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 16 

Abstract: In sustainable agriculture it is getting more important the need of reducing 
17 

environmental burden duo to agrochemical use. To carry out environmental protection, the 
18 

responsible use of natural resources and keeping rural development for the future 
19 

generation is our task. The term "sustainable development" includes the current and long-
20 

run sustainable production and the controversies of environmental protection that ensure 
21 

the right quality of life, and hard-preventable, but rather tolerated conflicts. Sustainability 
22 

must include the farming that allows for easy reproduction the assets needed for production 
23 

not only at business management level, but also on a national level management 
24 

irrespectively of the source of capital necessary for farming. It is also important for the 
25 

maintenance of rural areas. Precision farming is one of the farming strategies in crop 
26 

production which can increase farmer’s efficiency and can reduce the chemical use – 
27 

especially in plant protection – and also the burden of environment. In the present research 
28 

we have examined the economic relations between potential savings in chemicals on EU 
29 

level and in Hungary by analyzing scenarios for implementing the site-specific technology 
30 

in weed management. In this paper we summarize our former research studies, published in 
31 

publications listed in references. It has been found that after switching to precision 
32 

farming, the active ingredient savings in herbicide use can be 30 thousand tons (calculating 
33 

with the current dose-level) in EU-27. If approximately 30% of the crop producing and 
34 
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mixed farms over 16 ESU adopt this new technology, this will diminish environmental 
35 

loads by up to 10-35%. In Hungary the expected area on which precision plant protection 
36 

can be used is about 400 000 ha if 25 % of the farms operating over 16 ESU apply the 
37 

technology. That means 229-587 to pesticide savings per year depending on the savings in 
38 

dose of pesticide per hectare (that were: 25-30-50%), assuming the current pesticide usage. 
39 

The majority of farms characterized by greater output and size can be based on their own 
40 

equipment but it might as well be presumed that smaller farms can turn to precision 
41 

farming not based on their own investment, buying the technical service or establishing 
42 

machinery rings. At a certain farm size and farming intensity precision crop production is a 
43 

real, environmentally friendly farming strategy, with the help of which the farm can reach 
44 

earnings that cover at least the economic conditions of simple reproduction.  
45 

Keywords: environmental burden, chemical use reduction, potential savings, EU. 
46 

 47 

1. Introduction  48 

The term "sustainable development" includes the current and long-run sustainable production and 
49 

the controversies of environmental protection that ensures the right quality of life, and hard-
50 

preventable, but rather tolerated conflicts. In the realization serious regional, national, social (and of 
51 

course, political) interests, momentary, short and long-run visions clash, they often confront. The 
52 

interpretation of sustainability is extended by Chilinsky and his colleagues in 1998 that the production 
53 

must be sustainable in economic sense. [7] According to Jørgensen (2000) sustainability must include 
54 

farming that allows the easy reproduction of assets needed for production not only at business 
55 

management level, but also at national level management irrespectively of the source of capital 
56 

necessary for farming. [16] It is also important for the maintenance of rural areas. [25] 
57 

Sustainable development, however, has not only ecological but also economic aspects, which means 
58 

that direct and indirect impacts should also be considered in the implementation of a technology and in 
59 

determining the appropriate farming strategy. All those farming methods can have place and roles in 
60 

the changing world which help to meet the above outlined requirements and contribute to the adequate 
61 

individual decision making in farming. Precision crop production meets or is able to meet the 
62 

requirements of sustainability.  
63 

Sustainability can be described by a lot of definitions in regards to agriculture and environmental 
64 

economy, defining also the possible strategies. „Sustainable nature protection strategy should include 
65 

resource management in order to meet the needs of the present generation without reducing the 
66 

possibilities of the future generation”. [NRC Board on Agriculture. 11 p. 175.]. The reduction of 
67 

pesticide use has an important role in it [20]. Pearce and Atkinson (1995) defines sustainability as 
68 

follows: since natural resources and the capital produced by the men closely complement each other in 
69 

the production process, the natural resources provide the limits for increasing production and should be 
70 

used rationally during production. [31] 
71 
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According to the energetical approach to sustainability, sustainable existence is when the produced 
72 

energy is not created by increasing energy compared to the previous level. [27] As regards the 
73 

interpretation of sustainability, the thermodynamic approach to natural and social processes is a new 
74 

idea. The bounds of development can be explained by the generalization of the first and second main 
75 

theorems of thermodynamics, according to which if we regard the ecological system of the Earth 
76 

closed, the use of the limited available resources – when run out - will result growing entropy in the 
77 

system. The natural state of the natural systems is disorder, and man interferes in it with its deliberate 
78 

activities. Entropy growth also causes inner disorder in the system – the Earth. If the processes in this 
79 

closed system are reversible, the entropy does not decrease so the state of the system does not change. 
80 

Irreversible processes – presuming a closed system – result the growth of entropy. From 
81 

thermodynamical aspects the changes of entropy in agro-ecosysems means the irreversible state 
82 

changes in the crop and soil, as well as in biodiversity and also the entropy change between system and 
83 

environment. Since most of the living environmental processes are irreversible, all the changes are 
84 

paired with growing disorder, entropy. The bounds of sustainable development can lead back to 
85 

quantity and quality limits. Entropy is regarded as the negative measure of utility by many authors who 
86 

approach the subject from this side and declare that degradation of ecological environment can be 
87 

characterized by the reduction of entropy. [9; 1; 17]. The entropy of natural habitat is maximal under 
88 

given conditions because it can be characterized by diversity (disorder) close to the original state. As 
89 

against to this, the entropy of agro-ecosystems is decreasing due to the deliberate human intervention – 
90 

artificial energy input – at the degree of intervention. The more intensive is the agriculture, the lower is 
91 

the entropy of the given agro-ecosystem. Owing to the technical development of agriculture, the 
92 

adaptability of grown – bred – varieties is decreasing and thus both the chemical use and the 
93 

mechanization requires extra energy input. The reduction of biodiversity means the „reduction of 
94 

disorder” in the system.  
95 

Intensive agriculture means that „properly arranged conditions” are ensured for the crop with high 
96 

energy input. Optimal circumstances are created targeting the restriction of maintenance, 
97 

multiplication and economic damages of antagonist and competing organs. The question is how long 
98 

can this be pursued. The basic principle is that the energy put into the agro-ecosystem by technological 
99 

elements can be expanded until they increase the efficiency of solar-energy use. [16; 29; 30] As 
100 

regards the energy balance of crop production Neményi (2009) raises another question: who can 
101 

decide the value and proportion of energy need of technology development and the relations between 
102 

ecological systems. [28] It should also be considered that 10-12% of the Earth’s crust is suitable for 
103 

agricultural production, and intensified crop production is performed on almost half of this area. In 
104 

