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Abstract: Silvopasture, the combination of trees, forage and livestock is management 

practice that is slowly gaining momentum throughout the southeastern U.S. One of the primary 

challenges of silvopasture is identifying a proper timber spacing for silvopasture systems. In this 

experiment, four different timber spacings (8x8, 8x10, 10x10 & 6x10) were planted and analyzed 

to determine which spacing is most profitable. Using field measurements, biometric modeling 

and economic analysis, these silvopasture spacings, addition to forage and timber monocultures 

were analyzed to determine which system is most profitable. Results indicate that an 8x10 or 8x8 

timber spacing yield optimal returns for silvopasture with net present values being around 

$1,108-$1,242/ac., however timber monocultures are the most profitable overall system with net 

present values between $1,294.04 and $1,437.59/ac. 
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INTRODUCTION 

 Agro silvo-pastoral or silvopasture, is a system in which woody perennials are grown 

with agricultural crops, forage crops, and livestock production (Allen et al., 2011). Silvopasture 

has slowly increased in popularity throughout North America (Frey et al., 2018), and while the 

management regime is still under development, landowners using silvopasture seek to diversify 

their income streams by having multiple products to sell over a given time frame (Grado et al., 

2001).  

Despite its limited adoption, a segment of landowners have consistently been interested 

in  the prospect of silvopasture partly due to it’s environmental benefits (Sharrow, Brauer, and 

Clason 2009) and higher returns compared to conventional forestry (Husak et al., 2000). In the 

southeast, loblolly pine (Pinus tadea) is the most commonly planted softwood species (Grado et 

al., 2001). In states like Mississippi, softwood timber production is extremely popular, consisting 

of almost 45% of the state’s land base (Hartsell and London 1995). This trend is similar 

throughout the entire southeast with loblolly plantations covering approximately 43 million acres 

of the South and over two-thirds of harvest coming from these plantations. Also growth rates of 

pine plantations have been consistently increasing due to genetic research focused on yield and 

disease resistance. These plantations also consists of less than 25% of the forested land base in 

the southeast indicating high volume returns and productivity on limited acreages.  For these 

reasons loblolly is typically selected for silvopasture as well. 

Planting native warm season grasses is common among many ranchers and farmers in the 

South (Keyser et al., 2011). Warm season grasses are typically cultivated for dual purposes, the 

first being for their growth and the second for their benefits to the environment.  Warm season 

grasses like bahiagrass (Paspalum notatum) and little bluestem (Schizachyrium scoparium) are 
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perennials that typically grow faster than cool-season grasses like Kentucky bluegrass (Poa 

pratensis) or tall fescue (Festuca arundinacea) (Keyser et al., 2011) . The ecosystem benefits of 

warm season grasses include, but are not limited to, amenities such as pollinator attraction, 

wildlife habitat and soil erosion mitigation (Baker et al., 2012).  These environmental benefits 

appeal to many farmers and ranchers because they maintain soil integrity and biodiversity, which 

is an increasing concern among the public and sustainable farmers. These warm season grasses 

can serve as a forage or hay by which a farmer can sell or let livestock graze (Anderson and 

Scherzinger 1975).  

Lastly, native warm season grasses such as big bluestem (Andropogon gerardii) and 

switchgrass (Panicum virgatum) are often chosen for their low maintenance and high yields. 

Many native warm-season grasses like bluestem and switchgrass are also perennials, which 

persist longer than one growing season. Perennial grasses provide many benefits such long term 

forage growth (Doxon et al. 2012) in addition to long-term economic benefits compared to 

annuals, which must be replanted every year. They can be grown effectively without excessively 

high inputs and labor; yielding high financial returns if managed correctly (Doxon et al., 2012).  
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LITERATURE REVIEW  

The Definition of Silvopasture 

Silvopasture is a term that has been commonly misinterpreted by many foresters and 

natural resource professionals.  Often confused with woodland grazing or alley cropping, 

University of Georgia Cooperative researchers define silvopasture as an agronomic system by 

which livestock, agricultural crops and timber crops are incorporated into a single management 

operation. According to an Extension article (Zinkhan & Mercer 1996) co-op, silvopasture can be 

divided into two main categories: silvopasture with grazing and silvopasture without grazing.  

Alley cropping is conventionally defined as an intercropped system by which a perennial 

timber species and agricultural crop are incorporated into a single management system (Allen et 

al., 2011), where the primary difference between silvopasture and alley cropping is the 

incorporation of pastureland instead of agricultural crops (Zinkhan & Mercer 1996). Alley 

cropping does not use pastureland or forages in its setup, but a silvopasture system can still have 

alleyways incorporated in them (Karki et al., 2016). A silvopasture system, with grazing, is an 

integrated management practice by which livestock, pasture, and timber are combined into one 

system, typically with livestock consuming the forages being produced (Allen et al., 2011). A 

silvopasture system with without grazing is defined as the integration of pastureland and timber 

production, typically for hay or livestock leasing (Zinkhan & Mercer 1996).  

Silvopasture is much different from woodland grazing as well. Woodland grazing is 

generally unmanaged livestock grazing in forested areas (Ford et al., 2019). Since the practice is 

primarily unsupervised, woodland grazing promotes the risk of soil compaction, tree damage, 

overgrazed understories which can lead to reduced water quality. Reductions in timber and forage 

yield are also documented effects of woodland grazing (Ford et al., 2019) 
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In the Southeast, pine and various oak species are typically alley cropped with agronomic 

commodity crops such as, wheat (Triticum spp.), corn (Zea mays) and soybeans (Glycine max) 

(Cubbage et al. 2012); however, there are some examples of pine agroforestry systems that include 

pasture grasses.  These pasture species are mostly C4, which cycle carbon dioxide into four-carbon 

sugar compounds to be entered into the Calvin cycle (Nair et al., 2007), which is an environmental 

benefit due to carbon sequestration. 

 

Design & Species Selection of Silvopastoral Systems 

Silvopasture can be established in a variety of different ways. Single row, double rows, 

cluster formations, and also random spacing designs are but a few methods of silvopastoral setups 

(Karki et al., 2016). In addition to silvopastoral design species selection of timber, livestock and 

forage are also critical to consider when establishing silvopastoral systems (Fike et al., 2018). In 

the Southeast, systems typically consist of pine or hardwoods such as black locust (Robinia 

pseudoacacia), honey locust (Gleditsia triacanthos), or less commonly, oaks intercropped with a 

warm season, cool season, or mixture of forages. Loblolly is typically selected for its fast growth 

rates and its localized adaption to southeastern U.S climates (Schultz 1997).  

According to some agroforestry analysts, “grazing potential in the southern U.S is higher 

than any other region in the United States (Pearson 1991). However, the adoption of silvopasture 

still remains relatively stagnant among southeastern landowners (Zinkhan et al., 1996).  

Species selection varies depending on region, climate, topography, and different 

management objectives (Fike et al., 2017). For example in  mid-western states such as Missouri, 

silvopasture is used to reduce land erosion and soil degradation from intensive cattle management 

(Garrett et al. 2004) A few species such pecan (Carya illinoinensis)  are typically selected to 
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provide an annual sources of income and timber.  At low production levels, scattered pecans could 

be used for livestock mast, but usually livestock would be rotated out of the tree fields at harvest 

time for the valuable nut crop.  Cattle are used to keep grass competition minimized and many 

farmers enjoy the benefits of having an annual fruit or nut crop. In some cases the husks from 

black walnut (Juglans nigra) can actually increase forage yields in certain native warm season 

grasses (Houx, Garrett, & McGraw 2008). However, more emphasis is typically allocated to cattle 

management and the environmental benefits associated with silvopasture opposed to intensive 

timber management. Timber growth is typically slower in mid-western states as well, causing long 

rotations compared to the Southeast, which thus extends timber rotation, and lengthens time 

periods where landowners see financial returns from silvopasture.  

