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Soil testing is one of the best management practices for sustainable agriculture. Recently, as increasing soil
testing needs, simplification of soil analytical procedure has been required. To determine recommendable
multi-element extractant, the soil testing results of available phosphate and exchangeable cations between
the conventional methods (Lancaster and 1M NH4+OAc) and multi-element extraction methods such as
Mehlich I, Modified Morgan and Kelowna methods were compared. There were highly significant
correlation between the conventional methods and multi-element extraction methods (Mehlich I,
Modified Morgan and Kelowna) for available phosphate and exchangeable K, Ca, Mg and Na. The

coefficients of determination (R’) between available phosphate extracted by Lancaster method and

multi-

element extraction methods were in the order of Mehlich Il (0.979***) > Kelowna (0.977***) >
Modified(Mod.). Morgan (0.553***). For exchangeable cations, there were highly significant correlations

between 1M NH+OAc method and Mehlich I, Mod. Morgan and Kelowna. However, exchangeable
and Mg by Mehlich III method were more highly correlated with conventional method than

K, Ca

other

methods. Therefore, Mehlich III extraction method could be recommended as a single extractant for
simultaneous measurement using ICP in the analysis of avaliable phosphate and exchangeable cations.
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Table 1. Chemical properties of soils used.

F Jom 1980 Tt o= 714
gt B ICPE AHE3ts =
o] Wttt (Munter, 1990). 2002d¢] ICPE
Mehlich I Z2I#d] &5 ESFAAL L v+
A 66%°)] 23t 2™ (Mallarino et al, 2002), %
HE Y B v WY7A Gt AlM 7t
A FAshaL gtk E=9k ICPE ©

]
B Az}

FEgge Egagae BAg

2 A7) BAe EFe fHEH Qi ABA
Fol &L THHRFAFS YU ICPE W o] §3he)
Sah3 A BUY 5 e :

Mehlich ¥, Mod.
Morgan®, Kelowna 2.2 43 A3E v,
ol 7IEWH 1M NHiOAcHH A7 AR

SAFEEY 3 E4AE v HESAT

e

Parameter pH EC OM CaCOs equivalent
1:5 dSm’ gkg' %

Total soils(n = 115)

Average 6.3 1.83 43 -

Min 43 0.15 N.D. -

Max 8.3 14.82 238 -
Paddy soils(n = 39)

Average 6.2 2.58 22 -

Min 44 0.20 3 -

Max 83 14.82 39 -
Upland soils(n = 36)

Average 6.1 2.35 31 -

Min 43 0.15 6 -

Max 74 10.00 59 -
Calcareous soils(n = 21)

Average 1.7 0.81 21

Min 7.1 043 3

Max 8.3 1.47 43 25
Volcanic ash soils(n=19)

Average 53 0.39 130 -

Min 5.0 0.30 52 -

Max 5.7 0.80 238 -
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Lierop, 1988: van Lierop et al, 1989)<%
EST Q4 Fols FAl FE8F] A(177.499
nm), ZF (766490 nm), Z¢(317.933 nm), v} 1vlF
(279.079 nm), YEF(589.592 nm)S ICPE A 3}
o}, 283 CaCOs 322 Jung and Kim(2006)©] A
QFek YL o] g3ke] 245 TH Table 2).

