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Z.emeés dirbimo uzdaviniai

1. MechaniSkai supurenti dirvos pavirsSiy, negadinant jo strukturos;

3. Sunaikinti augancias piktzoles, augaly kenkéjus ir ligy pradus
277777

4. Reguliuoti dirvoje oro, vandens ir Silumos rezima;
5. ISlyginti dirvos pavirsiy;
6. Apsaugoti dirva nuo erozijos. 77777777
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Grazumeeeelis .... Deginamos razienos




Arimo trukumai

Didelis pasiprieSinimas traukai, reikalauja daugiau
energijos, degaly

Dél galingy traktoriy naudojimo, didelis dirvos
suspaudimas

Susidaro armens “padas”

Suardomos dirvos poros, gadinama dirvos struktiara
Labai staiga pakeiciamos salygos dirvos florai ir faunai

Organinés trasos ir augaly liekanos jterpiamos sluoksniais
(nesumaisomos su dirva)

llgai trunkanti operacija
Ilgesni dirvos susiguléjimo terminai






Aktyviy temperatiury sumos augimas

Table 1. Average air temperature of 24 hours and sum of active temperatures during maize vegetative

period (April-September) in 2008-2015, Kaunas Meteorological Station

Year / Month  April May June July August  September S/AQ’
2008 8.8 12.1 16.0 18.1 17.9 12.2 2321
2009 8.9 12.7 14.8 18.4 16.9 13.8 2381
2010 7.4 13.7 16.5 21.9 19.7 12.0 2564
2011 8.9 13.1 18.1 19.6 18.1 13.6 2607
2012 7.7 13.7 15.3 19.4 17.1 13.3 2452
2013 55 16.1 18.5 18.1 12.1 12.3 2634
2014 9.1 13.2 14.6 20.5 17.8 13.5 2526
2015 7.1 11.4 15.4 17.4 20.3 14.3 2458
Average 6.9 13.2 16.1 18.7 17.3 12.6 \/
1974-2013

Note: SAT — sum of active temperatures (> 10 °C), °C.




Krituliy kiekio augaly vegetacijos metu varijavimas

Table 2. Rainfall (mm) during maize vegetative period (April-September) in 2008-2015, Kaunas

Meteorological Station

Year / Month  April May June July August September Sum

2008 32.1 35.5 83.2 43.0 99.3 27.0 320.1
2009 8.6 42.0 107.4 83.8 87.5 28.3 357.6
2010 58.5 84.8 127.0 101.0 112.0 63.3 546.6
2011 25.2 46.9 82.7 144.0 152.4 73.9 525.1
2012 72.3 50.3 93.4 112.8 69.2 67.2 465.2
2013 56.5 63.8 45.9 118.5 47.2 104.3 436.2
2014 21.3 84.2 49.4 52.5 111.3 20.7 339.4
2015 46.0 43.8 16.4 724 6.9 56.6 242.

Average 413 61.7 76.9 96.6 88.9 60.0 425.4

1974-2013




Krituliy kiekis, mm

Krituliy kiekis, mm

Krituliy kieis BALANDZIO ménesj
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Dirvozemio suspaudimas

Kietumas (MPa)
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GA - gilusis arimas 22-25 cm gyliu (kontrolinis palyginamasis variantas); SA - seklusis arimas 12-15 cm gyliu; GP -
gilusis purenimas 23-25 cm gyliu; SP - seklusis purenimas 12-15 cm gyliu; TS — nejdirbta Zeme (tiesiogine séja). ,
2016 m.
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Dirvozemio hidrologiniy savybiy blogéjimas







Zala dirvozemio struktiirai - vandens erozija
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Vejo erozija




Krituliy kiekio, iSkritusio per para, jtaka vandens susigérimui (infiltracijai) j dirvozemj
(Agrometeorologo zinynas, 1987)

Infiltracijos koeficientas Susigéres vanduo mm
Krituliai mm
1 1,0 1,0
5 0,92 4.8
10 0,82 9,1
15 0,72 12,9
20 0,62 16,2
25 0,52 19,0




Podirvio purenimas
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Agrisem armens purentuvas
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Vertikaliu rotoriy kultivatoriai







Mooy ¢

g

R

— |

- AP ——— g
- -




AN EOESNS.
R

; O X
2 B, VD, V. W

ARV OTAYS & A
e 5 00

;.;;%é’vmennm’_j ;
B



,,Rotorluota“ dirva

ol P '14!0"(4
' %

.4v' '.'\L’ "x.‘,up,'__-?
.Qll‘;ﬂ‘ﬂ.i'- ‘.,' !if' }‘.
y Iﬁ '
& R g ofi R
3“(5.?‘ iy - -v,.tr'«# ”,,,,,..;L’!ﬁ.ﬁ'"‘;'
b F“*J"
“.l"f .Td -‘fn'n. } '.,

,[ .

i




Frezinial kultivatorial




Labai susmulkina dirvozemj



,Rotoriuotos razienos*
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Volai:

@ — cilindriniai; b — Ziediniai; ¢ — kombinuotieji; d — pentininiai; e — giliam dir-

vos sluoksniui suspausti
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Ruozinis — juostinis Zemés dirbimas

VYTAUTO DIDZIOJO UNIVERSITETO ZEMES UKIO AKADEMIJA
_ ZEMES UKIO INZINERUJOS FAKULTETAS
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Skirtingos konstrukcijos séjamujy jtaka
rapsy sékly guoliavietés parametrams

Article
Soil Properties after Eight Years of the Use of
Strip-Till One-Pass Technology
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Figure 1. Site of research at Smielin, Kuyavian-Pomeranian province, Poland [36].