Hungary, agricultural production is carried out on 54% of the total arable land area and forestry is on 
105 

about 20%. As regards the degree of intensity we belong to the group of the world’s developed 
106 

countries. That’s why the above questions should receive high priority.  
107 

The chemicals used in agricultural production, indispensable to the production level, that is needed 
108 

for the world's population food supply, needed to produce raw material on the one hand, and mean the 
109 

risk of human existence on the other hand. Appraising the crop production as a system in the course of 
110 

finding the degree of intensity and form of business that eligible for the environment, must take into 
111 

account the losses of the negative environmental and human consequences that harmful, pathogenic 
112 

organisms may cause.  
113 
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It should be noted that on the basis of various calculations the yield loss ascribed to the plant pest 
114 

organisms (biotic stress) can be the 40% of the potential yield. The yield loss is 10-12% brought about 
115 

by the weeds, 18-20% by pathogenic organisms, while the pests are responsible for 8-10%. This can 
116 

also explain why producing the yield required 1.67 times higher area to grow crops, which is not 
117 

possible due to land limitation. Its effect appears on the increase of production costs. In case of 
118 

Hungary, assuming the loss values above, the potential area equivalent of plant protection is 1.2 to 1.4 
119 

million hectares of arable land, if does not happen preventive defense against biotic stress causing 
120 

organisms. The society laid claim to reduce pesticide use (both the sent quantity and frequency 
121 

relation) and this claim can be satisfied, partly by the agricultural technological development, 
122 

mechanization, pesticide production, etc., and partly by the technology chosen by the farmer, and the 
123 

variety breeding has an important role also. The use of weed, disease and insect-resistance varieties, as 
124 

one of the indirect tools is applied in practice, the right combination of additional agro-technical tools 
125 

may be one basis for resolving the contradiction mentioned above. The ecosystem and economic 
126 

growth, the sustainability and consumption, the antagonistic contradictions between the developed and 
127 

developing economies (social) require the development of agriculture and strategic management 
128 

issues. The legitimacy of criticism is indisputable by the advocates of the organic revolution for today's 
129 

global economy [21], however, by their estimation, the size of sustainable global system in the current 
130 

system, about a third of the population could exist. A rational response cannot be given to this 
131 

antagonism. However it would be expected that due to the dynamic economic development, Chinese 
132 

and India population’s consumption increase, and the demand for food also increases. It is expected 
133 

that the world’s food production is facing a new boom. Satisfying the dual requirement (the pursuit of 
134 

ecosystem sustainability and the social demand), at the same time, through the technological 
135 

development, the agro producers have to strive after. The common element of possible responses is the 
136 

reduction of negative externalities, while focusing the well-groomed, preservative of natural resource 
137 

productivity, through on remedial solutions the aim is the preservation and value increase of public 
138 

goods. 
139 

The environmental burden of agricultural chemicals appears in the following fields: 
140 

 the leakage and wash of fertilizer and pesticide into the soil, surface and ground water, 
141 

 other ingredients (regulators, desiccated drugs), 
142 

 the intensification of harmful effects on crop production influenced on soil structure, 
143 

 burden because of inaccurate spreads, overlap, wash water, 
144 

 risen and accumulation of toxic materials. 
145 

It is necessary to examine the tendencies of agrochemical use. In the past two decades in the 
146 

developed countries and in the European Union and in Hungary, for different reasons, the use of 
147 

artificial chemicals in agriculture showed a downward trend. The reasons include besides the 
148 

intensification of environmental awareness and the reduction of environment burden, the previously 
149 

measured but for nowadays the decreased headway of organic farming, the integrated crop production 
150 

systems be converted into practice and the development of precision agriculture’s conditions. In 
151 

respect of insecticides the required doses in grams per hectare, the technologies to spread in parallel 
152 

with the appropriate expertise appeared through the innovation. 
153 
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Applying technologies that based on the reduced chemical use, reported the formation of different 154 

tendencies besides the conventional farming, that its main economical features are summarized in  155 

table 1. 156 

 the reduction in pesticide use, for the use of chemicals is the one way that result in persistent, 
157 

curative effect and during the vegetation less treatment is needed, and the decrease of dose of 
158 

ingredients takes effect in the direction of reducing the amount of Pesticide per area [24; 22] 
159 

The primary condition is the (chemical) industrial R&D. 
160 

 Trends (kinds of organic farming) are free from chemicals (prohibiting the use of artificial 
161 

chemicals) and the total prohibition of the use of chemicals from the point of view of 
162 

environment. Each tendency goes with the decrease of environmental burden, however, the 
163 

production structure, the resource needs, quality as well as the sales opportunities of farms 
164 

should change. The common feature is the prohibition of artificial chemicals (fertilizers, 
165 

pesticides, crop enhancer) and implementation of all those technologies, elements and 
166 

procedures which can help to reduce the crop antagonists and enhance the maintenance of 
167 

biodiversity at a higher degree. [23; 35] These tendencies presume that the sales of products 
168 

produced this way is ensured at a price that covers the higher costs – composed of a bit 
169 

different elements - of the different technology. [40] The rate of growth has slowed down 
170 

because of the limitations of consumer demand for organic products, the market saturation is 
171 

typical. [41; 12; 18; 13] The primary condition is the farm technology R&D. 
172 

 Application of the integrated crop management systems meaning rational production, which is 
173 

reducing the environmental burden using the appropriate amount of pesticide. Integrated pest 
174 

management (IPM), reasonable application of biological, biotechnological, chemical, 
175 

production or plant breeding measures, in the course of pesticide use is strictly limited to the 
176 

minimum level that will necessary to maintain below in an economically unacceptable level 
177 

causing injury or loss of harmful population. [34] This systems are more important in the 
178 

horticulture, especially in greenhouses from the point of view of sustainability. [10] Cost-
179 

efficient weed control is the basic factor of efficient and sustainable agriculture and at farm 
180 

level it often goes together with the growth of farming size and concentration. [51] The 
181 

practical implementation of damage-threshold principle meets all the criteria in making crop 
182 

protection decisions by U.S. Environmental Protection Agency (1999). [32; 42] 
183 

