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Abstract. A number of methods have been developed and are widely applied to evaluate the production of
agricultural crops. These methods generally allow the assessment of technology only from an economic point of
view, calculating costs of EUR-ha-1 or EUR-t. To implement the EU green course, there is a need to minimize
pesticide use, therefore it is important to evaluate the environmental impact of different methods of pest control.
One of the best-known alternatives to herbicides is mechanical weed control. Harrowing and inter-row cultivation
were tested during two years in the project. The efficacy of mechanical weed control was good and there was no
yield loss when mechanical weed control was combined with a catch crop in field beans, compared to the usual
weed control practice where herbicides are used to control weeds in spring. However, there is a concern about
additional CO, emissions created by the mechanical weed control process. It is necessary to evaluate these
additional emissions in the context of total CO, emissions created during the crop production cycle. In this study
we take into account (1) the CO; emissions during the weed control process (2) and the CO, emissions created
during the production, transport, storage and use of machinery, application of fertilisers and plant protection
chemicals, burned fuel, and the sowing process. The study evaluated three technologies of weed control in field
bean, T1, T2 and T3, with different soil tillage and weed control methods. The most significant difference was
between the T2 and T3 technologies. In T2, mechanical weed control, harrowing and interrow cultivation, were
used, while in T3 herbicides were used. The amount of fertiliser and most technological operations were the same
for all technologies. The results show that for the technology T3 the equated costs are approximately by 9%-11%
EUR-ha-1 lower than for technologies T1, T2 with mechanical weed control. The energy investment gap between
technologies is small, 5%, while the CO, equivalent for emission in technology T3 is by 14% lower than in T2 and
by 11% lower than in T2. Consequently, the most economically favourable technology is T3 that uses herbicides
for weed control. This technology is also the most widely used on the farms. From the point of view of CO;
emissions, fuel, sowing and engineering factors play a major role in the calculation of energy investment and CO;
equivalent emissions, while the herbicide use and fertiliser factors are less important, however, the environmental
impact of pesticides is often not taken into account.
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Introduction

The EU green course involves reducing pesticide use, therefore it is important to evaluate both the
efficiency and the environmental impact of different methods of pest control. One of the best-known
alternatives to herbicides is mechanical weed control. To compare economic efficiency and CO;
emissions between technologies using chemical and mechanical weed control methods, a study of field
bean (Vicia faba L.) crop production using different weed control methods was conducted in Latvia
during two vegetation seasons, 2020 and 2021. The results of field trials are used to evaluate economic
and environmental aspects of crop production technologies.

Usually farmers use the economic indicators, production costs EUR-t* or EUR-ha as criteria for
selection of a specific technological solution for crop production. The method of gross coverage
recommended by the Latvian Rural Consultation and Education Centre [1] is widely used to calculate
these indicators. The Latvia University of Life Sciences and Technologies developed a method of
analysis of the technologies for the production of agricultural crops [2], which allows the simulation of
production costs, depending on the main determinants, the number of techniques used, the number of
fertilizer applications and the number of chemicals applied. A number of articles on the rational selection
of machinery and technologies have been prepared and published using this method [3; 4]. The economic
assessment of the technological solutions for the production of field beans was carried out using the
proposed models [2; 4]. During the next planning period 2023-2029 the EU cohesion policy legislative
framework will enable investments in a smarter, greener, more connected and more social Europe that
is closer to its citizens, therefore the role of the environmental assessment of technologies is also very
important. Many authors [e.g., 5-7] use the energy consumption (input) MJ-haand the GHG emissions
CO.eq-ha! generated to describe this effect. The results of the calculation of these indicators for each
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technology used are reported in this article. Both indicators include the energy consumption of machines,
fertilizers, fuel, pesticides, seed production and use MJ-ha* and emissions CO,eq-ha™.

The aim of the work is to assess three field bean production technologies T1, T2, T3 with a variety
of weed control techniques based on economic performance (EUR-ha), energy consumption MJ-ha*
and GHG emissions COeq-ha™. The results of this study will help make a more comprehensive analysis
of different production technologies.

