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Effect of Minimum Tillage on Upland Soil Conditions and Yields of Grain Crops
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19824 19834F

19844 19854

Soil chemical properties at the start of field experiment

Soil depth pH Ex.-base me/100g CEC Degree of base | Truog
saturation P,05
Tillage cm H:0 Ca Mg K Na me/100g % mg/100g
Shallow rotary 0~15 6.2 10.9 0.42 0.56 0.19 18.2 66 1.5
tilled 15~30 6.1 9.4 0.53 0.31 0.16 18.3 57 2.4
Conventionally 0~15 5.8 8.0 0.42 0.27 0.16 17.7 50 4.1
tilled 15~30 6.0 8.8 0.42 0.40 0.18 17.5 56 2.1

Table 1~2 Soil physical properties at the start of fleld experiment

Three phases distribution at
Soil Soil Bulk Hardness | Hydraulic pF 1.8(Vol %)
depth | texture | density conductivity
Solid Liquid Gaseous
Tillage cm mm em,/sec phase phase Phase
Shallow rotary | 0~15 SL 0.93 22 3.5X10® 36.9 57.8 5.3
15~30 L 0.85 22 3.5X1073 32.0 56. 6 11. 4
Conventionally | 0~15 SL 0.62 1.6X10°2 22.7 41.8 35.5
tilled 15~30 L 0.73 7.0x10°% 27.7 42.7 29.6
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Flg. 1 Changes of germination percentage of Kid-

ney bean seeded on shallow rotary tilled in
5cm depth (® — @), shallow rotary tllled in

0. B 10cm depth (O—0O) and conventinally tilied (
X=—X) soil (1985)
Table 2 Yearly change of yields (Kg/10a)
Cropping 1982 1983 1984 1985
pattern Tillage Dent corn Azuki bean  Sweet comn Kidney bean
ﬁ?fgifﬁgfoﬂgg; depth 1325 (139) 24.5 (181) 1285 (113) 258 (108)
1 gffgéo?;f?ﬁfzz depth 982 (103) 26.9 (199) 1236 (109) 263 (110)
Eﬁﬂﬁmm“ﬂw 955 (100) 13.5 (100) 1135 (100) 239 (100)
Tillage Kidney bean  Wheat Soybean Sugar beat Sugar yield
gﬁfgifﬁgfoﬁggé depth 270 (109) 346 ( 98) 391 ( 87) 4090 (101) 614 (101)
I ﬁfﬁﬂf?;fgéfg; depth 240 (197) 363 (103) 422 ( 94) 4310 (107) 693 (114)
gﬂzgmmnﬂw 247 (100) 353 (100) 449 (100) 4030 (100) 608 (100)
Note { }: yield index

Dent corn (1982) is TDN and Sweet corn (1984) peeling ear yield (water content 70%). Sugar beet
(1985) is frech root and other crops grain yield (Water content 15%).
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Fig. 2 Chages of dry matter production of corn
cultivated on shallow rotary tilled in 5cm
depth (S5), shaliow rotary tilled in 10cm
depth (S10) and conventionally tilled (C) soil
(1984)

Note : a) Days after seeding
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Photo1 Root spread of corn on shallow rotary tilled  Photo 2 Root spread of corn on conventionaly tilled
in 5cm depth (S5) soil (Marks in roots show (C) soil (Marks in roots show the fertilizer
the fertilizer placement) placement)

Photo 3 Effect of tillage on the root
form of sugar beet
Note : The upper side
is no-plowing
(85,510 from left), the lower
side is plowing
(the center is conventionally
tilled)

Table 3 Uptaked amounts and recovery rate of nitrogen, phosphate and potassium by sweet corn (1984)

Dry matter produced Uptaked amounts kg 10a Recovery rate %
kg/10a Aug.7 Aug.27 Aug7 Aug.27
Aug.7 Aug27 | N P,0s KO | K P0; KO | N PiOs KiO | N Py0s K
Shallow rotary 906 1160 |18.3 6.4 30.7|17.7 6.6 29.6|104 29.3 235 86.1 26.3 213
tilled in 5 cm depth
Shallow rotary 749 1035 |14.7 5.4 23.2|16.1° 6.5 22.5|79.6 24.1 173 |74.8 26.0 155
tilled in 10cm depth
S‘l’{“’;"“onally 645 1160 |13.4 4.1 20.9[18.0 7.2 27.0|70.5 17.6 153 |87.6 29.2 192
11le

