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―Monocultures don’t produce more, they produce less.  Monocultures produce nothing for the 

soil.  The idea that we are increasing soil fertility and agricultural productivity through industrial 

monocultures is one of the biggest lies.‖ Dr. Vandana Shiva  

 

 

 

 

 

―In order to change our ways, we seem to need to terrify ourselves, anticipating tidal waves and 

catastrophes. Now those things may come off, and the San Andreas Fault may shift.  But we 

can't do much about that. What is really happening is something for which we, as human beings, 

are personally responsible. It is very general. Almost everything we say applies everywhere.  The 

real systems that are beginning to fail are the soils, forests, the atmosphere, and nutrient cycles. It 

is we who are responsible for that.‖ - Bill Mollison 

 

 

 

 

 

  



Introduction 

I like food.  No.  I love food.  I spent the first three and a half decades of my life having little 

understanding of the energy needs fulfilled by food and the resources dedicated to its production.  

Food was something to be enjoyed and its effects on the environment, not to mention my body, 

were ancillary concerns.  I was ignorant to the impacts of our food systems partially due to 

systems which are designed for that effect, but more so due to my own failings.  From a climate 

change perspective this allowed me to make highly destructive, guilt-free, food selections.  I 

enjoyed fruits and vegetables, but often overlooked them when filling protein and carbohydrate 

loaded choices were available.  I consumed more calories than my body required and chose 

foods which typically had greater far greater environmental impacts that necessary.  I knew not 

the folly of my ways.  I know better now, so consider this my Mea Culpa.  Fortunately, there are 

plenty of opportunities for me to make amends. 

For years I have kept a garden both for the enjoyment derived from growing my own food and 

for the time of quiet reflection it offers.  At first, the act did not fit into a broader world view; it 

was just one of many things I enjoyed doing.  Recently, I have begun to look at food from a new 

perspective.  Documentary films like ―Ingredients‖, ―Super Size Me‖, ―Food, Inc.‖ & ―King 

Corn‖ made me question my food choices.  I began researching the subject and learned that 

different foods require vastly different inputs and that their methods of production varied greatly, 

not only by type of food, but also by growing region for like foods.  It became important for me 

to know how I could help maintain both my family’s health and that of the planet with our 

consumption decisions.  This paper is an attempt to further the understanding of the impacts of 

these decisions.  To do this, I will examine relevant academic research in pursuit of 

recommendations for more sustainable global agriculture systems.  Today’s industrial agriculture 



system practices large-scale monoculture farming which relies on intensive use of fertilizers, 

herbicides, fungicides and pesticides, as well as heavy soil tillage.  All of these practices run 

contradictory to natural biological cycles. Tilling disrupts soil biota and removes vital nutrients 

via runoff.  In contrast to this, conservation tillage agriculture utilizes low or no-till treatment of 

the soil and some or all of the following: crop rotation, fallowing, companion planting, and 

reduced or eliminated use of fertilizers and pesticides in some cases.  The intent of this effort is 

to improve the author’s, and this paper’s readers, understanding of the impacts these methods 

have on our soil.  In essence, I wrote this paper because I want us to eat deliberately.  In doing 

so, we could begin to lessen our environmental impact with every meal.  

Problem Statement 

The U.S. Census Bureau estimates that the global population will exceed seven billion by April 

of 2012. (U.S. Census Bureau 2011)  World population has more than doubled in the past fifty 

years and is expected to surpass nine billion by 2050. (UN News Center 2005)  Holding diets 

constant, the population growth would necessitate a near 30% increase in food production during 

that time, but the problem is compounded by the efforts of developing nations to adopt western 

lifestyles.  In 2009, the head of UN's Food and Agriculture Organization, Jacques 

Diouf, announced that, "we face the challenge now of not only ensuring food for the 973 million 

who are currently hungry, but also ensuring there is food for nine billion people in 2050. We will 

need to double global food production by 2050."  A report from the International Food Policy 

Research Institute states that, ―Changes in precipitation patterns increase the likelihood of short-

run crop failures and long-run production declines.  Although there will be gains in some crops 

in some regions of the world, the overall impacts of climate change on agriculture are expected 

to be negative, threatening global food security.‖ (Nelson, et al. 2009)  Ignoring climate change, 



feeding that many people would be a daunting challenge.  When factoring in the expected 

impacts of climate change, and the need to mitigate the climate impacts of our industrial 

agriculture system, it seems our current path.  This paper does not attend to the larger food 

production problem, but instead looks at the root of the problem.  The combination of climate 

change, and prevailing agricultural practices, is causing the soil in which our food is grown to 

degrade and disappear.   

