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Abstract: [ Purpose ] To optimize and simplify the operation procedures of the national standard
determination method [GB 7865—1987(2)] for rapid evaluation of large quantities of soil samples by
comparing the accuracy and efficiency of different methods in determining the contents of soil ex-

changeable calcium (Ca®") and magnesium (Mg’") in terms of extraction reagents, centrifugation
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times, and shaking time. [ Method ] Representative soils were taken from four regions of Northwest,
Northeast, Southwest, and South China, and five extraction reagents deionized water (H,0), calcium
chloride (CaCl,), potassium chloride (KCl), ammonium acetate (NH,OAc) and Mehlich 3 (Me 3)
were utilized for method comparison at different extraction-centrifugation time (1-6 times) and shak-
ing time (15-60 min). [ Result] 1) Exchangeable Ca’* and Mg"* contents for a given soil sample var-
ied with different extractant in the order of Me 3>CaCl,>KCI>NH,OAc>H,0. 2) Soil exchangeable
Ca™ and Mg™ contents were positively correlated with the extraction-centrifugation times, and in-
creasing the extraction-centrifugation times might give rise to significantly higher values. 3) Extrac-
tion-centrifugation times depended on soil types. Exchangeable Ca® and Mg** contents of soils in
Jiangxi (standard sample), Yunnan, and Fujian stabilized after four times of extraction-cen-
trifugation, while the Xinjiang and Heilongjianghe soil needed 6 (Ca’") and 5 (Mg”") times of extrac-
tion-centrifugation, respectively. 4) Concentrations of exchangeable Ca’* and Mg*" determined by
60 min of NH4OAc extraction and oscillation was comparable to those derived from the national
standard method, and the oscillation method was more suitable for large quantities of samples.

[ Conclusion | Different extraction reagents affect final values of soil exchangeable Ca* and Mg**
contents. Compared with the national standard method, the NH,OAc oscillation method has relatively
less procedures, lower equipment requirements, and reliable results, which is more suitable for high-

efficiency testing requirements of large quantities of soil samples.

Keywords: soil exchangeable calcium; soil exchangeable magnesium; extracting reagents; oscillation
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Tab. 1 Physical and chemical properties of soil samples

AR ER BHE T/

3R ZH /% particle size composition of the soil

T AR R R o o 3
. . o T g
soil samples vegetation type (ke ) (mg-kg ") soil texture HIkL clay ki silt ¥ sand
OM content CEC (<0.002mm)  (0.002~0.02 mm) (>0.02 mm)
- AL
1ikE BY - 47 73 6573 R — — —
loamy clay
- L Q=S -
=M YN SRR 5.2 8.3 1547.2 ik . 59.4 18.7 21.9
potato clay soil
- # RS
W il 44 13.8 310.5 mo 25.0 35.8 39.2
pomelo sandy loam
- il % VR A+
il X fi 8.1 18.3 15963.1 o 289 24.8 46.3
grape sandy soil
. IKFE b 4
HIPYT HLY !(*E 5.3 68.5 7194.4 e . 27.2 39.1 33.8
rice loamy soil

1.2 FEMABRSEK

i &5 2B DML S R DTS-4B (LRt T5K
WA, W) BRSBTS AL
(ICP-OES), %15} Avio 200 (414 B /R 8RN F
BNy, e S VORTEX 3 (i —1fE R}
LA RAT, HE), #EKRES A HZQ-3222
(i fERE I AR AR, PE),
1.3 Wik
1.3.1 [Ehrik

FH 1 mol/L Z 2%k (NH,OAC) I3 Wi 42 55 .0
FE R X BRI, FRER 2 ¢ BAECA 50 mL B 04,
JA 1 mol/L NH,OAc ¥, FHAZ L 3k B 55 A 1oi
FE, BB s A 1 mol/L NH,OAc
W 35 mL (SRR, seorhidk, SR iR
NH,OAc #RIEUEB I , WA B.O8 s B
B O AR IO P 4%, NH4OAC I
A o K B0 R B O AL, R R
3500 r/min, 5.0 5 min, f 250 mL 2 EIRNE
3EW; F NH,OAc I E Z AL HE 3~5 ¥k, FFH
[FIRERV O 75, AL UEFEI
1.3.2 AFEE$E G T 7

