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ENVIRONMENTAL BENEFITS  
OF CATCH CROPS CULTIVATION 

Abstract: The role of catch crops in modern agriculture has increased in recent years. In addition to a production 
of animal feed, they have a positive impact on quality of soil. This study determined the suitability of selected 
stubble catch crops (white mustard, lacy phacelia, and a mixture of faba bean + spring vetch) to improve 
production, economic and energy effects of spring wheat grown in 3-year monoculture relative to the control 
treatment (without catch crops). Two tillage systems were used: conventional tillage and no-tillage (conservation 
tillage). A field study was conducted over the period 2014-2016 at the Czeslawice Experimental Farm, Lubelskie 
Voivodeship, Poland. The study proved the high suitability of catch crops to increase the spring wheat yields 
(under both tillage systems). Regardless of the catch crops, the productivity of wheat was higher under 
conventional tillage. The catch crops (in particular white mustard) and the conservation tillage system contributed 
to an improved energy efficiency index of production. The white mustard catch crop also had the most beneficial 
effect on the economic profitability of spring wheat production. This was due to the low cost of cultivation of this 
catch crop and its beneficial impact on obtaining high yields of spring wheat. 

Keywords: catch crops, tillage system, spring wheat, productivity, economic efficiency index, energy efficiency 
index 

Introduction 

Due to the high proportion of cereals in the crop structure in Poland and across the 
world as well as the need to grow them after other grain crops or in monoculture, the 
research on mitigation of the negative effects of such stands on crop productivity continues 
to be topical. Therefore, growing catch crops, which perform phytosanitary functions, 
support mineral fertilisation, and improve the balance of organic matter and nutrients in 
soil, is highly important [1-3]. Ploughing in of the biomass of catch crops or leaving it in 
the field as mulch positively affects the productivity of cereal crops sown after them, while 
using low inputs at the same time. This particularly relates to Brassica species, such as 
white mustard, black mustard, oilseed rape, and oil radish [4, 5]. The impact strength of  
a catch crop depends on its type and selection of crop species. Under good soil conditions 
and in humid habitats, cultivation of a white mustard catch crop increases the yields of 
spring cereals by 8-10 % [6]. The productivity and consequential effect (including the 
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economic one) of catch cropping depend, among others, on habitat conditions (weather and 
soil conditions) and hence it is advisable to determine which species are best adapted to  
a specific region of a given country. 

Soil tillage is an energy- and labour-consuming element of agronomic practices. It is 
estimated that it consumes, depending on the crop species and soil conditions, from 30 % to 
60 % of the total amount of fuel used in production. On account of this high labour and 
energy consumption of tillage, the agricultural practice continually seeks various 
modifications and methods to reduce the inputs on soil tillage. The so-called conservation 
tillage, which consists in keeping the soil surface under plant cover formed by catch crops 
or crop residue mixed with the topsoil for as long as possible, has lately become 
increasingly widespread [7-9]. The main assumption of this tillage system is to leave crop 
residue or catch crops as mulch on the soil surface, even over the winter period, which 
provides the protection against erosion, reduced water evaporation, increased biological 
activity of the soil and its inhabitation by diverse soil fauna. Another very important aspect 
of such tillage is the replacement of ploughing with the implements that do not turn the soil 
over, such as rigid tine cultivators, rotary or disk harrows, different cultivator drills, and 
special direct drills. Owing to conservation tillage, it is possible to reduce the soil nitrogen 
losses resulting from leaching of nitrates, because standing catch crops take them up from 
the soil until late autumn. Apart from that, reduced tillage improves the economic and 
energy effects of crop production [10-13].  

This study hypothesized that the use of the phytosanitary and allelopathic effects of 
catch crops in combination with conservation tillage would compensate for the negative 
impacts of the spring wheat cultivation under several years of monoculture, enhancing its 
productivity (in terms of yield quantity as well as economic and energy efficiency). Apart 
from the natural effects, the possibility of receiving payments by farmers under the EU’s 
agri-environmental schemes will also contribute to this.  

The aim of this study was to determine the effects of selected catch crop species on the 
productivity of spring wheat as well as on the economic and energy efficiency of cereal 
production under loess soil conditions in the Lublin region, Poland. Moreover, this research 
analysed to what extent the use of reduced tillage (no-tillage) would affect the  
above-mentioned characteristics, compared to the conventional tillage system.  

