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Abstract:

Growers adopt conservation tillage because, in the short-term, the technology can reduce operating costs and make better use of labor and land. In the long run, growers adopt because allocated overhead costs go down, investment in machinery is less, and synergies improve between natural, and economic, resource stocks.
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Introduction

The Conservation Technology Information Center (CTIC) shows that the number of acres in the United States where conservation tillage (Figure 1) has been adopted has increased from 99.3 million acres in 1994 to 112.6 million acres in 2004, a 13.3% increase. Notably, 2004 appeared to show a ‘break out’ from the slumping, or stagnant, acres shown in previous years. 
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Fig. 1 Conservation Tillage Adoption inthe U.S.
After four years of decline, conservation tilage adoption increased in 2004.
Source: Conservation Technology Information Center




CTIC points out that no-till, in particular, has seen strong gains. Figure 2 shows that the number of acres in the United States where no-till has been adopted has increased from 38.9 million acres in 1994 to 62.4 million acres in 2004, a 60.4% increase. The adoption rate in 2004, a 7.1% increase, was more than double the 3.3% average of previous years. 

[image: image2.jpg]Millions of acres

No-Till Adoption in the U.S.

1994 - 2004

65
60
55
50
45
40

35

1994 1996 1998 2000 2002

Fig. 2 No-Till Adoption in the U.S.
No-till adoption cortinues to steadily rise. This represents almost 23 percent of the nation's cropland.
Source: Conservation Technology Information Center
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Despite these gains, 60% of United States crop acres still do not use no-till, and about 40% still use conventional tillage. What are some of the factors influencing these adoption rates? Economics looks to on-site resource stock management for answers. 
The on-site economics of conservation tillage
Appendix A explains the general economics of conservation tillage. In summary, growers invest in conservation tillage because of:

1. Short-term expectations of higher profits: Conservation tillage allows them to overcome resource constraints and use inputs more productively (lower cost per unit of output) and with higher economic efficiency (lower cost per dollar of output).
2. Long-term expectations of higher returns on investment.  Over time, better stocks of soil, nutrients, carbon, weed and water lead to better, or no worse, yields. Better natural resource stocks improve the performance of complementary inputs used for weed control and nutrient management. Overhead costs decrease because less machinery is needed, it’s needed for fewer hours, and economies of scale (lower average cost per unit of output) may be realized. 
The on-site economic benefits of conservation technology come from:
Natural resource improvements: The Conservation Technology Information Center points out that conservation tillage can improve soil tilth, increase organic matter, sequester large amounts of carbon, trap soil moisture to improve water availability, reduce soil erosion, reduce sediment and nutrient runoff, increase wildlife cover, and reduce dust and smoke emissions. 
Martens (2002) literature review documented such beneficial effects as 6.5 fold decreases in soil erosion, 60% to 70% decreases in soil erodibility, 9 to 58 fold decreases in water runoff, 29 fold increases in soluble solids, 3.4 fold  decreases in carbon mineralization, 2 to 6 fold increases in soil biological agents, and 54% increases in available nitrogen. Many of these benefits accumulate to produce substantial off-site benefits, including higher water quality and less sediment damages. The off-site economics of conservation tillage, such as the benefits of improved water quality, will be covered in a different fact sheet.
Economic resource improvements: While conservation tillage has substantial, positive, natural resource effects, its effect on crop production (on-site yields, inputs, assets, and returns) is more variable. Soils, weather, custom, skill, machinery, and markets intertwine in ways that make generalities difficult.

