urine (Carvalho et al., 
2010b). The decrease of soil N-NH4

+ stocks after the 156 DAPS may be explained by the 
reduction in soybean residue mineralization and the lower amount of pasture residue 
and N cycling. Cardoso et al. (2011) evaluated the variation on soil N-NH4

+ and N-NO3
- 

along a year, with different soil management systems, and found that no-till systems 
present lower mineralization rates at the end of oat cycle after soybean, corroborating 
with our results.

Nitrate nitrogen governed the temporal variability of mineral N stocks in the soil 
layers- stocks, mainly because the N-NH4

+ stocks were constant in the soil subsurface 
(0.20-0.40 m), with lower decrease along time in the soil surface (0.00-0.20 m) (Figure 6). 
The similarity of soil N-NH4

+ stocks throughout the pasture cycle is expected because 
the main source of N-NH4

+ is the residue mineralization and NH4
+ is rapidly transformed 

into NO3
- by nitrifiers bacteria (Cardoso et al., 2011). On the other hand, the lower 

variation of N-NH4
+ stocks in soil surface over time shows the mineralization of organic 

material deposited on the soil surface during the animal grazing (Figure 6). These results 
evidenced the necessity of studies on the temporal variability of livestock phase in 
ICLS to better identify animal effects on soil properties with high dynamicity, such as 
pH and mineral N stocks.

Role of liming on the soil mineral N forms

The results showed that there is a tendency for limed areas present higher soil mineral N 
stock (MG at 45 DAPS and LG at 70 DAPS, both with pH of approximately 5.0), mainly in 
areas with higher SOM (MG and LG as compared to IG) (Assmann et al., 2014). Likewise, 
there was a positive correlation between soil pH and mineral N in both forms (p<0.001). 
However, a lower correlation coefficient (r-value of 0.28) was observed when relating 
soil pH and soil mineral N-NO3

-. The large relationship between soil pH and the mineral 
N-NH4

+ content (r = 0.58) could be due to the effect of the increased pH has on the 
mineralization of SOM by the action of microorganisms (Cardoso et al., 2011).

In acid soils already corrected by liming, there is an increase in microbial activity, which 
is responsible for residue decomposition and nutrient mineralization (Edmeades et al., 
1981; León et al., 2017). Borgohain et al. (2019) evaluated the mineralization rate of 
plant residue affected by liming and by the application of different organic composts, 
as animal manure, and concluded that there is a maximization of mineralization and 
nitrification when animal manure application and liming is performed, corroborating with 
what may occur under ICLS.

Despite the soil total mineral N difference, there were no differences between limed and 
non-limed areas in the N-NO3

- and N-NH4
+ stocks throughout the pasture cycle (Figure 4), 

contrary to our hypothesis. However, a higher N-NH4
+ stock was found in soil subsurface 

(0.20-0.40 m) in non-limed areas (Figure 5). In non-limed areas, a portion of negative 
charges from solid soil phase is occupied by Al3+ and H+, besides the other basic cations 
(Ca2+, Mg2+ and K+). Consequently, the soil effective CEC is lower than the effective CEC 
in limed areas, decreasing the adsorption of basic cations and increasing their mobility 
in the soil profile (Crusciol et al., 2011). Another factor that may influence the higher 
N-NH4

+ stock in soil subsurface in non-limed areas is the impact of low pH in the soil 
surface in the population of bacteria that oxidize the NH4

+ (Banning et al., 2015), which 
are very sensitive to pH changes (Rousk et al., 2010). In this manner, the inefficiency of 
such bacteria – also called nitrifiers – in addition to the low adsorption of basic cations in 
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non-limed areas and the frequent addition of urea via urine and fertilization may explain 
the higher N stock in soil subsurface.

