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No-till technology: benefits to farmers and the environment? 
 

 

 

Abstract 

We study from economic and environmental angles under what conditions the adoption 
of no-till technology is socially and privately optimal. A conventional crop production 
model is extended to cover no-till technology and a parametric model is calibrated to 
Finnish agriculture. It is demonstrated theoretically that if no-till technology has a yield 
greater than or equal to that of conventional technology, its adoption is unambiguously 
optimal both socially and privately. Moreover, even when no-till has a lower yield than 
conventional technology, its adoption is optimal provided that the yields are “sufficiently 
close”. Finnish data shows, however, that only in one case out of three no-till provides 
higher social returns and private profits. Environmentally, no-till performs better than 
conventional technology in all cases. No-till reduces surface runoffs of nitrogen by 54%, 
and surface runoffs of particulate phosphorus by 68% relative to conventional 
technology, but causes more than three times higher dissolved phosphorus surface 
runoffs. The amount of total phosphorus surface runoff is, however, lower under no-till. 
 
Key words: no-till, nutrient runoffs, buffer strips, agri-environmental policy 
JEL classification: Q16, Q18, H23
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1. Introduction 

 

The notion of “no-till” refers to a tillage system, such as direct drilling, that leaves the 

soil undisturbed from harvest to planting. The only soil disturbance is caused by planting 

made directly through crop residues (Alakukku 2003). No-till and other conservation 

tillage technologies are not a new discovery in agriculture; for instance, in the U.S. soil 

conservation technologies have been promoted through federal policies since 1930s (see 

Fuglie and Kascak 2001 and Baylis et al. 2002). No-till is currently receiving increasing 

attention in Europe, because it may provide considerable environmental benefits in 

reduced soil erosion, nitrogen runoffs, and particulate phosphorus runoffs. What is more, 

it also provides cost reductions to farmers because of lower labor requirements and fuel 

consumption. Thus, provided that no-till technology does not considerably reduce yields, 

it provides an interesting alternative to currently prevailing cultivation technologies. 

 

This promise of environmental benefits from using no-till and other reduced tillage 

methods is understandable. Elimination of ploughing and resulting residue cover of soil 

surface leads to reductions in soil erosion, nitrogen runoffs, and particulate phosphorus 

runoffs (see e.g. Soileau et al. 1994, Stonehouse 1997, Turtola and Puustinen 1998, 

Puustinen 1999, Turtola and Lemola 2000, Puustinen 2004). As a negative effect, 

however, dissolved (orthophosphate) phosphorus runoffs may increase due to 

accumulation of phosphorus in soil surface (Puustinen 1999, Turtola and Lemola 2000, 

Puustinen 2004). The effect of no-till technology on weeds and plant diseases is still 

uncertain and requires further research. For instance, in their review Lötjönen et al. 

(1999) conclude that annual weeds cause no problems, but the rhizomes of perennial 

weeds benefit from reduced tillage and thus need more careful control. Also plant 

pathogens that overwinter well on plant residues may increase in reduced tillage. 

Contrary to this, Fuglie (1999) found no evidence that herbicide application rates are 

higher with conservation tillage systems compared with conventional tillage. Hence, the 

scientific evidence of the effects of no-till technology on herbicide use and, thus on 

potential runoffs, remains inconclusive.  

 

The adoption of no-till technology may increase economic performance of farms due to 

reductions in labor, fuel, and capital costs. According to Lätti (2002), labor input in 

planting decreases from 3 hours to 1 hour per ha in no-till, and the fuel saving shows 
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70% reduction on average (from 34 liters to 10 liters per ha). Similar results are found, 

for instance, in Denmark where no-till cultivation of barley and rape reduced about 70-

80% of fuel costs and 70% of labor input per hectare as compared to conventional tillage 

(Nielsen 1987). Also capital investment and maintenance costs are reduced, because no-

till requires only one tillage operation (planting) compared to two or more tillage 

operations plus planting for conventional tillage.  

 

A private farmer, considering the adoption of no-till technology, would compare the 

above-mentioned cost reductions and the investment costs in no-till technology against 

the change in the agricultural revenue, determined by a change in crop yields. In a recent 

Finnish survey, 21% of farmers reported higher yields, 53% same yields, and 26% 

reduced yields with no-till in comparison to conventional tillage (Lätti 2002). Thus, 

conventional and no-till technologies seem not to lead to great differences in crop yields. 

Interestingly, however, 91% of these farmers maintained equipment for conventional 

technology after investing in direct drilling equipment. This is in line with the 

observations that farmers are not necessarily able or willing to adopt no-till on all of their 

land, and thus they need equipment also for conventional tillage (see e.g. CTIC 2002). 

 

Because no-till technology offers so many environmental and economic benefits, it is 

tempting to say that the adoption of this technology provides a win-win situation, i.e. an 

improvement of economic and environmental performance of farms. This needs not be 

so, however. No-till has somewhat mixed effects on runoffs; the investment costs may be 

high, and yields “too much” lower than under conventional technology. In this paper we 

study the properties of no-till technology from economic and environmental angles.1 We 

ask under what conditions the adoption of no-till technology is socially optimal, and 

when the private farmers have incentives to adopt it. Because no-till technology changes 

the environmental effects of agriculture, we also examine how agri-environmental policy 

should be modified to reflect this technology adoption. 

 

We extend the conventional crop production model to cover the basic features of no-till 

technology. Production is carried by either a social planner or a private farmer. Drawing 

                                                           
1 While there is an increasing amount of studies concerning the effects of no-till on production and the 
environment, there are no economic studies in Europe focusing systematically on the conditions of 
technology adoption and on the possibilities that no-till provides for agri-environmental policy. For a 
discussion at the European level, see European Commission (1998). 
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on our theoretical analysis, we develop a corresponding parametric model and calibrate it 

to Finnish agriculture. We show theoretically that if no-till technology has a yield greater 

than or equal to that of conventional technology, its adoption is optimal both socially and 

privately. What is more, its adoption is optimal also when no-till has lower yields than 

under conventional technology provided that they are “close enough” (which is about 

300 by our parametric model). No-till leads to a laxer environmental policy, that is, 

higher fertilizer application and smaller buffer strips areas than conventional cultivation 

technology. We demonstrate empirically that only in one case out of four, no-till provides 

higher social returns and private profits than conventional technology. This is because of 

the great differences in estimated yields in favor of conventional technology. 

Environmentally, no-till performs better than conventional technology in all cases. No-

till reduces surface runoffs of nitrogen by 54%, and particulate phosphorus surface 

runoffs by 68% relative to conventional technology, but causes more than three times 

higher surface runoffs of dissolved phosphorus. However, the amount of total 

phosphorus surface runoff is lower under no-till than under conventional technology. 

 

The rest of the paper is organized as follows. Section 2 describes the framework for 

analyzing no-till and conventional technologies and analyzes the socially optimal choice 

between them. Section 3 analyses conditions for the private adoption of no-till 

technology. Section 4 defines and compares socially optimal policy instruments under 

no-till and conventional technology. Section 5 develops our parametric model and 

calibrates it to Finnish agricultural and environmental conditions. In section 6 we provide 

our empirical results and sensitivity analysis. Concluding section 7 ends the paper. 

