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Relationships between Soil Physico-chemical Properties and
Topography in Jeonbuk Orchard Fields

Byung-Koo Ahn*, Jin-Ho Lee', and Sang-Keun Ha*?

Jeollabuk-do Agricultural Research and Extension Services, lksan 570-704

]Department of Bioenvironmental Chemistry, Chonbuk National University
’National Academy of Agricultural Science, RDA, Suwon 441-707

This study looked into 110 sites of orchard fields to investigate the relationships between the physical and
chemical properties of soils, including heavy metal contents, and the topographic characteristics of the fields
in Jeonbuk province. The topographic distribution of orchard fields in Jeonbuk province was local valley and
fans, hilly and mountains, mountain foot slopes, alluvial plains, diluvium, and fluvio-marine deposits.
Forty-six percent (46%o) of total orchard fields were located in the hilly and mountains. Soil texture of the local
valley and fans was mostly sandy clay loam, and the soil texture of other topographical sites were varied. Bulk
density, porosity, and soil hardness were not different among the various topographic sites. The content of
plant available water was the highest (19.5%) in the sites of diluvium. Soil pH, electrical conductivity (EC),
and exchangeable Mg content were the highest in the sites of fluvio-marine deposits, whereas the contents of
soil organic matter (SOM), available phosphorus, and exchangeable Ca’*, K', and Na" were not significantly
different among the topographic sites. Also, soil pH and SOM content were generally in optimal ranges for the
fruit plants in the orchard fields, but other values were mostly higher than those in optimum. In addition, the
contents of heavy metals were much lower than the levels of Soil Contamination Waming Standard.
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N, 395 52 AR, EAL micro pipetted
(Chung et al,, 1999; Park et al,, 2006)°.2 HA35}a1 n|
= R E57]|5S ustth (Gee and Bauder, 1986),
EoF pHO} ECx= FAES 2245 115 (w/v)H|22 3}
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o7 F= 3 Kjeldahl E33A] (Kjeltec Auto Distillation,
ROS9E Ag310] BAISHITE FOR2ARL Pressure charber
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ook 18, 2= 19, 7 157] Aol daL, Agef ket 1} HE HlEo] woxl Zlez dthe:, Wi, AHEAAR
0] FFt EEHES (Table 1) Hd wijel ARte 53t Hop BAE7E W2 G5 B A A8 dARES
S AVEAONA ol A=Al AR, Hsok :‘?E, ey Uehd o 2A = AQuirt e o o AT
oo ] AJFoll a1=A) #azskal Qlar, ko A I B RES} HES AFSPHA AR AT
5 Shefe/dge Aol AEfstal 3= As HE AP (HE)9| Zoli= Table 30| AAISHA] AR A& 4
Al FE 7 255 9% Aol 2 Bt glo] 23.1~85.6 cm S BT, BRESF AEER &
= 9 Uk HUE, 358 9 e AR ueh AL Aol
AR, SAUES} s HEA, 3552 BEC]
=28 &4  detEx deAEiA 2@ 6744 3 A ESiTh RN BAUEe} 352 BlaE] et
B2 Fazstal QAR EEA AR A AFS 3 APANRE, 22 ot 2284 um'ﬁk HES] o= 14.4~
gl MARR] R2 dl Afolz| ARE AR, SHYHERR], W 17.4 mm, AE+ 18,9~21.2 mm 52 E T (Table 3).
FAYA R BEo] Yoich, AHel] whE Ty Eofo) Abn et al, (2010)°] AR W EQFAE SAUEme}
HEol AR EARZHLS Table 20 ATk Ik R AE 50| Aol wet Aolrk AR, el EolA
Mol BRel RS 77t abd Fele] BAS Hol B W EYAY AR AeAe 8 gop =gl
Foleh APRACRET) 66.6%3 71 Bol Bmatw glgl o] Hof Aolr} gl Ao WeHH, Lee (2010
Ak TEE= o] W Hollal AEE ARRo] @ Huo| w2 232 GAbEo]| whet RSk, HAKE
dolgich, B WEe] Ao 2y} wl MAAE 7} FEE moko] AgukuTh Aol Wop B4lo] of
of| A ARk} 50%S *}R|EFATE (Ahn, et al,, 2010). OA|A EaL, FER| IS REF MR, B
= 9 Atebz|o] A9 571 EAOR 1B BEE HY T S7HE BTl wolA B4l Zar wdw o
=t A= QI ol5o] Wol HEL HEoA A = 2 = A ASBARTE B MY dFL
E3tgfo] wko wWolglth ARRAAIX| ] BEL AFHAJoF 2 AU} a1, ol wEt 38k HWoldl e
B9} AFET} 72 50, 0% A9, AlEE FEo] ke ] et wEbA] AR AY AR Tl BF N
APAAES) AETL Z42) 33.3%5 Hdstal ARtk st ode == =87l l‘*‘s gjA1717] sl HESH
A= RE HE T ARO] B2 AR, dE, H = S Beee & st B2 SeldEe
ARAFER FdE0] QUL AR AREAYE, Mg Hart Slck (Yoo et al., 1979). EY d== 75
Table 1. Distribution (%) of fruit plants in different topographic orchard fields (n=110).
Topography Pear Apple Peach Grape Persimmon
Local valley & fans 19.2 12.7 7.2 6.5 3.7
Hilly & mountains 2.7 4.6 4.6 2.7 2.7
Mountain foot slopes 1.8 55 1.8 2.7 2.7
Alluvial plain 2.7 - 0.9 - 0.9
Diluvium 0.9 2.7 1.8 2.7 3.6
Fluvio-marine deposits - - - 2.7 -
Table 2. Distribution (%) of different soil textures in various topographic orchard fields.
Soil Local valley & fans  Hilly & mountains Mousrizlzs foot Alluvial plains Diluvium
Texture Top Sub Top Sub Top Sub Top Sub Top Sub
SL - 16.7 53 53 - 16.7 25.0 25.0 - -
L - 16.7 - 10.5 - - 25.0 25.0 - 50
SCL 66.6 66.6 41.8 313 50.0 16.7 50.0 50.0 50 -
CL 16.7 - 36.6 41.8 50.0 333 - - 50 50
C 16.7 - 16.3 11.1 - 333 - - - -
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Table 3. Selected physical properties of soils in different topographic orchard fields.

