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Table 1  Physical and chemical properties of soil used in experiment
A B 25 e Exal i it A R R k) .
£ 301}
SOC Total N Total P Total K Hydrolyzable N Avail P Avail K Bulk density pH g
» . » » N » » . Soil texture
(gkg™) (gkg™") (gkg™") (gkg™) (mgkg™ ) (mgkg™) (mgkg™ ) (gem™)
b 4
11.18 1.27 0.31 34.45 44.07 8. 60 146.2 1.4 8.6

Sandy loam soil

1.2 RXFIEH

Bt 1 30 g L™ &L 88 (SrCl, - 6H,0) 6 30 g (1
FAAERAE T 950 ml 7K, EZAZ 1000 ml,

BL il 50% .70% <, W ( C, H; OH) % ¥ - & HX
526.3 ml 95% Z [ . 737 ml 95% Z, [ JH K % B
%1 000 ml,

o o VP T < 5 B o T AR R R 1 4 S, I R
FEARWEV W (100 mg L™')0.,0.5.1.0.1.5.2.5 3.5
ml F3 5 A 100 ml 25 &) A, i 5 ml 4016 58 (30
g L7') JH Bk 10 Fhag el 45, 1 %1 7 0.0.5,
1.0.1.5.2.5 3.5 wg ml ™" A 4R 8 3 0 BE b0 o T 4%
il 2k B 225 ), W U B V5 (100 mg L) 0, 1.2,

4.6.8 ml3 A 100 ml 25, 0 S ml S84k 58
(30 g L") A1 bk 10 Fhag el 2 28, 1451 0.1 .2 4,
6.8 pg ml ™" bR HE IR

AR F A4 21 000 m1 0.1 mol L™" .1 mol 17!
&4k % (NH,Cl) | 2, 3% (NH,0Ac) -50% 70% Z,
g (C, Hy OH ) 52 4 71 Bc 1, 43 % #% B 5.35 g,
53.50 ¢.7.70 g.77.00 g AL LR B, o0 0 T
426.3 ml F1236. 7 ml /K rhGLHR 5 A% IS N 95 % £ B
W A473.7 ml 1 663. 3 ml, FFH H 3 R 5 & K I T
(KR 1:1) 855 pH 2= 8.5.9.0 A1 9.5, %R
A 50% 70% B A 1 000 ml( WLER 2) .

R2 RE G B F

Table 2 Formulas

of different ion exchangers

I ol w e g . fit il 1 000 ml J@ﬁ/ﬁﬁﬁfﬂ g T
Exchanger Regent Concentration Regent mass used in oi Ethanol concentration (% )
(mol L™ 1) 1 000 ml exchanger (g)
ZHeH] 1 Exchanger 1 NH, OAc 1.0 77.00 8.5 70
32H:7) 2 Exchanger 2 NH, Cl 1.0 53.50 8.5 70
ZHeH 3 Exchanger 3 NH, OAc 0.1 7.70 8.5 70
SCH ) 4 Exchanger 4 NH, Cl 0.1 5.35 8.5 70
A7) 5  Exchanger 5 NH, Cl 1.0 53.50 8.5 50
25 4#:7) 6  Exchanger 6 NH, OAc 1.0 77. 00 9.5 50
e 7 Exchanger 7 NH, Cl 1.0 53.50 9.5 50
27 8  Exchanger 8 NH,OAc 1.0 77.00 9.0 70
2547 9 Exchanger 9 NH, C1 1.0 53.50 9.0 70
ZZ#eK 10 Exchanger 10 NH, Cl 0.1 5.35 9.0 70

http : //pedologica. issas. ac. cn



84 +

¥

51 %

2 4 R

2.1 HRERSMABRBEEANRZ BRI AR
E(20°C)
7S S 0 P il TR R ik o R A A [ I ) R
SN R ZE HEAT R, 2008 T R CO ¥ A2 A
X i TR 6 5 gk 1 2 T
o390 FR B o> M Al B mR B R R & 0..050 0,
0.500 0,1.000 0,1.500 0.,2.500 0.4.000 O g, H
TEA 100 ml 854, 20 B A Z2 #e57) 60 ml, 54k
S ml, A HGH & A B2, FE0 2], 76 20°C 1Y
KRR FFE 3 h 5 8, R g P B8
JE TR 06 6 BE T (B 5 TAS - 986) Il 52 , 2 il
Hy 10 b 52 46 70 v AR Bk R G ) VA ik it e (DL TRT 1) i
T HH GF T B T A R /N B S ) O e A R
B NY/T 1615 -2008 i),
B 1 AT M A [ 52 48 510 v ik TR 5 V4 gk 14 I e
N AR 1 > SR 8 > L] 6 > AL 3 > AL
5] 5 > 3] 2 > SR 4 > ZZ 4R 10 > 2] 9
> AL T o ) — 2 TR R e R ) S8 4 TR A R A
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03 F