Industrial agriculture relies heavily on a practice called conventional tillage.  A variety of 

reasons have been put forth for the practice, including the following: 

 (1) provide a smooth and suitable seedbed given the type of seeding equipment 

available; (2) (temporarily, at least) reduce soil compaction to promote crop rooting; 

(3)incorporate fertilizers and lime (which is not necessary in most situations); (4) control 

weeds before the advent of herbicides, and later to incorporate some residual soil 

herbicides; (5) bury crop residues for certain types of plant disease control; (6) warm the 

soil in humid and cooler regions; and finally; (7) follow tradition (Feng, et al. 2003) 

In contrast, conservation tillage ―is primarily used as a means to protect soils from erosion and 

compaction, to conserve moisture and reduce production costs.‖ (Holland 2004) 

This paper looks at the potential benefits and drawbacks of reverting to conservation tillage
1
 and 

its related practices. 

Methodology 

This paper will consist of analyzing existing research, synthesizing ideas, and proffering a set of 

recommendations.  No original data has been collected for this work. 

  

                                                           
1
 “Any tillage practice that reduces soil or water loss when compared to mold board plowing is considered to be 

conservation tillage.” (Gebhardt, et al. 1985) 



Findings 

―The Importance of Soil Organic Matter,‖ a report produced by the Food and Agriculture 

Organization (FAO) of the United Nations, lists the following factors as being important 

conditions for soil: temperature, soil moisture and water saturation, soil texture, topography, 

salinity and acidity, and vegetation and biomass production.  The FAO report further claims that, 

―In natural humid and subhumid forest ecosystems without human disturbance, the living and 

non-living components are in dynamic equilibrium with each other.‖  This section attempts to 

highlight the gap in distance from the state of nature for various factors relevant to conventional 

and conservation tillage.  In most cases, conservation tillage is the hands down winner. 

Soil Makeup 

―The long-term stabilization of soil organic matter (SOM) in tropical and temperate regions is 

mediated by soil biota (e.g. fungi, bacteria, roots and earthworms), soil structure (e.g. 

aggregation) and their interactions,‖ (Six, et al. 2002) and ―generally, SOM stays in the soil 

twice as long in no-till systems than in tilled systems.‖ (Estabrook 2011) Conventional tillage 

disrupts the soil web by destroying roots while generally loosening the soil.  Soils are left 

vulnerable by this act and nutrient levels drop as water from rain and irrigation flushes out 

minerals.  Soil erosion rates have been found to ―exceed 100 metric tons per hectare,‖ as the 

energy from raindrops causes ―soil detachment, increased surface ―sealing,‖ reduced infiltration 

and a dramatic increase in runoff. (Appendix A)  This can lead to sedimentation in bodies of 

water, as well as problems with pesticides and herbicides.  The sediments which are washed into 

waterways also carry ―the bulk of the nitrogen (N) and phosphorous (P) loads‖ away from the 



plants they are intended for causing eutrophication.
2
 (Gebhardt, et al. 1985)  Another study 

measured the difference between conventional till and no-till, and found the latter to have soil 

carbon increase ―by more than 8%.‖ (Herrerro, et al. 2001)   

Advantage: Conservation Tillage 

Soil Moisture & Temperature 

Conventional tillage initially loosens soil, but over time, leads to compaction which minimizes 

the soil’s capacity to retain moisture.  One study found significantly higher water retention in 

organically farmed fields. (Appendix B)  Reduced water holding capacity leads to higher soil 

temperatures in otherwise like conditions as the soil lacks the ability to release heat back into the 

atmosphere via evaporation.  For this reason, conservation tillage can be desirable in areas where 

it is cooler, as it can help achieve optimal soil temperature levels for germination and root 

growth.  But in looking at it from a climate scale, it can contribute to global warming as moisture 

which would keep the soil cooler, helps keep the air warmer.  Due to the aforementioned fact, 

and the relative predictability of evaporation rates, ―compared to antecedent precipitation, soil 

moisture is a better predictor for future monthly temperature.‖ (Huang, Van Den Dool and 

Georgarakos 1995) 

Increased soil moisture and reduced soil temperature are not preferable in all cases, but in 

looking at the earth systemically, the positive impacts would far outweigh the negative. 