Material and methods 

A field experiment on monoculture cultivation of spring wheat was established in 
2013, whereas the research results included in this work were collected over the period of 
2014-2016 (three-year monoculture). The experiment was established at the Czeslawice 
Experimental Farm, belonging to the University of Life Sciences in Lublin (Poland), on the 
loess soil with the grain size distribution of silt loam (PWsp) and categorised as good wheat 
soil complex (soil class II). In the year in which the experiment was set up, the soil humus 
content was 1.44 %, pH = 6.2, while the P, K and Mg content was, 160, 284, and  
64 mg kg–1 soil, respectively. The experiment was set up as a split-plot design with five 
replicates in plots with an area of 27 m2. The design of the experiment comprised two 
factors: I. Type of catch crop in a spring wheat monoculture: A - control treatment (without 
catch crops); B - white mustard (varietas ‘Borowska’); C - lacy phacelia (varietas ‘Stala’); 
D - faba bean + spring vetch (varietas ‘Amulet’ + varietas ‘Hanka’). II. Tillage practices 
used after the catch crops were harvested and before harvest of the cereal crop:  
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1. conventional tillage - after harvest of the catch crops (October), their biomass was 
shredded and ploughed under during autumn ploughing, whereas in spring the soil was 
prepared using a seedbed cultivator, mineral fertilisers were subsequently applied, and 
finally spring wheat was sown using a seed drill. 2. conservation tillage (no-tillage) - after 
the catch crops were harvested in October, their biomass was left in the field as mulch until 
15th March; in spring, this mulch was ploughed under with a disk harrow, the field was 
smoothed using a spike tooth harrow, mineral NPK fertilisers were subsequently applied, 
and spring wheat was sown with a seed drill. 

During the experimental years, spring wheat was sown at the optimal agronomic time 
for the region (the first/second decade of April). In all treatments, mineral NPK fertilisation 
was applied (adjusted to the requirements of the individual catch crop species), and 
subsequently the catch crops were sown.  

Based on the availability of the major macronutrients in the soil used in the experiment 
and taking into account “economical” crop protection to be used, the following rates of 
mineral fertilisers [kg ha–1] were applied for the individual crops included in the field 
experiment: spring wheat (N - 60, P2O5 - 50, K2O - 80), white mustard (N - 40), lacy 
phacelia (N - 40), faba bean + spring vetch (N - 20). The sowing of the catch crops was 
carried out in the second decade of August in each year. The seeding rate was as follows, 
respectively: white mustard - 20 kg ha–1, lacy phacelia - 5 kg ha–1, faba bean + spring vetch 
- (100 + 40) kg ha–1. Spring wheat, on the other hand, was seeded (at a rate of 200 kg ha–1) 
in the second decade of April.  

The spring wheat seeds were dressed with Raxil 060 FS at a rate of 50 mL/100 kg seed. 
The other crop protection products were used at the lower limits of the recommended rates 
(in accordance with the “economical” crop protection strategy adopted in the experiment) 
and they were as follows: 
- herbicide - Sekator 6,25 WG (amidosulfuron + iodosulfuron-methyl-sodium + 

mefenpyr-diethyl) - 0.2 kg ha–1 (at tillering stage - BBCH 27-28); 
- fungicide - Alert 375 SC (flusilazole + carbendazim) - 0.9 L ha–1 (at stem elongation - 

BBCH 31-32); 
- growth retardant - Stabilan 750 SL (chlormequat chloride) - 0.9 L ha–1 (from the 1st 

node stage until the flag leaf just visible stage - BBCH 31-37). 
After the wheat was harvested (in the first decade of August) and the grain was dried, 

grain yield was determined for each treatment and expressed in 1000 kg ha–1.  
The economic evaluation (gross margin) and energy evaluation (energy efficiency 

