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Archaeological records indicate that some sites were 
occupied for 3000 years: 
   
    - stable, sedentary society  
    - diversified economy  
    - intensive use of the deciduous forest and its resources 
 
 
Dairy products were particularly important;  milking being 
“an advantageous way of using the rich pasture grasses. 

Silvopasture 
and  

European Dark Ages 
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In Europe, for example, human disturbance has been significant for at least 6000 years. Forest clearing, cultivation, the cutting of tree sprouts and limbs for fodder, the localization and intensification of grazing have all had their effects on opening-up the forest canopy, and maintaining clearings. In eastern North America it was not until about 1000 AD that comparable settlements began to make a great impression on the vast continental forests. But the forest regrows and expands with startling rapidity once human pressures are relaxed. In the USA, for example, abandonment began in the difficult to-farm New England highlands from 1840 onwards, and then spread south throughout the eastern seaboard states, and was particularly noticeable in the South after the 1920s. Between 1910 and 1979 a net 60·7 million acres (24·5 million ha) were added to the forest, some of the gains being offset by new clearing in the South and the Mississippi Bottomlands. In other words, the forest grew by about 880 000 acres every year between 1910 and 1979.



TERMINOLOGY FOR GRAZING LANDS AND 
GRAZING ANIMALS by The Forage and Grazing Terminology 

Committee J. of Prod. Agric., vol. 5, no. 1, 1992 pg 191- 201 

• As recently 
as 1992 
Forest 
Grazing was 
preferred 
term. 
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Preferred term back in 1992 was forest grazing.



Secretary Vilsack Highlights First-Ever Report on 
USDA Efforts to Expand Agroforestry Practices on 
Farms, Ranches and Woodlands  Oct. 28, 2013 
  
 • Over the last 5 years, USDA has assisted 

landowners  establish 336,000 acres of agroforestry 
(windbreaks, riparian forest buffers , alley cropping, 
silvopasture, forest farming).  
 

• < 1% of the potentially suitable land. 
 

• Opportunity to significantly expand agroforestry in 
the United States.  



Agroforestry = Sustainable Land-Use 

• Land-use systems that are more complex than 
either crop or tree monocultures result more 
efficient capture and utilization of resources 
(nutrient, light, water). 
 

• Below ground diversity provides more stability and 
resilience at the site-level 
 

• Above ground diversity provides connectivity with 
forests and other landscape features at the 
landscape and watershed levels. 
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Because of the potential for complex interactions and unpredicted consequences, even basic shifts in management, such as tree spacing or spatial orientation of trees and shrubs, can alter a whole host of other factors: microclimate in the understory, crop maturation dates, pest populations, livestock behavior, and crop plant form altering the economic yield



Silvopasture managers must continually  work to 
ensure that sufficient resources – light, water, 
nutrients – are available in the system to support 
the whole system.  

• Intentional 
• Intensive 
• Integrated 
• Interactive 
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With agroforestry, there is a high level of initial planning, and ongoing monitoring necessary to be successful.



Draft NRCS Conservation Practice 
Silvopasture (381) 

 PURPOSES:  
• Provide forage for livestock and the production of wood or 

other tree products. 
• Increase carbon sequestration. 
• Improve water quality. 
• Reduce erosion. 
• Enhance wildlife habitat. 
• Provide shade for livestock. 
• Improve soil health. 
• Increase biological diversity. 
• Establish vegetation for beneficial organisms consistent 

with National Organic Program (NOP) regulations for 
organic and transition-to-organic agricultural systems. 
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Purposes are a mixture of social economic and environmental opportunities. Lots of ecological restrictions that you should learn about before beginning planning for silvopasture.



• Nutrient availability 
• Water quality 
• Soil quality 
• Pollination 
• Biological control 
• Air quality 
• Micro-Climate 

regulation  
 

Farmers Directly Benefit 
From: 
• Timber production 
• Agriculture production 

 

Silvopasture Benefits 

The economic value of ecosystem services is higher than 
the value of marketable products (i.e. timber and 
agricultural products).  
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The economic value of combined non-market services was higher than the value of marketable products (i.e. timber and agricultural products). Farmers only benefited from agricultural and timber products.Compare: switchgrass (Panicum virgatum) buffer, a switchgrass/woody buffer, and a no buffer treatment located at the lower end of agronomic field plots. The switchgrass buffer removed 95% of the sediment, 80% of the total N, 62% of the nitrate-N, 78% of the total P, and 58% of the phosphate-P. The switch grass/woody buffer removed 97% of the sediment, 94% of the total N, 85% of the nitrate-N, 91% of the total-P, and 80% of the phosphate-P in the runoff. While the switchgrass buffer was effective in removing sediment and sediment-bound nutrients, addition of woody species increased the removal efficiency of soluble nutrients by over 20%.



