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Abstract:/ Organi¢; materlals contdmmg humic acids (HAs) play .lﬂnportant rp‘lé:l—n regulating the bloa»all&blht) J{;cadmlum Cd" in soils and thus its accumuratlon in crops. The
effeas‘ of the two active components of HAs, humic acid ( Hﬁf dﬂd fu]I\ i ql'd (FA),'in organic materials and lﬁelr dlfferent ratios (HA/FA) on Cd uptake and aceumuldl‘g in rice
'were -yl\ estlg'ated using a field plot experlmem and thelr relat.lonshlps with the Cd ftactlons and availability in padd\ soil as influenced by the use of these organic materials were
anéﬂy zjed m"‘combmat}gn with the fra( “lionation method of cherhlcal com;hlous.ex{':y/f he results showed that the effects of HAs on Cd availability in soil and Cd accumulation in
rice girams were controlled hy the ratios of the active components in the orgafiemalerials. The treatments with an HA/FA ratio > 4/6 had a passivating effect on soil Cd, resulting in a
mgmflcant ‘libductlon in Cd av vailability. Compared with that in the control without the application of HAs (CK), rice grain Cd concentration was reduced by 15. 2%-33. 3% whereas
those with an HA/FA ratio < 2/8 activated Cd in soil, and the available Cd content was significantly increased. Compared with that in CK, rice grain Cd concentration was increased
by 24.2%-42. 4%. The ratios of HA/FA in HAs affected the morphological transformation of soil Cd. Compared with the CK treatment, the treatments with ratios of HA/FA > 4/6
promoted the transformation of soil Cd from the exchangeable form (EX-Cd) with high activity to the carbonate bound form (CA-Cd) and Fe and Mn oxide-hound forms (FM-Cd)
with low activity, whereas those with ratios of HA/FA < 2/8 showed the opposite effects. The effects of HA and FA on soil pH and available sulfur concentration differed. Soil pH had a
significant positive correlation with HA addition but a negative correlation with FA addition, and soil available sulfur content had a significant positive correlation with FA addition at
the rice tillering stage. Therefore, to ensure the quality and safety of rice, organic materials with an HA/FA ratio > 4/6 should be selected. The results provided a scientific basis for
the directed utilization of organic materials containing HAs.

Key words: humic acids(HAs) ; the ratio of humic acid to fulvic acid(HA/FA) ; cadmium concentration in rice; soil available cadmium; cadmium fractions; critical threshold
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Fig. 1 Fourier transform infrared spectroscopy of humic acid
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Table 1  Basic physical and chemical properties of paddy soil in test site
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FE PR G 58 ) o HA 5 FA B9 5520 B0 I 5 % T
(A R R AL AT b bR o T A TR 5 95 AT TR
A PR I E D7 15 ) (HG/T 5937-2021) , LA FE B 1R 4
BRI, 58 A1 -] L 43 6 BE T (RS B AR I R
ﬁBE S AL PG 190 ~ 1100 nm) #EA70 2 . FT-IR
%1 FH Nicolet IS10# 57 M- 2L ARG (£ H L JE &
jJ)f(zoiz) CEIAMT WA IE R 400 ~ 4 000
em™ KON 4 em™ 1Y S5 T HEATHESE . R A HLIT
pH. & . B B . 7K 43 FUK 43 0 D s R A 3 A Ak
S3HT 5 IR WY i T vk L A RO R
(A N R RO AT Ml A v 3 500 7 DU )
J7 5 (NYT1121. 14-2006) 72 . +HEA Z0A Cd % &
K = O = e T LR (DTPA ) 132 2 - KM TR 7 IR
% (GB/T 23739-2009) il & . 4= Cd & & >k A £ K2
- A A R W IR ok i AT (A A
SHIMADZU-6880, F [i]). 41 CdJE &K H Tessier i%
SR O o L CAIB S R4y o AT A e A Cd
(EX-Cd) | BRERERES A48 CA(CA-Cd) | 4k 5k Atk s
B A CA(FM-CA) . A HLFTZS 5 25 Cd(OX-Cd)Fiok it
A Cd(RE-Cd) , #2 U T i Cd@ﬁﬁﬁ%k)ﬁ?¥“&l&
JEIEAIE .
,%%E’Jﬁkghﬂﬁykhﬁﬁihﬁaﬁ ft#ﬂw
¥, ﬁﬁ%%?ﬂmﬂ%@ {FJFFﬁﬁtAkffﬁ& € F
1 F% 30 mlnLﬁ%%iﬁ E«H{mﬁ?ﬂﬁ 65 C,f;ﬂi—:[:
48, %F*ﬁ}wﬁ:o 149 mm 1 % ] . jq‘@ﬁiﬂfl‘ﬂﬂmm
Hﬁtﬁ,%nFE’j‘%ﬁkﬂ?FWﬁ%Lm 149 m 7 4