CONCLUSIONS
In general, grazing intensity and liming influence the temporal variability of soil pH and 
mineral N forms in our study, performed in an Oxisol during the livestock phase of an 
ICLS (soybean-beef cattle) in Brazilian subtropics. The grazing intensity affects pH at the 
end of the pasture cycle regardless of liming, with moderate grazing presenting higher 
pH values (5.0) than intensive or light grazing (4.6). In addition, moderate grazing is 
the only management that does not change its pH value during the livestock phase. 
A decrease in soil total mineral N stocks along the pasture cycle also occurs, from 
158 to 47 kg N ha-1 up to 0.40 m soil depth (regardless of management), mainly due to 
the decrease of N-NO3

- stocks in the surface and subsurface layers and of N-NH4
+ only 

in the surface layer. In non-limed areas, there is no influence of grazing intensities on 
soil mineral N forms during the pasture cycle. However, variations in N-NH4

+ and N-NO3
- 

occur in limed areas before the beginning of animal grazing, mainly under light grazing 
intensity. This grazing intensity presents the lowest N-NH4

+ (23 kg ha-1 of N) and the 
highest N-NO3

- (38 kg ha-1 of N) stocks in the first and second sampling times (45 and 
70 days after pasture sowing, respectively). However, no differences in total mineral N 
stocks were observed in both sampling times. With such results, it is possible to conclude 
that grazing intensity and liming affect the temporal variation of soil pH and mineral N 
forms in ICLS, and this info may be utilized for improvements in N fertilizer management, 
mainly before the starting of winter grazing.  

AUTHOR CONTRIBUTIONS
Conceptualization:  Amanda Posselt Martins (equal) and  Felipe Dalla-zen Bertol (equal).

Data curation:  Amanda Posselt Martins (equal),  Felipe Dalla-zen Bertol (equal) 
and  Taise Robinson Kunrath (equal).

Formal analysis:  Amanda Posselt Martins (equal) and  Felipe Dalla-zen Bertol (equal).

Funding acquisition:  Amanda Posselt Martins (equal) and  Felipe Dalla-zen 
Bertol (equal).

Investigation:  Amanda Posselt Martins (equal),  Felipe Dalla-zen Bertol (equal) 
and  Luiz Gustavo de Oliveira Denardin (equal).

Methodology:  Amanda Posselt Martins (equal),  Felipe Dalla-zen Bertol (equal), 
 Taise Robinson Kunrath (equal) and  William de Souza Filho (equal).

Project administration:  Amanda Posselt Martins (equal),  Felipe Dalla-zen Bertol 
(equal) and  William de Souza Filho (equal).

Resources:  Amanda Posselt Martins (equal) and  Paulo César de Faccio Carvalho (equal).

Software:  Amanda Posselt Martins (lead).

Supervision:  Amanda Posselt Martins (lead).

Validation:  Amanda Posselt Martins (lead).

Visualization:  Amanda Posselt Martins (equal) and  Ibanor Anghinoni (equal).

Writing – original draft:  Amanda Posselt Martins (equal),  Ibanor Anghinoni 
(equal,  Luiz Gustavo de Oliveira Denardin (equal) and  Mateus Westerhofer  
Goulart (equal).

https://orcid.org/0000-0001-9180-2508
https://orcid.org/0000-0001-5276-4289
https://orcid.org/0000-0001-9180-2508
https://orcid.org/0000-0001-5276-4289
https://orcid.org/0000-0002-9874-0511
https://orcid.org/0000-0001-9180-2508
https://orcid.org/0000-0001-5276-4289
https://orcid.org/0000-0001-9180-2508
https://orcid.org/0000-0001-5276-4289
https://orcid.org/0000-0001-9180-2508
https://orcid.org/0000-0001-5276-4289
https://orcid.org/0000-0002-0751-056X
https://orcid.org/0000-0001-9180-2508
https://orcid.org/0000-0001-5276-4289
https://orcid.org/0000-0002-9874-0511
https://orcid.org/0000-0002-2677-6873
https://orcid.org/0000-0001-9180-2508
https://orcid.org/0000-0001-5276-4289
https://orcid.org/0000-0002-2677-6873
https://orcid.org/0000-0001-9180-2508
https://orcid.org/0000-0002-7020-3001
https://orcid.org/0000-0001-9180-2508
https://orcid.org/0000-0001-9180-2508
https://orcid.org/0000-0001-9180-2508
https://orcid.org/0000-0001-9180-2508
https://orcid.org/0000-0002-6118-4873
https://orcid.org/0000-0001-9180-2508
https://orcid.org/0000-0002-6118-4873
https://orcid.org/0000-0002-0751-056X
https://orcid.org/0000-0003-3464-6953