Table 5. Earthworms, microorganisms, and activity of soil enzymes (in 2020, n = 4) as a result of
different tillage systems; strip-till one-pass (5T-OF), reduced (RT), and conventional (CT).

Strip-Till One-Pass Reduced Conventional

Property Unit (ST-OP) (RT) (CT)

Earthw orms nom - 863 a 485 b X3¢
Earthworms g m— 1119 a 523b 232¢
Bacteria 108 cfu g" 446 a 367 b 313c
Cellulolytic microorganisms 10° cfu 5‘1 255a 224 b 179 ¢
Actinobacteria 10° cfu g ! 636 a 641a 430b
Filamentous fungi 10 cfu %4 628 a 55.7b 384 c
Dehydrogenase mg TPF kg™ 24 h-1 1.086 a 0.903 b 1.004 a
Alkaline phosphatase (AlP) mM pNP kg1 h! 1.106 a 0.985 b 0.899 ¢
Acid phosphatase (AcP) mM pNFP k;;*;'i h! 2231 a 2075 b 1921b
Catalase (CAT) mg Hy Oy kg‘l h-1 0467 a 0411 b 0452 a

a, b, c—letters in rows indicate significant differences at p < (L05.



B Rapeseed M Wheat
10

: 7.46 3 7.32a
6.81b

t ha'

0

Figure 4. Winter wheat and winter rapeseed yields (average in 2012-2020) depending on the soil tillage
treatments: strip-till one-pass (ST-OP), reduced (RT), and conventional (CT).
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Article
A Strip-Till One-Pass System as a Component of
Conservation Agriculture

Iwona Jaskulska '*, Kestutis Romaneckas 2, Dariusz Jaskulski ! and Piotr Wojewédzki 3

Conventional technology (CT) with mouldboard ploughing turning over plant residues
(with wheat as the subsequent crop);

Strip-till one-pass method ST-OP 36 (with wheat as the subsequent crop),

Strip-till one-pass method ST-OP 72 (with maize as the subsequent crop).
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Figure 1. Scheme of arrangement of previous crops and succeeding one to estimate the impact of
the tillage method on plant residues, one of three replications. CT, conventional; ST-OP 36, strip-till
one-pass, 36 cm strip spacing; ST-OP 72, strip-till one-pass, 72 cm strip spacing.



(D) (E) (F)
Figure 3. The site of the surface runoff and soil loss experiment. (A) Field on a slope of 11% gradient;

(B) Sedimentation container on a ploughed slope; (C) Sedimentation container on a mulched slope
(strip-till one-pass, ST-OP); (D) Field surface after storm (erosion), conventional cultivation (CT); (E) Soil
lost from CT field; (F) Soil lost from ST-OP.
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Figure 4. Soil loss during the growing season of winter rape (2015/2016), winter wheat (2016/2017),
and maize (2018) depending on the method of soil tillage. Conventional (CT) and strip-till one-pass
(ST-OP). The letters a and b indicate significant difference for tillage methods at p < 0.05.



Table 3. The aggregate size distribution (ASD), mean weight diameter (MWD), and soil aggregate
stability index (SAS) values, as a result of different tillage systems. Conventional (CT), reduced (RT),
and strip-till one-pass (ST-OP).

2 A Conventional Reduced Strip-Till One-Pass
follAsmeeaten.  (Unit (CT) (RT) (ST-OP)
Aggregate size distribution (ASD)
<0.25 mm Y% 11.3 9.5 10.2
0.25-0.50 mm %o 11.1 11.2 10.8
0.50-1.0 mm %o 134 10.7 11.0
1.0-2.0 mm Yo 12.0 12.7 11.8
2.0-3.0 mm Y% 14.1 15.1 14.0
3.0-5.0 mm % 16.6 17.2 16.5
5.0-7.0 mm Y% 13.7 14.2 13.4
7.0-10.0 mm Yo 7.8 9.4 123
Ccv Y% 20.8 225 16.6
Mean weight
diameter (MWD) mm 284b 3.04a 317 a
Soil aggregate stability index (SAS)
0.25-2.0 mm Yo 524b 635a 65.1a
2.0-10.0 mm % 413c¢ 496b 532a

The letters a, b, and ¢ indicate significant difference at p < 0.05.
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Figure 5. Soil water reserve in the 0-20 cm soil layer in the sowing period. (A) Winter barley (from 20 August
to 20 September, 2016-2018); (B) Maize (from 20 April to 20 May, 2017-2019).
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Figure 6. Spatial differentiation of soil moisture (% v/v) immediately after sowing winter barley.
The letters a, b, and ¢ indicate significant difference at p < 0.05.
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Figure 7. Spatial differentiation of soil moisture (% v/v) immediately after sowing maize. The letters a,

b, and ¢ indicate significant difference at p < 0.05.