Ca** (ug ml™)
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i fifp BRGS0 e R B 14 AR EE o BIR TR B
TEAN [R) SZ 4 300 Hh B 338 fige 4 2Rl 7B (BT 2) B TR B
F14 5 iR L J S 58 45 390 8 > S2 5] 4 > SR 9 > 52
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J00 590 X e T B NG TR % 114 4 ik JEE /N, DR R R T
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Fig. 1 CaCOj solubility in different ion exchangers
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Fig. 2 MgCO; solubility in different ion exchangers

2.2 TETHMES . EHNE

PR - FE (GBWOT7412 ) 58 4 M85 8 il 5 o ok
AL PEER R A FE (GBWO07412) £ 5. 00 g, 43 4 4
(BRABE 3 ADFATERE) A 50 ml B0, 53
SIMA 30 ml 70% P, BB RE 1 ~2
min, FE B4 O, A B O ML (S . 1550 B .0 Bl
FR B — 50 2 B0 AL 4 000 r min B
03 ~5 min B VRN, EE 2, HE CLA
SO B P NIk (BUE O 5 EyEW L ml 2y, B
T2 SN, — S rhon i R AR KR L S 6
UUyE RN CL 2 Yk, o — S48 o — T £h e #n
JLT G AL M s W, F2 57 5 min J5 WLEL, 0 TG TR
LR SO Bk ) o BT A M of U v T VA E
R 25 ml S84 ) 2, 5o R SR B 0, B
B DA AR — RIZ AR ) LT W4 B8 A 100 ml
ZEMT . K4 sl TP BCGH — 6, A 5 ml 4
O R e S ) S T S 1 o e ol = 8
R4 3 A AR LRSI A S 4 50) 25 ml, A
Je B U B TRORE NI A B — YR A8 e 7 1 2
R CRIAS B3 — U ia 2 A0 5 R 4 1 AS 4
PEESEE RS 2 A o B 3 0 38 e BUH — 6y,
A5 ml GALSR, FH 240 2 & 20 5, [ B
0y £ BRI A 2 0y £ARRAR SN A S H T 25 ml,
T PR B0 R U VRO A A IR A
e300 1 25 B T (RIS 2058 — K BB R B SRR
PSSR G BE B 22 M) o 2 10 58 i ) o B
1y, A S ml G AR, FH 3 3 70 45 2 20 B W)

BEsE by H 0. B e 1 B AR Ak 22 A 28 e 5
25 ml, R4 HE T B O, B I VR R I AR A
SR A B A P CEDAR RS — R B IR R
SRR U RIR A ) S A B R R B M)
JAS ml GEAGER, 28 0 700 2 45 2 20 B, DA L fp U
WA R 50 4% J5 FH A WOt O BE T A I 45 B B 1
W,

XA — AT FiR R R, SR 9 AT
A& I A A H G BE RS (AP IR IF ) 5 224 4
M) 10 XF bk AT Uk R e e e R =
YIS DO YR IR A5 58 0 700 Hh A9 A6 B (A 4 3 T 5 —
UCORIEE k) VA5 R L3R 3,

3 PRIE 4 RO R I A 25 SR AR A R
ZEUE N . Hrsg e 2 FAg i) 9 5 — Ik xS ik
H4E BEC A E] A GBWOT412 WbRUE, W3S 5 4
RS H ) 10 28 32 = K5 35 3 A GBWO07412 (1)
PR, DRt 22 4 5510 2 F0 A2 48 551 O f 0 4 AR A Ok
IR IR W S

