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Abstract 

This paper proposes a model for achieving environmental sustainability within the 

context of agricultural activity in the Willamette Valley in western Oregon. The region contains 

the majority of the most productive farmlands in the state of Oregon, but at the cost of extensive 

environmental degradation caused by poor farming practices. The model discussed in this paper, 

―Sustainaculture‖ approaches these practices from a management perspective, across three 

categories: soil management, crop management and pest/weed management. Within each 

category, environmentally harmful practices are discussed and addressed through the suggestion 

of alternative methods that have been shown to directly address and repair environmental 

damage.    
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I. Introduction 

Green Revolution technologies and methods, once hailed as the savior of humanity’s 

food supply, have recently become topics of heated controversy. On one hand, what has become 

the conventional, yield-oriented, approach to farming has dramatically increased agricultural 

productivity worldwide, with major cereal crop yields being more than doubled since its 

widespread adoption in the 1960’s (Gollin et al. 2005). On the other hand, these same methods of 

production that have allowed for substantial increases in food production have also caused 

environmental degradation across both temporal and spatial scales (Tilman et al. 2002). 

 Furthermore, as agricultural production increases to meet the demands of a growing world 

population, these issues are only expected to become more severe (Tilman et al. 2002). 

In this paper, we purpose our own agricultural model that focuses specifically on 

enhancing environmental sustainability of agricultural practices, which we have dubbed 

―Sustainaculture.‖  Sustainaculture aims to incorporate various elements of alternative 

agricultural systems that are most relevant to the goal of environmental sustainability within the 

context of the Willamette Valley in western Oregon.  As a basis for our research, we define the 

phrase ―environmentally sustainable agriculture‖ as it is written in the 1990 US Farm Bill. 

 According to this definition, environmentally sustainable agriculture is characterized by ―an 

integrated system of plant and animal production practices having a site-specific application that 

will, over the long term: enhance environmental quality and the natural resource base upon 

which agriculture depends, make the most efficient use of nonrenewable and on-farm resources 

and integrate, where appropriate, natural biological cycles‖ (Food, Agriculture, Conservation, 

and Trade Act of 1990).  

The components of Sustainaculture are discussed with respect to how they directly 

address the environmental problems associated with the current methods of agriculture within the 

Willamette Valley.  Among these problems are issues which are centered upon soil management, 

crop management, and pest/weed management.  In the context of these three categories, a variety 

of agricultural practices will be discussed.  These include, but are not limited to: crop rotations, 

conservation tillage, cover cropping, alternative fertility amendments, biological pest control, 

small scale farming, habitat creation, and crop diversity.    

When reading this paper, it is important to keep several things in mind.  First, it must be 

emphasized that Sustainaculture focuses solely upon enhancing environmental sustainability.  It 
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does not attempt to provide a path to improved food security and is not intended to fulfill the 

requirements of sustainability as relate to equity or economics.    

 

II. Study Area  

i. Physical Description and Geographic Location 

The focus of this study is the 

Willamette Valley in western Oregon, an 

area of significant agricultural production 

in the greater region of the Pacific 

Northwest.  The Willamette Valley, also 

studied under the guise of the Willamette 

Basin, is home to approximately seventy 

percent of Oregon’s rapidly growing 

population and contains the state’s three 

largest cities – Portland, Salem, and 

Eugene-Springfield (Baker et al. 2004; 

Taft & Haig 2003).  The boundaries that 

constitute the Willamette Valley have been 

defined in various ways according to 

different studies.  As described by Taft 

and Haig (2003) the historical landscape 

of the Willamette Valley is a 9100km
2
 

area of lowland plains within the 

Willamette Basin of western Oregon, 

ranging in width from about twenty to 

sixty kilometers, and covering a north-

south length from Portland to Eugene of roughly 290 kilometers.  According to Baker et al. 

(2003) the area comprising the Willamette Valley encompasses roughly 30,000 square 

kilometers between the Cascade and Coast ranges, of which forty-three percent is under 

agricultural use. For this paper we have elected to define the boundaries of the Willamette Valley 

according to Giombolini et al. (2010).  In their study, the Willamette Valley is specified as an 

  

Figure 1.  General map of the Willamette 

Valley.  Courtesy of USGS website. 
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area of approximately 11,500 square miles circumscribed by the Columbia River to the north, the 

Umpqua River to the south, and the Cascade and Coastal ranges to the east and west.   See 

Figure 1 for a general map of the Willamette Valley. 

ii. Ecoregions 

As described by Uhrich and Wentz (1999) in a U.S. Geologic Survey of the 

environmental setting of the Willamette Basin, there are five distinct eco-regions within the area: 

Coastal Mountains, Valley Plains, Valley Foothills, Western Cascades, and High Cascades. 