Table 5. Inputs and CO; emissions as a result of different tillage systems. Conventional (CT),
reduced (RT), and strip-till one-pass (ST-OP).

Crop Unit Conventional (CT) Strip-Till One-Pass (ST-OP)
labor input

Winter barley min ha~! 142 a 28b

Maize min ha~! 175 a 23b

fuel consumption

Winter barley Lha™! 497 a 13.8b

Maize L ha™? 58.0a 122b

CO2 emissions

Winter barley kg ha™! 136.7 a 380b

Maize kg ha™! 159.5a 336b

The letters a and b indicate significant difference at p < 0.05.



Tausojancio zemés dirbimo pranasumai
prieS arimg

MazZesnis vandens nubégimas — iki 69 %;

Mazesnis dirvoZemio elementy iSsiplovimas — iki 90 %0;
Mazesnis dirvozemio tankis — iki 20 %0;

Didesnis poringumas — iki 4 karty;

Geresné vandens infiltracija — iki 75 %0;

Didesné dirvoZemio vandentalpa — iki 20 %;
Didesnis dirvoZemio agregaty stabilumas — iki 47 %o;
Didéja organinés medziagos — iki 22 %;

Mazesni fosforo nuostoliai — iki 65 %0;

MazZesni azoto nuostoliai — iki 85 %o;

Mazesné CO2 dujy emisija — iki 77 %;

Didesnis slieky kiekis — iki 7 kartuy;

Didesné slieky biomasé — iki 5 karty;
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Journal of Cleaner Production 201 (2018) 428—438
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Energy use and carbon emission of conventional and organic sugar )
beet farming i
Egidijus Sarauskis * ", Kestutis Romaneckas ", Frantisek Kumhala ¢, Zita Kriau¢itniené "
Table 4
Energy equivalent values of agricultural inputs and output.
Input/Output Energy equivalent Unit Reference(s)
Human labour 1.96 M| h! (Tabar et al., 2010)
Diesel fuel 39.60 M] L™ (Reineke et al., 2013; Tzilivakis et al., 2005)
Propane 50.80 M] kg™ (Bos et al., 2014)
Agricultural machinery (including self-propelled machines) 357.2 M] h! (Tabatabaeefar et al.,, 2009)
Seed (sugar beet) 50.00 M] kg ! (Erdal et al., 2007; Yousefi et al., 2014)
Seed (catch crop, i.e., mustard) 34.20 MJ kg (Reineke et al., 2013)
Manure 0.47 M] kg~! (FM) (Soni et al., 2013)
Herbicide 295.0 M] kg ! (Tabar et al 2010)
Fungicide 115.0 MJ kg (Tabar et al., 2010)
Insecticide 58.00 MJ kg (Tabar et al., 2010)
Nitrogen 40.00 M] kg ! (Reineke et al., 2013)
Phosphate 15.80 M] kg ! (Reineke et al., 2013)
Potassium 9.30 M] kg! (Reineke et al., 2013)
Boron 5.00 M] kg~! (Jacobs et al., 2016; Tzilivakis et al., 2005)
QOutput Sugar beet yield 17.28 M] kg ! (Reineke et al., 2013)

FM — fresh matter.



Table 6
Technological and energy indicators of farming pracices under different farm size {caloulated by authors, acoording to (LIAE, 2007 L

Famming practice Farmn Machinery Working Field capadity Working time Fuel consumpton
size (ha) power (KW width {m) (hah-") (h ha=") (Lha=")
Dreep ploughing (22—25 cm)) 2 &7 140 063 158 2340
10 &7 140 070 143 2290
20 &7 140 074 135 2260
40 102 1.75 094 1.06 2360
80 102 1.75 096 1.04 2380
Shallow ploughing (16—18cm) 2 &7 1.40 065 153 1740
10 &7 1.40 072 139 1690
20 &7 1.40 076 132 1660
40 102 1.75 096 1.04 1760
80 102 1.75 0498 1.02 1780
Chiselling { 25—30cm) 2 &7 250 1.06 094 1580
10 &7 250 1.18 085 1560
20 &7 250 121 083 1510
40 102 3.00 1.68 060 1430
80 102 3.00 1.7 058 1440
Stubble cultivation { 10—12 cm) 2 &7 3.00 1.68 059 730
10 &7 3.00 1497 051 702
20 &7 3.00 236 042 6.90
40 102 400 332 030 7.00
80 102 4.00 346 029 690
Dvscing ( 10—12 cm) 2 &7 3.00 125 080 1050
10 &7 3.00 138 o772 1000
20 &7 3.00 145 069 970
40 102 4.50 236 042 9.50
80 102 4.50 240 042 9.50
Pre-sowing cultivatdon (3—5cm) 2 54 4.00 234 043 &.10
10 54 4.00 249 040 580
20 54 400 258 039 5.70
40 83 600 4.00 025 5.70
80 83 600 4104 025 5.70
Conventional sowing 2 54 3.00 1.14 0OEE 5.10
10 54 3.00 128 078 480
20 54 3.00 129 77 470
40 54 600 251 040 320
80 54 600 254 039 330
Dvirect sowing 2 &7 3.00 112 089 730
10 &7 3.00 1.19 084 6.50
20 &7 3.00 120 083 6.30
40 83 4.00 1.67 as0 620
80 83 400 1.69 0549 6.20
Inter-mw sowing 2 45 3.00 125 0e0 690
10 45 3.00 143 070 660
20 45 3.00 148 068 660
40 45 3.00 151 066 660
80 45 3.00 1.54 065 660
Spraying 2 &7 2400 878 11 139
10 &7 2400 1116 009 0498
20 &7 2400 1177 008 0.90
40 &7 24.00 1218 Q.08 085
80 &7 24.00 1239 Q.08 084
Fertilisation 2 54 2400 1201 008 0.70
10 54 2400 1417 007 060
20 54 2400 1433 007 0.50
40 &7 2400 14949 007 060
80 &7 24.00 1557 006 060
Manure distribution 2 138 12.00 225 044 790
10 138 12.00 245 041 730
20 138 12.00 251 040 7.10
40 138 12.00 254 039 7.10
80 138 12.00 256 039 720

