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Investigation of Relationships between Soil Physico-chemical
Properties and Topography in Jeonbuk Upland Fields
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The properties of upland soils are much more dependent upon topography than those of paddy soils, and they
give us very useful information to manage the upland fields. Therefore, we investigated the selected physical
and chemical properties of upland soils at 84 and 150 topographic sampling sites, respectively. The
topographic sites included 34.7% of local valley and fans, 18.7% of hilly and mountains, 20.0% of mountain

foot slopes, 14.0% of alluvial plains,

8.0% of diluvium, and 4.6% of fluvio-marine deposits. Based on the

investigation, soil textures in Jeonbuk upland fields were mostly sandy loam, sandy clay loam, clay loam, and
clay soils, especially sandy clay loam soils were evenly distributed in all of the topographic sites. Soil slopes
in the sites ranged from 0 to 15%, which showed an optimal condition for farm land. Soil bulk density and
compaction values were from 1.19 to 1.24 g cm™ and from 12.1 to 13.9 mm, respectively. As comparing with
the optimal conditions of soil chemical properties for upland soils proposed by National Institute of
Agricultural Science and Technology, Korea, 37%, 42.7%, 93.0% of the sites were within optimum levels
with soil pH, content of soil organic matter, and electrical conductivity, respectively. However, 64.0%,
47.3%, 48.7%, and 42.7% of the upland soils contained excess levels of exchangeable K, Ca, and Mg, and
available phosphorus, respectively. In addition, the contents of heavy metals, As, Cd, Cr, Cu, Hg, Ni, Pb, and
Zn, in the Jeonbuk upland soils were much less than threshold levels.
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Table 1. Soil texture distribution ratio (%) according to topography of upland soils in Jeonbuk area.

. Local valley & fans  Hilly & mountains Mountain foot slopes Alluvial plains Diluvium
Soil Texture Top Sub Top Sub Top Sub Top Sub Top Sub

SL 16.7 23.1 14.3 14.3 - - 66.7 66.7 - -
SCL 50.0 46.1 14.3 14.3 333 333 333 333 100 55.6
CL 25.0 30.8 - - 66.7 333 - - - 44.4

C 83 - 71.4 71.4

- 334 - - - -
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Table 2. Physical properties according to topography of upland soil in Jeonbuk areas.

Topography Bulk Density Particle Density Volume Solid Volume Water Hardness
Mg m” Mg m” % % mm
Local vallev & Min 0.85 2.02 41.07 19.75 3.1
oc f:zs < Max 1.50 237 70.93 3541 25.5
Mean 1.20a* 2.18ab 54.55a 24.83c 13.9a
Mi 0. 1.90 47.61 20.88 3.6
Hilly & in 97 9 7
. Max 1.46 2.25 67.80 31.36 24.9
mountains
Mean 1.24a 2.11b 58.10a 24.98c 13.6a
. Min 0.84 2.00 40.50 25.26 1.9
Mountain
Max 1.37 2.23 64.28 34.76 4.0
foot slopes
Mean 1.02b 2.12ab 48.14b 29.54b 3.0c
. Min 1.01 2.02 47.09 19.97 5.1
Alluvial
ains Max 1.46 2.39 65.33 30.19 10.1
plat Mean 1.19a 2.20a 54.14a 25.79¢ 7.5b
Min 1.16 2.07 54.26 27.80 10.0
Diluvium Max 1.29 222 62.32 40.29 14.1
Mean 1.23a 2.14ab 57.30a 33.36a 12.1a

*Numbers followed by the same letter within a column are not significantly different (Duncan test, p<0.05).
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Fig. 1. Relationship between bulk density and hardness. s0%
O Excess
=| = - 40% W Optimal
§_I-§||'I_‘|| Eg XLE‘:H A]H]X‘]HO]'7]-§— (NIST, 2006) W Dificiency
oAl A= E EYY 7lE& (pH 6.0~6.5, OM 20% A
20~30 g kg ', ALl 150~250 mg kg ', X|THA
K 0.5~0.7 cmol. kg ', &4 Ca 4.5~5.5 cmol. o
_ o ) pH oM PI05  EC K Ca Mg CEC
kg™', ¥4 Mg 1.5~2.0 cmol. kg CEC 10~15
cmol. kg ', EC 2 dS m ™' o|sp o] s 3eta 529 Fig. 2. Excess or deficiency rate of chemical properties
WEEQO Fig 204 B vk} Zr} EQF pHE: in upland soil.
37.3%7F AN, 45.4%7F A Hf FS #%
oljlen], EYfTIETTE 42.7%7F X“é =0 AAI AEAY 15071 & B spsha BEAS A=
UJ, 56.0%= Agszo nAA FekAdAth R & ZARE A= # 33 At 3k B4 AR A
= 56.7%7F FYo= YEh 2T SEE l ARG B It A (84.7%), T R ANA] (18.7%),
77&} AZE e ASR Uehil, ECe AR AETAAL (20.0%), SHIBEA (14.0%), FZHA
Table 3. Chemical properties according to topography of upland soil in Jeonbuk areas.
T h H EC OM Av. P,O Ex. Cation CEC LR
opogra v.
pography p 2Us K Ca Mg
(1:5) dS m' g kg'1 mg kg'1 -------- cmol, kg'1 -------- cmole kg'1 kg ha
Min 3.8 0.10 6.3 52 0.19 2.49 0.66 5.5 229
Local valley
& fans Max 7.3 2.90 52.2 2,237 2.83 14.34 11.93 17.3 2,961
Mean 6.0a* 0.65bc 19.2ab 629a 0.95ab 6.64a 2.32a 10.6a 1,191a
Hillv & Min 4.7 0.07 6.8 42 0.19 2.50 0.70 4.6 159
1
Y . Max 7.4 3.61 29.2 1,419 2.52 11.82 4.94 17.6 2,802
mountains
Mean 6.1a 0.85ab 17.6ab 534ab 0.94ab 6.29a 2.27a 10.7a 1,114a
. Min 4.8 0.08 9.1 54 0.25 1.75 0.53 54 441
Mountain
Max 6.9 2.15 35.6 2,279 1.89 13.41 3.77 17.2 3,190
foot flopes
Mean 5.9a 0.57bc 20.6a 733a 0.89ab 6.20a 1.81a 10.4a 1,331a
. Min 4.8 0.10 8.5 88 0.29 3.13 0.64 7.5 388
Alluvial
lains Max 6.8 1.94 273 1,595 2.83 11.41 3.71 15.3 2,362
P Mean 5.9a 0.79ab 19.3ab 739a 1.05ab 6.11a 1.98a 10.9a 1,300a
Fluvi Min 5.0 0.11 73 87 0.30 2.67 0.67 6.1 793
uvio-
. . Max 5.9 0.38 22.7 563 0.94 5.09 2.53 9.3 2,344
marine deposits
Mean 5.5b 0.22¢ 13.3b 216b 0.55b 3.79b 1.71a 7.9b 1,485a
Min 5.1 0.11 9.1 78 0.33 2.68 1.03 6.3 511
Diluvium Max 6.5 4.18 29.6 2,934 3.19 8.77 3.28 14.6 2,203
Mean 6.1a 1.20a 17.5ab 618a 1.28a 491b 2.32a 10.8a 1,179a