index) were the final stage of the analysis investigating the effects of individual tillage 
systems and stubble catch crops on the productivity of spring wheat (grain yield).  
The calculations were made in the prices from the last full year of the study (2016) based 
on 2016 market prices and prices for the following items were used in the calculations [€]: 
wheat grain, seed material (spring wheat, white mustard, lacy phacelia, faba bean, spring 
vetch), crop protection products (seed dressing Raxil 06 FS; Sekator 6,25 WG; Stabilan 750 
SL; Alert 375 S.C. [€ L–1], and mineral fertilisers (N - ammonium nitrate 34 %,  
P - granulated triple superphosphate 46 %, K - potassium salt 50 % [€/100 kg]. Gross 
margin is the value of annual output per hectare of crop minus the direct costs incurred to 
produce this output. The calculation of the gross margin also included the changes in the 
system of cover crop payments (74.4-100.0 € ha–1, depending on the crop grown) under the  
agri-environmental scheme of the Rural Development Programme (RDP). 
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Calculations of economic and energy efficiency and statistical analysis 

The energy efficiency index of crop production is the ratio of the amount of energy 
contained in yields to energy inputs. It was calculated by using the ratio of the yield energy 
value to the inputs and multiplying the derived value by 100: 

�� =
��

��

 

where: Ee - energy efficiency index [-]; Pe - yield energy value per ha [MJ]; Ne - energy 
inputs used to produce output (yield) per ha [MJ]. 

The energy inputs included four streams of energy: direct energy carriers (fuel, 
lubricants), raw materials and materials (fertilisers, seeds, crop protection products), capital 
expenditures (wear and tear of machines and implements during operation as well as spare 
parts and machines that needed repair), and human labour inputs. The energy evaluation 
included the grain yields (the average for 2014-2016), the energy value of which was 
determined following the methodology recommended by FAO. This method assumes that  
1 kg of the dry weight of the main yield (grain) has a value of 18.36 MJ. On the other hand, 
the labour inputs (human labour and tractors) were determined based on the agronomic 
practices used in the experiment, taking into account the selection of machines and types of 
operations as well as using the available normative standards [14, 15]. 

The inputs associated with the consumption of energy carriers were calculated by using 
the following rates: 
- mineral fertilisers: 

 nitrogen (N)     70 MJ kg–1 

 phosphorus (P)     14 MJ/kg–1 

 potassium (K)     10 MJ kg–1 

- seeds of cereals and legumes    7.5 MJ kg–1 

- seeds of grasses and small-seeded plants  30 MJ kg–1 

- crop protection products (active ingredient)   300 MJ kg–1 

- diesel fuel      48 MJ kg–1 

- wear and tear of tractors and agricultural machines  112 MJ kg–1 

- spare parts       80 MJ kg–1 

- repair materials      30 MJ kg–1 

- lubricants       22 MJ kg–1 

- human labour     40 MJ kg–1. 
The actually used production inputs (machines, seeds, crop protection products) and 

the determined human labour inputs were converted into MJ. To this end, the relevant 
energy consumption indices and the ratios used in the energy calculation for crop 
production were applied. 

Analysis of variance (ANOVA) was used to statistically analyse the results by 
employing Statistica PL 13.3, while Tukey’s test was applied to determine the HSD 
(Honest Significant Difference) values at p < 0.05.  

Results and discussion  

The spring wheat grain yield was significantly modified by both experimental factors 
(Table 1). Conservation tillage caused a decrease in grain yield, on average by 0.26 t ha–1  
(6 %), relative to conventional tillage. The catch crops had an impact on the increased 
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productivity of spring wheat, but the cultivation of white mustard contributed to  
a significantly higher grain yield compared to the control treatment (a 15 % increase in 
yield) and lacy phacelia (by 9 %). The legume mixture affected an increase in grain yield 
by about 5 %. Significantly the lowest grain yield (3.99 t ha–1) was found in the control 
treatment (without catch crops) under conservation tillage (no-tillage). On the other hand, 
significantly the highest grain yield (5.02 t ha–1) was harvested from the fields sown with 
the white mustard stubble crop ploughed in in autumn (conventional tillage).  