 The lane spraying, complemented with other agro-technical means (lead cultivation) is a 
184 

process by which the amount of chemical passed can be reduced by 30-70%. However, the 
185 

energy of the land will increase because the use of surplus agro-technical element. [37; 5; 38; 
186 

45] At farm level Széll et al. could not reveal any significant differences with this technology 
187 

regarding the yield. They have stated, however, that lane spraying complemented with lead 
188 

cultivation can result an increasing income [4; 52; 19; 3] Tillet (2005) examined the impacts of 
189 

lane spraying on yield and yield content in case of spring barley and stated that lane spraying 
190 

resulted 18% yield surplus and 12-13% nitrogen surplus primarily due to the targeted spreading 
191 

of nitrogen. Due to the lack of repetition, however, the results can be misleading. [50] 
192 

Herbicide use can be reduced by 70% compared to the total surface treatment, if lead 
193 

cultivation is done, because the combined treatment enables the spreading of the lowest 
194 
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suggested level of the herbicide on the treated lane, of course in relation to the humus content 
195 

and boundary of soil. [26; 33] Johnson et al. informed about another advantage of site-specific 
196 

weed control: the development of weed resistance was slower. [15] The primary condition is 
197 

the farm technology R&D. 
198 

 Use of precision farming that allows rational chemical pass by the spot treatment, results 
199 

rational chemical use besides reducing chemicals. Precision farming means a new management 
200 

strategy for the plant production, which allows the implementation of technology for the 
201 

producers used in the micro-regions, primarily in relation to chemical use. Reducing the 
202 

required quantity of herbicide, combined with a lower environmental burden, also offers more 
203 

efficient production opportunity for the producer. [36; 53; 49; 14] Compared to the 
204 

conventional technology, the extra income depends on the heterogeneity of the basic 
205 

production conditions on the given farm. Many authors referred to the fact that precision 
206 

farming in connection with yield uncertainty can be defined as a tool of reducing risks and also 
207 

as an actual tool of reducing environmental damages. The yield uncertainties can be reduced 
208 

and the safe income can be increased by the proper use or combination of technological 
209 

elements in crop production. [2; 8; 43; 6] Jolánkai and Németh (2007) complete this by adding 
210 

that the essential element of precision farming is the pursuit for the most accurate adaptation of 
211 

production technology adjusted to production site. [14] Primary conditions are the farm and 
212 

engineering technology R&D and the R&D of geographic information system. 
213 

 It should be added that the coating of commercialized producing of plants that are created with 
214 

the change of the genetic file hereby the application can be cancelled or reduced from its 
215 

technology. Transgenic organism (TGO) developed through the transfer of the genetically 
216 

modified organization (GMO), or the part of the genome of living organism transferred, have 
217 

advantageous features by conventional varieties, they are not sensitive to certain technological 
218 

elements. In economic sense, we can talk about the reduction of damage caused by harmful 
219 

organisms, the avoid of yield reducing impact caused by individual elements applied in farm 
220 

technology, and the cost reduction from other input savings for the prevention of the previously 
221 

mentioned yield’s quantity and quality losses. The forthcoming cost savings within the certain 
222 

elements of this technology is opposed to additional costs, during the production, as the 
223 

adherence of isolation distance and the surpluses related to sales, besides the high seed cost of 
224 

GMO’s, TGO’s varieties. Primary and necessary condition is the variety (biotechnology), 
225 

R&D, but the operating level of technological R&D is also needed. 
226 

227 



7 

 

 

Table 1. Economical comparison of alternative strategies of chemical reduction. 228 

Nomination 
Reduced crop protection 

chemical use 

Chemical-free 

production 
Precision farming 

Obtainable yield almost same as conventional -15-35% almost same as conventional 

Production costs almost same as conventional 80-110% of conventional higher due to extra investment 

(Extra) Investment Need none none significant 

Sales price same as conventional 
possible to realize 

premium (0-30%) 
same as conventional 

Subsidy same as conventional 
special target support in 

addition to conventional 

special target support in addition 

to conventional 

Profitability almost same as conventional 

higher than conventional 

in case of premium price 

and subsidies  

depending on the size;  

in smaller farms it is less than 

conventional due to the big 

investment need;  

in middle-size farms it is the 

same as conventional;  

in bigger farms it is higher than 

in case of conventional farming 

Weed control Based on herbicides 
Physical, biological and 

agrotechnical means 

Based on herbicides according to 

local/area (plot) features 

Crop protection Based on pesticides 
Physical, biological and 

agrotechnical means 

Based on pesticides according to 

local/area (plot) features 

Nutrient supply Based on fertilizers 
Use of manure and 

organic materials 

Based on fertilizers according to 

local/are (plot) features 

Soil cultivation Based on rotation and ploughing Minimum soil cultivation Based on rotation and ploughing 

Source: Takács-György – Kis, 2007 [44] 229 

2. Material and Methods 230 

During the research, we had the following presumption: in EU-25 countries, the transition of a 
231 

certain number of farms to precision crop production would result in saving a significant amount of 
232 

active ingredients, particularly in the field of crop protection, which would reduce the environmental 
233 

load as well. Using scenarios, we modeled the changes in the amount of the fertilizer and pesticide 
234 

applied presuming crop producing and mixed farms adopt the new technology to different extents. The 
235 

statistical data concerning farm structure were collected by EUROSTAT and the Central Statistical 
236 

