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Abstract

A field experiment was conducted to observe the effect of compacted layer destruction of soil by
disk plow, mouldbeard plow and subsoiler in a field of Brazilian Dark Red Latosol in Cerrado.

1. From the results of tilling depth and soil hardness distribution measured immediately after
mechanical treatments, the destruction effects of compacted layer by mouldboard plow and
subsoiler were larger as compared with the treatment of disk plow.

2. In the heavy disk harrow plot, as a control plot in which compacted layer is found, the tap
roots of soybean bended horizontally on the upper part of compacted layer. On the other hand,
the tap roots elongated more deeper in the mouldboard plow and subsoiler plots. And the tap
roots elongation in the disk plow was relatively shallow. The roots elongation tendency of millet
(2nd. crop) and sorghum (3 rd. crop) cultivated with direct drilling after soybean was similar to the
case of soybean roots in each mechanical treatment. The yields of stem of soybean and dry
matter yields of top of millet and sorghum were small in the plots of heavy disk harrow and disk
plow.

3. The air and water permeability and chemical properties in compacted layers were excellent.
On the contrary, the soil hardness of compacted layers was more than 15kgf/cm? at the field
capacity. Accordingly, very high values of soil hardness in compacted layers were considered to
be problems for root growth.

4. From the results of soil hardness distribution measured with time, the durable effect of
compacted layer destruction by mouldboard plow and subsoiler was maintained at least one year
and five months. The continuous measuring of soil hardness change is in the plan.
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Table 1 Using implements

Machine Size Trader
Disk plow 28" X 3disks JAN
Mouldboard plow 14” X 3 mouldboard LAVRALE
Subsoiler 5 chisels (Leg length : 55 cm) STARA
Heavy disk harrow 30” X 12 disks MARCHESAN
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Table 2 Tilling depth measured immediately after tilling treatment (Measured on 23 Nov., 1995)

Tilling depth Heavy disk Disk Mouldboard o
(cm) Block harrow plow plow Subsoiling
Actual tilling 1 15 26 28 32
depth 2 15 26 25 30
3 15 26 32 31
Average (15) (26) (@4)) G1) #
Tilling depth 1 21 31 41 37
in condition 2 19 35 39 35
upheaved 3 21 35 36 36
Average 0 (34) (39) CIOR 4

Tilling depth was measured at five or six places in each plot.

# Actual depth of plowed diich
W Depth of plowed ditch in condition upheaved
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Table 3-1 Soil bulk density, macro pore and available water in heavy disk harrow, disk plow and
mouldboard plow plots (Measured after 20 days of treatments)

Treatment Heavy disk harrow Disk plow Mouldboard plow

Soil BD MP EAW TAW BD MP EAW TAW BD MP EAW TAW
depth R

cm g/cm®  v% mm mm g/cm®  v% mm mm g/cm®  v% mm mm

0-5 1.17 27 2.5 4.5 1.20 27 4.0 5.5 1.00 30 4.5 6.0

5-10 1.25 23 3.5 5.5 1.17 27 4.0 6.0 0.98 29 5.0 7.5
10-15 1.23 22 5.0 6.5 1.25 22 4.0 6.5 0.99 31 4.0 6.0
15-20 1.28 22 3.5 5.5 1.22 25 3.5 5.5 1.15 25 4.0 6.0
20-25 1.21 25 3.0 4.5 1.29 21 3.5 5.0 1.17 25 3.0 5.0
25-30 1.29 21 3.5 5.0 1.27 22 4.0 5.5 1.24 19 4.5 6.5
30-40 1.25 20 9.0 13.0 1.20 19 13.0 17.0 1.18 21 9.0 14.0
40-50 1.24 20 9.0 13.0 1.13 24 10.0 14.0 1.11 22 11.0  16.0
50-60 1.11 25 10.0  13.0 1.16 25 8.0 11.0 1.11 23 9.0 14.0
(Total) (49.0) (70.5) (54.0) (76.0) (54.0) (81.0)

BD : Bulk density, MP : Macro pore (pF1.8>), EAW : Easily available water (pF3-1.8), TAW : Total
available water (pF 4.2-1.8)

Table 3-2 Soil bulk density, macro pore and available water in subsoiling treatment plot (Measured
after 20 days of treatment)

Testment g Supgoliog (Nex o Subsolling (@etycen
Soil BD MP EAW TAW BD MP EAW TAW BD MP EAW TAW
depth
cm g/em®  v% mm mm g/cm®  v% mm mm g/cm®  v% mm mm
0-5 1.04 26 4.5 7.0 0.96 29 4.5 7.5 1.07 24 5.0 7.5
5-10 1.01 26 5.5 8.0 1.03 25 5.0 8.0 1.03 26 4.5 7.5
10-15 1.14 25 4.0 6.0 1.19 23 3.5 6.5 1.23 21 4.0 6.0
15-20 1.01 28 5.0 7.0 1.07 27 4.0 6.0 1.26 20 4.0 6.0
20-25 1.02 28 5.0 6.5 1.15 23 4.5 6.5 1.26 19 4.0 6.0
26-30 1.08 27 4.0 5.5 1.12 24 5.0 7.0 1.16 21 5.0 7.0
30-40 1.07 28 8.0 12.0 1.11 24 10.0 14.0 1.14 25 11.0 14.0
40-50 1.05 25 11.0 14.0 1.10 24 9.0 13.0 1.14 26 10.0 13.0
50-60 1.09 24 11.0 14.0 1.17 22 9.0 13.0 1.12 22 11.0 16.0
(Total) (58.0) (80.0) (54.5) (81.5) (58.5) (83.0)