Materials and methods

A study of field bean crop production in Latvia using different weed control methods was conducted
in the project “Use of the latest technologies for weed control in arable crops in the integrated cultivation
system”19-00-A01620-000078. During two vegetation seasons field beans were grown applying three
different methods: stubble cultivation in spring (working depth — 18 cm, Kockerling Vector 800),
harrowing and interrow cultivation (T1); mouldboard ploughing in the autumn (working depth — 18 cm,
Kverneland PG-100-8), interrow cultivation in spring, harrowing and cultivation (T2); mouldboard
ploughing in the autumn, cultivation in spring, three herbicide applications (T3).

Three different technologies (T1, T2, T3) were applied in the farm Vilcini 1 in the Zemgale region,
Latvia. Each treatment consisted of an experimental plot of 1ha (330x310 m), calculations were made
accepting that 80 ha of field beans will be grown in total at farm level. Field bean growing technologies
used in the study are summarized in Table 1.

Autumn sowing of the catch crop that was incorporated in the soil later in the autumn or in spring
was the first operation in each of the technologies. In the first technology (T1) the only tillage operation
was disc stubble cultivation in spring, mechanical weed control (harrowing, interrow cultivation) was
implemented without the use of herbicides. In the second technology (T2) mouldboard ploughing was
performed in the autumn and cultivation in spring. All other operations were the same in T1 and T2,
insecticides and fungicides were sprayed five times. The third technology (T3) was similar to T2, but
herbicides (sprayed three times) were used for weed control, altogether spraying was performed seven
times. The amount of fertilizer and machinery used for the similar farming operations were the same in
all three technologies. The total amount of pesticides was higher in T3. The amount of fuel used for the
operations was different in each technology. The field beans ‘Fuego’ were sown on April 12 2021, at a
sowing rate of 420 kg-ha'* (55 plants m?), a seed sowing depth of 5 cm, a row spacing distance of 30 cm
(sowing machine “Horsch Focus”).

Table 1
Field bean (Vicia faba L.) growing technologies (previous crop — winter wheat)

Date Operation Technology
22.08.2020. |Catch crop — mixture of oats, peas 150 kg-ha* T1,T2, T3
06.11.2020. |Ploughing T2, T3
09.04.2021. |Disc stubble cultivation T1
09.04.2021. |Cultivation T2, T3
09.04.2021. |Fertilizing, KCI (MOP) 110 kg-ha* T1,T2, T3
09.04.2021. |Fertilizing, Amofoss (MAP)130 kg-ha T1, T2, T3
12.04.2021. |Sowing 420 kg-ha'?, row spacing 30 cm (55 plants per m?) T1,T2, T3
17.04.2021. |Herbicide spraying, (3.0 I-ha™* Fenix) T3
17.04.2021. |Water supply T3
28.04.2021. |Harrowing T1, T2
12.05.2021. |Harrowing T1, T2
21.05.2021. |Herbicide spraying, (1.5 I-ha! Basagran) T3
21.05.2021. |Water supply T3
31.05.2021. [Mix spraying, (0.3 I-ha™ Fastac, 2.0 I-ha; Moliboro) T1,T2,T3
31.05.2021. |Mix spraying, (0.9 I-ha™ Targa S; 0.3 I-ha* Fastac; 2.0 I-ha™ Moliboro) | T3
31.05.2021. |Water supply T1,T2, T3
21.05.2021. | Interrow cultivation T1, T2
04.06.2021. | Interrow cultivation T1, T2
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Table 1 (continued)