Uncertainties aside, researchers and farmers find that conservation tillage can increase yield, decrease labor, save fuel, and help growers do a better job of weed, water and nutrient management. These changes to economic resources can be understood as ‘input-reducing’, ‘stock and output-enhancing’, and ‘risk-reducing’. Farm businesses interpret these changes as being, respectively, ‘operating cost-reducing’, ‘investment returns-increasing’, and ‘net return-stabilizing’. Their full economic effect can be measured in terms of ‘net returns’, ‘economic efficiency', and ‘land appreciation’. 
Evidence for improvements in economic resources include: 
Input and operating cost reducing: Conservation technology uses less machinery for fewer hours. When combined with some alternative nutrient management methods, such as the substitution of spring fertilization for fall, fewer nutrients need to be applied. The largest savings can come from using more productive weed control inputs, especially herbicide-tolerant seeds with glyphosate. Without herbicide-tolerant crops, weed control costs increase but are offset by savings in tillage costs. Evidence for these effects includes:  

Better machinery management: Zenter et al. (2002) explain that conservation tillage requires fewer trips across the field, allows two or more activities to be combined into one, or permits the use of machines with greater capacity and lower draft. The evidence for savings in machinery-related operating costs include:  
Better machinery: Lindwall et al. (2000) attribute much of the success of no-till in the Canadian prairies to improvements in the air-seeder machinery industry. They also note that improvements continue to be made in conservation tillage’s first and most important operation –combining and residue spreading.  Eppin et al. (2005) believe that the availability of improved no-till grain drills and air seeders will remove a chief impediment to the adoption of no-till on winter wheat in Oklahoma. In the past, conservation tillage equipment was known to cause poor crop stands.
Decreased labor costs: Chase and Duffy (1991) found that no-till, under Iowa corn-soybean crops, saved 3 tillage operations and .4 hours/acre of labor. Harper (1996) showed that no-till, under Pennsylvania corn production, cut labor by 20% (0.33 hours per acre) for minimum tillage and 54% (0.86 hours per acre) for no-till. Johnson et al (1986) found that reduced tillage, under Kansas wheat rotations, cut labor between 29% (.29 hours/acre) and 31% (.12 hours/acre) 
Parvin and Martin (2005) reported that no-till, under Mississippi cotton production, cut tractor hours per acre by 49% and labor hours by 43%. They found profits increased by more than $47 per acre. They anticipated that new harvesting machinery (which can also be used for planting and spraying) will increase these savings to 74% for tractor hours and 64% for labor hours.

Decreased fuel costs: The Conservation Technology Information Center cites fuel savings for corn-soybean production of 2 gallons per acre for minimum till and 3.2 gallons acre for no-till. Parvin and Martin (2005) found 20% (4.4 gallons/acre) to 30% (6.44 gallons/acre) diesel fuel savings for conservation tillage systems in cotton.
Decreased machinery repair and maintenance costs: Johnson et al (1986) found that reduced tillage, under Kansas wheat rotations, cut machinery repair costs between 19% ($1.60/acre) and 22% (.$1.11/acre). Parvin and Martin (2005) found that reduced tillage, under Mississippi cotton production, cut machinery repair costs between 10% ($2.61/acre) and 18% ($4.62/acre). Massey (2005) found that switching from conservation tillage to no-till, in Missouri , could save 19% ($2.33/acre) for corn and 18.5% ($2.12) for soybeans, but that overall net returns didn’t justify the switch.
Better Weed control: Fawcett and Towery (2002) cite a 2002 American Soybean Growers Association survey of soybean farmers that found better weed control accounted for 75% of their reasons for adopting conservation tillage.  The biggest factor (54% of the total reasons) related to herbicide-resistant seeds. These growers found that applying Round-up to herbicide-resistant soybeans was their best weed control strategy. The authors find that almost all of the growth in no-till acreage in recent years can be attributed to herbicide-tolerant crops. 
Lower  weed management operating costs (with herbicide-tolerant crops): Eppin et al. (2005) point out that, when the patent on glyphosate expired in 2000, its price declined by 56% in the US between 1999 ($45.50/gallon) and 2004 ($20 gallon). They note that this has resulted in more than a 50% decline in weed control costs on no-till winter wheat in Oklahoma.
Prior to the advent of herbicide-resistant crops, most research found that no-till increased weed control costs. Fewer tillage and cultivation operations led to more weeds which had to be controlled using more herbicides. 

