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Effect of nitrogen fertilizer on Cd uptake by rape in different soil
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Abstract: In this paper, three different degrees of Cd contaminated soil was used as research materials. Through pot experiment, the effect of
two kinds of nitrogen fertilizers of NH,Cl and (NH,),SO, on the validity of soil Cd and the effects of rape absorption and transfer Cd were
evaluated, and the bioaccumulation of Cd by rape was appraised to provide theoretical support for the optimized fertilization measures for
rape remediation Cd contaminated soil. The results showed that, after applying NH,Cl and (NH.).SO., the pH of soil was significantly
reduced, (NH.),SO. treated soil pH was lower than that of the soil under the application of NH.CI treatment, the pH of non—rhizosphere soil
was lower than that of rhizosphere soil in the growing period, and the pH of non—rhizosphere soil was higher than rhizosphere soil in the
maturation stage. The amount of effective Cd in soil increased by applying (NH.),SO, and NH.Cl. The effective Cd concentration of the
(NH.).S0, was higher than that of NH,Cl treatment. In the mature stage of rape, the concentration of Cd in the soil was lower than that in the
growth period, and the total amount of Cd in rhizosphere soil was higher than that in the non—rhizosphere soil. The application of (NH,),SO,
and NH.Cl increased the Cd content in different parts of rape, increased the BCF (Biological Concentration Factor) and TF (Translocation
Factor) of rape, and the TF of rape from root to leaf was the highest.
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Table 1 Soil physico—chemical properties

HRACd Bad

BP BK BN

32 Soi S kg
A Soil pH Availble Cd/mg-kg™ Total Cd/mg-keg™"  Total P/g-kg™ Total K/g-kg™ Total N/g-kg™ S0C/g-ke
HG 4.97 0.571 0.842 0.898 16.548 2.490 28.310
CN 4.60 0.327 0.553 0.913 13.266 1.167 13.158
HO 7.02 0.205 3.780 0.782 11.927 1.224 11.455
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Table 2 Changes of soil pH

H K Growth period

N Maturation stage

R Ab B

il Treatmonts bt TR 1 At e
Rhizosphere soil Nonrhizosphere soil Rhizosphere soil Nonrhizosphere soil
HG CK 5.05+0.05a 4.97+0.03a 5.33+0.14a 5.33+0.02a
NCI150 4.95+0.07a 4.49+0.06bc 4.82+0.03bc 5.17+0.10b
NCI300 4.68+0.02b 4.58+0.01b 4.90+0.01b 5.30+0.02a
NS150 4.62+0.09b 4.42+0.07cd 4.63+0.02d 4.70+0.01d
NS300 4.35+0.01c 4.30+0.20d 4.74+0.10c 4.89+0.01¢
HO CK 6.81+0.03a 6.85+0.04a 6.92+0.09a 6.83+0.44a
NCI150 6.54+0.02b 6.63+0.01b 6.50+0.35b 6.56+0.18ab
NCI300 6.39+0.04¢ 6.32+0.05d 6.12+0.03cd 6.19+0.06bc
NS150 6.54+0.02b 6.43+0.02¢ 6.26+0.25b¢ 5.89+0.15¢
NS300 6.17+0.08d 6.26+0.04d 5.80+0.06d 6.30+0.01bc
CN CK 4.89+0.14b 4.60+0.07bc 4.92+0.11a 5.02+0.05a
NCI150 4.61+0.01c 4.51+0.03¢ 4.50+0.01c 4.82+0.01b
NCI300 5.16+0.06a 5.09+0.06a 4.61+0.13b 4.76£0.05¢
NS150 4.50+0.02¢ 4.34+0.05d 4.43+0.01d 4.55+0.02d
NS300 5.07+0.04a 4.67+0.02b 4.38+0.03d 4.53+0.01d

T R P AT AR 3R B AR HER 22 (n=3 ) , BUELIS 1] B9 AR T REROR B - 8 —FIE P<O.05 K E22 R B3 . I,

Note: Data are mean=+standard deviation (n=3), the letters following the values mean significant differences among treatments in the same column of

each soil at P<0.05 the level. The same below.
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EARBR -4 Cd A4 B AR AN ) L3 P AL AN — 2L
AR IR L Cd BB TARMRER 0 XU
W AR UIE PT LA i - rh CA IIEAZ RE ST o Eriks-
son SR FEL 2 W] 5 25 BRI T34 Cd 1982 Bl
DR A HE AN A AL 7 4 v B 4 s ) A e it Rk
AR HA R A5 E 4 R ) Al T AL 1 3 AR A AR