Date Operation Technology
10.06.2021. | Mix spraying, (2.0 I-ha® ZOOM, 1.0 I-ha* Propulse, 0.2 I-ha® Evure) |T1, T2, T3
10.06.2021. | Water supply T1,T2, T3
13.06.2021. | Insecticide spraying, (0.15 I-ha™ Decis Mega) T1,T2, T3
13.06.2021. | Water supply T1,T2, T3
18.06.2021. | Insecticide spraying, (0.3 I-ha? Fastac) T1,T2, T3
18.06.2021. | Water supply T1,T2, T3
30.06.2021. | Mix spraying, (0.8 kg-ha* Signum, 0.15 I-ha* Decis Mega) T1,T2,T3
30.06.2021. | Water supply T1,T2, T3
30.08.2021. | Harvesting T1,T2, T3
30.08.2021. | Grain transport T1,T2, T3

Economical assessment

All technological operations were performed with the machinery available on the farm, the list of
machinery used during the seasons 2020 and 2021, including weight, load, unit productivity, fuel and
labour consumption of each machine, is given in Table 2. Machinery operational costs were calculated
using the methodology described in the paper [1] with the computer program Excel. The costs of bean
production for the T1, T2, T3 technologies in EUR-ha* were calculated by summing the operational
costs with the costs of seeds, fertilizers and pesticides. Comparing the estimated costs of each technology
allows to compare the economic benefits of the technologies.

Table 2
Input data for calculation of costs of field bean growing technologies T1; T2; T3
Price, EUR Annual load, h | Work Fuel
. Producti-
Operation (number vity consum- | consum-

of operations) Tractor | Machine | Tractor [Machine ha- . ption, hum-  ption,
ah® " hhat | Ihat
Catch crop sowing 212000 | 110000 | 2000 150 4.00 0.25 10.00
Disc stubble cultivation| 75300 | 38500 2000 100 3.50 0.29 8.00
Ploughing 212000 | 40000 2000 600 2.45 0.41 15.20

Cultivation 80000 | 45000 2000 100 6,0 0,16 5.0
Fertilizing (x 2) 80000 | 110000 | 2000 150 30.00 0.03 3.00
Seeding 212000 | 110000 | 2000 150 4.00 0.25 10.00
Harrowing (x 2) 80000 | 20570 2000 72 4.80 0.21 3.00
Interrow cultivat. (x 2) | 80000 | 49300 2000 48 2.40 0.42 5.00
Spraying (x 5 or 7) 212000 | 140000 | 2000 150 25.20 0.04 2.00
Water supply (x50r7) | 30000 | 14000 2000 150 25.20 0.04 2.00
Harvesting 330000 - 600 - 2.50 0.40 30.00
Grain transport 75300 | 14100 2000 150 2.40 0.42 8.00

Energy input and CO; emission assessment

The next step for the technology evaluation is calculating the energy consumption for the growing
and harvesting technology implementation in MJ-ha. Several authors [8; 9] recommend to calculate
energy consumed E (1) for the process as the sum of the different energy inputs: E; — direct energy input
for human labour (2), E; — indirect energy, used for production and supply of the machineries (3),
Es — direct energy consumption for the usage of machineries (fuel) (4), Es— indirect energy consumption
for fertiliser and pesticide production and supply (5), Es — indirect energy, used for the production and
supply of seed (6).

E=E1+E;+Es+Es+Es (D)
E1 = Sn * en, MJ-ha', (2)

where Sy — spent human labour per hectare, h-ha?;
en — energy equivalent of human labour, MJ-h™,
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where

where

where

where

E,= m*k, , MJ-hat
T, *W

m — weight of machine or tractor, kg;

ke — conversion equivalent, MJ-kg™;

Ts — working time per machine or tractor, h;
W — machine productivity, ha-h.

Esz =St * ey,

St — fuel consumption, I-ha?;
er — energy equivalent of fuels, MJ I,

E4 = Sfertl * Cfer1 T Sfertz * Crert2 T Spest * epest,

Steru — rate of fertilizers (M1), kg-ha?;

Stertz — rate of fertilizers (M2), kg-ha?;

erert1 — €nergy equivalent of fertilizers (M1), MJ-kg n°?;
ererz — €nergy equivalent of fertilizers (M2), MJ-Kg k207%;
Spest — rate of pesticides, kg-ha;

Epest — €NErgy equivalent of pesticides, MJ-kg™.

