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# Z. Mehlich 3(M3)J7r ] [F 4 438 P K. Ca. Mg, Al Fe. Zn, Mn, Cu ZZFcZ AR, WRMSEH T4 1.
KR R SR 28 (HR R T RM R (NHLNO) N B HIAb A, RS ERE, R M3 Jy ikl HHEa ot & Bz
B AR, R, AR S —Fh S AR BAPE PE LR NHLCL Y NHNOs, PP NHLCl L NHLNOs A9 M3 3:(NH,C1-M3 #5)
& FHPE. Pearson AHIC/THTAE RN, I NH,CI-M3 AR AT 30 B HEEAZ P AL K &g 5 M3 iR 45 R Sk 0 38 TE ARG,
PEE ZEL(RDST BN 0.99(P=2.31x107, n=60)F1 0.98(P=1.52x10"*, n=60), [FH}, NH,CI-M3 BEHI M3 BEE AR Ca. Mg, Al
Fe. Zn, Mn. Cu &M BEMA, RMESHIH 0.98, 1.00, 0.99, 0.96, 0.99, 0.95 F10.94, NH,CI-M3-P S5tk rhikfmmie L
JE1 Bray-P 1 Olsen-P BB EAHC, R24M51% 0.97 F10.91(P=1.42x10", 1.00x10%', n=20. 40), [EHF, FIH NH,CI-M3 BlliEm
PECR AR P i, KPR BERR . I, NH,CI-M3 Sl 4 gl 400 L0, LUKk B gk Pl 3k K FIEA
SR ICEANAS SRR,

K@ BEASOLE; FILEFEREIREE M3 7%; Olsen-P; Bray-P; AWk
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A Universal Method for Efficient Extraction of Soil Available Elements and Its Application

LIU Hui'?, DONG Ying?, WANG Yujun®, YU Yuanchun'", JJANG Jun®", XU Renkou®

(1 Co—Innovation Center for the Sustainable Forestry in Southern China/College of Biology and Environment, Nanjing Forestry
University, Nanjing 210037, China; 2 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science,
Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: Mehlich3 (M3) method can simultaneously determine the contents of soil available P, K, Ca, Mg, Al, Fe, Zn, Mn and
Cu, and is feasible for calcareous, andosol and highly weathered soils. However, it is hard to get NH;NO; used in M3 method due
to its explosibility, therefore, it is necessary to find other substances to replace NH4NOs. In this paper, M3 method was modified
by using indifferent-electrolyte ammonium chloride (NH4Cl) to replace NH,;NO; (NH4Cl-M3 method) to determine available
elements in 30 topsoils. Pearson correlation analysis showed available P and K contents in the tested 30 topsoils determined by
the two methods were significantly correlated, with determination coefficients (R of 0.99 (P=2.31x107°, #n=60) and 0.98
(P=1.52x10"%, n=60), respectively. Meanwhile, significant correlations were also found for available Ca, Mg, Al, Fe, Zn, Mn and
Cu contents determined by the two methods, with R? values of 0.98, 1.00, 0.99, 0.96, 0.99, 0.95 and 0.94, respectively. Bray-P and
Olsen-P of the above acid neutral and alkaline topsoils determined by the two methods were also significantly correlated, with R
values of 0.97 and 0.91 (P=1.42x10""* and 1.00x107?"), respectively. Soil available P content determined by NH,CI-M3 method
was significantly promoted than M3 method. Therefore, NH,Cl-M3 method can be an alternative method to determine available P,
K and other elements in calcareous and highly weathered soils as well as the amended soils.

Key words: Soil available elements; NH,C1-M3 method; Olsen-P; Bray-P; Biochar
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1984 4F Mehlich!"JF % T —F Mehlich 3(M3)##
WO, Sel T AT P KL Ca. Mg, Al
Fe. Zn. Mn. Cu S5 ZFIn A RSN — IR, %
KM 1 R R JF B M3 ikl & T
KP4, JE—hem R A Ot R RGP
THXBITTRM T, ©2 5N KPRk~ hE
OLETERD ARG R, JFAEREYIR R &
H, RHEYLFORETE, @EXA R P 22
DURRES G AAFAE, eS0T 1 b £ 2 LB R 5 17
T, AHNL ) A HES#E 3 lid i HC1-NH,F(Bray
2)F1 pH 8.5 ) NaHCO;(Olsen 34 B34, 25 [H 4 4
B X e - R 51 4T 20 42 80 ARV R TP IR I 8
TREWIFE, HFREE M3 SRR A 858 A
FOCEARBGATN], BT T HAR A RORP),