Advantage: Conservation Tillage 

Biota 

One study found ―deep burrowing species of earthworms (to be) favoured greatly by direct 

drilling.‖ (Appendix C)  (Edward and Lofty 1982)  The Herrerro study also looked at the average 

                                                           
2
 Eutrophication: “The term 'eutrophic' means well-nourished; thus, 'eutrophication' refers to natural or artificial 

addition of nutrients to bodies of water and to the effects of the added nutrients….When the effects are 
undesirable, eutrophication may be considered a form of pollution.” (National Academy of Sciences, 1969) 



number of earthworms present and found the no-till plots (2.1 sq. ft.) to have significantly more 

than what they found in the fallow plots (0.6 sq. ft.). (Herrerro, et al. 2001) Conventional tillage, 

―on the other hand, creates conditions favorable to bacteria-based food webs composed of 

disturbance-adapted organisms with high metabolic rates.‖ (Hendrix, et al. 1986)  Another study 

found that, ―Tillage reduced microbial diversity,‖ and that ―overall diversity (H) was reduced not 

only through reduced substrate richness, but also through increased dominance of a few groups 

(i.e. reduced evenness). ― (Lupwayia, Rice and Clayton 1998)  The same study found that the 

impacts of additional herbicides used in no till plots ―was overridden by the greater effect of 

tillage.‖ (Lupwayia, Rice and Clayton 1998) 

Advantage: Conservation Tillage 

Labor Use 

To determine the differences in costs between conservation and conventional tillage, one study 

broke down the following components, ―cost of labor, fertilizers, pesticides, seed, and 

machinery.‖ (Uri 2000)  The same study also remarked that ―grain handling and drying costs are 

affected if yields differ.‖  Labor use in this study found conventional tillage for corn to take 

―0.95 hour(s) per hectare while conservation tillage took only 0.48 hour(s).‖  Labor savings for 

soybean and wheat were even greater for conservation tillage.   

In a presentation to The Asia Society, Gary Hirshberg, CEO of Stonyfield Farms, claimed that 

after migrating from conventional to organic production methods, his company has reduced cost 

premiums by 50% in just five years. (Hirshberg 2009)  A study of conventional and conservation 

tilled corn farms supported his claims stating that, ―In the short term, total production costs were 

about 2, 11, and 18% greater for the chisel, till-plant, and no-till systems, respectively, compared 



to the conventional system. In contrast, long-term costs were nearly equal among the four 

systems.‖ (Mueller, Klemme and Daniel 1985) 

Advantage: Neutral (In today’s economy, I would argue for job creation, but freeing people up 

for other productive pursuits cannot be denied as a potential positive.) 

Fertilizers, Herbicides & Pesticides 

The Uri study found mixed results on fertilizer use citing four different studies with the 

following results: one which found yields were lower with conservation tillage suggesting the 

need for additional fertilizer to achieve like yields (Mannering 1974), another which found 

fertilizer needs to be essentially equal (Halvorsen 1994), a third which ―suggests that fertilizer 

use will actually fall under conservation tillage because better fertilizer management practices‖ 

(e.g. injection) will be used‖ (Rehm 1995) and a forth which argued ―that it is not possible to 

determine a priori what will happen to fertilizer use because use is a function of many site 

specific factors (Mengel 1992).  Additionally, ―Native prairies in Kansas are relevant in this 

context, as some have been annually harvested for hay for over 75 years with no fertilization or 

detectable decline in yield or soil fertility. In contrast, annual crop production has resulted in 

significant reductions in soil fertility and now requires intensive inputs to maintain yields.‖ 

(Culman, et al. 2009)  The lack of consensus suggests the need for additional study on this factor.   

Another study found organic practices to require less water, but greater labor in the form of hand 

hoeing. (Appendix D)  The labor piece may seem a negative, but in an economic environment 

where millions are desperate for jobs, the opportunity to produce healthier foods, while 

providing employment, appears to be a win-win prospect. 

One interesting finding came from ―Tomatoland,‖ Barry Estabrook’s novel on the fresh-market 

tomato industry.  The book compares the differences between the near equal acreage in 



California and Florida which is dedicated to tomato planting.  Estabrook cites a study from the 

USDA’s National Agriculture Service, which shows ―Florida’s tomato farmers applied eight 

times as much‖ herbicide ―in terms of raw quantities.‖ (Estabrook 2011)  Estabrook calls out one 

herbicide, Methyl Bromide, as being ―one of the most toxic chemicals in conventional 

agriculture’s arsenal.‖  The EPA oversaw a phaseout of Methyl Bromide which was completed 

on January 1, 2005, as part of the Montreal Protocol.  (EPA.gov 2011)  The chemical was phased 

out due to its toxicity to humans, as well as for its contributing ―significantly to the destruction of 

earth's stratospheric ozone layer,‖ (EPA.gov 2011)  but the Montreal Protocol allows exemptions 

for the use of Methyl Bromide.  The agreement allows for the use of the product in situations 

where:  