AT RN A e P A BE I A . FRIZSS. 00 ¢
BEL A 8 1 (B 4 —dFATHE) A B0
(50 ml) 4 H, R 70% 19 £, T 95 00 R 52 9 1 5 Uk
FHER R, B ClOM SO, Rk (R ).
A3 30 ml 2230 55 4 S84 55 10, FH 37 38 A7 40
FEAPERE 1 ~2 min, {1 4545 T — 30, ZEAEAE O, i
ANELHL, 4 000 r min ™' T EEES 3 ~ 5 min,
BUH 08 K LIS WA A 100 ml FEfih, EE
PLE#RAE 3 3k, 0 5 ml GAL SRR J5 FH 3 380 37 28 45
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Table 3  Concentrations of exchangeable Ca’* and Mg’ " in different ion exchangers( GBW07412)
o #1K 1R #2 W\ #2 W\ #3W
S P 1%Ca* 1 Mg?* 2™ Ca’* 2 Mg? 3 Ca?*
Exchanger Mass(g)
(pgml™") (pgml™h) (pgml™h) (pgml™") (pgml™")
5.034 2.74 +£0.04 0.43 £0.02 — — —
A 2 5.021 — — 2.64 +0.02 0.43 +0.03 —
Exchanger 2 5.013 — — — 2.73 0. 06
5. 008 — — — — —
5.014 — — — — —
] 4 5.018 — — — — —
Exchanger 4 5.024 — — — — 2.79 0. 07
5.073 — — — — —
5.025 2.69 +0. 04 0.41 £0.03 — — —
3] 9 5.031 — — 2.93 +£0.03 0.44 £0.02 —
Exchanger 9 5.042 — — — — 2.97 +0.05
5.027 — — — — —
5.028 — — — — —
3245 10 5.056 - - - - -
Exchanger 10 5.029 — — — — 2.92 0. 04
5.011 — — — — —
HIW H4 W %4l ZEHepk Ca® B tE Mgt
i}ﬁ?ﬂ] ﬁﬁ:% rd 2+ th ~ 2+ th 2+ 2+ 2+
Exchanger Mass( g) 3" Mg 4" Ca 4™ Mg Exchangeable Ca”" Exchangeable Mg
(pgml™") (pgml™") (pgml™") (emol kg ~") (cemol kg ~")
5.034 — — — 13.67 +0. 37 3.54 +£0.19
SR 2 5.021 — — — 13.21 £0.22 3.39 0. 14
Exchanger 2 5.013 0-40 £0.04 — — 13.56 0. 49 3.27 £0. 10
5. 008 — 2.82 +0.05 0.43 +£0.03 14.01 +0.53 3.52 0. 15
5.014 — — — — —
) 4 5.018 - - - - -
Exchanger 4 5.024 0.43 +0.02 — — 13.92 +0. 44 3.54 0. 15
5.073 — 2.86 +0.03 0.42 0. 04 14.27 0. 10 3.46 +0.07
5.025 — — — 13.35 +0. 33 3.37 £0.22
24 9 5.031 — — — 14.07 +0. 21 3.70 0. 11
Exchanger 9 5. 042 0.42 +0.03 — — 14.69 0. 15 3.43 £0. 14
5. 027 — 2.81+0.03 0.41 +0.01 13.94 +0. 10 3.35+0.09
5.028 — — — — —
2245 10 5. 056 - - - - -
Exchanger 10 5.029 0.43 £0. 05 — — 14.48 0. 11 3.51 20.09
5.011 — 2.78 +0.03 0.45 +0.05 13.84 +0. 17 3.69 +0.13

bR AR (GBWO07412) v a8 e ik Ca’* Fll Mg2 PR E 43 2 14,1 £ 1.5 emol kg “THI3.54 £0. 24 cmol kg “! Note: The concentration of

exchangeable Ca®* and Mg®* in the benchmark soil sample is 14. 1 £1.5 cmol kg ™' and 3. 54 +0. 24 cmol kg ~' (GBWO07412)
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[FIFEFRELS. 00 g - HF 8 13, Yk by i Mk R Y L B
(L), & 4 5 —41FA7RE, 20500 30 ml 22467 2
S5 9, B EE A AN BEFE | ~2 min, (548 i

— L EEAE I, 4000 r min T EREE B L 3 ~ S
min, WO B0 R BV WS A 100 ml 25 5
fn s ml EACER, SR JE IS 3R s 25, 4 2R LAk 4

x4 FRAZHARZTHEFSEBFHRE (ARIELE)

Table 4 Concentration of exchangeable Ca’"

and Mg’ in different ion exchangers( Calcareous soil )

N o B Ca® 9 St Ca?* T Cat
% fi B . 2 2
Ca” " concentration of solution Exchangeble Ca”* Average concentration of Ca” "
Exchanger Mass of sample (g)
(;,Lgml’l) (emol kg ~1) (cemol kg ~")

5. 005 1.42 7.079
5.003 1.46 7.281

2245 2 Exchanger 2 7.069 £0. 154a
5. 004 1.40 6. 980
5.001 1.39 6.935
5. 005 1.42 7.079
5.003 1.48 7.381

