

[image: image1]
Rationally Managed Pastures Stock More Carbon than No-Tillage Fields









	
	ORIGINAL RESEARCH
published: 21 December 2017
doi: 10.3389/fenvs.2017.00087





[image: image2]

Rationally Managed Pastures Stock More Carbon than No-Tillage Fields


Hizumi L. S. Seó1,2*, Luiz C. P. Machado Filho1,2* and Daniel Brugnara1


1LETA—Laboratory of Applied Ethology—Department of Zootechny and Rural Development, Federal University of Santa Catarina, Florianopolis, Brazil

2Graduate Program on Agroecosystems, Federal University of Santa Catarina, Florianópolis, Brazil

Edited by:
Peter Thorburn, Commonwealth Scientific and Industrial Research Organisation (CSIRO), Australia

Reviewed by:
Yong Liu, Hunan Plant Protection Institute, China
 A. M. Keith, Centre for Ecology & Hydrology, United Kingdom
 Inacio de Barros, Brazilian Agricultural Research Corporation, Brazil

* Correspondence: Hizumi L. S. Seó, hizumi@hotmail.com
 Luiz C. P. Machado Filho, pinheiro.machado@ufsc.br

Specialty section: This article was submitted to Agroecology and Land Use Systems, a section of the journal Frontiers in Environmental Science

Received: 27 June 2017
 Accepted: 27 November 2017
 Published: 21 December 2017

Citation: Seó HLS, Machado Filho LCP and Brugnara D (2017) Rationally Managed Pastures Stock More Carbon than No-Tillage Fields. Front. Environ. Sci. 5:87. doi: 10.3389/fenvs.2017.00087



A significant share of Greenhouse Gases (GHG) produced from agriculture comes from cattle farming. The reduction in GHG emissions from ruminants fed with grains has led some researchers to recommend such a diet as a means of mitigating emissions in the sector. A more accurate balance of emissions, however, must include the carbon (C) stocked by feed crops. Within the grain production system, no-tillage (NT) cultivation systems have a greater capacity to increase and store soil organic carbon (SOC). Within grazing management systems, the rotation used in Voisin's Rational Grazing (VRG) allows the accumulation of SOC through root growth. The objective of this study was to assess the C stock of pasture under VRG and compare soil C stock between VRG pasture and fields under no-tillage management, in two seasons over a period of 1 year. The study included five dairy farms in Santa Catarina State, Brazil. In each property, we collected soil to quantify SOC from VRG pasture and NT fields, in summer and winter. In the pasture, to determine the total stock, we also collected samples from the aerial parts of plants and the roots. Further, we estimated how efficient would be producing milk from those pastures or from those crops. The VRG pasture showed a greater capacity to stock C in the soil than the no-tillage fields (VRG = 115.0 Mg C ha−1; NT = 92.5 Mg C ha−1; p < 0.00009), with the greatest difference at a depth of 0–10 cm (VRG = 41 Mg C ha−1; NT = 32 Mg C ha−1; p < 0.00008). In VRG, 95% of C was in the soil, 1% in the aerial part of plants, and 4% in the roots. On pasture was produced 0.15 kg of milk.kg−1 of C stored, and on NT system 0.13 kg of milk.kg−1 of C stored. In this study, we conclude that independent of season, the soil in well managed pastures had a greater stock of C, produced more milk and produced more milk.kg−1 of stored C than fields under NT management. Therefore, when comparing GHG emissions of ruminants with different diets, we must also quantify the SOC resulting from distinct feed production systems.

Keywords: soil organic carbon, feed production system, pasture, roots, no-till, Voisin's grazing management

INTRODUCTION

The amount of CO2 equivalents (CO2-e) in the atmosphere, had a great increase in the last 150 years, but specially from 1960 to date (Meinshausen et al., 2017). The increase in CO2 and other Greenhouse Gas (GHG) has been considered the main cause of global warming. Livestock farming has been considered responsible for 14.5% of GHG emissions produced by humans, of which cattle farming for beef and dairy would represent 41 and 21% of emissions produced by the sector, respectively, either from pasture-based or confinement systems (Gerber et al., 2013). Another study shows that from 2006 to 2015, human activities produced 10.3 GtCyr−1 (or 37.7 GtCO−2yr1; Le Quéré et al., 2016), but only half of this was added to the atmosphere, highlighting the regulatory capacity of biosphere C reserves (Stockmann et al., 2013), such as pasture (Soussana et al., 2007).

