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WE . HIRFTIEMEA YL (DOM) X EIE B 5 (Cd) 15 5% 552 ) 38 33 AU W AR PERS FTI it AILTE (CM) e
FNE R AU (FM) 76 3 FhAMNE Cd(mg-kg ™) BAINTE 8 0(C0) | 5(CS) M 10(C10) F X HIEA R cd &8 Mty
2 OCAEMSHEM cd BN, 458K, CM Fl TM jiti A B4R = - A AGS Cd &2, KB 43510 30. 89% F
8.51%, H CM & FM; CM 1 FM jifi AXHARAE 4 W8 FC A VE R S0 w2 3R €O /KF TR HE R B B gt &
K C5 KF 55 A I B & 225, C10 /K T S A m A BARE A i (AZES R Y 2 & FH— Cd KT
CK Ab3#; 5 CK Ab3EAH L, LA CM (EAFARIE A FRAL (FREF4ERBR AL ) Cd & 1 2 2 % TRl — Cd /KA CK Ab3E A FM EER
AR A Cd &&; RAN Cd BB BERING EZINE N CM A FM Y88 B 1R SRR Cd FLR B &, W IR [l 4y
K 27.76% ~ 113. 05% 1 17. 77% ~93. 79% . [H ., DOM GEVE I —FPiRINFME S Cd 15 4% + 3, BLAT — @ W Ve 77, it
JHFBAERSAT DOM HFBE Cd 1541 4.

KR IEMIEAVLT(DOM) ; #Mi4E; #(Cd) ; mWBE; XEEH o~

HESEES, XI171.5 THHREHG. A XEHS. 0250-3301(2022)03-1577-07 DOI: 10.13227/j./hjkx. 202107253 ¢ .__,x‘u.' iy
Enhanced Remediation of Cd Contaminated Soil by Cotton w1th. DOM ey &

- 1 ‘.'F. ".. i
MIN Tao, LUO Tong, CHEN Li-li, RU Si-bo, LFJun-hua "/ J e \ ' J
(Key Laboratory of Oasis Ecn Agriculture,, Xinjiang Prodluction and Constructitn Group, Department of Resourceq al En\'lrmmental Sciences, College of Agronomy, Shihezi
Um\ersllv Shihezi 832@03 Chmd) u“ y ,‘.-"'- ,‘ Pl ‘ _.,-"“ ‘

Absfract To reveal the, effects of dissolved organic matter (D@M)- outhe re‘medlallon of cadmium (Cd) (omamlnaled soﬂ%Ji)) cotton, the effects of cétton-straw dlssolved"'
organic matter (CM)and- farmyard manure dissolved-organic mattet/( FM)” on/soil available Cd ( DTPA- Cd C(l)lp\enl cotton blg)mass photosynthetic charaéteristics ,*and Cd
dcaumulcmon were (investigated-in a pot-based experiment undel three exdgenous soil'Cd levels (mg-kg ™) of 0 (C0), 5 (C5)} and!10 (C10). The results showedthat the
apph( ation of GM and FM inereased the content of available Cd in soil, with the maximum increase of 30. 89% -and 8-51%, respectively, and that of CM was higher than that
of FM The effe( ts jof CM and FM application on total ‘hiomass‘and photosvnlhellc characterlstlca in cotton showed that biomass accurilation and net photosynthetic rate were
promoted at the (0 lgvel, there was no significant dlfferen(e.compdled"to tha in. the-'tontrol (CK) at the CS level, and total biomass accumulation and net photosynthetic rate
were inhibited al the C10 leyel; however, transpiration rate hoth showed hlgher “than the CK treatment at the same Cd level. The application of DOM altered the Cd content of
all parts oflthe cotton compared to that in the CK treatment, where the application of CM resulted in significantly higher Cd content in all parts of the cotton (except for lint)
than that in the CK treatment at the same Cd level; however, the application of FM mainly increased the Cd content in the root. The root was the main organ for the increase
in total Cd accumulation, the application of CM and FM significantly increased the total Cd accumulation in cotton, and the total Cd accumulation increased by 27.76% -
113.05% and 17.77%-93.79%, respectively. Therefore, DOM can be used as an additive to repair Cd-contaminated soil, which has certain application potential. It is
recommended to apply cotton straw DOM to repair Cd-contaminated soil.