 
Table 1 

Grain yield of spring wheat [tonne ha–1] (on average over the study period) 

Stubble catch crop 
Tillage system 

Conventional Conservation Mean 
without catch crop 4.32 3.99 4.15 

white mustard 5.02 4.69 4.85 
lacy phacelia 4.62 4.48 4.55 

faba bean + spring vetch 4.52 4.27 4.39 
Mean 4.62 4.36 - 

HSD (0.05): 
tillage system (a) = 0.256 
catch crop (b) = 0.312 
interaction (a × b) = 0.274 

 
Some experiments on tillage reductions prove that generally, a decrease in yields of 

spring wheat and other cereals from 8 to 15 % is recorded under no-tillage in comparison 
with conventional tillage. Higher grain yield under conventional tillage predominantly 
results from a higher ear density and grain weight per ear, relative to conservation tillage 
treatments [16]. These observations were partially confirmed by the results of the present 
study (Tables 2 and 3). 

 
Table 2 

Number of years of spring wheat per 1 m2 before harvest (on average over the study period) 

Stubble catch crop 
Tillage system 

Conventional Conservation Mean 
without catch crop 398 394 396 

white mustard 438 425 431 
lacy phacelia 423 424 423 

faba bean + spring vetch 416 412 414 
Mean 419 414 - 

HSD (0.05): 
tillage system (a) = not significant 
catch crop (b) = 17.9 
interaction (a × b) = not significant 

 
When analysing the study results shown in Table 2, it can be noted that the tillage 

system did not have a statistically significant effect on ear density before spring wheat 
harvest. Under conventional tillage conditions, the average number of wheat ears per 1 m2 
was higher by only 5 ears (1.2 %) compared to no-tillage (conservation tillage). The use of 
catch cropping in the spring wheat monoculture contributed to a significantly higher 
number of ear-bearing tillers per unit area compared to the control treatment, regardless of 
the tillage system. Growing white mustard had the most beneficial effect on the 
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characteristic in question (an average increase of the number of ears per 1 m2 by 36 ears), 
followed by the cultivation of lacy phacelia (an increase by 27 ears) and the legume mixture 
(an increase by 18 ears). 

 
Table 3 

Grain weight per ear of spring wheat [g] (on average over the study period) 

Stubble catch crop 
Tillage system 

Conventional Conservation Mean 
without catch crop 1.10 1.01 1.05 

white mustard 1.15 1.12 1.13 
lacy phacelia 1.11 1.09 1.10 

faba bean + spring vetch  1.12 1.08 1.10 
Mean 1.12 1.07 - 

HSD (0.05): 
tillage system (a) = 0.049 
catch crop (b) = 0.049 
interaction (a × b) = 0.059 

 
Conservation tillage had a statistically significant effect on decreasing the grain weight 

per year on average by 0.05 g, in comparison with the conventional system. However, all 
stubble crops contributed to a significant increase in grain weight per year, compared to the 
control treatment: white mustard by 7 %, while lacy phacelia and the legume mixture by  
5 %, irrespective of the tillage system. The statistical analysis confirmed that the lowest 
grain weight per ear was obtained under control treatment conditions with no-tillage. 

In a study by Vogler et al. [11], the long-term use of conservation tillage did not reduce 
the crop yields compared to conventional tillage. 

Hansen et al. [1], Haramoto et al. [4] and Harasim et al. [5] reported that ploughing in 
of the biomass of Brassica or legume stubble crops as well as of successful undersown 
crops beneficially affects the productivity of spring wheat and spring barley. However, 
incorporation of mulch into the soil in spring, immediately before sowing spring cereals, 
has a smaller yield-increasing effect, which was confirmed by this study. Kwiatkowski  
et al. [6] and Wlodek et al. [17] proved that growing white mustard as a catch crop has the 
most beneficial effect on the productivity of spring wheat.  

Kwiatkowski et al. [15] observed that the monoculture period affects the reduction in 
spring wheat yield (the so-called decline effect) to a greater extent than the tillage system, 
whereas catch crops efficiently mitigate the effects of growing a cereal crop after itself.  
The above-mentioned thesis is confirmed by the results of this research (Table 4). 