; 7J<$5?FE<"K o B R Cd 8 RN HN_@*/

HClO fﬁﬁﬁ’q’: FRICHT ¥ BE 0. 100 0 g, il A 4 mL 7 R %
1mLm§LE& HAE B RN ERZES0mL G
P UE BT 4CTF R SR A B T RSO RS A
HEATISE . Ry PRAIE 53 BT 25 S 1 v e S T S R A
FE 58 b o+ W) T GBWO07405( GSS-5) Moo i KKy
i GBW 100353 (GBW -1) #F 4743 #7 3 5 42 il , # i Cd
B 181 I R 3 3 h 93% ~ 106% K 96% ~ 104% , 3 & 73
BT o o K
1.3.2 Hdsib
3ARE AT HLAE H HA L FA B
o (DA
_pXxXVXxD
o, p Fon B TR 42 A B HA R FA R 5 i
B mgemL™ 5 VR R 7 B B SRR AR B, mLs D 3%
7 I B R A B AT 2 s m SRR R A B U, 25107
P B mg 5 o 9 R B BOE- 002 45 R B AR
SEREAE R I 25 2R, 45 SRR R BNBUS R P AL
H: W) 4 & B (bioaccumulation factor, BAF) : {E

J5 53 (w) LA %

X 107 x 100% (1)

Yok RL ) BT % i S TR Y B S i 2
378 Z B (translocation factor, TF) : /KFE Jo —BF A2 H
A Jm i A — A D R R L
AR Cd (5 B R EL(BAF,,,,) = KPRz Cd 3 /4
e R Cd F R KRS Cd AR B ZE 1 B s R R
(TFpse) = 25 Cd B BEAR Cd & &, KR LB 3840 1
3 R BN i 2 80 W AE Ry 5 i e AT AR
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LA &R S LA SR B, D BRI, L
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AR T 1 Sy A ) WSRO R 250K ) E HAVF A X
T CAd B R 1 ed Mgl fb R ()
wr:
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Qo
Ay, s LHECA I BEAL R ; Q3R AR A 2
DTPA-Cd( 8} EX-Cd) 5 ,mg- kg Qo mﬂﬂﬁ-ﬂ CK
H DTPA-CA(EK EX-Cd) % & mg-kg . _f% &4
K H WPsmlce 2019 ﬁﬁ@t?ﬁii@ 'Orlgm 2022
HATEIR \Uﬁ’f/ﬁlg IBM SPSS Statistics? 21 ﬁﬂ‘ﬁ(ﬁ‘é}ﬁ
o, [ 3~

dp

4 h  _l F .