Higher weed management costs (without herbicide-tolerant crops) offset by lower tillage costs: Lindwall et al. (2000) found that no-till, used on western Canadian wheat, cost $7 to $20 hectare in higher herbicide costs but saved $27 to $30 hectare in machinery operating costs. They cite evidence that no-till can lead to fewer annual weeds but greater numbers of perennial weeds. They conclude that crop rotation and weather play a greater role in pest problems (including insects and diseases) than tillage practices. They recommend that no-till be used in crop rotations, and in the case of cereal crops, that oilseeds and pulses be included in the rotation.
Better Nutrient management: Martens (2001) believed that the biggest reason that some Midwest farmers began abandoning conservation tillage during the 1990s was lack of understanding of carbon and nitrogen cycles in soil. Yields were decreasing on some no-till fields, especially in early years, because the nitrogen available to plants was being tied up. He recommended replacing fall nitrogen fertilization with more timely spring applications. This results in less nitrogen loss in surface runoff and leaching and more nitrogen available to plants. Some evidence for nutrient cost savings include:
Lower overall nutrient management costs: Karlen et al. (1991) reported that 12 years of results from corn-soybean conservation tillage trials showed that phosphorous levels were increasing, potassium concentrations decreasing, and nitrogen credit from soybeans to corn increasing. They concluded that fertilization recommendations could be adjusted (i.e. less nitrogen was needed for corn following soybeans) to account for these changes. 

Weibe et al. (2003), using models, found that most of the economic returns from crop residue management came from protecting stocks of nutrients, rather than from slowing the loss of stocks of soils. 

Lindwall et al. (2000) found that no-till wheat tied up nitrogen in residue and soil organic matter. They concluded that no-till decreased yields unless accompanied by better nutrient management. They cited research showing that zero-till, accompanied by appropriate nutrient management, increased net returns by 5% for canola, 30% for wheat, and 25% for peas, but only raised fertilizer costs for the canola crop (14%). They found that although fertilizer was the most significant economic input, machinery and weed control costs explained most of the difference in net returns.
Wu et al. (2005) used regional models to show that a $50 incentive payment for conservation tillage would decrease nitrate leaching by less than 3% and reduce nitrate runoff by less than 4%. Their regional models appear to show that conservation tillage doesn’t have too great of an impact on regional nitrogen runoff or leaching.
Other Cost Savings: Conservation tillage lowers costs when the labor saved from fewer trips across the field can be used in higher-value alternative uses. In addition, incentives, such as USDA cost-share payments, are available to growers who adopt conservation tillage.
Opportunity costs: The hourly cost of labor may not be a good indicator of the savings in labor costs mentioned above. If the next best use of an hour of labor during critical growing periods results in higher returns (i.e. allowing more acres to be cultivated, timelier field operations, or better family relations) then the true value of labor savings can be much higher. 
Duffy and Chase (1991) show that varying labor rates from $4/hour to $50/hour significantly changed the profitability of conservation tillage systems relative to conventional systems. Because of the tillage-related labor savings associated with conservation tillage, net returns improved for conservation tillage as labor costs increased.
Incentives and transaction costs: Wu et al. (2004) found that a $25 per acre incentive payment for conservation tillage increases the adoption rate for corn by 29% and by 20% for soybeans. 
In a recent survey of Ohio farmers, Hua et al. (2004), found that 72% did not participate in any incentive programs, but that 69% had adopted conservation tillage. That is, two thirds of the growers adopting conservation tillage received no incentive payments. The results suggest that most growers prefer that conservation tillage pay for itself. Even so, incentives still attracted more than 27% of the growers and caused them to use additional conservation practices.
Hua et al. (2004) also point out that transaction costs, such as the time spent finding out about an incentive program, visiting offices, and filling out forms, helps to explain why some growers participate in incentive programs while others do not. They also note that the restrictions on cropland management and use that accompany these contracts impose additional costs. 
Investment returns increasing: Better natural resource stocks of soil, nutrients, weeds, carbon, and water, cause better, or no worse, yields for many crops in many locations. The full effect takes several years to realize. Yield improvement is most pronounced on crops that are constrained by relatively low soil quality and water availability. Yields can decrease in locations where crops need tillage to warm and dry seedbeds. Evidence for these effects includes:

