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Decadal Changes in Subsoil Physical Properties as Affected by
Agricultural Land Use Types in Korea

Hee-Rae Cho*, Yong-Seon Zhang, Kyung-Hwa Han, Jung-Hun Ok, Seon-Ah Hwang,
Hyub-Sung Lee and Dong-Jin Kim

Division of Soil & Fertilizer, National Institute of Agricultural Science, Wanju 55365, Republic of Korea

Abstract - The soil physical quality is a core factor in achieving two of sustainable agriculture’s
goals: productivity and environment. The purpose of this study was to assess changes in soil
physical properties for nearly a decade through periodic monitoring of three cultivation types:
upland, orchard, and paddy. Field surveys and lab analysis were conducted to determine the soils
physical properties after every 4 years; upland (2009, 2013, and 2017), orchard (2010 and 2014),
and paddy (2011 and 2015). In each year soil samples from 162-338 sites were collected. The bulk
density of upland subsoil decreased from 1.53 Mg m” to 1.50 Mg m while the plowing depth
and subsoil organic matter increased from 13.7 cm to 19.5 cm and from 12.6 g kg_] to 183 ¢g kg_1
respectively during the period 2009-2017. Plowing depth for orchard increased from 16.7 cm to
18.9 cm. However, organic matter content decreased from 159 g kg_1 to 154¢g kg_1 during the
2010-2014 period. For paddy, plowing depth and subsoil organic matter decreased from 17.5 cm
to 16.7 cm and from 17.5¢g kg_1 to158¢g kg_l respectively. The subsoil bulk density increased from
147 Mg m” to 1.52 Mg m from 2011-2015. Excess ratio for soil physical standards increased
from 16% to 22% in orchard, 56% to 62% in paddy, and decreased from 41% to 29% in upland.
The overall soil physical quality had been ameliorated for upland, but degraded for paddy.
Improved tillage practices and application of appropriate organic matter is necessary to enhance
the quality of soils, especially in the paddy field.

Keywords : soil physical properties, bulk density, hardness, tillage, compaction
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Table 1. Investigated points according to land use types and in-
vestigated period

Land use types Investigated year (number of sampling points)

2009 (162)
Upland 2013 (286)
2017 (331)

2010(258)
2014(304)

2011 (230)
2015 (338)

Orchard

Paddy
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Table 2. Periodic changes of soil physical properties for upland soil

Subsoil Indicators 2009 2013 2017
clay content
Plowing depth (cm) 13.7+3.5¢ 15.8+4.1b 19.5+64a
Total upland Subsoil bulk density (Mg m™) 1.52+0.16ab 1.53+0.11a 1.50%0.13b
Subsoil hardness (mm) 19.1+4.5b 19.3+3.2b 20.3+4.0a
Subsoil organic matter (g kg_l) 14.4+8.9b 12.6+8.9b 18.3+10.9a
Plowing depth (cm) 13.1+2.8c 16.0+4.0b 189+6.7a
<18% Subsoil bulk density (Mg m_3) 1.51+0.15ab 1.54%0.11a 1.50£0.13b
Subsoil hardness (mm) 17.6x4.1c 18.0+3.3b 202%4.1a
Subsoil organic matter (g kgfl) 13.6+7.9b 12.8+9.7b 17.7+£10.6a
Plowing depth (cm) 149+4.3b 154+4.2b 209+53a
>18% Subsoil bulk density (Mg m™) 1.53+0.18 1.52+0.11 1.50+0.13
- Subsoil hardness (mm) 21.6+39a 19.9+3.0b 20.8+3.7ab
Subsoil organic matter (g kg_]) 155+104b 123+7.4c 19.7+11.2a

Data are means + standard deviation.

Different letters in the same row indicate significant difference at p <0.05 level according to Duncan’s multiple range test.

Table 3. The excess ratio of recommended subsoil bulk density for upland soil

2009 2013 2017 Recommended”
Total upland 41 38 29
Subsoil clay content <18% 20 16 14 <16
Subsoil clay content > 18% 21 22 15 <15

“Recommended means subsoil bulk density for optimal soil physical quality for upland.
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Fig. 1. The distribution of subsoil bulk density for upland; (a) Group of <18% subsoil clay content and (b) group of >18% subsoil clay

content.

Table 4. Periodic changes of soil physical properties for orchard soil

Subsoil

Indicators 2010 2014
clay content
Plowing depth (cm) 16.7+8.1b 18.9+10.0a
Total orchard Subsoil bulk density (Mg m™) 14140.13 146+0.13
Subsoil hardness (mm) 19.8+3.1a 19.2+3.6b
Subsoil organic matter (g kgfl) 159+ 8.4a 15.4+10.9b
Plowing depth (cm) 155+7.6b 18.2+10.7a
<18% Subsoil bulk density (Mg m™) 142+0.13 148+0.12
Subsoil hardness (mm) 19.1£3.0 184+33
Subsoil organic matter (g kg_l) 13.6+7.4b 14.4+909a
Plowing depth (cm) 179+8.5 20.1+8.6
> 18% Subsoil bulk density (Mg m ™) 141+0.13 145+0.13
- Subsoil hardness (mm) 20.5+3.0b 20.5+3.7a
Subsoil organic matter (g kg_l) 18.3+8.7a 16.9+12.2b

Data are means * standard deviation.

