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Optimization of the Model for Predicting Cation Exchange Capacity of Clays
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(1. College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China; 2. State Key Laboratory of Soil and
Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: [ Objective ] Cation exchange capacity of clays is an important index for determining diagnostic horizons and
diagnostic characteristics in the Chinese Soil Taxonomy (3rd edition) and the United States Soil Taxonomy. However, some
studies have shown that the values of CEC; particles predicted using models are often higher than their corresponding
measured ones, thus leading to misjudgment of taxon at high taxonomic levels. With the zonal soil in Jiangxi Province taken as
the main object, this study aimed to optimize the current CEC prediction model to alleviate the impacts of its error factors, to
build up a new model, based on main error factors, for predicting CEC5 of clay particles, so as to improve prediction accuracy
and to provide reliable data support for retrieval in the soil taxonomy. [ Method ] To that end, an idea of how to optimize the
current model was put forward, suspicious error factors were screened out based on the previous researches and collated with
those in the current model for correlation analysis, and error law in the current model was explored. Then soil samples were

classified in line with the law to improve the model in prediction accuracy. Main error factors in each classification sample
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were searched out and got involved in modeling. Eventually, the optimized model for soil classification was established.
[ Result ] By comparing the value estimated with the current model with the measured one, it is found that the former is
generally higher than the latter. Previous studies have shown that soil organic matter, silt CEC,, soil pH and soil free iron
oxide content are factors affecting CEC of the fine soil in the B layer of weathered soil. Correlation analysis was performed of
the factors with the error, and indicated that organic matter and silt CEC; were the main ones causing errors. Studies found that in
predicting soils higher or lower than 6 g'kg™' in organic content, errors varied in dispersion. Therefore, in this study, all soil
samples were sorted into two groups, high and low in organic matter content for modeling. For the group high in organic
matter, errors were ultra-significantly related to soil organic matter content (R*=0.402, n=23). Considering that organic matter
may get bonded with clay particles, the group of samples high in organic matter content were further sorted in three subgroups,
i.e. “clay soil samples”, “clay loam soil samples”, and “loam soil samples” and a model was set up for each of the three
subgroups. In the subgroup low in organic matter content, errors were ultra-significantly related to CEC; of silt (R?=0.675,
n=23), so a direct model was obtained for soil samples low in organic matter. Considering that CEC; is not easy to be
measured, soil pH, annual mean temperature (Tem, °C) and Latitude (Lat) were selected and used in modeling for predicting
silt CEC5, and consequently an indirect model based on environmental factors was established for soil samples low in organic
matter. Through the accuracy evaluation of the models, it is found that optimization of the models has brought predicted values
closer to measured values, and the models for all subgroups of soil samples are good in accuracy. Optimization of the models
has raised retrieval of iron-rich soils from 20% to 93.3% in accuracy. [ Conclusion ] Based on the above findings, it is found
that modeling by content of soil organic matter is reasonable. By analyzing sources of the errors with the current model and
following the optimization formula, models for predicting cation exchange capacity of clay particles are established by content
of soil organic matter with higher accuracy. The models may provide reliable data support for retrieval in the soil taxonomy.

Key words: Clay cation exchange capacity; Chinese soil classification system; Model optimization; Error factors; Organic

matter
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F1 LIREARBAMR
Table 1 Physiochemical properties of the test soil
HIEHURALR” / (gke™)
B R =g 4+ Fikr CEC, 52 Bk CEC, 52 fbhr g Rk
GG AL/ , ) ,
TR pH 1h8k”, CEC,”/ A/ M/ Sand Silt Clay
i (g'kg!)
n/cm (gkg™) (cmol'kg!) (cmolkg') (cmolkg™!) 2~ 0.05~
<0.002 mm
0.05 mm 0.002 mm

