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Abstract

Urban soils serve as critical carbon reservoirs in terrestrial carbon cycling; however, the carbon storage characteristics of
anthropogenically disturbed soils, such as those in brownfield-restored parks, remain poorly understood. This exploratory
study analyzed the spatial distribution of soil organic carbon (SOC) stock and its associated soil properties in Busan Citizens
Park, a representative brownfield-restored urban park in Korea. The site, which was used as a racetrack and U.S. military
base before its conversion into an urban park in 2014, represents a typical Technosol environment. SOC content was
estimated by applying the Van Bemmelen conversion factor (0.58) to physicochemical data from 48 sampling locations,
whereas bulk density was estimated from soil texture classification using a simplified pedotransfer function. The spatial
distribution of carbon stock was mapped using GIS-based inverse distance weighting IDW), and interpolation reliability was
evaluated through leave-one-out cross-validation and comparison with ordinary kriging. The results revealed a median
carbon stock of 12.9 Mg C ha™ and a mean of 22.5 Mg C ha™ at a depth of 0-60 cm, substantially lower than the IPCC default
reference stock for mineral soils under native vegetation in the warm temperate moist zone (88 Mg C ha™ for high-activity
clay soils at a depth of 0-30 cm). Carbon stock exhibited pronounced spatial heterogeneity (CV = 118.9%). Spearman’s rank
correlation indicated significant positive relationships between carbon stock and total nitrogen (o = 0.716, p € 0.001) and
electrical conductivity (o = 0.443, p € 0.01), whereas no significant relationships were observed with soil pH or available
phosphorus. These results suggest that carbon distribution is associated with anthropogenic construction activities rather
than natural pedogenic processes. This study provides preliminary baseline information for carbon management and soil
improvement strategies for urban landscape restoration.
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Fig. 1. Location of Busan Citizens Park and historical photographs. (a) Location map; (b) historical racetrack photograph;
(o) historical aerial photograph of the U.S. military base period. (Busan Facilities Corporation, 2024).
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Fig. 2. Soil sampling grid layout of the study area (90 m x 120 m). @, soil sampling points.
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Table 1. Estimated bulk density values by soil texture class (g cm™)a

Soil texture SL L

SiL CL SiCL

Bulk density (g cm™) 1.45 1.35

1.30 1.35 1.30

a Representative values by soil texture class based on Rawls(1983) and Saxton et al.(1986); values are estimates, not direct measurements.

a0 Aok ol A wA] He o] i A 1A
& N5 BoY 4 Qe @A digroltt, wh
24§42 E9s1 kojsis ¢, £EE 31 2
= jde g 43 Z40] Wad A% W Bes
$e EAslE 7|2Aae 81 4 okt 2
AL 40 B g1, ¥4 A% ATE 9% 7}
A Rk 94 Pe) 7o AAolebs AR 02

231 ES R7|EA

F2H 771 FFHOM. %) Hlol"HE ES /718
ﬁ\_(SOC %)= Helslr] 9o A AAH = de] 585
+ Van Bemmelen F&A4(0.58)5 &85t ©]
= EY 3719 g o 58% 7t eA R A= o] itk
= 3 EAo AT A=, AEAl2 gt Er

SOC (%) = O.M. (%) x 0.58

AR A FeH &2 gk glo|El= I A)H
19 242 59 g 17 ARRZ, s0C F ﬂ
o]
H

145}711 A HdA ”/\0]"4’
B34 eta 20| B9H AL
AA SOC div] Ao 49 7FsAdol A LH(Pribyl,
2010), ol AT (B2, B3 5)2 ©4 2w of
A Al B3] F9)7F D 851t

2HH, Allory et al.(2022)9] Hel2Ao] W= ]

g gt FHS st Fa M= RIIEF
d olgnt HAH E EdFges, A EY o
SOC/SOM H[-&o°] Fo|d 4= Qlt}. o= & AolA
Van Bemmelen A5 A& A E%l’fﬂ_”éo] T AeE 4
U= o] BA ZAE AT

s

. EY EHUL (bulk density) 24

ZNA SAUEE FelF o g F4517] Q)5 Rawls
(1983) ¥ Saxton et al.(1986)%] PTFE #alsto], E
A EReE gl U g A5kl olg &
4871 214l A-g-ote Teste B 2 st
ol A &4 PTF Alite] obd EAY 1153
IAZF Y HAAS AT &, Y Aol A &
HE 248 B4 2%
3}04 4871 A9 BHUEE 2t
L Agte EoF ARuto 2w v w2 ¢k A<l B2
E4 di5e] 7Fs
2 A4+= 24 54 A=rt AE A
o) & A B 91t 712 A= A
ShH, PTF 7]t —7— 42 8ol BEZ

