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ENVIRONMENTAL BENEFITS
OF CATCH CROPSCULTIVATION

Abstract: The role of catch crops in modern agriculture inaseased in recent years. In addition to a pradoct
of animal feed, they have a positive impact on itjuaf soil. This study determined the suitabiliy selected
stubble catch crops (white mustard, lacy phacelim a mixture of faba bean + spring vetch) to imero
production, economic and energy effects of sprifgeat grown in 3-year monoculture relative to thatm
treatment (without catch crops). Two tillage systemere used: conventional tillage and no-tillagenéervation
tillage). A field study was conducted over the per2014-2016 at the Czeslawice Experimental Faubelskie
Voivodeship, Poland. The study proved the highasuility of catch crops to increase the spring whgalds
(under both tillage systems). Regardless of thehcatops, the productivity of wheat was higher unde
conventional tillage. The catch crops (in particuldite mustard) and the conservation tillage systentributed
to an improved energy efficiency index of producti@he white mustard catch crop also had the maseficial
effect on the economic profitability of spring wheaoduction. This was due to the low cost of ealtion of this
catch crop and its beneficial impact on obtainifghtyields of spring wheat.

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

I ntroduction

Due to the high proportion of cereals in the cropicure in Poland and across the
world as well as the need to grow them after otjr@in crops or in monoculture, the
research on mitigation of the negative effectsumhsstands on crop productivity continues
to be topical. Therefore, growing catch crops, Whperform phytosanitary functions,
support mineral fertilisation, and improve the Inaka of organic matter and nutrients in
soil, is highly important [1-3]. Ploughing in ofdhthiomass of catch crops or leaving it in
the field as mulch positively affects the produityivof cereal crops sown after them, while
using low inputs at the same time. This particyladlates to Brassica species, such as
white mustard, black mustard, oilseed rape, andaalish [4, 5]. The impact strength of
a catch crop depends on its type and selectiomogf species. Under good soil conditions
and in humid habitats, cultivation of a white mudtaatch crop increases the yields of
spring cereals by 8-10 % [6]. The productivity atmhsequential effect (including the
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economic one) of catch cropping depend, among sitieer habitat conditions (weather and
soil conditions) and hence it is advisable to debee which species are best adapted to
a specific region of a given country.

Soil tillage is an energy- and labour-consumingrelat of agronomic practices. It is
estimated that it consumes, depending on the greges and soil conditions, from 30 % to
60 % of the total amount of fuel used in producti@m account of this high labour and
energy consumption of tillage, the agricultural qiige continually seeks various
modifications and methods to reduce the inputsaiintiiage. The so-called conservation
tillage, which consists in keeping the soil surfaceler plant cover formed by catch crops
or crop residue mixed with the topsoil for as loag possible, has lately become
increasingly widespread [7-9]. The main assumptibthis tillage system is to leave crop
residue or catch crops as mulch on the soil surfagen over the winter period, which
provides the protection against erosion, reducettmevaporation, increased biological
activity of the soil and its inhabitation by diversoil fauna. Another very important aspect
of such tillage is the replacement of ploughingwttie implements that do not turn the soil
over, such as rigid tine cultivators, rotary orkdigarrows, different cultivator drills, and
special direct drills. Owing to conservation tiliggt is possible to reduce the soil nitrogen
losses resulting from leaching of nitrates, becatarding catch crops take them up from
the soil until late autumn. Apart from that, reddd#llage improves the economic and
energy effects of crop production [10-13].

This study hypothesized that the use of the phyitey and allelopathic effects of
catch crops in combination with conservation tidagould compensate for the negative
impacts of the spring wheat cultivation under selvgears of monoculture, enhancing its
productivity (in terms of yield quantity as well asonomic and energy efficiency). Apart
from the natural effects, the possibility of redeiy payments by farmers under the EU’s
agri-environmental schemes will also contributéhis.

The aim of this study was to determine the effeftselected catch crop species on the
productivity of spring wheat as well as on the emoit and energy efficiency of cereal
production under loess soil conditions in the Llskgion, Poland. Moreover, this research
analysed to what extent the use of reduced till§ge-tillage) would affect the
above-mentioned characteristics, compared to theerdgional tillage system.