 While the Coastal Mountains, Western Cascades, and High Cascades account for approximately 

fifty-eight percent of the entire Willamette Basin, in this study only the Willamette Valley Plains 

and Willamette Valley Foothills are addressed.  This is due to the fact that these areas have been 

subjected to the greatest amount of agricultural production.  The Willamette Valley Plains 

constitute roughly twenty-two percent of the basin and are generally level, though low sloping 

floodplains occur from 100 to 300 feet in elevation (Uhrich and Wentz 1999).  In comparison, 

the Willamette Valley Foothills, which surround the plains, account for roughly twenty percent 

of the total land area within the Willamette Basin (Uhrich and Wentz 1999). 

iii. Hydrology, Climate, and Soil Description 

The most prominent hydrological feature within the Willamette Valley is the Willamette 

River, which has thirteen main tributaries (Taft and Haig 2003).  The Willamette River begins 

where the Willamette Coast and Middle Forks merge and flows north from Eugene to Portland 

for 187 miles where it then enters the Columbia River (Benner and Sedell 1997).   As reported 

by Uhrich and Wentz (1999), the Willamette River is the thirteenth largest river in terms of 

discharge in the United States and has more runoff per square mile of drainage than any other 

large river in the conterminous United States with an average annual flow at Portland of 31,700 

cubic feet per second between 1972 and 1992.  Being such a major source of water, the 

Willamette River has been exploited as an agricultural resource since the earliest Euro-American 

settlement of the region.  However, at the cost of being exploited as an agricultural resource, the 

Willamette River and the Willamette Valley have become increasingly more polluted over time. 

  Taylor et al. (1992) note that nationally, the Willamette River Basin ranks in the highest 

category of phosphorous, inorganic nitrogen, and total nitrogen levels.  Historically, this 

pollution has been attributed to point sources such as paper mills, however recently the 
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contamination has come from non-point sources especially where pesticides and manure are 

present (http://willamette-riverkeeper.org/WRK/pollution.html).  

The combination of the Willamette Valley’s proximity to the Pacific Ocean and its 

exposure to westerly winds results in a mild, Mediterranean-like climate characterized by long, 

cold, wet winters and shorter, hot, and dry summers.  The average air temperatures range from 

one to five degrees Celsius in January and seventeen to thirty degrees Celsius in August (Taft 

and Haig 2003; Uhrich and Wentz 1999).  The average annual rainfall is between 100-125cm 

with seventy-five percent falling between October and March and less than five percent falling in 

July and August (Taft and Haig, 2003). 

As reported by Giombolini et al. (2010), two of the twelve main soil groups are found 

within the Willamette Valley: Mollisols and Ultisols, both of which are rich in organic matter. 

 Mollisols are soils occurring in grassland ecosystems that are often characterized by a fertile, 

dark surface horizon and are considered to be some of the most important and productive soils 

for agriculture in the world (McDaniel 2008; Olsen 1981).  Ultisols are soils that are typically 

found in humid, temperate forests as well as in tropical areas (Olsen 1981).  Ultisols often have 

higher amounts of clay in the surface horizons and are generally more acidic due to chemical 

leaching which renders them fairly unsuitable for agricultural production because of the needed 

use of fertilizers and lime (Olsen 1981).  In addition to Mollisols and Ultisols, Giombolini et al. 

(2010) also report a third type of soil, Xerolls, a suborder of Mollisols that exists in the foothills 

that border the Willamette Valley.  This soil type occurs in temperate areas where summers are 

dry and winters are moist (Olsen 1981). 

iv. Land Use 

    Since western expansion into the Willamette Valley and the displacement of the Kalapuya 

native people, much of what was previously natural habitat has been converted into agricultural 

land.  Research done by Pacific Northwest Ecosystem Research Consortium (PNERC 1998) 

suggests that since 1850, over ninety percent of the wetlands and eighty percent of the 

bottomland forest in the Willamette Valley have been converted for other purposes, namely 

agriculture.  This habitat loss has contributed to the threat and endangerment of thirty-six species 

of wildlife in the Willamette Valley including twenty percent of the fish species and sixty 

percent of the amphibian species (PNERC 1998).  In 2007, there were 1,094,739 acres of total 

cropland in the Willamette Valley, roughly twenty-four percent of which was irrigated (USDA 
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2007).  Within this land there is a diversity of crops, both edible and non-edible, that are grown 

annually.  For percentages of the land use distribution according to different crops, refer to Table 

1. 