Office of Hungary, while those concerning chemical use were collected by the OECD (Table 2). 
237 

Table 2. Fertilizer and Pesticide-Herbicide Application, 2007 238 

Country 
Total arable land Fertilizer Pesticides  

thousand ha kg/ha arable land 

OECD  350,960   22 0.70 

EU-15 324,300  60 2.3 

Hungary 9,300  58 
 
1.7 

Netherlands 4,200  134 4.1 

Germany  35,700 105 1.7 

Source: OECD in Figures 2008. 239 
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The European Size Unit, which categorizes farms according to their profitability (SGM output) and 
240 

distinguishes 6 categories, served as a basis for identifying the farm size where the extra investment of 
241 

adopting precision farming technologies pays off. Based on their size and farming standards, crop 
242 

producing farms (cereals and other field crops, as well as fodder production) over 100 ESU were 
243 

presumed to be able to adopt precision farming with the help of their own financial resources. I also 
244 

presumed that farms of 16-40 and 40-100 ESU would be able to adopt precision crop production with 
245 

the help of machinery rings [39]. In the EU, there are 240 thousand farms of 16-40 ESU, accounting 
246 

for 4.2 million hectares of land. The number of farms of 40-100 ESU is 139 thousand, accounting for 
247 

5.9 million hectares, whereas the number of farms over 100 ESU is 77 thousand, and they account for 
248 

11.3 million hectares of land. The basis of the calculations at national level was also the above 
249 

categorization. [47; 48] 
250 

 The ratio of farms deciding on adopting the new technology is 15, 25 and 40%, in case of 251 

pessimistic, indifferent and optimistic scenarios, respectively. 252 

 Savings for fertilizers are 5, 10 and 20%, while for pesticides they are 25, 35 and 50%. The 253 

values of OECD report of 2008 were used for determining the spread fertilizer and herbicide 254 

quantities, supposing that the value of EU-15 is the basis. In case of Hungary we calculated 255 

with the actual data of 2006.  256 

In this paper we summarize our former research studies on economic consequences of chemical 
257 

reduction, from the aspect of sustainability, published in publications listed in references. 
258 

3. Results and Discussion  259 

Potential savings of chemicals using precision technology can also be interpreted as not required 
260 

and not used by the plant, but at the same time chemicals that not allocated, the importance of 
261 

technology is outstanding in reducing the environmental burden as well. The positive effects of 
262 

technology are unquestionable, both on the farm and national levels. Previous studies have reported the 
263 

cost efficiency on farm level, which is not examined because of space limitations.  
264 

Modeling the savings of active ingredients of fertilizers and those of costs in case of switching to 
265 

precision technology showed the following results: on the level of EU-25 states, the widespread 
266 

application of precision farming in crop production may save 959-10082 t of fertilizer active 
267 

ingredient, amounting to €327.1-1308.3m, while the costs of pesticides saved may range between 
268 

€1674.1-3348.1m (using 2006 price levels) (Tables 3 and 4). 
269 

Primarily, precision nutrient supply may be the method of using the yield potential of the field, thus 
270 

it is not a constant amount, and can even mean higher fertilizer application in certain cases. Naturally, 
271 

there is considerable fertilizer saving when planning the consolidated field-level yield. Precision 
272 

farming has an even greater significance in reducing the amount of pesticide used.  
273 

274 
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Table 3. Estimated savings in fertilizer application of farms introducing precision farming (EU-25). 
275 

Category 
Farms applying precision technology 

15% 25% 40% 

16-100 ESU 

Land using precision technology (ha) 103,559 172,598 276,157 

Savings in fertilizer 

active ingredient (t) 

5% 535 892 1,426 

10% 1,070 1,783 2,853 

20% 2,140 3,566 5,706 

>= 100 

Land using precision technology (ha) 132,353 220,588 352,941 

Savings in fertilizer 

active ingredient (t) 

5% 424 1,136 1,094 

10% 821 2,272 2,188 

20% 1,641 4,543 4,376 

Total 

Total size of land using precision technology (ha) 235,912 393,186 629,098 

Total savings in fertilizer 

active ingredient (t) 

5% 959 2,027 2,521 

10% 1,890 4,055 5,041 

20% 3,781 8,109 10,082 

Source: Author’s calculations, partly published by Takács-György, 2011 [48]. 276 

Table 4. Savings in fertilizer costs. 277 

(Million Euros) 278 

Country 
16-100 ESU farm group >100 ESU farm group 

5% 10% 20% 5% 10% 20% 

Denmark 2.398 4.796 9.592 3.654 7.309 14.617 

United Kingdom 9.982 19.964 39.928 25.585 51.169 102.338 

France 48.870 97.739 195.478 50.547 101.094 202.189 

Netherlands 1.349 2.698 5.397 2.052 4.105 8.210 

Poland 12.927 25.855 51.709 9.185 18.369 36.738 

Hungary 3.641 7.282 14.563 4.913 9.826 19.652 

Germany 19.362 38.724 77.448 40.025 80.049 160.099 

EU-25 156.259 312.519 625.037 170.815 341.629 683.258 

Source: FADN data base, edited by author, partly published by Takács-György, 2011 [48]. 279 

One of the main advantages of precision crop production is that site-specific treatment of lands with 
280 

pesticides or herbicides may save a considerable amount of chemicals when only a small proportion of 
281 

the land is infected. The estimated amount of pesticides saved in this way on the level of EU-25 
282 

countries is 5.7-11.4 thousand tons in case that 15% of farms apply precision farming, 9.5-13.1 
283 

thousand tons in case 25% of them introduce it, while in the most favorable case 15.2-30.4 thousand 
284 

tons are spared (Table 5). 
285 

Among the macro-level effects, the actual decrease in chemical use must be mentioned, that is a 
286 

potential opportunity. The widespread use of precision agriculture in the EU-25 can result within the 
287 

ingredients of fertilizer from 959 to 10,082 tons, while in the cost of 327.1 to 1,308.3 million Euro 
288 

savings (at 2006 prices). Considering that the cost of fertilizer can represent the 8-12% of production 
289 

costs, the cost savings have a positive impact on competitiveness, if the purpose of production to 
290 

achieve the former yield. It should be noted that the application of precision nutrient supply, the 
291 

producers apply as a tool for exploitation the potentialities lie behind the yield potential. In order to 
292 
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achieve higher yields increase the fertilizer, and it can result higher fertilizer use, however, through the 
293 

spot treatment also comes to the plant, and do not burden the environment unnecessarily.  
294 

