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Stabilizing effect and mechanism of potassium humate

on cadmium in red soil
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Abstract: A pot experiment was set up on using southern red soils of varying pH levels to cultivate upland rice with
potassium humate as a passivator at fiveapplication rates(0.0%, 0.2%, 0.4%, 0.6%, 0.8%). Soil solution samplers were
collected in situ using a soil solution sampler combined with sequential extraction methods, to study cadmium(Cd) speciation
changes in both soil and soil solution. This approach was used to explore the stabilization effects and mechanisms of
potassium humate on Cd-contaminated red soils with varying acidities. The results showed that after the application of

potassium humate, the pH, soil organic matter mass fraction, and dissolved organic carbon mass concentration in the soil
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solution increased to varying degrees in both acidified and non-acidified soils, with the increase being proportional to the
application rate. Compared with the control, after adding 0.8% potassium humate the exchangeable Cd molalities in
acidified and non-acidified soils decreased by 30% and 20%, respectively; the carbonate-bound Cd molalities decreased
by 21% in acidified soil but increased by 3% in non-acidified soil; the Fe-Mn oxide-bound Cd molalities increased by
14% and 39%, respectively; the organic-bound Cd molalities increased by 26% and 320%, respectively; the Cd>*
concentrations in the soil solution decreased by 89% and 95%, respectively; the proportion of Cd-OM increased by 33-
and 48-percentage points, respectively; while the Cd content in rice grains decreased by 39% and 35%, respectively.
These findings indicated that the addition of potassium humate increased the pH and organic matter mass fractions in
both soil and soil solution, promoting the transformation of exchangeable Cd and carbonate-bound Cd into more stable
Fe-Mn oxide-bound and organic-bound fractions, and also facilitated the formation of organic-bound Cd in the soil
solution and the conversion of soil solution Cd into stable forms such as organic-bound Cd, thereby reducing the

concentration of toxic Cd in the soil solution and ultimately decreasing Cd accumulation in rice grains. Additionally, the

strong acid-neutralizing capacity of potassium humate made better efficacy in low-pH soils.

Keywords: potassium humate; red soil; upland rice; soil solution; cadmium pollution; cadmium species
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Table 1 The mass fractions of water-soluble humic acids(HAs)

and inorganic components in potassium humate %
HAs NaZO MgO A1203 SlOz Psz
70 13.233 1.410 28.506 24.088  0.285
SO3 Cl Kzo CaO TlOz F6203
2.321 0.272 10.223 7.675 3.440  8.700
CuO ZnO SrO 7ZrO, BaO  PbO
0.045 0.048 0.504 0.122 0.055 0.052




62 WA K222 R (A /B #0R)  http://xb.hunau.edu.cn

2025 4 4 H

1.2 TIEEFIRG

FEFARI T UAET, it T s it

1) TR bEESR  BOR o LIRS I —E iR
Bl R (AT IC A RR4R), L K2
KA T70%, fEiRE PR A . s
[ A DA P3O . T MR RNIR A A B LA
P4

2) Cdi5 g - 3855 ARl O A 4258, (1 CACL
O I it 3 (CAFR B B0 S mg/kg)HEA T
YO0 I B oK 2 HE K 2 170%,
FARBE S 2R )M
1.3 TEEHIKK

TG FRARE, B EAUE4.0 kg1,
N o M J A R R A R ok R R (BE Rt FLAR 1 mm
i) LB 10FMbIE . ORI, ANA ek =7
(RERIL-CK); @ AR L+0.2% /8 5 IR A (R IR Tk —
0.2%); @RI I+0.4% /B 5 FRHH (R IR1L—0.4%);;
@OARMRAA0.6% TR R IE-0.6%); OFRMI+
0.8%JE TR ER (R IR 1K—0.8%) ; ©FRAL AT ek B 5
(FR1b—CK); DR 1L+0.2%JE 5t FR B (12 1£—-0.2%) ;
OmRE+0.4%E T PR # (F2 1£—0.4%) ; @mR1L+0.6%
JE TR R B (FR 1 —0.6%) ; (OFR1L+0.8% /B Fi R 2 (7R
1£-0.8%). EFFPACHIEEINEE .