 

 

 

 

v. Agricultural Development and Agricultural Commodities 

          While evidence supports the notion that the Willamette Valley was exploited as an 

agricultural resource by indigenous populations (Taft and Haig 2003), it wasn’t until after the 

initial migration of Euro-Americans during the early-mid 1800’s that the Willamette Valley 

began to be transformed into agricultural land.  Swine, sheep, and cattle were among the first 

livestock to be introduced to the area accompanied by crops such as wheat, potatoes, apples, 

pears, and peaches (Uhrich and Wentz 1999).  Currently, agriculture in the Willamette Valley is 

ranked as the primary industry in the state of Oregon, and supports the growth of 200 different 

agricultural crops and commodities (Giombolini et al. 2010; ODA 2009).  The number one 

farming commodity is nursery plants, followed by Christmas trees and timber, peppermint, a 

variety of fruits including blackberries, boysenberries, and raspberries, as well as hops, all of 

which and more accounted for over half the percentage of gross farm sales in the state of Oregon 

from 1992-93 (Uhrich and Wentz 1999).  While agriculture within the Willamette Valley 

provides the vast majority of Oregon’s industry, such development has taken a major toll on the 

Table 1.  Percentages of land distribution used for cultivation of specific types of crops 

grown in the Willamette Valley. Data taken from Oregon Agricultural Information 

Network Database (2008). 
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region’s native flora and fauna and severely degraded the diversity of habitats on which they 

depend.  

 

III. Soil Management 

In the words of Scott Park, an organic farmer in California’s Sacramento Valley ―the soil 

drives the whole system.‖  Soil management practices are an extremely influential factor in 

determining overall agricultural environmental sustainability. Since the rapid growth and 

expansion of large scale agriculture, soil fertility and organic content have been severely 

degraded due to the use of nitrogenous fertilizers/nutrient replacements, erosion, cropping 

intensity, and other inefficient management practices (Tilman 2002).  Sustainaculture looks to 

increase the environmental sustainability of agriculture in the Willamette Valley by 

incorporating soil management practices that improve upon nutrient conservation, input 

application efficiency, biodiversity, and reduced pollution.  

Nutrient conservation is extremely important in agricultural systems, for the simple 

reason that plants cannot grow without the necessary soil nutrients. However, due to the level of 

soil disturbance and the routine removal of biomass in most agricultural systems, soils are 

vulnerable to nutrient depletion. Depletion of soil nutrients occurs either when the conditions that 

support soil fertility are not maintained or when the components that contribute to fertility are 

removed and not replaced.  

One of the major driving forces behind the depletion of soil nutrients is soil erosion.  Soil 

erosion has been found to adversely affect crop productivity in that it decreases topsoil depth and 

reduces the availability of water by diminishing soil nutrients, soil biota, and soil organic matter 

(Pimentel et al. 2004).  Although soil erosion is not generally considered a large problem in the 

Willamette Valley, a few cultivated foothills used for agricultural production are subject to 

moderate to severe erosion, so it is still an important issue to address (Taylor et al. 2009).  From 

a soil management perspective, nutrient loss through soil erosion can be addressed by utilizing 

multiple practices that have been shown to encourage nutrient recycling while reducing 

incidence of erosion and associated nutrient leaching. These include alternative fertility 

amendments (compost, organic fertilizer, cattle manure, etc.), minimal/no tillage practices, 

planting cover crops on fallow fields, temporary vegetative cover, and planting trees and 

hedgerows around field boundaries (Horowitz 2010; Woodhouse 2010; Tilman 2002; Dabney et 



 

 

8 

al. 2001).  Numerous studies suggest that by incorporating these management practices in the 

Willamette Valley, we can increase the concentrations of soil minerals, organic matter, and 

microbial biodiversity in agricultural soils (Hsu et al. 2009; Pimentel et al. 2004; Tilman 2002).  

Since soil biodiversity in particular is closely linked to soil health in general, discussion 

of the ways in which soil biodiversity can be specifically promoted is essential. Biodiversity in 

the soil has been found to have numerous beneficial properties which are generally not taken 

advantage of in the Willamette Valley.  The benefits from proper biodiversification include such 

things as natural pest regulation, increased nutrient recycling, soil conservation, regulation of 

microclimates and hydrological processes, suppression of undesirable organisms, resistance to 

biotic and abiotic stress factors, and enhanced water use efficiency (Brussaard et al. 2007; 

Bulluck 2002; Altieri 1999).   

These beneficial properties are currently not utilized effectively in Willamette Valley 

industrial farming practices and rely heavily on external inputs such as synthetic fertilizers.  