Output and revenue increasing: Al-Kaisi and Yin (2004) see consensus among crop researchers that conservation tillage either gave better yields, or ‘not much worse’ yields, on well-drained soils, using crop rotations, in warmer climates Evidence for yield and revenue improvements includes:

Increased, or ‘No Worse’, Yields due to Soil Quality and Water Availability: Baylis et al. (2003), using data developed by ERS in the late 1990s for dryland corn-soybean production, found that switching from conventional tillage to conservation tillage caused yields to change between -4.66% in Western Corn States to +18.5% in Plains States. Figure 3 shows that most regions of the country had increased yields (and lower per bushel costs of production).
	Yield and cost comparisons for tillage systems
	
	
	

	Region
	Conventional Till
	Mulch (minimum) Till
	% Change
	No-till
	% Change

	Dryland
	
	
	
	
	

	Eastern Corn Belt
	
	
	
	
	

	Cost/bushel
	1.37
	1.1
	-19.71%
	1.18
	-13.87%

	Bushel/acre
	133
	144
	8.27%
	129
	-3.01%

	Western Corn Belt
	
	
	
	
	

	Cost/bushel
	1.2
	1.06
	-11.67%
	1.11
	-7.50%

	Bushel/acre
	130
	139
	6.92%
	124
	-4.62%

	Lake States
	
	
	
	
	

	Cost/bushel
	1.4
	1.07
	-23.57%
	1.19
	-15.00%

	Bushel/acre
	118
	124
	5.08%
	120
	1.69%

	Plains States
	
	
	
	
	

	Cost/bushel
	1.43
	1.01
	-29.37%
	0.91
	-36.36%

	Bushel/acre
	92
	100
	8.70%
	109
	18.48%

	Irrigated
	
	
	
	
	

	Plains States
	
	
	
	
	

	Cost/bushel
	1.72
	1.84
	6.98%
	1.72
	0.00%

	Bushel/acre
	151
	147
	-2.65%
	138
	-8.61%


Figure 3. Yield and cost comparisons. (Source: Baylis et al. (2002) based on work by McBride and ERS (2000))
Martens (2001) literature review listed 25 studies, under different crops, locations and soils, where no-till increased yields. He thinks that most of this response was related to better soil quality (tilth, nitrogen and carbon cycling, biomass), especially after the first few years of adoption.

Al-Kaisi and Yin (2004) found that, under Iowa corn-soybean production, yield differences between no-tillage and other tillage systems was within 5% over lengthy corn-soybean rotations in diverse locales. No-till’s economic returns under these long-term systems were either better or similar.
Linwood et al (2000) attributed much of the improvement in wheat yields in certain parts of the Canadian prairies to the moisture saved by wheat stubble. Díaz-Zorita et al. (2005) found 3.7% increases in double-cropped soybean yields and 7% increases in corn yields in continuous no-till crop rotations compared to conventional tillage. They attribute the results to better water supply and better soil structure.