(i) The specific use is critical because the lack of availability of methyl bromide for that 

use would result in a significant market disruption; and 

(ii) there are no technically and economically feasible alternatives or substitutes available 

to the user that are acceptable from the standpoint of environment and public health and 

are suitable to the crops and circumstances of the nomination.‖ (EPA.gov 2011) 

In 2006, a full year after the ban went into effect, the State of California report no use of Methyl 

Bromide.  In the same year, the State of Florida reported that its farmers had applied 5.6 million 

pounds of the chemical.  This demonstrates a couple of important points.  First, the regulatory 

environments of different states can allow for vastly different treatments of agricultural soils.  

Second, the suitability for growing specific products can vary greatly by region.  Third, 

businesses will generally seek the path of least resistance to profits and may need to be 

incentivized to elicit desired behaviors, if regulatory processes are not ardently adhered to. 

Advantage: Conservation Tillage 

Yields 



Conventional wisdom holds the belief that industrial agriculture cannot be matched on a yield 

basis rendering organic and conservation tillage practices untenable for global deployment.  

Some studies suggest otherwise.  One multi-year study, which utilized a variety of crops, 

determined ―a lack of conclusive evidence that conservation tillage leads to higher yields (at least 

not in the short run).‖ (Uri 2000)  The study was unable to confirm increased yields over the 

short run, but they also did not find conservation tillage to produce at lower levels than 

conventionally tilled farms. (Appendix E)  In the aforementioned presentation, Gary Hirshberg 

stated that the same fields have increased yields of sugar cane farms by 10% over the levels 

achieved prior to the shift. (Hirshberg 2009)   

Advantage: Inconclusive (More research is needed in this area.) 

Financial Returns 

A soil erosion study looked at the costs and benefits of preventing erosion on both cropland and 

pastureland.  The study found that an $8.4 billion investment would mitigate $44 billion in 

damages each year. (Pimentel, et al. 1995)  In doing so we could ―reduce U.S. agricultural soil 

loss by about 4 X 10
9
 tons and help protect our current and future food supply.‖ (Pimentel, et al. 

1995)  These numbers are projected for the U.S. alone, so the global opportunity is likely much 

larger.   

As for the direct financial returns – the part that drives business decisions – there appears to be a 

perception bias working against conservation tillage.  A study which sought to determine the 

subsidy levels necessary to convert 90% of Iowa’s corn fields to this method found that it would 

take nearly $20 per acre (at a 50% confidence level.). (Appendix F)  The same study warned that, 

―some non-adopters do not use conservation tillage because the expected profit gain alone does 



not fully compensate them for the increased risk and possibility of irreversible lost profits 

associated with conventional tillage practices.‖ 

Advantage: Neutral (While financial benefits can be expected to be greater with conservation 

tillage, it carries with it increased risk.) 

Fossil Fuel Use & GHG Impacts 

―When the energy usage of two integrated farming systems utilising conservation tillage were 

compared to conventional systems based upon ploughing, total energy usage was 16 and 26% 

lower over a 6-year rotation.‖ (Holland 2004)  Another study undertook a full lifecycle analysis 

of carbon and determined both that, ―on average, changing from CT (Conventional till) to NT 

(No till) does not cause an increase in CO2 emissions, and in most cases contributes to a 

decrease,‖ and that this also ―offers an opportunity to both increase C (carbon) sequestration and 

simultaneously reduce C emissions from agriculture.‖ (West and Marland 2002) 

Pacala & Socolow’s much ballyhooed paper on ―stabilization wedges‖ suggests that we migrate 

all of ―of the world’s 1600 million hectares of cropland‖ to conservation tillage. (Pacala and 

Socolow 2004)  In doing so, they suggest that we could mitigate up to 25 GtC over the next 50 

years.   