T 'iéﬂﬁ-r . 7

) iﬁ
2.1 TH /FAXTﬁi*ﬁFEi&Cd%’i Efﬂl’]
mrﬂm%mai%iﬁm%m 3. %cm@
FILL  HAFA = 6/44L£¥|¢Z’{&T7JOFHF££ HERANE
| AR B2 (P < 0. 05) BN T KA . HAY
FA = 10/0 Al HA/FA = 0/10 ¥ 8 2 #2555 T /0 BESI bR 5
JC AU 25 0 RN DA R K R P, H e
W 2 3 R 3. 2% F1 2. 6%. HAIFA 2 8/2 ., 4/6 F12/8 4b
PR (7= 5 - B IR BE A 1. 6%. it 3 A i A HLAE
FRE T Ay EEIAR L A ZE T R i DA K
KA P, Horh e i G R B R 5. 0%. 45 1D
i A ] HA/FA PRy 38 Cd flifk 77 R 2 S 5UKAg e
TR, & HAs B9 HUIE IS A 5 01 58 388 7= Ve
AT HA/FA JE 8 2 S AT HLIE XK 7 Cd BRI 52
Wi L3 4. 5 CKALFEAR Hb , 3 A I3 A7 HILAC 35 (8 25 R AR
Tyk%‘é%ﬁ\ o I FRERE R Cd B, H R i RRE R
d & B9k 11.2% ~ 32.6% Fl 24.2% ~
42. 4% ;M HAs 52 0 W) 5 H HA/FA {47 5¢ , HA/FA >
4/6 (1 4b B35 S REAIR T OKAEAR | 25 L RRFRL Cd
i, ook RUR R R Cd B BRI 4 518 20. 2% ~
42.7% F115. 2% ~ 33. 3% 1] HA/FA < 2/8 fit) 40 3 1| i
ERE T OKAERPRL . ZE R Cd i, L FORERL
Cd & & B 08 20 % N 13.5% ~ 43.8% F1 24.2% ~
42.4%.
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Table 3 Changes in rice biomass after application of test materials
fob B 7 s A3 BEMI PR 5 fem Sy BEI Sy BERL Eﬁmﬁﬁuf,ﬁﬁ ﬁi?ﬂ}w%uﬁ‘ﬁ P ht e hm
g5 Ig* 5
CK 95+3.21c 17+1.15a 161.54+4.36¢ 50.55+0.99¢ 8.57+0.05¢
HA/FA = 10/0 99+4.04h 19£0.71a 167.92+4.66d 54.77+1.09b 8.84+0.09b
HA/FA = 8/2 97+4.73¢ 16+2.89h 167.18+3.62d 53.80+1.59h 8.66+0.37b
HA/FA = 6/4 99:+3.00b 14+1.15¢ 163.08+2.18¢ 49.99+1.22f 8.52+0.03¢
HA/FA = 4/6 99+1.53b 14+0.58¢ 178.478.70¢ 54.08+0.54b 8.82+0.05b
HA/FA =2/8 101£1.53a 14+1.41c 182.31£7.62b 51.70+0.22d 8.65+0.13b
HA/FA = 0/10 100£1.15a 1420c 193.08+1.09a 52.49:0.25¢ 8.80+0.14b
JTHEA LIS 98+3.79h 17+1.41a 194.62+7.62a 58.54+0.76a 9.34+0.12a
T3 A A B 105+1.73a 16+1.00a 171.13+1.23¢ 53.63+0.89h 9.01+0.06a
0 I B I 99+2.08b 19+3.54a 166.32+0.96d 53.95+0.14b 8.65+0.15b
1) BCE g 3F 35 B s 4 152 2 5 [ B AR [R] /N5 B8 38 R R [ b B 25 5+ .35 (P < 0. 05)
£4 TEHAFARBGHIEXKTECdRIREFM /mg-kg™
Table 4 Cadmium accumulation in rice after application of test materials /mg- kg™
VI: WiRiN Ui ES it KR
CK 9.13£0.04a 1.89+0.08¢ 0.89+0.05¢ 0. 33+0—02b
HA/FA = 10/0 7.54£0.12¢ 1.7320.06d 0/56+0.06f . 2 4 404.1
HA/FA = 8/2 8.03+0.35h . 1.7520.07d _ 0.60+0.06f ;'0.22;0.01&
HA/FA = 6/4 8.81+0.18a st 1.82£0.03¢ | 0.71£0,01d 0, 2§+0,0u:,
HA/FA = 4/6 7.69+0.21h ' 1.7420.03d | # 03N51¢'0.04g . 23;'0 o1d |
HA/FA =2/8 /5.890.06e 4 2.05:0.02b A1.01+0,04D 0. 4‘1+oma
HA/FA =0/10 6135+0. 13d ~ 2.56+0.08a Iy 4 _ 1g820,01a) 0470, ,@,s?
' ﬁ*ﬁ}ﬁ MHE - 9284, 23d 1.63:0.03¢ 4 4 @ 0.60+0,03 0.19:0.0fc || .
Tifﬁéi;f_%#whlﬂ J & ,ﬁﬁ g{’ 16920036 " | o8 +0.06e 0.25+0:05¢ :,J
“ ﬁrWﬂEﬁEﬁ L 7615007 " 1.20z0.01f & 0.79£0.04c 0.28+0.04d |
1>§&ﬁsh%uﬁ+m@ﬁ§ I‘Jﬁ'JKIﬂ/J\E?H‘%T%H&ﬁE@H%?E%‘(P<0 o)l & | “ 7

