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ENERGY AND ECONOMIC EFFECTS OF REDUCED
TILLAGE IN CROP ROTATION

Leszek Kordas
Akademia Rolnicza we Wroctawiu

Abstract. The present research covers the time of the sexmation: sugar beet-spring
wheat-pea-winter triticale (1999-2002). The invgstions were conducted on a very good
rye complex soil. A reduced tillage for sugar baetl no-tillage for the other crops in
crop rotation result in labor, fuel and energy aomption reduction, as compared with
conventional tillage by an average of 50% and edjtere by 42%. The highest energy
effectiveness in crop rotation was observed in shistem in which sugar beet was
cultivated in reduced tillage, and other cropsadrtifage. The effectiveness increases by
135% for conventional tillage for all the cropsristation. The lowest effectiveness is
obtained for conventional tillage with intercropr &ugar beet and pea, and conventional
tillage for spring wheat and winter triticale.

Key words: reduced tillage in crop rotation, energy consuampiand effectiveness of
tillage systems

INTRODUCTION

Over the past few years there has been a growtagest in reduced tillage potential
by Polish researchers. Conventional tillage camgiaglually replaced by various new
methods which involve machines development and ciedsed time-consumption in
tillage operations. The reduction in field prodoatis an objective necessity, especially
on large-acreage farms due to necessary cost-guiticompanied by an increased
plantation area of some crops on the farm. Tillegan element of growing practices,
showing considerable time and energy-consumptiomictw has become of special
importance with new generations of tillage-sowirgpgregates and a wide range of
herbicides K& [1999]. A substantial importance assumed for redudlage is due to a
potential labor reduction without neither a clesig reduction nor a deteriorated yield
quality Caravalho and Basch [1994], HOppner e{¥195], Kordas [1997a]. In some
cases there was even recorded a slight increaseréal yield [Kordas 1997b]. Most of
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those reports involved research into reduced #ll&gy one crop in rotation. Multiple
reductions in case of crop rotation can give qditierent results.

A decreased demand for labor and a decreasegktiiperations time is possible by
limiting the number and the intensity of tillageepations in soil preparation for sowing
Smierzchalski et al. [1979].

The evaluation of crop production is often limitéasl production and economic
criteria. The economic analysis of plant productisrwell supplemented by energy
calculation K4 et al. [1990], offering a possibility to compale tresults over time and
space irrespective of the price relation and to enalomprehensive evaluations
[Maciejko 1984, Nowacki 1985].

Besides the energy calculation, an economic cdlounlais also of special
importance. Low profitability and limited possilidis of selling crops make the farmers
lower plant production costs Dzienia and Boligioid888].

The aim of the present research was to compare ke fuel consumption and
energy inputs for tillage of 4 year-rotation crogsigar beet-spring wheat-pea-winter
triticale, and relations of those inputs, dependimgthe tillage system, to the yield
value.

MATERIAL AND METHODS

The research was conducted at the Swojec Experifiation of the Agricultural
University of Wroctaw, on alluvial soil, formed fno loamy sand on medium loam, of
very good rye complex. Four tillage methods forpsrn 4-year rotation were analyzed.
Conventional tillage was a typical tillage used particular crops (post-harvest tillage:
skimming 10 cm + harrowing, pre-sowing tillage: 4s@wving ploughing — 20-22 cm,
conventional sowing), while no-tillage used culttwa(15 cm deep), instead of plough
(Table 1). Sowing was carried out using single disalter. In no-tillage, all the tillage
was given up and drilling involved the use of direeeder offered by Great Plant, type:
Stand 7. Labor time and fuel consumption was measuor particular tillage
operations, which are part of particular tillagestsyns, and index values of energy
effectiveness were calculated.