Es = Ss1 * €51 + Ss2 * €2,

S« — rate of seeds (preseeding), kg-ha';

es1 — energy equivalent of seeds (preseeding), MJ-kg™;
Ss — rate of seeds (seeding), kg-ha;

es2 — energy equivalent of seeds (seeding), MJ-kg™.

©)

(4)

(5)

(6)

Different coefficients were used for the calculation of energy inputs mentioned in the formulas
above: en=2.3 [8], ke = 142.1 [9], e=56.31 [10], epest = 5.71 [6; 11; 12] — as the average number per kg/l
pesticide product used in T3], es1 = es» = 14.7 [13]. The coefficient was looked up in many literature
resources, choosing the most appropriate for this process, region and other circumstances.

An important parameter for the evaluation of technologies is GHG CO.eq emissions. The
calculation uses the methodology recommended by the authors [6; 10], where total GHG emissions are
calculated as the sum C (7) of emissions: C;— emissions raised from the production and supply of the
machinery (8), C, — emissions raised from fuel used to operate the machinery (9), Cs— emissions from
the production and supply of fertilisers and pesticides (10), C,— seed production and supply emissions

(12).

where

where

where

C=C1+Co+C3+Cy,

Clz(ﬂkt ML kmj*F ,
LEt

zm

m; — weight of tractor, kg;

mm — weight of machine, kg;

Lyt — total number of working years per tractor, h;
Lym — total number of working years per machine, h;
k; — tractor overall emission factor, kg CO.eq-kg?;
km — machine overall emission factor, kg COeq-kg*;
F — load per year per machine or tractor, ha yr.

Co = St * ki,
St — fuel consumption, I-ha?;
ks, — emission factors of fuels, CO-eq, kg-I"".
C3 = Sfertl * kfertl + Sfert2 * kfertz + Spest * kpest,

Stera — rate of fertilizers (M1), kg-ha'?;
Stert 2 — rate of fertilizers (M2), kg-ha;

(7)
(8)

(9)

(10)
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krerts — emission factors of fertilizers 1, CO2eq-kg *;
krertz — emission factors of fertilizers 2, CO2eq-kg ';
Spest — €nergy rate of pesticides, MJ-ha™;

kpest — emission factors of pesticides, CO2eq-MJ .

Cs = Ss1 * ks1 + Ss2 * K2, (11)

where S — rate of seeds 1, kg-ha;
Ss2 — rate of seeds 2, kg-ha?;
ks1 — emission factors of seeds1, CO.eq-kg™
ks2 — emission factors of seeds 2, CO.eq-kg™.

Different coefficients were used for the calculation of emissions mentioned in the formulas above:
kt = 1441 [9], km = 1023 [9], kf, = 336 [14], kfert]_ = 068 [15], kfertz = 457 [6] kpes[ = 0069 [6],
ks1 = 0.005 [16], ks2 = 0.91 [16].

All equipment used in the process is listed in Table 3. The farm mostly has 8 till 15 years old tractors
or other machinery. For the harrowing and inter-row cropping new equipment was applied and input
data was applied for the economic and environmental assessment. For economical calculations the age
of the equipment was not taken into account.

Table 3
Input data for calculation of energy (MJ) and GHG emissions (CO2eq)
of field bean growing technologies T1; T2; T3
Weight, kg Wo_rklng

Working operation Machinery Prod. time Load,

(number of operations) Tractor (working width, m) W, | Tx L ha
’ m: | mm |ha-h®|hour| > | year

s |years

Catch crop JD8335 | Horsch Focus, (6) | 13000 | 9500 | 4.0 |1500| 10 | 600

Disc stubble cultivation | JD6920| Kokerling, (6) 5880 | 9000 | 3.5 |1000| 10 | 350