il BAF.Mr’ Ho HA/FA = 4/6 40 B %t

BAF,,. HIREAR IR BE N 13. 4% ~ 31. 7% , {32, 3 Fh 52
A HLIE XF BAF,,,, K 08 B2 22. 0% ~ 42. 7% ; HA/

A < 2/8 4b B HE fiI T BAF,,, . BAF,,, #il BAF,, H
X} BAF,.,,. 035 I B8 25. 6% ~ 42. 7%.

2 UL IH S HAs A AL R K REAFRL Cd 2

L

YR FH 32 FE HA/FA ) 2, 30 ) w5 42 25 7K F ok okr Cd B8
T I FL B {E A T 4/6 F1 2/8 Z 1) . itk 3 FhsL bR
HLAE , H HA/FA ¥ > 4/6, it i J5 25 1o 35 P& AR A k7 Cd

R

Table 5 Changes in enrichment and transport coefficients of Cd in rice

Ib 3 BAF,,,, BAF,,, BAF, BAF,,., TF 0Grain TF i ocsiem TFy pout TF o crain
CK 22.81 4.71 2.21 0.82 0.04 0.21 0.47 0.17
HA/FA = 10/0 18.84 431 1.39 0.56 0.03 0.23 0.32 0.13
HA/FA = 8/2 20.06 4.38 1.50 0.56 0.03 0.22 0.34 0.13
HA/FA = 6/4 22.01 4.55 1.76 0.71 0.03 0.21 0.39 0.16
HA/FA = 4/6 19.21 4.35 1.26 0.58 0.03 0.23 0.29 0.13
HA/FA =2/8 14.73 5.11 2.51 1.03 0.07 0.35 0.49 0.20
HA/FA = 0/10 15.86 6.40 3.20 1.17 0.07 0.40 0.50 0.18
JT A PLIE 15.63 4.08 1.50 0.47 0.03 0.26 0.37 0.11
T At A A AL 14.24 4.23 1.58 0.64 0.04 0.30 0.37 0.15
5 B 5T 19.03 3.00 1.98 0.59 0.03 0.16 0.66 0.20
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S P, DU LY RHE R KR 33 Cd AR, 35
il 3 Y HA/E AR 45 Bl AR 800 1 DG
2.2 AN[F HA/FA XK FE 5 Cd A RS R AE TS
SR

AR RL I L5 4 Cd R S S A R )
RO T e 0 ) T A SR B DTPA 48 Bk 2
FHE) AR Cd & W ik 2 — . AR Ak 367K
i A K A b 3 DTPA -Cd & 578 Ak 10 5 i UL 1] 2.
+3E DTPA-Cd & 5 52 HA/FA {E F17G HLAE R 28 54 52 i

[ CK @O HA/FA=10/0 1 HA/FA =8/2 0 HA/FA =6/4

[J HA/FA =4/6 [0 HA/FA =2/8 1 HA/FA =0/10

M P 22 57 (P <0.05). /KRG EEN HA/FA > 4/6
AbFR 5 FEAIR T DTPA-Cd & (P < 0.05) , % CK &b
FHFEIR N 5. 3% ~ 9. 7% ; HA/FA < 2/8 kb ¥ i 3% 14 fin
T DTPA-Cd & 4, B § 4 6. 2% ~ 9. 7% ; ik 3 Fl 52
BrAT HLIEFEIE N 14. 2% ~ 33. 6%. KFE Y], 5 CK
A FEAH L, HA/FA > 4/6 b B 5 25 A T DTPA-Cd &
T, IR M 4. 9% ~ 24. 3% ; HA/FA < 2/8 Jb B & 2 5 fin
T DTPA-Cd 5 &, B lH M 2. 8% ~ 4. 2%; 3 Fh 2 Pr A
HLAE AL B R 4 9. 0% ~ 32. 6%.