Tilman et al. (2002) found that techniques used in large-scale agriculture such as uncovered, bare 

soil, intensive tillage and heavy machinery have been shown to decrease soil microbial density 

and diversity.  The same management practices known prevent erosion are also known to 

increase the density of beneficial bacteria and fungi. These include a variety of management 

practices including alternative fertility amendments such as animal manure, minimal/no tillage, 

and other various cropping practices that are described in further detail later in the paper with 

respect to their effect on biodiversity (Brussaard et al. 2007; Pimentel et al. 2004; Tilman 2002; 

Altieri 1999).  Sustainaculture capitalizes on these beneficial properties in an attempt to reduce 

the reliance upon external inputs, increase the efficiency and effectiveness of agricultural 

production, thus decreasing the overall amount of environmental degradation in the Willamette 

Valley.   

Improving the efficiency of soil management practices can have a substantial effect on 

the overall environmental sustainability of the Willamette Valley.  The efficiency of the 

management practices is determined by the amount of fertilizer that is applied versus the amount 

that is required for the crops.  Sustainaculture improves upon the efficiency of soil management 

by incorporating practices that are based upon small scale and precision agriculture which lower 

the amount of required net inputs.  



 

 

9 

    Over-fertilization has been shown to have a variety of detrimental effects on the soil 

including decreased effectiveness of fertilizers, decreased biodiversity, and enhanced weed 

proliferation (Mulvaney 2009, Tilman 2002).   This is an important issue to consider since over-

fertilization has been shown to be a major problem in the Willamette Valley. According to a 

study of fertilizer input based on soil need within the Willamette Valley, ―out of the 26 corn 

fields tested, 40% had excess nitrate, sodium, and potassium‖ (Hart 1997).  Sustainaculture 

addresses the issue of nutrient overloading by incorporating site-specific knowledge utilized in 

precision agriculture to target rates of fertilizer, seed, and chemical inputs necessary for efficient 

agricultural production.  Bongiovanni and Lowenberg-Deboer (2004) found that effective spatial 

management of nitrogen input can reduce overall nitrogen application while maintaining 

profitability.   

Sustainaculture also optimizes the effectiveness of inputs by utilizing alternative fertility 

amendments and legume crop rotations.  Furthermore, Sustainaculture utilizes agitated manure 

nutrient analysis, which has been shown to accurately and reliable analyze total N and P 

concentrations in the manure (Dou et al. 2001).  This is beneficial because using literature values 

for manure nutrient estimations can be problematic due the discrepancies between book values 

and measured farm data (Dou et al. 2001).  Manure analysis, along with precision application 

techniques, allow for increased efficiency of fertilizer application.  If we were to integrate 

Sustainaculture in the Willamette Valley we could improve the environmental sustainability of 

agricultural practices in a relatively simple and effective manner.  Efficiency is a critical issue 

when considering the effects caused by excess soil input on entire ecosystem through water 

contamination. This outlines the importance of reducing the pollution caused by agricultural 

practices in order to optimize the benefits from the soil and reduce the overall environmental 

impact of agricultural practices.    

Off-site pollution caused by soil management practices is directly linked to the over-

application of nitrogenous and phosphatic fertilizers.  Horrigan et al. (2002) found that on 

average only one-third to one-half of synthetic fertilizers applied to fields reach target crops, and 

that the use of synthetic fertilizers has promoted the leaching and eutrophication of nutrients in 

water systems. Nitrous oxide gas emissions from synthetic fertilizers also contribute to the 

creating of toxic tropospheric ozone and other greenhouse gases (Horrigan et al. 2002). 

Sustainaculture reduces these problems in several ways. First, it eliminates the use of synthetic 
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fertilizers, and instead utilizes the precision application of alternative fertility amendments as 

described above. Alternative fertility amendments have been shown to promote soil microbial 

biodiversity, which Pimentel et al. (2004) found to improve the water infiltration rate by as much 

as 150%.  By enhancing the efficiency of input utilization through the incorporation of 

biodiversity and nutrient conservation, the resulting pollution caused by soil management 

practices is dramatically reduced.   

 

IV. Crop Management  

Crop management practices have a substantial impact on the environmental sustainability 

of agricultural systems. Conventional agriculture generally involves input-intensive production 

of crops in monocultures over large spatial and temporal scales. This often results in destructive 

environmental consequences, such as reduced beneficial biodiversity, depletion of nutrients in 

field soils, and surface water contamination through the use of harmful agrichemicals (Belfrage 

2005, Pimentel et al. 2005). In order to reverse these trends in the Willamette Valley, 

Sustainaculture introduces a system of crop management based on the role of biodiversity in 

multifunctional ecosystems. Furthermore, it minimizes the environmental impact of agriculture 

by utilizing practices that maximize the efficiency of resource use and implementing 

conservation programs. 

