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Advantage and disadvantage of minimum tillage systems in Hokkaido

Kazuo Ocawa and Jiro WATANABE

Hokkaido National Agricultural Experiment Station
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Table 1 Effect of tillage methods on percentage germination of soybean
on Gleyic Andosol (1985).
Tillage 3 June—6 June 6 July—8 July Total
1. Conventional tillage
(Plowing+15 cm rotary tilling) 2% 23% 9%
2. Minimum tillage: 2a Chiseling
(65 cm row spacing) 9 4 7
3. Minimum tillage: 2b Shallow rotary tilling 01 8 99

(5 cm deep)

No seeds germinated from 7 June to 5 July due to severe drying of the soil.

Table 2 Effect of tillage methods on
moisture content in Gleyic
Andosol under dry condition
(18 June 1985).

Moisture content (%)

Tillage*
0—2cm 2—4cm 5—~10cm
1 3.9 7.7 22.8
a Chiseled part 3.9 15.8 275
Unchiseled part 6.4 14.4 224
2b 4.5 18.0 29.5

*See tillage methods in Table 1.
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Table 3 Distribution of N, P and K in Gleyic Andosol in relation to tillage

methods, 9 July 1984.%

Tillage® Depth N(mg/100 g dry soil) Troug—P,0; Ex. K
Hage (cm) NH,-N NO,-N Total  (mg/100 g dry soil) (me/100 g dry soil)

0~5 0.80 0.45 1.25 12.37 0.30

1 5~10 0.87 0.27 1.14 9.62 0.24

10~20 0.44 0.25 0.69 5.95 0.26

0~5 2.72 1.93 4.65 11.90 0.77

2a 5~10 0.41 1.00 141 9.62 0.37

10~20 0.40 0.48 0.88 6.87 0.32

0~5 1.15 1.57 2.72 11.91 0.68

2b 5~10 043 1.23 1.66 11.90 0.36

10~20 0.78 0.50 1.28 7.33 0.30

* See tillage methods in Table 1.
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Table 4 Yield response of soybean and
sweet corn to tillage methods.

1st yr. (1983) 2nd yr. (1984) 3rd yr. (1985)

Tillage*  Soybean Sweet corn Soybean
(bean kg/ha) (ear kg/ha) (bean kg/ha)
1 2,630 11,220 3,060
2b 2,510 10,550 3,090
2a 2,410 10,940 3,090
LSD (0.05) 202 750 264

* See tillage methods in Table 1.
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Fig. 1 Changes in soil moisture content in conven-
tionally tilled Pseudogley field during wet
season after snow melting period was over
on 10 April 1981.

Table 5 Yield response of sweet corn and soybean to tillage methods on
Gleyic Andosol,Pseudogley and Brown Lowland soil.

1st yr. (1983)

2nd yr. (1984) 3rd yr. (1985)

Soil Tillage* Sweet corn Soybean Sweet corn

(ear kg/ha) (bean kg/ha) (ear kg/ha)

1 11,950 (100) 2,330 (100) 12,800 (100)

Gleyic Andosol 2a 11,680 ( 98) 2,350 (101) 13,030 (102)
2b 11,530 ( 96) 2,350 (101) 13,770 (108)

1 10,400 (100) 2,000 (100) 13,080 (100)

Pseudogley 2a 10,950 (105) 1,650 ( 83) 10,100 ( 77)
2b 9,900 ( 95) 1,900 ( 95) 10,340 ( 79)

1 11,700 (100) 1,300 (100) 10,800 (100)

Brown Lowland soil 2a 11,400 ( 97) 1,450 (112) 10,860 (101)
2b 12,100 (103) 1,400 (108) 10,350 ( 96)

* See tillage method in Table 1.
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Table 6 Effect of tillage methods on soil clod distribution, growth and
yield of two soiling crops on Pseudogley.

. Clod distribution (%)  Number of  Plant height** Yield (kg/ha)
Crop Tillage™** _— .k
>3 cm <lcm  germination {cm) Fresh matter Dry matter
1
(Spring—plowed,
Oats rotary tilled) 17 45 50 81 27,400 5,840
2b 8 61 56 87 30,290 6,470
1
(Fall—plowed,
spring—rotary tilled) 9 60 172 60 40,030 9,080
Corn 1
(Spring—plowed, 21 46 123 58 31,700 6,980
rotary tilled)
2b 3 60 182 66 43,710 9,570

* Number of germination per 50 cm and 50 m length of row for oats and corn, respectively.
** Qats: 13 July 1981, Corn: 24 July 1981.
**¥ See tillage methods in table 1.
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Table 7 Effect of Tillage methods on wind erosion on Gleyic Andosol,
PM 3:30 14 May—AM 9 : 00 15 May 1986.