“Numbers followed by the

same letter within a column are not significantly different (Duncan test, p <0.05).
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Fig. 3. Relationship between bulk density and organic
matter.

Ase SHIHEA A T
|2 A=A B ARl
AIE Hdrh 22y B
A (2002)—4 EdedsHriE 7t A9 (A,

Cr 4 mg kg ', Cd 1.5 mg kg ', Pb 100 mg kgfl,
Cu 50 mg kg ', Ni 40 mg kg ', Zn 300 mg kg ',
As 6 mg kg ', Hg 4 mg kg )Er} B @2 o]

ol MEA ] W EoFe FI&ol sl ul$ oHs)

cha f;f % gie

2 o

AEA S v BoFe] apehz| 542 15070 AH, =4
2 5448 8471 Aol diste] =9k =3t 54
= 2ARSHTE Sshe 54 A9 AFEEE
kB AGA (84.7%), T B ANHA] (18.7%), AME
BAHA (20.0%), SHIBRA] (14.0%), THHA (8.0%)
A sl S ERA (4.6%) = e &2 549
EXS AlFE ARFAlCFE  AokE AER LAE|o]
AR AHHAFETZL HEa AFo] =274 FEsH3AAL
HE A Ak HF 22 (0~15%)< Z3ATh
A §HYUEE 119~1.24 Mg m o|3lal, AxE

12.1~13.9 mmo|glt},

Aol BAQle] ' B 38l pHE 37.3%,
BIEFEF 42.7%, EC: 93.0%7} AAGZolAA|RE,
L EOAIEFS 42.7%, A K= 64.0%, Ca
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Table 4. Heavy metals according to topography of upland soil in Jeonbuk areas.
Topography Cr Cd Pb Cu Ni Zn As Hg
mg kg’
Min 0.35 0.02 1.47 0.5 3.0 333 0.01 0.01
Local valley
& fans Max 1.21 0.18 8.09 10.2 45.1 130.0 3.49 0.12
Mean 0.52a* 0.08ab 3.70a 2.9ab 13.2a 64.4ab 0.71ab 0.03a
Hilly & Min 0.41 0.00 1.24 0.4 2.9 39.9 0.15 0.00
i
Y . Max 5.44 0.19 17.90 6.5 29.4 146.3 2.08 0.10
mountains
Mean 0.77a 0.07ab 4.61a 3.0ab 12.2a 65.0ab 0.64ab 0.03a
. Min 0.38 0.02 1.81 0.6 3.1 36.1 0.10 0.01
Mountain
Max 3.28 0.86 24.44 11.9 222 115.5 2.27 0.10
foot flopes
Mean 0.61a 0.12a 4.20a 3.63a 11.5a 67.9a 0.79ab 0.04a
. Min 0.38 0.03 1.83 1.1 32 359 0.27 0.01
Alluvial
ains Max 0.98 0.28 7.76 22.0 28.3 108.3 4.78 0.19
p Mean 0.56a 0.10ab 4.01a 4.1a 12.4a 70.3a 0.94a 0.05a
Fluvi Min 0.49 0.03 3.62 0.1 11.9 46.0 0.16 0.02
1 -
u\f ° . Max 0.56 0.06 5.79 1.3 15.6 56.9 0.39 0.07
marine deposits
Mean 0.54a 0.04b 4.36a 0.9b 13.6a 49.3b 0.24b 0.04a
Min 0.41 0.01 2.68 1.0 53 39.7 0.12 0.01
Diluvium Max 0.88 0.13 10.66 103 17.8 88.2 2.59 0.07
Mean 0.53a 0.11ab 4.76a 3.5a 10.4a 65.2ab 0.78ab 0.03a

*Numbers followed by the same letter within a column are not significantly different (Duncan test, p <0.05).
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