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Comparison of Testing Methods for Available Nutrients of
Forest Soil

Wei-er Cheng'?, Fu-wen Horng” and Kung-ching Lin?

[ Summary ]

The purpose of this study was to study the possibility of using Mehlich No.3 (M3), and acidic
ammonium acetate-EDTA (AA-EDTA) methods to replace the conventional methods of Bray No.1 and
neutral ammonium acetate (AA) to test soil fertility. Thirty-eight soil series of Taiwan forest soil were
selected for this study,

The soil available phosphorus, potassium, calcium, and magnesium tested by M3 and AA-EDTA
methods were linearly correlated to Bray No.l, and AA methods at the 0.1% significance level. The
coefficients of correlation were all above 0.9 except for available phosphorus. The linear regression
equations can be used to estimate the fertility level of soil tested by M3 and AA-EDTA methods, and we
recommend their use as an index of the available nutrient status of soils.
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MEIRIERT: - BARaIBeillfe it -5
FAEVIRIE S & 2 B {t(Jones, 1988) - Cope Fli
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HEHRBERLBIENZHREEEAES
B Su AR EAE  BoEE  E2EIGE
HEHSE  THEEERAS@ERERZ - HEREE
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B 1920 24K B3 1940 E£FE 1950 &£
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R AR #5(Cope and Evans, 1985) = 4[] Olsen
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HETE - M P EEL R R F A 4ot a sl
E - HEETHEZAFTLE  FETSEER
BN A R IR - FERTAFRE & =&
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(Chamaecyparis formosensis Matsum.) ~ — EE f&
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M3 iE(Dellavelle er al., 1992; {5t BiE,
1992) » Lk acidic ammonium acetate-EDTA ¥ -
LAUTfii%% AA-EDTA Hi(Foetisch, 1991) » IS
[0 R I

PAE 4 EhdEzmbRs LE SR ~ L5
ERfhIITRELD] - IREBRERT - IR ERAC I EHS
70 Bray No.l ¥4 ¥¢ 565328 (Beckman Du 62
) D M3+ AA > AA-EDTA HhiH>
THEMRE R EE LR S B 51 8 (ICP
ARL Accuris)IE » SF[5 Table 1 - BHEERABRY
By AA B2 ST R DR BEE O i B
Har et B 404 ¢ kot » A M3 2 188



ERFERE . 12(2) : 177-188, 1997

LA BT > MEFHRTGEREESE
(1992)7 Ll » X AA-EDTA #2155 60 5545
FTHEFFTE 1920 CHIEZ THIT -
B ATEELUERZ M3 &R AA-EDTA
o S HEE{E 2 Bray No.l 35 AA EHIE %
B8 SRR
XALEAE - SUEHARENBERT—
E - M3 R Ifedt 254 {E i AA-EDTA B
3197 {8 -
(=) #ETEEE
I R SR E @ (pH 3.5-pH
8.2) - £ 245 fEEEELT  £F 233
B MAE BRI (pH 3.5) = B % (pH
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Table 1. Comparison of soil testing methods.

Method Bray No.l AA M3 AA-EDTA
Adaptability Acid soils Wide range Acid mineral
limits with moderate CEC  of soils and organic soils
Sample weight (g) 2 4 5 5
Volume of 20 100 50 50
extractant (mL)
Chemical 0.03 NNH,F LGNNHOAC 0.2NCH,COOH 0.5N NH,0AC
composition 0.025 N HC1 pH7.0 0.25NNHNO, 0.44 N CH,COOH
of extracting pH 3.5 0.015 N NH,F 0.1 NEDTA
solution 0.013 N HNQ, pH 4.34
0.001 M EDTA
pH25
Shaking time (min) 1 15 5 60
Shaking action Reciprocating Reciprocating ~ Reciprocating rotating
and speed 180+ 180+ 180+ 150 rpm
oscillations/min oscillations/min  oscillations/min

Method of elements Molybdenum blue ICP ICP icp
determination in extract  spectrophotometer
Elements determinded P K Ca P Ca Mn P Fe Al Co