[ CK = AR
O GHAMAENE O 9IRS GER

016 [+ () FEIHAFA b a2 0.16 £ (b) SFpIRABLIE .
o b

0.14 L ¢ ¢ 7] 0.14 | I
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b 012} b JR T ’ Wo012f b i
2 010 _I_ch—f— ] 2 010 ¢ 1 {e
= : B = : 0 —I—
S 0.08 3 0.08 |- ¢ 4
5 £ .
‘é 0.06 L 5 0.06 |-
= 0.04 + s 0.04 |

0.02 0.02 |

0 0
S A S35EM et
R o R A b s B2 (P <005) | h Py /"
B2 PREAEI AR L KIS+ DTPA- ca«g;gwmam y ) R

';_z;;LTEL HA/FA > 4/6 &fﬂ‘ﬁ]?ﬂiﬁ?ﬁ*iﬁ;ﬁ
?HIHE’MLIEi’J E%F“{&iiﬁﬁxﬁz Gdﬁ% *Bii
F1agr AT /8 4 S I T AT 2 cd . HA/FA
xfiig’cﬁmﬁ»ﬁcf%ﬁwﬂ%wn*;m{a
gl Q/gZIEﬂ 5 ) A 32 K AR Cd é’i%ﬂﬁﬁl?ﬁlﬂ
{1 30 BT I 35T EEAs 380 3o 5% W+ BB Cd 19 7 8P T
U K B R R Cd i 2R R 3 Rz bR A LR, H:
HA/FA 34 > 4/6, i 11 5 1) 5k 25 BE AR RE v Cd % 2
Kt , LA HLREE R 7K R Cd Ak 351 42 i 3 B3
HA/FA J& &3 B F Y DG

3 Cd R YA RO 2 LR AR RS i 2 A
BLARLE 1o 52 00 Cd 9 T8 25 5 £k i il 29 FE X KR i A
ROk . R B KRR A KA R A CA B
4 CAdRyHe B WL 3. i E 3(a) il UL, K AF 4 e,
CK AL FRAH L, HA/FA > 4/6 40 FLffi EX-Cd 1% 13. 3%
~ 44.4%, CA-Cd 42 %5 8.6% ~ 45.7%, FM-Cd $ &
7.1% ~ 35.7%. HA/FA < 2/8 4b B ffi EX-Cd 2 &
24.4%, CA-Cd [ X 31.4% ~ 42.9%, FM-Cd F# 1%
21. 4%. JiHEAE Y Aa AILAE AN 5 e 5 o Ak BEAE EX-Cd
WA 2. 2% ~ 68. 9% , CA-Cd #2785 5. 7% ~ 17. 1% , FM-
Cd 481 14. 3% ~ 114.3%. f & 3(b) Al WL, pi 2, 5
CK # kb , HA/FA > 4/6 4b B {fi EX-Cd % % 6. 5% ~
21%. HA/FA < 2/8 4bFi i EX-Cd #2755 0 ~ 22. 6%, FM-

Fig. 2 EHPcts OE dlﬂerentvtn dlments on DTPA-Cd (nnrfn} Auring rice imel;n,.

caWﬁﬁls 2.7 4 36. 4%- 1%1@3%%%@&%1@‘%
EX- CdIWET 21% ~41 9%, CA- Cd%mT%ﬂ% ~
90%. -

AN [ b B XF Cd%fﬁﬂciéwﬁf W UL R 4. Fifi
HA/FA I BEAR Al AR AR R R L BB . K
e Ab F 73 B H A B B B 2 2 HA/FA = 4/6 ), Cd (1)
Ak # KT 0524 HA/FA < 2/8 i, Cd &l 4k R /N T 0.
BRI, HA/FA > 4/6 B} X} 4 88 Cd H A7 &l 4k 18 W,
HA/FA < 2/8 B | 3R 8 R i A AR H

ZE R HA/FA > 4/6 4b PRAF 15 + 3 rp Cd F TG
PE &5 19 EX-Cd 1] 3% 7 Ik 9 CA-Cd Fil FM-Cd #% 1k .
HA/FA < 2/8 4b ¥R 75 + 35 v Cd | % PEAR 1Y CA-Cd
F1FM-Cd [ 75 2 7 B EX-CA 554k . HAs B0 il Cd
TE A4 5 DTPA-Cd 9725 4k 5 5 — 3.