Key words: dissolved organic matter (DOM) ; cotton; cadmium (Cd) ; phytoremediation; photosynthesis
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Eﬁi%ﬁ»ﬁz DY SRR N Cd S EADEAfE
TR AR, BB Y AR KGR DL, DR A, AT Sk R
DOM X + 38 5 4> J f 4 %50t B 32 e A R )
Wang %5 fHIF 55 2 B, F5 FF DOM Fik ZAE DOM
fif £ HEXF Cd AR B R, T =5 T Cd A
AHEE, HAFEFE DOM /A SE Cd BURRE R
R TR DOM.

PRI, AR S e 2 AR 3 56, WF 5 A AE A FF DOM
AN DOM XA AEE W ar | A HRESIM Cd & i
%#ﬁﬁﬂﬁﬂh 7R Wi DOM 520 % 4 48 £F K A

S VEFBLE I8 R DOM 1918 52 6k
uﬂ;ﬁﬁ Cd V5 H M B Z IR —F kS5

1 MREFE
1.1 st 3 R b

(AL SRR HT R 84 5, R T SR 5
FLA T TR A S B i (0 ~20 em #2452 .
F 2 FARIAT 38 5 mm G 5 Bt ArR 10 . 3

Eﬂiﬁiﬂ{hﬁﬁﬁﬂ? pH 24 8. 10, w(ﬁmﬁ%)jﬂ_.‘

9.37 g-kg ™', O (PfFA) Hy 55.88 mg kgff- wkl_
Wm%%&mwg,mLm%Mm@m
mg:* kg ) ('j Cd)j‘70 69 mg-kg”~ 1'.’”. _.I

1,2 ﬁﬂ{\lmﬁ‘ ¥ )

(C5) F110( C10) mg-kg ™" LK BiFF DOM S . A% 1€
FEFFIE (CM) AR ZEHEJR (FM) | 255 FKAE R X 1]
(CK) 3t 9 b Ff AL FRE 3 AN EE. T
Kl 4 B SR i, B AR 3 MR A [
IARAES) . DOM AbBEAR 4l DOC & & 18 15 2 250
mg- L SRR A 120 mL, 10 d h—4jiti
JA e A AR 9 Wk, TARAEn: 22 Ak
FERRAE b

AR AR T AT F R A 2 B 56 E AT
ARG i ] £ A 2k KAt 5 omm B 4% 1k
S RN cdel, -2, 5H,0 (4 Fral) , 5+
HERAIHHA7L 30 d JE3 ASERE (AN 20 em,
FiN 25 em) , B+ 6.0 kg AN 1.2 g (IR
2 WEIR AR AR R R R S A,
1.3 DOM #%

ﬁﬁﬁwﬁﬂmﬁﬁﬂ?ﬁ%K%&ﬁ¢ﬁ
ﬁ%ﬂﬂ(ﬂéi‘fwxaan%kﬂ—azﬁj%ﬂ&i&n *%m
FEAT i B o D B ﬁﬁﬁﬁv%ﬁﬁﬁ
. s w4y 4 0258 T KR I 110 E’J‘ﬁ‘%;-atmw
= Qxﬁﬁﬂiiffm}: B F 200 remin” Eﬁﬂ%?ﬁﬂ[‘ﬁ
HELEHIRY 16 h, EiFee 000 r+min " #F?F:%m
10 min }:Fﬁﬁﬁﬁl_ﬁ?uéjﬂ 0.45 pm 7J(§\/}§ﬂ;%-
L T A C R 77 75 P A
AEFEAT DOM( CM) AR FHE DOM (FM) , 31l 5 H:

zriﬁt%xﬁ 3 AN Cd VBB og,coz 5 ST DOM PR AN 1 .
" ®1 DOMEAME RN EHIHT
Table 1 ~ Basic properties and UV-visible spectra properties of DOM