Silvopasture Implementation 

• Forest converted 

• Pasture converted 

• Planted together 
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Silvopasture systems can be implemented using different approaches: pastures where trees or shrubs can be added; forested areas where forages can be added; or 3)  land on which neither the desired trees nor forages exist in sufficient quantity to meet the land use objectives.



• Herbaceous Phase, tree seedlings are subject to 
competition with the forage crop, and livestock impacts. 

 
• Intermediate Phase, trees and forages compete for soil-

based resources (water and nutrients). Livestock impacts 
on trees are diminished (depending on livestock species). 

 
• Arboreal Phase, mature trees control the availability of 

most resources. Livestock have limited impact on trees at 
this stage. 
 

Silvopasture – Dynamic Ecosystem 
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The interactions between tree and crop species may lead to an increased capture of a limiting resource . The system as a whole could then accrue greater total biomass than the cumulative production of those species if they were grown separately on an equivalent land area. Species in agroforestry systems can have different physiological needs for particular resources in certain amounts, at certain times, and possess different structural or biological means to obtain them. This idea can be easily considered in terms of niche separation. The utilization of the environment by any species includes three main components: space, resources, and time. Any species utilizing the same exact combination of these resources as another will be in direct competition, eventually resulting in competitive exclusion. Sharing resources may result in overyielding early on in agroforestry systems, but competition intensifies with time and results in under-yielding in several temperate agroforestry systems. Thus, agroforestry systems may experience a complex series of inter- and intra-specific interactions guided by modification and utilization of light, water, and nutrients.Safety net role: Intensive agricultural practices have led to inefficient use of applied nitrogen and to contamination of surface and subsurface water through nitrate leaching. The “safety net” hypothesis of nutrient capture assumes that the deep roots of trees are capable of retrieving nitrate-N and other nutrients that have leached below the rooting zone of associated agronomic crops, and of eventually recycling these nutrients as litterfall and root turnover in the cropping zone. Also, the longer temporal activity of tree roots, even at the same strata, help capture nutrients. 



500 yr model of management weaves Switzerland’s 
wood-pasture plant community back and forth 

Gillet (2008) Modelling vegetation dynamics in heterogeneous pasture-woodland 
landscapes. Ecological Modeling 217: 1-18 
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Cohabitation of pasture and woodland in a single and diverse silvopastoral ecosystem is not easy to preserve. Bothintensification and extensification of land use may lead to break down this precarious association (Fig. 1). Such historical segregation of woodland and grassland has been observed in many places in the Jura mountains (Barbezat, 2002) and is still a serious threat on wood-pastures. The recovery of a wood-pasture either from a closed forest or an open pasture is not likely to occur without heavy and expensive human interventions. Understanding dynamic processes at work in pasture-woodland is necessary to maintain ecosystem goods and services.



Silvopasture Microclimate -  Southern pine  
Karki and Goodman (2010)  
 

• Solar radiation - 14–58% lower 
 

• Wind speed - 29–58% lower 
 

• Gust speed - 23–58% lower 
 

• Relative humidity, and air and soil temperatures 
were also lower 
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Karki and Goodman (2010) Cattle distribution and behavior in southern-pine silvopasture versus open-pasture. Agroforest Syst (2010) 78:159–168



Silvopasture Microclimate - Appalachia 
• Surface soil temperature remained nearly 

constant. 

• Forages experienced less variation in 
photosynthetically active radiation (PAR) 
and temperature, thus reducing the 
metabolic cost of adaptation to extreme 
conditions. 

• Black locust trees provide near ideal 
microclimate modification for cool season 
grasses.  

• Leafs out late in the spring, loses leaves 
early in the autumn, and provides dappled 
shade during the hottest summer months.  Black locust 
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in a silvopasture the impact of black locust is much more complex than simply that of a legume influencing soil nitrogen levels. Forages shaded from direct beam solar radiation may still receive considerable diffuse radiation in a well designed silvopasture. Radiation use efficiency by vegetation is much greater for diffuse than direct radiation. Black locust trees provide in theory what seems to be an ideal microclimate modification for cool season grasses relative to most other deciduous tree species. This tree leafs out late in the spring, loses its leaves early in the autumn, and provides a dappled shade during the hottest summer months. The lack of statistical significance is also likely due to rapid tree root exploitation of the soil profile across the entire between-tree row area as reported for 2.5 year old black locust trees.Feldhake (2001) Microclimate of a natural pasture under planted Robinia pseudoacacia in central Appalachia, West Virginia Agroforestry Systems 53: 297–303, 2001�



Tree Characteristics and Shade 
• Tree architecture  

shape, height, crown type (depth, density and width)  

 
• Lowest branching  
height  

 
• Leaf phenology  

evergreen 
   vs deciduous  

Trees and pastures interact and compete for resources. 
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For monitoring, it is good to know where, when and how long the shadow is on your transect.Rusch, G. M., Pezo, Danilo, Støen, M. A., Skarpe, C. & Ibrahim, M. 2010. Silvopastures in Central America: PACA – Final report. – NINA Report 570. 50 ppIn silvopasture research, solar input is frequently not measured and instead tree density and age is reported as a qualitative index of light environment expressed as shade Agroforestry Systems (2005) 65: 231–239. it is dependent on gap location within the tree canopy. Midday is the time of day with the least shading by trees and highest incident solar radiation levels.