Bertol et al. Liming and grazing intensities effects on soil mineral nitrogen throughout...

13Rev Bras Cienc Solo 2022;46:e0210042

Writing – review & editing:  Amanda Posselt Martins (equal),  Ibanor Anghinoni 
(equal),  Luiz Gustavo de Oliveira Denardin (equal) and  Mateus Westerhofer  
Goulart (equal).

REFERENCES
Assmann JM, Anghinoni I, Martins AP, Andrade SEVG, Cecagno D, Carlos FS,  
Carvalho PCF. Soil carbon and nitrogen stocks and fractions in a long-term integrated  
crop–livestock system under no-tillage in southern Brazil. Agr Ecosyst Environ. 2014;190:52-9. 
https://doi.org/10.1016/j.agee.2013.12.003

Assmann JM, Anghinoni I, Martins AP, Costa SEVGA, Kunrath TR, Bayer C, Carvalho PCF, 
Franzluebbers AJ. Carbon and nitrogen cycling in an integrated soybean-beef cattle 
production system under different grazing intensities. Pesq Agropec Bras. 2015;50:967-78. 
https://doi.org/10.1590/S0100-204X2015001000013

Banning NC, Maccarone LD, Fisk LM, Murphy DV. Ammonia-oxidising bacteria not archaea 
dominate nitrification activity in semi-arid agricultural soil. Sci Rep. 2015;5:11146. 
https://doi.org/10.1038/srep11146

Barthram GT. Experimental techniques: the HFRO sward stick. In: HFRO. The hill farming 
research organization. Biennial report 1984/1985. Penicuik: HFRO; 1986. p. 29-30.

Bolan NS, Hedley MJ. Role of carbon, nitrogen, and sulfur cycles in soil acidification.  
In: Rengel Z, editor. Handbook of soil acidity. New York: Marcel Dekker; 2003. p. 29-56.

Borgohain L, Tamuly D, Borah N, Dutta S, Nath DJ, Thakuria RK, Borah K, Bora SS. Kinetics of 
nitrogen mineralization as influenced by liming and organic amendments: A laboratory study. 
Int J Curr Microbiol App Sci. 2019;8:853-65. https://doi.org/10.20546/ijcmas.2019.801.093

Cardoso EG, Sá JCM, Briedis C, Ferreira AO, Borszowskei PR, Santos JB, Massinham A, 
Ferreira CF, Siuta Júnior D, Baranek EJ. Nitrogen dynamics in soil management systems: 
II - Mineralization and nitrification rates. Rev Bras Cienc Solo. 2011;35:1651-60. 
https://doi.org/10.1590/S0100-06832011000500019

Carvalho PCF, Anghinoni I, Martins AP, Kunrath TR. integração soja- bovinos de corte no Sul do 
Brasil. Porto Alegre: Universidade Federal do Rio Grande do Sul; 2015.

Carvalho PCF, Anghinoni I, Moraes A, Souza ED, Sulc RM, Lang CR, Flores JPC, Lopes MLT,  
Silva JLS, Conte O, Wesp CL, Levien R, Fontaneli RS, Bayer C. Managing grazing  
animals to achieve nutrient cycling and soil improvement in no-till integrated systems.  
Nutr Cycl Agroecosyst. 2010a;88:259-73. https://doi.org/10.1007/s10705-010-9360-x

Carvalho PCF, Moraes A, Anghinoni I, Lang CR, Silva JLS, Sulc RM, Tracy B. Manejo da integração 
lavoura pecuária para a região de clima subtropical. In: Encontro Nacional de Plantio Direto na 
Palha, 2006; Uberaba - MG. Integrando Agricultura, Pecuária e Meio Ambiente. Ponta Grossa: 
Febrapd, 2006. p. 177-84.