Biodiversity is essential for a functioning ecosystem; it is known to promote nutrient 

cycling, microclimate regulation, pest and disease control, and detoxification of harmful 

chemicals (Jackson et al. 2007; Woodhouse 2001; Altieri 1999; Conway 1998).  However, 

simply adding ―more‖ to the system does not inherently increase its biodiversity or ecosystem 

services (Swift et al. 2004).  Therefore, Sustainaculture institutes a system of management 

practices specifically designed to maximize efficiency of the agroecosystem. These practices 

include: cover crop, crop rotation, mixed farming, and intercropping. These management 

practices effectively increase the efficiency and functionality of the agroecosystem.  For 

example, multiple studies have shown that the use of cover crops greatly increases microbial 

biodiversity and that cover crop residues seems to enhance fungal, protozoan populations and 

other microbial communities within the soil.  In addition to promoting biodiversity, multi-species 

crop rotations, intercrops and cover crops have a variety of other benefits such as reducing weed 

growth and soil erosion (Riedell 2009; Pimentel et al. 2005; Bulluck 2002; Schutter et al. 2001; 
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Liebman and Davis 2000). Moreover, crop diversity and no-till or conservation tillage systems 

have also been shown to promote biodiversity among species on the macro-scale, including 

insects, birds, and small mammals (Hole 2005).   

In addition to using management practices that enhance crop diversity, Sustainaculture 

recommends the selection of genetically diverse crop varieties on the basis of their compatibility 

with the local types of soil, climate and pest or weed issues in a given area. Varieties of crops 

that are well suited for areas will require less external inputs and are therefore more 

environmentally sustainable (Zhu et al. 2000; Finckh and Wolfe 1997).  For example, green lima 

beans, asparagus, greenhouse tomatoes and greenhouse cucumbers are not well adapted to 

growing conditions in the Willamette Valley and thus require larger amounts of energy inputs 

(Mansour 1999). Therefore, Sustainaculture recommends these crops should not be grown in the 

Willamette Valley and that other crops should be grown only where appropriate.  

With regards to the crops that are suitable for cultivation in the Willamette Valley, 

Sustainaculture recommends that they are genetically diverse varieties. Genetic diversity within 

crop species, has been shown to increase yield stability, promote resistance to stress, and boost 

resilience to pests (Jackson et al. 2007; Altieri 1999). Crops that are planted as monocultures, as 

per conventional agriculture, limit the amount of genetic diversity among crops, which increases 

their vulnerability to disease and allows hordes of pests to thrive. However, agricultural systems 

that incorporate polycultures have been shown to increase disease resistance and decrease the 

vulnerability of attack from pests (Altieri 2004; Cassman 1999). 

Given this focus on natural biodiversity, the practices and potential for negative 

environmental effects make the use of GMO’s incompatible with the goals and methods of 

Sustainaculture.  Though there has yet to be any substantial scientific evidence that demonstrates 

their harm to either humans or the environment, there is significant concern about related 

environmental implications pending their widespread use including: putative invasiveness, 

vertical or horizontal gene flow, effects on biodiversity and the potential impact of GM material 

ending up in other products (Altieri 2005; Tabashnik et al. 1999).  Although GMO’s have the 

potential to increase the environmental sustainability of conventional agriculture, the fact of the 

matter is that there are still a plethora of problems associated with conventional practices that 

have not been alleviated with the use of GMO’s. While touted to reduce the use of inputs, GM 
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crops may inadvertently affect beneficial insects and actually encourage the use of herbicides 

and synthetic fertilizer (Altieri 2005).   

Reducing the inefficiencies of resource consumption used in agricultural production is 

one of the key goals of Sustainaculture and is essential to improving environmental sustainability 

of crop management practices in the Willamette Valley. Contrary to popular opinion, it has been 

shown that small farms are actually more productive per acre (Woodhouse 2010; Helfand et al. 

2007).  Therefore, Sustainaculture recommends the breaking up of large conventionally managed 

farms into smaller, multifunctional agroecosystems as a means of accomplishing maximum 

functionality.    

In addition to maximizing productivity, small scale farms minimize ecological 

disturbance.  Because of their size, larger farms have an inherently larger ecological disturbance 

than small farms (D’Souze 1996).  Furthermore, it has been shown that smaller farms are more 

likely to use land less intensively; small scale farmers generally cultivate less of their land, 

maintain more permanent portions of woodland, and use a greater proportion of their land as 

pasture (D’Souze 1996).  Hole et al. (2005) suggest that there is a strong correlation between 

field sizes.  Additionally farm scale has been shown increase biodiversity, even more than simply 

being organic (Belfrage 2005). 