Mature Aspen    Young Aspen  
% leaf    % wood % sky 
32    32  36 

% leaf    % wood % sky 
70    6  24 

Silvopasture Microclimate 

Characteristics of the trees over its life span is important to know 
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Wolf – elk predation – aspen age structureLess light on the ground in younger stands than older stands. Characteristics of the trees over its life span is important to know.



Impacts of Shade on Understory 
 
• Aboveground interactions modify  microclimatic 

temperature and water vapor content 
 

• Theoretically, C3 plants (wheat, barley, rye, oats, 
orchard grass, fescue) planted under shade should 
perform better than C4 plants (corn, switchgrass) 
and be better suited for agroforestry practices. 
 
 

Presenter
Presentation Notes
Shading is known to change quality of light reaching the understory canopy: overhead canopies absorb mostly the red and blue portions of the solar spectrum so that diffuse radiation will be richer in orange, yellow, and green wavelengths. The phytochrome system of plants interacts with red and infrared wavelengths to influence the amount of growth regulating hormones and thereby growth. Lack of adequate red light is known to influence tillering in grasses, stem production in clover (Trifolium spp), and flowering. The response to shading may also depend on the differences in carbon fixation pathways of the associated crop species. It is well known that photosynthetic rate (Pnet) of C3 plants increases sharply as PAR increases from deep shade up to approximately 25% to 50% of full sunlight, then peaks and remains constant as light is increased further. In contrast, the photosynthetic apparatus of C4 plants does not become light-saturated and continues to increase Pnet up to full sunlight. This difference is related to the respective abilities of C3 and C4 species to use CO2. Theoretically, C3 plants planted under shade should be able to perform better than C4 plants and could be better suited for agroforestry practices. found that two native warm-season legumes, Desmodium canescens and D. paniculatum, exhibited shade tolerance and had significantly higher dry weight at 50% and 80% shade than in full sunlight.



Impacts of Shade on Cool-Season Grass 
(Belesky et al 2006)   

 
• Cooler temperatures associated with 45-50% shade 

may lower cell wall concentrations and slow rate of 
plant maturity.   The outcome is sustained herbage 
productivity, sward persistence, and somewhat 
more predictable nutritive value and grazing 
livestock performance. 
 

• Orchardgrass (but not tall fescue) persists longer in 
in shaded sites (Belesky 2011)   
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Vernalize - Orchardgrass planted in spring and harvested in the year of planting, produced ample herbage mass but nutritive value measured in terms of TDN:CP was low because herbage N was excessive relative to energy. Nutritive value of plants sown late in a growing season and harvested in the subsequent growing season met theoretical ideal energy-protein quotients for efficient animal performance at all except O sites. Plants growing in full sunlight (O) had insufficient herbage N relative to energy. This suggests that nutritive value is improved by modest amounts of shade relative to plants growing in full sunlight, and that allowing cool temperate origin grasses to vernalize is beneficial in terms of nutritive value, as well as persistence .Belesky etal (2006) Dactylis glomerata growing along a light gradient in the central Appalachian region of the eastern USA.  Agroforestry Systems (2006) 67:51–61 Belesky (2011) Tiller production in cocksfoot (Dactylis glomerata) and tall fescue (Festuca arundinacea) growing along a light gradient. Grass and Forage Science, 66, 370–380In general, polymers of fructose, or fructans, accumulate in stem bases of cool-temperate origin grasses when photosynthate production exceeds carbohydrate translocation and utilization rates. Fructan can account for as much as 40% of plant dry mass and influence the pattern of relative carbon allocation among plant structures. Stored TNC is involved in environmental and competitive stress tolerance, and also provides energy for regrowth after defoliation; however, defoliation frequency (brief interval between events) or intensity (minimal plant residual height after an event) can impair TNC replenishment. Canopy defoliation based on leaf development integrates morphological and phenological attributes of forage plants with management and environment, and generally optimizes leaf production. 



Tree Regeneration 

• The long term sustainability establishment of new trees 
to replace  mortality and harvest. 

