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Abstract: [Objective] Yellow soils are an important agricultural resource in China. However, the productivity of
the yellow soil has been significantly altered by both climate change and anthropogenic activities. Thus, to improve
the understanding of the response mechanisms of yellow soil to these changes, this study systematically evaluates
the effects of mineral and electrolyte materials combined with organic matter on soil cation exchange capacity (CEC)
under different pH conditions. [ Methods] A soil incubation experiment was conducted using yellow soil with 14
treatment groups: (1) CK (no amendment); (2) D (dolomite, 6 g-kg?); (3) B1 (sodium-based bentonite, 2 g-kg™); (4)
DB1 (dolomite 6 g-kg™ + sodium-based bentonite 2 g-kg™); (5) DB2 (dolomite 6 g-kg™* + sodium-based bentonite 4
g-kg™h); (6) DB3 (dolomite 6 g-kg™ + sodium-based bentonite 6 g-kg™); (7) DB3C (dolomite 6 g-kg™* + sodium-based
bentonite 6 g-kg* + carboxymethyl cellulose 1 g-kg™?); (8) DB3CH (dolomite 6 g-kg* + sodium-based bentonite 6
g-kg! + carboxymethyl cellulose 1 g-kg™? + potassium humate 2 g-kg?); (9) K (potassium nitrate, 0.5 g-kg™); (10)
Cal (calcium phosphate, 0.33 g-kg?); (11) KCal (potassium nitrate 0.5 g-kg™* + calcium phosphate 0.33 g-kg);
(12) KCaz2 (potassium nitrate 0.5 g-kg™* + calcium phosphate 0.66 g-kg?); (13) KCa3 (potassium nitrate 0.5 g-kg* +
calcium phosphate 1 g-kg?); (14) KCa3H (potassium nitrate 0.5 g-kg™ + calcium phosphate 1 g-kg* + potassium
humate 2 g-kgt). The CEC under actual soil pH and varying pH conditions was determined using the ion-selective
electrode method. [Result] The results indicated that (1) the amendment materials affected CEC by increasing soil
pH. For instance, at the 75th day of incubation, the soil pH increased by 0.38-1.27 pH units, with an enhancement
range of 6.35%-21.24%; the CEC increased by 4.59-13.55 cmol-kg, with an enhancement range of 35.56%-
105.00%. (2) Different types of ameliorants exerted a significant synergistic effect on increasing the pH and CEC of
yellow soils. For example, at pH 7.0, the CEC of the soil treated with mineral + organic matter (DB3CH) was 49.57%
and 35.01% higher than that of the soil treated with single minerals (D and B1), respectively, after 75 days of
incubation; while the CEC of the soil treated with electrolyte + organic matter (KCa3H) was 19.27% and 10.37%
higher than that of the soil treated with single electrolytes (K and Cal), respectively. (3) Soil particles were more
sensitive to pH changes in the low pH range. The CEC of most treatments showed a substantial increase in the pH
intervals of 4.0-7.0, whereas the CEC increment slowed down in the high pH range. (4) The direct contribution of
amended materials to the CEC of yellow soil is dominant (72.98%-90.60%), while the indirect contribution through
increasing pH is relatively low (9.40%-27.02%). [ Conclusion] Organic materials directly provide negative charges
through the dissociation of functional groups; inorganic electrolyte materials optimize the adsorption environment
by supplying base cations; while mineral materials increase the CEC via their high permanent charge, large specific
surface area, and pH-elevating effect. The findings of this study can provide a theoretical basis and practical
experience for the amelioration of acidic soils and the improvement of soil fertility. Future research could further
combine long-term field in-situ experiments to verify the synergistic contributions of different ameliorative measures
to sustainability and ecological effects under actual environmental conditions. This can promote the directional

improvement of cultivated yellow soil quality and the green development of agriculture.

Key words: Cation exchange capacity; lon-selective electrode method; Acidic soils; Surface charge; Soil
amendment
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ARG S A B A S5 TR AOTOHUIE, REE IR FE IR AR AL B L AT R
AJAR AT A, BETT RN 4 4% CECE,

AU E AR U AR 24 CEC [imabLi, JFe BRI EIAEN Cnkghn i
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Table 1 Physico-chemical properties of the experimental soils
AL £ A Rk A CEC CEC
aes £ ayii H Organic Total Available Available (pH=5.92) /|  (pH=7.15) /
Soil type P matter/ nitrogen/  phosphorus/  potassium/ 1 1
_ _ ~ ~ (cmol kg (cmol-kg
(gkg™)  (gkg?)  (mg-kg™)  (mg-kg™)
B 5.92 2.05 0.55 3.70 30.00 6.26 7.57