Inter-mw loosening 2 54 12.00 2.06 0449 4.10
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Fig. 1. Effect of tillage method on the energy inputs of sugar beet production on farms of various sizes (ha). T1-DP—deep ploughing (control), T2-SP — shallow ploughing, T3-DC —
deep chiselling, T4-SC — discing as shallow cultivation, T5-NT — no tillage. The values within the same treatment (tillage method) followed by a different letter (a, b, ...) statistically
significantly differ at P < 0.05. Asterisk (*) shows statistically significant differences within the same farm size at P < 0.05, compared with T1-DP (control).
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Fig. 2. Effect of weed control method on the energy inputs of sugar beet production on farms of various sizes. T6-MWC1 — mechanical weed control (inter-row loosening), T7-
MWC2—mechanical weed control (inter-row cutting and mulching with weeds), T8-SWC — smothering weed control (inter-row cutting and mulching with catch crop), and T9-
TWC — thermal weed control (steaming). The values within the same treatment (tillage method) followed by a different letter (a, b, ...) statistically significantly differ at
P < 0.05. Asterisk (*) shows statistically significant differences within the same farm size at P <0.05, compared with T6-MWC1 (control).



Table 8
Carbon emission (CE) indicators of conventional sugar beet farms under different farm size.

Treat-ments Farm size (ha) Carbon input (kg ha™!) Yield CE output CE ratio
. . . — — (tha 1) (kg ha 1)
Machinery Diesel fuel Seed Chemical Fertilizers Pesticides Total

T1-DP 2 4220 441.1 1097.4d 15.83a
10 3922 418.6 1045.0¢ 16.62b
20 3803 411.6 14.20 175.3 4480 1026.1b 4343a 17372a 16.93c¢
40 3326 405.2 972.0a 17.87d
80 3241 396.9 955.3a 18.19e

T2-5P 2 4195 4246 1078.3e* 16.27a*
10 390.2 402.0 1026.5d* 17.09b*
20 3788 395.0 14.20 175.3 44 80 1008.0c* 43.86a 17544a 17.40c*
40 3316 388.6 954.4b* 18.38d*
80 3231 380.4 937.7a* 18.71e*

T3-DC 2 390.2 420.2 1044.6e* 16.26a*
10 3634 398.5 996.0d* 17.06b*
20 3544 390.9 14.20 175.3 4480 979.5¢* 4247a 16988a 17.34b*
40 309.7 379.5 923.4b* 18.40c¢*
80 301.2 371.0 906.4a* 18.74d*

T4-SC 2 3836 405.5 1023.0e* 17.01a"
10 3569 383.0 974.1d* 17.87b*
20 3475 376.0 14.20 175.3 4480 957.6¢* 4351a 17404a 18.17¢*
40 3008 366.3 901.2b* 19.31d*
80 2933 3575 885.0a* 19.67e*

T5-NT 2 298.7 3495 907.6¢c* 17.970a*
10 2833 3274 870.2b* 18.74b*
20 2799 3213 14.20 175.3 70.00 860.6b* 40.77a 16308a 18.95b*
40 2664 3156 841.5a* 19.38¢*
80 2595 306.8 825.7a* 19.75¢*

Note: T1-DP — deep ploughing (control), T2-SP — shallow ploughing, T3-DC — deep chiselling, T4-SC shallow cultivation (discing), and T5-NT — no tillage. For the yield and CE
output the values followed by the same letter (a) do not statistically significantly differ, P > 0.05. For the total C input and CE ratio within the same treatment the values
followed by a different letter (a, b, ...) statistically significantly differ at P < 0.05. Asterisk (*) shows statistically significant differences within the same farming system and farm
size at P < 0.05, compared with the first treatment.
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Table 7

The main technological and energy indicators of various faba bean technological operations (prepared based on LIAE [33] and calculated by the authors).
Technological operation Machinery power (kW) Working width (m) Field capacity (ha h™") Working time (h ha ) Fuel consumption (L ha™!)
Stubble cultivation 102 3.00 2.19 0.46 8.4
Deep ploughing 67 1.05 0.53 1.88 24.8
Shallow ploughing 67 1.05 0.55 1.81 17.9
Deep cultivation 102 3.60 1.41 0.71 16.7
Shallow cultivation 102 3.00 2.00 0.50 8.8
Pre-sowing cultivation 67 3.60 2.29 0.44 6.7
Conventional seeding 67 3.00 2.36 0.42 35
Direct seeding 67 3.00 2.15 0.46 6.5
Spraying 67 12.00 11.16 0.09 1.0
Fertilization 54 12.00 1417 0.07 0.6

Harvesting 90 3.00 0.84 1.19 23.7
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Fig. 1. Fuel consumption and savings for beans production using different tillage
technologies.
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chiselling, shallow cultivation, and no tillage, respectively.