The sequestration of C by pasture plays an important role in partially mitigating the GHG emitted through ruminant production systems (Soussana et al., 2010; de Oliveira Silva et al., 2016). Carbon sequestration occurs principally as a result of the fixation of C via photosynthesis, which removes CO2 from the atmosphere, and stores it as soil organic carbon (SOC). SOC represents 58% of the soil organic matter (SOM), which is a mixture of partially decomposed plant, animal, and microbial material (Stockmann et al., 2013). In pasture, more than 90% of the C stock is stored in the soil (Reeder and Schuman, 2002). However, it takes much longer to build a C stock than to lose it (Soussana et al., 2010; Smith, 2014), which underscores the importance of conserving this ecosystem service to help keep CO2-e out of the atmosphere.

The improvement of pasture in tropical soils provides conditions for C sequestration (Conant et al., 2001) and its subsequent storage. Voisin's Rational Grazing (VRG) is an agroecological pasture management system that brings together practices that increase and conserve the SOM through increased biocenosis (Machado, 2010). In VRG, the area, divided into plots, is occupied based on the growth dynamics of the forage and the needs of the animals. The occupation of paddocks must be short enough so that the animals do not consume the plant regrowth before the necessary recovery time, while the recovery time must be long enough to enable plants to accumulate reserves in the roots before the next occupation (Voisin, 1961). VRG management in Brazil is based on four laws (Voisin, 1961) and some technical recommendations (Machado, 2010), such as planting trees, diversifying species in all paddocks, no tilling of the soil, no use of agrochemicals, and avoiding the use of chemical fertilizers. This system has been widely used in the South of Brazil. In Santa Catarina, more than 600 projects have been implemented, mainly by small dairy farmers (Farley et al., 2012). However, at our knowledge there are no studies in the international literature on C stock in these systems in Brazil.

Despite this interesting scenario in the South of Brazil, great attention has been given to the role of enteric emissions from ruminants in global warming, especially since FAO published two worldwide influencers reports (Steinfeld et al., 2006; Gerber et al., 2013). Farm animals, mainly ruminants, are reported to be one of the main contributors of anthropogenic GHG. The message of those reports has not only damaged the reputation of animal production but in special the grassland based production systems in Latin America. This has triggered some reaction, and other research have challenged the mentioned reports (Glatzle et al., 2014; de Oliveira Silva et al., 2016). The global warming reports and other papers have stressed how the use of grain in the feed of ruminants can reduce enteric emission of GHG (Peters et al., 2010; Doreau et al., 2011). This well-known phenomena (Hungate, 1966) has been considered as an alternative ignoring the unique ability of these animals to convert cellulose into milk and meat (Flysjö et al., 2012), and the distinct capacity that pasture and grain crop systems have in stocking SOC.

Soil has the largest terrestrial C stock and soil C sequestration has a tremendous potential to mitigate GHG emission (Lal, 2004). Grassland soils may stock a large portion of C, and pasture management impact directly on C storage of its soils (Conant et al., 2003; Chen et al., 2015). Likewise, a number of practices are recommended for crops management in order to increase C soil storage, as for example no tillage and crop rotation (Lal, 2004).

Stocking C while producing food in agriculture is a relevant task to production systems on mitigating climate change. As more C is stocked per unit area, and more food is produced per C stocked, the better the balance is. In this work we compare the C stocks of two different systems of feeding ruminants: grain base from the most widely used C conservationist grain production system—no-tillage (NT) and pasture based from VRG, an intensive pasture management known to incorporate many C conservationist practices. So, since SOC is a manageable C sink (Stockmann et al., 2013), and its storage in soil depends on the management system used, our objective in this study was to characterize the C stock in VRG pasture and compare the C stock in the soil of the VRG system with the C stock in the soil from NT fields, in two different seasons over a period of 1 year.