Carvalho PCF, Rocha LM, Baggio C, Macari S, Kunrath TR, Moraes AD. Característica 
produtiva e estrutural de pastos mistos de aveia e azevém manejados em 
quatro alturas sob lotação contínua. Rev Bras Zootecn. 2010b;39:1857-65. 
https://doi.org/10.1590/S1516-35982010000900001

Carvalho PCF, Savian JV, Chiesa TD, Souza Filho W, Terra JA, Pinto P, Martins AP, Villarino S, 
Trindade JK, Nunes PAA, Piñeiro G. Land-use intensification trends in the Rio de la Planta region 
of South America: Toward specialization or recoupling crop and livestock production. Front Agr 
Sci Eng. 2021;8:97-110. https://doi.org/10.15302/J-FASE-2020380

Comissão de Química e Fertilidade do Solo - CQFS-RS/SC. Manual de calagem e adubação  
para os Estados do Rio Grande do Sul e de Santa Catarina. 11. ed. Porto Alegre: Sociedade 
Brasileira de Ciência do Solo - Núcleo Regional Sul; 2016.

Crusciol CAC, Garcia RA, Castro GSA, Rosolem CA. Nitrate role in basic  
cation leaching under no-till. Rev Bras Cienc Solo. 2011;35:1975-84. 
https://doi.org/10.1590/S0100-06832011000600014

https://orcid.org/0000-0001-9180-2508
https://orcid.org/0000-0002-6118-4873
https://orcid.org/0000-0002-0751-056X
https://orcid.org/0000-0003-3464-6953


Bertol et al. Liming and grazing intensities effects on soil mineral nitrogen throughout...

14Rev Bras Cienc Solo 2022;46:e0210042

Edmeades DC, Judd M, Sarathchandra SU. The effect of lime on nitrogen mineralization as 
measured by grass growth. Plant Soil. 1981;60:177-86. https://doi.org/10.1007/BF02374102

Fontaneli RS, Meinerz GR, Fontaneli RS, Santas HP, Biazus B, Fávero D, Rebechi IA.  
A contribuição das forrageiras de inverno para a pecuária de leite. In: Vilela D, Ferreira RP, 
Fernandes EN, Juntolli FV, editores. Pecuária de leite no Brasil: Cenários e avanços tecnológicos. 
Brasília, DF: Embrapa; 2016. p. 239-53.

Haynes RJ, Williams PH. Nutrient cycling and soil fertility in the grazed pasture ecosystem.  
Adv Agron. 1993;49:119-99. https://doi.org/10.1016/S0065-2113(08)60794-4

Kottek M, Grieser J, Beck C, Rudolf B, Rubel F. World map of the Köppen-Geiger  
climate classification updated. Meteorol Z. 2006;15:259-63. 
https://doi.org/10.1127/0941-2948/2006/0130

León P, Espejo R, Gómez-Paccard C, Hontoria C, Mariscal I, Renella G, Benito M. No tillage and 
sugar beet foam amendment enhanced microbial activity of degraded acidic soils in South West 
Spain. Appl Soil Ecol. 2017;109:69-74. https://doi.org/10.1016/j.apsoil.2016.09.012

Martins AP, Anghinoni I, Costa SEVGA, Carlos FS, Nichel GH, Silva RAP, Carvalho PCF. 
Amelioration of soil acidity and soybean yield after surface lime reapplication to a  
long-term no-till integrated crop-livestock system under varying grazing intensities. Soil Till Res. 
2014;144:141-9. https://doi.org/10.1016/j.still.2014.07.019 