Table 1. Scheme of the experiment
Tabela 1. Schemat éleiadczenia

Tillage system Sugar beet Spring wheat Pea Winter triticale
System uprawy roli  Burak cukrowy Pszenica jara Groch siewny Pszenyto ozime
A. Conventional conventional tillage conventional tillage conventional tillage conventional tillage
Tradycyjny uprawa tradycyjna uprawa tradycyjna uprawa tradycyjna uprawa tradycyjna
B. Conventional conventional tillage conventional tillage
+ intercrop + intercrop conventional tillage + intercrop conventional tillage
Tradycyjny tradycyjna + uprawa tradycyjna  tradycyjna + uprawa tradycyjna
+ midzyplon migdzyplon migdzyplon
c. Ee?::vzd tilage reduced tillage reduced tillage reduced tillage reduced tillage
u;?roszczona uprawa uproszczonaprawa uproszczonaiprawa uproszczonaiprawa uproszczona

D. Direct drilling direct drilling direct drilling direct drilling direct drilling
Siew bezpgedni siew bezpéredni siew bezpéredni  siew bezpéredni siew bezpéredni

Acta Sci. Pol.



Energy and economic... 53

This research coincided with the second rotatio89912002). All the fuel
consumption and labor time measurements were métieaw electronic meter MP-01,
installed in 5314 Ursus tractor, used for all tj#aoperations. The research was
conducted in optimum tillage conditions for partanutillage type. The measurements
of particular tillage operations were made execatedn area of 0.3 ha, which secured
high measurement accuracy, and then the resules eagverted per 1 ha. The costs and
energy input per lha of particular crop tillagepeleding on the tillage system, were
calculated. The labor costs were calculated apglyire current market prices for
particular tillage operations for the Dolhgskie Province[Dolnoslaski informator
rolniczy 2002]. The cost of fuel was estimated blage the market price of diesel oil
(2.60 PLN-1 dm). The energy consumption was calculated followiegergy-
consumption tables developed by Gonet and Zaofdd8q], assuming that 1 dnof
diesel oil equals 36 MJ, while 1 man-hour — 7 Mide Drain yield was converted into
energy units following the farm animals feedingnstards [1985]. Energy effectiveness
index values were based on the ratio of the enebggined for crop yield (MJ) to soil
tillage inputs, and based on agricultural producaluation method, MET, following
Anuszewski [1987].

RESULTS

The conventional tillage (A) for all the crops irop rotation resulted in the fuel
consumption of 251.2 | (Table 2). In conventiongdtem with intercrops (B) the fuel
consumption increased by 4%, as compared with caiorel tillage (A), while for all
the tillage operations for all the crops in cropation fuel consumption decreased, as
compared with conventional tillage, by 50% (C) dmngd 54% in the system which
involved direct drilling (D), as a result of redacgystem.

Table 2. Fuel consumption for particular cropsriop rotation, ditha® (means of 1999-2002)
Tabela 2. Zirycie paliwa pod poszczegélnesliay zmianowania, drtha® (srednie z lat 1999-

2002)
Tillage system Sugar beet  Spring wheat Pea Winter triticale  Total
System uprawy roli  Burak cukrowy Pszenicajara Groch siewny Pszenyto ozime Razem
A. Conventional
Tradycyjny 74.6 45.3 73.2 58.1 251.2
B. Conventional
* Intercrop 89.4 453 78.4 485 261.6
Tradycyjny
+ midzyplon
C. Reduced tillage 125.6
Uprawa uproszczona 49.2 14.8 29.6 32
D. Direct drilling 56 14.8 29.6 14.8 115.2

Siew bezpgedni

In conventional tillage for all the crops in cragation labor consumption accounted
for 23.8 hours (Table 3). In conventional systerthvmtercrops, labor consumption for
tillage in crop rotation was only 1% higher thanthe conventional system. Labor
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consumption was on average 51% lower, as compaitdcanventional tillage with
cultivator, instead of plough, and also in direglidg.