Ploughing JD8335 | Kverneland (2,8) | 13000 | 3700 | 2.45 |6000| 10 | 600

Cultivation JD6830 Bednar (8) 5800 | 7760 | 6.40 |1000| 10 | 640
Fertilizing (x 2) JD6830 | Rauch Accent, (36) | 5880 | 4600 | 36.0 |1500| 10 | 4500

Seeding JD8335 | Horsch Focus, (6) | 13000 | 9500 | 4.0 [1500| 10 | 600

Harrowing (x 2) JD6830 | Einboeck, (6) 5880 | 620 | 48 | 720 | 10 | 345

Interrow cultivation (x 2) | JD6830 Chopstar, (6) 5880 | 1650 | 2.4 |1500| 10 | 480
Spraying (x5 or 7) JD8335| Amazone, (36) |13000| 8665 | 25.2 |1500| 10 | 3780
Water supply (x5 or 7) |JD6900 Cask, 14t 5390 | 4000 | 22.0 |1500| 10 | 3780
Harvesting - JDS685i (9) - |18700| 2.5 |9000| 15 | 1500
Grain transport JD6920 Umega, 14t 8400 | 4450 | 2.3 |1500| 10 | 1500

Results and discussion

In 2020, chemical weed control was highly efficient. Mechanical weed control was less efficient
due to the presence of volunteer oilseed rape plants that significantly increased both fresh and dry mass
of the weeds [17]. In 2021, the difference between the chemical and mechanical weed control was less
pronounced, while volunteer oilseed rape was still dominating in the treatments where mechanical weed
control was used. The effect of mouldboard ploughing on weed control differed between the years. In
2020, the number and total mass of weeds per square meter was lower in the treatments where
mouldboard ploughing was used, but in 2021 it was opposite in the treatments where mechanical weed
control was used. In general, during the seasons 2020 and 2021 the presence of the higher fresh and dry
mass of the weeds in mechanical control variant (T3) did not affect the yield and quality of the field
beans. Comparing the yield and quality of the yield between technologies T1, T2 and T3 no significant
differences were found. That means, that mechanical treatment is quite competitive to herbicides in field
bean growing technologies, provided that weed control is efficient in the entire crop rotation cycle.
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Economics

The field bean production costs for the technologies T1, T2, T3, calculated using the production
cost and energy consumption data, were 845.64, 861.13 EUR 771.40 ha*, accordingly. Due to the large
volume of calculation steps, the calculation results by positions are shown in Table 4 only for T1
technology. The results for all three technologies by positions are shown in Figure 1. In the case of T1
technology, more than half of the total cost is accounted for by the use of machinery, the cost of
fertilizers and pesticides is about 22%, and the cost of seed is about 20% (Table 1). The cost structure
and total costs were similar for T2 technology. T3 technology, on the other hand, did not use harrowing
and row cultivation, so it had lower operational costs, but higher costs for pesticide application. Despite
the increase in spraying and chemical costs, T3 technology was the most advantageous.

Table 4
Calculation of field bean production costs in T1 technology
i -1

Working operation (number Amortization Main?epnearr?ct::eogstljcosm, EOR e

of operations) - Fuel Salary Total

costs repair costs

Catch crop 18.53 18.53 7.60 2.25 46.91
Disc stubble cultivation 11.05 11.05 6.08 2.57 30.76
Fertilizing (x2) 2.45 2.45 2.28 0.30 7.49
Seeding 18.53 18.53 7.60 2.25 46.91
Harrowing (x2) 5.98 5.98 2.28 1.88 16.12
Interrow cultivation (x2) 3.74 3.74 1.52 0.36 9.35
Spraying (x5) 42.84 42.84 3.80 3.75 93.22
Water supply (x5) 3.74 3.74 1.52 0.36 9.35
Harvesting 0.37 0.37 1.52 0.36 2.63
Grain transport 14.67 14.67 22.80 3.60 55.73
Operational costs 491.75
Ferilizer and pesticide costs 187.39
Seed costs (seeds: catch-crop; field beans) 166.50
Total costs, EUR-ha* 845.64