» o
N
Lo

R —lNl
Y

my

|

U H
o o

2 on 2
N

T g o
rE == oxl loh ot

ﬂJEi‘Llﬁi
Mol o

L)
ot
oL
rr

f
o
i

2
of!

X,
i
rlo o
Jo
fol
ol
AT
1%
ol F
o
o
fu

SFH | E Lo A A-835F Rawls(1983) ¥ Saxton
et al.(1986) 71¥te] PTEE= At EFS tiAto =2 7t
=] ﬁdx]oi 7AA x}zﬂ 59] I;,l o] _AXJ 1:]-110]
Aol= HlZ k&) 483 49 54 &
5730] qitt. wEtA] 2 Aol A= sl —iﬁ’@ﬁ%?ﬂj
o2 A5ty | Kot g7t B 733 9 g4 v
of F8E Fof st o, g AFolAs G A
2AYL 212 886 HAo] I 5

: _IIN‘
rOl ol
o

>

_1>4

U&= Rawls(1983) % Saxton et al.(1986)
]_g_ EA 7 eAuE 24 Ade st
?Oﬂ/ﬂ% EAQ £ 9 i ugte 485k
st AtHTable 1). FAIHCR otE(loam)
.35 g cm’3, AFE(Clay Loam)E 1.35 g cm 3,
AP E(silt loam)E= 1.30 g cm™@, AHEYE
(sandy loam)= 1.45 g cm™, PIAFEAFE(silty
clay loam)+= 1.30 g cm™39] 412 &85}t

I 2
r&—“oko
é

o
>~

rlr



2.4, Bt MY LS 9 S EIKGIS) 24
]_

Mg C ha )& thg 40 o

Carbon stock (Mg C ha™)
=SOC (%) x BD (g cm™) x D (cm)

o] A1-2 ] HAF BA=F SOC(g g ™) x BD(g cm™)
X D(cm)(g cm ™l g cm™2—~Mg ha™ 3HIAS(108
cm? ha™ + 10°g Mg™' = 100)& &3t A4 5ot
SOCE % (= g g x 100)= tstH o] hitAls
1000] Aafi=]o] 919} o] <ol

DE E A3 AZ(60 cm)elth. A4t oAl B2
1.496 x 1.35 x 60 = 121.2 Mg C ha™; Al
0.1044 x 1.45 x 60 = 9.08 Mg C ha™.

4870 AFolA A g4 AFEE 39 U 54
QA9 et delE B, SA5HA] o2 U A] 571
HAade & 4 QU olA" A Telx ol SA%
U AA Y] AL Bx A= HSH] Slof &
B 485kt
2 AFolAE= ArcGIS Pro 3.19] 9Ag] 7HH
(inverse distance weighting, IDW; Lu and Wong,
2008)& ARSIt IDWA= 54 A A 7H7kes
5 11 29| gAagho] £ B 2 9 vt
Qa2 7jHto g stk = ofy Al ¢lo]o] 2 Yo T
off ¥ S 27 71ﬂ§ AlAretaL, 717k 23l
52 7S, W A = B2 7SS Fofsto]
G A Sk %

IDWE A=t o]fi= 7 7HAl ol e, A4, o] W
EF gaAd 34 27143 %01 Ue dlo] 1°ﬂ =
steh B4, 48712k AlgHE 52 Q
B dikg 45 4 9l