Sampling site Topography Bulk density Pore space Hard-ness Field capacity Wilting point Available moisture
g em” % mm %
Local valley & fans 1.27a" 52.7a 15.6a 32.2ab 13.8¢ 18.4
Hilly & mountains 1.24a 53.4a 17.4a 35.4ab 18.5ab 16.9
Top soil Mountain foot slopes 1.29a 51.3a 16.9a 29.5b 13.6¢ 15.9
Alluvial plain 1.28a 51.6a 16.4a 34.0ab 14.5bc 19.5
Diluvium 1.24a 53.2a 14.4a 36.8a 19.2a 17.6
Local valley & fans 1.38a 47.1a 20.5a 30.6ab 12.8ab 17.8
Hilly & mountains 1.38a 48.4a 21.2a 32.2a 16.5a 15.7
Sub soil Mountain foot slopes 1.43a 46.1a 20.9a 27.9b 10.7b 17.2
Alluvial plain l.41a 46.8a 19.3a 32.4a 10.8b 21.6
Diluvium 1.49a 43.8a 18.9a 33.6a 16.2a 17.4
"Numbers followed by the same letter within a column are not significantly different (Duncan’s test, p<0.05).
Table 4. Selected chemical properties of soils in different topographic orchard fields.
Exch. Cation
Sampling site Topography pH EC OM  Avail. P,Os
Ca Mg Na
(1:5) dS m' gkg' gl 3 — o 11Te) R S —
Local valley & fans 6.2b' 0.7ab 32a 713a 1.16a 5.4a 2.3b 0.17a
Hilly & mountains 6.4b 0.5b 33a 709a 1.29a 6.3a 2.5b 0.17a
Top soil Mountain foot slopes 6.1b 0.4b 3la 684a 1.42a 4.6a 2.1b 0.29a
Alluvial plain 6.0b 0.9ab 24b 767a 1.12a 4.5a 2.2b 0.16a
Diluvium 6.0b 0.5b 32a 877a 0.95a 5.4a 2.4b 0.16a
Fluvio-marine deposits 7.3a 1.2a 36a 529a 1.66a 5.0a 3.5a 0.22a
Local valley & fans 5.9b 0.5b 19a 365a 0.62a 3.9a 1.5b 0.15a
Hilly & mountains 6.1ab 0.4b 18ab 327a 0.70a 4.7a 1.5b 0.16a
. Mountain foot slopes 5.7b 0.3b 20a 357a 0.65a 3.5a 1.3b 0.27a
Sub soil Alluvial plain 5.6b 0.7ab 17ab 358a 0.77a 3.1a 1.5b 0.15a
Diluvium 5.6b 0.4b 15ab 424a 0.67a 4.3a 1.5b 0.15a
Fluvio-marine deposits 6.8a l.1a 13b 229a 0.66a 4.1a 1.9a 0.20a

