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Abstract:A fundamental challenge of the 21st Century wélltb maintain both agricultural production
and the integrity of our natural ecosystems. Moitacess of annual crops, currently providing a
majority of humanity's food and fiber needs, prevatharp contrast to the diverse perennial plant
communities characterizing, with few exceptiongura ecosystems. The large-scale conversion of
natural ecosystems to annual cropping systemsroésund effects from the field to the landscape
level. In comparison to perennial plants, annuapsrinefficiently utilize water and nutrients resuj in
degradation of soil and water quality. North AmalscCorn Belt provides a vivid example of the
impacts of large-scale conversion of native vegatab annual monocultures. The region, formerlly ta
grass prairie under which the world's most fegids were formed, was largely converted to annual
cropping systems in less than 150 years. The rkaslbeen irrecoverable soil loss from the fields,
widespread contamination of surface waters in éiggon, and nutrient contamination of the Gulf of
Mexico thousands of kilometers downstream. Conwgarsi annually cropped land back to perennial
cover provides great potential to mitigate thesdbjams. As the global human population grows to an
expected 8 to 10 billion people over the next fifgars, it will not be sufficient to merely convert
cropland back to native vegetation. Innovative doiaiive cropping systems employing the efficiencies
and conservative strategies of natural ecosystenss Ine designed to meet the fundamental challehge o
this century.

Introduction

A fundamental challenge of the 21st Century wiltdeneet humanity's basic needs while maintaining
the integrity of our natural ecosystems througlts@reation of global biodiversity. Chief among
humanity's basic needs is food, most of which coimes highly managed agricultural systems. Within
the past several decades, however, ecologistsiieamne increasingly concerned that negative o#f-sit
environmental impacts of agricultural productioretiten not only future food productivity but albe t
integrity of our natural ecosystems (Faeth, 200ndn, 2001). Beyond the more widely cited benefits
of natural ecosystems, such as their support afieosity, other less widely recognized benefitshs

as effective management of soil and water resowed<fficient nutrient cycling (Ewell, 1999), have
global implications relevant to agricultural protioa. Even the highest levels of agricultural irgut
cannot fully substitute for topsoil on the scalguieed for adequate food production.

If we look to the planet's many different natutahd-based ecosystems for answers on how to
effectively manage soil and water resources inaguicultural systems, the plant communities in lyear
all of them have two critical attributes in commgerennialism and diversity. This holds true from
tropical rainforests to temperate-zone grasslamdsontrast, more than two-thirds of global croglan
are occupied by annual crops grown in monocultbfd, 2003). This dramatic vegetative conversion
over the last ten millennia has, with few excepdiorut into the ecological capital built up and



conserved by natural systems (Pimm, 2001). Chafingessuch a conversion, beginning at the micro-
scale of the rhizosphere and extending out to tienrshed level, can impact seemingly well-buffered
systems thousands of kilometers away (BurkhartJanges, 1999). These large-scale impacts, ranging
from nutrient-contaminated dead zones in coast&nsdo global climate change, force us to confront
the overwhelming reality of the seamlessness ofytmbral ecosystems; there can be no cordoningfoff o
our activities.

While in many cases we cannot entirely rewind #petby converting annually cropped land back to
diverse perennial plantings, there is ample evidéhat reverting back to vegetative structures more
closely resembling that of the previous naturatesysprovides substantial benefits in terms of imprcb
soil and water quality and nutrient cycling (Ewél§99; Neher 1999; Pate and Bell, 1999). As the
global human population grows to an expected 8tbillion people over the next fifty years, it wilbt

be sufficient to merely convert cropland back taveavegetation. Innovative, productive cropping
systems employing the efficiencies and conservatirstegies of natural ecosystems must be designed
to meet the fundamental challenge of this century.

The Case of North America's Corn Belt

The Corn Belt region of the Upper Mississippi RiBasin provides a vivid example of the impacts of
large-scale conversion of native vegetation to ahmonocultures. Formerly under perennial vegetatio
- either forest or prairie - this region was aggiesly converted to annual grain production over st
century. In lowa, for example, perennial vegetadcoounted for only 13.1 percent of farmland by7199
(Jackson, 2002). The effects of this conversiorraaively well-documented having been widely
studied at the field, region, and watershed lewMish the Mississippi River watershed occupying enor
than 40 % of the area of the continental UnitedeStd also serves as a model for understanding
ecological processes on continental scales.