M3 $RBGRI B 74 0.2 mol/L HOAc, 0.015 mol/L
NH,F, 0.013 mol/L HNO;, 0.001 mol/L EDTA Fi
0.25 mol/L NH,NO;, T EBUAMR pH £ 2.5+0.1,
Hrp, HOAc /W A WMTER, JF BE i B &
B (pKa=1.76x10"), FEHLH AR AR IRZE 1 HE T
F X PATARGRIIURRE )T, T EAE SIS pH KT
2.9 B, ARERERKIEPELEE. HNO; MIEHAET
WA HEBOR pH, EDTA J£4J8 LK Mn. Cu,
Zn SEMIRFVESA R, PR Sk e 4 T R R L
T T NHNOs R P L, E2E s
Ze PR HURK pH AR BOT R BIPE .

2R NH4NO; 7EFFZ2 52 A1 T B #4
RN, TR . fAtE il B A 5 kKt
PRAEST ) RFITE T 2004 AEHMGK R — 4 FE M
W ZE, BRFRFMERE SN, Sxmidk ik oA A RIS &
L4 NHNO5™, 2019 FBA [ (G FaR e iz
i 1) I A AR ) PR ER I, NHLNO;,
FLIE . BRI SO RV ERE LG ], e Al
NH,NO; 7 ZAE A faks i Wiz fi . FEER GB/T
29879—2013 { FsFREE W R AR HtE 432 53k ) 1O
AR, BRERIR R AL, ATt bk HoAl A\ R EUE K
NS %41 NHNOs. T NHNO; By 6, JoI
X B GOR & B AR BORHE S H T, AR AR
T A E IR R AT TAE, M3 ik
Az BAR KRR 5 wixd HIEA IR M E LS TR
TEAT PR | 7 A ARG ) 2 R - B e 17
—

abh, RHE T EREEE, MR SRR
T3 KBy T AR T AR AT, XL g
P U E BT SAEMRRES . AR P SR — Bk

T EL A 1 pH VU, WERYE . RN 41y
SR A Bray ¥EFI Olsen iU THEEL, kTG,
THEARL P E A E AN R R AR
ARAMERE 55 A% R R 3R T R BT, S
PR B A 3 pH ARRAR K, AW sk )
IR K2 mr i + 48 pH Areh 7t £ 458 ca™ M),
W o} T B — o [R) BN [] pH 39845 %5 P (I 2
B, A sIPM IR SR AR . T M3 2k [F] I
BT R 3 Fe/AL-P (WHREL, 5 R TR+
HErp Ca-P BY4RHL, 2O kE T &M P A R P
FR 4 RO 7

PRIt , A S0 B BYFE T 22 A Ak 2210 e P v i o
NH,Cl A 5 i B NH,NO;, 58 NH,Cl &AL
NH,NO; M3 7:(NH,CI-M3 )28 -4 P, K., Ca,
Mg, Al, Fe, Zn, Mn, Cu 50 R AY%R, IExt
NH,CI-M3 L3 HU A 2L P & &5 Bray fil Olsen 743K
BWA R P& AT A G B, BT
NH,CI-M3 7 A e R 48 b P AR, LU
HHR 0 — i A - A SOT R R AR IO .

1 MR

1.1 TERERMER

PEE4[E 28 FhRIZ(0 ~ 20 ecm)t1E, pH JEH
4.71~9.22, HHLUEEEANT 3.31~54.71 gikg, FHE
TN T 4.87 ~33.41 cmol/kg, FEA i3 T3,
] 2 - MR s ) AN R - A RS R o BT
Y1 GBW07416., GBWO07459 dEATHH B 15461

3 pH fEHIKEE R 11 2.5(m @ MERTH
pH 11 (Orion 3Star, #H, SEEHIE ; BERRE LI &
TR T Y SRR RSN
FE TIER R PLET; WeEs E AR . R TE AR AR A
7R R A — i B PR AN VA R AR BT, B G S B
R HHGIE(ICP-AES, VISTA-MPX, 2, %)
Mt S AR A TR 1

VR T RS L ) ARANL 3 AL IX ARG 214 | 41
SRR TS5 YL 4, A3 B IS R Bt i R AR, et
ARG LLHESY AN 1% 400 °C F 45 RO R B FG FF
wie . PEAERERF IR . KEREFF I . ISEREFF o LA B 1
U TUARLTIERIN 4 g/kg AEYWITIK | 2 glkg B A
2 glkg BRIATR AR FALEENT S STk £ 4 S
5% 400 C il g5 LA FEFF o FIR RS FF ¢ . 7E 70%
M ReK S 25 C TSR 56 d Ja, KRB
60 Hiifi(0.25 mm)f5, 3 P A &0 RAUR
WA AL
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R 12 MR IRA R 28 MR BRI RER S 8E KIR T 3C#k[15])

Table 1 Basic properties of 2 certified reference materials and 28 tested topsoils.