1 25~40 5.60 16.00 6.63 12.30 13.25 0.60 134.0 373.0 493.0
2 30~43 4.50 15.10 5.10 15.50 21.55 0.80 94.0 496.0 410.0
3 40~80 4.00 12.90 2.19 15.60 27.65 1.60 304.0 295.0 401.0
4 40~110  5.10 9.70 2.46 12.20 18.90 2.30 160.0 438.0 402.0
5 20~58 5.60 13.90 3.60 17.50 21.90 2.40 8.0 513.0 479.0
6 18~47 4.60 4.49 2.44 6.43 19.10 1.19 596.9 208.9 194.2
7 20~35 4.29 4.73 2.39 4.60 10.60 4.27 455.7 413.0 131.3
8 18~66 4.81 5.33 1.86 9.68 13.90 5.78 160.4 389.5 450.1
9 68~90 4.56 6.07 2.88 11.79 17.91 0.43 60.00 396.5 543.5
10 25~60 4.92 9.21 2.40 14.09 19.37 2.18 78.30 402.0 519.7
11 22~70 4.64 1021 2.56 12.31 16.99 1.14 356.7 176.5 466.8
12 25~45 435 17.62 3.13 16.62 15.31 2.78 393.0 132.0 475.0
13 148~192  5.30 4.60 2.43 9.40 21.55 1.00 81.00 599.0 320.0
14 30~70 4.60 7.04 4.94 12.59 15.90 0.86 3283 345.0 326.7
15 18~48 5.18 5.72 2.45 7.88 16.90 0.54 368.5 282.9 348.6
16 45~85 4.51 7.51 2.09 8.09 14.77 0.48 462.2 224.6 313.2
17 18~40 4.23 7.75 2.69 7.43 14.12 1.78 360.2 317.2 322.6
18 20~40 4.86 8.83 1.19 7.71 11.14 6.58 560.2 200.0 239.8
19 15~45 4.86 10.55 3.90 9.83 5.73 3.78 2973 324.0 378.7
20 20~47 435 13.22 0.91 12.11 11.85 2.28 677.4 103.6 219.0
21 60~70 4.32 9.20 4.04 11.83 12.50 1.41 196.0 419.0 385.0
22 15~65 4.60 9.68 3.83 10.96 13.09 8.38 461.2 218.7 320.1
23 24~65 470 18.37 3.10 32.66 19.80 3.01 631.2 227.0 141.8
24 30~55 5.05 7.80 1.84 4.30 8.90 3.20 664.4 158.4 177.2
25 30~50 442 1033 1.64 11.00 11.60 2.60 701.4 216.0 82.60
26 16~46 3.63  14.00 2.55 23.16 16.70 1.58 498.5 281.5 220.0
27 18~50 4.50 8.40 1.63 13.70 23.60 2.00 447.0 350.0 203.0
28 20~60 5.60 8.15 1.56 7.44 20.96 1.38 339.2 406.3 254.5
29 23~72 7.65 3.97 3.07 29.70 49.33 9.38 179.0 295.0 526.0
30 50~120  5.63 3.62 4.15 21.98 60.12 12.07 436.0 268.0 296.0
31 30~80 6.57 2.93 2.32 22.35 48.76 9.92 336.1 294.9 369.0
32 24~89 5.41 4.31 1.94 14.99 24.23 6.20 153.8 362.2 484.0
33 24~200  5.51 2.59 1.78 11.12 21.03 6.34 278.5 346.5 375.0

http://pedologica.issas.ac.cn



518 + g = e 58 %

R
FIEHUAIR” / (gkg™)
KkEZE N == 0+ Fhki CEC, 3¢ Mk CEC, 5L Wbk wrkr Fhokr
FE o AHLE/ e o
. W pH k") CEC;"/ ME"/ "/ Sand Silt Clay
G5 (g'kg!)
n/cm (gkg') (cmolkg') (cmolkg') (cmolkg') 2~ 0.05~
<0.002 mm
0.05 mm 0.002 mm