Difference in pesticide costs (materials plus operational costs) was 89.73 EUR, which is less than
the cost of 2 harrowing and 2 interrow cultivations (T2).
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- 450 30 32
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® amortization
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maintenance, repair m fuel

T3 Technology

m salar m seeds m fertilisers, pesticides

Fig. 1. Economic expense calculations of field bean growing technologies

It should be noted that the cost of harrowing operations amounts to 16.12 EUR, but of interrow
cultivation to 93.22 EUR. If it were possible to use only harrowing for mechanical weed control, the
technology would be more economically feasible, however, the efficiency of weed control should be
checked.
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Energy Input and CO2 emissions

The amount of energy consumed for the production and delivery of the used equipment E,
MJ-ha was calculated using the formula (3) and the input data given in Table 3. The emissions C1 for
the production and delivery of the used equipment, kg-ha* for each technology, were calculated using
the formula (8) and the data from Table 3. The results of the calculations are shown in Table 5.

The calculations of the other components of energy input and CO; emissions identified in formulas
(1) and (7) (human labour, fuels, fertilizers, pesticides) were based on the formulas (4)-(6) and (9)-(11).
Consumption data of fertilizers, pesticides, etc. for these calculations can be found in Tables 1 and 2,
the coefficients used in the formulas can be found in rows after the last formula. Data on the amount of
energy consumed for each technology and CO; emissions generated by each operation type are presented
in Table 5 and in Figures 2 and 3 by splitting into components.

Table 5
Energy input and GHG emission calculation
by operation in different technologies
Working operation (number T1 T2 T3
of operations) MJh' | CO;ht | MJh! | COht | MJh? | CO;h?

Catch crop 3018 89 3018 89 3018 89
Disc stubble cultivation 835 88 0 0 0 0
Ploughing 0 0 1198 82 1198 82
Cultivation 0 0 462 42 462 42
Fertilizing (x2) 1270 137 1270 137 1270 137
Seeding 5223 463 5223 463 5223 463
Spraying (x5 or 7) 943 84 943 84 2059 168
Water supply 673 51 673 51 942 72
Harrowing (x2) 408 73 408 73 0 0
Inter-row cultivation (x2) 1009 210 1009 210 0 0
Harvesting 1927 113 1927 113 1927 113
Grain transport 653 73 653 73 653 73
Total 15958 1380 16782 1417 16751 1239

The calculation of operations presented in Table 5 also takes into account spent materials such as
seed, fuel and pesticides, both energy input and GHG emissions. It can be seen that the most energy-
intensive operations are sowing of catch-crop and field beans. This can be explained by the fact that
seed energy input is based on the kcal of the seeds and supplemented with the energy amount for the
seed dressing. The methodology used in this study does not suppose calculation of energy input, which
was invested to growing technology of field beans or catch crop, therefore these numbers are quite high.
As we see, the other energy consuming operations are harvesting and fertilizing operations._In turn, CO,
emissions were highest for the seeding and fertilizing, but for the technology T3 one of the highest
emission contributors are spraying operations (7 sprayings). In general, three herbicide applications
accounted for 7% of CO, emissions in the T3 cycle, but harrowing with interrow cultivation accounted
for 20% in the T1 cycle.

The energy input needed to implement the technological cycles is nearly the same in all three
technologies (Fig. 2). The differences between the analysed technological cycles are minor, amounting
to 5%, the T1 technology is less energy demanding. This is due to the fact that it does not include
ploughing operation, which is substituted with disc stubble cultivation. On the other hand, the largest
specific weight between components in all technologies is for seed and fuel contribution, each being 38-
42% of the total energy input in all technologies.