MATERIALS AND METHODS

Study Area

The study was conducted in five properties, each considered as a block, and chosen as follows. From a frame of 104 properties/farmers in the region practicing VRG's grazing system and cropping with no tillage system, 12 properties were randomly chosen. Then the following criteria were applied to these twelve: the land use/management of Rational Grazing and no-till was consolidated with 5 years or more of the same practices (main criterion), and with the same previous use of the soil (tillage crop); same micro region (minimum differences of landscapes and soil); same climate; similar ethnic background. From the 12, five farms accomplished with these criteria and were studied.

All farms included in the study were located in Western Santa Catarina State, Brazil, with similar edaphoclimatic characteristics. The climate is classified as humid subtropical (Cfa in Köppen classification) with annual rainfall between 1,900 and 2,200 mm, and mean air temperature of 18–20°C (Alvares et al., 2013). The farmers used similar agricultural techniques. Therefore, we assume that soil management was the main factor affecting SOC. The coordinates of the five properties are: 26°56′40.39″S and 53°36′9.57″W; 26°16′53.49″S and 53°37′16.90″W; 26°48′2.64″S and 53°20′37.71″W; 26°30′23.33″S and 53°32′6.23″W; 26°23′8.88″S and 53°28′31.81″W.

The land-use and soil characteristics for each farm are shown in Tables 1, 2, respectively. The VRG pasture were perennial and species diverse in all farms, with one to five legumes (Trifolium repens, Trifolium pratense, Medicago sativa, and Lotus corniculatus during the winter, and Arachis pintoi and Desmodium spp., consistent throughout the cycle), along with five to nine grasses (Avena sativa, Lolium multiflorum, Pennisetum purpureum, Axonopus catharinensis, Hemartria altissima, Cynodon nlemfluensis, Cynodon spp. (Tifton), Sorghum sudanense, Brachiaria plantaginea, Digitaria decumbens, Axonopus compressus, and Pennisetum clandestinum). During the summer, the pasture was dominated by C4 grasses, and in the winter by C3 species. The NT field from all farms had corn monoculture in summer, and a mixture of oat-ryegrass in the winter. This pasture mixture in NT fields was always used in winter for direct grazing in rotation for 3 months.


Table 1. Land-use characteristics on each of the five properties studied for carbon stock in Voisin's Rational Grazing (VRG) and No-tillage crop system (NT).
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Table 2. Soil characteristics on each of the five properties studied for carbon stock in 2014 for Voisin's Rational Grazing (VRG) and No-tillage crop system (NT).

[image: image]



Sampling of above and Belowground Biomass of Pasture Plants

Sample collection of soil and plant biomass (pasture only) was undertaken in February (summer) and July (winter) in 2014. In each property, at the time of the first visit, out of 60 paddocks three paddocks reaching the optimal recovery period of pasture (Machado Filho, 2011) were chosen and considered as subplots. From these, we sampled the above and belowground biomass of pasture plants, always when the optimal recovery period was reached, according to the following procedure: a transect was randomly established in each paddock and a 0.25 m2 square was placed randomly five times along the transect (Gardner, 1986), creating five subsamples per paddock. The aerial part of the plants was completely removed. The 15 subsamples from the paddocks were amalgamated into one sample per property per season, which were then weighed and dried at 65°C until reaching a constant weight.

The samples of roots were collected from three soil layers (0–10, 10–20, and 20–40 cm) using a steel auger. The roots were separated from the soil with the use of three sieves of 1.4 mm, 1 mm, and 500 μm mesh sizes as recommended by Böhm (1979) and Bolinder et al. (2002). The subsamples were amalgamated into a single sample per depth per property. The roots were dried at 65°C until reaching a constant weight. After drying, the aerial plant samples and roots were weighed to determine the dry material (DM) and ground (<2 mm) for analysis of total organic C using the adapted (Walkley and Black, 1934; Tedesco et al., 1995) wet combustion method.

Soils Samples from Pasture and Fields

Soil samples were collected to compare the SOC between the VRG pasture and the NT fields. From the pasture, five subsamples (0–10, 10–20, 20–40 cm) were collected, as described above, in the same three paddocks as the biomass, totalizing 15 subsamples. The subsamples were combined to provide a single sample for each soil depth per property, per season. We dried the soil samples at 40°C until reaching a constant weight. The samples were then ground (<2 mm) for SOC analysis using the adapted (Walkley and Black, 1934; Tedesco et al., 1995) wet combustion method.