Hh A + 3 pH AL (g/kg) PR B F 330 &2t Ui B Ak (g/kg)

(cmol/kg) Fe,0; Al O

1L P 2K [ A+ 8.39 21.63 17.28 7.27 0.61
dest 5+ 8.09 15.13 10.40 5.86 0.56
1T Ak Bt 7.92 33.30 28.26 7.40 1.26
P T EER IR+ 8.17 14.22 10.59 4.03 0.58
WAL E W+ 8.21 7.90 9.50 5.97 0.56
Ly RAR(EY (08 2+ 5.78 54.71 33.41 7.42 1.67
(SRS Byt 8.25 14.60 10.54 6.58 0.52
LR W0k T+ 8.24 8.04 5.40 3.18 0.29
1R A BH Kg+ 6.60 27.61 13.90 23.34 2.61
THERL s 1 8.89 3.31 4.87 4.11 0.31
LE I BRI 5.29 21.88 14.41 23.93 2.86
PN ERAR: 6.93 26.52 16.13 15.18 1.03
JTARILT] AR 491 46.10 18.00 20.52 1.37
HER E S 6.40 17.00 24.25 9.09 0.40
i % kR Iebie + 8.09 11.60 19.89 7.05 0.57
LA JKAE 4 7.44 22.56 18.43 13.06 1.05
WivT 5 3% KA+ 6.82 33.43 20.42 8.07 0.69
Wb T KiE+ 5.61 29.48 9.81 11.28 1.23
VLY 8 T £ 491 10.11 12.07 23.04 3.77
TR i+ 8.40 13.20 13.50 9.16 1.01
=R fit 41 43¢ 5.51 41.50 14.10 9.41 1.23
St B H g 471 37.62 15.18 104.15 36.75
VLR A BRI 6.70 4.64 14.70 16.87 2.19
TLIRR AL pigzsiis 4.88 18.29 16.54 22.10 17.17
TLINR AL AT 6.24 17.00 17.00 18.44 235
GRBRE Z1 4 4.73 15.75 9.99 19.98 4.80
SIu 723 ¥+ 8.06 26.40 14.40 9.58 0.89
LT A W+ 9.22 8.41 9.33 8.17 2.04
GBW07416 AR 471 7.30 10.00 7.55 0.88
GBW07459 RS+ 8.61 12.70 13.80 50.05 8.53

1.2 NH,CI-M3 %, M3 %, Olsen 1 Bray i%illl

E T ERHE

2 0.2 mol/L HOAc, 0.015 mol/L NH,F, 0.013 mol/L
HNOs, 0.001 mol/L EDTA #l 0.25 mol/L NH,NO5(5§;
NH,CI), #ZHEIRCH] M3 5% NH,CI-M3 i85, Sois
VAW pH 297 3.1, 1 5 mol/L HNO5(2{ HC)JH 1542 B
W pH 2 2.5 + 0.1; % 0.025 mol/L HCI #1 0.03 mol/L
NH,F Bl Bray $#2HGH, Fcil 0.5 mol/L NaHCO;
(pH=8.5)fY Olsen $2H] . LI b A A2 A ik ek
(IR AE W /A 7o o TR 371 8

FREL 2.000 g i 60 H i & 30 Fft KT 38RE 5
T 50 ml BB, 2R 20 ml B9 ik M3 ik

I NHCI-M3 R, TERESARZ1L(QB-128, HAk
UK, A E) LA 80 t/min #%3% 30 min f5 ,4 500 r/min 5
AL> Smin, 7€, ICP-AES MZEBGEH P, K. Ca,
Mg. Al, Fe. Zn. Mn. Cu % 0EWKE.