 

2. Social choice between conventional and no-till technology 

 

We start our analysis by focusing on the socially optimal conditions for the adoption of 

no-till technology, and on the optimal use of inputs when it is adopted. To this end, we 

first have to describe the properties of technologies in the production of crops and the 

nutrient runoffs resulting from the use of inputs and technologies. 
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2.1 No-till and conventional technology 

 

Consider a representative parcel of cultivated land, which is homogenous in its quality. 

This parcel is cultivated differently under conventional and no-till technology. 

Consequently, both production process and environmental effects will differ between the 

technologies. 

 

Production 

In no-till technology the direct drilling equipment places the fertilizer input and the seeds 

directly through crop residues, while the conventional technology includes mouldboard 

ploughing and seedbed tillage before drilling. Following Khanna et al. (2002), we 

describe this technology difference by introducing input use efficiency parameter. In our 

model this parameter describes how efficiently the crop can transform the amount of 

fertilizer into growth given that the land is either tilled (mouldboard ploughing and 

harrowing), or left as untilled and, thus, covered by vegetation (stubble). Thus, the 

production of crop under technology i is given by 

 

)( iii lfy α= ,  i =1,2    (1) 

 

where iα  is the input use efficiency parameter of technology i and li is fertilizer input.  In 

what follows the subscript 1 refers to the conventional technology and by subscript 2 to 

no-till technology. For the properties of the production function we have that 0>
il

f  but 

0<
iillf . As for the input efficiency parameter, we assume that 0>

i
fα  but 0<

ii
f αα . We 

do not impose any a priori restrictions on the relative size of the efficiency parameters, 

1α  and 2α . 

 

Our iα :s are a condensed way of describing the crop growth under conventional and no-

till technology, but we have also to include the differences in the use of labor, fuel and 

capital inputs. In the literature, the use of labor and capital is often assumed to be fixed 

for a given size of land, and we make the same assumption. But, naturally, the size of 

fixed costs differs between the two technologies. Empirical evidence unambiguously 

shows that the conventional technology includes more tillage operations and higher 
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amount of capital than no-till. We measure the use of labor by working hours ih , and 

assume that 21 hh > . Similarly, we assume that conventional technology uses more 

capital than no-till, i.e., 21 KK > . 

 

Profits from production 

Let p denote the crop price and c the price of fertilizer. Labor costs, w, and fuel costs, e, 

can be directly linked to the working hours, ih , spent on the parcel, and we express them 

as ihŵ , where eww +=ˆ . Under a constant unit price for capital, we can express the 

capital costs by ik , measuring the annual per parcel costs of capital (including 

depreciation, interest and maintenance). From our previous assumptions it follows that 

21 kk > . For the purposes of environmental policy we, finally, assume that, under both 

technologies field, edges have a role in preventing surface runoffs. Hence, a share of the 

parcel, m, is allocated to a buffer strip between the field and waterways. Under this 

additional input choice, the labor input related costs become lower, but it does not affect 

the size of capital costs. Thus, the agricultural revenue under technology i is given by 

 

[ ] iiiiiii khwcllpfm −−−−= ˆ)()1( απ     (2) 

 

Next we develop the description of environmental effects of production under both 

technologies. 

 

Surface runoffs 

As discussed in the introduction, no-till technology leads to reductions in soil erosion, 

nitrogen and particulate phosphorus surface runoffs, but it may increase surface runoffs 

of dissolved phosphorus. In the theoretical part, we focus on the aggregate runoffs and 

describe them as a function of three variables, fertilizer use, buffer strips and the chosen 

technology. The runoff differences between technologies stem from the inherent features 

of tillage forms. Conventional technology includes mouldboard ploughing in the autumn, 

which leaves soil bare for the wintertime. In the spring soil is harrowed before drilling. 

Hence, the land is subject to high soil erosion during autumn rains and during spring 

smelting snow waters. No-till technology has plant cover throughout year (either crop or 

stubble), which considerably reduces soil erosion. 
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Following typical agricultural production practices, we assume that the fertilizer input 

contains all necessary nutrients in fixed proportions, the main nutrients being nitrogen, 

phosphorus and potassium. The runoffs depend on the actually applied amount of 

fertilizer, il̂ , which is a function of fertilizer intensity (fertilizer used per hectare) and of 

the share of the hectare allocated to the buffer strip, i.e., iii lml )1(ˆ −= . Hence, nutrient 

runoffs from technology i can be expressed as  

 

),ˆ( ii
i

i mlgz =     (3) 

 

The effects of fertilizer use and buffer strip size on runoffs are conventional. Thus, 

0
ˆ
>i

il
g , 0

ˆˆ
>i

ilil
g ; 0<im

ig , 0>iimm
ig  (for more details, see Lankoski and Ollikainen 

2003). As for the relationship between alternative technologies, we assume in accordance 

with the empirical evidence that for 21
ˆˆ ll =  and 21 mm =  no-till technology, 2, has lower 

aggregate runoffs, i.e. that 21 zz > . 

 

Armed with equations (2) and (3) and our assumptions, we now go on to study the 

socially optimal choice of technologies and the use of inputs under both technologies. 

 

2.2 Socially optimal choice of cultivation technology 

 

Society will choose technology that produces a higher social welfare. The social welfare 

under both technologies can be defined as follows. Solve, first, the socially optimal use 

of inputs and compare, then, the indirect social welfares indicating the maximum welfare 

obtainable under both technologies for given exogenous variables.  

 

We assume that the social planner maximizes the sum of consumers’ and producers’ 

surplus. Under exogenous crop prices and input costs, this entails maximizing producers’ 

surplus, defined in equation (2), augmented with the disutility of consumers from runoff 

damages, ( )),ˆ( ii
i mlgd , with 0)(' >⋅d  and 0)('' >⋅d .  

 
Under technology i the planner’s economic problem is to 
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( )),ˆ(max
, ii

iii

ml
mlgdSW

ii

−= π ,   2,1=i    (4) 

 

The first-order conditions for the problem are well known 

 

0)(' =⋅−−= i
lil

i
l iii

gdcpfSW α     (5a) 

[ ] 0)('ˆ)( =⋅−−−⋅−= i
mii

i
m ii

gdhwclpfSW    (5b) 

 

Economic interpretation of (5a) and (5b) is straightforward. The use of fertilizer input is 

increased up to the point where the value of marginal product of fertilizer equals its price 

and marginal environmental damage. The size of the buffer strip is chosen so that the 

value of lost net revenue is equal to the marginal benefits from reduced runoff damages. 

 

Recall our assumption that the runoffs and the labor and fuel costs are smaller under no-

till technology. Note also that prices of crop and fertilizer are the same under both 

technologies. Thus the input intensities, i.e., fertilizer application and buffer strips, under 

both technologies depend on the input efficiency parameter as follows:  

 

Proposition 1. 
If the input efficiency under no-till technology is equal to or higher than under 
conventional technology ( 21 αα ≤ ), no-till leads to higher fertilizer application and 
smaller buffer strips than conventional technology at the social optimum. If the 
conventional technology is more productive ( 21 αα > ), the relation between input 
intensities is ambiguous. 
 

Proof. Assume that 21 αα ≤ . From (5a) one has 
1

1
1

1 α
l

l

gdc
pf

′+
=  and 

2

2
2

2 α
l

l

gdc
pf

′+
= . 