The NT fields averaged 3.4 ha (0.6–7 ha). At each sampling event, the sampler walked in zigzag throughout the field. The zigzag path was divided in 15 randomly assigned collection points, at which a 0.25 m2 square was thrown back. The soil sample was then collected at each of the points where the square fell on the floor at a depth of 0–10, 10–20, and 20–40 cm. The 15 subsamples were then mixed to make one sample per farm NT field. This procedure was performed in each season.

Three undisturbed samples were collected with the use of a volumetric steel ring (78 cm3) to determine the bulk density of the soil for each type of land-use and each evaluated depth. The bulk density and the C stock at fixed depths was calculated following Ellert et al. (2006). The total C stock of the soil and roots was the sum of the values obtained for each sample depth (0–10, 10–20, and 20–40 cm; Assad et al., 2013).

Data Analysis

The sum of the stocks obtained from the aboveground biomass, and each belowground biomass and soil layer, provided the total C stock of the pasture. Land-use was compared only through the C stock in the soil. Statistical analyses were made using R (R Core Team, 2013). In our observational study, a mixed effect linear model was fitted using lme4 package of R (Bates et al., 2015) to perform a linear mixed effects analysis of the relationship between land use and C stock in soil. P-values were estimated through Type II Wald Chi-squared test. Land use and season were included as fixed effects. Farm was included as random effect to reflect the residual variation in soil C between each of these units. The land use plots were nested into each farm to reflect the residual variation between collection points that were nested within each farm. Goodness of fit of the model (homoscedasticity, normality distribution of residuals, linearity of residuals vs. fitted, and normality of random effects) was checked through standard plot analysis.

RESULTS

Carbon Stock in the Soil of VRG Pasture and NT Fields

Season and land use system were not inter-dependent on each other [[image: image] = 2.3, p = 0.1]. Regarding land use, when comparing the whole layer (0–40 cm), the C stock was higher in the soil of the VRG pasture (average = 115.0 Mg C ha−1) than in the NT fields [average = 92.5 Mg C ha−1; [image: image] = 15.3, p < 0.00009; Figure 1]. In VRG, SOC stock was 22.5 Mg C ha−1 ± 6 (SE) higher than NT fields, on average (Table 3). When analyzing soil by layers, C stock was also higher on VRG's soil at the deepest [20–40 cm; [image: image] = 6.7, p = 0.009] and the shallowest layer [0–10 cm; [image: image] = 15.5, p < 0.00008], but not on the layer 10–20 cm [[image: image] = 2.3, p = 0.12]. Among seasons, SOC did not differ on the 0–40 cm depth [[image: image] = 0.6, p = 0.4; Table 4]. However, season showed effect on C stock on the range of 10–20 cm [[image: image] = 11.3, p < 0.0007]. The soil density in the pasture (1.3 g cm−3) was similar to the fields [1.29 g cm−3; [image: image] = 0.34, p = 0.6].


[image: image]

FIGURE 1. Average ± SE of the distribution of organic carbon in the soil by depth for Voisin's Rational Grazing (VRG) pasture management and for fields with No-tillage crop system (NT) in Western Santa Catarina State, Brazil (n = 5).




Table 3. List of investigated parameters with coefficients, predicted 95% confidence intervals, standard errors, and p-values from the statistical models described in the paper.
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Table 4. Average ± SE of the carbon stock (Mg ha−1) in pasture under Voisin's Rational Grazing for carbon pools and the total carbon stock in summer and winter (n = 5).
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Carbon Stock in the VRG Pasture

Total Carbon Stock in the VRG Pasture

The total C stock in the VRG pasture is presented in Table 4, along with the results for each C pool: aboveground biomass, belowground biomass, and SOC. We found no differences between seasons for the total stock in the pasture [[image: image] = 1.89, p = 0.2]. Among pools, 95% of the total stock was in SOM, 4% in belowground biomass, and 1% from the aboveground biomass of plants. The aerial section showed greater C storage in summer [[image: image] = 63.4, p < 0.00001], while the amount in the roots [[image: image] = 2.5615, p = 0.1] and in the soil did not show differences between seasons [[image: image] = 0.7849, p = 0.4].