34 25~130 5.54 3.10 1.71 12.36 23.17 7.60 271.6 346.4 382.0
35 17~52 5.02 1.90 1.94 10.65 25.41 6.46 368.0 317.0 315.0
36 20~75 5.07 3.79 1.23 9.81 26.39 3.16 303.2 390.8 306.0
37 12~130 4.84 2.24 1.97 9.77 23.98 4.56 318.2 363.8 318.0
38 19~61 4.67 1.90 0.99 9.94 23.14 1.69 228.9 390.1 381.0
39 22~95 543 5.00 1.76 14.59 21.38 3.91 99.00 300.0 601.0
40 25~100 4.72 3.97 1.11 13.07 20.67 2.58 108.0 318.0 574.0
41 65~120 4.87 3.45 2.88 12.93 22.01 291 164.0 303.0 533.0
42 24~61 5.39 3.28 1.39 10.41 23.37 1.92 250.0 355.0 395.0
43 25~80 4.83 3.79 0.86 9.33 18.22 1.64 173.0 365.0 462.0
44 20~95 4.50 2.93 0.96 8.91 18.79 1.12 250.4 319.6 430.0
45 30~110 3.98 4.14 1.23 9.47 16.04 2.24 122.2 355.8 522.0
46 15~90 4.58 2.41 1.17 9.73 15.38 1.95 100.4 330.6 569.0

(DSample number, @Depth of soil genetic horizon, (Soil organic matter, @Fe,0;, GFine-earth CEC;, ©Clay CEC; measured

values, @Silt CEC, measured values, @ Soil mechanical composition.
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Fig. 2 Scatter plot of measured values and values predicted with the current model
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Fig. 3 Correlation analysis between error factor and error in the current model
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Table 2 Correlation coefficients

between different error factors (n=46)

THEAHLE SOM ¥yHE CEC; Silt CEC, pH liF B A L4k Free iron oxides
+HEAHLFE SOM 1
¥ki CEC; Silt CEC, -0.010 1
pH 0.326 0.056 1
1785 . fL % Free iron oxides 0.326 —0.182 -0.217 1

FEAERRE S, AL S IR BEMC, B
i CEC, SIRZEM AKX AAN R E . (Himad WL M,
AR 6 g-kg ™ HiIJE BIEURREEA WERTE, £l oy
Bras Rz W], B AL A BN, 1R25 B A
BHHEIN, MAPR S E/NT 6 gkg ' BF, B2
{0 2.3 cmol'kg ™', #rfE2ZE N 1.12 cmolkg ™', HAHL
Bt KT 6 gkg B IR TFHIME N 7.45 cmol-kg
PRifEZE R 6 cmolkg ' PRI AHIF G0 K 4B RE AT 7
A PUTPIHERE, BaPLR SR AT 6 kg OFE
ARFAERAPUTAEA, Bl 23 4>, WEE+29
AL BEHEEE 8 A, BEEZE 6 =AML KA ML
FE/NT 6 gkg ! REARFRVEIRA DLTREA, HoEh
234, AEA I 124 B 1 A PIR BT

A3 MAE B A HLBTRE o B TR AL R 22 5

x3 FRBFEAPIRES

PLETFIRY AL CECH SO €8 G 43 B AR A 111 U 43
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AR Z S/ PR AR CEC, BCEE ri o 0.834
1 0.562, P ZE R 41514 0.402 Fi1 0.038, KW
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58, T ZBE KPR CEC, XHR2E AR . [R] B AR 54 HL
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R 22 S5 HUR AR CEC, 19 JCBEE ri iy 0.663 Al
0.922, PeiE REL R 43900 0.019 A1 0.675, FHMKA
HUBREAR 1, M3 CEC, 4515 25 SCI MR RIAH SE M T i
(EARHR A, BRI BB BRI G 4%, i,
AT FEAE TS YKL CEC, 1 [RIF EES7 5¢ F2R5E H 7 1Y
KR CEC, Ak AR AR, DA T $ AR AL T 1