Table 8

Effect of tillage technologies on yield and energy efficiency indicators in faba bean production.

Treatments Energy input Yield of grain Energy output Energy efficiency Net energy Specific energy Energy productivity
M] ha-1 Mg ha-1 M] ha-1 ratio M] ha-1 M] kg1 kg MJ-1
T-1-C 12613c 4.22a 84333a 6.69 ab 71720a 3.39 ab 0.33ab
T-2 12315bc 3.86a 77200a 6.26 b 64885a 363 b 0.30b
T-3 11872 ab 441a 88133a 7.42a 76261a 2.95a 0.37 ab
T4 11484a 4.10a 82000a 714 ab 70516a 323 ab 0.36ab
NT 11419a 4.24a 84800a 7.43a 73381a 2.74a 0.37a
p < 0.05 715.61 0.62 12,468 1.15 12,569 0.77 0.06
700
600 i a
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Fig. 3. Environmental mitigation of GHG emissions in faba bean production through
different tillage methods*. *T-1-C, T-2, T-3, T-4, and NT represent deep ploughing
(control), shallow ploughing, deep chiselling, shallow cultivation, and no tillage,

respectively.
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Pagrindiné¢ 1Svada:

' Becaiuse of }he re:duced wnrkiné depth and the simplified techno-

logical processes, agricultural machinery consumes less diesel fuel
in sustainable tillage systems than in the conventional DP system.
This reduction in diesel fuel consumption has positive implications
for environmental protection because environmental pollution and
CO, emissions from agricultural machinery are reduced. The most
environmentally friendly system was the NT system, which result-
ed in approximately 107 kg ha™ ' of CO; emissions from agricultural
machinery. In other tillage systems (DP, SP, DC, and SC), the CO-
emissions from the machinery were 2 to 2.5 times higher.
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Table 1

Correlations between soil properties and C05 emissions before autumn tillage.

Soil properties Depth CO,emissions (umol m—2s~")
(cm) 2010 2011 2014 2010/2011,2014
Temperature (°C) 0-10 n —0.918° —0329 —0.977""
Penetration resistance 0-10 n —0.734 —0674 n
(MPa) 10-20 —-0.708 —-0.799 —0864 —0523"
Density (gcm™?) 0-10 n n 0.407 n
10-20 n n n 0.869""
Moisture (%) 0-10 n —0.860 —0644 0.418
10-20 n n n 0.751"
Megastructure (%) 0-15 n 0750 0.347 n
15-25 0471 0.780 0.415 —0.478
Macrostructure (%) 0-15 n —0.749 —0344 n
15-25 —-0481 —-0.712 —-0461 0.487
Microstructure (%) 0-15 n —0.750 —0376 —0.370
15-25 n —0.683 0425 n
Water-stable structure 0-15 n n —0409 n
(%) 15-25 n 0562 —0.260 n
Total porosity (%) 0-10 n n n —0.816""
10-20 n —0.389 —0355 —0.836""
Aeration porosity (%) 0-10 0386 0476 n —0.830""
10-20 n n n —0.878""

Mote: n - not significant and very weak correlation,
* Differences significant at the 95% probability level
** Differences significant at the 99% probability level



Table 2

Cormrelations between soil properties and CO, emissions after autumn tillage.

Soil properties Depth CO,emissions (umal m=257")
€m) o009 2010 2011 2014 20092010/
201172014

Temperature 0-10 0.359 n 0304 n n
("C)

Penetration 0-10 —0931" n —0944" —0944° —0.745"
resistance 10-20 —0908" n —0.819 —0958* —0.713"
(MPa)

Density (g {:m3] 0-10 —0.588 0.821 n —0826 n

10-20 —0.776  0.608 n — 0667 n

Moisture (%) 0-10 —0.823 —0.390 n —0.868 —0.370

10-20 —0415 —0344 n 0.819 n

Megastructure 0-15 0.671 —0.403 n —0692 —0.318
(%) 15-25 0.815 0.529 0.893" 0.361 n

Macrostructure 0-15 —0.688 0406 n 0.599 n
(%) 15-25 —0.754 —0556 —0.879"° —0330 n

Microstructure 0-15 0.656 n 0673 0.820 0328
(%) 15-25 n n —0.896" n —0.336

Water-stable 0-15 —0.861 n —0714 —0984" n
structure of 15-25 —0470 -—-0.578 n —0B28 n
(%)

Total porosity 0-10 - 0.845 n 0.860 0.620"
(%) 10-20 - n n 0.628 0436

Aeration porosity  0-10 - 0900 0593 0919’ o727
(%) 10-20 - n —0.643 0.494 0333

Soil pH 0-15 - 0.598 0918’ n n

15-25 - 0.577 0867 0.675 0387

Plant available 0-15 - —0.454 n n n
phosphorus 15-25 - n 0455 0932 n
content ( mg
kg™

Plant available 0-15 - —0.593 —0.428 —0511 n
potassium 15-25 - n n 0919’ 0356
content ( mg
kg™

Saccharase 0-25 - n n —0655 n
activity (mg
glucose 1 g soil
per 24 h)

Urease activity 0-25 - —0.756 —-0.816 —0678 —0.617"
(mgNH;1g
soil per 24 h)

Mote: “-" - not analysed, n - not significant and very weak correlation.