Under our assumptions the RHS of the first equation, describing the conventional 
technology, is higher than the RHS of the second equation. As the production function is 
concave, the social optimum implies that ∗∗ < 21 ll . From equation (5b) we have 

[ ]
)('

ˆ)( 111
1 ⋅

−−⋅
=

d
hwclpf

gm  and 
[ ]

)('
ˆ)( 222

2 ⋅
−−⋅

=
d

hwclpf
gm . Both equations have the same 

denominator in the RHS, but the numerator of the first equation is smaller. Thus, and 
given that the runoff function depends negatively on m, we have ∗∗ > 21 mm . Assume next 
that 21 αα > . Then in the above fertilizer conditions, the denominator under conventional 
technology is larger, but numerator smaller than those of no-till technology, making the 
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outcome ambiguous. The same holds true for the first and last terms in the numerators of 
buffer strips conditions.  Q.E.D. 
 

At a first glance the first part of Proposition 1 may look strange, because it ties an 

environmentally friendlier technology to higher fertilizer use and smaller buffer strips. 

This result is, however, natural and emerges because of two facts. First, when 21 αα ≤  

no-till technology is more productive technology resulting in a more intensive 

production. Second, in all cases this technology leads to lower runoffs and thereby 

requires less effort to reduce negative environmental effects. The latter part of 

Proposition 1 is evident, because higher productivity of conventional technology tends to 

increase fertilizer application over the no-till level, but this is counter-affected by higher 

runoff damages under conventional technology. 

 

Inserting next the socially optimal values of inputs, ∗∗
ii ml , , into the respective social 

welfare functions allows us to compare the outcomes in terms of indirect, i.e., maximum, 

social welfare. Allowing, again, for all possibilities of the input efficiency we end up 

with 

 

Corollary 1. 

If the input efficiency of no-till technology is equal to or higher than that of the 
conventional technology ( 21 αα ≤ ) then it is socially optimal to adopt it. If the 
conventional technology is more productive ( 21 αα > ) the choice between technologies is 
ambiguous, and either conventional or no-till technology may be socially optimal. 
 

Proof.  Let ))()(1( ∗∗∗∗ −−= iiiii cllpfmr α . Assume first that 21 αα ≤ . Our assumptions of 
input efficiency, capital costs and combined labor and fuel input costs imply directly that 

[ ] 0)()1()1()()( 12
11221212

12 >+−+−+−−++−+−=− ∗∗∗∗ ddhmhmwkkrrSWSW , 
where 0)),ˆ(()),ˆ(()( 11

1
22

212 >+−=+− ∗∗∗∗ mlgdmlgddd . But if 21 αα > , then we have 
[ ] ?))1()1(()()( 12

/

112212

/

12
12 =+−+−+−−++−+−=−

+−+

∗∗

+−+

∗∗

4342144444 344444 214342143421
ddhmhmwkkrrSWSW  

Ambiguity rises because conventional technology may produce higher revenue. 
Moreover, the extreme case of very large buffer strip under conventional technology may 
result in lower labor-fuel input costs in conventional than no-till technology. 
 

Proposition 1 and Corollary 1 indicate that the size of the buffer strips can be even 

considerably smaller under no-till than conventional technology. Let us ask next: how 

small can they actually be, and are they needed at all? Looking at the buffer strips from a 



 11

purely theoretical angle gives us the following answer. Under no-till cultivation there still 

are runoffs, yet less than under conventional technology. Therefore, our theoretical 

model produces a positive size for the buffer strips. Whether this size turns out to be so 

small that their implementation is not feasible in practice, will be assessed in our 

parametric model in section 6. One could a priori expect, however, that buffer strips will 

retain their buffering role in practice at least on steep fields. Note also that this role of 

buffer strips is reinforced by their positive effects on agri-biodiversity (for the analysis of 

buffer strips under biodiversity valuation, see Lankoski and Ollikainen 2003).   

 

3. Private choice between conventional and no-till technology 

 

We now turn to analyze the privately optimal production under both technologies. We 

assume a pre-existing environmental policy, comprising of a tax on the fertilizer use, an 

area payment and a buffer strip subsidy. Moreover, because of general environmental tax 

policy an energy tax, t, is levied on the use of fuel. Let )1( τ+=∗ cc  denote the after-tax 

fertilizer price, s the area payment/acreage subsidy, )( imβ  the concave buffer strip 

subsidy and )1(ˆ teww ++=∗  the after tax labor and fuel costs. Then the private profit 

function under technology i is given by (6).  

 

[ ] )(ˆ)()1( iiiiiii
i mkshwlclpfm βαπ +−+−−−= ∗∗   (6) 

 

A notable difference to the social welfare function (4) is the absence of environmental 

effects of production. The first-order conditions determining the privately optimal choice 

of fertilizer application and buffer strips are 

 

0=−= ∗cpf il
i
l ii

απ     (7a) 

[ ] 0)('ˆ)( =++−−−= ∗∗
iiiii

i
m mshwlclpf

i
βαπ    (7b) 

 

Interpretation of the first-order conditions is, again, obvious. Fertilizer application is 

increased up to the point where the value of marginal product equals the after-tax unit 

price of the fertilizer. The share of the buffer strips is increased to a point where the net 
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revenue lost equals the marginal buffer strip subsidy. For further purposes we denote the 

privately optimal fertilizer use and buffer strip size by 0
il  and 0

im . 

 

Under our assumptions concerning the two technologies, the difference in the private use 

of inputs can be given in 

 

Proposition 2. 

The use of fertilizer is higher (lower) and the buffer strips are smaller (larger) under no-
till than conventional if the input use efficiency is higher (lower) under no-till 
technology. If the input use efficiency is equal, the use of fertilizer is the same, but no-till 
has smaller buffer strips. 
 

Proof. Proposition 2 follows directly from the first-order conditions by the same 
procedure as in Proposition 1. 
  

Proposition 2 is intuitive. As the agri-environmental policy is the same under both 

technologies and prices and fertilizer costs are the same, the input use efficiency 

unambiguously determines the value of marginal product of fertilizer. Instead, difference 

in the fixed costs implies difference in the size of the buffer strips. Hence, private 

solution does not entail any ambiguities that we found under socially optimal solution. 

Therefore, it is also straightforward to analyze conditions under which the adoption of 

no-till technology is privately optimal. This is given in Corollary 2. 

 

Corollary 2. 
If the input efficiency of no-till technology is equal to or higher than that of the 
conventional technology ( 21 αα ≤ ) then it is privately optimal to adopt it. If conventional 
technology has higher input use efficiency the outcome is ambiguous. No-till technology 
becomes adopted if the input use efficiency difference is “sufficiently small”. 
 

Proof. If 21 αα = , then 0)(ˆ)1()( 12
0

12
12 >+−−++−=− ∗ hhwmkkππ , where we 

defined 0
2

0
1

0 mmm =≡ . Revenues are equal, but capital, labor and fuel costs are lower 
under no-till than conventional technology. If 21 αα <  then these effects are still positive 
and reinforced by the higher revenues under no-till, i.e. 