Advantage: Conservation Tillage 

Recommendations 

Research performed by the USDA’s Economic Research Service (ERS) suggests ―The aggregate 

food supply in 2000 provided 3,800 calories per person per day, 500 calories above the 1970 

level and 800 calories above the record low in 1957 and 1958.‖  Therefore, any 

recommendations for the agricultural system would be remiss without addressing the need to 

right-size the caloric intake of the American public.  Failing to do so is wasteful of resources and 



highly damaging to individual health and the environment alike.  We say that we cannot feed the 

seven billion people a western diet, but in all honesty we should not be feeding anyone a western 

diet!  Reducing the caloric intake of Americans would allow us to better feed the nearly one 

billion malnourished people on the planet. (Appendix G) 

We should also look to aggressively move to conservation tillage for the multifarious reasons 

described within this paper.  We have the opportunity to mitigate climate change through the 

sequestration of carbon in our soils, while increasing employment and improving the health of 

the environment in general.  We can also limit the production of greenhouse gases through 

reduced use of fertilizers and farm equipment. 

Additional research should be directed towards the questions of yields and returns and to finding 

a way to spread the additional risk incurred by farmers switching to conservation tillage.  We 

should also encourage the funding of research in all areas of conservation tillage as we should 

look to continuously improve them going forward.  It took us a long time to get as far as we have 

from natural systems and it will take time and effort to bring us back in alignment.    

Intially, great attention should be paid to converting fields with sub-standard yields as they are 

most likely to directly benefit from these practices.  This will help raise global productivity, and 

thereby food stores, which will allow us to then begin converting our higher yield farms.  Failing 

to work in this order could have disastrous consequences as stores are currently perilously low. 

Conclusion 

Conservation tillage has numerous benefits including the reduction of Greenhouse Gases 

(GHGs) from the atmosphere and maintaining the health and viability of the soil.  In contrast, 

conventional tillage practices attempt to turn our soil into a substrate, much like the sands of 

Central Florida which are used for growing fresh market tomatoes.  In general, some nutrition 



remains, but much of it is lost to runoff, while the practice devastates the natural biological 

systems.  Chemicals like Methyl Bromide indiscriminately sterilize the soil, while endangering 

the health and lives of the workers who apply it.   

―In advocating soil C sequestration, we may be chasing two contradictory aims: storage of 

organic matter, and also its decay.‖ (Janzen 2005)  This is an important consideration as soil 

organic carbon is not a permanent store, but part of the larger cycle.  We can attempt to sequester 

a larger amount of carbon in our soils and biota, but in doing so we need to understand the 

temporary nature of the store and the need to replace carbon which is lost back to the 

atmosphere.  The average residence time for carbon has been measured at sixty-three years in 

temperate soils. (Appendix H)  Therefore, carbon sequestration in agricultural lands should be 

seen as a stop gap measure as the extra carbon stored will eventually return to the atmosphere.  

Continuing to sequester carbon at the rate which it is lost will hold levels constant, but there are 

limits to the amount which we could additionally store.  Storing carbon in trees offers a longer 

term gap measure, but here we are limited by the need to utilize arable land to feed the world’s 

growing population. 

Increased atmospheric carbon dioxide acts as a forcing agent which ―stimulates both N2O 

emissions from upland soils and CH4 emissions from rice paddies and natural wetlands‖ 

(Groeningen, Osenberg and Hungate 2011)  ―These emissions are expected to negate 16.6 

percent of the climate change potential previously predicted from an increase in the terrestrial 

carbon sink under increased atmospheric CO2 concentrations.‖ (Groeningen, Osenberg and 

Hungate 2011)  This effect necessitates close to twenty percent more carbon to be sequestered in 

the soil and biota to have the impact expected when ignoring the impacts of forcing N2O and 

CH4.   



Conservation tillage is not a pure state of nature, but it is much closer to being this than 

conventional tillage.  The following diagram from J.M. Holland’s, ―The environmental 

consequences of adopting conservation tillage in Europe: reviewing the evidence,‖ is a vivid 

reminder of why we must quickly migrate to our practices. 

 

 

  



Appendix 

A. Effect of conventional and conservation tillage on erosion & runoff (Gebhardt, et al. 

1985)  

 

B. Soil water holding capacity under differing tillage practices 

 

  



C. Earthworm populations in Direct-drilled and Plowed fields  (Edward and Lofty 

1982)   

 

D. Inputs used in organic, low-input and conventional systems 

 

  



E. Yields from a till vs. no-till study by tillage system and soil type. (Uri 2000) 

 

F. Conservation tillage supply curve and the subsidy needed to achieve 90% adoption 

with 95% confidence bounds (Kurkalova, Kling and Zhao 2005) 

 

  



G. Number of undernourished people in the world (Food & Agriculture Organization 

2011) 

 

H. Mean Residence Time of Carbon in Tropical and Temperate Soils (Six, et al. 2002) 
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