Forage selection is a critical component of silvopasture systems as well. Similar to timber 

selection, forage choice is heavily geared toward climate, topography, soils, and location (Fike et 

al., 2017). Unlike timber production, forages are highly sensitive to rainfall and precipitation in 

regards to yield and productivity (Holcomb, Keyser, & Harper 2004).  Forage yields can be 

drastically impacted by drought and oversaturated conditions. However the effects of forage yield 

as they relate to precipitation are both species and site dependent, making it difficult to quantify 

how climatic factors influence overall forage yields in silvopastoral systems.  

As  previously noted, forages come in two seasonal varieties, warm-season and cool-season 

(Keyser et al., 2011). Warm season forages are typically planted in early March to late April and 

cool-season between early September and late October (Keyser et al., 2011).  Generally speaking, 

warm season forages produce more biomass than cool-season forages (Keyser et al., 2011) 

however cool season forages have been documented to have more shade tolerance than warm-

season counterparts, (Garrett et al., 2004). 
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While seasonal variety is an important selection criteria for forage management, it’s also 

important to consider the life span of the potential forage. Like many herbaceous plants, forages 

can be annual or perennial in life span. (Keyser et al. 2011)  Perennial forages are grasses or 

legumes that live longer than one growing season. Annual forages must be replanted each growing 

season. Perennial forages are typically more difficult and expensive to establish, but can yield 

higher economic returns (Keyser et al. 2011). However, annual forages such as white clover may 

add increased environmental benefits such nitrogen fixation, which can offset fertilization costs 

(Sharrow, Brauer, & Clason 2009).  

It is also important to recognize profound distinctions between forages with the same life 

span and seasonal classification.  For example, grasses like switchgrass (Panicum virgatum), and 

little bluestem (Schizachyrium scoparium) are both perennial warm-season grasses. However, the 

two vary significantly in physiology, growth rates and site adaptability. For example switchgrass 

can grow well in extremely saturated soil conditions and produce high yields, while little bluestem 

is adapted to drier site conditions and exhibits poor performance in waterlogged soils.  

In a similar fashion, cool season legumes such as red clover (Trifolium pretense) are also 

selected in silvopastoral systems both as a food and fertilizer source. Red clover is a nitrogen-

fixing legume that has been found to increase the productivity of surrounding plants by converting 

ammonium (NH4
+)  to nitrate (NO3

-) (Sharrow, Brauer, & Clason 2009). However, red clover and 

other legumes consumed in excess cause bloat in ruminants, a condition that causes the animals 

stomach to expand and reduces the animal’s capacity for digestion. The biomass yields for cool-

season legumes is also typically significantly less than warm season grasses (Keyser et al., 2011). 

Despite this tradeoff legumes provide environmental benefits to surrounding plants by making 
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nitrogen readily available and in some cases receive added benefit from shade cover (Garrett et. al 

2004) increasing their biomass yield production when exposed to 40-60 % shade cover.  

Environmental benefits 

Silvopasture has been praised for its multiple land uses and diverse benefits to plants and 

wildlife (Husak & Grado 2000) ecological benefits of silvopasture include increased biodiversity 

among insects and herbaceous plant species (Barker et al., 2012). Reductions in soil erosion, soil 

degradation and improved water quality (Dangerfield and Harwell 1990) of silvopastoral sites 

have been well documented. Silvopasture systems have also been recorded to attract increased 

levels of pollinating insects due to the higher diversity of plants, which in turn initiates higher 

bird diversity (Barker et al. 2012). In silvopasture grasses typically attract grazing mammals such 

as white tailed deer (Odocoileus virginianus) and ground nesting birds like northern bob white 

quail (Colinus virginianus) (Grado, Hovermale, & St. Louis 2001).  

The combination of grass and timber habitat also provide cover for burrowing as rodents 

such as the southeastern shrew (Sorex longirostris) and eastern mole (Scalopus aquaticus) which 

are critical food sources for  predatory reptilian species like the hog-nosed snakes (Heterodon 

nasicus). Indeed due to the combination of timber and pastureland, more ecological niches can 

be fulfilled. Increased tree productivity is also an additional benefit of timber grown in 

silvopasture systems (Sharrow, Brauer, & Clason 2009). Due to nitrogen fixation from legume 

species such as red clover (Trifolium pratense) or through frequent fertilization, tree species 

grown in silvopastoral systems typically grow faster than trees grown in conventional 

monocultures.  

However, one caveat behind this increased tree growth is the location where this biomass 

is being directed. Studies indicate that the increased productivity of silvopasture trees is being 
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allocated to leaf area as opposed to stem volume (Sharrow Brauer, & Clason 2009). In other 

words, trees that grow in silvopasture systems are more productive biologically speaking.   

However this increased productivity does not necessarily equate to trees that are more valuable. 

Resource allocation is geared more toward leaf production than stem biomass, which does not 

necessarily translate to increased merchantability.  Planting tree in rows versus wide individual 

trees can improve merchantability, or stems can be pruned to make better timber.  

Management Challenges of Silvopastoral Systems 

Many challenges exist for silvopastoral systems. According to previous polls by 

silvopasture landowners and practitioners, fencing and livestock damage to timber was one of 

primary issues of silvopastoral management (Zinkhan & Mercer 1996). Reducing livestock 

damage to trees has been one of the primary challenges of implementing silvopastoral systems. 

While there are many different methods to managing livestock in silvopasture, electrified poly 

wire fencing has proven to be an effective method to reducing timber damage from livestock 

(Lehmkuhler et al., 2003). However this presents an additional management cost which further 

adds to the financial complexities of silvopasture. Indeed, in order to keep timber grazing from 

cattle at a minimum, some authors have recommended minimum tree heights of at least 18 

inches (Husak et al. 2000) to 59 inches tall (Lehmkuhler et al. 2003) to reduce the risk of tree 

damage by cattle.  In similar field trials, researchers waited until the trees were more than 15 feet 

tall for hardwoods to 20 feet tall for pines to introduce cattle in a field trial in North Carolina 

(Cubbage et al. 2012).  Some research suggests that the introduction of cattle will have no 

negative impact on tree growth (Byrd & Lewis 1983), but rotational grazing to minimize any 

damage to tree roots and prevent soil compaction is required.   However, due the low volumes 
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per acre and additional considerations such as minimizing pasture damage during harvest (Fike 

et al., 2017) could possibly make silvopasture unattractive to many loggers. 

 Additional challenges include competition among different species (Arbuckle 2009). 

Shading effects from timber and the reduction of grass yields over time are other major 

criticisms of silvopasture. Grazing land for livestock competes heavily with forestland (Anderson 

& Scherzinger 1975) making it difficult for farmers to integrate or consider timber management. 

Often farmers decide to clear-cut forested areas to extend pastureland. Rarely is silvopasture 

considered. Species selection is also a major problem in silvopasture systems. Timber species, 

forage species, (cool-season, warm-season, or mixture), forage cultivar, livestock species, and 

the interactions between these three parameters is neither well understood nor well researched.   
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CENTER FOR ENVIRONMENTAL FARMING SYSTEMS CASE STUDY 

 

We examined the application of an agroforestry system that was intended to be used for 

silvopasture based on a case study of a tree planting at the Center for Environmental Farming 

Systems (CEFS) in Goldsboro, NC.  This section describes the case, which provided empirical 

data to assess the merits of silvopasture based on actual growth and yield of loblolly pine (Pinus 

taeda), and serves as a demonstration for eastern North Carolina.      

 

Experimental Design 

In 2012, a 5-acre (2.02 hectares) silvopastoral demonstration was established at CEFS. The 

research site had previously been managed as an agricultural farm field where rotational crops 

such as corn, soybeans, and wheat were cultivated for both profit and research purposes. The 

demonstration consisted of planting loblolly pine (Pinus tadea) using a simple block design, with 

four repeating blocks.  

In the experiment, each block was planted in rows of three at varying densities (see 

Figure 1). Block 1 is planted with a 10ft x 10ft spacing (435 Trees per acre), Block 2 with an 8ft 

x 10ft spacing (544 Trees per acre), Block 3 with an 8ft x 8 ft. spacing (680 Trees per acre), and 

Block 4 with a 6ft x 10ft spacing (726 Trees per acre). Occurring next to each block are 

unmanaged 40-foot alleyways consisting of herbaceous species such as dallisgrass (Paspalum 

dilatatum), horseweed (Erigeron canadensis), sow thistle (Cirsium spp.), and black medic 

(Medicago lupulina).  This type of silvopastoral setup is known as alley cropping, a method of 

agroforestry commonly practiced in the western hemisphere. Alley cropping is thought to reduce 
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shade and nutrient competition among plants by placing trees and grass crops beside one another 

instead of underneath.   