* Differences significant at the 95% probability level.
** Differences significant at the 99% probability level.
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Table 3. The etfect of the tillage systems on the soil chemical composition (015 cm soil layer).

Tillage S5ystem Timing 50il Chemical Composition
pHuo, mol 11 P05, mg kgt  K:O0,mgkg! Mg mgkg! Nioal, %o
2016
_ BS 7.1 231 85 360 0131
Deep ploughing AH 7.4 237 104 437 0129
] BS 7.0 248 108* 347 0.143
Shallow ploughin
oW ploughung AH 7.4 257 122 434 0139
L o BS 7.4 250 120+ 446 0142
Deep cultivation-chiselling AH 7.3 194 101 346 0.130
e 1 B3 k 1
Shallow cultivation-disking ji] ;: izj 114”98 . ;2‘2 giij
. M =
Notl BS 6.7 233 116 274 0.168*
o-ttiage AH 7.0 250 119 312 0.157¢
2017
_ BS 7.1 246 136 426 0120
Deep ploughing AH 7.0 255 144 455 0128
BS 7.1 245 146 489  0.148%
Shallow ploughin
oW ploughung AH 7.0 233 158 463  0.141
L o BS 7.4 242 148 481  0.131%
Deep cultivation-chiselling AH 6.8 243 165 485  0.134
BS 7.2 270 168 634 0.149*
Shall ltivation-diski
1atiow cultivation-disking AH 7.0 257 180 610  0.145
Notl BS 7.1 276 166 608  0.143*
o-ttiage AH 7.1 268 206 544 0.146
2018
. BS 7.3 309 123 282 0.116
Deep ploughin,
eep plougiims AH 7.3 322 132 208 0.115
BS 6.9 347 150 358 0.144%
Shallow ploughin
oW ploughung AH 6.9 347 156 260 0.164*
L o BS 6.6 318 132 242 0.136*
D Itivation-chisellir
Sep ciivation-Cuseting AH 6.9 300 152 286 0.148*
o BS 6.8 336 147 256 0.138*
Shallow cultivation-disking AH 6.7 376 188 268 0.161%
) BS 6.4 384 181 208 0.158*
No-till
o-tage AH 6.4* 355 201* 198 0.173%




Table 4. The eftect of the tillage systems on the soil chemical composition (15-25 cm soil layer).

Tillage System Timing  Soil Chemical Composition
pHuc, mol 12 P:0s, mg kgt K:0,mgkg' Mg mgkg' - Nuwa, %

2016
Depplovging 73 » % w0
Shallow ploughing EIS_I g; ig;_ ;;?E i;g gi?
Deep cultivation-chiselling EIZ gz g; z;: :g; gﬁg
Shallow cultivation-disking EIEEI ;i i:é zz: gg: g?;;

: 0

; oo e m

2017
Depplogiing 15 76 i o w o
Shallow ploughing EIS_I 33 T;é ﬁi i;"; gig-ﬁl
Deep cultivation-chiselling EIZ g; lf;: ?:;: 221 gﬁi
Shallow cultivation-disking Elsil g; .lf:;‘ ?;; }i‘?’? gﬁ;
No-tillage EIEEI ;; lf;: T[;? 223’ gig;

2018
Decpplovghing 73 o 10 % o
Shallow ploughing EIS_I ;? ;ig ig; gzg gii
BS 6.6 204 78* 236 0.115
Deep cultivation-chiselling AH 6.8 173 7 214 0.112
o L BS 6.7 210 78* 218 0.116
Shallow cultivation-disking AH 71 217 80 214 0.126
BS 6.8 254 100 234 0.125
No-tillage AH 7.0 236 96 212 0.123

BS, before sowing; AH, atter harvesting; * significantly ditferent at P < 0.05 tfrom the control (deep
plowing, DP) within columns; ** at P < 0.01.



Table 6. The etfect of the tillage systems on the COz e-flux and the concentration above the ground.