Field edges, ditches, hedgerows and similar features associated with small scale farms are 

often thought to contribute to this biodiversity through the creation of wildlife habitat (Belfrage 

2005). Specific to the Willamette Valley, remnant oak trees in agricultural fields have been 

shown to increase bird habitat. Interestingly, this study reports that the availability of tree cover 

and the size of the tree are the most influential factors for bird use, not the landscape context; 

large trees were used by birds just as frequently in fields as other more natural landscapes 

(DeMars et al. 2010).  In addition to conserving remnant oak trees, Sustainaculture recommends 

the creation of hedgerows or non-crop habitats to help promote biodiversity and minimize the 

effects of landscape fragmentation (Hole et al. 2005). 

Even when these practices are implemented to promote habitat within the field, the fact 

of the matter is that agriculture inherently disrupts natural ecosystems. By increasing efficiency, 

we can minimize the amount of agricultural land that is needed.  Therefore, Sustainaculture   

promotes the cultivation of purely food related crops.  Exceptions to this would only be made for 
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crops that have been shown to alleviate other environmental issues, crops that are more suitable 

to the ecosystem, or crops that support specific resource needs. 

Harvest data shows that most of the farms in the Willamette Valley currently violate the 

recommendations put forth under the model of Sustainaculture.  Between 2004 and 2008, the 

Oregon Agricultural Information Network suggested that an average of 56.8% of the total farmed 

acreage was being used to produce grass and legume seeds (OSUES 2008). Though specialty 

crops such as nursery stock, grass seed, flower bulbs, Christmas trees, and greenhouse crops 

require little acreage (only 0.6%) for their cultivation are among Oregon’s top commodities, and 

the land they take up could still be put to better use. Under the model of Sustainaculture these 

crops would no longer be grown in the Willamette Valley.  

In order to improve the environmental sustainability of agriculture in the Willamette 

Valley, Sustainaculture recommends the conservation of agricultural land as habitat in order to 

restore previous pre-agriculture ecosystems.  Alternative future analysis of the Willamette Valley 

based on conservation goals suggested the conversion of over 15% of agricultural land for 

conservation purposes (Berger and Bolte 2004).  It should be noted that this is the minimum 

percentage to be converted, since these goals did consider economic factors. Based on this 

amount of conservation, biodiversity is projected to increase. Alternative future analysis 

modeling projections estimate net gains in species; in these models birds ubiquity increased by 

13% and herpetofauna and mammals increased by 11% (Berger and Bolte 2004). 

A major component of Sustainaculture is the restoration of riparian and wetland 

ecosystems within the Willamette Valley. Currently, agriculture is practiced on 30% of the 

riparian zones located alongside river channels (Hulse et al. 1998). The alternative futures 

analysis model converted 99% of the circa 1999 farmland within 30 meters of a stream for the 

restoration of riparian habitat; this amounted to 87% of the total converted land (Berger and 

Bolte 2004).  In addition to promoting biodiversity, riparian zones are important because they 

provide many ecosystem services such as improving water quality and decreasing transportation 

of sediment and agrichemicals into water systems (Lowrance et al. 1984).  Sustainaculture also 

values the restoration of wooded riparian zones, which are known to improve aquatic habitat 

through stream temperature regulation and organic material supply (Gregory et al. 1991; Beschta 

et al. 1987).  
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In addition to promoting the conservation of riparian areas, the valuable function of 

wetlands in the Willamette Valley also warrants protection.  Historically, wetlands have been 

known to provide flood control, contribute to drought prevention, enhance water quality, and 

furnish habitat for wildlife, especially among migratory waterfowl and other wetland-dependent 

species (Taft and Haig 2003).  In addition, it has been noted that wetlands also play an important 

role in sequestering and releasing major proportions of carbon (Mitsch and Gosselink 2000). 

 However, according to Taft and Haig (2003), in the last few decades the Willamette Valley has 

experienced an increased loss of wetland habitat and remnants of what is left are now dispersed 

among small urbanized areas.  Dagget et al. (2003) also report significant wetland loss in the 

Willamette Valley and attribute it primarily to the effects of industrial agriculture; these findings 

are in agreement with the USFWS National Status and Trends Survey (1997), which suggested 

that agriculture was responsible for 79% of wetland loss between 1985 and 1995.  Additionally, 

an analysis of primary records circa 1840 suggests both wetlands and associated bird species 

have decreased in abundance; conversion of today’s agricultural wetlands into wetland prairie is 

suggested to restore this important habitat (Taft and Haig 2003).  Therefore, in addition to 

riparian zones, Sustainaculture strongly encourages the restoration of wetlands for the habitat 

and ecosystem services they provide. 