BD: Bulk density, MP: Macro pore (pF1.8>), EAW Easily available water (pF3-1.8), TAW : Total
available water (pF 4.2-1.8)
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Table 4 Relationship between soil hardness and soil moisture tension in heavy disk harrow plot

Soil depth Bulk density Y=aX-+b pF values be equivalent
S r to get 15kgf/cm? of soil
(cm) (g/cm® a b . hardness
0-5 1.17 3.0 — 1.8 0.78 5.6
5-10 1.25 7.1 ~ 4.2 0.86* 2.5
10-15 1.23 13.3 —12.9 0.92* 2.1
15-20 1.28% 19.4 —18.2 0.82* 1.7
20-2b 1.21% 22.0 —23.2 0.93** 1.7
25-30 1.29% 17.0 —10.1 0.76* 1.5
30-40 1.25 10.1 — 2.2 0.36 1.7
40-50 1.11 6.5 1.3 0.59 2.1
50-60 1.11 12.4 —16.9 0.87* 2.6

** . Significant at the 1 percent level of probability
*: Significant at the 5 percent level of probability
# : Compacted layer

Y : Soil hardness (kgf/cm?), X : Soil moisture tension (pF), r : Correlation coefficient

Table 5 Slaking percentage of soil aggregates in heavy disk harrow plot

0-2.5 5-10

1.4

2.5-5
8.0

Depth (cm)

Slaking percentage (%) 18.8

10-15  15-20  20-25  25-30  30-40  40-50

53.5 65.6 63.6 76.9 66.6 40.6

Table 6 The effect of compression on slaking
percentage of soil aggregates

Slaking percen- Bulk density

Treatment tage of aggre- of soil core
gates (%) {(g/cm®)

2.0kgf/cm? 36.0a 1.48 (CV % 4.4)
compression
1.25kgf/cm? 35.3a 1.28(CV% 2.0)
compression
0.0kgf/cm? 23.6b 1.20 (CV% 2.7)
no-compression
LSD (5%) 6.9

In a column, means followed by a common
letter are not significantly different at 5 percent
level.
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Soybean tap roots distribution in heavy disk harrow (a), disk plow (b), mouldboad
plow (c), and subsoiler (d) plots
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(c) (d)

Photo 2 Millet roots distribuition in heavy disk harrow (a), disk plow (b), mouldboard plow
(c), and subsoiler (d) plots
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Table 7 Yields and plant length of soybeans cultivated as first crop in 1995/1996

Yields of
Plot Plant length (cm)
S .

(measured at flowering) Stem+Pod Grain
(kg/ha) (kg/ha)

Heavy disk harrow 88.4 5,956 2,960
Disk plow 93.0 5,487 2,737
Mouldboard plow 94.0 6,107 2,808
Subsoiler 91.1 6,186 2,842
LSD (5%) 13.1 1,805 463

Table 8 Yields of millet cultivated as second
crop in 1996

Yields of
Plots Fresh matter Dry matter

(kg/ha) (kg/ha)
Heavy disk harrow 59,278a 13,135b
Disk plow 51,755a 10,969 a
Mouldboard plow 70,388b 14,323¢
Subsoiler 71,372b 15,387¢
LSD (5%) 8,386 1,083

In a column, means followed by a common

letter are not significantly different at 5 percent

level.
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Table 9 Soil chemical properties in each mechanical trealtment (Measured immediately after soybean
harvest in 1996)

Depth pH Al‘ Ca Mg K P MO NH,~-N+NO;
(cm) (H:0) me/100 cc ppm % mg/kg
Heavy disk harrow

0-10 6.6 0.05 4.48 1.89 0.57 29.2 2.28 45.1
10-20 6.4 0.08 4.04 1.51 0.37 41.1 2.28 27.3
20-30 6.3 0.21 3.59 1.27 0.21 4.5 1.90 16.1
30-40 5.4 0.50 2.06 0.78 0.11 1.4 1.90 21.2

Disk plow

0-10 6.3 0.10 3.20 1.44 0.53 29.4 2.56 52.9
10-20 6.0 0.16 2.85 1.13 0.37 38.7 2.37 41.4
20-30 5.6 0.60 1.53 0.59 0.16 8.5 1.77 22.5
30-40 5.4 0.70 0.99 0.42 0.13 1 1.08 14.4

Mouldboard plow

0-10 6.4 0.04 4.45 1.80 0.45 29.2 2.36 31.9
10-20 6.6 0.05 4.68 1.94 0.32 26.0 2.34 26.6
20-30 6.5 0.07 3.27 1.71 0.25 9.2 1.96 21.1
30-40 6.5 0.06 1.92 1.28 0.18 7.2 1.55 15.3

Subsoiling (next to the leg trace)

0-10 6.5 0.05 4.50 1.77 0.47 28.6 2.22 44.3
10-20 6.3 0.12 4.17 1.64 0.22 20.6 2.20 29.6
20-30 6.4 0.15 3.75 1.50 0.19 5.0 1.74 17.6
30-40 6.3 0.30 2.68 1.12 0.12 0.8 1.23 16.7

MO : Organic matter

Table 10 Yields and plant lengths of sorghum cultivated as third crop in 1996/1997

Yields of top Grain
Plant length (cm) )

Plots yields
98, Jan., 1997) ~ Fresh matter Dry matter

( (kg/ha) (kg/ha)
Heavy disk harrow 115.3a 30,630a 11,982a 6,528a
Disk plow 116.4a 31,940 a 12,934b 6,738a
Mouldboard plow 123.7b 39,875¢ 15,989d 7,865b
Subsoiler 122.6Db 36,602b 14,720 ¢ 7,457b
LSD (5%) 1.1 1,859 784 321

Harvesting time : 2, April, 1997
In a column, means followed by a common letter are not significantly different at 5
percent level.
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