Na Mg K Mg Zn K Mn 5i Cr

Na Fe Cu Na Zn § Ni
Ca Cu Pb

Mg Mo Cd
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T T E R % (pH 3.5)Z % (pH 5.98)
Z EEEEEFEGZER S ERSE (Tablke 2)
g M3 HBES{EE 9.02 mg kg Ltk Bray No.l &
Z 657 mg kgl 5 27.2% ; (] AA-EDTA 535
< 27 SEH{E R 17,23 mg kg $8% Bray No.1 2 3.93
mg ke BIEH 77.2% -

IR e S S (pH 3.5)2 8t (pH 8.2)8Y
b DL M3 BRARZE TSR 8.96 mg
kg! o bk Bray No.l (K2 HHBFEY 6.38 mg kgt
= 28.8% 1 T AA-EDTA B H¥GHSEYER
22.9 mg kg'! - #Z Bray No.1 ;2 5.66 mg kg' &5
75.3% (Table 2) »

48 Mehlich [%(198)EREREEE » M3 a0
fEHH & Bray No.l EH% 3%-4% (r = 102, r =
0.96, p < 0.01) » TTEBEERE(1992) S EHER.E M3
EZ RS E 0 Lk Bray No.1 32150 54
H 44%-55% (r =50, r = 0.93, p < 0.01) : 4 ER
M3 3 Bray No.l 45 27.2%-28.8% » HAB= 218
JEE Bl F= Mehlich FRSEEG G2 B BLEREE A BIRS
LER  MMRACHES BRAREEERC
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{LEREFLIS LB E - EF YR 1995 £
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kg » BRLLUICP Bl thar L ST 36.3% » {H2
AR AR ERE - HEERE r = 09931(p <
0.01) - 38 Kalra F1 Maynard (1991)$5334 + iFiE
BB RTLL ICP-AES HI%E » T3 ICP-AES HIE 5T
FEREE  AEEIEMRBEME - Bt - &£
HEBEOLHEFEER) + ICP-AES [T Arlh
IEBEREESL - MRl AT ST HRLEY -
BHl{E#: Mehlich KZ# R BBk a] RHE
EHR - MHEAETHE » ERERAR - ER+E
2R AREHYEK » Ca ~ Mg—#F
of °©

XA AA-EDTA FERIERH M H S B Bray
No.l #:i5 75%-77% » B L3l ICP Sl{ES IR
HERZ -5 MRS R IR R R 21
mii#hn (Kalra and Maynard, 1991; Walsh and
Beaton, 1973) » Bray No.l KRS —518 © AA-
EDTA %iESE 60 458 - N AlEEINERZ
Z > k42 HE Hons F(1990)8F4L » L AA-EDTA
A - FER TR acetate fon BRI
AP Rz P » [ AA-EDTA R EREE R R
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Table 2. A comparison of available phosphorus content determined by different methods (units: mg kg'!)

M3 vs Bray No.1

AA-EDTA vs Bray No.1

(n=233) (#=187)
9.02 6.57 17.23 3.93
Mean?
range
Max 144.8 131.3 200.8 56.7
Min 1.20 0.04 3.02 0.04
(=245) (#=197)
Mean® 8.96 6.38 22.91 5.66
range
Max 144.8 131.1 200.8 56.7
Min 1.20 0.04 3.02 0.04

1Y Means of soil pHs were 3.5-5.98,
3 Means of soil pHs were 3.5-8.20.
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(Z) IBEYMER B S#5BHE ks
Jui2
THE pH1E 3.5 F 5.98 L EELI M3 kg2 S
Bk & B (Table 3% 72.2 mg ke! » B AA
BRI 69.6 mg ke B 3.5%; TLL AA-
EDTA HRHIERE R EH5ER 63.09 mg kg [t
AA H:HY 66.78 mg kg AT{E 5.8% o
7 pH {E 3.5 E 82 - #FT IS < 1 g
BEME » M3 ¥%ER 74.18mg kg Hr AA B9
71.13 mg kg ' &5 4.1%; T AA-EDTA SRy 288
69.44 mg ket G1LL AA 2 73.42 mg kg € 5.7%
(Table 3) -

Table 3. A comparison of available potassium, calcium, and magnesium contents
determined by different methods (units: mg kg™