Table 3. Expenditure for tillage of particular csojm crop rotation, PLN-Aa(means of 1999-
2002)

Tabela 3. Zestawienie naktadoéw pigmych poniesionych na uprawroli w zmianowaniu,
PLN-ha' (srednie z lat 1999-2002)

Tillage system Sugar beet  Spring wheat Pea Winter triticale Total
System uprawy roli  Burak cukrowy Pszenica jara Groch siewny Pszenyto ozime Razem

A. Conventional

h 7.3 3.9 6.8 58 23.8

Tradycyjny

B. Conventional
+ intercrop 85 3.9 6.9 4.6 24.0
Tradycyjny
+ medzyplon

C. Reduced tillage 4.8 1.7 2.9 2.3 11.8
Uprawa uproszczona

D. Direct drilling 4.9 1.7 2.9 1.7 11.4

Siew bezpaedni

The expenditure for tillage operations in convemdictillage was PLN 1.531 (Table
4). Applying reduced tillage, a 41% decrease ineexiiture was recorded and even a
greater decrease — for no-tillage system.

Table 4. Labour consumption for particular cropsriop rotation, h-hia(means of 1999-2002)
Tabela 4. Zirycie czasu pracy na poszczegéindiny zmianowania, h-ha (srednie z lat 1999-
2002)

Tillage system Sugar beet  Spring wheat Pea Winter triticale Total
System uprawy roli  Burak cukrowy Pszenicajara Groch siewny Pszenyto ozime Razem

A. Conventional

, 449 261 444 377 1531
Tradycyjny
B. Conventional
+ intercrop 571 261 437 260 1529
Tradycyjny
+ medzyplon
C. Reduced tillage
Uprawa uproszczona 348 166 238 e 2
D. Direct drilling 347 166 238 105 856

Siew bezpaedni

For conventional tillage for all the crops in cnagiation, the energy input was 9208
MJ (Table 5), while when accompanied by an intgrcie 4%increase in energy input
was observed. Replacing the plough with the cubivéan no-tillage decreased energy
input, as compared with conventional tillage, b¥&0rhe lowest value of the energy
input was recorded in direct drilling; a 54% dese=aThe highest yield expressed in
energy units (MJ) in crop rotation was noticed oneentional tillage (294925 MJ)
(Table 6). The reduced tillage system resulted in€ds yield decrease, and the direct
drilling — a 6% vyield decrease. The highest yietdtr@ase (11%) was recorded when
stubble intercrop was applied in conventional gdla
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Table 5. Energy consumption in crop rotation asaiéfd by the tillage method (means of 1999-
2002)

Tabela 5. Energochtonéduprawy roli w zmianowaniu w zateosci od systemu uprawyrednie
z lat 1999-2002)

Tillage system Sugar beet  Spring wheat Pea Winter triticale Total
System uprawy roli  Burak cukrowy Pszenicajara Groch siewny Pszenyto ozime  Razem

A. Conventional

X 2736 1657 2683 2132 9208

Tradycyjny

B. Conventional
+ intercrop 3278 1657 2871 1779 9585
Tradycyjny
+ miedzyplon

C. Reduced tillage 1805 544 1085 1170 4604
Uprawa uproszczona

D. Direct drilling 2050 544 1085 544 4223

Siew bezpaedni

Table 6. Comparison of energy values of particutaps in crop rotation, MJ-Ha(means of
1999-2002)

Tabela 6. Zestawienie energetycznej waitqplonéw poszczegdinych §iin w zmianowaniu,
MJ-hat (srednie z lat 1999-2002)

Tillage system Sugar beet  Spring wheat Pea Winter triticale Total
System uprawy roli  Burak cukrowy Pszenicajara Groch siewny Pszenyto ozime Razem

A. Conventional

. 169257 53000 16668 56000 294925

Tradycyjny

B. Conventional
+ intercrop 137126 52000 20279 53000 262405
Tradycyjny
+ midzyplon

C. Reduced tillage 157113 48000 37040 48000 290153
Uprawa uproszczona

D. Direct drilling 134343 48000 42596 53000 277939

Siew bezpgedni

As a result of conventional tillage for all the psoin crop rotation, the value of the
energy effectiveness index (Ec) was 32.0 (Tablén7gonventional system modified by
the application of the intercrop, the energy effestess decreased by 14%, as
compared with the conventional tillage. While appdyreduced system a 97% increase
in energy effectiveness was recorded, as compaittd cenventional tillage, and in
case of direct drilling — 135% increase. The enecgpnsumption index value for
conventional system was 3.1 and in conventiorialgel with intercrop — a 19% increase
was observed. As a result of reduced system, lthgeienergy consumption decreased,
as compared with conventional tillage, by 48 an®8&% in direct drilling.

