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Adaptive rotational grazing = ARG

2

• What am I talking about?
• Adaptive multi-paddock, management 

intensive grazing, holistic planned grazing

• How I’m defining it:
• Informed by a grazing plan to premeditate and 

guide grazing decisions throughout the year
• Animal movement through smaller paddocks 

during the grazing season (>10 paddocks) 
using either mobile electric fencing, range 
riding, etc

• Incorporated and targeted pasture rest 
• Moderate-high animal stock densities (either 

seasonally or year-round) to meet goals
• Adaptive based on monitoring outcomes
• Commonly associated with holistic decision-

making framework, but not all 
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Current literature 

• Several studies on 
temperate grasslands 
in TX, MI, Southeastern 
US, Alberta 1-4 

• Soil C sequestration 
rates of ARG range 
from ~1-3.5 Mg 
C/ha/yr

• This is higher than 
most other grazing + 
soil carbon studies 
(average = 0.3-0.5 Mg 
C/ha/yr) 5

3

• There are only TWO 
studies of ARG in the 
Western US

• ONLY ONE measured 
soil C
• South Dakota prairie
• Showed increased soil 

C vs heavy continuous 
but not low 
continuous grazing 6

• The other didn’t 
measure soil C, but 
showed ARG only 
improved forage 
conditions in above 
average precipitation 
years 7

• Few global studies of 
impact of ARG on soil 
C in arid + semi-arid 
rangelands

• Some studies on other 
ecosystem impacts:
• Water infiltration 6,8

• Soil water content 9

• Soil GHG fluxes 10-11

• IN SHORT: the impact 
of ARG on soil C in 
semi-arid rangelands 
is largely unknown

ALL STUDIES US RANGELANDS SEMI-ARID RANGE
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Why is the research so limited?

4

1. Classic agronomic experiments are 
non-adaptive by design 
1. Set stocking densities
2. Set rest, recovery, and rotation 

schedules

2. Short duration research may not 
pick up on long-term changes

3. Scientists aren’t ranchers!
4. “Natural” on-ranch studies = more 

representative, but scientifically 
limited 
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Other important soil science considerations 

Not all carbon 
cycles the same way 

12-13

• Particulate organic 
matter
• Soil carbon “checking 

account”

• Mineral associated 
organic matter
• Soil carbon “savings 

account” 
7

Digging deeper: the 
importance of deep 

soil samples 14-15

• Most soil C studies 
only sample down to 
30 cm

• More than 50% of all 
grass and rangeland 
soil C is contained 
below 30cm 16

• Deep sampling is 
necessary to get the 
full soil C story 

Spatial 
heterogeneity and 

sample density 17-18

• Detecting small soil C 
changes on variable 
rangelands = finding a 
needle in a haystack!

• Need lots of samples 
for reliable estimates  
(Stanley et al. in review)
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Central questions of my study

How does soil C 
change in different 

pools under different 
grazing management?

How does vegetation 
change under ARG vs 
conventional grazing 

management?

Impact of ARG on 
soil carbon?

Different forms of 
soil carbon?

Vegetation?

How does ARG affect 
soil carbon versus 
more conventional 

grazing management in 
CA?

11
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Methods

• Developed grazing 
management and ranch 
ecological criteria 

• Phone calls, rancher 
interviews, and site visits 
June 2019 – Jan 2020 

• 4 paired ARG/CONV 
ranch pairs across 
northern CA

• All grazed beef cattle, 
non-irrigated rangelands, 
no other management 
interventions

12

• On-ranch data collection

• Soils
• Collected 360 samples 

from each ranch pair, 
totaling 1440 samples

• Sampled in 0-10, 10-30, 
30-50, and 50-100cm 
depths

• Vegetation
• Line point-intercept and 

nested quadrat data 

• Water
• Full water retention 

curves 

• Analyzed all soils for C + 
N using elemental 
analysis by dry 
combustion 

• Texture

• Soil C fractions
• DOM, fPOM, oPOM, 

MAOM

• Equivalent soil mass 

• Analyzed data with 
mixed models, 
significance level = 0.05

What I did and how I did it 

RANCH SELECTION 
CRITERIA 

FIELD                  
SAMPLING 

LAB AND                            
DATA ANALYSIS 
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Some, not all, ARG 
ranches have higher 
soil carbon 
1. 3/4 ARG ranches (sites 2,3,4) had 

significantly higher surface soil C 
than their neighboring 
conventional ranches 