The research site had previously been managed with rotational crops such as corn (Zea 

mays), soybeans (Glycine max), and wheat (Triticum sativum) [See Appendix 1.0], but since the 

silvopastoral demonstration is relatively new, no cattle or livestock have been introduced, and 

therefore no analysis will be conducted on these parameters.      

Field Data Methods 

Using field measurements, biometric modeling, and discounted cash flow analysis, 

timber yields, forage yields, and overall revenue streams have been predicted and analyzed over 

a 25-year rotation. Timber prices were acquired from 2019 3rd quarter F2M (Forest2Market) 

stumpage values and forage prices were obtained from USDA Hay Reports 

(https://www.ams.usda.gov/market-news/hay-reports).  Statistical modeling was also conducted 

to determine if significant differences exists between height and diameter among the four 

spacing’s. T-test, ANOVA, and Tukey’s HDS were the three statistical tests used in this case 

study. Indeed, the primary objective of this research is to predict how timber and forage yields 

are affected by different timber spacing in addition to analyzing the economic tradeoffs that 

come with silvopasture. 

For data collection, heights, diameters, tree mortality, and fusiform rust were measured 

for each tree. Tree diameters were measured using a standard dbh tape and tree heights with a 

vertex hypsometer. A vertex hypsometer is an electronic measurement tool commonly used in 

forestry research. It uses laser technology to calculate the horizontal distances between objects in 

addition to the angle relative to where the operator is standing. It then uses trigonometric 

about:blank
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functions to calculate a vertical height using both horizontal distances and angles. This 

instrument was chosen over the traditional clinometers to improve accuracy of height 

measurements. After obtaining field measurements, soil samples were collected in both the tree 

and pastured areas. Roughly, ten soil samples were collected and sent to the NCDA (North 

Carolina Department of Agriculture) for analysis. The soil analysis was conducted using 

Mehlich-3, a chemical extractant used to determine nutrient availability in the soil (Hardy, 

Tucker & Stokes 2013). Using the Melich-3 extraction test, fertilizer recommendations in 

addition to forage recommendations, were provided by the NCDA.  

Software Modeling Systems 

After diameter, height, and soil testing data were collected, this information was run 

through a silvopasture-specific growth & yield model known as Alley 2.0. Alley 2.0 is a newly 

developed growth & yield model created by Dr. Gregory Frey of the U.S Forest Service (Frey et 

al., 2018). Its programming is largely based on PTADEA, a growth and yield model developed at 

Virginia Tech (Burkhart et al. 2008). The reasoning behind using PTADEA’s software is 

because it incorporates individual tree competition into its outputs. Simply put, PTADEA 

predicts how tree mortality influences the growth and development of surviving trees after one 

dies.  

While PATEDA and Alley 2.0 share very similar coding software, there are several 

differences between the two. The primary difference being stochasticity Alley 2.0 incorporates 

randomness into its outputs. In other words, Alley 2.0 projects varying results when given the 

same inputs. The program, PTADEA on the other hand, has deterministic results, yielding the 

same outputs when given the same inputs. Another key difference between the two models is the 

consideration of an alleyway on tree growth and forage yield. Over the life of the stand, Alley 
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Crop 2.0 makes predictions on how tree height; diameter, TPA (trees per acre), LLC (length of 

live of crown) and basal area are all affected by having adjacent alleyways.  PTADEA does not 

consider this effect. Alley 2.0 also uses a shading component derived from its LLC (length of 

live crown) predicting how forage yield will be reduced relative to tree growth. 

A third growth and yield model known as FVS (Keyser comp. 2008) was also 

incorporated for comparative analysis. FVS or Forest Vegetation Simulator is a growth and yield 

model developed by the U.S Forest Service. Similar to Alley 2.0 and PTADEA, FVS uses 

similar inputs like height, diameter, and TPA to estimate stand dynamics over time. FVS was 

used as a third-party growth and yield model to compare the output trends of PTADEA and 

Alley 2.0. Projected timber volumes for the four spacings were calibrated based on the current 

stand cruise.  

  For outputs of Alley 2.0, 2,000 simulations were run for each individual spacing (i.e. 

2,000 simulations for the 8x10, 2,000 simulations for the 6x10 etc.), with model projections 

being made to year 25. Average height, diameter, TPA, basal area, LLC (length of live crown), 

and products classes (i.e. tons of sawtimber, chip-saw, and pulpwood) were the outputs obtained. 

A thinning was simulated in year 12 using Alley 2.0.  Based on stand projections, basal area and 

crown closure would begin causing significant stand mortality after age 10 for all spacing 

projections. As a result, a thinning at year 12 was prescribed to increase diameter growth and 

merchantability of standing timber.  Thinning parameters consisted of reducing stand basal area 

by 33%. Thinning has also been shown to have a slight benefit to forage yield, allowing for more 

sunlight to be absorbed by grasses and improving soil moisture through the removal of trees. 

For this case study two forage species were chosen for comparison. Big bluestem 

(Andropogon gerardii) and switchgrass (Panicum virgatum).  Both are common warm-season 
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grasses planted both in the southeastern U.S. and in other areas on the research site as well. 

Switchgrass is considered a fast-growing forage that is often cultivated for biomass production 

(Muir 2007). Its establishment costs are generally lower compared to bluestem, however it also 

produces lower quality hay, and therefore valued slightly less than bluestem (Doxon, E. et al. 

2011.) Bluestem is a slower growing forage that’s typically harder to establish with lower yields 

(Keyser et al. 2011) but generally has more longevity compared to switchgrass. While in theory 

both these species can be managed indefinitely, forage yields are assumed to decrease over time 

and reestablishments for both species have been introduced to maximize yield production. 

 Projected switchgrass yields have been obtained from the Oak Ridge National laboratory 

that has conducted switchgrass biomass trials in wet lowland areas similar to the CEFS research 

site. Their dataset consists of 21 years of switchgrass biomass yields collected across the 

southeastern U.S (see Figure 2.) and predicts yields ranging from approximately 8.6 to 15.9 

Mg/ha (Gunderson 2008). Big bluestem data was obtained from biomass research trails in 

Northern Illinois (Morris, Geoffrey P., et al., 2016). Biomass potential for six cultivars were 

analyzed in this `research project and subsequent trends were adapted to this project. Since 

bluestem yields are theoretical, yields for each year were based on bluestem yield trends, soil 

testing, and native warm season grass physiology (Madakadze et al. 1998).   

Economic Analysis 

Establishment Costs, Calculations, & Prices 

Establishment cost for timber comes from 2016 UDSA tree planting data (Maggard 2018) 

Stumpage values include the costs of management and logging are treated as net revenues. For 

the establishment cost itself, a standard $250/ac for site preparation has been selected. This 
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estimation comes from NC Forest Service site preparation costs and the $250 has been adjusted 

to include the price of seedlings. In other words each spacing has been determined to cost $250 

for site preparation regardless of tree density. The costs of seedlings, which is valued at $.08 per 

tree, is then added to this standardized $250 site prep cost. For example when establishing a 

10x10, it is assumed the cost of site preparation will be $250. To account for the cost of planting 

trees, $.08 is multiplied by 435 ($34.8) and then added to the standardized $250/ac, making the 

cost to plant and establish a 10x10 spacing $284.80. The same procedure has been applied for the 

other spacings in the experiment.  

For forage establishment costs, the NCSU Crop Science Farm Workbook (Accessed 

2020) was used to get establishment cost for switchgrass and big bluestem. The cost per acre to 

establish bluestem is $290/ac and$170/ac for switchgrass. These prices were calculated based on 

the previous management history of the site. Fixed and variable costs were largely based on 

documented equipment, fertilizer, and herbicides that were used in previous years.  For the 

silvopasture establishment budget 50% of the timber establishment budget and 50% of the forage 

establishment was used for silvopasture. The cost of establishing both forages species is the same 

regardless of tree density.   