M3 Vs AA AA-EDTA Vs AA
(n=233) (r=187)
Potassium
Mean! 72.20 69.60 63.09 66,78
range
Max 408.9 474.4 273.3 251.3
Min 15.70 16.18 14.58 16.30
(n=245) {(»=197)
Mean? 74.18 71.13 69.44 73.42
range
Max 408.9 474.4 3459 351.0
Min 15.70 16.18 14.58 16.30
(#n=233) (n=187)
Calcium
Mean? 186.9 188.8 167.9 148.5
range :
Max 4541.2 4206.9 3306.0 2535.6
Min 2.37 1.53 3.43 3.53
(#=245) (n=197)
Mean? 291.4 315.1 486.1 343.7
range
Max 4541.2 60722 12061.3 6072.2
Min 2.37 1.53 3.43 3.53
(n=233) (»=187)
Magnesium
Mean") 52.33 42.18 38.20 36.54
range
Max 683.5 694.0 440.9 368.1
Min 2.32 1.97 1.52 1.97
(n=245) (n=197)
Mean? 64.31 51.51 54.66 46.28
range
Max 683.5 694.0 617.3 368.1
Min 2.32 1.97 1.52 1.97

'Y Means of soil pHs were 3.5-5.98.
2 Means of soil pHs were 3.5-8.20.
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A B M3 EEHEIERC AA R
% 0 #8 Mehlich (1984)33% - B M3 i &6
H' -4 K - Ca - Mg ZHiHHEE S - =55k AA
EEHRHHZ AR K - Ca - Mg 2R
i M3 e K BEb AA B o heREHH
Wz HNO, BRI S sRiEE A Rk
(potentially available)§H FFEY - Mehlich (1984) ¥
SEREEE(1992) A ER S B BER + DA M3 HRiH R
THSES R AA R 6%-8% A EEL
3.5%-4.1%} 5 - EFER =R HEA
SEEAEE A2 RN EBAERE] - Mehlich RE#5EE
=ERFF . M3 R AA IR - T4
StEERe M3 EEIR R S - AARRITILL
SR S EEHE K - Ca ~ Mg Z3HRHE
B EARERLL M3 EE AA EHEL K SME
2 B 5 #{EF Mehlich B EREHR -

Bt HEsa BRIl AA-EDTA HHEEE -
[BFEZ AA RS » et AA-EDTA fittHi
NH,0AC 2 0.5 N B2 AA #Z NH,OAC it
1N B {Eay FE -

pH & 3.5 & pH 5.98 +3RI M3 iEHIEZE
RS R 186.9 mg kg bk AA BEATHEE
4E > 188.8 mg kg #{E 0.97%; TiLL AA-EDTA &
Frig2 167.9 mg kg AL AA £ 148.5 mg kg
#1E 11.5%(Table 3) -

X pH 3.5 F pH 8.2 +HBAFETFAEL
M3 2 2914 mg ke Fb AA 352 315. - mg kg K
8.1%: ffill AA-EDTA ¥:i1{8:2 486.1 mg kg' Lt
AA &7 343.7 mg kg 5 29.3% (Table 3) -

% Mehlich RASNBRELREFESE - M3 Ll
TERE SR S B AA EARES 28%HE
57.8% - MAmEE M3 HAHIEEL AA &EE
0.96%-8.1% - MBI AR AA Eikd
Wi 1 N NH,OACpH 7.0 48[ - {2+ e il H
Fbfl Mehlich Ri5iefsssh 1:10 RS S
SyeE - TAGRERTMERLLAE 1:25  RBRER
H 3G 8 3) - Bt - BFhEisE 2R
{HAFM T E AR R B I f R - T
Zyr iR RSB Mehlich (1984) 45t 8
2(1982)5 £181E2 M3 B AA i LA Rk
AT IR AAE RIS - FTEG- RS (» = 49)7F pH
3.5-8.2 RESSE - FERLESEEZREI M3

TEER - EEX - FObE - R L RERRSNE TR

ks 893 mg kgt 0 8 AA BiZ 5668 mg kg
36.5% » {EHEBIYE RLEF(r = 0.9777, p < 0.01) = LER
AR EEEeZIREMMEE T HERREL
Bl DR ITBEERZEE -