T80 B A )R AT S B A T T BORE 2
(MacroRhizon, <5 cm, F4£4.5 mm ., 25f0.2 pmol/L),
BURE K TR £ 29 emPRhl, BREE3EURERS
SRIGAEA P AP A (PR 467) . BB RE RN 1L
WURZEL dBIRNF, URE RBRA/NSOR KT,
SERLETRE. EHIINIK, i - 5E0RHF70% A H R] 57K
HHSR.

1.4 MHEREREFRNE

TESFERGASCRTT, 50 mLy:5f sl +
SRS, FREE B LTI B 0 S BN 1k (2
5d, AR TR RO FDaK), ISR R
W E T4 CUKF P, SR FHpHIT(Orion720)ill
SEVWpH ; R A HL 3R A (B REDDS—11 A ) e 1A
B SRS 5 ICS-1100, Aquion)iill &
TR PCE, F. NOy . HPOs> . SO2 & & ;
FHEA PR E T (Elementar, Langenselbold)
W2 7 A LR (DOC) & &5 R AR 81 Bl

(Skalar, San++)Ill &R A 55 R AHICP-AES
(VISTA-MPX, Varian)ll ;2% WK, Ca, MgFfIPE
i 5 2K FINICA-Donnanf 4 53 HrCd 5 A ML i [ AR
HAER; 32 H Visual MINTEQ 3.100- 1A - e
H1Cd-Total . Cd*". Cd-SO4. Cd-OH. Cd-OM .
Cd-HPO4. Cd-NOs., Cd-CIEARFIERCAZEL,

TR AT, A3 HOR R LT )
M EERFEAL , BETIF RIS A L Rk )
AW . FOKT70 °CH BT I8 PV ER I A, Pl
FHICP-AESAHS 45 UK H Cvk B T8 Ag K
Cdii 44

WRAVEYI G, RO RE ke 48, KT A
LR mmifi FH TS 28000 o SR AR FL 7 2B
T BRI T, HAE pHE, JK 4 BT R
1:2.5, K TessieriE LB 1IN - B tCditk
AP 4 B 1.0 mol/L MgCla . 1.0 mol/L
NaOAc. 0.11 mol/L HOAc. 0.5 mol/L NH,OHCI,
1.0 mol/L NH,OAc#11.0 mol/L NH4OAc (pH=4.0)%
WS LSRRI IERE AL, SR AcHs | kIR Eh
SAEAS . TS HEMYESEMANERE
Cd. “RHICP-AESKHMEBOR HCdfr & .
1.5 BIBESZEITHH

iz HISPSS 22.0# 17483t 43 M. R 25534
(ANOVA)XIA[RIAbER 2 [A] 4 22 PR A 740 b, Ik
FAXB 5 Z skl ihont 22 5 o e TR 06 . (0 Az
IRAMAE 3B 7 1 BT AS TRl S ] R A OGP

2 HER5VR

2.1 RINEFERR R X LR TIE IR RAIpHFI B
S E DAl

MR, IR S, KRR FRR
() 398 K + B pHES T, ELTH i i S AR
InEL R IE EL s SXTREA G, AR ERIE-0.2% FIR fk—
0.4%4b PR+ EpH TC B %810, (0158 HipH .
ETE, RO ] L SRR -3 o
B L BRI AR . FRFE IR BT (R IR E 1152
JEE 1) R ZEALH R I PR A 1 K E K0, CaO,
SiO2 . MgOS (1), ¥ TI/K 5 AT LAHAE R AEH Y
[RIERE , JE3 2 R B v AT R R B B AR BTG M RE A (%
e ORHEEER), HGFHY . AP O R AL
AR S B EpHA S A, KRR h—