B2 Al A8g AR 57&3 o= Aok AEAlE
2 2= AASH=T, o= A7t 24 HolAH <
FEo] 429] 12 FolEs AL oueitt. &4 §H
< 150 m= AAstoH, ol& 5 ©5(2F 300 m)
O] 1/201 sligste] 34 U Aol A4 24 170 ©
&) SA 7o) WtEA] Rt = gF Zoloh, 3 2|3
= 1270& AAstsl e, o= LOOCV A} B4
e 2HMAE)7F #|4ste] = gte s AAstqth p=1,
2, 39 A 7}A] 7 -5 vl w3t A3}, p=24 uf A
L2 ZXHMAE)7} 6.87 Mg C ha™'2 7V Ztof | &gto =2

o

™ o

M
ro & rfo

=

T3t IDW Ak A= HE5H] fls At 2
27 (ordinary Kriging)= ¥3 &-85to] 21& vl
stict vl w A, T 9 2% §EATH hot spot, B4
A=A )} FEATcold spot, B4 AFZ F9)
o] 9)x)1e}t H 97t MukA o & AA|5hiet. T3 227
©] MAE (7.23 Mg C ha™)7} IDW (6.87 Mg C ha™)%}t
AR olglo B dfAlo] Bt XAl IDWE
F 24 o= festa A7) At Bk H5 A

=2 Z-&sqlnh

oiet IDWE % A
B2 T 4= ZF— Ao g Aot ZlolB
7t EAE $Hel §itt. £9] =
SEATE AA F oA = 7J'3’/P§94 Best antE ]l

Sl

g 8AHL=7|s

s

olafsty 7|8k soC ¥

i
Jn

E
=)
A RS 4870 A9l G718 FEH0.M.
% U EA HlolHE 7o r E& 3} 60 cm EXF
F71EA(SOC) Tt SHUTE 49 A} Bt
eUC 29 BEoF Efo] 24T FIHA oA B
ghel=| ]t
2] 24 SOC B2 0.277%% e
woit 24 7+ nﬂz}ﬂ 2451 gHA8sIT) B2 A1
o] 1.496%% 7% =& SOC ¥3e HYod E3
(1.235%), 12 (0.841%), D4 (0.818%) 5 £4=2] A4t
0] 0.8% °liF2] folult frletA gk LrebTh
g 4] 4870 A1 % 2F 17%] sidsh= 871 214
(A3, A4, E1, F1, G5, J2, J4, J5)2 SOC7} 0.006% %
ArEE o] fr|Eo] AMAAT ARHE UA] 20 AHE
Bk,
ot EAY Agstel &Y 4 4UE
T 1.36 g cm® =0l oY, 1 =5
AFEOFE(SL) A1 A (AL, E1, F1 5 8714)2] 4% 1.45
g cm39 AtiAoz £o gHUEs} 45t



ol ZA T Y EYY B 84EE(1.21 gem™;
Gong et al., 2020)& 37 A&loh=

4o 2 o)A 9] 91914 o3t /71&E 43l &
ghe ¢ EFe] F=E0] AT
7158 E S AlAFRITE,

A, pH 8.0 o1/ 7|53t Y7 2 A(B4: 8.4, G5:
8.6, I1: 8.8 5)°lA+= B4EE5(CaCOs) FH 9 77
gavt S Eo] a0 76t 5718 SHgkel =
AE 7FsA3E WAL &= glot. ol= sliiE =138 <] SOC
7t Bl =49 4= 9l FHd B2 aRler &

T dAolA= A AA T (acid fumigation) & SOC
AN 54& 53 Yol dasirt

3.1.2. 2| EQk EbA X 2k2K(carbon stock)
2 Iy}

FAAIZ- 487 217 0] EF oA AR Bas
N 1.92, FEASF 118.9%= At W v]A47
E2E ERtHTable 2). o]2igt B EAS 112sh
o, A&EH22.5 Mg C ha ) tidA] AA9] di=
o= Aot ol gHAIZE glom, Fak(12.9 Mg C

ha™e] B} 2273t thi Ao = wher)

Bt F4gre] 12(9.6 Mg C ha™)e &9 =
=2 ZA(B2: 121.2 Mg C ha™, E3: 100.1 Mg C
ha™)o] A=g-E A3 Aok A2 YeT

RO =3} A2 E wolety] Qo] ARESS B4
S 5P A} 5H9 25%(Q1)= 5.8 Mg C ha™, A4
25%(Q3)x= 30.7 Mg C ha™'& AHE9] HLIIQR)7H
24.8 Mg C ha'e] @3ttt