Eh AL EE A S Cd BN AR AR ZR ) A R
VEFT, AW 135 P Y Cd 1A MR BRI RS o Luo 252
I8 R BAE R A K 0~60 d AR B +H EE 42 & Zn 1 & 5t
T ARRER +  SA SO T 5 2. BB
FIALER | L3 pH FAEEME #2522 L3 Cd % it
AR A A

%3 LHEBERE CRIRE (me-ke)
Table 3 The concentration of available Cd in the soil (mg-kg™)

o H: K] Growth period JREAH Maturation stage
135 Abp - - - -
Soil Treatments B e 1 MR JEARER L
Rhizosphere soil Nonrhizosphere soil Rhizosphere soil Nonrhizosphere soil
HG CK 0.28+0.08d 0.27+0.04d 0.26+0.02¢ 0.2620.04¢
NCI150 0.37+0.05¢ 0.37+0.06¢ 0.26+0.03¢ 0.27+0.05bc
NCI300 0.48+0.02a 0.45+0.03b 0.33+0.04ab 0.31+0.03ab
NS150 0.41+0.01be 0.38+0.02¢ 0.30+0.03abc 0.31+0.01ab
NS300 0.45+0.05ab 0.55+0.01a 0.34+0.05a 0.3420.01a
HO CK 0.20+0.02¢ 0.21+0.05¢ 0.12+0.01e 0.11+0.02¢
NCI150 0.21+0.04¢ 0.38+0.08ab 0.20+0.02d 0.18+0.04b
NCI300 0.35+0.07b 0.46+0.01a 0.24+0.03¢ 0.37+0.05a
NS150 0.39+0.01ab 0.34+0.09b 0.28+0.02b 0.17+0.03be
NS300 0.41+0.03a 0.40+0.02ab 0.42+0.04a 0.33+0.03a
CN CK 0.21+0.07b 0.24+0.04a 0.19+0.03b 0.19+0.01b
NC1150 0.25+0.02ab 0.2420.08a 0.19+0.03b 0.23+0.01ab
NCI300 0.29+0.02ab 0.24+0.01a 0.25+0.05a 0.24+0.03a
NS150 0.26+0.05ab 0.23+0.02a 0.24+0.03ab 0.23+0.01ab
NS300 0.31+0.06a 0.29+0.06a 0.24+0.02ab 0.24+0.03a
F4 TEFECIHRE (ng-kg")
Table 4 The concentration of total Cd in the soil (mg-kg™)
5 e _ AR Growth period ] 4525\1593 Maturation stage ]
ol Treatments bt AR & bt AR+
Rhizosphere soil Nonrhizosphere soil Rhizosphere soil Nonrhizosphere soil
HG CK 0.45+0.04¢ 0.45+0.04bc 0.43+0.03b 0.41+0.06¢
NCI150 0.48+0.01¢ 0.51+0.04ab 0.43+0.01b 0.22+0.03d
NCI300 0.64+0.13ab 0.54+0.05a 0.51+0.06a 0.46+0.05b
NS150 0.55+0.03bc 0.50+0.02ab 0.35+0.07¢ 0.56+0.02a
NS300 0.71+0.05a 0.30+0.03¢ 0.31+0.02d 0.43+0.04¢
HO CK 2.13+0.04¢ 3.17+0.30¢ 2.84+0.07b 1.45+0.09d
NCI150 1.88+0.07d 3.86+0.02a 2.25+0.05¢ 1.64+1.16¢
NCI300 2.90+0.13a 2.82+0.03d 3.94+0.08a 1.75+0.04b
NS150 2.62+0.15h 2.54+0.03e 2.17+0.02d 2.87+0.06a
NS300 1.94+0.08d 3.56+0.24b 2.17+0.16d 1.76+0.02b
CN CK 0.67+0.04¢ 0.48+0.03b 0.59+0.07ab 0.36+0.02bc
NCI150 0.63+0.06¢ 0.53+0.03b 0.53+0.02be 0.45+0.08a
NCI300 0.89+0.07h 0.51+0.11b 0.64+0.03a 0.40+0.03ab
NS150 0.53+0.02d 0.89+0.03a 0.35+0.05d 0.33+0.01¢
NS300 1.30+0.03a 0.86+0.07a 0.49+0.01¢ 0.38+0.02ab
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Figure 1 The concentration of Cd in rape part in three soils
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W22 S, 5 PO REARE B it T BH S = TR
X} Cd () BCF{EL(P<0.05) o A AT 3 7E HG Fl CN
AP £ M ZE R od B9 BCFfE K T 1,HO +
H Cd 9 BCFAEY/NF 1. BRIk, NC1300 F1 NS300
Ab PR R I SE AR TR Cd /) BCF i & T At AL BE, H.
B T AR S =R LR R e s
A8 Z B0 1 BUFE NCI300 b B R i, BCF B3 51
9 HG 1 13.48 .HO +.0.9 .CN 1 13.93, H /K & NS300
ARER 1A S AE PR R P Y - 35 (CN R HG) 3