SRFREL 2.000 g 33 60 Hf Bik 10 Fhfat:
(pH<6.0) T I3ERENM, 55 1.000 g i 60 Hifi ik 20 Fh
BlPE(pH = 6.0) - 5ERE 5 T 50 ml YL R, 43
A 20 ml Bray fl Olsen #2055, 7EheftizizL L
80 r/min #£7% 30 min J5, 4 500 r/min =5[> 5 min, 1%
JEUSI B L S AE 700 nm AR E SRBGR T P
WEE(UV-3000, ik, tE). MWL PR
SFICRABEREE  THEA L I iZon R AR
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it
1.3 HFEREEHSFKITHH

EAE o e 2k LR i PR ) AT
FI A S AL 2 U, 2P AT ) 2B 4t 2R 28 ek
5% I, YEIOAE S AT JCie R A WE L A
ICP-AES Mg R, #ruf g3t 99.9%; ICP-AES
ME R, B0 10 AR I — R BTy RE, fRE
M R 2RI 5% VUN . SRR 7 25087
(One-Way ANOVA)H' Duncan £ 5 LS Ef T REAS (7] 22
S5 FE ST, BEH NH,CI-M3 % Bray #: L) ) Olsen
BRI P AR LI R S
Pearson HHZC/ MY NH,CI-M3 153511 M3 3% |
Bray £ . Olsen L2 1A% P, K. Ca, Mg, Fe,
Al, Cu. Zn fil Mn JGE &2 Z [ B A S .

2 SRS

2.1 M3 & NH,CI-M3 SEME TIERTEAN

SEESHEUSHSPRENRIAEEZ

I Y Bl 32

2 PR A RS B 4 B b U ) o
GBWO07416 #ll GBW07459 AE(H, LKA M3 240
NH,CI-M3 ¥l 5E GBW07416 #l GBW07459 FYTTE
HRASEE, "TUERN, BRI fEY)
[ GBWO07416 Fl GBW07459 HIIAEES M3 BHI
NH,CI-M3 75 Frk B . B, 3 S80S AR

S HTRRUEY) TR GBWO7416 AE(, 18 M3 B:AI
NH,CI-M3 R BIRARL P S &40 0.5, 1.07 FI
1.51 mg/kg, GBWO7459 1531 P & 143314 15.7.31.28
1 28.63 mg/kg, AILLE H M3 A A NH,C1-M3 7542
BUA 5 PRI i T AR ERE i (R DA 1 o X e g 2 L)
R B M3 LR P SCR & TR IR ik, R 3
BAET M3 L) K NH,CI-M3 AR BGR T B Al s
M AL, Fe Z5TCHL P UEH#EN, [RES pH=2.5 AR
% o A AR Ca-P BUTE SR, fHAE M3 A
NH,CI-M3 3 HARERE S b P A E (s . L,
FATEATHIH NH,CI-M3 35217 1A 84 P ITAS I,
i 2 B T2 AT AR HL Fe/Al-P, iAfigte
I Ca-P, ERBUSF ST Olsen i Bray & 41, it
(R € B e o i N 3385 s ) [ SN €7 v
DI OR B Rl Hetk o 9ok, dE B M3 AR
Vi) 3 B 25 SR 25 5 1 D R T 2 22 7 T )« OFRHRAIOR
225 (IR ORI M AN A L Al R 22
SEG E PRE AR A 22 5 | PRI BE A ] B AT AN R A 5
(QICP-AES 7 ixh 78 rvig | Ay 158 22 (B A o 30
(B 22 5 . e AT i AR ASCRe A I M P S 25 ) . DA |
JRE K Z 0 A F gt B A iR 22 57 LA
DR ZE | AUERIR 2

[ A, M3 201 NH,C1-M3 2452 ()4 33 Cu,
Zn, Fe. Mn 4T H DTPA . HCI fil NaNO; i# T
PREUAIAEEZ H] . BRI S, Pifh M3 5 ikfa 211