[ ] 0)1()1(ˆ)()( 1
0
12

0
21212

12 >−+−−++−+−=− ∗ hmhmwkkrrππ , where 
))()(1( 0

1
0
11

0
11 lclpfmr ∗−−= α , and ))()(1( 0

2
0
22

0
22 lclpfmr ∗−−= α . Finally, when 

21 αα >  the difference )( 12 rr − is negative and counter-affects the last two positive terms 
making the outcome ambiguous. 
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Corollary 2 shows that there is a bunch of conditions where no-till technology becomes 

privately adopted. Interestingly we find it here, too, that adoption of no-till does not 

require yields as high as under conventional technology. They can be lower, because 

cost-reductions under no-till increase profits. 

 

Corollary 2 is, however, based on certain implicit assumptions. Either it is assumed that 

technology choice is made at the beginning of the farm’s life-cycle or that capital 

equipment under both technologies is malleable (for instance, can be sold at the second-

hand market on market value). In practice this needs not to be the case. Abandoning old 

capital is privately costly if it has no other use. Moreover, adoption of a new technology 

may entail some learning and adoption costs. For example, farmers may suffer yield 

penalty in the early years of adoption (CTIC 2002). These important barriers to private 

adoption of technology may sometimes effectively prevent the use of an otherwise 

seemly profitable technology. Therefore, we next ask what kind of support is necessary 

for the adoption of a socially desirable, but in a short-term privately unprofitable, 

investment in no-till technology. 

 

Denote the capital cost of conventional technology when let idle by 1kφ , where 1<φ . 

Let the adoption cost of no-till technology due to learning and other respective factors be 

related to the investment cost, 2kω  with 1<ω . Moreover, assume that these capital and 

adoption costs are higher than savings in the labor costs. Then the profits under the 

conventional and new technology are 

 

[ ] )(ˆ)()1( 1111111
1 mkshwlclpfm βαπ +−+−−−= ∗∗      (8a) 

[ ] )()1(ˆ)()1( 21222222
2 mkkshwlclpfm βφωαπ +−+−+−−−= ∗∗     (8b) 

 

In order to keep discussion as clear as possible, assume that 21 αα = . Given that 

technology costs are lump-sum costs, we know from the first-order conditions (7a) and 

(7b) that 0
2

0
1 ll =  and mmm == 0

2
0
1 . Assume now that Society decides to use a lump-sum 

technology subsidy, S. How great should this subsidy be? It should provide the farmer at 

least the same profits as conventional technology. Thus, it should imply that 

021 =−ππ . Subtracting (8b) from (8a) yields 
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1212
21 )1()1()(ˆ)1(0 kkhhwmS −+++−−≡⇔=− ∗ φωππ   (9) 

 

Thus, from (9) we can infer by a straight-forward differentiation 

 

Proposition 3. 

When the input use efficiency is equal for both technologies, the optimal technology 
subsidy depends on differences in labor, fuel and capital cost. The subsidy is a positive 
function of the adoption and capital costs of no-till technology, of the abandoning costs 
of the old technology, and on the combined value of working hours under no-till 
technology. The subsidy depends negatively on the capital costs and working hours 
under the old technology.  
 

Under more complex situations, where the input efficiencies differ, the message of 

Proposition 3 still remains valid but the size of subsidy depends also on all other 

parameters of the profit functions. In the light of current empirical research, however, 

equal efficiency may be a good first approximation for the size of the subsidy. 

 

4. Environmental policy under no-till technology 

 

In this section we concentrate on the situations where the adoption of no-till technology 

is socially optimal. We examine what kind of agri-environmental policy is needed under 

this environmentally friendly technology. Hence we ask, how do first-best Pigouvian 

instruments look like under no-till technology, and how they are related to those under 

conventional technology.  

 

In Proposition 1 we saw that it is socially optimal to use more fertilizers and smaller 

buffer strips under no-till technology than under conventional technology, i.e., ∗∗ < 21 ll  

and ∗∗ > 21 mm . Moreover, a comparison of the first-order conditions (7a) and (7b) with the 

respective (5a) and (5b) demonstrates that even under no-till technology, private solution 

entails too high use of fertilizers and too small size of the buffer strips, that is,  ∗> 2
0
2 ll  

∗< 2
0
2 mm . Therefore, it is evident that there is a scope for agri-environmental policy 

under no-till technology.  
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From the socially optimal solution we can deduce the optimal first-best Pigouvian 

instruments under no-till to be 

 
2

2 2
)(' lgd ⋅=∗τ  and 2

22 2
)(')( mgdm ⋅=′∗β .    (10) 

 

From (10), the first-best fertilizer tax reflects the marginal damage from runoffs. Buffer 

strip subsidy is related the buffer strips’ ability to reduce runoffs by fixing nutrients and 

thereby reducing the marginal runoff damages. Note that in our model the buffer strip 

subsidy must be a decreasing function of the size of the buffer strip. This feature results 

from the fact that land is homogenous, and creating a positive and socially optimal share 

of buffer strips requires non-uniform decreasing payment.  

 

It is, finally, of interest to compare the first-best instruments under no-till technology to 

those under conventional technology. Making use of (5a) and (5b) one can conclude that 

 
∗∗ > 21 ττ  ; )()( 2211 mm ∗∗ ′>′ ββ      (11) 

 

Thus, the government levies a lower fertilizer tax and pays a lower buffer strip payment 

under no-till than conventional technology. Another phrase for this shift is to say that, 

because of the adoption of an environmentally friendlier cultivation technology, the 

degree of government intervention to agriculture decreases.  

 

5. Data and parametric model  

 

Now we go on to examine the relative profitability of conventional and no-till technology 

in a parametric model, which is calibrated by using Finnish data. We focus on wheat, 

barley and oats production in clay soils, which is the typical soil type in South and South-

Western Finland. Tillage methods assessed are mouldboard plough tillage (conventional) 

and direct drilling (no-till). Mouldboard plough tillage include primary tillage 

(ploughing), seedbed tillage (harrowing) and combidrilling (fertilizer and seed are placed 

in the same time), while in a direct drilling system seed and fertilizer are placed (planted) 

directly into the soil through stubble. Our sample contains 46 cereal farms, average size 
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being 74 ha of arable land, drawn from a larger data set. This set on costs and prices is 

from Finnish bookkeeping farms, collected from about 1,000 farms and it is part of the 

Farm Accountancy Data Network of the EU (FADN). Costs and prices are from year 

2001. We select only those cost items that are directly related to cereal cultivation, and 

assume that, except a tractor and a harvester, the farmer invests in new tillage equipment 

for both technologies.  

 

In Table 1 we present the machinery expense per hectare, measured by the depreciation 

cost, for conventional and no-till technologies. Table 1 makes it clear that the machinery 

costs differ in favor of no-till technology, because it does not utilize harrow and 

mouldboard at all, and requires using only two tractors. 

 

Table 1. Machinery expense €/ha for conventional and no-till. 