E5] AA 4870 - 5 3370 217(68.8%)°] Hat
o|5te] ghA A= Bl vtA, A+ 10%] siEdst=
570 2] 3]o] AA| gA- A F 2] 9] oF 39% o=
Aok 98 HE R ERIFE ol V& =
Al EQF gt Aol A Bt H5AS(CV 30~60%;
Pouyat et al., 2006; An et al., 2022)5 37 3]st
EawoR BEkEE 5ol 39 Q1914 wEt o]
o] gtA B O] FAA X A E fTohl e Al
Attt

mbA] 2 Ao A= o] & B4 il
B SIS B, 33 ] A | Al
T4k 7129 oS Akl

2 A7 g A%TF %2 Van Bemmelen
A4(£0.02 9] ¥ Pribyl, 2010) 2 PTF 7|5t

o [

4, B Aol Avks A &

A A S| HHe B2V R e s e v

o] wjetol 4 s Elolof 5], A g A ofejst
]

281440] T2 E|ojof gt

Table 2. Descriptive statistics of soil carbon stock at 48
sampling points in Busan Citizens Park

Statistic Value
Mean 22.5 Mg C ha™
Median 12.9 Mg C ha™
Standard deviation (SD) 26.7 Mg C ha™
Coefficient of variation (CV) 118.9%
Minimum (Min) 0.45 Mg C ha™
Maximum (Max) 121.2 Mg C ha™
Skewness 1.92
Number of sampling points (n) 48
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Table 3. Estimated soil carbon stock at 48 sampling points in Busan Citizens Park

Zone Organic matter Soil texture (based on Estimated bulk density Soil organic carbon Carbon stock
(ID) (O.M. %) Appendix 2-1) (g cm™) (SOC %) (Mg C ha™)
Al 0.18 Sandy loam (SL) 1.45 0.104 9.08
A2 0.42 Loam (1) 1.35 0.244 19.73
A3 0.01 Clay loam (CL) 1.35 0.006 0.47
A4 0.01 Loam (L) 1.35 0.006 0.47
A5 0.052 Clay loam (CL) 1.35 0.030 2.44
B1 0.14 Clay loam (CL) 1.35 0.081 6.58
B2 2.58 Clay loam (CL) 1.35 1.496 121.2
B3 0.87 Loam (L) 1.35 0.505 40.87
B4 0.19 Loam (1) 1.35 0.110 8.93
B5 0.27 Loam () 1.35 0.157 12.69
C2 0.64 Clay loam (CL) 1.35 0.371 30.07
C3 1.50 Silty clay loam (SiCL) 1.30 0.870 67.86
C4 0.52 Loam (L) 1.35 0.302 24.43
C5 1.01 Sandy loam (SL) 1.45 0.586 50.96
D1 0.35 Loam (L) 1.35 0.203 16.44
D2 0.33 Loam (L) 1.35 0.191 15.50
D3 1.26 Loam (L) 1.35 0.731 59.20
D4 1.41 Loam (L) 1.35 0.818 66.24
D5 0.11 Silt loam (SiL) 1.30 0.064 4.98
E1 0.01 Sandy loam (SL) 1.45 0.006 0.50
E2 0.14 Loam (L) 1.35 0.081 6.58
F3 2.13 Clay loam (CL) 1.35 1.235 100.07
E4 0.72 Clay loam (CL) 1.35 0.418 33.83
E5 1.00 Loam (L) 1.35 0.580 46.98
F1 0.01 Sandy loam (SL) 1.45 0.006 0.50
F2 0.02 Silt loam (SiL) 1.30 0.012 0.90
F3 0.34 Loam (1) 1.35 0.197 15.97
F4 0.51 Loam (L) 1.35 0.296 23.96
F5 0.18 Clay loam (CL) 1.35 0.104 8.46
Gl 0.31 Loam (L) 1.35 0.180 14.56
G2 0.21 Silt loam (SiL) 1.30 0.122 9.50
G3 0.87 Loam (L) 1.35 0.505 40.87
G4 0.26 Loam (1) 1.35 0.151 12.22
G5 0.01 Sandy loam (SL) 1.45 0.006 0.50
H1 0.26 Sandy loam (SL) 1.45 0.151 13.12
H2 0.41 Loam (1) 1.35 0.238 19.26
H3 0.32 Silt loam (SiL) 1.30 0.186 14.48
H4 0.25 Loam (L) 1.35 0.145 11.75
H5 0.41 Loam (L) 1.35 0.238 19.26