2.3 OR[A HA/FA XK #5158 pH FLAT 206 & 50 1Y
Al
- 1 pH A B A R X 88 Cd A RE I Cd IR A7
T 25 5 W f o 3 0 PR ZR DY pHL S )+ 8 R 4 T
FEIEAS LTI AE T pH AT {8 A 38 08 B A7 o A 72
5 ) WS A 2 T %) T A7 B R e . N [ A G K R A
Kb ft b+ 12 pH 2 i DL S, d B S (a) AT L, 4 BE
.5 CKAHLL , HA/FA 2 10/0 . 8/2 Fll 6/4 4b B 142 35
T A5 pH, 4> B T 0,12, 0,02 F10. 22 4 B
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Fig. 3  Effects of different treatments on the proportion of soil cadmium to total cadmium during rice growth
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Fig. 5 Effects of different treatments on soil pH during rice growth
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R R S R e S s R . R
[Fi) Ak BT 7K e A K ot R A A OB R Y R e DL
&l 6. AKFE AR AL T 43 BEIB B i AN [6] HAZFA 12 3%
P T A AU & i, Y HA/FA A 5 2/8 B, 1
A RO S R B e, B CK BN T 1229% 5 3 F it 4t
AL AE A K R 43 BE 0 R A RO S R T
33.3% ~ 65. 8%, LA J3 FH A AILAC 3G IR B e K. FE oK
R Y, - HEE RO P i R A A (HAS [R] Ak B
A O i AR A 25 S AR R R HA/FA o 2/8 Fl
0/10 Y Ab BRZH , il A 6 25 AR T oAb A 3, 45 CK AR
T 21.9% ~ 23.9%. W] HAs th FA 4143 K 78 4 K Biy
X A R A PR AR TR R K, T HA 20 43 T RE
FREL A4 1 02 2E F WA SO R IR
2.4 HHECAA R KR Cd BB EE 0 R
53 Hr

FEWE T HIEpH AR S EM CAER . hifE P
TREA MRS T PR AR R L5 Cd A AL
PERUK R AFRL R OC R, B S5 TR A HA/FA JE
FEPR AL FE(T1 ~ T7)45 5%, % HA | FA IR I8 54> 281
FS A 3 th A & Cd | pH L A8 B0 & 5 DL SO RL
Cd & s IR AR CHE Jr B (3R 6). Z5 R B, K A
SYBEW] LA R Cd & i S HA it 2 W 2 UM
KM FA B IN&E B3 EA G W B, HA R & 5
3 pH 2 B IEA KR (P <0.05), 115 FAG N
U B R OG, B FA BRI R 54y BE /) + e
SR S R B IE A IS (P <0.05). 25 AES HAs i
b 5 e T S8 pH A S0 S i, TS e A A K
A Cd, A EAS Cd W 5 oK FEFF R Cd 1) & 1 2
JEIEAHIE(P <0.01) ; HAs " HA F FA 2H 43 X 1+ 3% Cd
T M 0/ R AR s, i 2R B0 R Bl AR N T A ) Ak
T ACAE AN [ HAZRA B 52 06 DU 10 3 25 65 A Y

WSO TR W] MG HAs & HASH IR . 455 g P
] ] B
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Fig. 6 Effects of different treatments on soil available sulfur during rice growth
%6 HATIFAGRMEBS HEEHRHEEE" " (N=7)
Table 6  Correlation between HA and FA addition and soil properties (N = 7)
S BE A s Cd 3 BEM] 458 pH OB A O A U A A Cd A 4 5 pH
HA 7 -0.853" 0.690" -0.180 -0.762" 0.797
FA Wi 0.758" -0.760" 0.858" 0.552 -0.744"
FFRL Cd % i 0.924™ -0.752" 0.231 0.797 -0.770"

1) *FRAFE 0. 05 7K P [ 3 AH G, #+ 3R R 8 0. 01 7K P Wk 1 35 40 ¢
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Table 7 Correlation between various factors at tillering stage of rice growth
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Table 8  Contribution of different factors to cadmium accumulation in rice grains
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