BN Cd 88 1Y & AR R T, ZE P M 58 (HO) it Cd
(A I K B RE T 55 , IR N I HG 38 g 308
Cd &g, #1715 BCF {4 = , H NCI1300 F1 NS300 jift
HE Ak BRA REAR 4 M A1 HE 32T Cd MR 4 o
2.3.2 AFALHET CAFEZEH TR s il
1227 & B, 3 Fh 4 A [R] it A Ak BT 9 op
&8 CATEA TN ARz RE I R — 2 2= 50 T
FA K, HG Lt EXF Cd AR 2125 o 9 TF. [ %
H D E R, BR NS300 40 FR AN , Hofth it B Ak 2 AR B 2

R5 EKBMEARECIHEERE(BCF)
Table 5 BCF of Cd in different parts of rape during growth stage

-3 Soil AbFH Treatments H{ Root 2 Stem M Leaf
HG CK 2.43+0.11¢ 2.46+0.11c 3.57+0.13¢
NCI150 3.66+0.05b 3.17+0.12b 7.47+0.27h
NCI300 4.72+0.43a 3.04+0.08b 9.33+0.15a
NS150 3.19+0.55b 2.26+0.35¢ 5.75+0.20d
NS300 5.32+0.26a 4.19+0.18a 6.35+0.17¢
HO CK 0.19+0.01e 0.14+0.01c 0.42+0.01d
NCI150 0.33+0.01¢ 0.25+0.01a 0.58+0.01b
NCI300 0.38+0.03b 0.26+0.02a 0.70+0.07a
NS150 0.26+0.02d 0.21+0.02b 0.50+0.02¢
NS300 0.43+0.03a 0.20+0.02h 0.66+0.01a
CN CK 2.13+0.24d 0.75+0.03¢ 4.49+0.35¢
NCI150 3.47+0.03b 1.00+0.22b 6.30+0.15¢
NCI300 4.14£0.27a 1.24+0.08a 9.41+0.44a
NS150 2.90+0.07¢ 0.86+0.03bc 5.55+0.68d
NS300 3.98+0.20a 0.97+0.06h 8.42+0.11b
F6 MAHHEAREERG CAHEERE(BCF)
Table 6 BCF of Cd in different parts of oilseed rape during maturity stage
13 Soil Kb H Treatments 2 Root 2£ Stem M Leaf J2 Pod FFHL Seed
HG CK 3.41+0.71d 3.61+0.51d 6.03+0.78d 1.97+0.46e 0.67+0.20¢
NCI150 7.44+0.99bc 5.57+0.52¢ 9.87+0.95h 6.39+0.66h 1.39+0.61ab
NCI300 9.62+1.06a 10.32+1.00a 13.48+1.64a 8.33+0.92a 1.88+0.69a
NS150 5.89+0.80¢ 5.36+0.73¢ 7.58+0.55¢ 3.84+0.60d 0.75+0.15bc
NS300 8.99+1.50ab 6.96+1.39b 11.15+0.85b 5.35+0.57¢ 1.23+0.21abc
HO CK 0.33+0.04¢ 0.32+0.05d 0.53+0.06¢ 0.09+0.01¢ 0.03+0.01¢
NCI150 0.50+0.06ab 0.45+0.08be 0.77+0.08b 0.20+0.02b 0.25+0.04a
NCI300 0.59+0.11a 0.54+0.09b 0.90+0.09a 0.36+0.06a 0.27+0.04a
NS150 0.39+0.01¢ 0.36+0.03cd 0.58+0.04¢ 0.20+0.03b 0.10+0.02¢
NS300 0.49+0.05b 0.64+0.08a 0.78+0.05b 0.39+0.06a 0.20+0.04b
CN CK 6.12+0.98¢ 2.55+0.24d 7.13+0.67d 0.61+0.19¢ 0.22+0.06¢
NCI150 7.88+0.67h 4.13+0.68¢ 8.91+1.01c 1.59+0.33h 0.31+0.06b
NCI300 9.83+0.80a 5.12+0.89be 13.93+0.78a 2.11+0.39ab 0.38+0.05b
NS150 6.15+0.57¢ 5.74+0.67h 9.79+1.48¢ 0.92+0.29¢ 0.57+0.03a
NS300 9.13+0.75a 7.24+1.70a 11.39+0.87h 2.53+0.67a 0.59+0.06a
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R ERKIAFAFAIHZE CIHEEZ RZE(TF)

