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ABSTRACT

The measurement based on reliable standard operating procedures (SOPs) is important for consistent
information. The objective of this study is to investigate reliable SOPs of soil physical methods, including
core method for bulk density, Yamanaka hardness, and air permeameter method for air permeability. The
coefficients of variation in bulk density (core method), Yamanaka hardness, and air permeability were ranged
of 1~6%, 8~13%, and 10~84%, respectively. The variation in situ measurement such as bulk density, hardness,
and air permeability due to spatial variability at measuring site was larger due to the number of replicates,
organic matter content, and soil texture. Nevertheless, air permeability had different values as different
number of replicates, and thus, it is thought that more replicates can result in higher reliability. It suggested
that investigation of soil physical properties for the target sites should required to consider about soil texture,
organic matter content, and number of replications before measurement. In conclusion, core sampling for bulk
density measurement in upland soil recommended to perform in 3 repetitions with 2 inch core, and 3 inch core
sampling for higher organic matter content.
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Bulk density as affected by different organic matter content and number of replicates using 3"
and 2" core.

The r?nge of The number of replicates Number of
organic mater  Type of core samples
content (g kg™) 3 > 10 p
---------------- Bulk density (Mg m™) --------------—-
3" core 130£0.047  1.31+0.04 1.30 + 0.04
0-100 2" core 1204004 1294006  128+006  -rsamples
0-10 3" core 1.36 +0.05 1.35+0.04 1.36 £ 0.04 6 samples
2" core 1.37 +0.02 1.36 + 0.03 1.37 +0.04 p
3" core 1.39 +0.05 1.38 £ 0.06 1.38 £ 0.06
10-50 2" core 1394005 1394005 1404005 22 samples
3" core 1.17 £ 0.06 1.15+0.06 1.15+0.07
50-100 2" core 119006  121+0.07 121+ 0.05 6 samples

"Data are presented as means + standard deviations (SD) of the results based on the corresponding
replications.
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Introduction

EJo] =24 E42 Ueile A 3e vofohH RES] AH, 4, 4, 487 oA 59 HAt= vet
Wik 71 FolM e T2 AR ELL QlE 7R RAS SR, B, 5714 5& R ol (Cornelis et al.,
1999; Lowery and Morrison, 2002). ©]|2{3F 24 W SA4uhHo 8XdL = Jop | EQRF L= o7t AL A
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B} B 50 B 2T 242 oA S45te] ESE] v Aot 2k=0] B Alsof| st
HEZ 2ehS Y 4= 9lo] §-8490] 2tal & = QIck (Han et al., 2011). SEX|TH @F o4 B8] 4 EAS EAsH=74
<, HH AP Aibso] dribEo] HeAE 71R= Aoluell tieh e o] wAl= A4 0 & A|7]E o] gEo.
o, A1 ATRO] HSh= Bl Eqfolet st 24 Q1AL AR, Aol whet k= A vehd Zojetar shdsieltt
(Han et al., 2011). o]} Z=2 Ao tfgh -2t A7 F55to] S42]of thet s 2o RE3t 7o Sl
2 ERF Ao 3Ie

mEbA] 2 AR = =
AR LR 4= Qe B85 Bl 2Aste] S 41E| 5 o)l FSE A E fI%t

17} Q75 4

N

-~
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Results and Discussion
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EABI O, 3R1A] Fote] 73-9-+10 mL ©f5ke] - zte|7F EAfjsle] B Bt Ea o 4= it EHA 9
Aol o2 SADE Zlo) n|X|i= PRk Yol 7] flote] EGE A7 1=std T EAJo| w1 RS 3
HHE, SHHE, 109150 2 Fefoto] BASRITE 3122 2Q14] 1ok 7] Bl ol A= 2F0.00~0.06 Mg m™ ] HLfef]
A 2ol b}E’r U% 53] 7= el =2 EYollA T Ae7t B 2] vkttt AET §HES-(32], 58], 10
0.00~0.02 Mg m™> 2] IS H 1 FFHafe] Mol 2] ¢kt (Table 1).
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Table 1. Bulk density as affected by different organic matter content and number of replicates using 3" and 2" core.

The r.ange of The number of replicates Number of
organic mater Type of core sambles
content (g kg 3 5 10 P
----------------------- Bulk density (Mg m™) =======mnmmmmmmmmmmae
3" core 1.30=0.04" 1.31£0.04 1.30+0.04
0-100 . 34 samples
2" core 1.29 +0.04 1.29 +0.06 1.28 £ 0.06
3" core 1.36 +0.05 1.35+0.04 1.36+0.04
0-10 . 6 samples
2" core 1.37 £0.02 1.36 £0.03 1.37 £0.04
3" core 1.39+0.05 1.38+0.06 1.38+0.06
10-50 . 22 samples
2" core 1.39+0.05 1.39+0.05 1.40 £ 0.05
3" core 1.17 £ 0.06 1.15+0.06 1.15+0.07
50-100 . 6 samples
2" core 1.19+£0.06 1.21+£0.07 1.21£0.05

"Data are presented as means + standard deviations (SD) of the results based on the corresponding replications.