Effects at thefield level

At the field level, negative impacts of annual @y systems include inefficient water and nutriese
and soil loss. Because seeds require a warmer,sgeelbed for germination than is required for soil
biological activity to occur, nutrients mineraliz&dm soil organic matter can be leached through th
soil profile or lost in surface runoff encouragedtbe absence of vegetative cover (Dinnes et @02p

Likewise, following harvest, the absence of liviplgnt cover results in poor nutrient and waterinse

the fall.

Water flow through soil profiles under annual cropsy be 5 times greater than through soil profiles
supporting perennials (Randall et al., 1997). Lesdel5% of the annual precipitation through
subsurface flow have been measured in annual argyistems (Dinnes et al., 2002). This 5-fold
increase in water flow through annual crop systeamseesponds to a 35-fold increase in yearly nitrate
nitrogen loss from these systems as compared émpial systems (Randall et al., 1997). In contrast,
perennial systems, with extensive living root systen place year round, capture available nutriants
water any time the soil is warm enough to suppmiblical activity.



Although inefficient water and nutrient use mayutes water-logged soils and high fertilizer bjlls
more troubling for long-term productivity is soidds. Perhaps the longest-term comparison studhein t
US on the effects of annual vs. perennial produacsigstems on soil loss, the 100-year study at Sanbo
Field, Missouri compared permanent perennial grassr to two annual cropping systems, one a
rotation that included 2 years of perennial grafiewed by 4 years of annual crops and one a
continuous corn system(Gantzer et al., 1990). Adteentury, the permanent perennial grass cover
maintained 30 % more topsoil than the rotationeyséven though it included two years of perennials.
Cover management (perennial vs. annual) was 35timwe significant than the soil erodibility and 28
times more significant than the slope in explairtimg differences. Perennial cover was 54 times more
effective in controlling erosion than was the ariraap.

Despite advances in cropping strategies, nutrisatafficiencies of annual crops remain low and igav
dependant on weather conditions (Dinnes et al.2R2@though reductions in soil loss under annual
crops have been achieved in recent years througlementation of no-till and conservation tillage
practices, adoption of alternative tillage pracicemains difficult in many northern regions du¢ht®
need for warm, well-drained seedbeds. Furthermmoueh of the reduction in national erosion rates is
not attributable to advances in annual croppingtmres. Instead, conversion of cropland back to
perennial vegetation in the Conservation ReseregrBm accounts for more than 60% of the overall
reduction in soil loss rates (Brady and Weil, 1999)

Effects at theregional level

Although negative impacts of agricultural produntere most often measured at the field level,
increasing attention has been given to impactseateégional level particularly in terms of watefjty.
Because life cycles of annual crops are not weltkyonized with annual climatic and soil conditions
they compete poorly with weeds for water and natseConsequently, high levels of fertilizer inputs
are required to meet peak-growth crop requiremamasherbicide inputs to battle weed growth. The
large volumes of water flowing through soil proéiland across field surfaces transport significant
amounts of soil and agrochemicals to surface aodngr water sources leading to worsening water
guality problems in the region.

Under annual cropping, soil transport to Lake Pepinatural riverine lake on the Upper Mississippi
River, has risen 12-fold over the last 160 yeangesEuropean settlement (Kelley and Nater 2000).
Annual croplands account for 48% of non-point sedraitrogen and 37% of non-point sourced
phosphorus delivered to surface waters annuallgttF2000). In Des Moines, nitrate levels in the
Raccoon River were so high in the spring of 20@i the city had to switch to the Des Moines Riar f
its drinking water.

In addition to sediment and nutrient loading profdethe National Water Quality Assessment program
found at least one pesticide in nearly every watet fish sample collected from streams and in over
50% of sampled wells in agricultural areas (USG® 2. Nearly all samples taken from streams and
half of those from wells containing a detected ige# contained two or more pesticides. The most
commonly detected herbicide, atrazine, is alsaxtbet commonly used herbicide in the region. In 17
out of 40 agricultural streams studied, Canadiaratictlife criteria for herbicides were exceeddut t
United States EPA has no such guidelines for alguical chemicals (USGS, 2002).



A widely recommended strategy for reversing theseds is the conversion of productive cropland to
native perennial vegetation as part of federalhyded conservation programs. Without development of
productive, ecologically sound production systenchsconservation efforts are vulnerable to future
failure if commodity prices rise or federal fundiafconservation efforts is removed. While incregsi
the area of restored wetlands and native wildl#bitat is a desirable goal, the long-term health an
economic welfare of local communities requires tl@tservation occurs as a consequence of
agricultural production rather than in spite of it.