Machinery  Conventional 
€/ha 

No-till 
€/ha 

Tractor 

70 kW 

55 kW 

55 kW 

 

70 

49 

49 

 

70 

49 

- 

Grain drill, 3 m 36 67 

Harvester, 320-379 cm 95 95 

Plant protection sprayer, 500-700 l 7 7 

Harrow, 4-4.9 m 19 - 

Mouldboard plough, 3x16’’ 22 - 

Trailer 

6 ton 

8 ton 

 

8 

11 

 

8 

11 

Sorter 10 10 

 

Table 2 presents the relevant variable cost items for both technologies in the absence of 

taxes. They include fuel, machinery and other costs. Some of these items, such as harvest 

and drying costs, depend on crop yield level and our reported estimates have been 

calculated by using 3300 kg/ha of wheat yield as the base yield. 
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Table 2. Per hectare costs (€/ha) for conventional and no-till technology. 

 Conventional No-till Notes 

Fuel and labor costs   Costs for tractor operations. 

     hours/ha 5.26 2.22  

     Labor cost 41.56 17.54 Wage of  € 7.9 /h 

    fuel and lubricant costs 7.42 1.77  

     Subtotal 48.98 19.31  

Machinery costs   Costs for tractor operations. 

     Repair 23.57 18.79  

     Depreciation 137.05 123.81  

     Insurance 5.28 4.44  

     Subtotal 165.9 147.04  

Other costs    

     Harvest 33.99 33.99 Includes fuel, labor, repair 

and depreciation 

     grain drying 24.12 24.12 Includes fuel and electricity 

     fertilizer 124.14 124.14 NPK fertilizer (N 20% and P 3%) 

     Herbicide 

 

15.0 15.0 

20.00 

      

To control perennial weeds 

 

As Table 2 reveals, the main difference between our two technologies can be found in the 

fuel and labor costs. Under conventional technology, these costs are almost three times 

higher than under no-till. Also with respect to machinery costs, conventional technology 

is slightly more expensive than no-till. Note that in line of the studies examining weed 

problems related to no-till we have imputed additional herbicide cost to control perennial 

weeds (e.g. Elymus repens).  

 

All in all, from Tables 1 and 2 we can infer that costs under no-till technology are lower 

than under conventional technology predominantly due to lower amount of capital and 

associated labor and fuel costs. This cost difference between technologies is close to 49 

euros/ha. Thus, our data confirms the findings by Nielsen (1987), Danfors (1988) and 

Lätti (2002). Whether no-till turns out to be more profitable than conventional 

technology, has still to be examined by optimizing agricultural production in a parametric 

model, which we next turn to. 
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Following our theoretical model, we start with the farmer’s production function. The 

farmer applies compound NPK fertilizer (l), in which nitrogen content is 20%, by 

choosing the level of nitrogen application (N). Therefore, we express our parametric 

model in terms of N and apply a quadratic nitrogen response function with parameters 

estimated for spring wheat, barley and oats in clay soils by Bäckman et al. (1997) 

 
2
iiiiii NNAy γχ ++=    for  i = 1,2     (12) 

 

where yi = yield response in kg/ha, Ai  = intercept parameter, iN  = nitrogen intensity in 

kg/ha, and  χi ,  γi = parameters, χi > 0, γi < 0. The input use efficiency αi is incorporated 

into production function via the slope parameter χi, by calibrating the nitrogen response 

function for no-till and conventional technology to reflect experimental results for 

different crops on clay soils (clay content 30-60%) presented in Table 3. This data is 

based on short-term field experiments in South-Western Finland (Alakukku 2003, Salo 

2003). Table 3 shows the average yields for wheat, oats and barley in clay soils for 

conventional and no-till technology.  

 

Table 3. Per hectare yields for wheat, barley and oats in clay soils: average, max and 
min yields from experiments (max and min are averages from replicates). (Alakukku 
2003, Salo 2003). 
 

Crop Conventional No-till 
 Average Max Min Average Max Min 

Wheat 4655 5387 3276 2960 4111 1799 

Barley 4191 5750 3108 3946 5526 3191 

Oats 5122 6154 4400 4196 4840 2796 

 
 

As Table 3 reveals, only in the case of barley the average yield levels are close to each 

other. Moreover, in the two remaining cases, the yield difference between our two 

technologies is quite remarkable. One possible explanation for this is that the reported 

no-till yields involve some yield penalty because of unfamiliarity and transitional period 

of no-till technology. For instance, there may be failures in timing of direct drilling and 

sowing depth (Alakukku 2003). Also, a several years long transitional period is usually 

needed for the soil conditions and structure (e.g. abundance of macropores and 
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earthworms) to change to reflect no-till technology. Thus, Table 3 may represent overly 

too pessimistic view of no-till yields. Hence, given that the maximum yields for no-till 

are clearly above the average yields, one could expect that the average yields could 

increase after transitional period. This would also be more in line with Lätti (2002), 

according to which farmers reported higher yields than our averages.2   

 

A parametric version of equation (6) describing the farmer’s profits per hectare for 

technology i in the presence of government policy instruments (fertilizer tax, area 

payment, buffer strip subsidy, and energy tax) and with the focus on nitrogen application 

is given by 

 

[ ]{ } iiiiiiiiiii
i mmkshwNcNNApm )(ˆ)1( 2

12 ηλγχπ −+−+−−++−= ∗∗  for i = 1,2. (13) 

 

where λ  and η define the non-linear, decreasing buffer strip payment, and the price of 

nitrogen is calculated on the basis of nitrogen content and the price of compound 

fertilizer.  

 

As for the surface runoffs of nutrients, we compare nitrogen, particulate phosphorus, and 

dissolved (orthophosphate) phosphorus runoffs under both technologies. The compound 

NPK fertilizer contains, in addition to 20% of nitrogen, 3% of phosphorus. Because these 

main nutrients are in fixed proportions, nitrogen fertilizer intensity determines also the 

amount of phosphorus used. Part of this phosphorus is taken up by crop, while the rest 

accumulates and builds up soil P. Concentration of dissolved phosphorus in surface 

runoff is found to depend linearly on the easily soluble soil P, as determined by 

extractions employing deionized water or acidic ammonium acetate solution (Uusitalo 

and Jansson 2002). Runoff of particulate phosphorus depends on the rate of soil erosion 

and P content of eroded soil material (see e.g. Uusitalo et al. 2000), but only a part of 

particulate P is considered bioavailable. 

                                                           
2 Some Finnish and international research suggests that the difference is in practice quite small. For 
instance, Holma (2000) reports winter wheat experimental results for no-till, which are equal or even 
higher than yields under conventional technology (recall, our case is spring wheat). In the same vein, 
Baylis et al. (2002) found that the estimated yields for corn-soybean rotations were roughly the same under 
conventional and no-till over different regions in the U.S. While no-till has slightly lower yields than 
conventional tillage in the Eastern and Western Corn Belt and in the irrigated land of the Plain States, it 
had slightly higher yields in Lake States and Plain States. Of these areas the Lake States, comprising 
Michigan, Wisconsin and Pennsylvania, come closest to the Finnish agricultural circumstances. 