Increased, or ‘No Worse’, Yields due to Soil Erosion: Figure 4 lists Wiebe’s (2003) major findings from a current international review of the production losses that might arise from soil erosion. For North America, yield losses range from 0.00 to 0.42% per ton of soil erosion, resulting in production losses ranging from 0.06% to 0.42% per year. He concludes that these experiment station plot results are consistent with previous research showing that soil erosion leads to small production losses that tend to be masked by yield increases (which have averaged, globally, more that 2% per year). He notes that a current trend toward lower annual increases in yield may increase the visibility of soil erosion’s production losses.
	Loss in yield and production from soil erosion in North America

	Crop
	Experiments
	Mean yield (tons/ha)
	Mean Yield loss (Kg/ha) per ton of erosion
	Mean Yield Loss (% of mean) per ton of erosion
	Mean erosion rates (ton/ha per year)
	Value of Production Loss (% per year)

	Corn
	131
	6.2
	0.6
	0.01
	15
	0.42

	Potatoes
	3
	30.5
	127
	0.42
	8.7
	0.6

	Sorghum
	17
	4.2
	0.1
	0
	13.1
	0.06

	Soybeans
	43
	2.1
	0.3
	0.01
	14.3
	0.08

	Wheat
	64
	2.6
	0.4
	0.01
	12.1
	0.2


Figure 4. Loss in yield and production. (Source: Wiebe (2003))
Most studies find that conventional tillage uses fewer implements (i.e. smaller stocks of machinery), resulting in both less machinery investment per acre and lower machinery allocated overhead costs per acre. Evidence for these effects includes:

Less machinery investment and less machinery overhead costs: Zenter et al. (2002) explain that conservation tillage can use fewer tillage implements, smaller-sized tractors, and fewer annual hours of implement use. Evidence for savings in machinery investment and overhead costs include:

Less machinery investment and greater economies of scale: Epplin et al. (2005) concluded that the average machinery investment per acre could be reduced between $22/acre and $56/acre on a no-till Oklahoma wheat farm compared to conventional till. Although no-till equipment (no-till drill) cost more than conventional till, fewer implements (moldboard plow, chisel, disk) were needed. The savings increased as the size of the farm increased.

Fuglie and Kascak (2001) found that farms with sales greater than $500,000 adopted conservation tillage 7.6 years earlier than farms with sales less than $50,000. They speculated that lower costs explained this result, but their data was not good enough to infer that economies of scale were driving the adoption. 
Agnier et al. (2003) found that although corn producers who use conservation tillage plant an average of 100 more acres than conventional tillage growers (possible evidence of scale economies), they were not more economically efficient (cost per dollar of output produced) than other growers.

Less machinery depreciation (lower allocated overhead costs): Epplin et al. (2005) found that the smaller machinery investments mentioned above translated into lower machinery fixed costs of between $6/acre and $12/acre. 
Harper (1996) examined 5 years of budget data from 340 Pennsylvania farmers and found that the single biggest factor explaining no-till’s greater profitability over conventional tillage was savings in fixed machinery (allocated overhead) costs. He demonstrated that no-till saved 70% ($17/acre) to 85% ($20/acre) per year in fixed machinery costs.
Watkins et al. (2005) found that the greatest potential benefits from adopting no-till on Arkansas rice came from savings in machinery ownership (allocated overhead) costs per acre due to less land preparation equipment. In addition, these benefits magnified with large farm size due to economies of scale. 
Higher land value or rents: Better quality land sells for higher prices than low quality land. Evidence includes:
Higher Land value: Research was not found that related farmland value to conservation tillage. Nevertheless, Weibe (2003) used data derived from soil erosion models to show that cropland value could fall from 0.00% to 0.16% per year for the last inch of soil eroded. In general, the loss was less than one dollar per acre per year for most soils. 
Tenure and rents: Soule et al. (2000), using 1996 ARMS data, found that cash-renters were less likely to adopt conservation tillage than owners or share-renters. This effect was less pronounced when cash renters farmed highly erodible land. They believed that cash-renters were less likely to capture any long-term returns that might be associated with conservation tillage. Government incentive programs on highly eroded land appeared to lessen this response.
Watkins et al. (2005) believed that rental arrangements in Arkansas rice lessened the likelihood of no-till adoption because the owners of land only share in revenue and not cost-savings. Since the revenue effect of no-till on rice appeared low, while the cost savings clear, owners would not have an incentive for allowing changes in crop management.
Risk and return stabilizing: Conservation technology can reduce variability in net returns when it permits more diverse crop rotations, can be complemented by ‘better’ crop operations, can reduce yield variability by removing constraints such as low soil quality and low water availability, or allows more time to be devoted to management (i.e. more timely weed control). Evidence that conservation technology can reduce risks includes:

Greater crop rotation synergies: Zentner et al. (2002) noted that risk can be reduced when rotational crops have low correlations in prices (crop price), yields, and/or agronomic relations (response to rainfall). They found that conservation tillage increased net returns for more diverse rotations (i.e. without fallow), but only when grain prices were high, or herbicide costs low. DeVuyst et al. (2004) found that diversifying from a conventional spring-wheat-fallow rotation in North Dakota to a more intense conservation tillage rotation improved net profits and decreased risk. Juergens et al. (2004) found similar results in the Pacific northwest, when conventional winter wheat-summer fallow was switched to continuous, no-till wheat.
Lower, or equal, variability in net returns: Archer et al. (2002) found that ridge-till, in combination with high rates of fertilization in South Dakota corn-soybean rotations, had higher average net returns and lower variability in net returns than conventional tillage. They noted that more risk-averse producers might still be willing to trade off higher average returns ($ 45.48/hectare more for the high fertilizer-ridge till system) for lower variability in returns ($4.30/hectare less for medium fertilizer-conventional tillage systems).  Many economists believe that these types of risk aversion tradeoffs help to explain why the rate of conservation adoption slowed down in the mid-1990s.
Jourdain et al. (2001) found that conservation tillage increased returns and decreased risk for most maize cropping systems in western Mexico. They also found that risk-averse farmers would benefit from many of the conservation technology options. Nevertheless, they concluded that the herbicide and equipment changes required by the technology were inappropriate for growers in that area.

Bosch and Pease (2000) reviewed 18 research studies that looked at yield or price risk associated with conservation tillage. They found that the effects of conservation tillage on economic risk appeared too site-specific to reach any general conclusion. 
Overall economic efficiency and net returns
Aigner et al. (2003) measured the economic efficiency of conservation tillage using corn production data from the USDA, Economic Research Service’s 2001 Agricultural Resource Management Survey. They defined economic efficiency as total costs of production (operating and allocated overhead costs) per dollar of output produced.  They found that conservation tillage has higher economic efficiency, regardless of location or farm size, than conventional tillage. They found that conservation tillage saves between $0.14 and $0.73 for every dollar of output produced (it is between 15.5% and 41% less costly), regardless of farm size.

Aigner et al. (2003) also found that economic efficiency was tied to some of the characteristics of the growers adopting conservation tillage - adopters tended to be older than non-adopters, less likely to be part-time or limited resource farmers, less likely to sell their grain for cash without price protection, and willing to give up maximum yields for lower variability in yield.

Baylis et al. (2002), using data developed by the USDA, Economics Research Service for dryland corn-soybean production, found that switching from conventional tillage to conservation tillage reduced costs per bushel of output between 7.5% for Western Corn States and 36.3% for Plain States (see Figure 3).

Valentin et al.’s (2004) survey of Kansas farmers found that the adoption of soil-conserving best management practices (including conservation tillage) did not have a significant impact on farm net returns. They believed that this result supported a consensus view, at least among farm advisors, that soil-conserving technologies were yield and profit neutral.

Tillage Case Study

Appendix B summarizes the results from a recently completed case study comparing the economic effects of no-till, chisel plow, moldboard plow and ridge-till corn-soybean rotations. The analysis uses 3 years (1990-1992) of a long term crop experiment taking place in northeastern Iowa. Most of the analysis was completed on-line using new Internet technology. The case study itself, including the data used in the analysis, is also available on-line (USDA, NRCS, 2006).
The comparisons, using experiment station equipment and management, show more subtle results than many of the papers cited in this report. Moldboard plowing actually produces higher average net profits for both continuous corn and soybeans in rotation. No-till has significantly lower yields than both chisel and moldboard plowing (but also has substantially lower tillage costs). In terms of off-site costs, no-till gives the lowest mean N-in-tile-line (a proxy for water quality) amounts in the corn-soybean rotation.