For timber prices, average 2019 fourth quarter stumpage values from Forest2Market 

(F2M), were used to determine timber revenues. Stumpage values for each product class are as 

follows: pulpwood $8.92/ton, chip-n-saw $16.50/ton, and sawtimber $27.44/ton. Stumpage 

values are assumed as net revenues with costs of logging and management costs already 

included.  Price data for forages was acquired using the UDSA News Market hay prices 

(https://www.ams.usda.gov/market-news/hay-reports). For this experiment all forages are 

about:blank
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anticipated to be sold as hay. Average price of switchgrass hay is assumed to be $35/ton and the 

average price of blue stem $40/ton based on USDA data and anticipated forage quality.  

Monoculture Timber Projections 

 Using Alley 2.0 monoculture timber yields were projected to age 25 for each spacing in 

order to make economic comparisons between silvopasture and timber production. In other 

words, Alley 2.0 was used to predict volumes over 25 years for just timber production (no  

alleyways) in order to compare timber volumes and revenues to silvopastoral volumes and 

revenues (See Table 4). 

  Diameters have been calibrated both the timber monoculture projections and 

silvopastoral projections, increasing their original projected diameter by approximately 40% to 

reflect field measurements. Indeed since field data reflects rapidly growing trees, Alley 2.0 has 

been modeled to fit their growth pattern. However based on global growth rates, this calibration 

factor has been removed after year 9. Simply put, diameters in years 0 to 9 have been calibrated 

to be approximately 40% larger than Alley 2.0 originally predicted to match field data. However 

after year 9 this calibration factor is removed and Alley 2.0 reverts back to its original projection 

of growth rates.  

 The reasoning behind this introduction of diameter calibration was to match modeled data 

with field data, giving Alley 2.0 more realistic; site-adapted projections over the stand life. The 

reasoning why this calibration factor was removed at year 9 due to assumed biological 

constraints. Based on loblolly physiology and southeastern silviculture, diameters have been 

assumed not to grow 40% larger every year over 25 years. Timber growth eventually slows down 

as trees mature and introducing a constant 40% increase in diameter over 25 years yields 
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unrealistically high timber volumes. Therefore calibrated diameters were used up to at age 9, but 

then removed to simulate realistic tree growth. 

 Projected parameters from Alley 2.0 include basal area (ft2/ac), average diameter (in.), 

average height (ft.), and LLC (length of live crown). Timber is assumed to be sold as 

stumpage—standing trees on the site.  Projected timber volumes are classified as standing 

sawtimber, standing chip-n-saw, standing pulpwood, harvested sawtimber, harvested chip-n-saw, 

harvested pulpwood and post-harvested sawtimber, post-harvested chip-n-saw, and post-

harvested pulpwood. Standing pulpwood, standing chip-n-saw, and standing sawtimber volumes 

refer to timber volumes before harvesting. Harvested pulpwood, harvested chip-n-saw and 

harvested sawtimber volumes denote the amount volume cut during a harvest and lastly post-

harvested pulpwood, post harvested chip-n-saw and post harvested sawtimber volumes denote 

the amount of volume left after a harvest. Because of the rapid timber growth, a thinning was 

also conducted at year 12 for each timber monoculture.  Stand projections, establishment costs, 

net present value (NPV), and land expectation values (LEV) have all been calculated to 

determine the economic returns of each timber spacing (See Table 4). For this research, the 

timber spacings   with the higher NPV and LEV are considered to be the most profitable option. 

The same procedure is also conducted for bluestem and switchgrass projections. The species 

with the highest NPV and LEV will be considered most profitable.  

For this experiment, switchgrass is valued at $35/ton and bluestem at $40/ton.  These 

prices come from the USDA Market News Service (https://www.ams.usda.gov/market-

news/hay-reports)  which generates statewide hay averages based on forage species. Switchgrass 

establishment and reestablishment cost has been estimated to be $170/ac along with a $70/ac/yr. 

annual maintenance cost. Big bluestem establishment has been priced at $290/ac along with a 

about:blank
about:blank
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$105/ac/yr. annual maintenance cost. A one-time $192 reestablishment cost in year 12 has been 

implemented for bluestem as well.  For bluestem, the reestablishment cost is less than the 

original establishment cost based on the lack of intensive mechanical site preparation needed. In 

other words, bluestem is assumed to be extremely expensive to initially establish because of the 

high costs of site preparation.  However once the stand has been successfully established, 

intensive mechanical site prep is no longer needed, therefore bluestem has a lower 

reestablishment cost.  

The establishment and maintenance costs for both bluestem and switchgrass have been 

calculated based off soil analysis, CEFS management history, and the NCSU Crop Science 

Extension Farm Budget workbook (https://cals.ncsu.edu/are-extension/business-planning-and-

operations/enterprise-budgets/forage-budgets) The farm budget are various excel spreadsheets 

that utilize multiple inputs such as machinery type, herbicide type, herbicide quantity, fuel cost, 

fertilizer type, fertilizer cost, labor cost etc. to generate fixed and variable management costs for 

establishing and maintain forages (Green & Benson, 2013). Reestablishment for switchgrass has 

been assumed to occur every seven years while bluestem was not reestablished during the 25 

year projection period.   

 For the economic analysis, the biometric data obtained from ALLEY 2.0 were 

incorporated into a discounted cash flow model to integrate the biological tradeoff between 

forage and timber. Based on cruise data, timber heights, diameters, volumes, and product classes 

were predicted for each year of the 25-year rotation. Alley 2.0 assumes that forage yield will be 

affected over time by the growth of timber. For example, in the first year of silvopasture 

establishment, forage yield is expected to be unaffected. However, as canopy cover increases, 

forage yields have been modeled to decrease, simulating shade competition from trees. 

about:blank
about:blank
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 Monoculture data were also compared to Alley 2.0 projections for each individual 

species. Net present values for timber monocultures were predicted using Alley 2.0 projections 

and the timber yields themselves were derived by removing the alleyways from Alley 2.0 

simulating a monoculture plantation.  Establishment cost for timber were obtained from the 

NCFA (North Carolina Forest Service).  

The economic terms net present value (NPV) and land expectation value (LEV) are used 

to describe the financial valuations of all systems. The term net present value refers the total 

value of an asset after all revenues and costs have been discounted to the present and subtracted 

together. LEV or land expectation value refers to the value of an investment if it were 

perpetuated indefinitely. For example a LEV of $1,000/ac indicates that based on projected costs, 

revenues, and the given discount rate, the assets would be worth $1,000/ac if managed in 

perpetuity. 

Net present values and land expectation values were calculated based on 2019 3rd Quarter 

F2M stumpage values for each spacing (6x10, 10x10, 8x10, 8x8). A 25-year rotation along with 

a discount rate of 4% was used for timber monocultures. NPVs and LEVs for Big bluestem and 

switchgrass monocultures were also projected over a 25-year rotation and 4% discount rate.  

These monoculture returns were then compared then compared to silvopastoral returns whose 

yields were derived from Alley 2.0.  

 A sensitivity analysis was also conducted to analyze the varying rates of timber growth 

and how its effects annual forage yield in addition to the economic returns of silvopasture. This 

comparison can be found in the form of Production Possibility Frontier (PPF) which denotes the 

biological tradeoff between timber growth and forage yield. An additional PPF was also 

constructed illustrating the financial tradeoff between forage, timber and silvopastoral systems 
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denoting how variations in competition and alley spacing influence financial returns. (See 

Figures 5 & 6).  
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Field Measurements 

  For field measurements height, diameter, and tree mortality were documented for each 

spacing. Average diameter for the 8x8 spacing was approximately 5.8 inches, 6.5 inches for the 

8x10, 6.5 inches in the 10x10 and 6.7 inches for the 6x10 (See Figure 7.). Average height for the 

8x8 is approximately 24 feet, 27 feet for the 8x10, 25 feet for the 10x10 and 27 feet for the 6x10. 