VE: CEC, FHET#&. FFE. Note: CEC, cation exchange capacity. The same below. @ Yellow soil.
1.2 IRt

AAIG A B — AR SRR IR, IRFUA A B RAT R B3 CEC HISE .. APRME IR
WA R B A MR L ARBTAORL: AEERERRIBERR S A HUAR R R4
RIS . Forbh, B W5 S MU AP RE Y LIRS i 1
TR, FLA BT RIAM SR AL U 7% 45, 1T ELBA R 5 L 38 3 1 r A RS AN 503 L 3 25y
AIEH o

RIGBCE 14 MEFEREATE N FEFRRK, 158 2 Fros o KRR s X+ BE 4t 0.25 mm
iifi, B 1kg T3EE T 15ecmX15cm (BHAEX &) fE7 W, LR LN A AE R R L,
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R A FRPEIMA 'ﬁii%éhu’? B mAEEK Sy, FAEEEL 3 K, MNEIRRE R
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IPAESS 8 Ky 22 K. 45 K. 75 RoRHL 4 EIEREN, I HAEA TR T
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Table2 Proportions of experimental materials/ (g-kg™)

PR RWELAgER R TR RIR S

Ab Hzf

Sodium-based  Carboxymethyl Potassium Potassium Calcium
Treatment  Dolomite
bentonite cellulose humate nitrate phosphate
CK / / / / / /
D 6 / / / / /

B1 / 2 / / / /
DB1 6 2 / / / /
DB2 6 4 / / / /
DB3 6 6 / / / /

DB3C 6 6 1 / / /
DB3CH 6 6 1 2 / /

K / / / / 05 /

Cal / / / / / 0.33
KCal / / / / 05 0.33
KCa2 / / / / 05 0.66
KCa3 / / / / 05 1

KCa3H / / / 2 05 1

1.3 MEFE

AW T E IR R S E S 3 pH. AR, CEC. #ME4AS. “oHtbss. i
PEER, B PEANSE . 35 pH $ IR KR EE 1:2.5, SR ER ALV E s AL R s
i B A 3 LR A VA 5 s ACHMEBH B T P OB AS il g s CEC i FH S i B Al
VR SE o 1R AR 1) 1338 AT B 440 /s 1) e U AR, P 38 T b A 38 FH 22 13 (VSI-USCA2001,
HONIREENERA R TEAFD WE, BG5S R L R HE R, %k 54&5
NH4OAC 7% ([iil 52 pH Ml & 7E i Kk CEC) ML, AR IX HITET: AIfE/LE pH Rl CEC,
BRI SLhR pH R IREAE, &G TS T7EAE pH 7 FiEfl CEC 1l &,

1.4 BB

NE BERAE L R AR H 3 CEC 1 B2k 5 Mok, A8 7R LA R -5 OR
BEEWE LR .

e, B AR SX AR I SEPR pH 454 I CEC Z1H, A=A
ACEC(T), FAEHM N RATEE CEC HIBEARSETH R . Bl 5 THRE X AL B IR E L R 5 pH 2%
PF T 5546 pH 251F T CEC Z{H, &N pH 5I#E1) CEC &4t ACEC(pH), Eﬂﬁx%ﬂ:b%
pH B P4 A8 28 25 R JE /KT IR BT RS By CEC B Ba, KR Em 2 pH Hk &, ¢
BB RAPRLA B (0 B B2 5Tk ACEC(M).  FLATHE AR

ACEC(T)= CEC Ab2 (S5 pH) - CECc(SFx pH)

ACEC(pH)= CECck (2% B 4L ¥ J5 pH) - CECck(S2Fx pH)

ACEC(M)= ACEC(T) - ACEC(pH)

5t R R B B 5T k= ACEC(M)/ACEC(T)x100%

2R AT RRE R FE  pH (11882 5T k= ACEC(pH)/ACEC(T)*x100%
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Fig.1 Schematic diagram illustrating the contribution of amendment materials to the cation exchange capacity (CEC) of

yellow soil
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AT & 25 VPN Fo it FH £

(3) EEMEMET pH ZCERIE T H—MEL. DlE A (D) FEEEZE 1 (BL) St
I A4 K4 (DB1. DB2. DB3. DB3C. DB3CH) , H pH ¥&ET#—H 4. D8 i,
DB3C 21 D 4H#27+49 0.27 A~ pH H.47 .