Note : Recovery rate (%) = (Uptaked amounts in plot of application — uptaked amounts in plot of no-
fertilizer)/total applied amounts
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Table 4 Accumulated dqys soll water tetion(pH,wheat(1983) and soy bean(1984) at 15cm of soli

depth) at rhizosphere of fall sowing

Range of period Apt.(May) ~May(Jun) Jun(Jul.) ~Aug.(Sep.)
Division pf pF | 1.84 1.85~ 2.25~ 2.75~ | 1.84 1.85~ 2.25~ 2.75~
Tillege LT 2,24 2.74 Bk | BF 2.24 2.74 Lk
Shallow rotary 18 41 10 0
1983 tilled in 5 cm depth 2 12 18 0
Shallow rotary 2 17 13 0 18 47 4 0
(Wheat) tilled in 10 cem depth
Conventionally 2 13 17 0 33 29 7 0
tilled
Shallow rotary 24 - 20 42
1984 tilled in 5 cm depth 0 0 A ’ !
Shallow rotary 0 1 23 6 2 20 25 40
(Soybean) tilled in 10 em depth
¥ Conventionally 0 1 16 13 2 25 19 41
tilled

Note 1) Range of period is Apr.~May, Jun ~Aug.1983(Wheat) and May —~Jun, Jul. ~Sept.1984(Soybean)
2) Cool and Wet damage occured in 1983 and Drough damage in 1984
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w
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Fig. 3 Effect of tillage on Soil moisure extraction
pattern of Azuki bean (1983, 25 ~ 29 Aug.)
and corn (1982, 1~12 Jul.)

Note : consumptive use (mm per day)

Fig. 4
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Clod size distribrtion rate (%)
50 60 70 80 90 100

Shallow rotary
tilled in 5cm depth
Shallow rotary
tilled in 10cm depth
Conventionally
tilled

A
(1982)

Shallow rotary
tilled in S5em depth
B Shallow rotary
{1984) tilled in 10cm depth
Conventionally
tilled

I:]1> -2 2~3 3—4-4m<

Clod slze distribution after rotary harrowing
in 1982 (A, soll water content high) and 1984
(B, soil water content low relatively)
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Table 5 Changes of soil physics after rotary harrowing (1986)

Soil Hardness Three phases distribution Vol % Hydraulic conducivity
depth mn May 16 Aug.28 X10 cm/sec
Solid Liquid Gaseous | Solid Liquid Gaseous
. May 16  Jun.30 Aug.28 May 16 Jun.30 Aug.28
Tillage cm phase phase  phase phase phase  phase
0~10 3 19 13 22.9  34.3 42.8 24,1  36.7 39.2 13.8 17.1 5.7
Shallow rotary
10~201 18 19 21 30.2  46.7 23.1 30.5 48.2 20.3 2.7 1.4 0.6
.tilled in  5ecm depth
20~30 22 19 20 3.0 47.1 21.9 3.6 46.8 21.6 2.1 1.3 1.8
0~10 3 3 12 22.6 35.6 41.8 27.6  38.1 34.3 10.6 16.2 6.0
Shallow rotary
10~20 | 17 20 21 27.3 4.3 28.4 34.1  47.4 18.5 2.9 0.5 0.5
tilled in 10em depth
20—30| 18 21 22 30.2  46.5 23.3 32.2  44.6 23.2 3.1 1.7 2.2
0~10 4 3 10 24.0  36.4 39.6 26.3 37.4 36.3 10.6 17.1 7.0
Conventionally
10~20 | 14 16 15 28.1 43.0 28.9 29.2  42.3 28.5 4.1 4.2 3.1
tilled
20~30 12 18 15 28.9 44.0 26.8 28.7 42.4 28.9 2.8 1.1 2.9
Table 6 Soil physical properties after harvested soybean (1984)
il | Hard Bulk Th hases Hydrauli Total
Sol ardness | ou . e P é Vol % yarau ,lc, Ponesize distribution rate %
depth density | distribution conductivity | pore
Solid Liquid Gaseous space
1.8 1.8-3.0 3.0-4.0 4.0<
Tillage cm mm phase phase  phase cm/sec Vol %

1 0~10 18 0.84 30.4 42.1 27.5 2.1x10°3 69.6 | 21.8 15.0 10.1 22.7
Shallow rotary do (10720 22 0.89 |37.1 485 144 | L2x10* | 629 [10.9 1.6 145 249
tilled in Sem depth | )\ o0 | 2 0.89 [33.0 446 224 | 1.5x10°% | 7.0 |17.2 128 9.0 2.0