(See Figure 8.) Total trees inventoried for the 8x8 spacing is 288, 291 for 8x10, 238 for the 

10x10, and 223 for the 6x10. Survivorship among the four spacing’s are as follows: 89% 

survivorship for the 8x8, 89% survivorship for the 8x10, 95% survivorship for the 10x10, 

ann91% survivorship for the 8x10.   

 

Figure 7. Measured Diameters (in.) 
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Fusiform rust frequency was also measured but no analysis was done using this 

parameter. Approximately 9% of the living trees within the 8x8 spacing were documented 

having rust. Roughly 6% in the 8x10 spacing were affected by rust, 9% in the 10x10 and 16% of 

living trees 6x10 spacing were affected by fusiform rust.  

 During this research, farm management history was also acquired. Information such as 

machinery utilized, herbicide types, herbicide application rates, fertilizer types, fertilizer 

application rates, site preparations and crops harvested over the last 11 years were provided by 

CEFS farm managers [See Appendix 1.0]. Previously the silvopastoral site had been a rotational 

crop system by which corn, wheat, and soybeans were planted, harvested and rotated every few 

years.  
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Plant inventory 

Plants contained within the research site consist of a combination of woody and 

herbaceous species. Four main plant types were inventoried and identified. Trees, grasses, 

legumes and vines and other.  

The following trees were identified: sweetgum (Liquidambar styraciflua), callery pear (Pyrus 

calleryana). 

The following grasses were identified: Dallis grass (Paspalum dilatatum), Virginia buttonweed 

(Diodia virginiana), fall panicum (Panicum dichotomiflorum), small fescue (Vulpia 

microstachys), 

The following were legumes were identified: hairy vetch (Vicia villosa), white clover (Trifolium 

repens), red clover ( Trifolium pretense),  

The following were vines were identified: porcelain berry (Ampelopsis glandulosa), Japanese 

honeysuckle (Lonicera japonica), black medic (Medicago lupulina), poison ivy (Toxicodendron 

radicans), trumpet creeper (Campsis radicans), 

Lastly plants classified as other include: curly dock (Rumex crispus) and sow thistle (Sonchus 

spp.),  beauty berry,  (Callicarpa americana), buttercup weed (Ranunculus spp.) creeping 

buttercup (Ranunculus repens), horseweed (Erigeron Canadensis) Virginia willow  (Itea 

virginica), 

 Certain herbaceous species appear to be located in particular areas of the site. For 

example, dallis grass, Virginia buttonweed and creeping buttercup are primarily found in the 

open pasture area, whereas horseweed, sweet gum, and Japanese honeysuckle are found 
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primarily in the tree understory. It is also noted that the 6x10 and 8x8 have the highest grass 

species diversity. This could possibly be explained by their location. Both the 6x10 and 8x8 

spacing are located on the edges of the demonstration site allowing them to receive more light on 

their edges (See Figure 1.) These spacings are also documented as having the highest levels of 

stand mortality. Indeed the combination of edge effect and stand mortality could be allowing for 

more light to permeate the understory, increasing plant diversity in these treatments.   

 

Soil Testing 

 Soil testing from the NCDA (North Carolina Department of Agriculture) indicates that 

the cation exchange capacity and nutrient content in the soil is relatively high. Based off soil 

samples collected both in the timber and pasture area, cation exchange capacity (CEC) ranges 

from 7.6 meq/100cm3 to 9.7-meq/100 cm3. Soil ph. is relatively acidic with ph. ranging between 

4.8 to 5.2. Humic matter, which is a measure of organic material in the soil, is between 0.66% 

and 0.86%. Base saturation, which is a measure of soil moisture, is between 69% and 77%. 

 Fertilizer recommendations for pine and forages were also provided by the NCDA (See 

Appendix 2.0-2.2). For pine production, around 100-150 lbs./ac of nitrogen are recommended.  

For forage production, fertilizer recommendations vary slightly between species. Several forage 

species were recommended for the site including eastern gamagrass (Tripsacum dactyloides), 

Kentucky bluegrass, bahiagrass, and Bermudagrass. For gamagrass 180-220 lbs./ac of nitrogen 

fertilizer is recommended.  For bahiagrass and bermudagrass, roughly 100-150 lbs./ac of 

nitrogen is recommended. For bluegrass production approximately 100-120 tons/ac of nitrogen 

should be applied, in addition to 1.1-1.4 tons/ac of lime.   
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Recommendations for deer and turkey habitat were also provided by the NCDA. Roughly 

60 lbs/ac of nitrogen is recommended for deer and turkey management. Lastly, nutrient content 

has also been provided for individual elements. Phosphorus, copper, potassium, zinc, boron, 

magnesium sulfur, and manganese content have all been provided in the soil test report (see 

Table 2). 

 

Statistical Analysis and Regression Modeling by Spacing 

To determine if differences between height and diameters were significant between tree 

spacing a Tukey’s HSD test was conducted.   A Tukey’s HSD test is a statistical test similar to a 

two-tail T-test with a 95% confidence interval. The primary difference in a Tukey’s HSD test 

and conventional two-tail T-test is that a Tukey’s HSD determines mean variation between 

spacing’s. In other words, a Tukey’s HSD test will not only determine statistical significance, it 

will also compare mean variation between spacings. 

In regards to diameter, there was no significant statistical difference between the 6x10 

and 10x10 spacing, no difference between the 6x10 and 8x10, and no difference between the 

8x10 and 10x10. Significant differences were found in the 8x8 and 10x10 spacing’s, 8x8 and 

6x10 spacing, and 8x8 and 10x10 spacing. On average, the diameters in the 8x8 were .8 inches 

smaller than the 10x10, .85 inches smaller than the 6x10 spacing and .75 inches smaller than the 

8x10 (See Figure 2) 

For heights, there was no significant difference between the 8x8 and 10x10 spacing (See 

Figure 3). There is also no significant difference between the 8x10 and 10x10. Significant 

differences were found between the 6x10 and 10x10, 6x10 and 8x10, 8x8 and 6x10, and the 8x8 
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and 6x10 spacing’s. On average, the 6x10 is approximately 2.2 feet taller than the 10x10. The 

6x10 is also 2.1 feet taller than the 8x10. The 8x8 spacing was approximately 3.25 feet shorter 

than the 6x10. The 8x8 was also 3 feet shorter than the 8x10.  Indeed, the only spacing by which 

there was no significant difference between height and diameter is between the 8x10 and 10x10.  

 

 

 

Figure 3. Tukey’s HDS Height Test 
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To complete the statistical modeling of the research site linear regression was developed 

to plot the correlation between height and diameter (See Figure 4).  Per the model, the 8x8 and 

10x10 spacing have high correlations between height and diameter, indicating that taller trees 

within each have larger diameters. Conversely the 6x10 and 8x10 spacing’s have less correlation 

between height and diameter, suggesting that tree height and diameter are less related. 

 

 

 

 

Figure 4. Tukey’s HDS Diameter Test 
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Forage Selection and Yield 

Based on the soils data, two grasses were selected and analyzed for the silvopastoral 

system. Currently there is no intentional grass management in the silvopastoral demonstration 

and the pasture area consists of naturally occurring plants. Dallis grass is the primary plant 

occurring in the pasture area. Switchgrass and big bluestem were selected for this site based off  

lower establishment/maintenance compared to other native warm season grasses and the 

suitability of each grass grow in wet, water logged soils. 

Switchgrass was the first grass selected for the site. Switchgrass is a fast growing forage 

that is relatively less expensive to establish (Keyser et al. 2011). While the soils report did not 

suggest switchgrass as a potential forage crop, soil nutrient content, cation exchange rates, soil 

order, climate, and previous cultivations of switchgrass on the research site suggest that 

switchgrass can be effectively grown. Switchgrass was also selected for its lower establishment 

costs and higher biomass yields compared to other grasses like gamagrass and bahiagrass, which 

the NCDA recommended. 