"Numbers followed by the same letter within a column are not significantly different (Duncan’s test, p<0.05).
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gefe HEO| 79 Cd 0,58 mg kg |, Cr 0.7 mg kg, Cu
22.6 mg kg ', Ni 10,7 mg kg ', Pb 37.4 mg kg ', Zn 75.7
mg kg ', As 4.48 mg kg 0|31, AEoHE Cd 0.63 mg
kg', Cr 0.8 mg kg ', Cu 22.7 mg kg ', Ni 10,7 mg kg ',
Pb 37.3 mg kg ', Zn 73.6 mg kg ', As 4.61 mg kg =
FEL} AELI] Zol7} ¢lolt) (Table 6 and 7). PbE A
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(Cd 1.5 mg kg ', Cr 4 mg kg ', Cu 50 mg kg ', Ni 40 mg
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Table 5. Selected chemical properties of soils in the orchard fields cultivated with different fruit plants.

Exch. Cation

Fruits pH EC oM Avail. P,Os

K Ca Mg Na

(1:5) dS m' g kg'1 mg kg"1 cmol, kg"1

Pear 6.2ab" 0.6b 35a 1.48a 6.1ab 2.6a 0.18a
Apple 6.6a 0.5b 31ab 631ab 1.25a 6.2a 2.5ab 0.20a
Peach 6.0b 0.5b 31ab 753ab 1.22a 4.5b 2.1b 0.19a
Grape 6.5a 0.9a 31ab 665ab 1.22a 5.6ab 2.8a 0.21a
Persimmon 5.9b 0.4b 27b 0.92a 5.0ab 1.6c 0.16a
Optimal level 6.0~6.5 25~35 200~300 0.30~0.60 5.0~6.0 1.5~2.0

"Numbers followed by the same letter within a column are not significantly different (Duncan’s test, p<0.05).
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Table 6. Heavy metal contents of soils in different topographic orchard fields.

Heavy metal contents

Sampling site Topography cd o cu - - 7 As
mg kg'l
Local valley & fans 0.52a' 0.66a 20.6a 9.9a 34.1b 74.2a 4.88a
Hilly & mountains 0.51a 0.85a 24.1a 10.4a 37.1ab 76.6a 3.57a
. Mountain foot slopes 0.97a 0.48a 20.7a 12.4a 45.5a 80.0a 6.29a
Top sol Alluvial plain 0.53a 0.71a 29.1a 10.7a 36.9b 75.7a 5.32a
Diluvium 0.55a 0.37a 20.7a 10.6a 36.9ab 66.8a 4.16a
Fluvio-marine deposits 0.54a 1.55a 23.8a 14.8a 36.8ab 63.1a 431a
Local valley & fans 0.52a 0.68a 20.4a 9.8a 34.0b 72.4a 5.15a
Hilly & mountains 0.55a 0.96a 24.2a 10.4a 37.1ab 74.3a 3.72a
Sub soil Mountain foot slopes 0.95a 0.48a 20.8a 12.4a 45.5a 78.2a 6.19a
Alluvial plain 0.54a 0.37a 20.6a 10.6a 34.90b 73.3a 5.36a
Diluvium 0.55a 0.70a 28.7a 10.3a 36.7ab 65.4a 441a
Fluvio-marine deposits 0.54a 1.55a 23.7a 14.4a 36.8ab 61.3a 4.56a
"Numbers followed by the same letter within a column are not significantly different (Duncan’s test, p<0.05).
Table 7. Heavy metal contents of soils in the orchard fields cultivated with different fruit plants.
Fruits Heavy metaTl contents
Cd Cr Cu Ni Pb Zn As
mg kg'1
Pear 0.64a" 1.16a 26.5a 11.0a 38.1a 90.3a 4.60a
Apple 0.51a 0.66ab 22.2ab 10.5a 38.1a 74.2ab 3.8la
Peach 0.63a 0.50ab 22.8ab 11.4a 38.4a 74.3ab 4.89a
Grape 0.69a 0.65ab 22.0ab 11.1a 36.0a 72.1ab 5.01a
Persimmon 0.46a 0.40b 16.4b 9.3a 35.1a 55.4b 4.27a
"Numbers followed by the same letter within a column are not significantly different (Duncan’s test, p<0.05).
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