Material and methods

A field experiment on monoculture cultivation ofrslg wheat was established in
2013, whereas the research results included initbik were collected over the period of
2014-2016 (three-year monoculture). The experinvess established at the Czeslawice
Experimental Farm, belonging to the University deLSciences in Lublin (Poland), on the
loess soil with the grain size distribution of sslam (PWsp) and categorised as good wheat
soil complex (soail class Il). In the year in whitfe experiment was set up, the soil humus
content was 1.44 %, pH = 6.2, while the P, K and &tgntent was, 160, 284, and
64 mg kg* soil, respectively. The experiment was set up aplia-plot design with five
replicates in plots with an area of 27.riThe design of the experiment comprised two
factors: I. Type of catch crop in a spring wheahowulture: A - control treatment (without
catch crops); B - white mustardafietas ‘Borowska’); C - lacy phaceliavérietas ‘Stala’);

D - faba bean + spring vetchatietas ‘Amulet’ + varietas ‘Hanka’). Il. Tillage practices
used after the catch crops were harvested and ebdiarvest of the cereal crop:
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1. conventional tillage - after harvest of the batrops (October), their biomass was
shredded and ploughed under during autumn ploughimgreas in spring the soil was

prepared using a seedbed cultivator, mineral et were subsequently applied, and
finally spring wheat was sown using a seed drillc@servation tillage (no-tillage) - after

the catch crops were harvested in October, theinss was left in the field as mulch until
15" March; in spring, this mulch was ploughed undethva disk harrow, the field was

smoothed using a spike tooth harrow, mineral NP#ilifeers were subsequently applied,
and spring wheat was sown with a seed drill.

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

Based on the availability of the major macronutisen the soil used in the experiment
and taking into account “economical” crop protectio be used, the following rates of
mineral fertilisers [kg hd] were applied for the individual crops included time field
experiment: spring wheat (N - 60, - 50, KO - 80), white mustard (N - 40), lacy
phacelia (N - 40), faba bean + spring vetch (N ). Zle sowing of the catch crops was
carried out in the second decade of August in gaeln. The seeding rate was as follows,
respectively: white mustard - 20 kg hdacy phacelia - 5 kg i faba bean + spring vetch
- (100 + 40) kg hd. Spring wheat, on the other hand, was seededréieaf 200 kg ha)
in the second decade of April.

The spring wheat seeds were dressed with RaxiF#6at a rate of 50 mL/100 kged.
The other crop protection products were used alaver limits of the recommended rates
(in accordance with the “economical” crop proteatiirategy adopted in the experiment)
and they were as follows:

- herbicide - Sekator 6,25 WGartidosulfuron + iodosulfuron-methyl-sodium +

mefenpyr-diethyl) - 0.2 kg ha' (at tillering stage - BBCH 27-28):

- fungicide - Alert 375 SCflusilazole + carbendazim) - 0.9 L ha' (at stem elongation -

BBCH 31-32);

- growth retardant - Stabilan 750 Sthlormequat chloride) - 0.9 L ha' (from the 1st

node stage until the flag leaf just visible sta@BCH 31-37).

After the wheat was harvested (in the first deaaidAugust) and the grain was dried,
grain yield was determined for each treatment aqmiesssed in 1000 kg fa

The economic evaluation (gross margin) and energfuation (energy efficiency
index) were the final stage of the analysis inggding the effects of individual tillage
systems and stubble catch crops on the productioftyspring wheat (grain yield).
The calculations were made in the prices from &t full year of the study (2016) based
on 2016 market prices and prices for the followitegns were used in the calculations [€]:
wheat grain, seed material (spring wheat, whitetards lacy phacelia, faba bean, spring
vetch), crop protection products (seed dressingl R8¢ S; Sekator 6,25 WG; Stabilan 750
SL; Alert 375 S.C. [E€ [Y], and mineral fertilisers (N - ammonium nitrate 34,

P - granulated triple superphosphate 46 %, K - gsidan salt 50 % [€/100 kg]. Gross

margin is the value of annual output per hectarerop minus the direct costs incurred to
produce this output. The calculation of the grossgim also included the changes in the
system of cover crop payments (74.4-100.0 %, leepending on the crop grown) under the
agri-environmental scheme of the Rural Developr®engramme (RDP).
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Calculations of economic and ener gy efficiency and statistical analysis

The energy efficiency index of crop production he tratio of the amount of energy
contained in yields to energy inputs. It was calted by using the ratio of the yield energy
value to the inputs and multiplying the derivedueaby 100:

where:E. - energy efficiency index [-]P. - yield energy value per ha [MJ\. - energy
inputs used to produce output (yield) per ha [MJ].

The energy inputs included four streams of enewjyect energy carriers (fuel,
lubricants), raw materials and materials (fertiésseseeds, crop protection products), capital
expenditures (wear and tear of machines and impilevuring operation as well as spare
parts and machines that needed repair), and huaterurl inputs. The energy evaluation
included the grain yields (the average for 20146)01he energy value of which was
determined following the methodology recommended=BYD. This method assumes that
1 kg of the dry weight of the main yield (grain)stevalue of 18.36 MJ. On the other hand,
the labour inputs (human labour and tractors) witermined based on the agronomic
practices used in the experiment, taking into antthe selection of machines and types of
operations as well as using the available normatiaadards [14, 15].