 
• Lengthen the fire return interval to allow tree 

seedlings to get above lethal flame heights. 
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Rusch, G. M., Pezo, Danilo, Støen, M. A., Skarpe, C. & Ibrahim, M. 2010. Silvopastures in Central America: PACA – Final report. – NINA Report 570. 50 ppSemi-natural -Extend the fire return interval so as to allow tree seedlings to get above lethal flame heights.Converted pasture - Double the open row widths on the initial planting of trees. In 15 years thin rows and plant into open rows. In 15 years harvest initial planting and replant, thin second planting.



Converted Pasture Tree Regeneration  
(Lewis et al 1985) 

 
- 2X row widths on 
the initial planting.  
 
-15 years - thin 
rows and plant into 
open rows.  
 

-30 years harvest 
initial planting and 
replant, thin 
second planting. 
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recommended planting rates (100 to 400 trees/acre) for silvolpastureConverted pasture - Double the open row widths on the initial planting of trees. In 15 years thin rows and plant into open rows. In 15 years harvest initial planting and replant, thin second planting



Tree Regeneration 

Limiting factors: 

• Physical damage of the seedlings by livestock  

• Lack of suitable sites for seedlings (mineral soil) 

• Shade intolerance of seedlings 
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Rusch, G. M., Pezo, Danilo, Støen, M. A., Skarpe, C. & Ibrahim, M. 2010. Silvopastures in Central America: PACA – Final report. – NINA Report 570. 50 ppThe recruitment of these trees was limited at different stages. In some cases, it appears that the production and dispersal of seeds is the limiting factor, which indicates that the current populations would not be viable in the long run. For other species, the limiting stage appears to be the establishment phase. Despite that the seeds are dispersed into the paddocks there is little germination of seeds and sapling establishment. This limitation could be either due to physical damage of the seedlings by cattle or by a limitation of suitable sites for germination and establishment.Semi-natural -Extend the fire return interval so as to allow tree seedlings to get above lethal flame heights.



Woody plants generally use 
stem and branches for 
storage.  
 
Many evergreens do not 
store nutrients in stems, 
but leave resources in the 
last generation of leaves 
and needles. Nutrients 
translocate from there to 
new developing buds.  
 
This make growing points 
vulnerable to loss to 
browsers.  

Tree Response to Browsing 



Tree shelters have 
proved effective in 
preventing cattle from 
trampling and grazing  
oak seedlings. When 
oaks reach 6.5 feet, 
they are generally able 
to withstand cattle 
damage in little- to 
moderately grazed 
pastures. 

Browse Protection  



Browse Protection (Lehmkuhler 2003)  

• Both wire or plastic tree shelters reduced deer browse 
damage of Black walnut and Honey locust and 
improved tree growth over unprotected trees. 
 

• Electric fencing on both sides of tree rows improved 
survival for Virginia pine 
 

• Leave sapling shelters in place for at least 2 years after 
the seedlings have grown up and out of the tops 
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The results of this study illustrated that use of electrified fencing was the most effective method for ensuring adequate protection against cattle damage.These data support previous work on Slash and Loblolly pines in which placing an electrified fence on both sides of the tree row improved survival by 9% to 10% after three years of grazing pressure. Additionally, survival rates of 70% for Virginia pines protected using electric fencing to reduce damage from grazing cattle while unprotected trees had a survival rate of only 42%.Lehmkuhler etal (2003) Tree protection methods during the silvopastoral-system establishment in midwestern USA: Cattle performance and tree damage. Agroforestry Systems 59: 35–42, 2003



Convert Forest to Silvopasture - Missouri 
(Staley 2008)  

• Mixed hardwood natural succession of cut-over 
timberland or abandoned pasture 
 

• Dominated by White oak (Quercus alba L.), with minor 
amounts of Sugar maple (Acer saccharum L.) and Tulip 
poplar (Lirodendron tulipifera L.).  
 

• Understory plants completely absent 
 

• Thinned to allow 50% full sunlight, followed by sheep 
trampling to reduce the forest litter and prepare a 
seedbed for Orchardgrass, perennial ryegrass, and white 
clover. 
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Staley (2008) Conversion of deciduous forest to silvopasture produces soil properties indicative of rapid transition to improved pasture. Agroforest Syst (2008) 74:267–277



Convert Forest to Silvopasture - Missouri 
(Staley 2008)  

 
• Organic-C and organic-N concentrations were reduced in 

silvopasture by 17 and 9%, respectively, indicative of 
substantial litter decomposition.  
 

• Conversion to Silvopasture resulted in a rapid and 
significant change in the soil C and P cycles. 
 