BHR. ML CEC, BIREX

Table 3  Correlations of errors with organic matter and silt CEC; relative to type of soil samples
FEAEHY FEA B GRIPIE 3 KA IR ST e nlEE g
Sample type Sample size Analysis object Grey relational analysis Linear regression analysis
B YL REA FHHLE OM 0.834 0.402%*
High organic matter samples 23 ¥yl CEC, Silt CEC, 0.562 0.038
A BLBEREA AP OM 0.562 0.019
Low organic matter samples 2 ¥kl CEC, Silt CEC, 0.922 0.675%*

e **FRikE] 0.01 191 /K F. Note: ** denotes significant difference at P=0.01.
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C

x1000 (Fh1-2%)

CEC = x1000 (B L)

CEC, —(2.492x OM —15.665)
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C

x1000 (3% +2%)

(5)
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Bk &, gkg'; CEC, M4+ CEC; SLME,
cmol-kg ™',
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2.3.1 Gl SR CECT Bz &l 4 1]
W, HESTRRA LR R CEC, R 22 YR 12
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AR ML R KL CEC, AR IAELAL (FAR (KA L
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Fig. 4  Correlation analysis of silt CEC; and errors in
models for low OM samples

CEC; —(0.853% CECq, +0.899)
C

C

x1000 (6)

CECy) =

Krfr, CECyo) WAL SE 18T S ZRL CEC, Al MIE,
cmol-kg ' CEC, (., MR FHE T35 e it , emol kg '
CoNBALE |, gkg's CEC, AL CEC, S,
cmol-kg ™',
2.3.2  EIEIREEE A I AR CEC, R H2 g5

KR CEC, K/NS B 0 W 4l )RRl 2645 56
LU YA SME S T pH. Bk,
SR . R AT G, FEAT £ B R
1,$[19-20]o

P, AHFI S5 pH . AFHRIE (T), 4
Ik E (R, 4% (L) #4758k CEC, M4h M
L, IZEHE T T ZouE B s B, Hor,
AP 35 ST PN A 47 K8 7K a3 A v ARG B T AR R
( http://data.cma.cn/ ), 5| I SCHR o RAE 526 B 44
SR FAAT B0 DX 3 o0 o520 B S A, AT I by
W, Rz AR A AR A T A &
Ak MIBRTE . JE ARk BRI kAR A A AR
AR F MR P<0.05, HIBRAR R
P=0.10,

Z 6% A Y 77 B =S R R

CECy ) = ap + Zfz ak (7)

K, CEC; () WEIKL CEC, K/ n AS 5 EIHMY
IR FAEG an a WIEHREG 4 i D5
HF KN

BN I TF SR F 08B CEC, Al i A
PORIEE AR 8 i, I R*=0.606, n=23.

CECy () =1.501xL+1.693xT+1.775xpH-79.99 (8 )

b, LR (RERGERIE )y TSR, .
fRABETE 6 780 A7 LI RE A 6] 4 00

CECy= { CEC;—[0.853%(1.501xL+1.693x T+1.775xpH
~79.99)+0.899]} x1 000/C. (9)

o, CECoco WAL G #YEE T Se kL CEC, A IIME,
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Fig. 5  Scatter plots predicted values and measured values before and after optimization of the prediction model

R4 BOEMREREETNE
Table 4 Accuracy evaluation of the models based on classification of soil samples

HARRS FE D357

PR 4 B B
n Indices for accuracy evaluation of models
Model name Verification equation
R? MAE MSE RMSE

A LR B R A 9 Y=0.908X+1.746 0.806 1.418 0.363 1.806
A WU e - AT ® 8 Y=1.130X-1.830 0.348 3.421 2.559 4.524
A BB b R A A 6 Y=1.767X-12.829 0.58 6.22 12.816 8.769
A ML REAS B 23 Y=0.946X+1.765 0.959 1.680 0.255 2.421
A ML AR AR (o] e 23 ¥=0.999X + 0.730 0.911 2311 0.602 3.721

(DModel for clay soil samples high in organic matter, @Model for clay loam soil samples high in organic matter, @Model for loam soil
samples high in organic matter, @Direct model for soil samples low in organic matter, BIndirect model for soil samples low in organic

matter.
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AFERCECTEIE AR Sources of clay CEC7 data relative to type of clay
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Fig. 6 Sources of clay CEC; data corresponding to number of Ferrosols
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