Above and Belowground Biomass

As expected, the average biomass production of the aerial part of plants per cut was greater [[image: image] = 48.2, p < 0.000001] in summer (4,455 kg DM ha−1) than winter (2,396 kg DM ha−1). The level of C in the aerial section was on average 40%, with no differences between seasons (p = 0.3). Average root biomass to a depth of 40 cm was 13,375 kg DM ha−1, with no statistical difference (p = 0.2) between summer and winter on belowground biomass. However, there was difference among layers. The surface layer showed 76% of the roots (10,123 kg DM ha−1), greater (p < 0.001) than the 10–20 cm layer (13%; 1,707 kg DM ha−1), and 20–40 cm layer (11%; 1,545 kg DM ha−1). The average concentration of C was 31% and did not differ between samples (p = 0.9). We found a positive correlation between SOC and roots' DM (r = 0.67; p < 0.0001). The data on above and below ground biomass represent the average collected from the three plots from each property (n = 5), with one sampling conducted in summer and the other in winter.

DISCUSSION

This is the first study to compare the C stock in VRG pasture with soils from fields under NT. Both systems were adopted at least 5 years ago (Table 1) in actual productive (not experimental) properties, and therefore represent consolidated management systems. We can see that the stock of SOC in the VRG pastures were ~25% greater in the 0–40 cm layer than that found for the fields with NT.

The difference in C stock between the two systems can be related to some practices adopted in VRG management that increases C in the soil, as observed in previous studies, including: the diversity of species (Steinbeiss et al., 2008), the deposition of cow manure on the pasture (Matsuura et al., 2014), high stocking rates (Dubeux et al., 2006a), herd effect (Savory and Butterfield, 1999), length of recovery period of plants (Abberton et al., 2010), and the use of perennial species (Bell et al., 2012). The richness of species in VRG pastures varied according to property, but it was never a monoculture. In diversified pastures, there can be 2.7 times more biomass above and below ground than a monoculture (Tilman et al., 2001) and a deeper root distribution due to the plasticity of root biomass allocation in diverse communities (Mueller et al., 2013), factors which contribute to a positive relationship between species richness and SOC. Furthermore, the interaction between legumes and grasses represents an important mechanism that combines the stabilization of C in the soil with the recycling of nutrients for the plants (Redin et al., 2014).

Although the VRG showed better results for C stock, the fields under NT are known to provide less oxidative environments for SOC than traditional tilled systems (Souza et al., 2014). This might be a reason why we could not detect the influence of land use on the second layer. The layer from 10 to 20 cm showed difference between seasons. In both land uses, the SOC stock in this layer decreased from summer to winter (VRG pasture: 30 Mg C.ha−1 in summer and 23 Mg C.ha−1 in winter; NT fields: 25 Mg C.ha−1 in summer and 22 Mg C.ha−1 in winter). We suggest this might occur due to higher temperatures in summer, raising microbial processes and plant growth that gradually consume C stocks into winter. Differences in the surface layer might be offset due the higher C return of aboveground biomass, since both systems had predominantly C4 species in summer. Interestingly, despite a direct relationship between belowground biomass production and SOC, there was no significant difference between seasons for root biomass, but there was for aboveground biomass production. Besides, C return from aboveground biomass may take a while from winter to summer to be incorporated from the surface to the second layer, and doing so, showing higher C stock on the summer.

The NT system involves a higher use of inorganic fertilizers than in VRG pasture which can increase the production of biomass (Cheng-Fang et al., 2012) and contribute to an increase in C stock in the system. On the other hand, in VRG, the presence of manure, along with the lack of agrochemicals which can inhibit the micro- and macro-organisms in the soil and the manure (Hussain et al., 2009; Yasmin and D'Souza, 2010), suggest that the flow of SOM is more dynamic in VRG than NT systems, which receive an annual application of herbicides and insecticides.

The belowground biomass found in the VRG system is nine times greater than that found for corn (Redin, 2014), the crop cultivated in the fields during the summer on the studied properties, and four times greater than the biomass of oat plus ryegrass roots from Redin (2014), the crop cultivated in the winter. According to Rasse et al. (2005), the rhizodeposition of C is 2.4 times that derived from the aerial part of plants, and thus makes up the greatest share of SOC (Toma et al., 2013). Nevertheless, in the VRG pasture, the belowground biomass was four times greater than the aboveground biomass.