• Soil tests before conversion do not reflect management 
needs after conversion . 
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Staley (2008) Conversion of deciduous forest to silvopasture produces soil properties indicative of rapid transition to improved pasture. Agroforest Syst (2008) 74:267–277



 
Convert Forest to Silvopasture - Appalachia 
(Feldhake et al 2010)  

• Thinned  mature White oak (Quercus alba L.)  

• Establishing two orchardgrass-perennial ryegrass-white 
clover silvopasture replications for comparison with 
two nearby open pasture replications. 

• Total forage yields in silvopastures were only 60% of 
those from open pasture  

 
However, Silvopasture provided environmental services 
such as, improved wildlife habitat, carbon sequestration, 
and capture and recycling of nutrients leached below the 
forage root zone. 
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Feldhake etal (2010) Establishment and production from thinned mature deciduous-forest silvopastures in Appalachia. Agroforest Syst (2010) 79:31–37These systems also provide potential environmental services such as microclimate modification for forages and livestock, improved wildlife habitat, carbon sequestration, and capture and recycling of nutrients leached below the forage root zone.



Conversion Establishment Seeding Mix 
(Kyriazopoulos 2012)  

• Production and nutritive value of forage in 
silvopastoral systems can be improved by 
introducing shade tolerant grass and legume 
species in appropriate mixtures 
 

• A 25:75 mixture of Orchardgrass:Sub clover 
suggested as the most suitable under moderate 
shade (60%), to perpetuate the stand and avoid the 
frequent re-sowing. 
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Production and nutritive value of forage in silvopastoral systems can be improved by introducing shade tolerant grass and legume species in appropriate mixtures. The management of these systems can present a challenge regarding the selection of the proper grass and legume species as well as the maintenance of the optimum balance between the two species in the grass–legume stand. The objectives of the present study were to evaluate the performance of pure stands and mixtures (75:25, 50:50, 25:75) of Dactylis glomerata:Trifolium subterraneum under full sun, 60% shade and 90% shade.However, relative yield, aggressivity index and competitive balance index indicated higher competitive ability for D. glomerata compared with T. subterraneum especially under shade. Therefore, the 25:75 mixture is suggested as the most suitable under moderate shade (60%), to perpetuate the stand and avoid the frequent re-sowing of T. subterraneum.Kyriazopoulos (2012) Forage production and nutritive value of Dactylis�glomerata and Trifolium subterraneum mixtures under different shading treatments. Grass and Forage Science, 68, 72–82



Convert Pasture to Silvopasture 
(Houx et al 2013) 

• Black walnut height growth was greatest in 3’ or larger 
vegetation-free zones. 
 

• Diameter growth was greatest in 4’ vegetation-free 
zones and larger.  
 

• The results suggest that a minimum of a 4’ vegetation-
free zone in tall fescue pastures should be used to 
maximize black walnut height and diameter growth in 
the critical first years of tree establishment. 
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Houx 2013 and Kallenbauk 2010Houx etal (2013) Extent of vegetation-free zone necessary for silvopasture�establishment of eastern black walnut seedlings in tall fescue Agroforest Syst (2013) 87:73–80�



Convert Pasture to Silvopasture – Georgia 
(Karki et al 2013)  

• Diversity of understory species in Silvopasture was 
greater than open-pasture during the early growing 
season (April–May) but was lower during late season 
(Aug.–Nov.). 
 

• Pine needles accounted for about 10 % of the total 
ground cover after 7 years.  
 

• Overstory coverage by the pine canopy was about 11 
% after 7 years. 
 

• Plant community began to vary after 7 years.  
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The impact that alley position relative to trees has on forage species composition in a young longleaf pine-bahiagrass silvopasture. The research was conducted in a randomized complete block design with three replications from 2003 to 2007 at Americus, Georgia, USA in a longleaf pine silvopasture established in 2000 in an existing bahiagrass pasture and an adjoining bahiagrass open pasture. Composition of ground cover and understory vegetation was measured by the point intercept method. This study indicated that conversion of bahiagrass pasture to longleaf-pine silvopasture in the Southern Coastal Plain can influence plant-community characteristics by the time trees are six to seven years old.Karki etal (2013) Plant-community characteristics of bahiagrass pasture�during conversion to longleaf-pine silvopasture. Agroforest Syst (2013) 87:611–619



Grazing Behavior (Rusch et al 2010) 

• Grazing livestock cattle can change the structure and 
composition of the silvopasture.  Knowledge about 
grazing behavior is important to silvopasture 
management. 
 

• Livestock make decisions about where to graze at three 
scales, landscape, forage patch, and parts of plants. 
 