Sustainaculture also encourages the utilization of crop management practices that have 

been shown to minimize resource use.  Currently, agriculture consumes about 70% of fresh water 

worldwide and global water use is depleting water sources faster than they can be replenished 

(Pimentel et al., 2004).  Even in Oregon most of the rain (70-80% of the annual precipitation) 

occurs between October and March and only 5% occurs in July and August, when it is most 

needed (PNERC 1998).  The largest water use in the Willamette Valley is due to agriculture; 

irrigation represents 49% of the total amount withdrawn (PNERC 1998).  Approximately 25% of 

total harvested land within the Willamette Valley is irrigated (USDA 2007) and much of this 

water is stored within the 371 dams holding 2.7 million acre-feet of water is stored in the in the 

Willamette Valley (PNERC 1998). 

The issue with irrigation is that it is inherently inefficient. In the United States, it is 

estimated that 15% of the total energy expended annually for all crop production is used to pump 

irrigation water (Pimentel et al. 2004).  Additionally, due to water losses during pumping and 

transport, approximately 60% of the water intended for crop irrigation never reaches the crop 
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(Wallace 2000). The common irrigation methods employed by conventional agriculture, flood 

and sprinkler, are also inefficient and it has been shown that water is best conserved when it is 

delivered as directly as possible (Tilman et al. 2002).  Where irrigation is needed, 

Sustainaculture   incorporates the use of drip irrigation or micro-irrigation, as per 

recommendations of Tilman et al. (2002).  Using more focused application methods has been 

proven to save 30% to 50% more water compared to the use of surface irrigation and also 

reduces the problems of water logging (Pimentel et al. 2004). 

In addition to improving efficiencies of irrigation techniques, Sustainaculture’s crop 

management practices also calls for water conservation through the utilization of techniques that 

slow water runoff (increasing water infiltration) and reduce evaporation. These techniques 

include reduced tillage, the use of organic mulches/fertilizers, temporary vegetation (crop 

rotations, intercropping multiple cropping systems) and more permanent vegetation (trees, 

shrubs) (Pimentel 2004; Tilman 2002; Lal 1993).  For example, when silage corn is interspersed 

with red clover, water runoff can be reduced by as much as 87% and soil loss can be reduced by 

78% (Pimentel et al. 2004).  These crop management practices are inextricably linked to soil 

health.  Increasing the content of organic matter within soils by applying manure, mulch or 

similar materials can improve the water infiltration rate by as much as 150% (Pimentel et al. 

2004).  Reducing water runoff in these and other ways is an important step in increasing water 

availability to crops, conserving water resources, decreasing nonpoint-source pollution, and 

ultimately decreasing water shortages (NGS 1995). 

Furthermore, Sustainaculture also minimizes resource dependency on fossil fuels through 

the recommended practices of crop management.  Nitrogenous fertilizers account for 70% of the 

fossil fuel energy used in conventional agriculture (Woodhouse 2010).  Sustainaculture   

recommends that any fertilizer applied is ecologically derived as farms since using organic 

fertilizer have been shown to use 50% less fossil fuel energy (Woodhouse 2010).  Similarly, 

Pimentel et al. (2004) found that fossil energy inputs for organic crop production were about 

30% lower than for conventionally produced corn as a result of incorporating biodiversity and 

reducing the use of external inputs.  As previously discussed with respect to soil management, 

animal waste and green manure may also help promote biodiversity (Hole et al. 2005). 

Though Sustainaculture recognizes that some mechanization is inevitable, it also 

recognizes the fuel use associated with mechanization and encourages intensive human labor as 
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an alternative. Surprisingly, findings show that the returns on human labor are actually higher for 

small-scale animal draft systems than mechanized farms (Woodhouse 2010).  In addition to 

reducing fossil fuel inputs, minimal use of machines may encourage soil microbial density and 

diversity (Tilman et al. 2002).  Furthermore, reducing tillage may promote carbon sequestration 

and habitat disruption (Horowitz 2010, Hole et al. 2005).  

 

V. Pest and Weed Management  

The third component of management addressed by Sustainaculture is pest and weed 

management.  Currently, pest and weed management in the Willamette Valley is characterized 

by the extensive use of pesticides, herbicides, and fungicides.  This extensive utilization of 

pesticides and herbicides is problematic for several reasons.  Firstly, agrichemicals are a 

substantial contributor to water pollution.  The Willamette Valley watershed in particular has 

been heavily contaminated by pesticides and herbicides at times to the point that a six mile 

stretch of the Willamette River was declared a Superfund site due to the contamination of 

riverbed sediments by metals and chemicals found in pesticides and herbicides (NOAA Coastal 

Protection & Restoration Division 2006).  Secondly, the use of pesticides and herbicides in 

conventional agricultural systems as the primary method of controlling unwanted organisms has 

been linked to decreased activity of beneficial microbial and fungal soil communities (Yamada et 

al. 2009). 