2. 2 (sites 2 & 4) ARG ranches had 
significantly greater soil C all the 
way down to 1m deep 

3. ARG ranch at site 3 had been 
previously tilled, but showed soil C 
accumulation in the surface 

4. Site 1 showed no differences in soil 
C between different grazing 
management strategies 

Average  
5.3 Mg C/ha

or
16% 
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Adaptive rotational 
grazing mainly 
increased soil C in 
the mineral pool
• The biggest differences in 

soil C between ARG and 
conventional grazing was 
in the mineral pool: 

MAOM
• But at site 3, the 

difference was in the soil 
aggregate pool:

oPOM
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Some things to chew 
on...

• How does plant community 
composition play a role?
• Does it predispose some sites toward 

soil C sequestration under ARG?
• Or does ARG change soil C by way of 

shifting plant community 
composition and cover?

• Are there any measurable impacts on 
soil water?
• Is this tied to soil C change under 

ARG?
• Are there non soil C water benefits?

• I measured all this – more data to 
come!
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What does all this mean?

1. This study shows some evidence that 
ARG can increase soil carbon on CA 
rangelands compared to conventional 
grazing management 

2. However, not all sites seem to be 
responsive to ARG

3. Land use history, edaphic factors, plant 
communities interact with and 
potentially moderate grazing 
management’s impacts on soil C

4. Soil C under ARG was largely added to 
the mineral associated C pool 

20

1. Grazing management is not a 
lost cause for soil C 
sequestration on CA rangelands!

2. But outcomes aren’t universal or 
guaranteed

3. Persistent soil C from ARG is 
good news for climate change 
mitigation 

Key Takeaways Implications
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Unknowns: a call for 
future research 

This is the first study to analyze the impact 
of ARG on soil C outcomes on California 

Rangelands
Further research is needed to better 

understand where, when and how ARG 
impacts soil carbon in California

Research on drivers of soil C sequestration 
under ARG is a clear next step 

21
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Thank you
Happy to answer questions!

paige.stanley@berkeley.edu
paige.stanley@colostate.edu

23



P. Stanley, CCRC Spring 2022

References
1 Teague, W. R., Dowhower, S. L., Baker, S. A., Haile, N., DeLaune, P. B., & 
Conover, D. M. (2011). Grazing management impacts on vegetation, soil 
biota and soil chemical, physical and hydrological properties in tall grass 
prairie. Agriculture, Ecosystems & Environment, 141(3–4), 310–322.
2 Stanley, P. L., Rowntree, J. E., Beede, D. K., DeLonge, M. S., & Hamm, M. W. 
(2018). Impacts of soil carbon sequestration on life cycle greenhouse gas 
emissions in Midwestern USA beef finishing systems. Agricultural systems, 
162, 249–258.
3 Rowntree, J. E., Stanley, P. L., Maciel, I. C. F., Thorbecke, M., Rosenzweig, S. 
T., Hancock, D. W., Guzman, A., et al. (2020). Ecosystem Impacts and 
Productive Capacity of a Multi-Species Pastured Livestock System. Frontiers 
in Sustainable Food Systems, 4.
4 Mosier, S., Apfelbaum, S., Byck, P., Calderon, F., Teague, R., Thompson, R., & 
Cotrufo, M. F. (2021). Adaptive multi-paddock grazing enhances soil carbon 
and nitrogen stocks and stabilization through mineral association in 
southeastern U.S. grazing lands. Journal of Environmental Management, 
288, 112409.
5 Conant, R. T., Cerri, C. E. P., Osborne, B. B., & Paustian, K. (2017). Grassland 
management impacts on soil carbon stocks: a new synthesis. Ecological 
Applications, 27(2), 662–668.
6 Hillenbrand, M., Thompson, R., Wang, F., Apfelbaum, S., & Teague, R. 
(2019). Impacts of holistic planned grazing with bison compared to 
continuous grazing with cattle in South Dakota shortgrass prairie. 
Agriculture, Ecosystems & Environment, 279, 156–168.