2 #5¥) 4  Exchanger 4 7.194 £0. 132a
5. 004 1.44 7. 180
5.001 1.43 7.135
5.008 1.44 7.174
5.010 1.39 6.923

A5 9 Exchanger 9 7.039 £0. 129a
5. 009 1.43 7.123
5.002 1.39 6.934
5.005 1.41 7.029
5.003 1.46 7.282

245 10 Exchanger 10 7.157 £0. 105a
5.002 1.43 7.133
5. 000 1.44 7.185

T AR T RERA RE2ESR (p<0.05), MFAFHRRLEEESR (p>0.05)

level (p <0.05) ; or the otherwise

M4 R E SR 2 RIS 9 — ki
AA R S B B B IR T S ) 452 4
10 = a4 iy R AR, (H U A 5 vk 0] 6 2 3% 22 5+
F3IME 4 RMAEIEA B WE 1 ATHEH, L
2 PR B R £ 9 AR S B AR 4 R 2, (RS 4 R
4 283 AT A W TR B | ik TR Bk 1 R B i i 2R
TR 2 01— PRV

LRI BT, SR 2 A AR 9 B E T
IERRTRIAE T AR 20 3R, SC3R 1 I 2 25 R R ME B
Pho KRS Rt + 9 mg pH 0 8.0 ~ 8.5, N IR
WA i) 2 (pH = 8.5 1 mol L™ ALk - 70% £ B
SR W9 T7 1k BIE A A KA e RS R B Y
W5E 24 L4 pH By, m] R 22477 9 (pH =9.0
1 mol L™" G b4 —-70% & WEsc#ei)) 1975 % o

Note: Different letters indicate significant difference at the 5%

i

o
KRR pH AN [F] o B 1) & Ab 8 f 2 R B LA
[ei] Ve 2 1) T YR 5 YRG0 Bk TR 45 Bl T2 % R 22
Hebn e LA, S5 RRY] L HEE pH 1 BT, Bk R 45 AN
e 2 B ) WS e 2 113 B B a5 B BR A AE L R Bk - &
Pt A2 488 1) v ) s M FE R T A - B S W T Y
VAR 5 O TR 1 e B B BV BE Y A TR B
B, MR A (GBWO7412 ) 58 4 P55 B /Y Il
FELSRAE M4 Oy 22 SR e R,
{H pH=8.51 mol L'l pH =9.0 1 mol L™" & fk4%-
T AE 4 39 3 2ok — YRk A8 0 S RE 58 B, Tk T AR
A TR A Y5 A R 1 3 i e 45 R 5 A
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DETERMINATION OF EXCHANGEABLE CALCIUM AND MAGNESIUM
IN CALCAREOUS SOIL
Hong Mei' Zheng Haichun’® Wei Xiaojun® Li Yuejin'~ Mi Fugui' Chen Tong’
(1 College of Ecology and Environmental Science, Inner Mongolia Agricultural University, Hohhot 010019, China)
(2 Soil and Fertilizer Station of Inner Mongolia Autonomous Region, Hohhot 010011, China)
(3 Hulunbeier Agricultural Technology Extension Center, Hailar, Inner Mongolia 021008 , China )
Abstract The commonly used method for determining exchangeable bases is to repeatedly leach a soil sample with

70% ethanol (CH,CH,OH) solution, and then treated with the mixture of 0. 1 mol L~

70%

ethanol (CH,CH,0OH), 8.5 in pH,

several times for extraction, and in the end,

" ammonium chloride (NH,Cl) and

content of K*, Na™, Ca’" and

Mg’ " in the extractant is determined, separately. However, this method is complicated and time-consuming in operation
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and repeated extraction may increase dissolution of carbonate in the soil solution, thus making results of the determination
tend to be higher. Based on the above-mentioned, tests were conducted of 10 ion exchangers different in concentration of
NH, Cl and NH,OAc and in pH for comparison in solubility of carbonates and content of exchangeable Ca®* and Mg®*. Re-
sults indicate that the mixture of 1mol I.”™' NH,Cl and 70% CH,CH,OH, 8.5 in pH is the most suitable one. The new
method goes like this, wash a soil sample off salts with 70% CH,CH,OH first and then treat the sample with the mixture
of 1mol L™' NH,Cl and 70% CH,CH,OH 8.5 in pH for extraction, only once, and in the end, concentration of K",
Na', Ca®" and Mg’" in extractant is determined. To sum up, this method not only simplifies the operation procedure, but
also effectively inhibits dissolution of carbonate in the calcareous soils, thus lowering deviation of the determination.
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