The largest pool in VRG system is in the soil. That underscores the importance of never revolving it to a means of preserving the large stocks of C in the soil. The differences in C stock between seasons in the aerial section were due to predominance of C4 species in summer and C3 species in winter, respectively. As with the soil, the C derived from the roots has a high level of physical stability because it is incorporated directly into the soil (Soussana et al., 2010). We observed a strong correlation between soil C and root biomass, which emphasizes again the relationship between these factors.

However, the C in the aerial section in VRG can play an important role through more rapid C return cycles than C in the roots (Soussana et al., 2010). Bovine waste can return between 2.1 and 3.3 Mg C ha−1 per year of the aerial part of plants, an estimate based on the percentages provided by Soussana et al. (2010), the average production of the aerial section estimated for the year, the level of C, and the 8 grazing episodes by cows per year, as occurred on the studied properties.

As such, the presence of animals can be one explanation for the differences found between the pasture and the field. The animals are removed from pasture only during the milking period, approximately 3 h a day. The average stocking rate (3.4 AU/ha) and the mean instant stocking density (112 AU/ha/day; Table 1) suggest not only a high rate of return of residues from animal waste, but also frequent fertilization of the pasture associated with a long period of recovery, increasing the productivity of the pasture and favoring root growth.

In fact, Dubeux et al. (2006b) observed a greater return and quality of residue at higher stocking rates, as well as greater C sequestration (Conant et al., 2001; Dubeux et al., 2006a), particularly in rotational systems. In VRG, the division of pasture plays an important role in guaranteeing a period of recovery from herbivory for the plants, preventing overgrazing and the consequent degradation of C stock (Tanentzap and Coomes, 2012). Furthermore, Tilman (1998) observed that the addition of manure enabled a return to original levels of soil fertility, measured as organic C and total N, in 40 years, despite the greater proportion and diversity of recalcitrant compounds in the manure. A return to original levels would take 200 years through natural succession, while a reduced tillage system would recuperate only 20% of the original fertility in 150 years (Tilman, 1998). This demonstrates that conservationist practices are important to elevate SOC, while accumulation practices have the greatest potential to increase SOC.

Greater C stock in pasture soil than crop soil is usually challenged by the fact that one hectare of crop would produce more food than one hectare of pasture (Garnett et al., 2017). However, this statement depend very much on pasture management. Pasture management can significantly affect C stock in soil and biomass production, and therefore animal production. As more efficient the management is, applying correct stocking rate and allowing regrowth, higher C levels are stocked (Chen et al., 2015). Intensive rotational grazing, as VRG is (also called MIG—Management Intensive Grazing), produces more and stocks more C than extensively managed pastures (Conant et al., 2003).

Using data from our field study, we estimated how efficient would be producing milk from those pastures or from those crops. Once it is well established that emission intensity is higher for grazing (2.9 kg CO2 e.kg−1 product) than mixed grain and forage (2.6 kg CO2 e.kg−1 product) based milk production (Gerber et al., 2013), we estimated what would be the production of milk per hectare from VRG or from NT. Further, we calculated the quantity of milk produced per C stored. As more C is stocked per unit area, and more food is produced per C stocked, the better the balance.

The average cow for the five farms studied had around 450 kg, was a crossbred Holstein and Jersey, producing around 15 kg.day−1 of milk. This is in line with the typical cow of the region found in VRG dairy systems (Kuhnen et al., 2015; Balcão et al., 2017). From NRC Dairy Cattle (2001) requirements and feed tables, the potential for milk production in 1 ha of NT corn plus ryegrass vs. 1 ha of VRG pasture was calculated. All detailed calculations are in Supplementary Material. One hectare of pasture in VRG farms could produce a total of 17,085 kg of milk/ha/yr if all forage consumed was destined to lactating cows. Yet one hectare of corn silage intercropping with ryegrass can produce 12,240 kg of milk/ha/yr, if all feed consumed was destined to lactating cows. As C stock in VRG soils was 115.0 Mg C ha−1 and in NT fields 92.5 Mg C ha−1, we may estimate that on pasture, it is produced 0.15 kg of milk.kg−1 of C stored, and on NT corn silage plus ryegrass it is produced 0.13 kg of milk.kg−1 of C stored. In this study, VRG managed pastures stored more C, produced more milk and produced more milk per kg of stored C than corn silage plus ryegrass from NT fields.