7 Augustine, D. J., Derner, J. D., Fernández-Giménez, M. E., Porensky, L. M., 
Wilmer, H., & Briske, D. D. (2020). Adaptive, multipaddock rotational grazing 
management: A ranch-scale assessment of effects on vegetation and 
livestock performance in semiarid rangeland. Rangeland Ecology & 
Management.
8 Döbert, T. F., Bork, E. W., Apfelbaum, S., Carlyle, C. N., Chang, S. X., Khatri-
Chhetri, U., ... & Boyce, M. S. (2021). Adaptive multi-paddock grazing 
improves water infiltration in Canadian grassland soils. Geoderma, 401, 
115314.

9 Weber, K. T., & Gokhale, B. S. (2011). Effect of grazing on soil-water content 
in semiarid rangelands of southeast Idaho. Journal of Arid 
Environments, 75(5), 464-470.
10 Ma, Z., Shrestha, B. M., Bork, E. W., Chang, S. X., Carlyle, C. N., Döbert, T. F., 
... & Boyce, M. S. (2021). Soil greenhouse gas emissions and grazing 
management in northern temperate grasslands. Science of The Total 
Environment, 796, 148975.
11 Dowhower, S. L., Teague, W. R., Casey, K. D., & Daniel, R. (2020). Soil 
greenhouse gas emissions as impacted by soil moisture and temperature 
under continuous and holistic planned grazing in native tallgrass 
prairie. Agriculture, Ecosystems & Environment, 287, 106647.
12 Cotrufo, M. F., Ranalli, M. G., Haddix, M. L., Six, J., & Lugato, E. (2019). Soil 
carbon storage informed by particulate and mineral-associated organic 
matter. Nature geoscience.



P. Stanley, CCRC Spring 2022

13 Lavallee, J. M., Soong, J. L., & Cotrufo, M. F. (2020). Conceptualizing soil organic matter into particulate and mineral-associated forms to address global 
change in the 21st century. Global Change Biology, 26(1), 261–273.
14 Tautges, N. E., Chiartas, J. L., Gaudin, A. C. M., O’Geen, A. T., Herrera, I., & Scow, K. M. (2019). Deep soil inventories reveal that impacts of cover crops and 
compost on soil carbon sequestration differ in surface and subsurface soils. Global Change Biology, 25(11), 3753–3766.
15 Slessarev, E., Zelikova, J., Hamman, J., Cullenward, D., & Freeman, J. (2021). Depth matters for soil carbon accounting. CarbonPlan. Retrieved November 13, 
2021, from https://carbonplan.org/research/soil-depth-sampling
16 Jobbágy, E. G., & Jackson, R. B. (2000). The vertical distribution of soil organic carbon and its relation to climate and vegetation. Ecological applications, 10(2), 
423-436.
17 Kravchenko, A. N., & Robertson, G. P. (2011). Whole-Profile Soil Carbon Stocks: The Danger of Assuming Too Much from Analyses of Too Little. Soil Science 
Society of America Journal, 75(1), 235.
18  Devine, S. M., O’Geen, A. T., Liu, H., Jin, Y., Dahlke, H. E., Larsen, R. E., & Dahlgren, R. A. (2020). Terrain attributes and forage productivity predict catchment-
scale soil organic carbon stocks. Geoderma, 368, 114286.
19 Haddix, M. L., Gregorich, E. G., Helgason, B. L., Janzen, H., Ellert, B. H., & Francesca Cotrufo, M. (2020). Climate, carbon content, and soil texture control the 
independent formation and persistence of particulate and mineral-associated organic matter in soil. Geoderma, 363, 114160.

References continued 

25

https://carbonplan.org/research/soil-depth-sampling