N+ EEEA L, AA-EDTA HRHIELL AA ¥
HHEE 11.5%-29.3%:2 [H > fii 3B AA EFTHlE
BRI SE B - ] AA-EDTA BREIELL AA 5
B WS IEERE - 40 AA EHHER pH
B 7.0 + AA-EDTA Bilk pH 4.3 - [fi#5 - SEFFFER
LR RES  MEB SRS - BANE
EREHESERES - &Y (Page et al,
1982)FRATRE#E Y - 9k > AA-EDTA RN
R 60 48k AA B 415 LRATHESRER AA I
FHERRSHEE -

7£ pH 3.5 £ pH 5.98 % » LIM3 HEHIELZ
HHlEEEa R 5223 mg kg' » HAAEX
ke 42.18 mg kg' &5 19.2%: 1 AA-EDTA
HITEES Y 38.20 mg kg - [ AA ¥ 36.54 mg kg
7 4.1%(Table 3) -

72 pH 3.5 % pH 8.2 -1+ A M3 iEHIENH
HriksEEIgERE 6431 mg kg' v th AA BZ
51,51 mg k' & 19.9%; ] AA-EDTA BEHIER 5
5466 mgkg' + th AA H5Z 46.28 mg kg1 & 15.3%
(Table 3) -

Mehlich (1984)F9E8ERLL M3 EEIERYLL AA
S 6%-8% TSRS (1992)HTHE R Rl & 40%
FABAIE 20%E4 - RATERFTHIBR gt R
AgHE Mehlich (1984) K 45 A%(1992)3F FER 552
2R EAHT L3 = 49P5F0ER » FEH M3
AW S R 123. 11 mg kg 0 [E AA IR
TiPEEEY 71.58 mg kg & 41.9%  HFEHHIE
B 0.1%MREEE KA = 0.9912) - HIERRM
Mehlich (1984)FFHEER M3 ST & H4h » 8
HE- s 28 - T AA-EDTA b AA &5
4.1%-15.3%[RFEJREE Ca fHE] «

(=) FRItHEEEHHERR RS

BT R » A<54ER %A EE Mehlich (1984) K15
JeREE(1992)4F 2 M3 3K Bray No.1 HEEIE R
W HEEHILL M3 =55 Bray No.1 #: - 20 Mehlich

(BYHBBRT 3%-4%  BAEF19DE

44%45% ; T REREE 27%-29% - {HERER
IRAFIEEER » R DR TR - B
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RN L BB (oH {H - i - (5
TEMEE - BHTRGHT - LI M3 &5 518
Bray No.l iE R AA BRI - 0% - 40 - 85 - &5
#HFLAEES -

TR IE HEER M (pH < 4.5) - E5AREE(pH
4.5-5.0) B (pH 5.0-5.5) « hE {%(pH 5.5-6.0) -
SR ME(PH 6.0-6.5) « {4 (pH 6.5-7.3)LA R it (pH
> 7.8)H 7 Fif HHRERIEN S - M3 $hillE
RIS SR S B Bray No.l iR » £
pH < 4.5 5 19.4% » HAHEIEREERE pH EIEEMm
- E pH > 7.8 BEfER 91.5% L1 - 5
BRI M3 R AA KBS EpH <45 £
AlEr 5.3%EE 23.6% » {H{E pH > 7.8 B - HIEH
16.9%6H 28.9% » BEHAH2 IR /RE5E pH {HIZE
MEINZ S » (BT W e — 50 LA M3
EHERY DI F WSS S AA B{E - £ pH
< 4.5 fFE 2.9% + §E pH B STiEZER oA -
TEpH > 7.8 BFE 22.8% - (B EERER T HERIE
TH - BRBERE B FnsEadEtgEET
AR AR ES  HBEREEE 09 LI E - ¥
HZE 0. 1% ERE R ¥ - RN ERREEmnT
A BRI BR R BERE - TR RS M EE AR R R
Fy 0.8157(p < 0.05)EEE - TsRRIFEF M L EAE AE
IR PR M3 SRR
B2 AA B2 HHRRAME R S%IEE K -