The inputs associated with the consumption of gneagriers were calculated by using
the following rates:

- mineral fertilisers:

nitrogen (N) 70 MJ K9
phosphorus (P) 14 MJikg
potassium (K) 10 MJ kY

- seeds of cereals and legumes 7.5 MJ kg

- seeds of grasses and small-seeded plants 3@™MJ k

- crop protection products (active ingredient) 03I kg*

- diesel fuel 48 MJ kg

- wear and tear of tractors and agricultural magein 112 MJ kgt

- spare parts 80 MJKg

- repair materials 30 MJ Ky

- lubricants 22 MJ kg

- human labour 40 MJ Ky

The actually used production inputs (machines, Seeip protection products) and
the determined human labour inputs were conveméal MJ. To this end, the relevant
energy consumption indices and the ratios usedha énergy calculation for crop
production were applied.

Analysis of variance (ANOVA) was used to statidficaanalyse the results by
employing Statistica PL 13.3, while Tukey’s testswapplied to determine the HSD
(Honest Significant Difference) valuesp& 0.05.

Results and discussion

The spring wheat grain yield was significantly nfal by both experimental factors
(Table 1). Conservation tillage caused a decraasgdin yield, on average by 0.26 tha
(6 %), relative to conventional tillage. The catmtops had an impact on the increased
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productivity of spring wheat, but the cultivationf evhite mustard contributed to
a significantly higher grain yield compared to #@ntrol treatment (a 15 % increase in
yield) and lacy phacelia (by 9 %). The legume migtaffected an increase in grain yield
by about 5 %. Significantly the lowest grain yi¢Ri99 t ha') was found in the control
treatment (without catch crops) under conservdtitage (no-tillage). On the other hand,
significantly the highest grain yield (5.02 t Hawas harvested from the fields sown with
the white mustard stubble crop ploughed in in amyoonventional tillage).

Table 1
Grain yield of spring wheat [tonne fia(on average over the study period)
Tillage system
Stubble catch crop 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 x b) = 0.274

Some experiments on tillage reductions prove tlestecplly, a decrease in yields of
spring wheat and other cereals from 8 to 15 % déended under no-tillage in comparison
with conventional tillage. Higher grain yield undeonventional tillage predominantly
results from a higher ear density and grain wejgght ear, relative to conservation tillage
treatments [16]. These observations were part@lyfirmed by the results of the present
study (Tables 2 and 3).

Table 2
Number of years of spring wheat per 1 mefore harvest (on average over the study period)
Tillage system
Stubble catch crop 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 x b) = not significant

When analysing the study results shown in Tablé 2an be noted that the tillage
system did not have a statistically significanteeffon ear density before spring wheat
harvest. Under conventional tillage conditions, dverage number of wheat ears per? m
was higher by only 5 ears (1.2 %) compared to llege (conservation tillage). The use of
catch cropping in the spring wheat monoculture tbouted to a significantly higher
number of ear-bearing tillers per unit area comgphdoethe control treatment, regardless of
the tillage system. Growing white mustard had thestmbeneficial effect on the
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characteristic in question (an average increagbeohumber of ears per 1’y 36 ears),
followed by the cultivation of lacy phacelia (ariease by 27 ears) and the legume mixture
(an increase by 18 ears).

Table 3
Grain weight per ear of spring wheat [g] (on averager the study period)
Tillage system
Stubble catch crop Conventional Conservation Mean
without catch crop 1.10 1.01 1.05
white mustard 1.15 112 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 x b) = 0.059

Conservation tillage had a statistically signifitaffect on decreasing the grain weight
per year on average by 0.05 g, in comparison wi¢ghaonventional system. However, all
stubble crops contributed to a significant increiasgrain weight per year, compared to the
control treatment: white mustard by 7 %, while latyacelia and the legume mixture by
5 %, irrespective of the tillage system. The stiaté analysis confirmed that the lowest
grain weight per ear was obtained under contralttnent conditions with no-tillage.

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

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

Kwiatkowski et al. [15] observed that the monocrétperiod affects the reduction in
spring wheat yield (the so-called decline effeothtgreater extent than the tillage system,
whereas catch crops efficiently mitigate the eHeat growing a cereal crop after itself.
The above-mentioned thesis is confirmed by theltesfithis research (Table 4).