K2 TEAYERSSWIREMRINAEE M3 5. NH,CI-M3 EZRKEE W TES 2 (ng/ke) LLEE

Table 2 Comparison of certified values of reference materials and soil available element contents (mg/kg) determined by M3 and NH,CI-M3

methods
TLRAR GBWO07416 GBW07459
NEME M3 ¥ NH,CI-M3 ¥ NEME M3 ¥ NH,CI-M3 3
AP (0.50) 1.07 +0.07 1.51+0.01 15.70 + 1.00 31.28 +0.67 28.63 +0.48
NH,OAc-K 180.00+10.00  16420+0.60  15520%0.30  390.00 +30.00 382.20 £ 8.05 357.02 £9.05
EDTA-NH,OAc-Ca  320.00+40.00  258.70£3.13  265.55+3.15 6739.93 +122.50  6527.25+12.50
EDTA-NH,0Ac-Mg 50.40 + 6.00 51.05 £ 0.30 50.80 + 0.55 574.25 + 15.75 533.25+5.25
DTPA-Cu 0.24 +0.04 0.53+0.03 0.63 +0.03 1.80 +0.20 3.65 £ 0.00 3.325+0.02
HCI-Cu 1.14£0.16
NaNO;-Cu 0.023 £ 0.007 0.052 £ 0.008
DTPA-Zn 0.53+0.08 0.98 = 0.03 0.93 =0.03 0.54 = 0.06 1.63 +0.02 1.38 +0.02
HCI-Zn 1.53 +0.20
NaNOs-Zn 0.24 +0.09 (0.03)
DTPA-Fe 23.00 = 5.00 68.03 £ 0.32 60.98 £ 0.27 38.00 = 5.00 143.60 = 1.20 114.20 £ 4.65
HCI-Fe 85.00 £ 17.00
DTPA-Mn 5.70 +0.70 18.60 = 0.70 17.58 +0.13 14.50 = 1.40 146.00 + 0.75 133.075 +2.48
HCI-Mn 16.00 +2.00

. GBWO07416 F1 GBWO07459 FUA S P 43 IR Bray B/ Olsen B4 8L ; @ AEHRAECR DT 6 41 HASE RIFE HIEM,
FE(ERUE /DT 6 sk BE AR R 2R (HAR A EOR T 3 4D S %A, HWw RS8R =R

http://soils.issas.ac.cn



1044 +

e %53 %

AR BT HCHEEUE, & T DTPA il NaNO;
RS FH. GBW07459 R M3 7£F1 NH,Cl-M3
BEMEAA Cu, Zn, Fe. Mn &8¥E T HINE
B, FEIEW Tz A R4 A e (5 5 3E
DTPA #£HU)(pH=7.3) 5k, NaNO; iF R IR HL, $£BUCF
K. EDTA XA %A %) Cu. Zn, Fe. Mn #2
BUSCR 5T DTPA, I H EDTA % Cu #l Zn %4 )&
A $ B EL AT B B 1Y) pH AR | pHL BR AR IR R
252020 Y NH,CL-M3 B e R 551 F (pH=2.5),
AT 255 i g i &R T R .
B 1A 28 FptiX -5 2 FhbruEY FH M3 ik
I NH,CI-M3 ILIERS B A 80 P s K i
160

)
%

el
[=}
T

N
=
T

NH,CI-M3-P (mg/kg)

W
[\S)
T

y=1.06x-0.38, R"=0.99

. . P2315107, =60

0 32 64 96 128 160
M3-P (mg/kg)

<

SRR, M3 BRI NH,CI-M3 200 5E 358 P B4 4%
P AR K S B A e (P=2.31x107  1.52x10°*,
n=60). M3 32 Hi{5] NHNOs 1E R 5k d fi i, 3%
L G WU pH AR BOT R EH,
NH,Cl # NHNO; KAfgik i 1T M3 Lk R
NH,NO; FfE . [FIIF, M3 281 NH,CI-M3 394
ROPMEREL, FERT F KA BUCHEIR T P, 1Y
3T FePO,. AIPO, 1 P BUFZELC!, Jr LI WiF )7 4k
TR R P AFER & A G . M3 12581 NH,CI-M3
Hidsg K AGHEE, FZVRT 0.25 mol/L NH,NO; 5
NH,Cl 5 0.2 mol/L HOAc JE L T pH=2.5 H5i0 2% ifi {4
Z, bk K A HRERE ) B R

400 ¢

®)

go 320}

g

= 240}

M

on

> 160}

]

= L

z 80 3=0.88x+15.77, R*=0.98

0 | P=1.52x107", n=60

0 80 160 240 320 400
M3-K (mg/kg)

1 M3 % NH,CI-M3 SR ZE 30 #HIRBH P(A). R K(B)ZE R LLAL
Fig. 1 Comparison of available phosphorus (A) and potassium (B) in 30 tested topsoils determined by M3 and NH,CI-M3 methods