We found no other studies on the energy input in bean cultivation, but the energy input for wheat
cultivation has been calculated as 13679 MJ-ha® in the United States [18], and 8060 - 9300 MJ-ha! in
Canada [19]. In Lithuania, however, the energy input has been studied in the cultivation of beet [20] and
was calculated as 27844 MJ-ha. Our estimation of energy consumption in field bean cultivation falls
between that of winter wheat and sugar beet, which is an energy-intensive culture. Some authors indicate
a 20-30% share of fuel in total energy input.
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Fig. 3. GHG emissions in different technologies, calculation by components

Figure 3 shows the overall GHG emissions resulting from technology implementation and their
distribution by components. The smallest emissions come from the technology T3 and are
approximately by 11% and 14% lower than in T1 and T2, respectively. This is due to replacing the
mechanical weed control with a more productive operation, spraying. When assessing emissions by
components, the highest specific weight in all technologies is for seed and fuel collateral, each of these
components in all technologies representing 26-32% of the total amount of GHG emissions. As
previously, T3 that uses a more productive method of weed control, has the lowest emissions from
machinery, as well as the lowest total emissions.

Analysing other studies on the amount of GHG emissions, it can be concluded that the emissions
vary widely depending on different circumstances. In the data from Sweden, Greece, USA and Spain
[21-24] the figures for the GHG emission assessment vary from 252 to 1173 kg-ha*. The factors that
affect the estimates are the variety of field beans, the amount pesticides and fertilizers applied, the
number of operations made, whether seed production was excluded from the life cycle analysis. In an
aggregated analysis of the quantities of GHG emissions used in Denmark, Italy and Australia in legume-
wheat-growing technologies, the results varied from 750 to 2396 kg-ha* [25]. In a study wheat growing
technologies in the various regions of Denmark, the authors indicate the quantity of GHG emissions
1939-2003 kg-ha [5]. Results of our calculations (Fig. 3) are comparable with the results of the other
studies.

To better compare the characteristics of the three technologies studied, the economic efficiency
should be compared alongside the energy input and GHG emissions. These characteristics are
summarized in Table 6.

Table 6
Comparison of costs, energy input and GHG emissions in the three technologies

Technology | Costs, EUR-ha! | Energy input, MJ-ha? | GHG emissions, CO.eq-kg-ha?
T1 845,6 15958.1 1380.2
T2 861,1 16782.1 1417.1
T3 7714 16751.2 1239.2
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As you can see, the production costs in T3 are by about 9% lower compared to the next cheapest
technology T1, as well as the lowest GHG emissions (Table 6). This technology includes the traditional
soil tillage method (mouldboard ploughing) and chemical weed control. Because of the lower costs, this
technology is widely used on farms. The technological cycle T1, using reduced tillage and mechanical
weed control, can be assessed as quite competitive. The T2 technology is at a disadvantage for all
comparable parameters, it combines traditional soil tillage with mechanical weed control.

With the reinforcement of the ecological requirements for agriculture, the calculation of energy
input and GHG emissions could serve as additional assessment criteria by selecting the production
technology for the farm. However, the environmental impact of pesticide use has yet to enter the
equation.

Conclusions

1. Taking into account the economic aspects and CO; emission indicator, it can be stated that at the
moment chemical weed control (T3) performs better than mechanical weed control (T1, T2), but
there is no methodology designed to compare the environmental and toxicological impact of
pesticides with CO, emission load.

2. The GHG emissions vary moderate between crop production technologies (highest difference
between T2 and T3 is 14%) depending on the number of field operations, technical parameters of
the machinery, pesticides and fertilizers applied. It can be concluded that spraying should be well
justified. The GHG emissions are minimized when fewer spraying operations are performed with
pesticides that are more effective.

3. Theenergy investment gap between technologies T1, T2 and T3 is negligible, between technologies
with 15958 MJ-hal, 16782 MJ-hat, 16751 MJ-ha* accordingly.

4. Mechanical weed control is quite competitive to herbicide use in field bean production. Further
field trials are required to see the effect after 5 years of pesticide use reduction.

5. The results of this study per energy input and GHG emissions can serve as additional criteria for
farmers in their choice of technologies.
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