Soil removal by wind (g dry soil/petri dish)

Tillage™* No. of petri dish* _
1 2 3 4 5 6 7 8 9 10 * s
1 125 280 4.06 793 5.02 533 2.70 752 550 519 473 201
2a 0.84 020 119 020 036 021 0.61 049 034 0.12 046 034
2b 206 121 591 334 488 3.17 7.48 1452 218 212 469 397
2a+residue muich 0.30 0.08 0.10 0.07 0.08 0.13 0.10

* Petri dishes were placed 1 m interval in parallel with dominant wind direction.
** See tillage methods in Table 1.
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Table 8 Physical properties of surface soil used for wind erosion experiment.

Bulk Moisture MWD of Clod distribution®? (%)
Tillage™* density®  content** air dry soil*3
(g/cm?) %) (mm) 3—2cm 2—lcm <lcm

1 0.81 10.6 3.50 2.0 10.0 88.0
2a (1) Unchiseled part 0.92 13.3 — — — —

(2) Chiseled part 0.81 16.8 5.31 10.1 10.9 70.0

(3) (1)+residue mulch 0.84 27.0 — — — —

(4) (2)+residue mulch 0.80 18.0 — — — —
2b 0.71 7.7 3.62 3.2 104 86.4

Depth examined: * 0—2 cm, ** 0—5 mm, *3: tillage 1 0—10 cm, Tillage 2a, 2b 0—5 cm.
*#: See tillage methods in Table 1
MWD: Mean weight diameter

Table 9 Wind tunnel experiment on wind erosion on tilled and untilled soils.

Soil removal by wind MWD  Bulk density
. . (g air dry soil/min/m?) . of air at 0—2 cm
Soil Tillage - Ratio dry soil depth
1 2 3 4 5 x (mm) (g/cm?)
Tilled 886.5 662.0 812510420 — 850.8 100 1.06 0.74
Brown Andosol (5.8) (6.5) (54) (6.2)
(Entic Dystrandept) Untilled 11.5 345 44.0 37.0 21.0 30.7 4 — 0.79
4.6) 4.3y 4.1) 4.0 4.0
Tilled 745.0 6955 638.0 656.0 — 683.6 100 1.63 0.70
. (7.0) (74 ®.4 (7.2)
Gleyic Andosol Untilled 3000 73.0 1135 — 1622 24 — 0.79
6.0) (6.0) (5.6)
Tilled 180.5 153.0 418.0 3245 — 269.0 100 2.45 0.80
(b5.5) (.7 (5.5 (6.4)
Pseudogley Untilled 250 19.0 350 440 360 318 12 _ 0.92
47 4.1 (6.1 .1 (.0

Figures in parentheses are moisture content (%)
MWD: Mean weight diameter
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Table 10 Runoff and sediment yield from corn field at Coshocton, Ohio,

during a severe rainstorm

on 5 July 1969

(HARROLD & EDWARDS, 1972).

Till Slope Rainfall Runoff  Sediment yield
rage %) (cm) (cm) (kg/ha)
Plowed, clean-tilled, sloping rows 6.6 14.0 11.2 50,700
Plowed, clean-tilled, contour rows 5.8 14.0 5.8 7,200
Non-tillage, contour rows 20.7 12.9 6.4 70

FHEICTVFTHHRSANE VG, BITEOMKERS 2
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Fig. 2 Effect of soil stirring on accerelating soil C
decomposition in Brown Lowland soil.
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TIBEOEED RSO HIBOEBEEIL L 5 THR
DIRESNLZ EPROLNTW S, Fig.2 Tid, WE
FAZO W THEBPRESTIEAROSBLREL, Zh
2T b WAL EIZ R T13~14% O3B E D TRD
LRTWAE, Table 11 MY 1T - 2HBL 5 H
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FEiz87:55~20cm BOFEE 100 g 47210 D COp FE4E
BRNEHEZIT- T s EEHTHOS~20em BT