A key statistic, the analysis of variance for net profits, can’t reject the hypothesis that conservation tillage is profit neutral (the net profits are not statistically different). The hypothesis that conservation tillage is water quality neutral (using the N-in-tile-line variable) also can not be rejected. The analysis supports Valentin’s (2004) view that farm advisors generally believe that conservation tillage is profit neutral. The case study doesn’t support the views that conservation tillage is yield neutral, or that off-site costs are significantly reduced.
The case study shows that making general claims about the benefits of conservation technologies, outside the full farm context of climate, location, crop rotation, machinery and management, can be misleading.
Summary
The economics evidence suggests that the economic reasons that farmers have adopted conservation technology include: 

In the short term:

· Operating costs go absolutely down: Fewer tillage trips mean less labor, fuel, and machinery repair costs. 
· Operating costs go relatively down: Relative price and productivity changes cause some farm operations to become less costly than others. The combination of herbicide-tolerant seed, glyphosate and no-till is a more productive weed control strategy than multiple tillage, cultivation, and spray operations. In addition, fuel, labor and machinery prices have increased relative to glyphosate and herbicide-tolerant seed prices.
· Expensive resource constraints can be lifted: When conservation tillage allows a physical resource constraint, such as water availability, to be lifted, yields and revenues go up. The labor saved by conservation tillage can be in short supply during critical growing periods. Lifting the constraint allows labor to be used in higher-value alternatives. 
In the long term:

· Long-term improvements in resource stocks (nutrients, soil, carbon, weeds, and water) can be captured as higher returns on investment: The returns come from higher, or similar, yields and from inputs that perform better, or complement, better soil and water conditions.
· Investment in machinery goes down and machinery allocated overhead costs go down: Conservation tillage uses less machinery than conventional tillage. This causes the investment cost per farm to go down, and the machinery allocated overhead cost per acre to go down. The effect is magnified for larger-sized farms because of economies of scale.
Farmers, farm advisors, conservation planners, and agricultural policy makers, should consider these types of economic incentives when pushing the use of conservation tillage.
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Appendix A. Basic economics of conservation tillage 
The long-term decision faced by a grower is whether the returns from conservation tillage, over the life of the technology, offset the investment in ‘residue stand establishment’. This is an investment decision because:

1. Many of the expected effects, especially relating to better soil and water quantity, take place over several years. Specifically, many agronomic researchers find that many economic benefits coming from better nutrient, carbon and water stocks, such as yield stability or improvement, take several years to fully realize. 

2. New types of machinery, lasting for several years, may need to be purchased. 

3. New crop management skills have to be learned, and many of these skills get fine-tuned over several growing seasons. 

4. If a government incentive is involved, time must be spent searching out information about the incentive, meeting with government agents, filling out forms, and carrying out other administrative tasks. This often takes place over the life of an incentive contract, such as a multi-year NRCS conservation contract.

The return on investment from ‘crop residue stand establishment” can come from lower production costs per unit of output produced, lower overhead costs per unit of output, and residual increases in cropland value. In point of fact, much of the agronomic and economics literature portrays growers adopting conservation tillage because of a short-term desire for higher profits, rather than much concern for long-term investment returns. 

The short-term decision faced by growers is whether any new crop rotations, and tillage, nutrient, and weed control operations (which are typical parts of the whole conservation tillage technology package) are paid back within the span of a crop rotation (i.e. typically two years). 