The third year of the spring wheat monoculture had an effect on reducing the grain 
yield, on average by 17.4 % under the control treatment conditions (without catch crops). 
Catch cropping caused the grain yield to be lower by only 7.9-9.3 % in the 3rd year of the 
monoculture than that recorded in its 1st year (Table 4). The tillage system also influenced 
significantly the changes in the grain yield of spring wheat over the study period. In the 3rd 
year of the monoculture, relative to the 1st year, a lower loss in yield was recorded in the 
conventional tillage treatment (10.1 %), whereas under conservation tillage the decline in 
yield was 11.5 %. A significant interaction was found - the spring wheat grain yield was 
significantly the lowest (by 18.6 % relative to the 1st year) in the no-tillage treatments 
without a catch crop. 

Due to the large documentation material collected over the three-year study period and 
given the use of uniform agronomic practices and the same crop protection products during 
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this period, the economic analysis (gross margin) was performed using the average yields 
of spring wheat for the period 2014-2016. During the study period, the prices of production 
inputs (seed material, mineral fertilisers, and crop protection chemicals) and grain 
fluctuated; therefore, the analysis was conducted in the prices from the last full year of the 
study.  

 
Table 4 

Changes in grain yield of spring wheat in the 3rd year of monoculture  
(yield in the 1st year of monoculture = 100 %)  

Stubble catch crop 
Tillage system 

Conventional Conservation Mean 
without catch crop –16.2 –18.6 –17.4 

white mustard –7.2 –8.6 –7.9 
lacy phacelia –8.1 –9.0 –8.5 

faba bean + spring vetch –8.8 –9.7 –9.2 
Mean –10.1 –11.5 - 

HSD (0.05): 
tillage system (a) = 1.16 
catch crop (b) = 1.23 
interaction (a × b) = 2.2 

 
The tillage systems were not of major importance for the final economic effect of 

monoculture cropping of spring wheat, because the calculation of gross margin does not 
include the costs of fuel consumption, equipment depreciation, and human labour, but only 
the costs of seed material, crop protection products, and mineral fertilisers. The economic 
calculation also included direct payments for cover cropping that existed under the Rural 
Development Programme (RDP) 2014-2016. 

 
Table 5 

Direct costs incurred during the monoculture cultivation of spring wheat depending on the catch crop [€ ha–1] - on 
average over the study period 

Specification 
Direct costs 

Seeds 
Crop protection 

products 
Mineral 

fertilisers Total 

Without catch crop 31.3 128.3 97.6 257.2 
White mustard 45.3 128.3 123.2 296.9 
Lacy phacelia 49.3 128.3 123.2 300.8 

Faba bean + spring vetch 78.1 128.3 109.3 315.7 

 
The data contained in Table 5 demonstrate that the differences in the direct costs 

incurred on spring wheat production were primarily due to the higher expenditures made to 
purchase the seed material for the catch crops (the highest cost related to legume seeds, 
while the lowest one to white mustard) and also resulted from the initial rate of mineral N 
fertilisation applied in the cultivation of the catch crops. Given that, the cultivation of 
spring wheat without catch cropping proved to be the least cost-consuming. 

The stubble crops had a significant effect on the spring wheat grain yield, which was 
reflected in the value of the grain yield harvested (Table 6). Moreover, the economic 
profitability of the monoculture cultivation of spring wheat with an in-between crop in the 
form of stubble crops increased due to direct payments for cover cropping from the EU 
funds under the RDP. In consequence, the highest gross margin (657.1 € ha–1) was obtained 
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in the treatment with the white mustard catch crop, followed by that with the lacy phacelia 
catch crop (622.7 € ha–1). Growing the legume mixture produced a smaller economic effect, 
but it was noticeably larger compared to the control treatment (without catch crops).  
To sum up, it should be concluded that the introduction of catch cropping to the spring 
wheat monoculture resulted in obtaining an increase in the obtained gross margin  
by 130.1 € ha–1 (legume mixture) - 182.7 € ha–1 (white mustard) relative to the ”pure 
monoculture” (without a catch crop).  