o] &3kl

m,‘rr7]€1_3 238 g kg 'o HWIE X7 o
F=Lod © A7) 4= T} 2k o 17) 1=2) -lTEI_I_ [e] Tl’_ RSN R U BRro i = B 4
Fatglom B4 (CaCOs) FHL 1~25 % W92 i Bl FaE < 24Ul
S 7 % ok Lancaster®, Mehlich %, Mod. Morgan®, Kelowna
Hoeg F&9 ﬂ&ﬂ‘%%@ﬁﬂ% zb7b 373(4~
H A{ HF B oro B E B A HIH = = B 1,731), 483(7~2,330), 120(N.D.~1,215), 407(N.D.~
TS o™ Eov/] §]‘—| ‘E'E’lo\:lTﬂ\_T
a .
/qtg% %ﬁ-ﬂ'ﬁ—l}ﬂ % Eo ﬁ'ﬂ'%}l}]%(NIAST, 2,011) mg kg O]Qiljr(Table 3) Mehhch]]]h“ﬁr
2000)0] Zdle] Eoky ZEZmo W& | : 52 & Kelowna®l Lancasteri o2 FZF <Aite] HAEF
Z3led pHE pH meter(Orion 900A)%, EC+ EC FHO 7H7F 28%. 18%7} U}"};q . Mod. Morgan'
meter(Orion model 122)E Z&A3At. F7152 < 238 %7k AT FEA F HLF 2 A
Tyurin®H S, F891AHS Lancaster HO 2 ESF = 9 T TRY THLLEE F2 dFvEA) % A
AHS F%3 & 1-amino-2-naphtol-4-sulfonic acid®] (Fe)t &3=s P43t & FEIth Mehlich
93 Mo WO = HAl3le] Spectrophotometer (U- ™. Kelowna ¥. 2|3 Lancaster ¥& 59 5
2000, HITACH)Z R&sdom, xay ogejee O H. Fel B Zgue] glot Mod Morgani
IM NHOAcZ %3] ICP(XMP, GBC)Z 24a v Hl2weR 745 37| el =FEe]
At TP EEAZZH S Mehlich 1 ' (Wang et Aie] FEHE Fol A2 ALw FAHHAMNY 19
+ - TS ] } O
al, 2004), Mod. Morgan W (Agricultural Experiment AL HL Feol 2= gitiste pH7F S Mehlich
W 3 m o =
Stations of Connecticut, 1995), Kelowna W (van I (pH 2.5) # Kelowna® (pH 2.7)<> Lancaster'y]
Table 2. Methods and procedures of available phosphate and exchangeable cations.
E i
xt;?c;lon Extraction reagent Elements Soil Extraction Shaking time
methods
g ml min.
IMNHOAe | NHIOAC Ex. K, 5 50 30
(PH 7.0) g’ Ca, Mg, Na
Lancaster 17.6M HOAc + 10M Lactic acid + 0.03M NH«F Av. PO 5 20 10
(pH 4.25) +0.05M (NH4)2804 + 0.2M NaOH i
Melich [l 0.2M HOAc + 0.015M NH4F + 0.25M NHsNOs Av. P20s, )5 25 5
(pH 2.5) +0.013M HNOs + 0.001M EDTA Ex. K, Ca, Mg,
Modified Morgan
(PH48) 0.62M NH+OH + 1.25M HOAc¢ Na 4 20 15
Kelowna 0.25M HOAc + 0.015M NH«F 2 20 5

Table 3. Average and range of phosphate extracted by Lancaster, Mehlich Il , Mod. Morgan and Kelowna methods for 115 soils.

Lancaster Mehlich [ Morgan Kelowna
Parameter
P20s
mg kg
Average 373 483 120 407
Min 4 7 N.D. N.D.
Max 1,731 2,330 1,215 2,011
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(Engblom, 1999; Mallarino, 2002). ¢|3l o] ICPZ &4
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o] HRlelg} AyzhH T}
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TdFHE TAHCE FoF &
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Fig. 1. Relationships between Lancaster, Mehlich II, Mod.
Morgan and Kelowna for available phosphate. The broken
line in each graph depicts a 1:1 relation.
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Table 4. Correaltions between phosphate extracted by Lancaster and Mehlich I, Mod. Morgan and Kelowna methods for 39
paddy, 36 upland, 21 calcareous and 19 volcanic soils.

Mehlich [l Mod. Morgan Kelowna
Method Soils
P20s
mgkg'
Paddy soils 0.994™ 0705 0.988""
L Upland soils 0977 0797 0975
ancaster .
Calcareous soils 0.995 0.945 0.996
Volcanic soils 0985 0628 0967
662 2 Mehlich MW ®FEEH AN FFE < &HFo R FZ317] wolet 3tk
Lancaster'i ©] £AX 2 Asst= 2P HAAF Mod. Morgan®-& 1M NH:OAcH 3 ko)L B2 7
227F 7P ol o] R AFErt st Eskth H7F FAEIIEY o AE FE2Y Fo EFHE NHS
(Figure 1). 9 =% 7} IM NHiOAcH-E 1M ©]F Mod. Morgan™
< 126ME M]3t 3l7] o= AyZhE
Xgd 2dol2 719 E4WHA IM NHOACH I3 Kelowna¥& 1M NHiOAcH | Blsle] F&
# AR FAFEHA Mehlich 1M, Mod. = ZF, e vtavse HagEke] zhz 18,