11 0.69 Loam (L) 1.35 0.400 32.42
12 1.45 Loam (1) 1.35 0.841 68.12
3 0.03 Loam (1) 1.35 0.017 1.41
14 0.21 Sandy loam (SL) 1.45 0.122 10.60
15 0.13 Loam (L) 1.35 0.075 6.11
J2 0.01 Silt loam (SiL) 1.30 0.006 0.45
JE) 0.16 Loam (1) 1.35 0.093 7.52
J4 0.01 Loam (L) 1.35 0.006 0.47
J5 0.01 Sandy loam (SL) 1.45 0.006 0.50

a Carbon stock (Mg C ha™) = SOC (%) x BD (g cm™) x D (cm), D = 60 cm.
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Fig. 3. Spatial distribution of estimated bulk density (g cm™) in Busan Citizens Park.
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Pig. 4. Spatial distribution of soil organic matter (O.M., %) in Busan Citizens Park. Soil organic carbon (SOC, %)
corresponds to O.M. X 0.58 (e.g., O.M. 1.0% = SOC 0.58%); the spatial pattern of SOC is therefore identical to that
shown here.
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Fig. 5. Spatial distribution of soil carbon stock (Mg C ha™) in Busan Citizens Park.
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Appendices

Appendix 1. Survey of soil chemical properties

Total Available  Exchangeable Exchangeable Exchangeable

EC CEC (cmol Salinity  O.M.