Martins AP, Cecagno D, Borin JBM, Arnutti F, Lochmann SH, Anghinoni I, Bissani CA,  
Bayer C, Carvalho PCDF. Long-, medium- and short-term dynamics of soil acidity in an  
integrated crop-livestock system under different grazing intensities. Nutr Cycl Agroecosyst. 
2016;104:67-77. https://doi.org/10.1007/s10705-015-9759-5

Martins AP, Kunrath TR, Anghinoni I, Carvalho PCF. Integração soja-bovinos de corte no Sul do 
Brasil. Porto Alegre: Gráfica RJR; 2015. 

Mcbride MB. Environmental chemistry of soils. New York: Oxford University Press; 1994.

Monteiro M, Séneca J, Magalhães C. The history of aerobic ammonia oxidizers: from the first 
discoveries to today. J Microbiol. 2014;52:537-47. https://doi.org/10.1007/s12275-014-4114-0

Moraes A, Carvalho PCF, Anghinoni I, Lustosa SBC, Sevga C, Kunrath TR.  
Integrated crop-livestock systems in the Brazilian subtropics. Eur J Agron. 2014;57:4-9. 
https://doi.org/10.1016/j.eja.2013.10.004

Novais RF, Alvarez VH, Barros NF, Fontes RL, Cantarutti RB, Neves JCL. Fertilidade do solo. 
Viçosa, MG: Sociedade Brasileira de Ciência do Solo; 2007.

Rousk J, Bååth E, Brookes PC, Lauber CL, Lozupone C, Caporaso JG, Knight R, Fierer N.  
Soil bacterial and fungal communities across a pH gradient in an arable soil. ISME J. 
2010;4:1340-51. https://doi.org/10.1038/ismej.2010.58

Sá JCM, Cardoso EG, Briedis C, Ferreira AO, Borszowskei PR, Santos JB, Massinham A,  
Ferreira CF, Siuta Júnior D, Baranek EJ, Piccolo MC, Paveis M, Urquiaga S. Nitrogen dynamics 
in soil management systems. I-flux of inorganic nitrogen (NH4

+ and NO3
-). Rev Bras Cienc Solo. 

2011;35:1641-9. https://doi.org/10.1590/S0100-06832011000500018 

Silva FD, Amado TJC, Ferreira AO, Assmann JM, Anghinoni I, Carvalho PCF. Soil carbon 
indices as affected by 10 years of integrated crop-livestock production with different 
pasture grazing intensities in Southern Brazil. Agr Ecosyst Environ. 2014;190:60-9. 
https://doi.org/10.1016/j.agee.2013.12.005

Skorupa LA, Manzatto CV. Avaliação da adoção de sistemas de integração 
lavoura-pecuária-floresta (ILPF) no Brasil. In: Skorupa LA, Manzatto CV, editores.  
Sistemas de integração lavoura-pecuária-floresta no Brasil: Estratégias regionais de 
transferência de tecnologia, avaliação da adoção e de impactos. Brasília, DF: Embrapa;  
2019. p. 340-79.

Souza ED, Costa SEVGA, Anghinoni I, Lima CVS, Carvalho PCF, Martins AP. Biomassa 
microbiana do solo em sistema de integração lavoura-pecuária em plantio direto, 
submetido a intensidades de pastejo. Rev Bras Cienc Solo. 2010;34:79-88. 
https://doi.org/10.1590/S0100-06832010000100008



Bertol et al. Liming and grazing intensities effects on soil mineral nitrogen throughout...

15Rev Bras Cienc Solo 2022;46:e0210042

Tasca FA, Ernani PR, Rogeri DA, Gatiboni LC, Cassol PC. Volatilização de amônia do solo  
após a aplicação de ureia convencional ou com inibidor de urease. Rev Bras Cienc Solo. 
2011;35:493-502. https://doi.org/10.1590/S0100-06832011000200018

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