A=l
Morgan®]. Kelowna® o2 #2

g Eoke] %A F 45 2% AT HJYAT, Y YEEFS 9% B
o] 9] 2L Table 58 7t} F

HE B9k X o] B Qt}l van Lierop(1989) %= Kelownad< 3|
4 ZF, Zed vtdlge] $§%2 Mehlich I3 ) A ZFo] IM NHiOAcE FE3tE FHHET 20%
1M NHiOAcH = Mod. Morgan¥l > Kelowna 2] APty ARy XA JEFS 1M NHOAE
THE FZo] Bol HAoh Ty XY YEFS FEote FFH vt stk I8y 2 AF
Kelowna®™ » Mehlich ¥ > Mod. Morgan® = M= XA UYEF &3] Kelowna HETH= 1M
NHiOAcH o A& 3Hafo] Wttt NHiOAcH O ®E FA% A#}7t A4 veht EG
Michaelson and Ping(1986)2 &el 2719 3}4ts] & nE YEFo] FEFHE Fd Aolvt IS & F
&3} loess EFo A Mehlich IHeZE #4335 Z4o] ARTH A8 Fol EA oA 1M NHOAcH Z
1M NHiOAcHOo =2 EXN3 ZFHtt 17% Uyt Mehlich ¥, Mod. Morgan¥]. Kelowna 2.2 F&
H 73} ¢} Elrashidis (2003) 2 Mehlichlll o] 1M e Z]ﬂ*é OFo] & /\]'O o] A= F3 A }\o“f_}

sk

NHiOACH R X34 Z¢, vlIulg, YEFo & FA (R°=0955 ~0996 )7} 22 cH(Figure 2. 3).
A EHE AL dEF Oé(NH4F9} NHiOAc) 3 AHA Z oA E Mehlich IHo 2 &5 257 24
(HOAc, HNOs) 3} 7+2 AHo] Eoke] x84 ol 23 PIIYEFS IM NHiIOACHZE FEFH+= féw

Table 5. Average and range of exchangeable cations extracted by 1M NH4OAc, Mehlich [, Mod. Morgan and Kelowna extraction
methods for 115 soils.

Ex. cations Parameter 1M NH4OAc Mehlich I Mod. Morgan Kelowna
cmole kg']

K Average 091 0.95 0.89 0.77
Min 0.12 0.14 0.09 0.11
Max 5.96 6.03 5.96 6.05

Ca Average 6.8 8.0 7.0 4.7
Min 03 04 02 0.1
Max 214 22.8 22.7 229

Mg Average 29 33 3.0 22
Min 0.1 0.1 N.D. 0.1
Max 8.8 10.9 124 7.6

Na Average 0.64 0.73 0.67 0.90
Min 0.01 N.D. 0.01 0.02

Max 6.67 7.57 722 6.97
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Fig. 2. Relationships between 1M NH+OAc and Mehlich [, Mod. Morgan, Kelowna for exchangeable potassium and calcium.
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Fig. 3. Relationships between 1M NHsOAc and Mehlich [, Mod. Morgan, and Kelowna for exchangeable magnesium and sodium.

Table 6. Correaltions between exchangeable K, Ca, Mg and Na extracted by 1M NH+OAc and Mehlich 1, Mod. Morgan and
Kelowna methods for 39 paddy, 36 upland, 21 calcareous and 19 volcanic soils.

Ex. cations Soil properties Mehlich I Mod. Morgan Kelowna
K Paddy soils 0.997" 0.984™" 0994°
Upland soils 0,995 0979 0981""
Calcareous soils 0.988" 0.988" 0,953
Volcanic soils 0.944™ 0708" 0.907™"
Ca Paddy soils 0995 0832 0847
Upland soils 0.966"" 0897 0935
Calcareous soils 0.886™" 0886 0618
Volcanic soils 0971 0766 0813
Me Paddy soils 0979 0991 0849
Upland soils 0.995"* 0.989"" 0.966™
Calcareous soils 0,991 0991 0.951™
Volcanic soils 0979 0.710™" 0.935™
Na Paddy soils 0.995"* 0998 0996
Upland soils 0.990"" 0989 0988
Calcareous soils 0.945™" 0,945 0.443"

Volcanic soils -0.271™ 0.069™ 0.273"
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