 Biomass data for switchgrass was adapted from Oak Ridge Laboratories research trials 

which conducted quantitative switchgrass yield experiments across the southeastern U.S. for 21 

years (Gunderson et al. 2008). These yields from Oak Ridge Labs were cross-referenced with 

NCSU Crop Science extension biomass yields, which conducted research trials with the same 

cultivars on similar sites and ecotypes (Burns, Godshalk, & Timothy 2008). Yield trends 

between the two studies were similar with biomass yields peaking around year 5-7. Variance 

between the two studies did not exceed 4 tons/ac at any given year.   
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Big bluestem was the second forage crop selected for the silvopasture. Big bluestem is a 

slower growing forage that typically takes longer to establish (Keyser et al 2011). However, the 

stand life of bluestem typically exceeds that of switchgrass and once established could be 

potentially managed indefinitely.  For this purpose big bluestem was selected in order to 

compare a fast growing forage with frequent re-establishment costs to a slower growing forage 

with only one reestablishment. It is noted that under typical forage management both 

reestablishment regimes are extremely frequent which makes NPV calculations conservative. 

Indeed yield and revenue projections from both switchgrass and big bluestem have been 

extrapolated in repeating   cycles over 25 years to make economic comparisons to 25-year timber 

rotations. Switchgrass reestablishment has been issued to occur every seven years and only once 

for bluestem in year 12.  These assumptions for re-establishment were made based on site 

quality, predicted forage yield and previous management histories at the Center for 

Environmental Farming Systems. 

 

8x8 Monoculture Timber Projections & Returns  

 For the 8x8 monoculture projections, average height at year 25 is projected to be around 

66 feet, average diameter 11.9 inches, basal area 169 ft2/ac, length of live crown 7,525 ft. /ac, 

crown ratio 45% with approximately 250 TPA.  For the thinning at age 12 harvested sawtimber 

volumes are approximately 4.5 tons/ac, chip-n-saw 11.8 tons/ac and pulpwood 11.4 tons/ac.  

Harvested timber volumes at age 25 are projected to be approximately 105 tons/ac sawtimber, 51 

tons/ac chip-n-saw, and 22.4 tons/ac of pulpwood. Using current F2M stumpages values and 

assuming stable market pricing, the thinning at year 12 is estimated to generate $265/ac and the 
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final harvest at year 25 $1,476/ac. Assuming a $304 establishment cost and a 4% discount rate 

the expected NPV of the harvest for the 8x8 spacing at age 25 is $1,437.59. The LEV at age 25 is 

$2,288/ac, however the optimal LEV for the rotation can be found at year 21 at $2,374.77/ac, 

indicating that for the 8x8 spacing, a 21-year rotation provides optimal investment returns when 

considering only timber.  

 

8x10 Timber Monoculture Projections & Returns  

 For the 8x10 spacing average height at year 25 is projected to be around 66.5 feet, 

average diameter 11.98 inches, basal area 169 ft2/ac, length of live crown 7,516 ft. /ac, crown 

ratio 47% with approximately 166 TPA.  For the thinning at year 12, harvested sawtimber 

volumes are approximately 1.6 tons/ac, chip-n-saw 7.9 tons/ac and pulpwood 12.5 tons/ac.  

Harvested timber volumes at age 25 are projected to be approximately 119 tons/ac sawtimber, 19 

.7 tons/ac chip-n-saw, and 17.5 tons/ac of pulpwood. Using current pricing regimes the thinning 

at year 12 is estimated to generate $180/ac and the final harvest at year 25 $1,407/ac.  Assuming 

a $294 establishment cost and a 4% discount rate, the expected NPV of the 8x10 spacing is 

$1,294.02/ac. The LEV at age 25 is $2,070.82/ac, however the optimal LEV for the rotation can 

be found at year 23, which is estimated to be $2,093.61/ac, indicating that a 23-year rotation is 

the optimal rotation cycle for an 8x10 timber monoculture planted at the research site.  
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10x10 Monoculture Projections & Returns 

 For the 10x10 spacing average height at year 25 is projected to be around 70 feet, average 

diameter 13.1 inches, basal area 178 ft2/ac, length of live crown 6,140ft. /ac, crown ratio 47%, 

with approximately 186 TPA.  For the thinning at age 12 harvested sawtimber volumes are 

estimated to be 2.7 tons/ac, chip-n-saw 10.1 tons/ac and pulpwood 11.6 tons/ac.  Harvested 

timber volumes at age 25 are projected to be approximately 115 tons/ac sawtimber, 30 tons/ac 

chip-n-saw, and 18.5 tons/ac of pulpwood. Using current prices the thinning at year 12 is 

estimated to generate $216/ac and the final harvest at year 25 $1,433.82/ac. Assuming a $250 

establishment cost and a 4% discount rate, the expected NPV of the 10x10 spacing is 

$1,400.34/ac. The LEV at age 25 is $2,265.74/ac, however the optimal LEV for the rotation can 

be found at year 22, which is estimated to be $2,307.82/ac, indicating that a 22-year rotation is 

the optimal rotation cycle for an 10x10 timber monoculture planted on the site.  

 

6x10 Timber Monoculture Projection & Returns  

 For the 6x10, average height at year 25 is projected to be around 66 feet, average 

diameter 12 inches, basal area 190 ft2/ac, length of live crown 7,000 ft. /ac, crown ratio 45% with 

approximately 232 TPA.  For the thinning at age 12, harvested sawtimber volumes are 

approximately 4.7 tons/ac, chip-n-saw 11.6 tons/ac and pulpwood 10.1 tons/ac.  Harvested 

timber volumes at age 25 are projected to be approximately 99.3 tons/ac sawtimber, 47 tons/ac 

chip-n-saw, and 21.1 tons/ac of pulpwood. Using current pricing regimes, the thinning at year 12 

is estimated to generate $257/ac and the final harvest at year 25 $1,384/ac. assuming a $308 

establishment cost and a 4% discount rate, the expected NPV of the 6x10 spacing is 
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$1,334.35/ac. The LEV at age 25 is $2,135.36/ac, however the optimal LEV for the rotation can 

be found at year 21, which is estimated to be around $2,205.26/ac, indicating that a 21-year 

rotation is the optimal rotation cycle for an 6x10 timber monoculture planted on this site.  

Discount Rate      

4%      

      

Spacing Establishment Cost NPV Optimal SEV Optimal LEV Age  IRR 

8x8 $304.48 $1,437.59 $2,374.77 Age 21 12.20% 

8x10 $293.60 $1,294.02 $2,093.61 Age 23 12.00% 

10x10 $284.80 $1,400.34 $2,302.95 Age 22 13.21% 

6x10 $308.08 $1,334.35 $2,205.26 Age 21 12.26% 

 

 

 

 

Forage Monoculture Projections and Returns 

Forage yields and cost have been estimated using CEFS site history (See Appendix 1.0), 

soil testing (Appendix 2.0) and NC State Crop Science extension Forage Budget Sheet (Green 

and Benson, 2013). Yields for switchgrass have been estimated to range between 4-7.68 tons/ac 

with a reestablishment cost of $170/ac and an annual maintenance cost of $70/ac/yr. NPV for 

switchgrass is estimated to be approximately $1045.18/ac. SEV $1436.24/ac and internal rate of 

return (IRR) 54.03%. (See Table 5).   

Table 4. Timber Monoculture Cost & Returns  
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For Big bluestem a $350/ac establishment cost was assumed along with $105/ac/yr. 

maintenance cost. Unlike switchgrass big bluestem is assumed to be longer lived and it has not 

been reestablished over the 25-year rotation. A net present value calculation of $749.53/ac NPV 

has been calculated for big bluestem along with a $1029.69/ac LEV and 17.53% IRR (See Table 

5). Unlike timber, forages are considered to be annual crops and therefore no optimal LEV ages 

were calculated for either switchgrass or big bluestem. 

 

 

 

Silvopasture Projections and Returns 

For the silvopasture analysis, NPVs for varying tree densities and varying alleyway 

widths were projected and analyzed. Timber competition with grasses has been modeled into the 

output projections. Competitive interactions depend on spacing, stand age, and alleyway width. 

For example a 10x10 spacing with a 40 foot alleyway differs competitively than an 8x8 spacing 

depending on the year. At year 1 there is little competitive difference between an 8x8 and 10x10, 

however by year 25 shading competition varies greatly between the 8x8 and 10x10. This affects 

annual revenue received from forages and ultimately the profitability of each tree spacing within 

the silvopastoral system.  