Zone Soil pH - -y nitrogen phosphorus potassium (cmol  calcium magnesium o o
Wm) OR) o) mele) @) Cmolke) molgy P %
Al 8.1 0.21 5.12 0.05 26.4 0.05 5.69 1.38 0.003 0.18
A2 8.2 0.27 9.99 0.058 26.4 0.13 11.5 1.31 0.002 0.42
A3 6.8 0.17 9.75 0.047 3 0.1 4.74 1.81 0.003 0.01
A4 7.0 0.11 7.67 0.043 11.4 0.09 6.24 1.69 0.003 0.01
A5 6.9 0.18 9.41 0.052 5.9 0.13 5.66 1.13 0.003  0.052
Bl 7.4 0.24 10.14 0.044 5.8 0.13 6.48 1.99 0.003 0.14
B2 7.2 .11 11.54 0.126 5.4 0.12 9.57 1.14 0.003 2.58
B3 7.7 0.15 9.18 0.068 11.1 0.09 7.41 1.39 0.002 0.87
B4 8.4 0.47 9.39 0.04 13.9 0.1 12.54 1.6 0.003 0.19
B5 7.1 0.21 11.39 0.051 2.8 0.14 7.72 1.78 0.003 0.27
C2 6.8 0.18 10.89 0.069 2.7 0.14 6.1 1.46 0.003 0.64
C3 7.4 0.29 7.23 0.108 321 0.11 8.07 0.78 0.003 1.5
C4 7.1 0.14 8.34 0.066 18.6 0.11 6.79 1.6 0.003 0.52
(65) 6.6 0.16 19.71 0.036 16.9 0.1 12.7 4.93 0.003 1.01
D1 7.9 0.38 8.35 0.05 6.5 0.12 7.99 1.69 0.004 0.35
D2 7.0 0.19 12.43 0.053 6.5 0.09 5.67 1.41 0.003 0.33
D3 7.8 0.48 7.69 0.08 10.9 0.09 9.07 1.17 0.004 1.26
D4 8 0.74 9.08 0.083 8.1 0.12 11.46 1.17 0.004 1.41
D5 7.0 0.08 11.34 0.045 20.7 0.09 13.21 4.45 0.003 0.11
El 7.7 0.15 7.48 0.035 23.7 0.06 8.43 1.77 0.003 0.01
E2 7.5 0.22 7.82 0.047 6.9 0.08 7.68 2 0.004 0.14
E3 7.1 0.33 9.64 0.095 43 0.11 7.16 1.21 0.005 2.13
E4 7.2 0.67 9.29 0.06 14 0.12 8.49 1.53 0.005 0.72
E5 7.1 0.19 10.25 0.063 50.1 0.1 8.94 1.79 0.003 1.0
F1 7.6 0.08 5.76 0.039 18.3 0.05 8.13 1.99 0.003 0.01
F2 8.1 0.24 6.69 0.043 58.9 0.11 7.56 1.17 0.003 0.02
F3 8.2 0.62 10.37 0.046 10.1 0.1 13.3 1.49 0.005 0.34
F4 73 0.38 8.4 0.053 11.3 0.1 6.87 1.68 0.004 0.51
F5 7.4 0.15 7.99 0.053 11.8 0.09 7.23 1.2 0.003 0.18
Gl 7.8 0.51 12.87 0.056 9.6 0.13 12.11 2.53 0.004 0.31
G2 8.5 0.34 7 0.024 42.2 0.12 10.17 0.92 0.003 0.21
G3 6.7 0.22 8.85 0.057 343 0.13 5.94 1.55 0.003 0.87
G4 8.0 0.16 8.32 0.027 14.3 0.08 7.6 1.71 0.003 0.26
G5 8.6 0.28 12.64 0.019 15.7 0.13 12.01 2.12 0.004 0.01
Hl1 8.1 0.25 5.89 0.025 57.4 0.07 7.18 1.01 0.003 0.26
H2 7.1 0.56 10.78 0.03 40.9 0.1 11.43 3.41 0.004 0.41
H3 6.8 0.54 7.66 0.027 25 0.11 5.53 1.36 0.008 0.32
H4 8.2 0.97 11.44 0.02 34.2 0.11 15.47 2.73 0.004 0.25
H5 7.8 0.36 9.18 0.034 9.5 0.13 8.57 1.55 0.003 0.41
I 8.8 0.51 11.19 0.046 18.8 0.12 10.09 1.99 0.004 0.69
12 6.8 0.3 9.54 0.06 16.2 0.11 7.24 2.45 0.004 1.45
3 7.2 0.11 7.15 0.016 247 0.1 7.71 1.8 0.003 0.03
14 85 0.58 4.85 0.02 8 0.08 8 1.45 0.004 0.21
15 7.7 0.34 9.41 0.024 12 0.12 8.19 1.97 0.004 0.13
J2 6.8 0.09 5.56 0.019 9.1 0.07 5.19 1.32 0.003 0.01
J3 7.2 0.15 7.81 0.017 35.4 0.11 6.96 1.34 0.002 0.16
J4 85 0.21 6.64 0.015 12.9 0.08 6.72 1.35 0.003 0.01
J5 83 0.35 8.05 0.014 17.7 0.11 7.55 2.04 0.003 0.01