Energy inputs per cereal unit are similar to thofenergy consumption for soil
tillage. As a result of conventional tillage fof tie crops in crop rotation, the energy
inputs per cereal unit were 12.4 MJ and decreasedpmpared with the conventional
tillage, due to reduced tillage, by 48% and, dueddillage — by 54%.
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Table 7. Energy effectiveness of tillage systemegns of 1999-2002)
Tabela 7. Efektywn& energetyczna systeméw uprawy réliednie z lat 1999-2002)

Catkowita wartg¢

Wskaznik ”
l\(l;l(el?diiy enerlgoer%/czna efektywnaci Energof:ionm Na jednosts
Tillage system ) ! plont energetycznej _ uprawy zbazowa
.Energy inpu Total yield Tillage energy .
System uprawy roli Energy h Per cereal unit
Ne energy value ffecti ind consumption MJ
MJ-hat Pc effectiveness INdeX e = Ne-pc-100
MJ-hat Ee = Pc-Ne
A. Conventional 9208 294925 32.0 3.1 124
Tradycyjny
B. Conventional
* Intercrop 9585 262405 27.4 37 15.2
Tradycyjny
+ midzyplon
C. Reduced tillage
Uprawa 4604 290153 63.0 1.6 6.4
uproszczona
D.Directdriling 369, 277939 75.3 1.3 5.6
Siew bezpaedni
DISCUSSION

Reduced tillage affected the labor and fuel congiompas well as energy inputs
expenditure for tillage, and the total yield enevgjue.

As for sugar beet, the lowest energy, fuel andda@boasumption was recorded when
applying reduced tillage, which included mediumygbing, harrowing with heavy
harrowing and intercrop sowing, no pre-sowing g#laand the application of direct
drilling.

As compared with conventional tillage, fuel constimp and energy inputs
recorded a 34% decrease and labor consumption5%ad&crease, which is confirmed
by the results reported by Kordas [1999a]. The edjare for sugar beet tillage
decreased in no-tillage by 34%, as compared withveotional tillage, due to a
decreased number of tillage operations. Similanltesvere reported by Gutmski et
al. [1999]. After applying no-tillage for spring wht, labor consumption was 55%
lower, and fuel and energy consumption — 67% lowsra result of a single tillage
operation only (direct drilling) in no-tillage sgsh. Similar results were also observed
by Kordas [1999b]. Expenditure for tillage in nbatje system was 41% lower, as
compared with conventional tillage. No-tillage gystwith intercrop for pea resulted in
a 56% decreased labor consumption, and 60% dedréasieand energy consumption.
Similar results were also obtained by Dzienia ar@s® [1999]. Such considerable
decreases in direct drilling system were possibénks to giving up post-harvest and
pre-sowing tillage and applying intercrop and iedirdrilling only. The costs of no-
tilage decreased by 50%, as compared with conwmeaititillage, due to a limited
number of tillage operations.

In case of winter tirticale, no-tillage system, lwiheither post-harvest nor pre-
sowing tillage, yet applying only indirect drillingesulted in a 70% decrease in labor
consumption and in 74% fuel and energy consumptiecreases, as compared with

Acta Sci. Pol.



Energy and economic... 57

conventional tillage. The costs of no-tillage systdecreased by 72%, as compared
with conventional tillage. Similar results were ogjed by Gonet and Zaorski [1988].

The present research into reduced tillage in cmation, including no-tillage,
showed that the tillage systems compared affedtedvalue of energy effectiveness
index. The highest effectiveness was achieved wiserg reduced tillage for sugar beet
and no-tillage for the other crops in crop rotati@m average the effectiveness of no-
tillage was more than two-fold higher than the aartional tillage. Similar results were
recorded for energy consumption, depending on illege system. As for reduced
tillage for sugar beet and no-tillage system far ¢ther crops in crop rotation, labor and
fuel consumption was more than a half lower. Suohsierable labor and fuel
consumption decrease was due to limited numbeillage¢ operations. Similar results
were recorded by Dzienia and Sosnowski [1990], ela® Wiodek et al. [1999].