•  Animals make the following four decisions: 
1) which patch type to visit 
2) how long to stay in each patch 
3) which food types to eat in the patch 
4) which foraging path to employ in the patch. 
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Grazed silvopastures are dynamic with shifting yield patterns in response to the interactions between the spatially variable soil, changing seasonal environment, and spatially variable animal impacts for each grazing event.Rusch, G. M., Pezo, Danilo, Støen, M. A., Skarpe, C. & Ibrahim, M. 2010. Silvopastures in Central America: PACA – Final report. – NINA Report 570. 50 ppThrough selective grazing, cattle have the potential to change the structure and composition of the pastureland, and this is normally a result of altered interspecific plant competitive hierarchies. Knowledge about the capacity of livestock to graze selectively in relatively heterogeneous pastures is important for a better understanding of the potential to consume forage of above average value, in addition to increasing the knowledge about the possible effects of grazing on the pasture vegetation.



Grazing  Behavior (Karki and Goodman 2010)  

• Shade in silvopasture appeared to reduce heat stress for 
cattle grazing during warm weather portions of the year. 

• Cattle grazed the landscape more evenly in the 
Silvopasture versus the open-pasture due to reduced 
solar radiation recorded in the Silvopasture.  

• Grazing was the dominant behavior in the Silvopasture 
while loafing was dominant in the open-pasture.  
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Karki and Goodman (2010) Cattle distribution and behavior in southern-pine silvopasture versus open-pasture. Agroforest Syst (2010) 78:159–168�Diurnal distribution patterns of landscape use and behavior of cattle in loblolly-pine (Pinus taeda) tree age 20 years bahiagrass (Paspalum notatum) silvopasture versus open-pasture landscapes. Crimson clover (Trifolium incarnatum) was managed to reseed in both pastures but was only present in March.



• Temperature reductions can help reduce heat 
stress of crops and/or animals. 

•  Shade can reduce the energy expended for 
thermoregulation, which in turn can lead to higher 
feed conversion and weight gain.  

• Cattle provided with shade reached their target 
body weight 20 days earlier than those not 
afforded shade. 

 

Grazing  Behavior 
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Presentation Notes
Shading is known to change quality of light reaching the understory canopy: overhead canopies absorb mostly the red and blue portions of the solar spectrum so that diffuse radiation will be richer in orange, yellow, and green wavelengths. The phytochrome system of plants interactswith red and infrared wavelengths to influence the amount of growth regulating hormones and thereby growth. Lack of adequate red light is known to influence tillering in grasses, stem production in clover (Trifolium spp), and flowering. The response to shading may also depend on the differences in carbon fixation pathways of the associated crop species. It is well known that photosynthetic rate (Pnet) of C3 plants increases sharply as PAR increases from deep shade up to approximately 25% to 50% of full sunlight, then peaks and remains constant as light is increased further. In contrast, the photosynthetic apparatus of C4plants does not become light-saturated and continues to increase Pnet up to full sunlight. This difference is related to the respective abilities of C3 and C4 species to use CO2. Theoretically, C3 plants planted under shade should be able to perform better than C4 plants and could be better suited for agroforestry practices. found that two native warm-season legumes, Desmodium canescens and D. paniculatum, exhibited shade tolerance and had significantly higher dry weight at 50% and 80% shade than in full sunlight.



Grazing and Soil compaction: 
• Increases resistance of soil to root penetration  

 
• Lowers water infiltration rates 

 
• Reduces soil aeration by loss of air-filled macropore space 

 
• Shallow compaction can recover. Compaction by livestock 

hooves is limited to the top 5–10 cm of soil. 
 

• Deeper soil layers are generally slower to recover. Logging 
equipment can compact soil at depths exceeding 50 cm 
 



Grazing – Soil Impacts (Sharrow 2007) 

• Douglas-fir forest, Douglas-fir/subclover pasture/sheep 
silvopasture, and subclover/sheep pasture 
 

• Pastures and silvopastures were grazed each spring, sampled 
over an 11 year period of grazing, and again following 2 years 
without grazing. 
 

• Infiltration rate and total pore space decreased, and , bulk 
density increased compared to the ungrazed forest but the 
water holding capacity of the top 4 inches were equal on all 
sites. 
 