Bl REE BEES (> 20%) » F(10%-
20%) ~ FH(4%-10%) - {E(2%-4%) ~ LI EE(< 2%)
AFERC DERSAEREEMS LW 8 -
HE L. M3 HERLEESR Bray No.l IR AA
o MiTEEESSEME R LSS - DL M3 &
EAHSEHRIE SRR RS 14.1%5
10.5% ; BEF #h S5t TERmE=REERE . £
TR R 4 B 55.2%70 23.4% - BEfEI A
B EASBNEE Tt - HIREAEL M3
HHEEER AA B ESSERERES R
HEA - IR - 8 8#7A - E—F
RAETE - AL e RTRE 8
TS SR EEEEIRE - (R HEAE
FHTWEEIESEST 0 M3 5078 Bray
No.l & » LR AA B2 HREES » BEESR
R A - B HHBE (R 90 0.8750(p < 0.01)
HEERARBESE B PHEGEYS
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0.727%p < 0.01)EE{EH: - HERIFE 0.9 LI L - BFE
EHITE0.1% -

T e B EE 1 £ 8 (clayey soil) BisE¢: |8
(loamy soil)bZ HHIERE « 47 - 45 - B EL
M3 EEHIEF L Bray No.l & » DIE AA ERE -
Tk e 2 A M3 BRI E & E Bray No.1 70y
T4 - B 20.8% - MRS L IBAE 27.6% - At
TR DA b e LR B - T
# - 85 SEEK - MAEEEETEEEEL
B 0.8% ~ 4.6% 17% LLEIE 302 5.0% « 13%
H 2%EERERE - BHIBEWTE - 8 M3
57 BUEE Bray No.1 kR AA SRR HE - #35
{REGGTE 0.9 BULE - B3 0.1%E Sk «
Rl LH 2 H A S5 AH R (R ELE 0.8813 (p < 0.01)
BEAE -

8 CEC {H(cmol(+)kg ' MBEI(> 40) - (25~
40) ~ F(15-25)  {E(5-15) DA B B {E(< 5)4% 5 S/ +-
p oW - 89 55 - BB EELL M3 BEIEF L Bray
No.l &Rk AA BRE - EEEES RS CEC H%
Wz =B M3 BIEELL AA EREERISN: 5
HEHECEERE - 88 - - SRTEESER
<~ CEC{HZ 14.6% - 4.5% - 3.9%I & 10.8%570
EREHK CEC {H 35.7% - 8.3% - 18.3%LL%
23.2% - [Jitk » EEREER CEC {ESH 288
R MDA R s 3 - BT S
# CEC E THFR EEH2EET— « iM%
S FERIMREEE 0.9 DI » B2 01%EEESk
#- DHERESER CECHT « HEu 4745 -
B M3 R E (B2 Bray No.1 ¥ » LU AA &
THARR » tERREISREE ; EfESE 245
TR S ET 3 H 5 CEC HRREESRE -

PAE#RET - SR EMEE . BRERSRH
HEEEET R - R EE RS - S E
HFEHE - Mehlich (1980585 : +HEIETTE
FREMCNZESBNHYE - ZFEHLW - K
f& - &E - BEFEEN - KBS - BEH
HEEEZRE  EFHEIRREEEREER
1 BRiREER CEC ERNESRERES
B URTRESZ L8 AT 545 -
BEE R M3 3 F S8 Bray No.l > B AA 530
E - HAEBEEES - WFAER M3 B BEE
BEE - BEAR TSR NIETE— L
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H MEXHELEMTERERRECRRE £
RS R ik MFHBIMERTRA R T -
(Y L8l EERE
THEAREE - FF - ESELI M3 &
LiR AA-EDTA 32 57 BB M 2 Bray No.1 3%
EIESEER AN BRHIERIER - & - BBTBR
ARER MRS S EERRFERR - EAERR S
B5% 0.1%HR g7k -
M3 8 Bray No.1 55 LUE AA BHIE S pH