Table 11 Effect of tillage methods on CO, production in Gleyic Andosol
{20 day incubation at 30 °C, pF 1.5, 6 replicates).
Physical properties of soils incubated, 30 June 1986 CO, produﬁtion
Depth
Tillage* (crll) Bulk density Three phase distribution at pF 1.5 (vol %) (mg/lO? g (kg/ha)
(g/cm?) Air Liquid solid dry soil)
0—5 0.76 37.0 37.1 25.9 65.1 247
1 5—10 0.81 32.0 384 29.6 64.2 260
10—20 0.81 30.3 38.5 31.2 72.1 584
1,091
0—5 0.98 17.3 43.8 389 715 350
2a 5—10 1.01 13.2 47.0 39.8 47.1 238
10—20 1.02 13.0 46.4 40.6 40.5 413
1,001
0—5 0.75 332 37.0 29.8 139.8 524
2b 5—10 1.09 10.3 48.2 41.5 57.8 315
10—20 1.05 11.6 47.2 41.2 41.8 439
1,278

* See tillage methods in Table 1
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Fig. 3 Effect of tillage methods on distribution of
T—C in Pseudogley.
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Fig. 4 Diurnal changes in soil temperature at 5 cm
depth during soybean germinating stage in
conventionally tilled and chiseled Gleyic
Andosol.
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Fig. 5 Diurnal changes in soil temperature at 5cm
depth during soybean germinating stage in
chiseled and shallowly rotary tilled Gleyic
Andosol.
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Fig. 6 Effect of tillage methods on soil temperature
at 5 cm depth in Gleyic Andosol cropped

with soybean {1985).
*See tillage method in Table 1.
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Fig. 7 Effect of muich on Soil temperature at 5cm

depth in chiseled Gleyic Andosol cropped
with soybean (1985).

Table 12 Effect of residue mulch on
soybean yield on chiseled
Gleyic Andosol.

Mulching Bean yield (Kg/ha)
None 3,090
Between rows 3,170
Over rows 2,850

Mulching: Soybean residues 3t/ha, fall 1983.
Sweet corn residues 20t/ha, fall 1984.
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Table 13 Relation of tillage methods to non-capillary porosity in Gleyic Andosol.

Non-capillary porosity (vol %)

Tillage™ Depth 3June 1983 17 May 1984  6June 1985 30 June 1986
(cm) Y
(Ist yr.) (2nd yr.) 3rd yr.) (4th yr.)
. 5~10 27.7 30.2 29.0 32.0
10~20 25.8 32.8 30.0 30.3
) 5~10 17.3 175 105 132
2 10~20 20.5 17.8 13.0 13.0
oh 5~10 25.0 15.3 15.0 10.3
10~20 21.4 15.2 13.0 11.6

* See tillage methods in Table 1.

Table 14 Effect of tillage methods on physical properties of Pseudogley, 5 June 1981 (2nd yr.).
_ ,  Bulk  Threephase distribution Pore distribution (vol %) K
Tillage Dept density at pF 1.5 (vol %) 20

(cm) (X103 cm/sec)
®/cm’)  Solid Liquid  Air  PF15—20 15—30 3.0—40 15—40 >40

Soring-plowed 0~5 1.10 413 305 282 0.1 13 15 28 278 47

: (iar gtli’ue M 5~10  1.09 41.3 36.8 21.9 0.7 3.1 5.1 82 287 28
y 10~15 119 449 42.1 13.0 15 5.0 96 146 27.6 6.8

0~5 0.86 325 30.3 37.2 1.0 3.1 26 57 246 54

Rotary tilled 5~10 0.7 365 37.1 26.4 1.2 53 43 96 275 120
10~15 111 4138 40.2 18.0 12 49 8.4 133 27.0 59

Shallowly rotar 0~5 086 326 30.2 37.2 05 33 3.1 64 239 25

tilled yrorRry 590 0 113 425 378 19.7 11 3.7 7.3 11.0 268 38
10~15 110 417 384 19.9 13 42 85 127 258 8.9

Chiseled 0~5 1.04 393 358 24.9 2.0 46 8.8 135 224 11
(unchiseled pary 210 115 435 405 16.0 1.6 46 8.2 128 27.8 27
p 10~15 115 433 430 13.7 17 4.7 11.0 157 274 2.6
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Table 15 Effect of tillage methods on physical properties of Gleyic
Andosol, 17 May 1984 (2nd yr.).
Denth Bulk  Three phase distribution Pore distribution (vol %)
i * €p i at pF 1.5 (vol %
Tillage om) Density__EP .(V ) , PF  30-40 15-40 >40 Lol
®cem®  Air  Liquid  Solid 1.5—3.0 ' porosity