Table 5. Forage Monoculture Cost & Returns  
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To account for variations in cost as they relate to alley length, an adjustment factor was 

introduced. For example, to account for the timber cost of planting a 40 foot silvopasture with a 

10x10 spacing the original timber monoculture cost of $284.80 would be divided by two 

bringing the establishment cost to plant a 10x10 silvopasture to $142.40. The same methodology 

is applied to forage costs and yields. For a 40 foot spacing forage yields, costs and revenues are 

divided by two. As the alleyway increases in size this percentage increases. For example when 

planting a 10x10 with an 80 foot pasture forage cost, yields and revenues are multiplied by 66% 

or two-thirds. Timber costs are multiplied by one third. For 120 foot pasture forage yields, costs 

and revenues are multiplied by 75% (simulating forages occupying ¾ of an acre). Timber costs 

are multiplied by ¼ (simulating timber occupying ¼ an acre) after each net present value is 

calculated, the resulting numbers are then combined. 

Last, a sensitivity analysis on the competitive interaction between timber and grass was 

conducted. In order to give a greater narrative and scope of NPV possibilities Alley 2.0, has been 

programmed to project a highly competitive silvopasture environment scenario (termed as 

pessimistic), a moderately competitive environment where forages can receive complementary 

benefits from timber (termed as optimistic) and lastly a no interaction scenario where timber and 

forage growth are completely independent, with each growing the same amount as they would as 

a monoculture on their proportion of the field. These projections have been simulated for each 

spacing, for three different pasture lengths (40, 80 & 120 feet), with bluestem or switchgrass 

adjusted revenues and yields incorporated into the outputs. A summary of each spacing and 

alleyway can be found below in Tables 1 and 2. 
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Tables 1 &2. Silvopasture Sensitivity Analysis and Projected Returns using 

Switchgrass & Big bluestem. 

 

As previously mentioned, the following tables denote net present value projections using 

switchgrass and big bluestem at four different timber spacings with varying alleyway widths. 

Table 1 expresses the possible range of returns competitive using switchgrass and Table 2 the 

possible range of returns using big bluestem. The cardinal point of these tables is to express how 

biological competition could influence net returns of silvopasture. The labels optimistic, 

pessimistic, and no interaction are estimated returns given possible competitive interactions 

between timber and forage. For example in Table 1 below, using a 40-foot alleyway, a 10x10 

timber spacing using switchgrass is projected to yield $983.80/ac. under pessimistic (highly 

competitive) conditions. Under optimistic conditions (less competitive conditions which can also 

be complementary, causing increased forage yield depending on tree age, alley width, and tree 

spacing) the 10x10 spacing using swicthgrass is projected to yield $1,193.27/ac. and if timber 

and switchgrass do not interact (biologically independent) projected revenues are estimated to be 

around  $1,358.74/ac  
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Table 1. Silvopasture Sensitivity Analysis and Projected Returns using Switchgrass  
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Table 2. Silvopasture Sensitivity Analysis and Projected Returns using Big 

bluestem 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



39 
 

 

CONCLUSION    

  

We analyzed tree, grass, and mixed crop systems, with grass being used as proxy for 

cattle, since it was easier to analyze in this case study.  As noted, for the economic results for 

base case assumptions, which had very high tree growth rates, timber alone would be the best 

management approach with the highest LEV, at the given 4% discount rate.  However, grass 

alone would have the highest IRRs, at about 17% for big bluestem and 54% for switchgrass 

grass, versus about 12% for trees.  These results indicate the primary economic reasons that 

farmers still do seem to prefer open pasture, which takes less initial investment than planting 

trees, and provides annual returns once established.    

Sensitivity analyses of the base case indicate that silvopasture will be economically best 

if certain economic assumptions were changed. It is better at slightly higher discount rates 

(between 7-9%), if timber prices or yields reduced by 20%-25%; or if grass prices increase by 

10%-15%, or can produce slightly higher grass yields. 

So why would farmers or policy makers want silvopasture systems?  Recall that the 

initial objective of this trial was to provide a farm system that could improve animal health and 

welfare and help with providing a rotational field and location for better environment to achieve 

diary certification for the adjacent diary at CEFS. Silvopasture can help with the original 

objective, and meets crucial goals.  It does provide shade for achieving healthy livestock and 

dairy certification.  Any cattle, or indeed almost all livestock and wildlife, prefer shade in the 

hottest weather and parts of the day.  And indeed the weather is getting hotter.  New research has 

shown that silvopasture does lead to better animal health, lower internal body temperatures, more 
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live births, and even equal animal weight gain, despite there being somewhat less grass volume 

per area (Roman-Ponce et al., 1977) perhaps because animals have less stress and relax more.   

Trees also store carbon, which can offset cattle emissions.  Trees and grasses, especially 

summer grasses, provide more wildlife and biodiversity.  They also can provide more crop and 

income diversity.  Silvopasture systems also are more resilient to flood damages than crop 

systems on marginal, low-lying lands.   

Furthermore, farm land owners do not need to plant all their pastures in trees, and trees 

can be useful on high production grass fields in order to provide these animal welfare and 

environmental benefits.  The trick is to plant large enough areas to provide the multi-purpose 

benefits and be economical for timber management component, and perhaps let cattle in the 

mixed crop fields periodically, especially in the months where shade is most important.  This 

could be done by placing silvopasture systems at the intersection of several pastures, and letting 

cattle enter from different parts of the farm, or by simple rotational grazing, moving cattle in and 

out to avoid soil or tree damage.       

In order to achieve these broader animal welfare and environmental goals, farm 

conservation programs might also help by providing incentives for silvopasture establishment.  If 

the social benefits of agroforestry systems exceed the private profits, farm payment programs 

could include these as specific practices. The diary certification programs and better milk prices 

can provide market incentives for silvopasture.  Outreach and extension, including the results of 

studies such as this, can also help disseminate information about the merits and limitations of 

silvopasture systems.  
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Indeed the results of this project indicate that timber is the optimal investment option for 

the CEFS site based off biometric modeling and the economic assumptions used. While 

silvopasture has a myriad of additional environmental and ecological benefits compared to 

timber (or forage) monocultures, in terms financial returns, for this case study only, timber is the 

optimal investment. Based off sensitivity analytics, silvopasture seems to be an optimal choice 

when only when discount rates are between 7-9%, timber prices are 20%-25% lower than 3rd 

quarter F2M stumpage values or when grass prices are 10-20% higher than the used pricing 

regimes.  

The results of this analysis is heavily influenced by anticipated forage yields, forage 

prices, discount rates, and expected forage quality.  Forage prices and discount rates seem to be 

the primary factors in determining the prospective viability of silvopastoral systems. With 

current prices and the assumed 4% discount rate, timber monocultures were the most profitable 

management regime for this case study based on net present value and land expectation value, 

with LEVs of more than $2000 per acre, compared to grass LEVs of $1,029 per acre for big 

bluestem and $1,436 per acre for switchgrass. 

 These results are surprising, since farmers and even foresters often think of pasture as 

being more profitable than trees.  Various explanations are possible.  First, the timber growth 

rates are still pretty high, with almost 175 to 200 tons per acre harvested in 25 years, or an 

average of 7 to 8 tons per acre per year.  This is a very high growth rate, prompted by the good 

old field site and rapid early tree growth.  Second, the 4% discount rate is relatively low, which 

allows the substantial future timber volumes 25 years in the future to still have a high present 

value.  A higher discount rate would reduce timber LEVs to be less than the grass LEVs.  For 

example, Cubbage et al. (2020) found average returns for even good loblolly pine sites in the 
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South had IRRS of 4% to 8% at best, which would have been LEVs of only about $500 at 4%.  

In contrast, the IRRs for the grasses 18% for big bluestem and 54% for switchgrass.  This means 

that while timber might have high present values, it takes a larger investment and a much longer 

time horizon to receive those profits.  Also, while the calculated timber LEVs might be large, 

landowners still would need to wait for them for 12 years for the thinning and 25 years for the 

large and profitable final harvest.  Farmers would much rather invest less, and get a higher rate 

of return much sooner, which both favor grasses.  And there may be higher risk of damage from 

storms with trees.      