Table 5. Estimated savings in pesticide application of farms introducing precision farming (EU-25). 
295 

Category 
Farms applying precision technology 

15% 25% 40% 

16-100 ESU 

Land using precision technology (ha) 5,086,330 8,477,217 13,563,547 

Savings in pesticide (t) 

25% 2,925 3,574 7,799 

30% 4,095 3,950 10,919 

50% 5,849 4,900 15,598 

>= 100 

Land using precision technology (ha) 4,818,598 8,030,997 12,849,595 

Savings in pesticide (t) 

25% 2,771 4,618 7,389 

30% 4,095 6,465 10,344 

50% 8,190 9,235 14,777 

Total 

Total land using precision technology (ha) 9,904,928 16,508,214 26,413,142 

Total savings in pesticide (t)  

25% 5,695 8,192 15,188 

30% 8,190 10,415  21,263 

50% 11,391 14,135 30,375 

Source: Author’s calculations, partly published by Takács-György, 2011 [48]. 296 

Considering the role of agricultural production in ensuring food safety, this amount cannot be 
297 

ignored. It has great importance since the same effects of crop protection can be achieved with a 
298 

significantly lower level of environmental load if precision crop production is applied (Table 6.).  
299 

As macro-level modeling calculations support, precision crop production plays a determining role 
300 

in reducing the environmental load, along with the other agricultural technological innovations. 
301 

However, precision farming has a greater importance in the reduction of the amount of pesticides used. 
302 

On the level of farms, site-specific crop production leads to the reduction of material costs, as the 
303 

necessary pesticide amount is 8-10% lower (calculated in active ingredient) than in case of traditional 
304 

treatment Savings in pesticide use affect not only costs but also competitiveness, and have great 
305 

importance in environmental protection as well. 
306 

Table 6. Savings in pesticide costs. 307 

(Million Euros) 308 

Country 
16-100 ESU farm group >100 ESU farm group 

25% 35% 50% 25% 35% 50% 

Denmark 18.272 25.580 36.543 19.127 26.778 38.254 

United Kingdom 127.923 179.092 255.845 139.921 195.889 279.841 

France 252.736 353.830 505.471 239.276 334.987 478.552 

Netherlands  10.262 14.367 20.524 26.884 37.637 53.767 

Poland 45.923 64.292 91.846 31.010 43.414 62.020 

Hungary 24.565 34.392 49.131 22.043 30.860 44.085 

Germany 200.123 280.173 400.247 191.189 267.665 382.379 

EU-25 854.073 1 195.702 1 708.146 820.023 1 148.032 1 640.046 

Source: FADN data base, edited by author, partly published by Takács-György, 2011 [48]. 309 
310 
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Application of precision farming has more important role in the reduction of pesticide use than in 
311 

reducing fertilizer use. The advantage of precision crop comes from the fact on the one hand that if the 
312 

proportion of area is high, where the treatment of land protection can be left off, depending on the area 
313 

infected and the heterogeneity of infection, the spot treatments can result fair material savings. At the 
314 

EU-25 level, the estimated rate on pesticide savings is from 5.7 to 11.4 thousand tons, if 15% the plant 
315 

is switched over, from 9.5 to 13.1 thousand tons at the switch over of 25%, while the most optimistic 
316 

cases the savings are from 15.2 to 30.4 thousand tons. The savings of insecticide cost 1,674.1 to 
317 

3,348.1 million EUR (at 2006 prices). If the proportion of the switch over farms is between 30-60% of 
318 

the total, compared to the quantity used in the surface treatment intensive technology average savings 
319 

of 30-60% are estimated of a pesticide’s ingredients per holdings. If the 10-35% ingredient reduction 
320 

carried out by constant yield the environmental burden is reduced by 10-35% at the national level. In 
321 

this case, the individual utility coincides with the social utility that serves the sustainability. [46; 47] 
322 

The valuation of economic impacts of precision agriculture, at farm level, cost-benefit analysis, 
323 

return and gross margin analysis can be applied. The precision technology has a positive effect on 
324 

ecological sustainability (reasonable chemical use), profitably can be achieved at farm level, ensuring 
325 

the rate of return of the developments required for technology (economic efficiency). However, it 
326 

should be noted in relation to the precision agriculture that it has dual positive effect connected with 
327 

social sustainability. One is derived from the reduction of environmental burden; the other is 
328 

contributing to the production of demanded food and industrial raw materials as well as energy basis. 
329 

4. Conclusions 330 

Precision farming should receive high priority in sustainable agriculture in countries with developed 
331 

agricultural activity. In this context, however, it should also be examined what are the conditions under 
332 

which it means real alternative. We have stated earlier in connection with examining the risk of 
333 

economic rationality of precision crop production that economic justification and risks of precision 
334 

technology can be significantly affected by the soil parameters, heterogeneity of weed coverage and 
335 

changes of sales prices. Active ingredients can be saved – depending on the aim - when precision 
336 

nutrient supply is realized. When the aim is to reach homogenous yield at plot level, then actual active 
337 

ingredient and cost savings can be realized by the site-specific dosage based on the nutrient content of 
338 

the soil, thus improving the income position of crop production in addition to positive environmental 
339 

impacts. In those cases when the site specific nutrient dosage goes together with different yield 
340 

planning, the rational fertilizer use should also mean the optimization of income. If the sales conditions 
341 

are good, the sales prices are expected to rise and further economic advantages are resulted by the 
342 

implementation of the technology. In case of unfavourable sales conditions and low output prices, the 
343 

shift to precision technology cannot be undertaken in economic sense.  
344 

Nevertheless, by applying precision technology, individual and societal benefits coincide, thus 
345 

serving sustainability. In agriculture, the diffusion of every technological procedure that has a positive 
346 

impact on conserving or re-producing natural resources and can be implemented in a profitable way on 
347 

the level of farms (economic efficiency) supports sustainability. Furthermore, the proliferation of 
348 

precision crop production promotes societal sustainability, together with the reduction of 
349 

environmental pollution and the production of food, industrial raw materials and energy plantations. 
350 