The fuel and labor consumption was similar to epdrguts for tillage in crop
rotation. As a result of conventional tillage fdirtae crops in crop rotation, the value of
energy inputs was 9208 MJ; and as a result of esdititage for sugar beet and direct
drilling for the other crops in crop rotation, acdease in energy inputs was recorded,
which was also confirmed by similar results repd ity Kordas [1999a].

The highest yield value in crop rotation, expressednergy units, of 294925 MJ,
was noticed as a result of conventional tillage dbrthe crops in crop rotation. As a
result of reduced tillage for sugar beet and rlagé for the other crops in crop rotation,
a 6% decrease in the total yield energy value wesrded, which is partially confirmed
by the results reported ymierzchalski et al. [1979].

CONCLUSIONS

A reduced tillage for sugar beet and no-tillage tfox other crops in crop rotation
result in labor, fuel and energy consumption reiductas compared with conventional
tilage by an average of 50%, while implementingeiarop to conventional tillage
increased the energy inputs by an average of 8%.

The expenditure for tillage decreases by an averdgé2%, as compared with
conventional tillage, as a result if reduced t#dgr sugar beet and no-tillage system for
the other crops in crop rotation, and reducedgelfor sugar beet and winter triticale,
and no-tillage — for spring wheat and pea.

The highest yield value expressed in energy usitsbiained in conventional tillage
system for all the crops in crop rotation. The ligthyield decrease, by an average of
11%, as compared with the conventional tillage, vea®rded while applying stubble
intercrop in conventional tillage.

The highest energy effectiveness in crop rotatias whown for the system of
reduced tillage for sugar beet and no-tillage sysher the other crops in crop rotation.
As compared with conventional tillage, the effeetiess increased by 135%. The
lowest effectiveness was obtained for conventidiiabe with intercrop for sugar beet
and pea, conventional tillage — for spring wheat aimter triticale.

No-tillage recorded the lowest energy consumptidnwas 58% lower than
conventional tillage.

The lowest energy input per cereal unit was nobeddduced tillage for sugar beet,
and no-tillage for the other crops in crop rotatidndecreases by 55%, as compared
with conventional tillage.
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ENERGETYCZNE | EKONOMICZNE SKUTKI STOSOWANIA
UPROSZCZEN W UPRAWIE ROLI W ZMIANOWANIU

Streszczenie Badania obejmuaj okres drugiej rotacji zmianowania: burak cukrowy —
pszenica jara — groch siewny — pszago ozime (lata 1999-2002). Bwiadczenia prze-
prowadzono na obiektach o powierzchni 0,3 hektgray optymalnych warunkach
uprawowych. Zastosowanie uprawy uproszczonej padkbcukrowy, a systemu uprawy
zerowej pod pozostate gatunki uprawiane w zmiandwgsowoduje zmniejszenie
pracochtonnéci, ilosci zuzytego paliwa, a tate naktadoéw energetycznyéhednio o 50%
w stosunku do uprawy tradycyjnej, a kosztow o 4R¢%ajwyzsz efektywndcia energe-
tyczma w zmianowaniu charakteryzujeessystem, w ktérym pod burak cukrowy stoso-
wano upraw uproszczos, a pod pozostate §tiny uprawe zerows. Wzrasta ona o 135%
w stosunku do uprawy tradycyjnej stosowanej podysisre rdgliny zmianowania.
Najmniejsz efektywna¢ uzyskuje si stosujc uprave tradycyjra z miedzyplonem pod
burak cukrowy i groch siewny oraz uprawradycyjra pod pszeni¢ jara i pszeriyto
ozime.

Stowa kluczowe uproszczenia uprawy roli w zmianowaniu, energochbc,
efektywnd¢ systemow uprawy roli
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