The third year of the spring wheat monoculture hadeffect on reducing the grain
yield, on average by 17.4 % under the control tneat conditions (without catch crops).
Catch cropping caused the grain yield to be loweotly 7.9-9.3 % in the 3rd year of the
monoculture than that recorded in its 1st year [@4db. The tillage system also influenced
significantly the changes in the grain yield ofisgrwheat over the study period. In the 3rd
year of the monoculture, relative to the 1st yealgwer loss in yield was recorded in the
conventional tillage treatment (10.1 %), whereademnrconservation tillage the decline in
yield was 11.5 %. A significant interaction was fiou- the spring wheat grain yield was
significantly the lowest (by 18.6 % relative to thet year) in the no-tillage treatments
without a catch crop.

Due to the large documentation material collectegt the three-year study period and
given the use of uniform agronomic practices amdsdime crop protection products during
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this period, the economic analysis (gross margia$ werformed using the average yields
of spring wheat for the period 2014-2016. During $udy period, the prices of production
inputs (seed material, mineral fertilisers, and pcrprotection chemicals) and grain

fluctuated; therefore, the analysis was conduatettheé prices from the last full year of the

study.

Table 4
Changes in grain yield of spring wheat in the 3zdryof monoculture
(yield in the 1st year of monoculture = 100 %)
Tillage system
Stubble catch crop 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 x b) = 2.2

The tillage systems were not of major importancetfe final economic effect of
monoculture cropping of spring wheat, because Hieutation of gross margin does not
include the costs of fuel consumption, equipmepireeiation, and human labour, but only
the costs of seed material, crop protection pradwtd mineral fertilisers. The economic
calculation also included direct payments for comepping that existed under the Rural
Development Programme (RDP) 2014-2016.

Table 5

Direct costs incurred during the monoculture calion of spring wheat depending on the catch cédpe(] - on
average over the study period

Direct costs
Specification Crop protection Mineral
Seeds products 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 thatdifierences in the direct costs
incurred on spring wheat production were primadilie to the higher expenditures made to
purchase the seed material for the catch cropshititeest cost related to legume seeds,
while the lowest one to white mustard) and alsalted from the initial rate of mineral N
fertilisation applied in the cultivation of the chtcrops. Given that, the cultivation of
spring wheat without catch cropping proved to eléast cost-consuming.

The stubble crops had a significant effect on {ring wheat grain yield, which was
reflected in the value of the grain yield harves{@@ble 6). Moreover, the economic
profitability of the monoculture cultivation of spg wheat with an in-between crop in the
form of stubble crops increased due to direct payséor cover cropping from the EU
funds under the RDP. In consequence, the highessgnargin (657.1 € fa was obtained
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in the treatment with the white mustard catch cfoflpwed by that with the lacy phacelia
catch crop (622.7 € R Growing the legume mixture produced a smalleneeic effect,
but it was noticeably larger compared to the cdntreatment (without catch crops).
To sum up, it should be concluded that the intrtéidacof catch cropping to the spring
wheat monoculture resulted in obtaining an increasethe obtained gross margin
by 130.1 € hd (legume mixture) - 182.7 € Ha(white mustard) relative to the "pure
monoculture” (without a catch crop).

Table 6
Output and gross margin obtained from the monoriltultivation of spring wheat depending on thelcatrop
[€ ha] - on average over the study period

- Output )
Specification Grainyield value : RDP payments Grossmargin
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 wiits intensity that ensures to the
producer sufficient grain yield, which determindgaining a gross margin. The economic
evaluation may only include direct costs, beingeba®n an incomplete simplified
calculation, and in consequence the gross margialtsilated as the difference between the
value of grain harvested per ha and the directscoktndustrial production means. In the
opinion of many authors [18-23], intensificationinputs on cereal cropping does not cause
a significant increase and thus the gross margitthés highest when economical or
moderately intensive technology is used. In thieidg. Kwiatkowski [6] noted that the use
of catch cropping did not distinctly improve theoromic effect of monoculture cultivation
of spring barley. Nonetheless, a white mustardhcatop, owing to the low cost of the seed
material and its greater impact on barley yieldsréased the gross margin value by about
15 %. On the other hand, a mixed legume stubbleo anod an undersown crop
(Westerwolds ryegrass) slightly reduced it dueht® high cost of seeds and their lower
effect on barley yields.

Irrespective of the results of the present studs@nted above and the views of other
authors, it should be noted that technology intgresnd production efficiency are affected
by a number of natural factors, as well as econoarid organizational factors that
determine the level of yields and gross margin.[28tch cropping greatly contributes to
improved productivity of main yield crops [3, 25)din consequence to a better economic
result of crop production.