• All changes were reversed with 2 years of no grazing. Lack of a 
vegetation response to treatment differences observed in soil 
properties reflects a general adequacy of soil structure to 
support vegetation, regardless of management system 
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While a considerable body of work has been devoted to understanding the effects of livestock trampling on plants and soils in pastures, less has been done for livestock grazing in forests, and even less is available for silvopastures. Three replications of Douglas-fir forest, Douglas-fir/subclover pasture/sheep silvopasture, and subclover/sheep pasture were established in 1989 near Corvallis, Oregon USA. Pastures and silvopastures were grazed each spring during 1990– 2001. These plots were sampled in 2002, after 11 years of grazing, and again in 2004 following 2 years without grazing. Soil in the silvopastures had13% higher bulk density and 7% lower total porosity than those in adjacent forests in 2002. Most of the difference in total porosity was air-filled pores. Average water infiltration rate was 38% less in silvopastures than in forests, however total water stored in the top 6 cm of soil at field capacity was similar. Soil bulk density, total porosity, and air-filled pore space was similar for forests, pastures, and silvopastures after 2 years without livestock grazing. The infiltration rate of silvopasture soils in 2004 had increased to be similar to those of forests in 2002, however, forest soil infiltration rates also increased and continued to be higher than those of silvopastures.Plant production was not sensitive to changes in any of the soil parameters measured. Although livestock grazing did change soil infiltration rates, soil bulk density, and soil porosity, the effects were quickly reversed following cessation of grazing and had little detrimental effect on silvopasture forage or tree production.Sharrow (20007) Soil compaction by grazing livestock in silvopastures as evidenced by changes in soil physical properties Agroforest Syst (2007) 71:215–223



Grazing Management 
• Variables:  

• Species of livestock grazed (cattle, sheep, goats, horses 
or a combination) 
 

• The animals’ previous grazing experience (can affect 
their  preferences for certain plants) 
 

• Time of year as it relates to plant physiology (animal 
consumption is directed by the seasonal nutrient 
content) 
 

• Animal concentration or stocking density  
 

• Grazing duration 
 

• Animal physiological state 



Grazing Management - Deciduous Trees  
(Fedelhake et al 2010) 

• Deciduous trees shed their leaves allowing greater 
light  penetration during winter and early spring – 
many variables.  
 

• Schedule the first grazing rotation about 20 days 
later in silvopastures than in open pastures.. 
 

• Stubble heights post grazing also need to be higher. 
 



Grazing Management  - CA Oak Silvopasture 
(McCreary and George 2005)  
• Rest pastures to minimize damage to seedlings in the summer 

when dry grass is less attactive. 
 

• Grazing intensity to prevent thatch buildup (rodent damage to 
seedlings). 
 

• Stock densities of less than one cow per acre are preferable. 
 

• Plant more than 0.5 mile from stock water and on slopes greater 
than 20%.  
 

• Place salt, supplements, rubbing posts and water far away from 
planted areas to reduce the time livestock spend near seedlings.  
 

• Cattle follow a predictable daily path of grazing and rest. Avoid 
planting in those areas. 
 
 
 

Presenter
Presentation Notes
McCreary and George (2005) Managed grazing and seedling shelters enhance oak regeneration on rangelands. CaliforniaAgriculture OCTOBER–DECEMBER 2005Grazing season. Rest pastures to minimize damage in the summer, when oak seedlings and saplings are attractive to livestock because they remain green and are surrounded by less attractive dry grass.Grazing intensity. Moderate grazing removes about half of the annual forage production, preventing thatch buildup associated with vole damage to oak seedlings and saplings.Avoid high stock densities. Seedlings and saplings are at a greatly increased risk of damage when pastures are subdivided into many paddocks forintensive grazing regimens. Stock densities of less than one cow per acre are preferable to higher stock densities.Planting oaks more than 0.5 mile from stock water and on slopes greater than 20% can reduce the risk of grazing impacts on oak seedlings. The time livestock spend near oak regeneration sites can also be reduced by placing attractants such as salt, supplements, rubbing posts and water as far away from the oaks as practical. Cattle follow a predictable daily path of grazing and rest. Avoid planting in those areas.



Soil Management 
 
• Belowground 

interactions 
 

• Competition for water 
and/or nutrients 
 

• Allelopathy -Juglone – 
black walnut 
 

• N2-fixation and 
sharing – 650 woody 
species are capable of 
fixing N. 
 

Presenter
Presentation Notes
Although direct transfer of fixed nitrogen from legumes to associated tree species is possible, this can be a slow process, which requires several years for sufficient enrichment of soil nitrogen levels to benefit tree growth. Decreased growth of Pinus radiata for the initial three years in a silvopasture with subclover. At the end of the seventh growing season, however, soil nitrogen was increased by 36% and tree diameters by 14% in silvopasture compared to P. radiata monoculture.  Reported similar growth increases in black walnut when interplanted with leguminous forage crops in the Midwestern United States.Compare: switchgrass (Panicum virgatum) buffer, a switchgrass/woody buffer, and a no buffer treatment located at the lower end of agronomic field plots. The switchgrass buffer removed 95% of the sediment, 80% of the total N, 62% of the nitrate-N, 78% of the total P, and 58% of the phosphate-P. The switch grass/woody buffer removed 97% of the sediment, 94% of the total N, 85% of the nitrate-N, 91% of the total-P, and 80% of the phosphate-P in the runoff. While the switchgrass buffer was effective in removing sediment and sediment-bound nutrients, addition of woody species increased the removal efficiency of soluble nutrients by over 20%.