In order to reduce these harmful side-effects, Sustainaculture avoids the use of synthetic 

agrichemicals. Instead, it incorporates a four phase approach to pest and weed management 

(Wyss 2001).  According to Wyss (2001) this four phased approach suggests can dramatically 

reduce the negative impacts of pest management on the environment.  The first phase of this 

system attempts to limit initial pest and weed presence through the use of preventative measures. 

This is achieved through a variety of means such as proper site selection, diverse crop rotations, 

enhancement of soil quality through specific cover crops, alternative soil fertility amendments, 

and utilization of pest resistant crop varieties (Wyss 2001; Liebman and Davis 2000).  For 

example, Wyss (2001) states that the control of the rosy apple aphid in apple orchards can be 

achieved through selective pruning combined with organic soil management.  

The second phase of Sustainaculture’s pest and weed control system is based upon the 

promotion of functional biodiversity.  A large body of evidence shows that the use of functional 
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biodiversity as a pest/weed management tool can increase the resilience of agricultural systems, 

thus reducing the need for harsh agrichemical inputs (Moonen 2008; Altieri 1999).  For example, 

Alteri et al. (1999) shows that weeds influence the diversity and abundance of insect herbivores 

and associated natural enemies in crop systems, while the presence of wild vegetation along field 

borders was found to provide habitat for much higher populations of pest-prey.  Other methods 

of pest and weed management, through introduction of flowering plants or grassy strips to 

provide plant food to natural enemies, or forms of intercropping that may act as trap crops or 

interfere with pest location of host plants (Altieri 2002; Tilman 2002).  Referring back to our 

example of the apple orchard, phase two control of the rosy apple aphid would include the 

addition of insectaries, strips of flowers, or cover crops known to encourage populations of 

natural predators such as ladybugs (Wyss 2001). 

If the implementation of second-phase methods fails to adequately control pests, third 

phase pest control is then used.  This phase calls for the introduction of natural predator 

populations directly into the affected environment.  For the case study mentioned, mass releases 

of larvae of the ladybird beetle Adalia bipunctata L. would be implemented, since this beetle has 

been suggested to significantly reduce the populations of rosy apple aphids in spring as well as 

autumn (Wyss 2001).  

The fourth phase of pest and weed management is employed only if the previous three 

phases are ineffective.  It utilizes non-synthetic pesticides and herbicides from biological and 

mineral origins, as well as direct intervention techniques for pest control including mating 

disruption practices, repellents, and pheromones.  In the case of our apple orchard example, this 

might include the use of azadirachtin (the extract on neem tree kernals), which has been shown 

to be a very efficient control agent against the fundatrices when applied before apple blossom 

(Wyss 2001, Wyss 1997).  

 

VI. Conclusion 

Sustainaculture is a model of agricultural production that incorporates numerous practices 

aimed at improving the overall environmental sustainability of agricultural production in the 

Willamette Valley of western Oregon.  This model is based on the management practices 

associated with soil, crops, and pests/weeds.  In terms of the soil management practices, 

Sustainaculture suggests the use of alternative fertility amendments which helps promote 
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functional biodiversity in the soil.  This biodiversity along with precision application helps to 

reduce the net amount of fertility inputs required, which results in less nitrate pollution.   

While Sustainaculture recognizes soil as the basis of agriculture, it also recognizes the 

role of crop management practices in an environmentally sustainable ecosystem. 

Sustainaculture’s crop management practices work to create an agroecosystem which promotes 

biodiversity, multifunctionality, and efficiency in order to minimize the negative environmental 

impacts of agriculture.  For the Willamette Valley, Sustainaculture recommends small scale 

farms, crop diversity, and the creation of species habitat within fields.  Furthermore, 

Sustainaculture recognizes that even the most environmentally friendly farm is still disruptive to 

natural ecosystems.  Therefore, Sustainaculture only promotes the cultivation of food crops and 

strongly advocates the transformation of current acreage used for grass seed production into 

natural habitat.  Sustainaculture also works to conserve key habitats, especially wetlands and 

riparian zones that were converted for agricultural purposes.  Finally, Sustainaculture uses crop 

management to conserve natural resources, particularly reducing water and fossil fuel use.  

In addition to considering management practices for both soil and crops, Sustainaculture 

addresses issues of weed and pest management in an environmentally conscious manner.  Due to 

the environmental toxicity of current pesticides and herbicides, Sustainaculture rejects the 

conventional approach to pest management.  As an alternative, Sustainaculture uses a natural, 

graduated four-phase approach to dealing with unwanted pests.  This approach is based on 

preventative measures and only resorts to natural organic pesticides and herbicides in the most 

critical circumstances. In summary, implementation of these recommendations for soil 

management, crop management, and weed/pest management in the Willamette Valley should 

dramatically increase the environmental sustainability of agricultural systems in the valley while 

protecting essential water resources and riparian zones.  
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