0~10 15 0.71 25.9 39.1 35.0 5.4X1073 74.1 }28.8 14.3 10.0 21.0

Shallow rotary sy |10720| 20 0.82 |30.3 441  25.6 | 1.7x10° | 0.7 [19.0 146 121  24.0
tilled in 10en depth | ) o5 19 0.85 |30.7 448 245 | 2.0x10% | 69.3 [20,0 139 1.1 243
. I 0~10 10 0.74 26.9 44.4 28.7 4.3%107% 73.1 |23.5 14.9 13.6 21.1
C,D;we“tma Y 10~20| 15 0.73 |26.0 439  30.1 | 4.7x10% | 740 [26.0 141 1L9 220
tilled 20~30 13 0.72 26.4 43.9 29.7 5.2X1073 73.6 |25.7 12.6 14.8 20.5
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Tabie 7 Soil chemical propertles after harvested fall sowing wheat (1983)

Soil pH Truog Ex.-base me/100g CEC Degree of base
depth P2 05 saturation
Tillage cm H0 mg/100g Ca Mg K Na | me/100g %
0~10 6.1 1.5 4.84 0.49 0.62 0.05 13.7 44
Shallow rotary
10~20 6.1 0.1 5.39 0.46 0.49 0.05 12.9 50
tilled in 5cm depth
20~30 6.0 2.5 5.75 0.46 0.33 0.06 13.7 48
0~10 5.9 0.5 4.29 0.49 0.54 0.07 14.2 38
Shallow rotary
10~20 6.1 2.6 6.67 0.53 0.38 0.06 15.7 49
tilled in 10 em depth
20~30 6.1 1.1 6.05 0.53 0.25 0.07 15.6 44
0~10 5.9 4.6 6.28 0.57 0.32 0.05 15.0 48
Conventionally
10~20 6.0 1.0 7.47 0.57 0.18 0.08 14.8 56
tilled
20~30 6.1 0.4 8.70 0.57 0.29 0.09 15.7 61
Table 8 Depth of corn seed(A) and compound fertilizer
placement{B and C) on both side dressing(1984) ifu;foai(ie
A
Tillage A B C PR
Seed
S.hallovf/ rotary 34 34 9~10
tilled in 5cm depth B
Shallow rotary 34 4—~5 9 ~10
tilled in 10 em depth (f:"“.‘P.O“nd oo o
ertilizer
Conventionally C
4~5 6~7 9 ~10
tilled
Adequte value 3 3

Note:Marks correspond to A,B and C in Fig.5

Fig. 5 Relative position of seed and compound fer-
tilizer in the case of sowing by seeder con-
ception map
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Summary

To introduce minimum tillage methods in upland farming areas of Tokachi,
located in eastern Hokkaido, experiments were conducted from 1982 to 1986
monitoring the growth of grain crops — e.g., soybean, adzuki bean, kidney bean,
wheat and corn — and changes in the physical and chemical properties of the
soil, -

(1) The continuous application of minimum tillage methods produced clearly
recognizable changes in the physical properties of the soil : the solid ratio,
hardness and bulk density increased, whereas the air ratio decreased with
increasing soil depth from 10 to 20 cm. However, since the macropore ratio of
this packed soil remained greater than 107, and the hardness varied between 20
and 22 mm, root spread appeared unrestricted.

(2) Minimum tillage plots had more favorable soil moisture regimes than the
conventional tillage plot. Especially in the early stage of growth (from May
to June), the soil water potential at the root zone was clearly lower in the
minimum tillage plots than in the conventional tillage one. But at a later
stage of growth (approximately from July to September), the soil water potential
was inclined higher in the minimum tillage plots than in the conventional plot
because of the effects of high top production.

(3) The soil resistance in the minimum tillage plots was more favorable in
the former than in the conventional tillage plot because of the formation of
a packed soil layer. Therefore, the minimum tillage plots were characterized
by higher operating accuracy of agricultural machinery for seeding and fertilizer
placement, as well as in the laterdownward movement of nitrate nitrogen.

(4) The introduction of minimum tillage methods produced the following
responses in grain crops: 1) Better germination, 2) Dry matter production in
early stage of growth superior to conventional tillage, 3) Higher recovery rate
of placed fertilizer, and 4) Higher grain yields, especially notable in cool
weather years.

These results suggest that the introduction of the minimum tillage system
is possible in the dry type volcanic ash soil (brown andosol) characteristic of
some of the upland farm areas in the Tokachi district.
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