0~2 0.88 22.3 47.7 30.0 16.5 8.4 249 23.8 70.0
1 2~4 0.79 294 424 28.2 12.2 8.2 204 22.0 71.8
5~10 0.83 30.2 38.9 30.9 94 6.7 16.1 22.8 69.1
10~20 0.80 32.8 37.8 294 9.2 6.6 15.8 22.0 70.6
0~2 0.96 21.1 43.3 35.6 12.0 7.1 19.1 24.2 64.4
2a 2~4 0.92 24.2 42.7 331 11.6 7.0 18.6 24.1 66.9
Unchiseld part 5~10 1.03 17.5 43.7 38.8 7.9 6.4 14.3 29.4 61.2
10~20 1.05 17.8 43.6 38.6 8.2 7.4 15.6 28.0 61.4
2a 0~2 0.90 24.9 421 33.0 14.9 43 19.2 22.9 67.0
Chiseld part 2~4 0.77 35.1 41.1 23.8 9.6 10.1 19.7 214 76.2
0~2 0.72 31.9 42.5 25.6 15.0 7.7 22.7 19.8 744
% 2~4 0.78 319 40.2 279 10.1 8.5 18.6 21.6 72.1
5~10 1.04 15.3 45.0 39.7 7.6 7.0 14.6 30.4 69.3
10~20 1.04 15.2 47.2 37.6 8.7 7.9 16.6 30.6 62.4

* See tillage methods in Table 1.

Mulching
—— None
~---— Between rows

3.0 —o—s—~ Qver rows

pF

June July

Aug Sept Oct

Fig. 8 Effect of mulch on soil moisture at 10 cm depth in chiseled Pseudogley cropped

with soybean (1984).

Muiching: Wheat straw 6t/ha, Aug. 1982, Corn residue 25t/ha, Sept. 1983.
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Table 16 Relations of tillage methods to operating time and diesel
fuel consumption on Gleyic Andosol soybean field.
. . Operating Fuel
*
Tillage Operation Area time consumption

Plowing 931 m2? (70X13.3m) 17 min 4 sec 1,250 m/

1 15 cm rotary tilling 931 m?(70X13.3m) 20min 54 sec 1,940

Applying fertilizers, sowing

931 m? (70X13.3 m)

12 min 53 sec 380

50 min 51 sec (100) 3,570 (100)
9 Chiseling
a Applying fertilizers, sowing 931 m2(70X13.3m) 11l min 29 sec( 23) 300( 8
b 5 cm rotary tilling 931 m? (70X13.3m) 21 min 34 sec 1,310
Applying fertilizers, sowing 931 m?2 (70X13.3 m) 9 min 21 sec 300

30 min 55 sec ( 61) 1,610 ( 45)

* See tillage methods in Table 1.
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Summary

Minimum tillage systems were evaluated to investigate their suitability for the Gleyic Andosols, Brown
Lowland soils and Pseudogley soils in Hokkaido. Minimum tillage systems adopted here included chiseling and
shallow rotary tilling. Chiseling plots were chiseled at a 5 cm depth and 5 cm width with 65 cm row spacing.
Chiseling, fertilizer application, seed sowing and soil tamping were performed simultaneously. The toplayer was
tilled only at a depth of 5 cm in the shallow rotary tilling plots.

In the minimun tillage plots the soil moisture content increased at a depth of 2 to 10 cm from the surface and
the germination rates of soybeans increased resulting in improved early growth. In addition to the soil moisture
conditions, the accumulation of nutrients in the surface layers was conducive tothe early glowth of soybeans. No
significant differences in the yields of soybean or corn were observed in the fields on Gleyic Andosol and Brown
Lowland soil. However, in the field on Pseudogley soil, crop yields were lower in the minimum tillage plot when
annual rainfall was not abundant and soil hardness was increased.

The main advantages of the minimum tillage systems included the control of wind erosion, the efficient
utilization of soil moisture and the promotion of early sowing in spring. It was concluded that minimum tillage be
applied to rather ill-drained fields such as the converted paddy fields, because the difficulties in the soil
workability of heavy clay soils could be overcome by the tilling of a shallow surface only. The lowering of soil
temperature in minimum tillage fields could also be avoided by using the band mulch technique in which the crop
residues were gathered in a row in the center of the seeded rows.

Further studies should be carried out to solve problems such as weed control, the improvement of drilling
machines and better combination of conventional tillage and minimum tillage.
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