 20

 

We start by tailoring the following nitrogen runoff function (Simmelsgaard 1991) for our 

purposes, 

 

)exp( 0 ii
i
N bNbZ += φ ,    for  i = 1,2.   (14) 

 

where i
NZ  = nitrogen runoff at fertilizer intensity level Ni, kg/ha, iφ  = nitrogen leakage at 

average nitrogen use, 00 <b  and 0>b  are constants and Ni = relative nitrogen 

fertilization in relation to normal fertilizer intensity for the crop, 0.5 ≤ N ≤ 1.5. We 

incorporate the reductive effect of the buffer strip on the nitrogen runoff i
NZ  via two 

channels, via nitrogen uptake by buffer strips and via reduction of the actually applied 

fertilizer, as follows 

 
])1(01.01[7.02.0 ]1[ ii Nm

ii
i
N emZ −−−−= φ    (15) 

 

The first RHS brace term of (15) describes nitrogen uptake by buffer strips. It is 

calibrated to reflect Finnish experimental studies on grass buffer strips (Uusi-Kämppä 

and Yläranta, 1992, 1996, Uusi-Kämppä and Kilpinen 2000). The second RHS term 

represents nitrogen runoffs from technology i generated by a nitrogen application rate of 

Ni per hectare when buffer strips take up a share of land mi. Parameter iφ  reflects 

technology differences and calibrates equation (15) to both technologies by describing 

their nitrogen runoffs generated by a nitrogen application rate of 100 kilos per hectare in 

the absence of buffers strips. Based on Puustinen (2004) 15=iφ  kg N/ha for 

conventional technology and 8=iφ  kg N/ha for no-till technology. 

 

For phosphorus we explicitly describe both dissolved and particulate runoffs. Drawing on 

Finnish experiments (e.g. Saarela et al. 1995) it is assumed that 1 kg increase in soil 

phosphorus reserve increases the soil P status (i.e., ammonium acetate-extractable P) by 

0,01 mg/l soil when soil P status is on the range 9 mg/l to 13 mg/l. In Finnish 

bookkeeping farms situated in Southern and South-Western of Finland the average soil P 

status is 10.6 mg/l (95% confidence level for mean is 8.9 - 12.5 mg/l) (Myyrä et al. 

2003). Uusitalo and Jansson (2002) estimated the following linear equation between soil 
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P and concentration of dissolved phosphorus in runoff: water soluble P in runoff (mg/l) = 

0.021* PAAAc− (mg/l soil) – 0.015 (mg/l), where AAAc  refers to ammonium acetate 

buffer (Vuorinen and Mäkitie 1955). Surface runoff of potentially bioavailable 

particulate phosphorus is approximated from the rate of soil loss and the concentration of 

potentially bioavailable phosphorus in eroded soil material as follows: potentially 

bioavailable particulate phosphorus PP (mg/kg eroded soil) = 250 * ln [AAAc_P (mg/l 

soil)]-150 (Uusitalo, pers. comm.).3 

 

Based on Finnish experimental studies on grass buffer strips (Uusi-Kämppä and Kilpinen 

2000) the potentially bioavailable particulate (PP) and dissolved reactive phosphorus 

(DRP) uptake by buffer strips is calibrated as follows: PPm )1( 3.0−  and DRPm )1( 3.1− . 

Thus, the parametric description of surface phosphorus runoffs is given by 

 

100/)])1(15.0*01.0(02.0([)1( 3.1
iiiii

i
DRP NmmZ −+−= θψσ  (16a) 

}]150))1(15.0*01.0ln(250{[)1( 3.0 −−+∆−= iiiii
i
PP NmmZ θζ  (16b) 

 

where iψ  is runoff volume (mm), θ is AAAc_P (common to both technologies) and ζ is 

erosion kg/ha, and 0.15(1-mi)Ni is the amount of phosphorus applied. As in the case of 

nitrogen, the technology-based difference in the runoffs of dissolved and the potentially 

bioavailable particulate phosphorus is captured by parameters iσ  and i∆ , respectively. 

As for the AAAc_ P, following Myyrä et al. (2003) we set 10=θ . For runoffs, erosion 

and technology differences we utilize experimental results from South-Western Finland 

by Puustinen (2004) who examined surface runoffs of erosion, particulate phosphorus, 

dissolved phosphorus, and total nitrogen under conventional and no-till technology 

presented in Table 44. 

                                                           
3 This estimation is based on 32 samples from 18 experimental sites in different parts of Finland. Average 
soil P status of samples is 16 and the median is 11. 
4 This experimental field, cultivated by winter cereals, is located in Aurajoki. The soil is a clay soil (clay 
content 45-60%) with high soil P (20-22 mg/l soil). The average slope steepness of the field is 8%, runoffs 
being mainly surface runoffs. Data has been collected since 1990. 
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Table 4. Surface runoffs of erosion, particulate phosphorus, dissolved phosphorus, and 
total nitrogen under conventional and no-till technology (Puustinen 2004). 
 

Technology Runoff, 
mm 

Erosion, 
kg/ha 

Particulate 
phosphorus, 

kg/ha 

Dissolved 
phosphorus, 

kg/ha 

Total 
nitrogen 

kg/ha 
Conv. 234 2100 3.71 0.58 15.7 

No-till 241 620 1.13 2.01 9.00 

 

The new experimental data presented in Table 4 is quite revealing. No-till technology 

reduces erosion and particulate phosphorus by 70% and nitrogen by 43% from the level 

of conventional technology. Instead, it seems indeed to increase the runoffs of dissolved 

phosphorus; in fact, the runoffs are over three times higher relative to those caused by 

conventional technology.  

 

The social valuation of agricultural surface runoff damages is closely tied with the fact 

how the society trade-offs inland and sea waters in reducing euthrophication. All nutrient 

runoffs will finally end into sea waters causing there an increase in the algal growth and, 

harmful and even poisonous blue-algae blooming. The focus of domestic nutrient policy 

may, however, be on inland waters (lakes and rivers), on coastal waters or on high seas. 

Changing the focus from the first two on the high seas implies a stronger emphasis on 

nitrogen instead of phosphorus and vice versa. Given that the role of nutrients and the 

nature of damage function differ across these cases, developing a single damage function 

based on empirical description of algal growth is not a feasible option here. Therefore, 

we adopt a different strategy suggested by Kiirikki et al. (2002) in the context of the Gulf 

of Finland. Following Kiirikki et al (2002), we transform total P into N equivalents in the 

damage function by multiplying total P by Redfield ratio 7.2. Redfield ratio describes the 

optimum N/P ratio for the growth of phytoplankton, relevant for algal growth in sea 

waters. Moreover, we assume that the marginal damage from nitrogen equivalents is 

constant, so that the damage function is given by  

 

)2.7()( ii
i PNRZd += ,    (17) 
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where Ni is defined in equation (14) and Pi is the sum of equations (16a) and (16b) and R 

is the constant social marginal damage. For the social value of runoff damages we can 

only derive a rough estimate from the works of Aakkula (1999) and Yrjölä (2004). 

Drawing these works, our estimate indicates that Finnish consumers experience a damage 

value of 35 euros from average per hectare agricultural runoffs (13 kg/ha N and 2 kg/ha 

P). We must emphasize, however, that this estimate is very rough and most likely closer 

to the lower than upper bound but that does not distort comparison between our two 

technologies. Note also that in (17) sensitivity analysis concerning the relative role of 

phosphorus and nitrogen can be made very easily by changing their relative weight. 