391219} 2917 Fobg ARGt EAdel mhE 840 Zfolof A= 0.01~0.03 Mg m™ o] 915 Hof B uf
2t 82400 Mslofl= o4 Q1 Ao| 5 Kol A= QAT (Table 2). HISRE EAJOA] HHESof whE 21U et
2] 2o = 0.00~0.02 Mg m™ ©] Il om] FEwA}e] Ho e npbria| 2 =.2] FQITt (Table 2).

Table 2. Bulk density as affected by different soil texture and number of replicates using 3" and 2" core.

The number of replicates Number of
Texture group Type of core
3 5 10 samples
----------------------- Bulk density (Mg m™) =---=-=========m=mmm-
3" core 1.34+0.03" 1.33 £ 0.05 1.32+0.05
Sand loamy . 12 samples
2" core 1.32+0.05 1.32+0.05 1.33+£0.05
3" core 1.31+0.03 1.30 = 0.06 1.30 £ 0.06
Loamy . 12 samples
2" core 1.33£0.05 1.33£0.05 1.33+£0.05
3" core 1.40 +0.03 139 +0.05 1.38 £0.06
Clay loamy . 10 samples
2" core 1.39£0.05 1.40 £0.05 1.41 £0.05

"Data are presented as means + standard deviations (SD) of the results based on the corresponding replications.

2= 347 B tPd o= ZART -8 AW O] WA= 0.02~0.07 Mg m™ FaT Ho 4= 1~6%S LRIt
2 ol ols, SAUES TP 02 ST 7 2904] Fofet3914] :40}011 Aol P Zlos i 4
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Table 3. Yamanaka hardness as affected by different organic matter content and number of replicates.

The r?nge of Yamanaka The number of replicates Number of
organte matef hardness (mm) samples
content (g kg™") 3 5 10
0-100 Yamanaka 140+ 1227 14.0 +1.59 13.9+1.69 34 samples
0-10 Yamanaka 102+£1.22 10.2+1.59 9.9+1.69 6 samples
10-50 Yamanaka 142+£1.23 14.0+£1.82 13.9+1.86 22 samples
50-100 Yamanaka 17.3+£1.52 174+£1.35 174 +£1.76 6 samples

"Data are presented as means + standard deviations (SD) of the results based on the corresponding replications.

Table 4. Yamanaka hardness as affected by different soil texture and number of replicates.

Texture group Yamanaka The number of replicates Number of
hardness (mm) 3 5 10 samples

Sand loamy Yamanaka 10.8+0.97" 102+ 1.70 10.0 + 1.66 12 samples

Loamy Yamanaka 14.8 +1.15 14.8 +1.37 14.8 +1.48 12 samples

Clay loamy Yamanaka 172+ 1.48 17.1+1.83 16.8 £2.22 10 samples

Data are presented as means = standard deviations (SD) of the results based on the corresponding replications.

& ZAL Aol A Lrehd 347 4-0] S A o BT ote] YA Fig. 1014 B 24| ol 82 5% -#old
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Fig. 1. Relationship between bulk density and Yamanaka hardness (N=34, r=0.32) for 3 soil textures including sandy
loam, loam, and clay loam.

E714 B8 BN SARANE olgstel @aelA] ZsHAr. B7140) EEPAHE 0.1-16.1 em sec’ 2
RASIGLT YHEIZE O] 0.1-8.0 cm sec' 2 LHEREOR] ol A 10-84%S Boir 820} EeAL wrt
£7140] o] X7 WA 2 o)z Eao] 4RI, Fo] Weljet 27] 50] Wo o] 5 wigtsl] whitole) pck
& % 91SIT} (Dick, 2002). Zo R E4lo] Zold4E HEBATL A2 5715Hs A9HS MUt (Table 5).

Table 5. Air permeability as affected by different organic matter content and number of replicates.

The number of replicates

The range of organic mater content (g kg™) 3 s Number of site
------------ Air permeability (cm sec™) —---------—-

5cm 31=16" 37+17

0-100 10 cm 3.4+2.0 44+24 17 sites
15 cm 3.7+2.4 55+4.1
5cm 1.1+£0.1 1.0+£0.1

0-10 10 cm 1.5+0.2 1.4+0.2 3 sites
15 cm 1.4+0.2 1.4+0.2
5cm 1.8+0.7 1.9+0.8

10-50 10 cm 1.5+0.7 1.6 +£0.7 11 sites
15 cm 1.5+0.7 1.5+0.6
5cm 9.7+6.4 129+6.5

50-100 10 cm 11.8+8.1 16.7+10.0 3 sites

15 cm 11.1+8.8 19.1x16.1

TData are presented as means = standard deviations (SD) of the results based on the corresponding replications.
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Conclusions
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