551858 2 ) WIS TR AR ETNT L1 (Y A A S LR 63
PR SRS T YIRS SR BB T4 & s, M
8 a0 M — AR LRk A R, JXATH) T-L-HEpH

BC AN,
o € L WP, R A RRER - A LR A
T o0 FI- SRR DOCIT BEHC I 5 BT R B 2 TE A
o o FRBIEIN. AHUTN LT SR E K
5 b w A SEZRAE 1, S, AU
L, DA MR SR TSI 52

0.0 0.2 0.4 0.6 0.8
JE BRI %

[Fi] — T AR ] - 5 AN [ 5T A VAR A 28 ] ) 25 5
HEi2ERE X (P<0.05),
E1 [BEERRAIE T T AR pH

Fig.1 The pH of soil and soil solution treated with potassium humate
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Fig.2 The mass fraction of organic matter in soil and the mass concentration in soil solution treated with potassium humate
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Table 2 The mass concentrations of nutrients in soil solution treated with potassium humate

e JE R e EE/(mg L)
A% N P K Ca Mg

ENivIe 0.0 225a 0.06 0.6b 4.6 2.4bc
0.2 1.24 ab 0.06 12a 6.0 3.5ab
0.4 0.78 b 0.06 1.3a 8.5 44a
0.6 0.98b 0.05 15a 5.1 12¢
0.8 0.47b 0.05 17a 6.5 22be

Rk 0.0 137A 0.16 B 14C 399B 178 B
0.2 1.57A 0.20B 47B 67.1 A 33.8A
0.4 134 A 028 A 4.8 AB 73.1A 33.6A
0.6 1.30 AB 021 AB 6.1B 55.3 AB 23.9 AB
0.8 0.95B 026 A 74 A 703 A 30.1 A

T WA TR BRAC SR BRAL T AN R R RR SN fk b R (4 22 57 A e 2478 (P<0.05).
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Fig.3 The molalities of various cadmium species in soil treated with potassium humate
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Table 3 The concentrations of different cadmium species in the soil solution treated with potassium humate

sk JEBHAR T HRE/(umol - L)
/% Cd-Total cd* Cd-SO,  Cd-OH Cd-OM  Cd-HPO,  Cd-NO; Cd—Cl

RERAL 0.0 0310 a 0.186 a 0.101a  1.50E-11c¢ 0.022 b 1.54E-05b 321E-05a 246E-04a
0.2 0.291a 0.166 a 0.088a  1.82E-08b  0.028ab  8.00E-05a 3.60E-05a 2.68E-04a
0.4 0.233a 0.132a 0.045ab 5.53E-08ab  0.056a  1.36E-05b 1.95E-05a 2.87E-04a
0.6 0.096b  0052b  0.025b  120E07a  0.018b  4.84E-05ab 2.79E-06b 1.44E-04a
0.8 0.029b  0.010b  0.003c 993E-08a  0.0l16b  629E-06b 631E-07c 1.87E-05b

il 0.0 2065A  1527A  0368A 207E-10A  0.169B  449E-05A 1.68E-05AB 6.98E-04 BC
0.2 2023AB  1364AB 0438A 20IE-10A  0220B  349E-05A 1.05E-04 AB 1.02E-03 B
0.4 1.770B  1.036B 0466 A 275E-10A  0267AB 1.21E-05AB 3.40E-04A 1.85E-04C
0.6 1.II3C  0445C  0309AB 1.57E-10A  0349A  5.03E-06B 2.62E-04A 9.44E-03 A
0.8 0491D  0.171C  0.117B 738E-15B  0202B  125E-09C 8.15E-05B 2.26E-07D

T PRI TR BRACESORBRAL T AR FERR F S Ab BLR] (4 22 5 A SE 24 78 L (P<0.05).
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Fig.4 The biomass of upland rice and the mass fraction of cadmium in rice grains treated with potassium humate
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Table 4 The correlation coefficients between cadmium mass fraction in rice grains and cadmium speciation, pH, DOC in soil solution

and soil organic matter
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