Effects at the watershed level

These field and regional level problems have beeticoiously linked to problems more than 1000 km
downstream. Annual nitrogen flux to the Gulf of Nexfrom the Mississippi River tripled between
1955 and 1970 and between 1980 and 1996 with nieeolyhirds of the flux in the form of nitrate
nitrogen (Rabalais et al., 2002). Agricultural adnitions account for 66% of the nitrogen additions
with areas north of the Ohio River contributing 56%ihe overall nitrogen load; Minnesota, lowa and
lllinois alone account for 40 - 50% of the totalragen inputs (Goolsby et al. 1999). Overall, nerfux
to the Gulf of Mexico increased by 300% in the laaif of the twentieth century (Rabalais et alQ20

The result of this increased flux has been the &bion of a midsummer, 20,000 km2 or larger hypoxic
zone in the Gulf of Mexico. Nitrogen enrichmentlfualgal blooms which deplete oxygen
concentrations to levels below those required bgywd the Gulf's marine organisms; these low-
oxygen zone essentially become dead zones. Cea&stalists monitoring the phenomenon for decades
have tracked the primary cause directly back tddaape conversion of native vegetation to annual
cropland within the Mississippi River Basin (Ralslet al., 2002). As at the regional level,
recommended strategies for mitigating the probhgoically focus on conservation programs for taking
cropland out of production.

The Work of The Land Institute

It is expected that, over the next fifty years, tioenan population will increase in numbers equah&
total number of people that the planet supportiég years ago. In order to maintain a populatio® ob
10 billion people we cannot afford to convert laegeas of cropland back to native vegetation ireord
to preserve the integrity of global ecosystems. ¢éor we afford to continue losing valuable soil and
nutrients under current annual cropping systemslé/dlome changes in diet need to occur for various
reasons, it is likely that the majority of humarocie needs will be met by grains which now, proedic
in annual cropping systems, constitute the majarfityur food production (Pimm, 2001).

Rather than work to improve annual production systey individually addressing the many attendant
problems, researchers at The Land Institute (Téfidrrto natural ecosystems for solutions to meeting
the challenge of producing adequate grain yielddevdonserving resources. In particular, the tailsg
prairie ecosystem, composed of plant species apasop the warm- and cool-season grasses, legumes,
and oil crops produced in our annual productionesys, serves as the model for TLI's plant breeders
and agroecologists whose work is primarily diredtedeveloping high-yielding production systems
featuring mixtures of herbaceous, perennial greaps. These mixtures would essentially be domestic



prairies with vegetative structures analogous #&b tif the prairie but with grain yields similaraanual
cropping systems (Jackson and Jackson, 1999). Byaking the structure of the prairie ecosysterns it i
hoped that these agricultural systems could suppanty of the critical functions carried out by the
prairie such as efficient water and nutrient manag® and adequate management of pests, weeds, and
pathogens.

Plant breeders at The Land Institute use two agexato developing the necessary crops for these
domestic prairies: 1) perennialize current annughe and 2) domesticate promising wild perennials
(Cox et al., 2002). Wheat, sorghum, and sunfloveselproven promising candidates for
perennialization efforts while attempts are undgrteadomesticate lllinois bundleflower, intermediat
wheatgrass, and compass plant by improving sedd amel size and addressing seed quality. Efforts at
The Land Institute are accompanied by work at Wagthn State University and several other
institutions around the country (Cox et al., 2082heinost et al., 2001). Recent advances in plant
breeding tools and methods makes these effortshp@$sr perhaps the first time in history.

Because perennialization of annuals and domegircafiwild perennials requires selection for a wide
selection of traits rather than a single gene, esgvill likely be based more on the continuityetibrts
rather than on single instances of ingenuity. Lilsewthe agronomic work required to successfulyngr
mixtures of these crops will require long-term walfjanized efforts to address the many questions
posed by an entirely new form of agricultural protlon. For these two reasons, it is expected thdab?2
50 years of work will be required to achieve fuligble domestic prairies (Jackson and Jackson,)1999

While a 25 to 50 year timeline appears impractica world of 3 year research projects, the eccklgi
problems occurring as a consequence of annual icr@gystems play out over similar lengths of time.
The problems of soil erosion and degraded watelitgwasulting from annual cropping systems have
been with us for millennia. In the future theseljpeons will worsen as efforts to meet the planet's
expanding food needs intensify. If, in 50 growirgsons, there are productive agricultural systems i
place that both provide adequate yields and sumgaitecosystem functions the time required for
success will have seemed short.
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