Tillage System CO: e-Flux Rate, pmol m-2 51 CO: Concentration Above the Ground, ppm
Beginning of Middle of End of Beginning of Middle of End of
Vegetation Vegetation Vegetation Vegetation Vegetation Vegetation
2016
Deep ploughing 221 4.47 3.85 389.7 383.7 394.2
Shallow ploughing 2.90 3.81 3.27 387.2 409.5 3924
Deep cultivation- 3.22 293 5.75 387.1 3863 393.7
chiselling
shatlow cultivation- 2.74 5.06 3.29 391.0 3829 390.9
disking
No-tillage 2.97 3.97 4,49 386.9 383.1 394.6
2017
Deep ploughing 3.19 343 2.00 387.8 3918 389.8
Shallow ploughing 2.65 7.66%* 2,93 389.0 406.1 388.7
Deep cultivation- 3.68 4.28 1.80 388.0 399.7 388.0
chiselling
shallow cultivation- 2.72 347 1.65 387.2 410.1* 387.5¢
disking
No-tillage 4.35 4.20 2.38 390,87 393.7 387.4%
2018
Deep ploughing 3.57 5.02 2.32 390.5 395.2 376.6
Shallow ploughing 2.58 3.07 6.84* 387.4% 388.9 3911
Deep cultivation- 2.8 3.12 9,75+ 388.1 388.1 393.9
chiselling
shallow cultivation- 4.33 3.51 5.68* 389.5 388.9 3814
disking
No-tillage 2.46 3.15 5.54* 388.2 397.0 383.6

* Signiticantly ditterent at P < 0.05 trom the control (deep plowing, DP) within columns; ** at P < 0.01.



4. Conclusions

The highest concentration of potassium and total nitrogen in the soil was determined in
nonreversibly tilled plots, especially in no-tilled soil, so faba bean crop enriched the soil with these
elements through vegetation. The strongest influence was observed in 2018. The precrop residues on
the topsoil prevented rapid evaporation of moisture. Consequently, higher moisture content was
found in the topsoil layer of minimally or no-tilled plots compared with the deeply plowed soil. At
the beginning of faba bean vegetation, more humid no-tilled plots warmed up slightly more slowly
than the cultivated ones because the temperature of the topsoil was negatively related with the
moisture content (r =-0.912; P < 0.01). The CO: e-flux and its aboveground concentration in the faba
bean cultivation were generally not significantly affected by different tillage systems. These
indicators were more dependent on meteorological conditions such as temperature and rainfall (r =
0.792 and 0.841; P = 0.01). In general, plowless tillage and no-tillage systems increased the amount of
available nutrients (N, P, K, and M) in the soil. Faba bean crop largely increased the composition of
potassium and total nitrogen and stabilized the soil COz respiration during a single vegetative period.
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ISVADOS

Skirtingas rudenis Zemés dirbimas neturéjo esminés jtakos
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turéejo tyrimuy mety meteorologineés salygos. Perteklines
drégmés salygomis produktyvesni buvo kukurazai, auge giliai
artoje dirvoje.
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- slieky skaiciaus (r = 0,980, kai P > 0,01);
- biomasés (r = 0,989, kai P > 0,01);

Augalinés
liekanos x
sacharazeé (r =
0,519, kai P >
0,05

Sliekdi x

sacharazé (r =
0,508, kai P <
0.05

Augalinés liekanos x
trum. piktZoliy skaicius
ir biomasé

(r=-0,784; I = —0,748, kai
P<0.05). v 7

Sliekai x pupu sékly

baltymingumas (r = 0,654, kai

P <0.05) .

A 4

0,910 ir 0,902, kai P < 0.05).

DirvoZemio struktira
Taip pat nustatyta koreliacija tarp slieky skaiciaus ir biomasés bei dirvozemio struktiiros stabilumo (r =

Sliekai x simbiotiniy
gumbeliq skaicius ant pupy
Sakny (r = 0,611, kai P <0.05)

Dirv. struktiira x simbiotiniy
gumbeliy skai¢. (r £ 0,815, kai P <
0.05) T




Soil biological conditions

Table. Effect of different tillage systems on soil enzymatic activity in faba bean cultivation

Saccharase Urease
Tillage i
mg glucoses 1 g of soil per 48 h mg NH; 1 g of soil per 24 h
system
2016 2017 2018 2016 2017 2018
DP 23.2 27.7 27.4 0.08 0.16 0.17
Sp 19.7 27.2 29.9 0.11 0.16 0.23
DC 27.4 37.6 36.1 0.15 0.28 0.30
SC 26.5 33.8 40.4 0.19* 0.39* 0.55 **
NT 38.6* 49 .2%* 50.0 ** 0.25** 0.61** 0.45 **

Note: DP — deep ploughing, SP — shallow ploughing, DC —
deep cultivation, SC — shallow cultivation, NT — no-tillage
(direct drilling). * — significant differences from the control
treatment (DP) at p < 0.05, ** — at p < 0.01.




Table . Effect of different tillage practise on number (m2) and fresh biomass (g m2) of earthworms

2016 2017 2018
Tillage system
number biomass number biomass number biomass

Deep ploughing 133.3 39.5 81.5 23.5 90.2 27.1
Shallow ploughing 154.0 60.0 80.3 42.9 113.2 33.7
Deep cultivation 109.3 72.0* 82.5 49.9 158.5 63.1*
Shallow cultivation 81.0 75.5%* 69.8 96.0** 161.2 57.0*
No-tillage 196.3* 129.2%* 119.5 134.7%* 156.5 58.6*

Note: * — significant differences from the

control treatment (DP) at p < 0.05, ** — at p <

0.01.