(4) WA BEFRA T AR1E, AR R AR EA ) pH 8RR« Fr i & -5 1
a7 8“8 BT RHE. IR PIM B A B AR R TRV pH BT, E IR EE T
FaE o T AR SR RHE BS IR 003 pH A AR, JRIIZEIE T
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3 FEIAIEX RIE pH KR

Table 3 Effects of different treatments on soil pH of yellow soil

Qb pH pH pH pH

Treatment D8 D22 D45 D75
CK 6.07 =0.05b 6.05+0.04ab 6.2010.01bc 5.98+0.05a
D 7.10+0.01f 6.89+0.01e 6.87+0.06e 6.94+0.06¢cd
Bl 6.5140.10de 6.53+0.01d 6.51+0.14d 6.831+0.04c
DB1 7.1940.00fg 7.06 0.03ef 7.05+0.08f 7.03+0.10de
DB2 7.3040.04gh 7.15+0.05f 7.0840.02fg 7.17%0.07ef
DB3 7.324+0.01gh 7.17£0.06f 7.23+0.03g 7.2140.08ef
DB3C 7.37+0.05h 7.1940.04f 7.06+0.02f 7.25+0.06f
DB3CH 7.25+0.10fgh 7.15+0.05f 7.02+0.05¢f 7.11+0.10def
K 5.88+0.08a 5.88+0.14a 5.84+0.07a 6.360.05b
Cal 6.55+0.07e 6.35+0.11cd 6.60+0.06d 6.76 0.09c
KCal 6.05+0.06b 5.97+0.07a 6.06 +0.04b 6.49+0.08b
KCa2 6.281+0.09¢c 6.0410.09ab 6.11+0.05b 6.491+0.04b
KCa3 6.34+0.05¢c 6.1940.02bc 6.29+0.05¢c 6.51+0.08b
KCa3H 6.354-0.09cd 6.30+0.10c 6.45+0.06d 6.48+0.11b

7. D8. D22, D45. D75 3 lREMMNS RAAEEES 8. 22, 45, 75 RIVRFERT i) flo 2 P SUE R RSP BIE £h5 %
(n=3) . F—3HhARFA/NG FEER R AFE R ZER (P<0.05) , F[F. Note: D8, D22, D45 and D75 represent the
sampling time points on days 8, 22, 45 and 75 after the application of the amendment material, respectively. The values in the
table represent mean + standard error (n=3). Different lowercase letters in the same column indicated significant differences
between treatments (P<0.05). The same below.
2.2 BMRMFIXIFIR CEC BIFM
FEHIE] pH 5 pH 7 24FF, %402 CEC AR fbin &l 2 FIEl 3 k.

(1) 5 CK AL, #ALPYRE R P2 w33 CEC. fEHII] pH Rl pH 7 201, #4bH
(f) CEC ¥ B ® T CK 41, ', DB3C Ml DB3CH 7£)5 # & & m T HAtdb#E . 1597 75 d
J&, fEHE pH T~ DB3C il DB3CH 4bHEf)+3E CEC %% CK Ab¥/r7lEmE T 86.21%F
104.96%, X% 24.04 F1 26.46 cmol-kg™.

(2) BEF B RAP R HI RGN, CEC AR I ETH&%, H CEC fER: R AT 2 EE4L
N AEJEWIZHT I TS . fEHIE pH 2 fF T, D8 It CEC fiiff) KCa3H 5 &k B1
HHZE 2.90 cmol-kg't, £ 2 75 K (D75} CEC f 1) DB3CH 5K 1 K #H 2 10.09 cmol-kg-

1

[

(D EMELXT CEC [ BRI AW FI R 7E pH 7 2644 1, 28 75 R E & 4L #E 1) DB3CH
“1, CEC #H—Akb#ff D. BL 414y A s T 49.57%71 35.01%, KCa3H 414 K. Cal 437l
e 7 19.27%7F1 10.37%, I E &M EHERRT CEC Jr i BA W FEIGMAEN, ARME
ZAHEC A, AR T Y50 3 A PH B 1 2 #e g

(4) BEERFRAFIAIHERS, S ACBRALN) CEC BT . MEE 8 REH 75 K, JAibr
Y1t CEC Bk I AR E R TR . XATae & TaERFRA, RMEE L
B EAE A T30S R RS, 1 fa B A B RIS BIAE N PADIRES, {475 CEC fR¥F
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Fig. 2 Effects of different amendment materials on CEC of yellow soil at field soil pH conditions
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Fig. 3 Effect of different amendment materials on the CEC of yellow soil at pH 7
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Fig. 5 The contributions of amendment materials and pH to CEC
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Fig. 6 Response diagram of ACEC to pH in different amendment material groups
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