ﬂ‘f;ﬁl pH p(DOC)/mg-L~! 0(Cd)/mg-kg! SUVA,s5, SUVAy SUVAyg
CM 4.89 250 0.01 1. 88 1.79 1.58
M 8.51 250 0.01 2.11 2.03 1. 82

1.4 DAHE4R STk
1.4.1 40T OB Gk o i
R AM-RT WA YOG EE T 2 DOM B IO
BE(4liZK B2 1), 10 mm A9 H A ILZE % K 200
~700 nm JEE A, BB 2 nm. MRG0 R4
BHURIEERE IR B A
a(A) =2.303 x A(1) /1
R, A WK (nm), a(A) FERK A T HRIL
FE(m ™), DAOERERERE(m) , AN HIROLE. $
NANUEREGEE SUVA, AN .
SUVA, = a(A)/p(DOC)
AP, a(A) 2 DOM HRIL R EL, p(DOC) i DOC
e (mg-L7")
1.4.2  Hfe e
WORIG AR AE S AR 25 i Boe | M4
AR . B 4535850 T 105°C F A% 30 min 5, T

TSCHERETE i H 52— RKPHRE.
1.4.3 it ROBEERSEE

T10:00 ~ 1200 {5 FHAE #5 2Ot G I 5 A
(LI-6800, USA) I M AL DI REnt A S50, Il v
HEHRE(P,) . RILFE(G,) . Ml Cco, ¥ JE
(C)FZEMBHA(T,).

1.4.4 Cd ﬁ%‘?ﬂﬂﬁ%

TIHEA A Cd & &R DTPA 2 F1R
MR Cd & >R FH A R -3k R -2 960 R T f, 1
LB & 5 B AR & OB AL (ICAP 6300,
Thermo Fisher, USA) M i -+ 38 35 W& FAH ¥ 18 i
Wb Cd &8 W E as [0k BRI AR
T (HWIARMEY) i GBW 07604, + b9 i
 GSS-21, Cd br#EY) ity GBS-04-1721-2004)
PEAT B A A, W E RE A R IRCR B FE 959% ~
105% 2 Ia].
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1.5 HdlEibH s orbr

i Excel 2016, SPSS 21 A Origin 2019 #4745k
PRAbFEAVER , L Duncan 5 %6646 46 A0 34 8] 22 55 b
FHE, P<0.05 250

2 HRE5HM

2.1 DOM X HHEA R Cd & =150

B 1 DOM X EHEA R Cd B, 76 R
JnAhIE Cd B, 5 CK ZHAHLE, B CM Al EM X} - 45
AR Cd To i F 5w, 78 Cd M kb3 (C5 %ﬂ
C10),5 CK AL, A CM A B A H 3R A C
SR, K e c10 Bha Tk, %;‘%.%
T 30.9% ; fHINA FM AbFERY 34 2035 Cd & &
JEARFI N W E =R,
2.2 DOM XJ i AEA:= 4 i 1 52 M)