M3 B NH,CI-M3 42+ b 2R G R T R
TR, WE 2 Fin. WAnlUE H Bl
JrkifSRg Ca. Mg, Al, Fe, Zn, Mn Al Cu &5
A ARG, E AR 435I 0,98 1.00., 0.9,
0.96.0.99.0.95.0.94; P 4358 1.27x107°2.2.57x10""
2.77x107°° | 8.97x107*" | 2.45x10> | 1.59x107* |
3.25x107°7, [HIik, NH,CI-M3 2:58& B T4 Fh 3047
AP FIERAL K 4RI, trlil 2 Ca, Mg, Al Fe,
Zn. Mn I Cu %5 2 5h 4 @ o R B 75 2P,

2.2 NH,CI-M3 ;%5 Bray. Olsen ;£ill7E +1E

BUESEHEXHE

BRI 21 G 3REUY 28 Fh R A 2 Fh - HEA RS
O AR AER R LA pH = 6 9 5, 43 515% 1 Bray LA
& Olsen LFEH AL P, 455 %M, pH<6
) 10 FPERYE 135, Bray 7 A1 NH,CI-M3 JE4 UK AT
P SRR EMIEE 3, P=1.42x10", n=20),
Sawyer fll Mallarino! ™ 53 th W, FEMRYE -4,
M3-P FlI Bray-P Y45 R4, Olsen ¥ NH,Cl-M3
RARE pH=6 1) 20 Fh b PEFImR M 1A 30 P &5 5
e 5B EAH (8 4, P=1.00x102", n=40). i%X5 Sawyer

F1 Mallarino® "W 55 45 St — 5, BIA7 KpE +3Ed M3
1L Olsen 730 5 45 5 4 35 AH G .

Bray AP IR ME A% P, — i@ 1T NHyF
() F~ Fll Fe-P. Al-P Hfi) Fe. Al 7ERRTESMF FIEM
25 W) TR TR 2% Py — 2 38 o i PR 1 i 5 4 P,
PRl I 3k by 9 38 T R M T A T A R
HEPY ) Olsen v 2038 FF 4 JME 1, HARBUR
() HCO, FERRME S T al LUR HHER W Y Ca®* JE
B CaCO; ULTE, BEAK Ca®" {3 1 i 3t b 1 MR A K 1
Ca-P #ig$ oK, 1IE4N ESCTiR, NH,Cl-M3 0]
PEHL AL, Fe, Ca &R EEGTEA P, Ktk NH,Cl-M3
1: 1t Bray 1 Olsen 12 BT 8 A AT 280 P % 12 5 o (&1
3 FI 4), Mehlich!"'Fl Tan >4 M3 355 Bray
1 Olsen 290 5E 3450 Pt MEEE T AR 25 58
i, NH,CI-M3 & FANR pH H3EAZL P & &
(R
2.3 iEf NH,CI-M3 HiEM TR R MR

A3 B pH Ny 5.04 .4.56 Fil 5.40 YT R 1% 218 |
IR HER L U T B A R PO, B
ek R, 3 Fp 3R pH 43 B = 6.13 ~ 7.52,
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Fig. 2 Comparison of available elements of Ca, Mg, Al, Fe, Zn, Mn and Cu in 30 tested topsoils determined by M3 and NH,CI-M3 methods

6.33 F1 7.05 ~ 7.57, WNSRA%H S50 2 AV E R 2 TR
P PR (pH 6.0 S A 1353 54T Bray I
Olsen ¥E4RHL, W LLKLEL 2 FiOh BL R BUAIAT L P & i
A5EL—E(GER 3). EEUN, Bray 51 Olsen 0 %E Y

PR TARLLIEAA AL P AR ZE 1.43 i XAz RIS
BefpprdeiEl £, Bray EREUARL P & )2 Olsen
PRy 1.23 4% ~2.27 £ FERINERME R A TP R
P B RAFIERCR 25 57, MEmIIG LT HE | [ ARLTIE AN
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Bray-P (mg/kg)

& 3

10 F#hES % + 3% NH,CI-M3-P # Bray-P &%
Fig. 3

Correlation between available P contents of 10 tested acid
soils determined by NH4Cl-M3 and Bray methods