The final stage of the analysis of the productivfyspring wheat grown under several
years of monoculture was the energy evaluatiomefindividual tillage systems and stand
regeneration through cultivation of catch cropse Taébour consumption of spring wheat
production was more dependent on the tillage systean on catch cropping (Table 7).
Under conventional tillage conditions, the labayplts were higher, on average by 15 %
for human labour and 20 % for the machinery inptitan those under no-tillage (Table 8).
Conventional tillage caused a higher (on averag8@$6) consumption of fuel compared
with no-tillage (Table 9). A higher consumptionfaél (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 h&at§ - 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 [tra¢tours ha] - on average over the study period

Specification

Tillage system Mean

Conventional 19.3

Conservation (no-tillage) 154

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 hd] by tractors and the combined harvester for sprihgat 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 hj of grain yield of spring wheat - on average otrer 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 thairgyield of spring wheat (Table 1).
The differences in the energy value are presemddble 10. This comparison shows that
a higher energy value of grain yield was obtaingdising conventional tillage, relative to
no-tillage. Regardless of the tillage system, titeoduction of catch cropping in the spring



11¢ L. Pawtowski, C.A. Kwiatkowski, E. Harasim, O. Kbkka-Wgniewska, W. Cel and J. Kujawska

wheat monoculture contributed to an increase in @¢hergy value of grain yield by
respectively: 6 % (legume mixture), 10 % (lacy pHe), and 15 % (white mustard).

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

Table 11
Energy inputs [GJ h§ on spring wheat production - on average oveisthdy 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 productiamn 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 concltitgdthe efficiency of spring wheat
production was dependent on the factors includethénstudy. Regardless of the catch
crops, a more favourable energy efficiency indeX 3} was obtained by using no-tillage,
mainly due to the high energy inputs that were gatee by the conventional tillage system
(Tables 11 and 12). In the opinion of Hansen efld], about 4 energy units in the main
yield per one energy input unit should be obtaimedcrop production under average
farming conditions. In the present study, the reglergy value of the yield obtained in the
conventional tillage treatment did not compensatettie high inputs to produce the main
yield (grain). In consequence, the energy efficjeindex in this treatment was 3.96.

Irrespective of the tillage system, the energycedficy index was found to be more
favorable for the monoculture cultivation of sprimeat without a catch crop than where
the catch crops were grown (Table 12). In spit¢hefadditional energy inputs associated
with the cultivation of the white mustard catch griireatment B), the energy efficiency
index calculated for this treatment was above D8W. This evidences that despite
generating higher energy inputs, growing white mgsas a stubble crop is profitable, due
to its positive effect on grain yield and the erevglue of output. In the case of the other
stubble crops included in this study, the enerdiciehcy index was less favourable (in
particular where the legume mixture was grown esteh crop).
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To sum up, based on the above analysis regardiagetiiciency of spring wheat
production under several years of monocultures itvorth noting that the cultivation of
white mustard as a stubble crop can be recommefndiedthe economic and energy points
of view. The above-mentioned catch crop contribitedbtaining the highest gross margin
on spring wheat production and besides it allowdavaurable energy efficiency index to
be achieved. The mixture of legumes (faba beanringetch) proved to be unreliable,
since it is characterized by a high price of seadd exhibits the weakest growth and
biomass increase rate, translating into the wealeggneration effect under spring wheat
monoculture. This, in turn, has a direct impactamhieving unfavourable economic and
energy efficiency indices.

Nevertheless, the economic and energy evaluatiaheotillage systems included in
this study is not unambiguous. The simplified eguiwocalculation (gross margin) did not
capture the differences between the individuaadg#l treatments. These differences would
probably weigh in favour of conservation tillageaithorough economic analysis of spring
wheat production was performed, include not onlg fmancial expenditures made to
purchase the seeds, crop protection products andrafifertilisers, but also the costs of
labour, fuel and depreciation of implements. Thissis is confirmed by the results obtained
from the analysis of energy efficiency of springeah production which demonstrates that
conventional tillage contributes to increased pobidm costs (e.g. fuel inputs are about
30% higher than for conservation tillage) [21, Z8-3Therefore, conservation tillage
combined with cultivation of white mustard as a cbatcrop can be tentatively
recommended to be applied in agricultural practice.

Conclusion

The stubble catch crops stimulated the productieftgpring wheat, while the biomass
of white mustard ploughed in in autumn had the rbesieficial effect.

The conventional tillage system can be recommemay where the cultivated catch
crops are left as mulch until the spring periodn&arvation tillage). However, reduced
tillage under “pure monoculture” without a catclogrcaused a distinct decrease in the
productivity of spring wheat.

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