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Compaction Characteristics of Multi-cropping Paddy Soils
in South-eastern Part of Korea
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This study was carried out for some survey about soil compaction in the multi-cropping system of paddy field.
Investigated sites were 90 farmer’s fields in south-eastern part of Korea. The tillage practices season was
different according to cropping system of paddy; in spring for mono rice cultivation and in autumn for the
multi-cropping field. The average tillage depth in investigated sites was about 25 cm, however, it is different
between the farmer's tillage practices and soil characteristics. It is high correlation to tillage deep and
minimum resistance of penetration. The reaching soil deep to maximum resistance of penetration was about
27 cm, and average penetration resistance of the deep is 1.8 ~2.0 MPa for moderately fine-textured soils and
more than 3.0 MPa for moderately coarse-textured soils. The difference of penetration resistance between
cultivating and compacted layer was in order to sandy loam > clayey loam > clayey, and the difference was
lesser in poody drained soils than somewhat poory ones. In the rice mono cropping field, the maximum
resistance in no-tillage for 15 years was 1.18 ~1.25 Mpa at 20 ~ 25 cm in soil deep, however, the resistance of
field with every year tillage practices was 2.03 ~2.21 Mpa. In the extremely compacted sandy loam textured
soils, the penetration resistance at 30 cm in soil depth was drastically reduced by the subsoil from 5.2 Mpa to
3.2 Mpa, and the watermelon root in plastic film house was deep elongated.
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Table 1. The number of site surveyed.
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ramnage fasses Poorly Somewhat poorly

Moderately well Total

Major soil series

Texture

Sandy - - 1 1 Jangcheon

Coarse loam 4 11 14 28  Gangsea, Seogcheon, Hwasu, Hamchang
Coarse silty - 4 16 20  Gyuam, Nampyeong, Yuweon

Fine silty - 13 22 Geumsea, Sugye, Cheongweon, Pyeongtaeg
Clayey - 4 6  Honam, Geugrag, Deogpyeong

Sum 4 32

42 78 -

Table 2. The number of farm field with actual practices of tillage in different soil drainage classes.

) Tillage practice Tractor size Tillage time
Drainage Classes — ;
Commission Self Mod. to Heavey = Small Spring Autumn
Moderately well drained 11 11 19 3 17 4
Somewhat poorly drained 14 18 2 13 7
Poorly drained 2 2 3 1 4 -
Ratio 59 41 87 13 74 26
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Fig. 1. The relationship between actual practices of tillage depth and penetration resistance of surface in paddy soils.
"Mechanical measuring by Daiki model 5521 type ‘Digital measuring by Digital pentrologger (ART. NR. 06.15.01).
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Fig. 2. Relationship between soil water content and penetration
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Fine Silty; Co.Si, Coarse silty; SL, Sandy loam; S, Sandy.
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Fig. 4. The typical pattem of penetration resistance measured under the saturated moisture condition of the major paddy soil

series in Korea. the Honam, Gyuam and Gangsea series are classified in to fine, mixed, mesic family of Typic Ochr aqualfs,

coarse silty, mixed mesic family of Aquic Fluventic Eutrochrepts and coarse loamy, mixed nonacid, mesic family of Aquic
Fluventic Eutrochrepts, respectively.

Table 3. Soil physical properties of compacted layer by multiple use and constant depth of ploughing in paddy field.

Drainage Texture . Bulk Three phases .

Classes Classes Soil: depth density Solid Liquid Gaseous Porosity
------ cm ------ - g em® - %

M.W.D. Coarse silty 18-30 1.33 50.3 43.9 5.8 49.7

Coarse loamy 25-35 1.48 56.0 38.2 5.8 44.0

S. P. D. Fine silty 13-23 1.34 50.5 453 42 49.5

Clayey 10-20 1.43 53.9 422 39 46.1

P. D. Coarse loamy 13-19 1.44 54.5 39.2 6.4 45.6

*M.W.D., Moderately well drained; S.P.D., Somewhat poorly drained; P.D., Poorly drained.
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Table 4. Comparison of hydraulic conductivity among the soil texture and natural drainage classes.