t2 2 Al BESMNIR Cd A N8 K ML AR )
LR A4 R BB W . CK AR, 157C0 A

B
T

o A7 RACd)me-kg ™!
(%)
T
{ =

co I ’ . C5 Cl10
AR/NE FREFRIRAFAER FEZES (P <0.05)
E1 DOM 3t HEFZE Cd EEHFIT

Fig. 1 Effects of DOM on available Cd content in soils

3. 14% F01 8. 46%,,E\EP niﬁé}é%iiaﬁﬁ
T CK; fAfEANECd B} ,5 CK AL, ﬁﬁﬂﬂ ‘M %ﬂ FM

He, CS Al C1O Ak 38 5% 51 4 76 4 2 4 5 e {1 X2 i OB AR R ) 12|:IIJLKEJ$II§’"’JM%J
5. 04% M1 12.87% . AUSINSME Cd BT 155 CIALFRAR e, Horh CM Ak BRG SV EW) I A, afpﬁfmo K
He, CM 4b 2 %u M b 3 AR JE B Y i J?T%W%Eﬁﬁﬂ AV P,
e *2 DOM Fed gﬁ«fﬂ‘l‘ﬁ?i%;ﬁ’l st gpd | ) & (¥ _~
- ‘| Table 2 Effec_i_’s-’of M 'on ﬂle b10ma<< of cotton under L stross/ g-pot~ f =
catpin | a7 = 10 4 wr S WRFE e | e fack: e o
k]l 4532023 18.1322.060 712, 3540.40a 12.61+0.23b, 2.26£0.35a = 2.73x0.18a  52.61 +2055b
Fco, Tl a0 46ab 1882425200 12,1700, 92a) 13.68£0.47a 4 1.87%0.06a  2.94%0.06a 5426 2.26ab
TRM| 0544089  19.37+1.30a 12086 41400.9°14.32£0.49a  1.98%0.22a  3.10£0.33a  57.06+1.9%a
! ¢ K 7392035 1823208 12, 2240850 11.44+1.17a 1.71£0.09ab  2.43+0.15h  49.96 +1.22a
5 ACM 4820342 16.31+2.50a  8.66+0.82h  12.39%0.75a  1.51£0.05b  2.33£0.11b  46.03 +3.89a
" FM 4.61+0.17a  16.07+0.8%8a 11.14%1.07a 11.12+1.66a  1.82+0.14a  2.83%0.22a  47.59+2.97a
CK  3.29+0.16b 18.43+1.34a 9.09+0.1lab 11.10+1.23a  1.61£0.13a  2.32+0.25a  45.84 +1.65ab
€0 €M 3.98+0.23a  14.21%2.03b  8.36+0.68b  11.90£0.78a  1.49+0.18a  2.03+0.19a  41.97 +2. 58
FM  4.29£0.22a  17.02+0.84a  9.42+0.34a  11.22+0.86a  1.58+0.19a  2.26+0.25a  45.78 +0.5%

1) BAEFR NFRIE + FRAEE (n =3) , ARVNG FRFORAAERFE R (P <0.05) , R

2.3 DOM XfHaAEnt 7 A 1E s m

3 Al A P, A1 G, BE Cd RE r3E
FEAIK, €, AN T, RIUMA RS 16 3 FASFESME Cd
TINZKSFE(Co . €5 1 C10) R, 7t CM Fl FM figik
At R A EBE ST, AW ISR Cd 1, 5 CK A

Fo,CM ZbBEXIt R P, G FI C, TR EER ,HE
FRE T T AN Cd Sl G5 KR, it CM
it i G C, MT, & 6.90%. 6.94% F
52.97% ; N Cd Ky C10 ZKSERE, it CM fiin
G,.C AT 553IT 0.94% 7.80% F151.44%,

&3 DOM X Cd i@ TH R A& ERIRI
Table 3 Effects of DOM on leaf photosynthesis under Cd stress

Cd i Ab 3 P./pmol+ (m?+s) 7! G /mol+(m?-s) 7! C,/pmol +mol ~! T./mmol - (m?+s) ~!
CK 4.29 £0.31a 0. 131 £0. 008a 312.58 £19.72a 1.77 0. 14b
CO CM 4.73 £0.25a 0.134 £0.015a 296. 37 +£29. 16a 2.85+0.35a
FM 4.43 £0.27a 0. 138 £0.002a 318.25 +7.04a 2.73 £0.47a
CK 3.53£0.31a 0.116 £0.013ab 329.82 £9.33a 2.19 +£0. 15b
C5 CM 3.48 £0.03a 0. 124 £0. 008a 352.72 +£22.35a 3.35+0.27a
FM 3.42 +0. 18a 0. 102 £0.010b 347.55 +5.59a 3.04 £0.47a
CK 3.46 0. 13a 0. 106 £0. 004a 338.93 +6.45b 2.78 £0. 26¢
C10 CM 3.14 +0. 12b 0. 107 £0. 005a 365.36 +12. 65a 4.21 £0.26a
FM 3.18 0. 16b 0.092 +0.016a 347.86 +9. 65ab 3.56 +0. 36b
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