 
Table 6 

Output and gross margin obtained from the monoculture cultivation of spring wheat depending on the catch crop 
[€ ha–1] - on average over the study period 

Specification 
Output 

Gross margin 
Grain yield value RDP payments  

Without catch crop 474.4 - 474.4 
White mustard 554.4 102.7 657.1 
Lacy phacelia 520.0 102.7 622.7 

Faba bean + spring vetch 501.8 102.7 604.5 

 
The profitability of production is associated with its intensity that ensures to the 

producer sufficient grain yield, which determines obtaining a gross margin. The economic 
evaluation may only include direct costs, being based on an incomplete simplified 
calculation, and in consequence the gross margin is calculated as the difference between the 
value of grain harvested per ha and the direct costs of industrial production means. In the 
opinion of many authors [18-23], intensification of inputs on cereal cropping does not cause 
a significant increase and thus the gross margin is the highest when economical or 
moderately intensive technology is used. In their study. Kwiatkowski [6] noted that the use 
of catch cropping did not distinctly improve the economic effect of monoculture cultivation 
of spring barley. Nonetheless, a white mustard catch crop, owing to the low cost of the seed 
material and its greater impact on barley yields, increased the gross margin value by about 
15 %. On the other hand, a mixed legume stubble crop and an undersown crop 
(Westerwolds ryegrass) slightly reduced it due to the high cost of seeds and their lower 
effect on barley yields. 

Irrespective of the results of the present study presented above and the views of other 
authors, it should be noted that technology intensity and production efficiency are affected 
by a number of natural factors, as well as economic and organizational factors that 
determine the level of yields and gross margin [24]. Catch cropping greatly contributes to 
improved productivity of main yield crops [3, 25] and in consequence to a better economic 
result of crop production.  

The final stage of the analysis of the productivity of spring wheat grown under several 
years of monoculture was the energy evaluation of the individual tillage systems and stand 
regeneration through cultivation of catch crops. The labour consumption of spring wheat 
production was more dependent on the tillage system than on catch cropping (Table 7). 
Under conventional tillage conditions, the labour inputs were higher, on average by 15 % 
for human labour and 20 % for the machinery inputs, than those under no-tillage (Table 8). 
Conventional tillage caused a higher (on average by 36 %) consumption of fuel compared 
with no-tillage (Table 9). A higher consumption of fuel (by 25 %) was also associated with 
the sowing and harvesting of the catch crops. 
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Table 7 
Labour inputs on spring wheat production [man hours ha–1] - on average over the study period 

Specification 
Tillage system Mean 
Conventional 27.6 

Conservation (no-tillage) 23.4 
Catch crops in monoculture 

Without catch crop 27.6 
White mustard 34.0 
Lacy phacelia 34.0 

Faba bean + spring vetch 34.0 

 
Table 8 

Machinery inputs on spring wheat production [tractor hours ha–1] - on average over the study period 

Specification 
Tillage system Mean 
Conventional 19.3 

Conservation (no-tillage) 15.4 
Catch crops in monoculture 

Without catch crop 27.6 
White mustard 34.0 
Lacy phacelia 34.0 

Faba bean + spring vetch 34.0 

 
Table 9 

Consumption of fuel [L ha–1] by tractors and the combined harvester for spring wheat production - on average over 
the study period 

Specification 
Tillage system Mean 
Conventional 158.2 

Conservation (no-tillage) 101.4 
Catch crops in monoculture 

Without catch crop 121.9 
White mustard 162.4 
Lacy phacelia 162.4 

Faba bean + spring vetch 162.4 

 
Table 10 

Energy value [GJ ha–1] of grain yield of spring wheat - on average over the study period 

Specification 
Tillage system Mean 
Conventional 84.8 

Conservation (no-tillage) 80.0 
Catch crops in monoculture 

Without catch crop 76.1 
White mustard 89.0 
Lacy phacelia 84.1 

Faba bean + spring vetch 80.6 

 
The energy value of output is a derivative of the grain yield of spring wheat (Table 1). 

The differences in the energy value are presented in Table 10. This comparison shows that 
a higher energy value of grain yield was obtained by using conventional tillage, relative to 
no-tillage. Regardless of the tillage system, the introduction of catch cropping in the spring 
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wheat monoculture contributed to an increase in the energy value of grain yield by 
respectively: 6 % (legume mixture), 10 % (lacy phacelia), and 15 % (white mustard). 

The energy inputs on spring wheat production under conventional tillage conditions 
were higher by nearly 21 % than those under conservation tillage (Table 11). However, 
catch cropping contributed to an increase in energy inputs by about 20 % in comparison 
with “pure monoculture” (without a catch crop).  