450 't
—~ 375
£ 300 4
&
E 225 4 A
* qsg 4 1 Ty = 7327 083K
0 A r = 0.9623
2 75 -f -
D T T v T T T 1
0 100 200 300 400 500
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750 T(2)
= 600
o
=
o 4 E
£ S0
g 300 o y = 7.289 + 1.065%
! r o= Q.9932
2 150 -
0 S —

. T 1
0 150 300 450 800 750
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M3—Ca (mg-kg™)

RIS ~ PEX - MOt - SRR SR A A Y

3.5-pH 5.98 +3EryEE - #F - 5 - BB 2IBRIE
SRR G RER AR RS FIRR
Fig. 1. (5 - & - B - P2 HEBFEEKX S
0.9713 : 09932 - 09834 5 0.9623 (p < 0.01)5
= TR HEHERMERER - XEH pH3.5-pH 8.2 &
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Fig. 1. Relationships between M3 and AA methods for (1) K, (2) Mg, and (3) Ca; and M3 and Bray No. 1
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Table 4, Soil ¥ -Test Ratings (units: mg kg™)

Method Rating
Very High High Medium Low Very Low
P Bray No.1 -2 > 50 50-15 <15
M3 - >57 57-18 <18
AA-EDTA - > 126 126-43 <43
K AA > 39 20-39 12 -20 4-12 < 4
M3 >44 26-44 18-26 11-18 <11
AA-EDTA > 38 20-38 13-20 4-13 < 4
Ca AA > 400 200 - 400 100 -200 40 -100 <40
M3 >378 198 - 378 106 - 198 32-106 <52
AA-EDTA > 447 225 - 447 114 - 225 48-114 <48
Mg AA > 97 24 -97 12 -24 4-12 < 4
M3 > 111 33-111 20-33 11 -20 <11
AA-EDTA > 102 25-102 13-25 3-13 < 3

1 Soil pHs ranged 3.5 to 5.98.

2) » " not detected.
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Appendix, Soil series and classification of tested soils.

Soil Series

Classification (USDA 1994)

Huan His Shan Series

Typic Hapludults

San Ti Men Series Typic Haplohumults
Wan Shan Series Typic Dystrochrepts
Wu Tai Tsun Series Lithic Haplumbrepts
Nan Shan Series Typic Udorthents
Nan Su Ao Shan Series Typic Haplumbrepts
Ta Hu Tung Series Hapludults or Dystrochretps
Pin Ho Tsun Serues Lithic Haplumbrepts
Wei Chuang Series Typic Dystrochrepts
Dou Na Series Typic Hapludults
Gi Tan Shan Series Typic Dystrochrepts
Hu Pi Wu Series Typic Dystrochrepts
Lun Yuan Shan Series Typic Haplohumults
Shi Shan Series Lithic Udorthents
Wu Shan Series Typic Udorthents
Tun Tzu Shan Series Typic Dystrochrepts
Hsi An Shan Series Lithic or Typic Udorthents
Niang Tzu Keng Series Lithic or Typic Dystrochrepts
Yin Ting Shan Series Lithic Udorthents
Ang Keng Series Typic Dystrochrepts
Feng Pin Tsun Series Ochreptic or Typic Hapludults
Lin Tzu Nei Series Lithic Udorthents
Lu Ma Chan Series Lithic Udorthents
Ay Wen Shan Series Typic Dystrochrepts
Che Cheng Series Lithic or Typic Dystrochrepts
Shang Lu Pu Series Lithic Udorthents
Hsaing Yuan Wo Series Dystrochrepts
Pai Ch'uan Shan Series Lithic Udorthents
Shi Shan Shu Hu Series Typic Haplorthods
San Chui Shan Series Typic Dystrochrepts
Lenghuikeng Series - Typic Hapludults
Linlishan Series Lithic Dystrochrepts
Nan Shaoshan Series- Lithic Dystrochrepts
Yung Chunli Series Lithic Dystrochrepts
8su Ma Hsien Series Udorthents
Hsiao Hsiieh Shan Series Typic Haplohumults or
Hapludults
An Ma Shan Series Lithic or Typic Haplumbrepts
Hsiieh Shan K'éng Hsi Series Lithic Udorthents
Shih Shan Hsiu Hu Series Typic Haplohumults
Wu Shih K'éng Series Typic Dystrochrepts