12 

 

 

Apart from economic arguments, precision technology can be supported by other factors as well. 
351 

First and foremost, we must refer to its role in the reduction of the environmental load. However, it is 
352 

not an important motivating factor for farmers, unlike for those who consider the transition to organic 
353 

farming. Nevertheless, precision farming must be given outstanding attention in sustainable agriculture 
354 

in developed countries. It must, however, be examined how it can be a real alternative in an economic 
355 

respect. As it requires extra investment, expertise and accuracy, and its risks depend on a lot of 
356 

unknown factors, farmers will not apply precision farming exclusively for ’philosophical’ reasons. 
357 

It is necessary to find a balance between economy, environment and the social expectations. The 
358 

goal from the perspective of the environment is to conserve and improve natural capital, the natural 
359 

environment, while in terms of the economy to increase the efficiency of material goods’ consumption. 
360 

In terms of society it is necessary to ensure the creation and maintenance of equality. This can be done 
361 

if production factors can be taken into account in wide range, realizing the causality. [2; 43] 
362 

In the agriculture at farm level, wide-spread of each technological process, which has positive 
363 

effects on the preservation, "re-production" of natural resources, and can be achieved by the 
364 

technology developments required for returns (economic efficiency) affect towards sustainability. In 
365 

addition, the spreading of precision agriculture is to promote social sustainability with the reduction of 
366 

environmental burden and the production of food and industrial raw materials, energetic objective raw 
367 

materials. Creating the harmony between the individual and social utility, the triplet requirement of 
368 

sustainability can meet within the plant production, applying this farming strategy in the long-run. 
369 

Conflict of Interest 370 

The authors declare no conflict of interest.  
371 

References and Notes 372 

1. Ayres, R. U. Life cycle analysis: A critique. Resources, Conservation and Recycling, 1995, 14, 373 

pp. 199–223.  374 

2. Auernhammer, H. Precision farming – the environmental challenge. Computer and Electronics in 375 

Agriculture, 2001, 30, pp. 31-43. 376 

3. Barkaszi, L.; Takács-György, K. Analysis of band spraying and precision weed management. 377 

Cereal Research Communications. 2007, 35, .2, pp. 217-220. 378 

4. Benécsné Bárdi, G.; Hartmann, F. Key elements of weed management planning in maize. (In 379 

Hungarian: A gyomirtás tervezés sarokpontjai a kukoricában.) Agrofórum Extra 2004, 5, pp. 49-380 

60. 381 

5. Blackshaw, R.E.; O’Donovan, J.T.; Harker, K.N.; Clayton, G.W.; Stougaard, R.N. Reduced 382 

herbicide doses in field crops: A review. Weed Biology and Management. 2006, 6, pp. 10-17. 383 

6. Chavas, J.P. A cost approach to economic analysis under state-contingent production uncertainty. 384 

American Journal of Agricultural Economics, Blackwell Publishing Co., 2008, 90, 2, pp. 435-385 

446. 386 

7. Chilinsky, G.; Heal, G.; Vercelli, A. Sustainability: Dynamics and Uncertainity. Kluwe Academic 387 

Publication. Drodrecht – Boston – London. 1998; p. 249  388 



13 

 

 

8. Gandonou, J.M.; Dillon, C.; Harman, W.; Williams, J. Precision farming as a tool in reducing 389 

environmental damages in developing countries: a case study of cotton production in Benin. 390 

American Agricultural Economics Association. Annual Meeting. 2004, Online: 391 

http://ageconsearch.umn.edu/bitstream/20086/1/sp04ga02.pdf Downloaded: 15, 11, 2008. p. 22  392 

9. Georgescu-Roegen, N. Energy Analysis and Economic Valuation. Southern Economic Journal. 393 

1979, 45, pp. 1023–1058. 394 

10. Hágen, I.Zs.; Marselek, S. Aspects of sustainable agriculture in horticulture and animal husbandry 395 

– based on calculations. (In Hungarian: A fenntartható agrárgazdaság szempontjai konkrét 396 

vizsgálatok alapján a kertészetben és az állattenyésztésben.) LII. Georgikon Napok Keszthely 397 

2010, Conference CD, p. 1–10.  398 

11. Harnos, Zs.; Hufnagel L. Date evaluating methods and decision support models in precision 399 

farming. (In Hungarian: Adatértékelési módszerek és a precíziós gazdálkodás döntéstámogató 400 

rendszerei.) In: A precíziós mezőgazdaság módszertana (Ed.: Németh, T.; Neményi, M.; Harnos 401 

Zs.) JATE Press – MTA TAKI 2007. pp. 159–204. 402 

12. Járási, É.Zs. Ecological farming. (In Hungarian: Az ökológiai gazdálkodás.) Szaktudás Kiadó 403 

Ház. Budapest, 2005, p. 67 404 

13. Járási É.Zs. Possibilities and economic conditions of growth of ecological farming in the EU. (In 405 

Hungarian: Az ökológiai gazdálkodás növekedésének ökonómiai feltételei és lehetőségei az 406 

Európai Unióban.) Ph.D. thesis Szent István University, 2009, Gödöllő, p. 151 407 

14. Jolánkai, M.; Németh, T. Agronomical and environmental expectations. (In Hungarian: 408 

Agronómiai és környezetvédelmi elvárások.) In: A precíziós mezőgazdaság módszertana (Ed.: 409 

Németh, T.; Neményi, M.; Harnos Zs.) JATE Press – MTA TAKI, 2007, pp. 63-75. 410 

15. Johnson, G.; Cardina, J.; Mortensen, D. Site-specific weed management? Current and future 411 

directions. In: The state of site-specific management for agriculture. (Ed.: by Pierce, F.; Sadler, E., 412 