Table 7 TF of Cd in oilseed rape at growth and maturity stages

135 b Az K Growth period A Maturation stage
Soil Treatments TF., TF,, TF., TFy. TF,. TF,.
HG CK 0.55+0.02a 1.47+0.02b 1.10+0.32a 1.85+0.54a 0.56+0.18b 0.18+0.04ab
NCI150 0.54+0.04a 2.04+0.07a 0.75+0.07b 1.34+0.18b 1.16+0.14a 0.25+0.10a
NCI300 0.65+0.07a 1.99+0.19a 1.08+0.15a 1.41+0.15b 0.81+0.12b 0.19+0.06ab
NS150 0.59+0.12a 1.84+0.31a 0.92+0.11ab 1.30+0.10b 0.73+0.15b 0.14+0.04b
NS300 0.57+0.06a 1.19+0.03b 0.80+0.22ab 1.27+0.25b 0.80+0.20b 0.18+0.02ab
HO CK 0.740.04bc 2.25+0.08a 0.97+0.17b 1.65+0.33a 0.30+0.07¢ 0.10+0.05¢
NCI150 0.76+0.04ab 1.73+0.02bc 0.91+0.13b 1.54+0.21a 0.44+0.08bc 0.56+0.06a
NCI300 0.68+0.06¢ 1.86+0.30b 0.95+0.30b 1.54+0.19a 0.68+0.05a 0.51+0.0%
NS150 0.82+0.03a 1.92+0.19b 0.91+0.06b 1.46+0.08a 0.56+0.12ab 0.28+0.06h
NS300 0.46+0.02d 1.520.11c 1.34+0.30a 1.60+0.13a 0.62+0.17a 0.31+0.06b
CN CK 0.51+0.06b 2.12+0.27ab 0.43%0.09b 1.19+0.18b 0.24+0.09bc 0.09+0.03a
NCI150 0.48+0.02b 1.82+0.06b 0.53+0.10b 1.14£0.21b 0.38+0.03a 0.08+0.02a
NCI300 0.56+0.10b 2.28+0.25a 0.52+0.09h 1.43+0.19ab 0.42+0.11a 0.08+0.01a
NS150 0.54+0.08b 1.91+0.20ab 0.94+0.14a 1.60+0.26a 0.16+0.05¢ 0.10+0.01a
NS300 0.69+0.04a 2.12+0.08ab 0.79+0.15a 1.25+0.05b 0.37+0.12ab 0.09+0.03a

BT AR M TR S, HAERR T 1, B4 A Bl A 3
25, HO +rp, B4 NS150 403 i Z 32 5 T Cd AR
FIZETF,,, KA PR A B & W, 8 A TR
B T T D) 28 B0 Sy i JE Ah B I 251K 25 I 4l (P<
0.05). CN -, HA5 7E NS300 Ab# T~ TF., (B 4 HoAth
A 3 5 B, (Bt BE S A2 3G 0 T (R . A2
W, Cd 7E IR 45007 19 i d2 R B AE AN [A] - 3 v A7
1E—FE 25, Hod cd AR R rh Y TR, 5 T
HABFRAL , FLAE 3B 3P 1 TR KT 1L HNFAE
KT Too ASTRIFGAC AL LR, B2 Cd I SE AR
FIZER i ZBCTF, AR KT EA I SR . TR
FE A3 A PR HE 55 T Cd DU IHI S 25 3 5% FORE R 1Y
B is ZB AR X S ARARAR , R 2 Cd A ZEBIFFRLIY
Beis B, BRI, PR R EUIE AT LA R R
KR 3B i 512 B0, (RS 25 2 i
S G BV S 1N N N e o2 R B
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B HE A I 2 ST Cd B R ACR
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TS Cd PR BRI 5, 43 5 8 HG 12 5.86% . HO +
0.32% .CN - 3.96% . 3 Fl - 338 vyl S8 A= ) o e 1

107.29 g- 7", 5K IR 2% AW 9 3R B & AR AR AR e
BN CAFRIBER K 16%~33% , AHF5E il e xf Cd $2
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(NH.),SO, Fl NH.C1 Ab 35 (7l Sk 747 Cd 1% 54 HG
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