FREUERE 2 g, FEFD L FESR IR 5 Flng #2405

g% S A (BARE 3 A PAT M), A 50 mL &
O, 5 ARSI 40 mL 0.012 mol/L CaCl,
WM, 20 mL 1 mol/L KC1 W . 40 mL 1 mol/L
NH,OAc ¥ # . 20 mL Mehlich 3 (Me 3) & ¥
(0.2 mol/L Z# . 0.015 mol/L #fk&%. 0.013 mol/L
2 . 0.25 mol/L flifiR%% . 0.001 mol/L £ &P
ZFR, pH2.5+0.1), 10 mL %% H,0, 7£25 C
T, BEERIEZ RN 180 r/min, 43R 60,
60, 60. 5160 min, J5iEfRFI,
1.3.3  AN[E B O RELIE 5T

FRIERE 2 g, BEFIFESY 6 41 (gl s 3 4>
SEATERE), B 50 mL B0, AIIA 35 mL
1 mol/L NH,OAc %k, FIRTEIHRY 5 s JF A
BLOAL, WE B LHLEECA 3 500 t/min, &0
5min, $ FIEWEIA 250 mL T, 640+
PR EIRARE . B0 1~6 TR, EZ. i,
1.3.4 AR I [R] A 7

FRECERE 2 ¢ T 50 mL .04, %1 : 20
B 4 W& e A 40 mL 1 mol/L NH,OAc ¥ W ,
TE25 CF, FIRYRG A 180 r/min, 437l
%% 15, 30, 45 1 60 min, &AM,

DL BRI E 1 R
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R T 142 g | ;
: ‘ : NH,OAc
's ] 1 mol/L | 40mL
(B #EMg™) | NH,OAc | KCl1 Me 3 BT i
CaCl, 1 mol/L | 1 mol/L 1 mol/L H,0
0.012 mol/L ; L
‘ 20 mL 20 mL 10 mL 1~61K
M v
WERAHES] (5 5), #5403 500 r/min)
! 5o | |
| FEAAR (25 °C, 180 r/min) X\x
15 min
. 130 min p . VELFH = - 5
60 min 60 min 45 min 60 min 5 min 60 min BHE)G hEE
460 min 250 mL 250 mL 250 mL

| 4&%&?@?&% 10 mL .0, ICP-OES W&

A HAN TR BE U T X 7 AT AR

FARIIER A GBI,

Note: Different shade of gray in test tubes are only used to distinguish different extraction reagents, and do not represent the reagent color.

1 REL

Fig. 1

1.4 Hdls b3

B R A SPSS 19.0 # A #4141t 4 br, H
Duncan % £ 5 2 35 P 22 7 (P<0.05); Bk
Microsoft Excel 2016 B A4AEH .

HER55H
2.1 AFERFEFI E LIE Ca™. M@ &&=
b
e 2 . SR Me 3 iR HE 1 4R

P Ca™ . Mg* S {lff, CaCl,, KCI 5 NH,OAc
R 0 1y eSS M Ca®' . Mg & iR
2, FET H0 RRNE M sttt Ca™ . Mg™
TR AL, X BY TPt Ca’t i [(320.0+
40.0) mg/kg], KCl 5 NH,OAc ¥2 # I 5 Y 32 #
£ Ca® (353 1 358 mg/kg) 4 78 A 1 71 {8 1Y

BrEE

Schematic test procedure

Me 3 5012 2 (0 2 18 (454 mg/kg) HubnifE 4
{H= 94 mg/kg, EBT H,0 IZHENE(E (60 mg/kg)
ARV e/ MEAR 300 mg/kg, X HoAR i+ RE A2
e P Mg* & & [(50.4+6.0) mg/kg], CaCl,, KClI
5 NH,OAc & 42 5 1Y 52 4 M Mg™ (56, 55 Fl
48 mg/kg) Y FE bR UETE FBIE N, Me 3 K712 #2
A 5 {H (129 mg/kg) Fb A 1 A A B K A(E =
73 mg/kg, EB T H,0 B E M (5 mg/kg)
FRRUE AR B/ IMEAIR 55 mg/kg, AN [R5 %)
F YN, FJ. XJFl HLJ % 4 FOR R0+ 450
ek Ca*. Mg» W E 45 Ry A8k B 5 BY —
. Me 3242 HHEACHE Ca® & w ¥ T KCL
Ml NH,OAc, 25 T H,0 = 3 i 45 SR T Hifl
3R IR BRI E 45 R (R 2). [A#E, CaCly.
KCl 5 NH,OAc &Tm4 R b A et Mg 45 A%