Pastures under VRG management and fields under NT can be important C reserves and their conservation should be a priority in agricultural policies, as the loss of SOC occurs much more easily and rapidly than its storage. Food production systems stock different quantities of organic C in the soil, and these differences must be considered when comparing GHG emissions by ruminants with different diets.

The increase in C sequestration through intensive pasture management with deep roots and without deforestation can offset GHG emissions from ruminant production (de Oliveira Silva et al., 2016). This indicates that the high productivity of pasture produced using VRG may be a tool to intensify livestock farming and reduce its GHG emissions, as indicated by the accumulation of SOC. As such, the recuperation of degraded pasture is an important opportunity in achieving Brazil's C emission mitigation plan (de Oliveira Silva et al., 2016).

CONCLUSION

In this study, soils from VRG pastures stocked more C than soils from fields managed with a direct planting system in both seasons of the year. The frequent fertilization of the pasture due to a high return of waste residues, related to the high cattle stocking density, and the perennial and diverse pasture roots might be influential factors in the accumulation of C.

The different SOC storage capacities between the pasture system and grain crop production, accompanied by the fact that one hectare of pasture on VRG produces more milk than one hectare of corn plus ryegrass, must be taken into consideration in studies on climate change that compare different diets for ruminants.
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Soil characteristics Farm1 Farm2 Farm3 Farm4 Farm5 Average

Clay (g/kg) 0-10cm 260 175 205 215 580 287

P (mg/dm®) 0-10cm 6 7 17 56 17 20
K (mg/dm®) 0-10cm 163 377 282 202 244 253
Ca (emole/dm®) 0-10cm 14 19 14 7 13
Mg (cmolo/dm®) 0-10cm 5 8 8 6

@ 27 15 24
86 87 8 85

CEC (cmolc/dm®) 0-10cm 23
% SAT/CEC(pase) 0-10cm 84

BB o

Clay (g/kg) 0-10cm 300 455 600 280 600 465
P (mg/dm) 0-10cm 6 3 3 5 6 4
K (mg/dm®) 0-10cm 50 79 53 119 186 @
Ca (cmolc/dm3) 0-10cm 1" 9 6 8 5 8
Mg (emolc/dm?) 0-10cm 3 4 4 3 3 8
CEC(cmolc/dm® 0-10cm 20 17 14 20 12 17
%SAT/CEClbase) 0-10cm 71 75 69 64 67 67

CEC, Cation Exchange Capacity.
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Main effect coefficients indicate the increase in C stock from No-tillge crop fields (NT) to
Voisin's Rational Grazing (VAG) psture. Values of soil carbon stocks are presented in Mg
Cha~" in VRG and NT in § small scale dairy farms in the South of Brazil,
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Management characteristics Farm 1 Farm 2 Farm3 Farm4. Farm§ Average

Area (ha) 9 13 17 8 36 10.12
Length of land use (yr) 5 7 30 8 9 14
Previous land use Tilage crop Tilage crop Tilage crop Tilage crop Tilage crop Tilage crop
Pasture estimated productivity (kg DM/ha)® 25723 14,802 21,99 25,441 22,438 22,098
Stocking rate (AU/ha)® 24 a1 26 58 30 34
Stocking density (AU/ha/24h) 151 152 % 8 81 112
Inorganc fertizer (<g/halyr) 0 0 o 31 333 78
Manure (Uhayr) 556 0 o 51 3611 843
Agrochemicals (L/halyr) 0 o o 0 0 0

Area (ha) 1 35 a7 7 06 336
Estimated productivity of silage (kg DM/ha)® 12,348 7,920 16,500 11,234 15,086 12,618
Length of land use (y) 20 50 2 15 2 282
Previous land use Allantic forest Atlantic forest Atlantic forest Atlantic forest Atlantic forest Allantic forest
Inorganic fertiizer (kg/ha/yr) 400 157 127 78 233 199
Agrochemicals (L/halyr) 6 4 3 2 5 4

%DM, Dry Matter of biomass.
bAU, Animal Unit, corresponding to one animal of 450kg.
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