a The high CEC value at site C5 (19.71 cmol(+) kg™) reflects local soil characteristics, including relatively high organic matter content (1.01%),
rather than measurement error.
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Appendix 2-1. Soil texture and soil hardness (mm) at Surface and -20 cm depths
Soil hardness (mm)
Zone Soil texture Surface Side wall (-20 cm)
North Southeast Southwest  Mean North Southeast Southwest  Mean
Al Sandy loam 26 22 26 25 22 19 20 20
A2 Loam 25 22 30 26 16 15 14 15
A3 Clay loam 20 28 26 25 23 22 17 21
A4 Loam 26 27 24 26 20 20 17 19
A5 Clay loam 28 29 32 30 20 14 14 16
Bl Clay loam 26 23 25 25 12 12 10 11
B2 Clay loam 22 19 17 19 12 12 10 11
B3 Loam 25 24 26 25 17 13 18 16
B4 Loam 21 23 20 21 12 14 11 12
B5 Loam 20 21 21 21 12 9 10 10
C2 Clay loam 22 19 20 20 11 13 12 12
C3 Silty clay loam 25 23 17 22 24 17 19 20
C4 Loam 20 21 20 20 15 12 5 11
C5 Sandy loam 16 19 22 19 20 11 19 17
D1 Loam 22 20 26 23 22 15 20 19
D2 Loam 29 26 25 27 26 17 19 21
D3 Loam 21 21 20 21 27 26 23 25
D4 Loam 22 21 24 22 22 19 14 18
D5 Silt loam 21 25 24 23 17 16 15 16
El Sandy loam 16 16 14 15 22 20 15 19
E2 Loam 22 25 24 24 17 17 22 19
E3 Clay loam 23 22 23 23 24 22 20 22
F4 Clay loam 17 23 20 20 22 14 14 17
E5 Loam 24 17 25 22 18 14 18 17
F1 Sandy loam 14 15 17 15 11 10 11 11
F2 Silt loam 17 14 17 16 25 25 25 25
F3 Loam 21 22 20 21 20 14 21 18
F4 Loam 19 22 21 21 25 18 23 22
F5 Clay loam 18 16 18 17 12 11 10 11
Gl Loam 17 16 20 18 20 16 14 17
G2 Silt loam 20 19 19 19 17 16 19 17
G3 Loam 17 23 19 20 9 9 9 9
G4 Loam 27 26 26 26 19 16 22 19
G5 Sandy loam 23 22 24 23 19 14 22 18
Hi Sandy loam 18 20 24 21 15 16 12 14
H2 Loam 25 18 18 20 18 10 15 14
H3 Silt loam 23 26 24 24 24 22 21 22
H4 Loam 19 15 16 17 24 26 19 23
H5 Loam 25 25 29 26 22 16 20 19
11 Loam 25 26 20 24 19 20 15 18
12 Loam 23 17 17 19 15 15 12 14
3 Loam 14 23 17 18 22 14 14 17
14 Sandy loam 25 26 26 26 22 20 21 21
15 Loam 22 24 24 23 19 23 28 23
]2 Silt loam 15 19 18 17 21 17 18 19
J3 Loam 21 16 21 19 12 11 12 12
J4 Loam 20 24 23 22 24 15 17 19
J5 Sandy loam 22 26 25 24 17 23 14 18
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Appendix 2-2. Soil texture and soil hardness (mm) at -50 cm and -80 cm depths

Soil hardness (mm)

Zone Soil texture Side wall (-50cm) Side wall (-80cm)
North Southeast Southwest  Mean North Southeast Southwest  Mean
Al Sandy loam 26 25 23 25 26 19 24 23
A2 Loam 24 17 16 19 23 18 22 21
A3 Clay loam 23 23 27 24 17 21 15 18
A4 Loam 30 26 30 29 24 21 20 22
A5 Clay loam 22 13 19 18 16 12 14 14
Bl Clay loam 16 23 16 18 22 22 17 20
B2 Clay loam 28 17 24 23 25 29 24 26
B3 Loam 22 22 26 23 16 17 18 17
B4 Loam 22 16 17 18 21 22 20 21
B5 Loam 16 16 15 16 18 16 17 17
C2 Clay loam 10 20 16 15 20 28 18 22
C3 Silty clay loam 24 26 20 23 15 20 19 18
C4 Loam 26 21 6 18 19 20 20 20
C5 Sandy loam 28 21 15 21 26 21 16 21
D1 Loam 17 18 16 17 17 15 17 16
D2 Loam 24 25 21 23 27 24 17 23
D3 Loam 23 18 18 20 18 21 21 20
D4 Loam 15 21 22 19 22 22 24 23
D5 Silt loam 15 18 14 16 24 20 16 20
El Sandy loam 22 27 25 25 20 19 21 20
E2 Loam 23 19 13 18 22 17 14 18
E3 Clay loam 24 23 22 23 17 25 20 21
B4 Clay loam 25 21 17 21 17 18 20 18
E5 Loam 18 22 19 20 18 18 18 18
F1 Sandy loam 22 22 24 23 15 15 17 16
F2 Silt loam 20 15 19 18 16 17 16 16
F3 Loam 16 20 19 18 21 18 23 21
F4 Loam 17 20 20 19 23 21 23 22
F5 Clay loam 22 16 21 20 21 18 18 19
Gl Loam 20 15 17 17 24 22 20 22
G2 Silt loam 13 21 17 17 17 19 17 18
G3 Loam 17 16 16 16 22 12 17 17
G4 Loam 22 21 24 22 17 14 19 17
G5 Sandy loam 20 24 22 22 22 24 17 21
H1 Sandy loam 20 21 20 20 17 17 16 17
H2 Loam 24 23 23 23 19 21 20 20
H3 Silt loam 21 21 19 20 21 19 17 19
H4 Loam 21 22 23 22 20 20 20 20
H5 Loam 27 11 16 18 17 20 18 18
11 Loam 14 17 15 15 16 22 17 18
12 Loam 19 19 22 20 22 23 19 21
3 Loam 21 24 22 22 22 22 22 22
14 Sandy loam 17 19 18 18 21 21 17 20
5 Loam 27 29 26 27 22 27 26 25
]2 Silt loam 18 19 17 18 19 17 17 18
13 Loam 17 17 14 16 18 19 19 19
J4 Loam 20 23 16 20 14 21 19 18