7=f-E 2 TH/R*E%'JXTiiﬁ)Lﬁl‘E Caz*\ Mg”/\ E/}”“E%%E’J F]

Tab. 2 Soil exchangeable magnesium and calcium contents determined by different extraction reagents

+ 15 Lk Ca¥ ¥ #/(mg-kg ') exchangeable Ca®" contents Ltk Mg 4 /(mg-kg ") exchangeable Mg?* content

soil samples KCl1 NH,OAc Me 3 H,0 CaCl, KCl1 NH,OAc Me 3 H,0
FRkE BY 353 358 454 60 56 55 48 129 5
=M YN 1223 1101 1549 210 257 254 245 733 6
T FI 82 75 141 12 52 49 48 86 6
B XJ 15936 15930 19246 1052 687 383 375 935 26
EIRIT HLY 6647 6532 8340 591 551 512 503 1364 118

W FRELRE (BY) FRASH M Ca¥'s

Mg [ B4 B2 (320.0+40.0) mg/kg Fi (50.4+6.0) mg/kg.

Note: The contents of exchangeable Ca** and Mg”" in the benchmark soil sample (BY) are (320.0+40.0) mg/kg and (50.4+6.0) mg/kg, respectively.



£ 6 1]

SRR, A5 TSRS A A I A T 12k B A HE AT 1085

NG, 3 RREARFI AR T Me 3, mT £
BT H,0 B4R ik, FEARESIEE. ZREK
i DA R 5 9% B R IR HAT R RCR , wT LA
I3 E R N B A =

3 BN T AN RR AR I E 25 3 Ca™
Mg & B ZFIRYAHSCIE, 28T Hy0 12485 KCI.,

NH,OAc. Me 3 Fll CaCl, & #2ll %€ iY 14 Ca™",
Mg & %A WE M G il KCl. NH4OAc,
Me 3 Fl CaCl, = $2 I & 1) £ 3 Ca™*, Mg & &
IR B IR G, MR RN
0.878~0.999.,

&3 TRIZEFIME IR HMME Ca™'. Mg S EZEMHEX R

Tab.3 Correlation coefficient for exchangeable magnesium and calcium contents determined by different reagents

PR Ttk Ca” & HE/(mg-kg ') exchangeable Ca®" content ¥tk Mg & /(mg-kg ") exchangeable Mg™ content
extraction reagents KCl NH,OAc Me 3 CaCl, KCl NH,O0Ac Me 3
KCl — 0.914"

NH,OAc 0.999" — 0.915° 0.973"

Me 3 0.999™ 0.999” — 0.878" 0.995™ 0.995™

H,0 0.771 0.774 0.773 0.593 0.682 0.741 0.751

e o RORPTRAR AAEAE B 22 7(P<0.05); RN PITR bR A EIR T & 1 2 57 (P<0.01): T,

Note: “*” indicated significant difference at the 5%; “**” indicated significant difference at the 1%; the same as below.

2.2 AFENRHE-E O IRE (NHLOAC =2 42) xf 135
Ca™. Mg Wl & & m

1 [ b i R B B 48 0 B R IR R B0 K
B, ARG — 2 HAR S TR S UCEO I 2 25 R
ISENA o BEIR AR BLORECE N, D Y T IEAc i
Pk Ca™, Mg G Efm, R&BTRE, M
AN RS 1 4 838 B R0 (B il i IR 48— 0 IR 3K
AN (B 2). MIE 2 AT UL BY . YN FI FJ % 3 Ff
TR Ca¥ T REITESS 4 KB (C4) 1248
i3k B R4 5 E {8 (339, 1098 il 72 mg/kg), XJ Al
HLJ 30 7ES 6 YR 5L (C6) IR 4RI T A2
(15409 Fil 6544 mg/kg). BY. YN Fl FJ 3152
etk Ca> REMEAESS 1 YK (C1) FIEE 4 LY
W2 H 2 2247 314 35, 183 Fil 4 mg/kg, XJ Al
HLT HEREE 1 R BRI 6 YRGS OB I 22 (E
Z 2553520 10 153 5 1 800 mg/kg.