WA 45 3 MRt AR NHL,CL-M3-P 2305
1.5, 2.1 F11283.5 mg/kg, @& T Bray 581094
P SROIIN 1.1, 0.2 F1 227.5 mg/kg). HA )5
PIE AN b SCHTiA , NH,CI-M3 J7 32 A 2L P A 8t
s IO, WEEA R LR AR AT HEX 2 Fp A B )
AR P SEREAR, ARITEAAEIN HIEAR P
Y WA 25 S8R o XHAAEI 1, R RTE
+3%, T L% pH 8K (pH=5.4), & Bray I:l5E
HAR P &, HEHEASRE ALY & &3O
=, i Bray dEHEEUERERSS A P(227.5 mgkg)tt
NH,CI-M3 LA %L P #a0(283.5 mg/kg)RIRZ
PR - RS, RS Y 3 pH — e
7.6 ~ 8.5 Hip [ 95 HE ] Olsen Bl E HARL P &
i, (AAREGT R IR AR T R R, HRER

Olsen-P (mg/kg)

4 20 Fhe EFIGE M 1 1% NH,C1-M3-P 1 Bray-P 8514
Fig. 4 Correlation between available P contents of 20 tested neutral
and alkaline topsoils determined by NH4,CI-M3 and Olsen methods

A2 PR T AR(69.6 mg/kg). Flitt, AR pH 1%
AL P 4R IUTIRAS 5, ATRE S EOT B B 1A %K
P I RCR AR BRI .
e Fe/Al-P Fl Ca-P 1) NH,CI-M3 %45 5] 1)ifF
AT LT ek R 25 SRR W], U HE X AE A RS AT kel R+
B, M TG T, A% P SRS T 4.1
5 T NH,CI-M3 JEAS 210 AR AR | 14
AR P AR 2.1 F1 64.3 mg/kg, AR PIRE T
29.6 155 FELASZ RS YL ry Tl At - A 6], NH,Cl-M3
LRI 5% MAEAFEFF R AR GREFF e, 1l 5
IR EA R P & 28.4% F136.7%. [H 1, NH,CI-M3
P A P AR R A SO T S ek R
Brhp AR P A .

F 3 NHCI-M3 SEMR 1% 2 R AR (B0 49 8UFE &R T 3#k[16-17])
Table 3  Available P contends in amended acid soils determined by NH,Cl-M3 method

145 R pH NH,Cl-M3-P Bray-P Olsen-P
(mg/kg)
TP i 21358 J5i 4 5.04 15f llg 25¢g
T AR 6.13 2.6 f 15¢g 28¢g
TR IR 6.35 139¢ 104 ¢ 13.7¢
TMSEREFF 2 7.15 95¢e 57f 8.0f
PSR T v/ 7.38 98¢ 51f 6.9f
A EREFE I 7.52 67.7d 37.7d 27.6 d
TR Ji 4 4.56 2.1f 02g 05g
T . iR A W K S 6.33 64.3d 352d 145¢
AL+ R+ 5.40 283.5¢ 227.5¢ 69.6 ¢
KGFEFF 7.05 387.5a 278.2 b 1143 b
AEEREFF 2 7.57 364.0b 306.7 a 137.6 a

I RPFESEHR NG TR R R 2257315 P<0.05 W#EHKF-.
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1) NH,C1-M3 B AT AR M3 3230 72 A [5]

X IR P AR K &, i HL T DR ER Ca,
Mg. Al, Fe. Zn, Mn fil Cu %48 L& .

2) NH,CI-M3 %5 Bray #il Olsen VA2 BUH %L P

GER AR P, NH,CI-M3 B AT DR BOR 1+

ig’

A TR BT PR R M H IR A AL P, ff T

Bray Fl Olsen 143 7l AN 186 0 PE AR 4 - 484 3% P
PEEU R, - E AT R 2 K. Ca. Mg, Al

Fe.

Zn. Mn fll Cu%5%,
I, NH,CI-M3 B3 TR b . i s

PE AR P AL K SFEIROLRNE, i T
WESHEEE Zn, Co FEI0RNE, 2—Fhsk.
B+ A HOTRAR RO %

S

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

Mehlich A. Mehlich 3 soil test extractant: A modification
of Mehlich 2 extractant[J]. Communications in Soil
Science and Plant Analysis, 1984, 15(12): 1409-1416.
XA, ZEVEIF. Mehlich3 3@ IR IEFIMBIIE[)]. L3
R, 1995, 32(2): 132-141.

NE 11, Magdoff F R. 7 14 i 12 Jr i1 Lo 45
[7]. 3E224R, 2003, 40(1): 140-146.

Pansu M, Gautheyrou J. Handbook of soil analysis:
Mineralogical, organic and inorganic methods[M]. Springer
Science & Business Media, 2007.