J5 Sandy loam 25 26 24 25 23 22 22 22
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Appendix 2-3. Soil texture and soil hardness (mm) at -110 cm and -130 cm (Bottom) depths
Soil hardness (mm)
Zone Soil texture Side wall (-110cm) Bottom (-130 cm)
North Southeast Southwest  Mean North Southeast Southwest  Mean
Al Sandy loam 21 17 13 17 17 15 16 16
A2 Loam 19 22 18 20 16 15 16 16
A3 Clay loam 21 19 29 23 14 16 15 15
Ad Loam 20 23 24 22 16 17 15 16
A5 Clay loam 14 18 15 16 19 17 18 18
Bl Clay loam 18 24 14 19 14 12 15 14
B2 Clay loam 16 24 17 19 16 14 13 14
B3 Loam 27 29 20 25 20 23 19 21
B4 Loam 18 18 19 18 16 17 16 16
B5 Loam 22 15 16 18 16 15 15 15
Cc2 Clay loam 21 16 16 18 20 18 16 18
C3 Silty clay loam 17 16 23 19 18 16 15 16
C4 Loam 24 24 18 22 24 24 21 23
C5 Sandy loam 19 19 14 17 14 10 16 13
D1 Loam 18 18 17 18 17 15 14 15
D2 Loam 24 25 15 21 25 23 22 23
D3 Loam 18 23 16 19 10 11 15 12
D4 Loam 22 17 19 19 18 15 14 16
D5 Silt loam 15 16 10 14 12 13 15 13
El Sandy loam 19 22 16 19 20 18 15 18
E2 Loam 20 21 14 18 17 16 15 16
E3 Clay loam 10 15 11 12 15 13 15 14
E4 Clay loam 23 20 19 21 17 14 12 14
E5 Loam 25 20 25 23 18 15 15 16
F1 Sandy loam 15 13 15 14 16 15 14 15
F2 Silt loam 23 22 23 23 18 15 16 16
F3 Loam 20 17 19 19 17 18 20 18
F4 Loam 21 25 22 23 17 15 14 15
F5 Clay loam 17 21 14 17 16 16 15 16
Gl Loam 22 21 14 19 12 13 15 13
G2 Silt loam 22 20 17 20 19 18 16 18
G3 Loam 19 14 17 17 20 18 15 18
G4 Loam 17 19 22 19 16 15 14 15
G5 Sandy loam 19 18 21 19 12 15 16 14
H1 Sandy loam 15 12 19 15 16 14 15 15
H2 Loam 17 17 19 18 16 15 16 16
H3 Silt loam 22 19 20 20 20 18 16 18
H4 Loam 26 19 21 22 18 17 19 18
H5 Loam 24 23 21 23 20 21 18 20
11 Loam 20 25 19 21 19 18 19 19
12 Loam 20 19 18 19 18 16 18 17
3 Loam 21 17 22 20 19 16 18 18
14 Sandy loam 23 22 17 21 20 19 19 19
5 Loam 17 22 19 19 18 16 15 16
J2 Silt loam 15 20 17 17 17 18 19 18
J3 Loam 19 20 12 17 15 18 16 16
J4 Loam 20 20 13 18 21 19 16 19
J5 Sandy loam 17 20 23 20 15 16 18 16
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