AN ) 352 B = 0 R Bkt 5 i 4 HE b 58 e
Mg™ & 5 1Y 52 Wi B 55 A2 4 P Ca 45 R AR .
BY. YN fil FJiX 3 Fl 38 (58 etk Mg™ &
FEER 4 YRR B (C4) BHEEIRE(H (45, 239 FI
46 mg/kg), XJ A1 HLY THENTESS 5 IR B0
(C5) Ik F R4 E (1 (387, 530 mg/kg), BY. YN
F) AR 1 R EL.OMEE 4 RO
A5 1) 22 4 1 Mg % 5 I 8 {5 22 22 5000 R 11,
19 1 11 mg/kg.

2.3 RERG X 43 Ca®. Mg & &% 1)
A

g i T MRS T IRARRICR, HEPRIL S =

AR s AE AR e . 7EAH R)IZ 457 (NH4O0AC) 4%
T, ANFERG X R 3Ese etk Ca™ . Mg &
T S5 R LR 4, B IR 1= B 1) B (] SE
K, B+ 3Exs Hurk Ca?', Mg & B B4 T [
PR LR, MR AR E N 60 min B, 25
SRR, &Ry AR 45 R 2 T bR

3 5 AT 0L : $E7% 15 min BHNAEA49 185
PE Ca® . Mg™ & i 5 [ 2 0 2 (i AH 0 iR 22 B
K, % 60 min Bf A X R ZE /N PR35 15 min
W e Ca™ & X RZEEER 19.9%~
47.3% (K14 35.2%); HIEA M Mg 5l 2
B AH o 152 22 Y0 FEL A 10.1%~41.3% (CF- 1 25.7%).
PR% 60 min W E T HEAZHNE Ca®' . Mg & 1 1Y AH
R 25 I 0.2%~3.4% (F3 1.8%), HAHRE
PEPT AR R (3R 6): #k%% 60 min, +IHEXCHR
PE Ca*, Mg™ & & I e (B -5 B AR AH e f i
(R*=0.999"),
3 it

IS Ca¥ . Mg SR ESE 2 £
PR R w20 AR R BN X H—+
S R R R 4, Tl e 1 se bk Ca®' |
Mg &AL T H0 (URB R 2 sk dR,
THMREY (B%) FISAALAS (B6) 45, Mit2eshe i ve -
HErp s AR, 2B HLO $REy b R AL
ek Ca*. Mg™ & i Al (3% 2). MK, Me3
SRR, AR 3 AR R A T 2k
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T ARERTF LR NG FRE R R 288 4 HEAS R B0 R BRI A7 e 35 25 57 (P<0.05)

Note: Different letters on different columns indicated significant differences in the number of centrifuges in the same type of soil (P<0.05).

25 VA

2 E=HIRN

Fig. 2 Exchangeable calcium and magnesium contents

B

B FAEIRE IR Ca™ F1 Mg BRI

in different soils determined by different centrifugation times

R4 NEWRZITEX LR HME Ca™ Mg & BNEMFIT

Tab.4 Soil exchangeable magnesium and calcium contents determined by different oscillation time

Tt Mg f:/(mg-kg ') exchangeable Mg”" content

+ 15 T Ca* F fE/(mg-kg ') exchangeable Ca** content

soil samples  [{#k GB (CK) 15 min 30 min 45 min 60min  E#GB(CK) 15 min 30 min 45 min 60 min
e BY 349 184 277 285 358 47 42 46 49 48
=M YN 1092 772 1006 1059 1101 244 188 212 240 245
1R F) 77 62 67 75 75 47 38 44 48 48
e Xy 15410 9042 13245 15950 15930 383 364 360 345 375
SRIT HLY 6544 4045 5248 6446 6532 486 159 216 443 503

FRES (B), MURBIhAcHt: Ca®' . Mg &t UK M A e A i) S8 0 R, MAE—E RR TR

&, X5 STAUGAITIS U iFoe gt 5 —3k ., i
MARFERZER AT (CaCl,, KC1, NH,0Ac) il
50 S Ca®t . Mg™ 2 R 2 [ A AE— 2 M
KM (£ 3), BUAMFEZER (R 2), XFLEHN
AR 70 45 PHES F B B e I R, =R/
e B0 A Ca® >NH, >K ',