Hydraulic conductivity

Drainage and textural classes Soil series
Ap Bd Bg
------------------------ o) Dt
Pooly D. Sandy 0.1594 0.0998 0.0840 Hwasu
Coarse loamy 0.5416 0.0297 0.0154 Seogcheon
Somewhat P. D. Fine silty 0.7714 0.0877 0.0224 Pyeongtaeg
Clayey 0.5257 0.1388 0.0670 Honam
Moderately W. D. Fine silty 0.8879 0.1242 0.1322 Cheongweon

*Ap, Plower layer; Bd, Compacted layer; Bg, gleyed layer.

Table 5. Comparison of the chemical properties of soils with compaction layer.

i A depth
. Drainage Soil depth pH oM Avail. P,Os Exch. Cation ppc.earance ep.
Soil texture Classes of mix. penetration
K Ca Mg resistance
cm (1:5) g kg'1 mg kg'1 --------- cmol kg'1 --------- cm
N 0~10 49 18.2 72 0.34 6.34 1.42
S t
OmEWIA 19~20 5.6 142 62 026 684 165 13.5
poorly D.
. . 20~30 7.3 5.9 3 0.13 7.34 2.22
Fine silty
J | 0~18 59 14.3 36 0.24 6.54 1.37
M t
OGeTaEY 18~30 6.1 14.7 46 019 664 162 25
well D. .
30 6.4 11.5 1 0.11 7.29 1.70
N 0~25 5.7 22.2 224 0.29 6.54 1.47
Somewhat 5 g 6.5 14.9 164 021 554 143 275
poorly D. .
35 7.1 8.9 12 0.08 4.26 1.08
Coarse loamy 0~19 6.3 11.4 71 0.11 291 0.65
19~29 6.8 35 55 0.05 1.79 0.39
Poorly D. 19.5
29~39 6.9 9.4 15 0.06 3.14 0.69

40" 5.4 4.6 41 0.11 427 1.12
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Table 6. Penetration resistance difference between working condition of rice harvester (combine) in Korean typical paddy

soil series (Pyeongtae).

Min. P.R. layer

Max. P.R layer

Content
Depth Mean P.R. Depth Mean P.R.
cm MPa cm MPa
Combine Before work 16 0.204 + 0.030 17~48 1.58 £ 0.111
(harvest) After work 18 0.234 + 0.066 19~42 1.38 + 0.249
Combine Normal 16 0.249 + 0.210 17~34 1.53 + 0.089
moving Slipped 11 0.319 + 0.008 11~34 1.29 £+ 0.520
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Fig. 7. Differences between the penetration resistance due to tillage and non tillage in paddy soils (left, “Cheongweon”
series deposited on alluvial plains with 15 yrs. no-tillage; right, “Geumseo” series deposited on local vally with 10 yrs.
no-tillage).

Table 7. Difference of soil physical properties various soil depth between tillage and no-tillage in paddy.

Topograph ) Bulk density Solid phases Porosity
(Soil series) Soil depth No-tillage Tillage No-tillage Tillage No-tillage Tillage
cm - g cm” %

0~10 0.75 0.98 28.3 37.1 71.7 62.9

10~20 1.16 1.22 43.8 46.2 56.2 53.8

Alluvial plain 20~30 1.21 1.26 45.7 474 54.3 52.6

(Cheongweon series) 30~40 1.23 1.26 50.8 48.6 52.9 51.4

40~50 1.35 1.29 50.4 51.2 49.2 48.8

50~60 1.33 1.35 54.6 494 49.8 50.6

0~10 0.96 0.84 36.4 32.0 63.0 63.6

10~20 0.85 1.29 32.1 48.6 514 67.9

Local alluvial 20~30 1.04 1.45 39.2 54.6 54.4 60.8

(Guemsea series) 30~40 1.47 1.63 55.3 61.3 38.7 44.7

40~50 1.51 1.63 56.8 61.6 38.4 43.2

50~60 1.56 1.57 58.8 59.1 40.9 41.2

"Period of no-tillage, Alluvial plain 15 years, Local alluvial 10 years.
*Soil type, Fine silty textured soil with somewhat pooly drainage.
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