Different letters in the same row indicate significant difference at p <0.05 level according to Duncan’s multiple range test.

Table 5. The excess ratio of recommended subsoil bulk density for orchard soil

2010 2014 Recommended”
Total orchard 16 22
Subsoil clay content <18% 5 9 <1.6
Subsoil clay content > 18% 11 13 <15

“Recommended means subsoil bulk density for optimal soil physical quality for orchard.

ol AU F7tek= B ATH(Table 4). AFA A 2}
EA4]0] 15.5cm (2010)9]4] 182cm (2014)2 Z7}8t1, A E
$718 o] ALFAA 13.6gkg (2010)914 144 gkg™
(0142 F718tg o), AFAo A= 183gke ' (2010)914
169¢g kg_] (2014)2 743} % Tt} (Table 4). Zhang et al.(2018)
o o3t At F F8 o tig EFEY AAVES
EAEE AL AE SAUE [ 6Mgm u]Th AgE L
AE gHYUE | 5Mgm ufte 2, o] 7]1%g H4dHe

g FA7)1%S 298H= 2 H 0] 16% (2010)1 A 22% (2014)
2 Z7}8}5Th(Table 5). 2010801 1.2~14Mg m ™ H o]
40% ol BEIQ o, 201490 12~1.6Mg m o] I
27 Exsiy NF7IE 23HE0] F7H8kATh(Fig. 2).
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Fig. 2. The distribution of subsoil bulk density for orchard; (a) group of <18% subsoil clay content and (b) group of >18% subsoil clay

content.

Table 6. Periodic changes of soil physical properties for paddy soil

Subsoil

Indicators 2011 2015
clay content
Plowing depth (cm) 17.5+6.0a 16.7+3.5b
Total padd Subsoil bulk density (Mg m’) 147+0.18b 1.52+0.13a
paddy Subsoil hardness (mm) 203+3.6 20935
Subsoil organic matter (g kg_') 17.5+9.3a 15.8+7.9b
Plowing depth (cm) 16.6+4.7a 16.2+3.0b
<18% Subsoil bulk density (Mg m ) 1.48+0.18b 1.55+0.12a
° Subsoil hardness (mm) 20.5+4.0 209+38
Subsoil organic matter (g kg_l) 17.5+£10.0a 159+7.8b
Plowing depth (cm) 18.7+7.3a 17.1£3.9b
> 18% Subsoil bulk density (Mg m™) 1.45+0.18b 1.49+0.13a
=107 Subsoil hardness (mm) 20.1+32 21.0x32
Subsoil organic matter (g kg_l) 174+8.6 15.6+8.1

Data are means + standard deviation.

Different letters in the same row indicate significant difference at p <0.05 level according to Duncan’s multiple range test.

2 AE $718 I 175g kg (2014 158 g kg
(2015)2 723193, AE SHUEE 147 Mg m™ (2011)
oA 152Mgm™ (20152 Z7}sl9om, AE A2 Ae

23t 2ol 7k gl th(Table 6). HE HEFo wat
2L ), AFFAL 16.6cm (2011)9]14 16.2cm (2015), A%
2 18.7cm (2011)914] 17.1cm (2015)2 ZFEA o] ZHA3S}
,AFFA-L 148 Mg m™ (2011)914] 1.55Mg m ™ (2015), 4]
145Mg m™ (2011)914] 149 Mg m™ (2015)2 &2
5713ttt (Table 6). A E f718 T+ AFFA, 4]
o% AR BFA e} vt fEo 2 Fastgot ot
= EY B4 AFEL AE $HUE(<14Mgm")
2 AE A2 X2 (<20 mm)S A EZ 3M=Y| (Kim et al.
2013), AE £HYTLE 70% (2011)914] 81% (2015), AFEA]
AL 56% (2011)O1A 62% (2015)2 2R H|go] =
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Table 7. The excess ratio of recommended subsoil bulk density
and subsoil hardness for paddy soil

2011 2015 Recommended”
Subsoil BD 70 81 <14
Subsoil hardness 56 62 <20

‘Recommended means subsoil bulk density and subsoil hardness for
optimal soil physical quality for paddy soil.
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Fig. 3. The distribution of subsoil bulk density for paddy; (a) group of <18% subsoil clay content and (b) group of >18% subsoil clay

content.

30

(@ m2011 02015

20 1

15 4

Distribution (%)

gl a0 IN 1IN}

<15 15-20 20-25 25-30
Hardness (mm)

30

(b)

20 H
15 4

10 4

1 | m |

<15 15-20 20-25 25-30
Hardness (mm)

Fig. 4. The distribution of subsoil hardness for paddy; (a) group of <18% subsoil clay content and (b) group of > 18% subsoil clay content.
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