Other factors such as forage yield, shading responses by forage species, timber prices, 

and hay prices could substantially change the results of this case study. One of the disadvantages 

of long term silvopastoral analysis is accurately predicting forage yield over an extended time 

frame. Forage biomass data collected for longer than five years is extremely scarce. Forage yield 

is also heavily influenced by rainfall and climate which can be difficult to simulate in modeled 

projections.  

The competitive interaction between forages, and timber have also been generalized. In 

both the pessimistic and optimistic projections, both switchgrass and big bluestem have been 

projected to increase or decrease by the same percentage depending on the year, spacing and 

alley width. In other words, both grasses receive the same percent yield reduction in regards to 

shading. This ignores the possibility that switchgrass and big bluestem may behave differently 

under the exact same shading regime. 

As previously mentioned switchgrass and bluestem prices are extremely low due to the 

low anticipated forage quality. This assumption was primarily based on the site conditions and 

the frequency of severe weather and rainfall events. The site itself is extremely waterlogged and 
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frequently flooded, leading us to expect lower forage quality which therefore lead to lower 

forage prices. Good quality hay can be priced around $65/ton in most states. In North Carolina 

good to high quality hay can go from $60/ton-$101/ton on average. If we consider either the 

nationwide or statewide forage price, forages outcompete both timber and silvopasture in terms 

of highest economic returns.  However grass monocultures do not yield the increased wildlife 

and ecological benefits that silvopastoral systems have. 

While additional research still needs to be conducted on the economic returns of 

silvopastoral systems, one of the major parameters missing in our analysis is that of cattle 

production. For this case study, cattle have yet to be introduced into the field site and therefore 

the economic returns of cattle management have been obfuscated by our financial analytics. In 

the future, incorporating cattle management into the biometric modeling of timber and grasses 

and evaluating the prospective tradeoffs under different tree spacings, may yield further insights 

into the overall profitability of silvopasture. 
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Figure 1. Silvopasture Demonstration Map 
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Figure 3. Tukey’s HDS Height Test 
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Figure 4. Tukey’s HDS Diameter Test 
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Figure 5. Average Bluestem NPV by Spacing 
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Figure 6. Average Swicthgrass NPV by Timber Spacing 
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  Switchgrass Silvopasture NPV Projections ($/ac) 

 
 

NPV (40 foot alleyway)  

Tree Spacing  Pessimistic Optimistic No Interaction 

10x10 $983.80 $1,193.27 $1,358.74 

8x10 $997.10 $1,209.89 $1,519.28 

8x8 $992.68 $1,205.48 $1,514.87 

6x10 $880.56 $891.46 $1,548.82 

 

 NPV (80 foot alleyway)  

Tree Spacing  Pessimistic Optimistic No Interaction 

10x10 $983.15 $1,561.65 $1,185.01 

8x10 $995.94 $1,522.64 $1,283.78 

8x8 $970.77 $1,396.37 $1,390.22 

6x10 $888.35 $1,133.34 $1,332.33 

 

    NPV (120 foot alleyway)  

Tree Spacing  Pessimistic Optimistic No Interaction 

10x10 $887.49 $1,357.59 $1,016.68 

8x10 $922.40 $1,427.56 $1,150.71 

8x8 $999.68 $1,516.06 $1,218.65 

6x10 $854.79 $1,309.79 $1,207.62 

 

 

 

 

 

Table 1. Switchgrass Silvopasture NPV projections by spacing 
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Discount Rate     

4% 
  

 

 
 Big Bluestem Silvopasture NPV Projections ($/ac) 

 NPV (40 foot alleyway) 

Tree Spacing  Pessimistic Optimistic No Interaction 

10x10 $830.06 $1,071.79 $1,323.84 

8x10 $785.93 $1,067.85 $1,484.38 

8x8 $781.51 $1,063.43 $1,479.96 

6x10 $614.59 $891.46 $1,513.92 

 

 NPV (80 foot alleyway)  

Tree Spacing  Pessimistic Optimistic No Interaction 

10x10 $892.90 $1,456.39 $1,138.48 

8x10 $863.50 $1,397.70 $1,237.24 

8x8 $788.20 $1,238.18 $1,343.68 

6x10 $696.43 $1,133.34 $1,285.79 

 

 NPV (120 foot alleyway)  

Tree Spacing  Pessimistic Optimistic No Interaction 

10x10 $792.08 $1,259.52 $964.33 

8x10 $818.05 $1,320.34 $1,098.36 

8x8 $898.38 $1,411.79 $1,166.30 

6x10 $687.66 $1,177.62 $1,155.27 

 

 

 

 

 

 

Table 2. Big Bluestem Silvopasture NPV projections by spacing 
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Spacing Comparison Height Significance Mean Variation (Height) 
Diameter 
Significance 

Mean Variation 
(Diameter) 

6x10-10x10 Yes (+) 2 feet No N/A 

6x10-8x10 Yes (+) 1.9 feet No N/A 

8x8-10x10 No N/A Yes (-) .7 inches 

8x10-10x10 No N/A No N/A 

8x8-6x10 Yes (-) 3.25 feet Yes (-) .85 inches 

8x8-8x10 Yes (-) 3 feet Yes (-) .75 inches 
 

 

 

Discount Rate      

4%      

      

Spacing Establishment Cost NPV Optimal SEV Optimal SEV Age  IRR 

8x8 $304.48 $1,437.59 $2,374.77 Age 21 12.20% 

8x10 $293.60 $1,294.02 $2,093.61 Age 23 12.00% 

10x10 $284.80 $1,400.34 $2,302.95 Age 22 13.21% 

6x10 $308.08 $1,334.35 $2,205.26 Age 21 12.26% 
 

 

 

   
 

   

Discount Rate       

4%       

       

Forage  
Establishment 
Cost ($/ac) 

Maintenance 
Cost ($/ac/yr.) 

 
NPV  SEV IRR 

Switchgrass  $170.00 $70.00  $1,045.18 $1,436.24 54.03%* 

Big Bluestem  $350.00 $105.00  $749.53 $1,029.69 17.53% 
  

  

Table 3.  Tukey’s HSD Summary Table 

 

Table 4.Timber Monoculture Discounted Cash flow Summary 

Table 5. Forage Monoculture DCF Summary 
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Appendix 1.0………….....................Center for Environmental Farming Systems Documented 

Site History (2002-2013) 

Appendix 2.0-2.3………….....................North Carolina Department of Agriculture Soil Test 

Appendix 2.4………….....................Soil Test Sample Areas 

Appendix 3.0………….....................Alley 2.0, PTADEA, FVS Biometric Comparisons  

Appendix 4.0…………............................. Diameter vs. Height Linear Regression by Timber 

Spacing 
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Appendix 1.0 
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Appendix 1.1 
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Appendix 1.2 
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Appendix 1.3 
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Appendix 1.4 

 

Center For Environmental Farming Systems Site History (2002-2013) 
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NCDA Soil Test (Samples 001-003) 

 

 

 

 

 

 

 

Appendix 2.0 
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Appendix 2.1 

 

NCDA Soil Test (Samples 004-007) 
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Appendix 2.2 

 

NCDA Soil Test (Samples 008-009) 
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Soil Sample I.D Locations 

 

 

 

  

Appendix 2.4 

 

Sample ID: 

001= Pasture (Along 
the north side of the 
of the 8x8 Field) 

002= 8X8 Pine Tree 
Density 

003= Pasture  

004=8x10 Pine Tree 
Density 

005=Pasture 

006=10X10 Pine Tree 
Density 

007=Pasture 

008=6X10 Pine Tree 
Density 

009-Pasture (Along 
the side of the 6X10 
Field) 
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Appendix 3.0 

 

Diameter Comparison between Growth & Yield Models 
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Appendix 3.1 

 

Basal Area Comparison between Growth & Yield Models 
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Appendix 3.2 

 

TPA Comparison between Growth & Yield Models 
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Appendix 4.0 

 

Height vs Diameter Linear Regression 

 