ASA-CSSA-SSSA, Madison, WI, U.S.A.) 1997, Chapter: 7, pp. 131-147. 413 

16. Jørgensen, S.E.; Svirezhev, Y.M. Towards a thermodynamic theory for ecological systems. 414 

Elsevier Science. Amsterdam – Lausanne – New York – Oxford – Shannon – Singapore – Tokyo, 415 

2004, pp. 366 416 

17. Kerekes, S.; Szlávik, J. Economic implements of environment management. (In Hungarian: A 417 

környezeti menedzsment közgazdasági eszközei.) KJK – Kerszöv. Környezetvédelmi 418 

Kiskönyvtár, 2001, p. 294 419 

18. Kis, S. Analyses of factors influencing the profitability of organic farming. (In Hungarian: Az 420 

ökológiai gazdálkodás jövedelmezőségét befolyásoló tényezők vizsgálata.) Ph.D. thesis. Szent 421 

István University, 2008, p. 220  422 

19. Kismányoki, A.; Lehoczky, É. Study on the biomass production of maize and weeds in 423 

fertilization field experiment. Cereal Research Communications, 2006, Volume 34, 1, pp. 545-424 

548.. 425 

20. Knutson, D.R. Economic impacts of reduced pesticide use in the united states: Measurement of 426 

costs and benefits. AFPC Policy Issues Paper 99-2, August 2009, 427 

http://www.afpc.tamu.edu/pubs/1/148/99-2.pdf, pp. 26 428 

21. Korten, D.C. Global power of capitalist corporation. (In Hungarian: Tőkés társaságok világ 429 

uralma.) Kapu Kiadó, Budapest, 2002, p. 451 430 

http://ageconsearch.umn.edu/bitstream/20086/1/sp04ga02.pdf
http://www.afpc.tamu.edu/pubs/1/148/99-2.pdf


14 

 

 

22. Kuroli, G.; Lantos, Zs. Long-term study of activity and abundance of wheat colonizing aphid 431 

speces. Cereal Research Communications, 2006, Volume 34, 2-3, pp. 1093-1099. 432 

23. Lampkin, N.; Padel, S. Organic farming – sustainable agriculture in practice. In: The economics 433 

of organic farming: an international perspective. Wallingford. CAB International, 1994, p. 454 434 

24. Lehoczky É. Role of plant protection in sustainable agriculture. (In Hungarian: A növényvédelem 435 

szerepe a fenntartható mezőgazdaságban.) 167-207 pp. In: Talajhasználat, környezetkímélő 436 

tápanyag-gazdálkodás és növényvédelem a fenntartható mezőgazdasági fejlődés tükrében (Ed.: 437 

Németh, T.). Jegyzet. Tempus JEP (13321-98), GATE, 1999, pp. 207 438 

25. Magda,S.; Magda, R.; Marselek, S. Sustainable development of the rural economy. Applied 439 

Studies in Agribusiness and Commerce, APSRTACT, 2009, Volume 3, 5, pp. 31-36. 440 

26. Melander, B.; Bárberi, P.; Monier-Jolain, N.; van der Weide, R.; Verschwele, A.; Sattin, M. 441 

Maize Cropping With Less Herbicide. www.endure-442 

network.eu/content/download/3733/27111/file/Integrated_Weed_Management_Case_Study_Guid443 

e_201.pdf, 2 p. 444 

27. Neményi, M. Factors of a thermodinamic modeling of an agro-ecological subsystem (crop 445 

production) – where is the rational border of intervention? (In Hungarian: Egy agro-ökológiai 446 

alrendszer (növénytermesztés) termodinamikai modellezésének elemei, avagy hol a határa az 447 

ésszerű beavatkozásnak.) MTA Regionális Kutatások Központja (Ed.) A fenntartható fejlődés és a 448 

megújuló természeti erőforrások környezetvédelmi összefüggései a Kárpát-medencében c. 449 

Nemzetközi Konferencia, Pécs, 2008, pp. 249-256. 450 

28. Neményi, M. Thermodinamic modeling of agro-ecological systems especially regarding the plant 451 

production. Cereal Research Communications, 2009, Volume 37, Supplement, pp. 529–532. 452 

29. Neményi, M.; Milics, G. Thermodynamic modeling of agro-ecological systems especially 453 

regarding the costs and efficiency of the technological energy input. In: Haas, R.; Redl, C.; Auer, 454 

H.; Glatz, M., 10th IAAE European Conference. Energy, Policies and Technologies for 455 

Sustainable Economies, Vienna, 2009, pp. 37-38. 456 

30. Neményi, M.; Milics, G. Optimization of biomass production by thermodynamic approach. In: 457 

International Conference on Agricultural Engineering (AgEng): Towards Environmental 458 

Technologies, Clermont-Ferrand, 2010, Paper REF473, pp. 1-7. 459 

31. Pearce, D.; Atkinson, G. Measuring of sustainable development. In: The Handbook of 460 

Environmental Economics (Ed.: Bromly, D.), 1995, pp. 166–181. 461 

32. Polgár, A.L. Biological plant proteciton in Hungary. (In Hungarian: A biológiai növényvédelem 462 

és helyzete Magyarországon.) In: A biológiai növényvédelem környezete, Budapest, MTA, 463 

Növényvédelmi Kutató Intézete, 1999, p. 53 464 

33. Reisinger, P.; Pecze, Zs.; Pálmai, O. Consideration of soil boundary and humus content of soil 465 

during planning of precision weed management. (In Hungarian: A talaj kötöttségének és 466 

humusztartalmának figyelembe vétele a precíziós gyomszabályozási technológiák tervezésénél.) 467 

Magyar Gyomkutatás és Technológia,. 2007, Volume 7, 1, pp. 59-66. 468 

34. Smith, R.F.; Reynolds, H.T. Principal definitions and scope of integrated pest control. In: 469 

Proceedings FAO Symposium of Integrated Pest Control, 1966, pp. 11-17. 470 

http://www.endure-network.eu/content/download/3733/27111/file/Integrated_Weed_Management_Case_Study_Guide_201.pdf
http://www.endure-network.eu/content/download/3733/27111/file/Integrated_Weed_Management_Case_Study_Guide_201.pdf
http://www.endure-network.eu/content/download/3733/27111/file/Integrated_Weed_Management_Case_Study_Guide_201.pdf