 

Combining equations (13) – (17) allow us to express our social welfare function in the 

following simple form for both cultivation technologies as,  

 

)( iii ZdSW −= π , i =1,2.    (18) 

 

We use the following crop prices in iπ  for both technologies: wheat € 0.133/kg, barley € 

0.103/kg and oats € 0.109/kg. The price of the compound fertilizer is € 0.23/kg and, thus, 

the price of nitrogen is (with 20% nitrogen content) € 1.15/kg. 

 

We are finally in the position to produce empirically sound and meaningful comparison 

of the two cultivation methods in our parametric model. 

 

6. No-till and conventional technologies: empirical findings 

 

Above all, we are interested in whether no-till technology is more profitable than 

conventional technology in terms of social returns and private profits in the Finnish crop 

cultivation. Also, we examine how the optimal agri-environmental policies change, if no-

till technology has higher social returns and becomes adopted. Producing this 

information requires that we solve for the social returns and for the private profits both in 

the absence (this is given as Table A1 in Appendix) and in the presence of agri-

environmental policy. 
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A. Does no-till imply higher social returns?  

 

It is natural to start with the socially optimal agricultural solution, because it is decisive 

when the government compares no-till with conventional technology. Table 5 reports our 

results in terms of nitrogen applied, buffer strips, yields and social returns. We report the 

buffer strips as the shares of the field, and exemplify their size as a width in meters for a 

field of 200 m*50 m. 

 

Table 5. Socially optimal nitrogen use (N), buffer strips (BS), production and social 
returns under no-till and conventional technologies 
 
 
Crop  N, kg/ha BS, width m 

(share) 
Yield, kg/ha Social  

returns, €/ha 
 Conv No-till Conv. No-till Conv No-till Conv No-till

Wheat   158.5 86.9 1.5  (0.0073) 0.7 (0.0036) 5139 2758 216.4 24.3 

Barley   101.2 96.8 2.4  (0.0118) 0.7 (0.0036) 3989 3758 15.2 31.5 

Oats      107.5 89.9 1.5  (0.0074) 0.5 (0.0026) 4982 4042 141.4 90.1 

 
 

No-till produces only for barley higher social returns than conventional technology; for 

wheat and oats conventional technology is far more competitive. This is not especially 

surprising, given that the yield differences in Table 3 were so great. The cost advantage 

of no-till is not enough to compensate for lower yields it provides. Nitrogen application 

levels differ between technologies and are higher under conventional technology. For 

wheat, the nitrogen use is exceptionally high and much higher than the Finnish Agri-

Environmental Programme allows.5 Conventional cultivation entails much larger buffer 

strips than no-till. The buffer strips under no-till are even narrower than normal field 

edges (which are 1 meter in the Finnish Agri-Environmental Programme). The socially 

optimal buffer strips for conventional technology are also smaller than the Finnish Agri-

Environmental Programme requires (3 m), because we omit biodiversity and landscape 

aspects, which would increase the size of buffer strips under both technologies. 

 

                                                           
5 This reflects merely the fact the fertilizer limits are set to meet the average agricultural conditions in 
Finland, while the experimental fields, from which our data comes, are located in more favourable areas. 
Moreover, these fertilizer limits also reflect the potential air quality and biodiversity effects of fertilizer 
use, which are not considered in our social damage function.  
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In order to see, whether no-till technology adoption is privately optimal under the current 

Finnish agri-environmental program, we calculated farmers’ optimal cultivation solution 

under this policy. The Finnish agri-environmental program requires the use of 3 m wide 

buffer strip, sets fertilizer restrictions of 100 kg/ha for wheat and 90 kg/ha for barley and 

oats, and pays total area subsidies for wheat 630 euro/ha, and barley and oats 537 

euro/ha.6 Under this policy, buffer strips are of equal size under both technologies. 

Keeping this in mind we report only fertilizer application, yields and profits in Table 6.   

 

Table 6. Privately optimal nitrogen use, yields and profits under no-till and conventional 
cultivation technologies under Finnish Agri-Environmental Programme. 
 
 

Crop  N, kg/ha Yield, kg/ha Profits, €/ha 
 Conv. No-till Conv. No-till Conv. No-till 

Wheat   100 88.7 4215 2739 828.6 675.6 

Barley  90 90 3805 3624 577.4 588.9 

Oats      90 90 4675 3990 698.0 653.3 

 

With one exception, the limits for the fertilizer use become binding, implying thus 

similar fertilizer use over crops. Fertilizer limits decrease the differences in profits. No-

till has higher profits for barley. Moreover, profits for oats are now much closer to each 

other, the difference being about 45 euros. For wheat conventional technology is far more 

profitable than no-till. Hence, under current agri-environmental system it is optimal to 

adopt no-till for barley but to stick to conventional technology for wheat and oats. 

 

Let us ask how much lower no-till yield in general can be in order to provide at least as 

high profits as conventional technology under current agri-environmental policy. This 

critical yield level defines the point where the adoption of no-till becomes privately 

optimal. Table 7 indicates our answer and shows that no-till can have yields on average 

300 kg/ha lower than those of conventional technology. 

 

 

                                                           
6 For wheat support consists of CAP (270 €/ha), LFA (150 €/ha), Agri-environmental support (117 €/ha) 
and national support (93 €/ha). For barley and oats the payments are same with the exception that national 
support is not paid for them. 
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Table 7. Difference in yields (no-till – conventional) which makes no-till profits equal to 
those of conventional technology 
 

Wheat Barley Oats 

- 328 kg/ha - 297 kg/ha - 279 kg/ha 

 

Compare now these figures to yields reported in Table 6. Clearly, for barley no-till yield 

is 181 kg/ha smaller than conventional yield, hence, no-till has higher profits. But the 

difference in wheat and oats in favor of conventional technology is 1476 kg/ha and 685 

kg/ha, respectively, which gives conventional technology the advantage. By using the 

figures presented in Table 7 and crop prices, we obtain for the value of this critical yield 

loss to be € 43.6/ha for wheat, € 30.6/ha for barley and € 30.4/ha for oats. Note, also that 

the no-till technology chain used in our calculations has capacity to cultivate 150 ha, 

while the conventional technology chain can make only 100 ha. Thus, there is economies 

of scale for no-till, which is absent from our analysis (our farm size is 74 ha). This 

implies that for a larger farm (or for two farms of 74 ha which share the ownership of 

direct drilling planter) the critical yield loss is much higher. For instance, Mikkola and 

Nikula (2003) estimated that, if the farm size is increased to 100 ha, no-till can have 

about 586 kg/ha lower yield for wheat and 704 kg/ha for oats and still be as profitable as 

conventional technology.  

 

B. Does no-till imply lower overall runoffs? 

 

To see whether no-till always leads to lower overall runoffs or not, we calculated the 

nitrogen and phosphorus runoffs associated with the socially and privately optimal 

solutions. Table 8 provides a summary of nutrient runoffs under the social optimum. 
 
Table 8. Socially optimal solution: surface runoffs of nitrogen (N), particulate 
phosphorus (PP) and dissolved phosphorus (DRP) under conventional and no-till 
technologies.  
 