Carbon Sequestration (Nair et al 2009)  

• The wood of slower-growing, higher specific gravity 
species may accumulate more C in the long-term than 
faster growing species.  
 

• High-specific-gravity wood also constitutes a longer-term 
sink for fixed C (e.g., construction timber, furniture, wood 
crafts) than low-specific-gravity wood used for short-lived 
purposes such as packaging cases and poles.  
 
 
 

Presenter
Presentation Notes
Nair etal (2009) Agroforestry as a strategy for carbon sequestration. J. Plant Nutr. Soil Sci. 2009, 172, 10–23�



Carbon Sequestration (Sharrow and Ismail 2004)    

• Estimates of undisturbed Pacific Northwest coniferous 
forests contain approximately 60% of their stored carbon in 
aboveground biomass. 
 

• Grasslands store approximately 90% of their carbon in soil 
organic matter.  
 

• 11 year-old silvopastures, which have greater total 
biomass productivity than pastures or plantations, and 
which have both pasture below-ground and tree above-
ground carbon cycles active, accrete more carbon. 
 

Presenter
Presentation Notes
Sharrow and Ismail (2004) Carbon and nitrogen storage in agroforests, tree plantations, and pastures in western Oregon, USA Agroforestry Systems 60: 123–130, 2004�Oxidation of soil organic matter together with application of inorganic nitrogen fertilizers tend to make conventionally tilled agricultural systems net sources of both nitrogen and carbon emissions. Grasslands, young growing forests, in contrast, tend to accrete organic matter over time. Forests are often favoredfor carbon sequestration because of their ability to accumulate large amounts of organic matter in woody biomass and decay resistant litter. Grasslands may accrete equivalent amounts of organic matter as forests, but their contribution is often under emphasized because most storage is in soil organic matter rather than in aboveground biomass. Estimates presented for undisturbed Pacific Northwest USA ecosystems by Houghton and Hackler 2000 suggest that while coniferous forests contain approximately 60% of their stored carbon in aboveground biomass, grasslands store approximately 90% of their carbon in soil organic matter. In general, our data suggest that pastures and young forest plantations store similar amounts of carbon. Pasture carbon storage is almost entirely below-ground. While young plantations and agroforests also store most of their carbon as soil organic matter, aboveground accumulation of litter and tree biomass are also important storage compartments, together accounting for 12% and 9% of total carbon stored in agroforests and plantations, respectively. As hypothesized, 11 year-old agroforests, which have greater total biomass productivity than pastures or plantations, and which have both pasture below-ground and tree above-ground carbon cycles active, accrete more carbon.



Nitrogen fixing plants 

• Leguminous Trees/shrubs 
• Black locust (Robinia pseudoacacia)  
• Leucaena (Leucaena leucocephala) 
• Mesquite (Prosopis glandulosa) 
• Silk tree (Albizia julibrissin)  

• Leguminous Herbaceous species 
• Alfalfa (Medicago sativa) 
• Clover (Trifolium spp.) 
• Hairy vetch (Vicia villosa)  

• Non-leguminous trees and shrubs  
• Alder (Alnus spp.)  
• Autumn olive (Elaeagnus umbellata) 
• Snowbrush (Ceanothus velutinus) 



Silvopasture trees 

• Douglas fir (Pseudotsuga 
menziesii) 

• Ponderosa pine (Pinus 
ponderosa) 

• Oregon White Oak 
(Quercus garryana) 

• Red alder (Alnus rubra) 
• KMX hybrid pine (Pinus 

radiata × P. attenuata) 
 

 

• Black locust (Robinia 
pseudoacacia) 

• Honey locust (Gleditsia 
triacanthos) 

• Tulip poplar (Lirodendron 
tulipifera)  

• Black walnut (Juglans 
nigra) 
 
 



Silvopasture herbaceous 
• Perennial ryegrass (Lolium 

perenne) 
• Tall fescue (Schedonorus 

arundinaceus) 
• Orchardgrass (Dactylis 

glomerata) 
• Big bluestem (Andropogon 

gerardii) 
• Roemer’s fescue (Festuca 

roemeri ) 
• Colonial bentgrass (Agrostis 

capillaris) 
• Smooth bromegrass 

(Bromus inermis) 
 
 
 
 
 
 
 

• Subterranean clover 
(Trifolium subterraneum) 

• Crimson clover (Trifolium 
incarnatum)  

• White clover (Trifolium 
repens) 
 
 
 
 



Summary:  Silvopasture is a system characterized by 
integrating trees or shrubs with forage and livestock 
production in the same acreage to utilize space, 
growing season, and growth factors more 
intentionally. The goal of a silvopastoral system is to 
optimize, rather than maximize, production of all 
three components.  
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