BB 0 5 4R E H

S 2A
o

Wi 2 418 511 5 e

EZITIRIRE, A E R E R, AT
7% K E PR IR $25) (1 mol/L NH,OAC ) B
SEO BT T AN R A 4 HE 1 e 2 - O R R
il 5 95— O R B N B R 3% Wsf R) 24, ]
E R AR HE Ca*t . Mg B i I T
farE (K 2. 3K 4), EFRE—RE R -5
OIURECH 3~5 IR, AR EE SRR 4% Ca™' |
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Tab. 5 Relative error analysis of soil exchangeable calcium and magnesium contents
determined by the GB and oscillatory method %

B ik Ca™ ¥ & exchangeable Ca™ content T Mg # & exchangeable Mg™ content
soil samples 15 min 30 min 45 min 60 min 15 min 30 min 45 min 60 min
Frkf BY 47.32 20.61 18.24 2.50 10.13 4.00 3.89 2.74
=M YN 29.33 7.84 3.02 0.79 19.14 12.98 1.45 0.43
&t FJ 19.91 13.42 3.03 2.16 19.91 13.42 3.03 2.16
e Xy 41.32 14.05 3.50 3.38 41.32 14.05 3.50 3.38
g HLJ 38.19 19.80 1.50 0.18 38.19 19.80 1.50 0.18

T AR R ZE=(FE AR 8 (B PR35 1 I B L)/ AR T I 2 (B < 100%

Note: relative error=(the GB value—the oscillatory value)/the GB valuex100%.

&6 ERESIRHENE TR R4
Ca”. Mg EBMHEXAEK
Tab. 6 Correlation coefficient analysis of soil exchangeable
calcium and magnesium contents determined by the
GB and oscillatory method

W kR JR1%: oscillatory method

item GB  15min 30min 45min 60 min

At Ca™' i i
exchangeable Ca®" content
A Mg
exchangeable Mg™ content

1 0.730  0.827  0.998" 0.999"

1 0.997" 0.998" 0.998" 0.999™

Mg™ & s BAR M FE 7 1 (e . = FE AL
PO), BRIE-E.0 4 TR B E e, XS
] s 32 R Y B0 IR B — 3, T AT X Ca®'
Mg & i s ALy T (s A R L) WIS
/DB 5~6 ARBRBIRRE M, Kk, AMETE
AR ) SE AL IR T 5T XA [R] 280 3R i Y
BRI R BEREWE L1 Ca®, Mg™ &
i, AR AR AR T AL XY Ca*tl Mgt
T (B R —B DR EL. LA, AP R
FH A Bl a A, B AR AR e Sk 3 38 M 40
P, AERIERT I, i H AT DA b Tt
FREC N R 25 . W E w5 R M - B YRS e vk
Ca™, Mg B}, #R¥% 10 min BIvDEE L4 Ca® Hil
Mg* 5E iz XA RPE IR HiRY% 45 min il
FE ) RS Ca®' . Mg g R E AR AH DG
. AR TR &% 60 min JE 1) 1458
Ak Ca® . Mg & 5t 5 E AR EE I 2 1Y 45 R de k]
i, X5EAIE IR R 8 SR, A
M LR TR SR L 48, AcHeE: Ca™ L Mg™
M E s, B E A KEmkmis, w5
2 R PR B PR R RS M Ca® . Mg B i
W Tk 2t Z 0 i iRl (e 45

Rl . AR COR B Al ) Rk R
R A0 A B R A I - M s 4P R 3R B R I
ik, (HME SR ARLIE TR () KIZUR
B3RSt Ca®t . Mg AT,

TSR Ca¥ . Mg E e S R A+
WpHAH K, — WA+ Ca . Mg i
i, Mg 3T Ca® . Mg & A X B,
H+8 pH 5 Ca¥. Mg" &2 IEH R,
ABFRABIESE TiX — A . = F AR RN (R
R 59.4%) WASHLE Ca®t . Mg & I TR
AL RV CFYIh 9.2 4%), H& pH 3 G
B IpIT) BAS bk Ca* . Mg & 2 F 2 A1 pH
5 (R EE) stk Ca™' . Mg & 31.2
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