AGRICULTURAL AND FOOD SCIENCE

K. Romaneckas et al. (2019) 28: 101-111

Impact of sustainable tillage on biophysical properties of Planosol
and on faba bean yield

Kestutis Romaneckas, Rasa Kimbirauskieng, Aida Adamaviciene, Sidona Buragiené, Ausra Sinkevicieng, Egidijus
Sarauskis, Algirdas Jasinskas and Aleksandra Minajeva




Impact on environment

Effect of tillage systems on CO2 e-flux and concentration above the ground

Tillage system

CO, e-flux rate pmol m2 st

CO, concentration above the ground ppm

beginning of middle of . beginning of middle of end of
. . end of vegetation . : .

vegetation vegetation vegetation vegetation vegetation
2016
Deep ploughing 2.21 4.47 3.88 389.7 383.7 394.2
Shallow ploughing 2.90 3.81 3.27 387.2 409.5 392.4
Deep cultivation-chiselling 3.22 2.93 5.75 387.1 386.3 3937
Shallow cultivation-disking 2.74 5.06 3.29 391.0 382.9 3909
No-tillage 2.97 3.97 4.49 386.9 383.1 394.6
2017
Deep ploughing 3.19 3.43 2.00 387.8 391.8 389.8
Shallow ploughing 2.65 7.66** 2.93 389.0 406.1 388.7
Deep cultivation-chiselling 3.68 4.28 1.80 388.0 399.7 388.0
Shallow cultivation-disking ~ 2.72 CO2 e-flux and concentration above the ground in faba bean
No-tillage 455 cultivation were generally not significantly affected by different tillage
2018 systems. These indicators were more dependent on the meteorological
Deep ploughing 3.57 conditions, such as temperature and rainfall (r =0.792 and 0.841).
Shallow ploughing 2.58
Deep cultivation-chiselling 2.82 3.12 9.75%* o09= 000 o9
Shallow cultivation-disking 4.3 351 5.68* 389.5 388.9 3814
No-tillage 2.46 3.15 5.54* 388.2 397.0 383.6

*, significantly different at P<0.05 from the control (deep ploughing, DP)

within columns; **, at P<0.01.




Harmful emissions from the burning of faba bean waste pellets, 2018.

Tillage CO, O, CcO NO, CH, SO,,

systems % % ppm ppm ppm ppm
DP 4,1 15,2 1072 151 56 2,0
SP 3,6 16,3 3293 129 243 4,9
DC 4,7 14,4 1314 187 70 0,0
SC 3,2 16,6 1443 91 100 0,0
NT 4,2 15,2 2879 202 250 1,3

Note: DP — deep ploughing, SP — shallow ploughing, DC — deep cultivation, SC — shallow cultivation, NT — no-tillage (direct
drilling). * — significant differences from the control treatment (DP) at p < 0.05, ** — at p < 0.01.




“Graduva” 2004 m.
Zieminiai rapsai




Zieminio rapso pasélis atsinaujinus vegetacijai 2004 05 05 d. (tradiciné technologija)
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Zieminiai kvieciai

Zieminiy kvie¢iy pasélis 2004 m. pavasarij, atsinaujinus vegetacijai: a) tradicinés technologijos; b)
beplugés technologijos; c) tiesioginés séjos technologijos.
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Zieminiy kviediy paséliai skirtingy zemés dirbimo technologijy taikymo salygomis: a)
tradicines: b) beonluaes: ¢) tiecioadines ceios




Agricultural company
»KRETUVOS AGROSERVISAS*

2009-2010
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»AGRISEM* drill:

 scattered sowing method,;
* higher speed of process;
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ALBINO NAVICKO UKIS., PAKRUOJO RAJ. 2009-2010

Zieminiy rapsu séja

“Agrisem” gilaus purenimo ir sé¢jos agregatas (Pakruojo r. 2009 m.)
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Zieminiu rapsu produktyvumo parametrai

Augaly Ankstareliy | 1000 sékly | Biologinis
skaiCius skaiCius mase g sékly
kv. m kv. m derlius
t/ha
76,8 6129 6,0 5,19




Zieminiy kvieciy séja (pries tai skusta lékstiniu skutik
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Zieminiy kvie¢iy produktyvumo parametrai

Augaly Produktyviy | 1000 sékly | Biologinis
skaiCius stieby mase g sékly
kv. m skaicCius derlius
kv. m t/ha
284 531 33,4 6,10




I. BITINO UKIS, KLAIPEDOS RAJ., PLIKIAI , 2009-2010

Zieminio rapso sé¢ja

»Agrisem* s¢jamoji (Klaipédos r., 2009 m)
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Zieminiy rapsy produktyvumo parametrai

Augaly Ankstaréliy | 1000 sékly | Biologinis
skaiCius skaiCius mase g sékly
kv. m kv. m derlius
t/ha
143 3921 5,2 5,14




Dirvos kietis MPa

Zieminiy kviecCiu séja
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Zieminiu kvie¢iy produktyvumo parametrai

Augaly Produktyviy | 1000 sékly | Biologinis
skaiCius stieby mase g sékly
kv. m skaicCius derlius
Kv. m t/ha
381 511 44,0 7,09




2010 mety zieminiy rapsy séja

Skusta + giliai purenta + pakrikai séta
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