The four primary short-term economic reasons that growers decide to adopt conservation tillage appear to be because:

1. An expensive natural resource constraint, such as water availability, has been relaxed: A prominent natural resource constraint appears to be water availability in low rainfall areas. Relaxing this constraint (i.e. by improving soil quality and organic matter) increases crop yields resulting in higher net returns. It also increases the possibilities for greater crop diversification and intensity (i.e. less fallow downtime). 

2. An expensive economic resource constraint, such as labor availability, has been relaxed: The alternative uses for labor include growing more acres (achieving better economies of scale), increasing the timeliness of other crop operations, or spending more time on personal matters. Some of these alternative uses have high value. When conservation tillage uses fewer labor hours, and labor is in short supply, labor can be devoted to its next best alternative use, which can increase total returns. 

3. Operating costs go down (relatively): Weed control can be done using herbicides and herbicide-tolerant crops or by using a greater number of mechanical operations. The former appears to be both more effective and less costly. The prices, and related costs, of glyphosate and herbicide-tolerant seeds, have become cheaper relative to the prices for fuel, labor and machinery. 

4. Operating costs go down (absolutely): Conservation tillage uses fewer tillage operations resulting in less labor, fuel and machinery expenses. These cost reductions offset increases in herbicide control costs (even without using herbicide-tolerant crops).

The long-term decision faced by growers is whether returns, over the life of conservation tillage, offset the costs. Long-term benefits come about from improvements in natural resource stocks (and cycles) of soil, carbon, and water. These returns may come from higher yield and revenues, but often come from lower costs per unit of output (i.e. lower labor costs, better management of weeds and nutrients). Conservation tillage uses less machinery and less total hours of machine use per acre leading to lower allocated overhead costs. Finally, better land quality can also lead to higher land values. 

The three primary long-term economic reasons that growers decide to adopt conservation tillage appear to be:

1. Better soil, nutrient, carbon, weed, and water cycles and stocks translating into higher returns over time: The returns can come from higher, or more stable, yields. They can also come from inputs that perform better, or complement, better soil and water conditions. These relations take place over time (adding fertilizer today can affect the nutrient available for plant growth next year).

2. Lower allocated overhead costs: Investment in machinery is less, and fewer tillage hours are needed per acre, leading to lower depreciation costs per unit of output.

3. Higher land values: Evidence is scanty for conservation tillage, but higher net returns usually will be capitalized into higher land values.

Appendix B. Typical Conservation Tillage Comparisons -corn and soybean rotations (Source: EconDocs (USDA, NRCS, 2006). The data comes from a joint ARS/NRCS project exploring conservation decision support in Iowa. The referenced case study shows how to replicate, or improve upon, the results).
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A. Net Profits ($/hectare) NT [=3 wp RT
Continuous corn 16838 21429 24223 16862
Com in rotation 20699 28655 27256 25588
Soybeans in rotation 20973 28607 30229 24074
B. Yields (tonnes/hectare) [=3 wp

Continuous corn 8.2 853

Com in rotation 8.8 .64 a6
Soybeans in rotation 3.0 311

C.Nin Tile Line (kg/hectare) NT [=3 wp RT
Continuous corn 6345 6444 45 5437
Com in rotation 2379 3506 31 2095

Soybeans in rotation 2493 3528 3108 2541
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Response: profits

of Sum sg Mean Sq F value  Pr(;F)
croptype 2 165473 82736 8.6727 0.0003323 *wx
Tilitype 3 34080 11360 1.1908 0.3171112
Residlals 102 573064 5540

Response: yield

of Sun Sg Mean sq F value  Pr(;F)
croptype 2 10.682  5.341 ©.8480 0.0001220 *wx
Tilitype 3 7.738 2.575 4.7561 0.0038125 **
Residials 102 55318  0.542

Response: n_in_tile_line

OF Sum_sg Mean 5q F value  Pr(>F)
croptype 2 10208 9604 16.1584 8.0166-07 *%¥
Tilitype 3 1636 552 70,5285 0.4297
Residlals 107 60624 504
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