15 

 

 

35. Schou, J.S.; Hasler, B.; Kaltoft, P. Valuing biodiversity effects of pesticide use. What does 471 

preception of uncertainty mean for survey design? Risk and uncertainty in environmental resource 472 

economics. International Conference, Wageningen, 2002, Conference CD, p. 13 473 

36. Swinton, S.M. Economics of site specific weed management. Weed Science, 2005, Volume 53, 2, 474 

pp. 259-263. 475 

37. Széll, E.; Streb, P.; Földi, I.; Jankó, L. Weed management with bandspraying in maize. (In 476 

Hungarian: A kukorica gyomirtása sávpermetezéssel.) Gyakorlati Agrofórum, 2005, Extra 9, 477 

Kukoricatermesztőknek, pp. 49-52. 478 

38. Széll, E.; Búza, L-né; Dévényi K-né Estimation of bandspraying technology in maize. (In 479 

Hungarian: Kukoricában alkalmazott sávpermetezési kísérletek értékelése.) In: Gazdaságilag 480 

optimális környezetkímélő herbicid alkalmazást célzó folyamatszervezési, –irányítási és 481 

alkalmazási programok fejlesztése (Ed.: Takácsné György K.) Szent István University Press, 482 

Gödöllő, 2008, pp. 55-69. 483 

39. Takács, I. Machinery rings – are the good alternatives? (In Hungarian: Gépkör – jó alternatíva?) 484 

Gazdálkodás, 2000, Volume 44, 4, pp. 44-55. 485 

40. Takács, I. Modeling the growth of organic production depending on the changes of demand and 486 

supply and profitability. (In Hungarian: Az organikus termelés növekedésének modellezése a 487 

kereslet-kínálat és jövedelmezőség változás függvényében.) In: Növényvédő szer használat 488 

csökkentés gazdasági hatásai. (Ed.: Takácsné György K.), Szent István University Press, Gödöllő, 489 

2006, pp. 135-148. 490 

41. Takács, I.; Takács-György, K.; Járási, E. Alternatives of Organic Farming in Hungary According 491 

to Farm Structure and Profitability of Production. International Conference on Quality in Chains. 492 

Editors: Tijksen, L.M.M., Vollebregt. Acta Horticulturae, 2003, Volume 604, 2, pp. 481-486. 493 

42. Takácsné György, K.: Economic aspects of reducing risk due to pesticide risk – challenge for 494 

farmers and agriculture. (In Hungarian: Növényvédő szer használat kockázatcsökkentés 495 

ökonómiai vizsgálata – kihívás a termelő, az ágazat számára.) In: VIII. Nemzetközi 496 

Agrárökonómai Tudományos Napok. SZIE Gazdálkodási és Mezőgazdasági Főiskolai Kar, 497 

Gyöngyös, 2002, Conference Publication, 3, pp. 372-377. 498 

43. Takács-György, K. Considerations of environmental aspects in changing strategies of agricultural 499 

farms. „The Impact of European Integration on the National Economy” Section Management, 500 

Cluj-Napoca, 2005, Ed. Risoprint, pp. 408-417.  501 

44. Takács-György, K.; Kis, S. Possibilities to reduce environmental hazards with special respect to 502 

pesticide use. In: 3rd Conference on Business, Management and Economics, Yasar University, 503 

Izmir, 2007. Conference CD/Takács-György.pdf 504 

45. Takácsné György, K.; Széll, E.; Lencsés, E. Economic estimations of different weed management 505 

technologies in maize. (In Hungarian: Kukorica gyomirtási technológiák gazdasági értékelése.) 506 

Agrófórum, 2009, Extra 27, pp. 72-75. 507 

46. Takács-György, K. Importance of Precision farming in improving the environment. Žemės Ūkio 508 

Mokslai. Agricultural Sciences. 2009, Lietuvos mokslų akademija, Vilnius, Volume 16, 3-4, pp. 509 

220-226. 510 



16 

 

 

47. Takácsné György, K. Economic effects of pesticide use in precision plant production. (In 511 

Hungarian: Precíziós növénytermelés növényvédőszer használatának gazdasági hatásai.) 512 

Gazdálkodás, 2010, Volume 54, 4, pp. 368-376. 513 

48. Takács-György, K. Precision crop production – the economic aspects of an agricultural 514 

innovation. In: Second AGRIMBA-AVA Congress 2011: Dynamics of international cooperation 515 

in rural development and agribusiness, Wageningen, Wageningen University and Research 516 

Centre, 2011 http://www.aep.wur.nl/UK/agrimbacongress/Programme, ,pp. 1-12 517 

49. Timmermann, C.; Gerhards, R.; Kuchbauch, W. The economic impact of site-specific weed 518 

control, Precision Agriculture, 2003, Volume 4, 3, pp. 249-260. 519 

50. Tillet, N. Cost-effective weed control in cereals using vision guided inter-row hoeing and band 520 

spraying systems. Project Report, 2005, No. 370, pp. 27 521 

http://www.hgca.com/publications/documents/cropresearch/370_Complete_final_report.pdf 522 

51. Zoschke, A.; Quadranti, M. Integrated weed management: Quo vadis? Weed Biology and 523 

Management, 2002, 2, pp. 1-10. 524 

52. Wiles, L.J.: Economics of weed management: Principles and practices, Weed Technology, 2004, 525 

18, pp. 1403-1407.  526 

53. Wolf, S.A.; Buttel, F.H. The political economy of precision farming. American Journal of 527 

Agricultural Economics, 1996, Volume 78, 5, pp. 1269-1274. 528 

© 2011 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 529 

distributed under the terms and conditions of the Creative Commons Attribution license 530 

(http://creativecommons.org/licenses/by/3.0/). 531 

http://www.aep.wur.nl/UK/agrimbacongress/Programme
http://www.hgca.com/publications/documents/cropresearch/370_Complete_final_report.pdf