Sims J T. Comparison of mehlich 1 and mehlich 3
extractants for P, K, Ca, Mg, Mn, Cu and Zn in Atlantic
coastal plain soils[J]. Communications in Soil Science and
Plant Analysis, 1989, 20(17/18): 1707-1726.

AR, BRAH, Biimdh, 55, MR B FLIRTE SR8 2 AR A
TR RAET]. L T 24, 2014, 65(3): 1135-1141.

Kumar D, Elias A J. The explosive chemistry of nitrogen[J].

Resonance, 2019, 24(11): 1253—-1271.

WRFNEAR, K FEREER, XTAHRR L 14 . ok A
-5 A1 [OL]. 2004. https://www.agriculture.gov.au/sites/
default/files/sitecollectiondocuments/languages/chinese/ma
ndarin/Chinese_simpl_amnitrate.pdf.

BRI, OC T & K 52 4y 1 i 1) 2l D30 A5t e A s ofe 0
[OL]. 2019. https://www.unece.org/fileadmin/DAM/trans/
danger/publi/manual/Rev7/ST-SG-AC10-11-Rev7c_ WEB.

pdf.

rhie AR ] ] 5 o B A R R . R B
YRR 25 . GB/T 29879—2013([S]. Jb&t:
FEl bR S At 2013.

Jiang J, Xu R K. Application of crop straw derived
biochars to Cu(II) contaminated Ultisol: Evaluating role of

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

alkali and organic functional groups in Cu(II) immobili-
zation[J]. Bioresource Technology, 2013, 133: 537-545.
Palansooriya K N, Ok Y S, Awad Y M, et al. Impacts of
biochar application on upland agriculture: A review[J].
Journal of Environmental Management, 2019, 234: 52—64.
Wang H, Dong Y, Tong X J, et al. The amelioration effects
of canola straw biochar on Ultisol acidity varied with the
soil in which the feedstock crop was cultivated[J]. Journal
of Soils and Sediments, 2020, 20(3): 1424—-1434.

Mehra O P, Jackson M L. Iron oxide removal from soils
and clays by a dithionite-citrate system buffered with
sodium bicarbonate[J]. Clays and Clay Minerals, 1958,
7(1): 317-327.

Zhang P, Wu T, Ata-Ul-Karim S, et al. Influence of soil
properties and aging on antimony toxicity for barley root
elongation[J]. Bulletin of Environmental Contamination
and Toxicology, 2020, 104(5): 714-720.

Jiang J, Yuan M, Xu R K, et al. Mobilization of phosphate
in variable-charge soils amended with biochars derived
from crop straws[J]. Soil and Tillage Research, 2015, 146:
139-147.

Shi RY, LiJY, XuR K, et al. Ameliorating effects of
individual and combined application of biomass ash, bone
meal and alkaline slag on acid soils[J]. Soil and Tillage
Research, 2016, 162: 41-45.

Bray R H, Kurtz L T. Determination of total, organic, and
available forms of phosphorus in soils[J]. Soil Science,
1945, 59(1): 39-46.

Olsen S R, Cole C V, Watanabe F S, et al. Estimation of
available P in soil by
bicarbonate[EB/OL]. 1953
X, Spacrh, SEHEE, . W ALRIEN SIE R R
I 7 B E AL 7 A M A SR RO AR i e (7], 4,
2018, 50(5): 924-928.

T, Wi, FORIR. A EGE TG R
whoRL B ST R R (0], AR S FBEAE 4R, 2009, 18(2):
777-782.

Yu J Z, Klarup D. Extraction kinetics of copper, zinc, iron,

extraction with sodium

and manganese from contaminated sediment using
Disodium Ethylenediaminetetraacetate[J]. Water, Air, and
Soil Pollution, 1994, 75(3/4): 205-225.

J E, Mallarino A P. Differentiating and
and Olsen

phosphorus tests[C]. Agronomy Conference Proceedings

Sawyer
understanding the Mehlich 3, Bray, soil

and Presentations.

KA, BOIR, Mk, 4. FE R 7 X A 21 g
I E IR [I]. T3, 2012, 44(1): 133-139.
Tran T S, Giroux M, Guilbeault J, et al. Evaluation of
Mehlich-III extractant to estimate the available P in Quebec
soils[J]. Communications in Soil
Analysis, 1990, 21(1/2): 1-28.
Zekek, TaA, MIEIA, 4. M) AR
JeBEEBOR A, 1989.

Science and Plant

http://soils.issas.ac.cn



