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Production 

 Economic opportunity, but also vulnerability 

with specialized production 

 High cost of fuel and nutrients 

 Pests often greater in monocultures / simple 

rotations 

 Yield can stagnate in monoculture 
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 Pests often greater in monocultures / simple 

rotations 

 Yield can stagnate in monoculture 

Environment 

 Improved nutrient cycling is needed at field 

and regional levels; in crop and animal 

systems 

 Need for conservation of resources is as 

strong as ever 

 Soil, water, carbon, nitrogen, biodiversity 

www.breyfogle.com 
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Conservation Agricultural Systems 
…resource efficiency… 
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— Livestock component 

Cow / calf production 

Dairy production 
www.americasheartland.org 

Stocker cattle production 

Poultry production 
www.ayrshirefarm.com 

Swine 
production 

www.nwnyteam.org 

Integrated crop-livestock systems 
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Integrated crop-livestock systems 



— Socio-economic component 

www.tllbookkeeping.com www.ronboswell.com www.calhounproduce.com 

http://blog.americanfeast.com 

Integrated crop-livestock systems 
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Data from Franzluebbers et al. (2001) Soil Sci. Soc. Am. J. 65:834-841 
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Soil microbial biomass response to 
management intensity 

Data from Jangid et al. (2008) Soil Biol. Biochem. 40:2843-2853 



Soil biodiversity response to management 
intensity 

Data from Jangid et al. (2008) Soil Biol. Biochem. 40:2843-2853 



Data from Stuedemann and Franzluebbers (2007) J. Animal Sci. 85:1340-1350 
and Franzluebbers et al. (2013) Renewable Agric. Food Syst. 28:160-172 

Bermudagrass pasture in 
Georgia Piedmont grazed 
by yearling steers 

Grazing pressure and its impact on 
productivity 

Year of Evaluation

1995 1998 2001 2004

Cattle
Gain

(kg
 . 
ha

-1
)

0

300

600

900

1200

High grazing pressure
(Low forage mass)

Low grazing pressure
(High forage mass)



Data from Stuedemann and Franzluebbers (2007) J. Animal Sci. 85:1340-1350 
and Franzluebbers et al. (2013) Renewable Agric. Food Syst. 28:160-172 

Bermudagrass pasture in 
Georgia Piedmont grazed 
by yearling steers 

Long-term perspective is needed… 
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Multiple-year study investigating grazing of 
cover crops in north Georgia 



Background 

Data from National 
Climatic Data Center 

— Environmental conditions 



Methods 

Conventional tillage Conservation tillage / NT 

Mechanical energy to 

loosen and mix soil 

Chemical energy to keep soil 

surface protected with crop 

residues and organic matter 

— Tillage treatments 



Methods 

— Cover crop utilization treatments 

Ungrazed Grazed 

Cover crop planted to 

protect the soil surface – 

conservation investment 

Cover crop planted as a 

forage consumed by cattle – 

economic return 
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Crop production 

— Summary of major effects 

 Summer grain crops (sorghum, corn, soybean) were 

sometimes inhibited by spring grazing of winter 

cover crop, but wheat was unaffected by summer 

grazing of cover crop 

 Both rye and pearl millet cover crops were 

enhanced with no-tillage (NT) compared with 

conventional-tillage (CT) management 

 Long-term NT resulted in greater yields than short-

term NT 
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Animal production 

— Added value provided by grazing of cover crops 

Additionally: 

 Summer cover crop allowed more grazing time than 

in the spring (52 vs 37 days) 

 No-tillage management of cover crops compared 

with conventional tillage resulted in 28% greater 

cattle gain in spring (57 kg ha-1) and 22% greater 

cattle gain in summer (53 kg ha-1) 

 With cattle gain of 243 + 112 kg ha-1 on cover crops, 

this could equate to an additional $320-640 ha-1 in 

gross sales, depending on cattle price (historically, 

$0.60-1.20 lb-1) 
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Accumulation of soil organic matter with 
perennial grasses 



Soil organic carbon under cropping and 
pastures 

Data from Causarano et al. (2008) Soil Sci. Soc. Am. J. 72:221-230 
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indicator of productivity 
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Franzluebbers and Stuedemann (2010) Soil Sci. Soc. Am. J. 74:2131-2141 
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High soil microbial 
activity sequesters 

N into organic 
matter 
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From Intergovernmental Panel on Climate Change 

Nitrogen – national 
and global issue 
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Therefore, alternatives needed… 

 Biological soil quality can be enhanced using 

conservation agricultural practices and integrated 

nutrient management strategies as part of ICLS 
 

 Limiting disturbance of soil will preserve soil pores 

and organic residues for soil faunal and microbial 

development 

 Adding C- and N-

rich organic 

amendments (e.g. 

crop residues, leys, 

animal manures) will 

enhance microbial 

activity and diversity 



Soil organic matter is a key 
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Urgent need for robust soil health indicators 
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Net N mineralization 

Franzluebbers and Stuedemann  (2015) J. Soil Water Conserv. 70:365-373 

Mean values from 1, 3, 5, and 7 years after converting pasture to 
cropping system with cover crop management (mg N kg-1 24 d-1) 
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Flush of CO2 

Conventional Tillage 

Depth (cm) Ungrazed Grazed 

0-3 218 227 

3-6 193 193 

6-12 150 139 

12-20 112 113 

20-30 74 75 

0-30 532 523 

No Tillage 

Ungrazed Grazed Significance 

524 530 CT < NT 
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66 64 CT > NT 

52 50 CT > NT 

518 520 

Franzluebbers and Stuedemann  (2015) J. Soil Water Conserv. 70:365-373 

Mean values from 1, 3, 5, and 7 years after converting pasture to 
cropping system with cover crop management (mg CO2-C kg-1 3 d-1) 



Relationship of C and N mineralization 

Franzluebbers and Stuedemann  (2015) J. Soil Water Conserv. 70:365-373 
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Summary and conclusions 

 Although many types of integrated crop-livestock systems exist 
and data are limited, there is good reason to promote such 
systems due to synergistic interaction 

 Moderate (or optimum) grazing pressure can achieve goals of 
productivity and environmental quality 

 Grazing of cover crops in cropland should be accompanied with 
conservation tillage to be most effective 
  overall productivity can be enhanced 

 Establishment of perennial grass pastures sequesters soil 
organic C and enhances biologically active soil C and N fractions 

 Biologically active soil C and N fractions are intimately 
associated and change both rapidly and gradually with time 
under ICLS and conservation agricultural systems 

 The flush of CO2 can be a good predictor of N availability 
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