Conventional, kg/ha No-till, kg/ha Crop 

N PP DRP N PP DRP 

Wheat  14.17 2.884 0.588 4.93 0.921 2.006 

Barley  9.18 2.799 0.583 5.39 0.935 2.009 

Oats  10.17 2.924 0.584 5.19 0.941 2.007 
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Table 8 demonstrates that nitrogen runoffs are 54% lower under no-till than conventional 

technology. Particulate phosphorus runoffs are more than 67% lower but dissolved 

phosphorus runoffs are almost 3.5 times higher under no-till than conventional 

technology. Changes in phosphorus runoffs over crops are quite modest. Assuming that 

all particulate phosphorus is readily available to algal growth we can focus on total 

phosphorus. The total phosphorus runoff for all crops under conventional technology is 

about 3.5 kg/ha, and under no-till 2.9 kg/ha. Hence, the difference is 0.6 kg/ha in favor of 

no-till technology.  Keeping in mind that we are dealing here with small amounts, this 

difference must be regarded as considerable. 

 

The runoffs associated with private solution under the Finnish Agri-Environmental 

Programme are reported in Table 9.  

 

Table 9. Current agri-environmental policy: surface runoffs of nitrogen, particulate 
phosphorus and dissolved phosphorus under conventional and no-till technologies.  
 
 

Conventional, kg/ha No-till, kg/ha Crop  

N PP DRP N PP DRP 

Wheat  9.51 2.914 0.583 4.72 0.887 2.005 

Barley  8.88 2.911 0.583 4.73 0.887 2.005 

Oats  8.88 2.911 0.583 4.73 0.887 2.005 
 
 

Table 9 exhibits quite the same pattern as Table 8, but no-till performs now slightly 

better, because it has larger buffer strips than in the social optimum. Hence, the 

environmental benefits from no-till could be big under current agri-environmental policy. 

 

C. Does No-till lead to laxer agri-environmental policies? 

 

We now turn to discuss how optimal agri-environmental policies could be modified if 

no-till cultivation were adopted. As is known from the literature, lump-sum type area 

payments, such as CAP payments or LFA-support, do not affect fertilizer intensity. Thus, 

we focus here on two potentially useful, corrective Pigouvian instruments: fertilizer tax 
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and buffer strip subsidy. The optimal fertilizer tax and buffer strip subsidies for both 

technologies are reported in Table 10.  

 

Table 10. Optimal fertilizer tax and buffer strip subsidies under no-till and conventional 
cultivation technologies 
 

Crop  Fertilizer 

tax rate 

Upper value of 

BS subsidy, λ  

Total tax 

payment, €/ha 

Total subsidy  

payment, €/ha 

 Conv. No-till Conv. No-till Conv. No-till Conv. No-till 

Wheat  0.089 0.033 491.4 265.2 14.1 2.8 3.6 0.9 

Barley  0.057 0.035 293.1 272.3 5.7 3.4 3.4 1.0 

Oats     0.063 0.034 419.4 336.7 6.8 3.1 3.1 0.9 

 
 

The fertilizer tax is a unit tax, thus, the second column indicates directly the optimal tax 

rates. Generally, the tax rates are 2.2 – 5.6 % higher under conventional technology. By 

multiplying the actual fertilizer cost by the tax rate, we produced the cost burden of the 

fertilizer tax in the fourth column. These costs are naturally lower under no-till 

cultivation. Unlike fertilizer tax, the buffer strip subsidy rate is not constant but 

decreasing in the size of the buffer strip. In the calculations we set λη = , so that the 

subsidy rate is defined by iii mmm )1()( 2
1−= λβ . Thus the only parameter we must solve 

for is the size of lambda, which indicates the subsidy for the very first inches of the 

buffer strip. Not surprisingly, λ  must be higher for the technology that has higher net 

revenue. Using calculated value of λ  in )( imβ ’s equation we produce the overall 

amount of subsidy per ha in the last column. Of course, this subsidy payment is much 

higher under conventional technology than no-till. 

 

Note finally, that if the society wishes to levy a binding upper limit to fertilizer 

application instead of fertilizer tax, the optimal upper bounds of fertilizer application can 

be read directly from Table 5. It indicates that generally they are higher under no-till than 

conventional technology.  
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7. Conclusions and policy implications 

 

We characterized analytically conditions for the socially and privately optimal choice 

between conventional and no-till cultivation technology. Drawing on our theoretical 

model, we developed a detailed description of cultivation technologies and surface 

runoffs of nutrients in a parametric model to assess empirically the relative merits of 

conventional and no-till technology. Concerning crop yields for wheat, barley and oats 

and surface runoffs a new field experiment data was used.  

 

We found that the adoption of no-till technology is socially and privately optimal only 

for barley cultivation. Conventional cultivation turned out to be optimal for wheat and 

oats, because, despite considerable costs savings, no-till has much lower yields than 

conventional technology in this new, short-term experimental data we utilized. Our 

model predicts that in order to become adopted, yield under no-till can be at most 300 

kg/ha smaller than the yield under conventional technology. Now the difference for 

wheat was 1476 kg/ha for wheat and 685 kg/ha for oats. It must be noted, however, the 

remarkably great yield difference in our data runs counter international evidence and also 

survey results from Finnish agriculture. Hence, the data may exhibit some yield penalty 

because of transitional period and unfamiliarity to no-till technology.  

 

With respect to environmental aspects, both technologies behaved as one could expect. 

Under no-till buffer strips are considerably lower than under conventional technology. In 

fact, buffer strips under no-till are quite close to the normal field edges. No-till reduces 

the nitrogen runoffs 54%, and particulate phosphorus runoffs more than 67% relative to 

conventional technology, but it causes almost 3.5 times more dissolved phosphorus 

runoffs. However, no-till entails lower total surface runoffs of phosphorus. 

 

Hence, in the light of current and, admittedly sparse and preliminary, data no-till does not 

provide a general win-win possibility for agri-environmental policy. Instead, its adoption 

may be optimal for some crops. Further field experiments will show whether the no-till 

yields will be higher and thus strengthen the case for no-till, or not. Also including some 

other important aspect may make no-till more profitable. One such example is the 

potential of no-till to promote net carbon sequestration in croplands as an important 

means affecting greenhouse gas emissions. 
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There are many issues for further research. From environmental angle, a very urgent 

topic is to study the role of no-till in carbon sequestration in croplands as a means of 

reducing greenhouse gas emissions. Also, one would like to know how no-till relates to 

species diversity (birds, weeds, herbivores and soil micro-organisms), and what the 

implications of potential increase in herbicide use are. On the practical side, there are 

many questions concerning farmers’ behavior, such as their willingness to adopt a no-till 

technology, and their needs for financial and educational aid. 
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Appendix  
 
Table A1. Privately optimal nitrogen use, yields and profits under no-till and 
 conventional cultivation technologies in the absence of agri-environmental support 
 

Crop  Nitrogen kg/ha Yield, kg/ha Profits, €/ha 

 Conv. No-till Conv. No-till Conv. No-till 

Wheat    163.8 88.7 5214 2781 259.8 51.5 

Barley    104.2 98.3 4057 3785 51.9 59.2 

Oats       110.0 91.0 5037 4062 179.6 123.3 

 
 



Discussion Papers:

Nro
1. Jussi Lankoski, Markku Ollikainen & Pekka Uusitalo(2004): No-till technology: benefits to farmers and 

the environment?" Ympäristöekonomia.                                           

ISBN 952-10-1761-9(pdf)
ISSN 1459-9996

Helsinki 2004          