 
Table 11 

Energy inputs [GJ ha–1] on spring wheat production - on average over the study period 

Specification 
Tillage system Mean 
Conventional 21.4 

Conservation (no-tillage) 16.9 
Catch crops in monoculture 

Without catch crop 17.4 
White mustard 21.8 
Lacy phacelia 21.8 

Faba bean + spring vetch 21.8 

 
Table 12 

Energy efficiency index of spring wheat production - on average over the study period 

Specification 
Tillage system Mean 
Conventional 3.96 

Conservation (no-tillage) 4.73 
Catch crops in monoculture 

Without catch crop 4.37 
White mustard 4.08 
Lacy phacelia 3.85 

Faba bean + spring vetch 3.69 

 
Based on the energy evaluation, it can be concluded that the efficiency of spring wheat 

production was dependent on the factors included in the study. Regardless of the catch 
crops, a more favourable energy efficiency index (4.73) was obtained by using no-tillage, 
mainly due to the high energy inputs that were generated by the conventional tillage system 
(Tables 11 and 12). In the opinion of Hansen et al. [14], about 4 energy units in the main 
yield per one energy input unit should be obtained in crop production under average 
farming conditions. In the present study, the high energy value of the yield obtained in the 
conventional tillage treatment did not compensate for the high inputs to produce the main 
yield (grain). In consequence, the energy efficiency index in this treatment was 3.96. 

Irrespective of the tillage system, the energy efficiency index was found to be more 
favorable for the monoculture cultivation of spring wheat without a catch crop than where 
the catch crops were grown (Table 12). In spite of the additional energy inputs associated 
with the cultivation of the white mustard catch crop (treatment B), the energy efficiency 
index calculated for this treatment was above 4 (4.08). This evidences that despite 
generating higher energy inputs, growing white mustard as a stubble crop is profitable, due 
to its positive effect on grain yield and the energy value of output. In the case of the other 
stubble crops included in this study, the energy efficiency index was less favourable (in 
particular where the legume mixture was grown as a catch crop). 
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To sum up, based on the above analysis regarding the efficiency of spring wheat 
production under several years of monoculture, it is worth noting that the cultivation of 
white mustard as a stubble crop can be recommended from the economic and energy points 
of view. The above-mentioned catch crop contributed to obtaining the highest gross margin 
on spring wheat production and besides it allowed a favourable energy efficiency index to 
be achieved. The mixture of legumes (faba bean + spring vetch) proved to be unreliable, 
since it is characterized by a high price of seeds and exhibits the weakest growth and 
biomass increase rate, translating into the weakest regeneration effect under spring wheat 
monoculture. This, in turn, has a direct impact on achieving unfavourable economic and 
energy efficiency indices. 

Nevertheless, the economic and energy evaluation of the tillage systems included in 
this study is not unambiguous. The simplified economic calculation (gross margin) did not 
capture the differences between the individual tillage treatments. These differences would 
probably weigh in favour of conservation tillage if a thorough economic analysis of spring 
wheat production was performed, include not only the financial expenditures made to 
purchase the seeds, crop protection products and mineral fertilisers, but also the costs of 
labour, fuel and depreciation of implements. This thesis is confirmed by the results obtained 
from the analysis of energy efficiency of spring wheat production which demonstrates that 
conventional tillage contributes to increased production costs (e.g. fuel inputs are about 
30% higher than for conservation tillage) [21, 26-32]. Therefore, conservation tillage 
combined with cultivation of white mustard as a catch crop can be tentatively 
recommended to be applied in agricultural practice. 

Conclusion 

The stubble catch crops stimulated the productivity of spring wheat, while the biomass 
of white mustard ploughed in in autumn had the most beneficial effect. 

The conventional tillage system can be recommended only where the cultivated catch 
crops are left as mulch until the spring period (conservation tillage). However, reduced 
tillage under “pure monoculture” without a catch crop caused a distinct decrease in the 
productivity of spring wheat. 

Based on the simplified economic calculation (gross margin) for spring wheat 
production, it can be concluded that it is advisable to introduce a white mustard catch crop 
as an in-between crop in monoculture. The white mustard catch crop also had a great 
impact on obtaining a favourable energy effect of the monoculture cultivation of spring 
wheat. 
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