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Effects of Different Nitrogen Fertilizers on Wheat Growth and Cadmium Uptake*
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Abstract In order to secure safety of agricultural produce originated from the soil that contains cadmium (Cd) close to its critical
pollution level and avoid any improper fertilization that can enhance activation and uptake of soil Cd by crops, pot experiments
were conducted to study the effects of four major nitrogen (N) fertilizers on Cd uptake by wheat at different growth stages.
The results showed that the application of ammonium sulfate, ammonium nitrate and urea significantly improved wheat growth
and obviously enhanced wheat yield compared to the ammonium chloride. All N fertilizers increased Cd uptake that differed
significantly between the treatments with the highest Cd uptake by the nitrogen chloride treatment and the lowest by the
ammonium sulfate treatment. The Cd contents in wheat tissues were increased with an increase in urea dosage. Total amounts
of Cd uptake in wheat tissues increased with time, while the Cd concentrations decreased with time from seedling stage to
maturity, except ammonium chloride that resulted in the highest Cd content in the tissues at elongation stage. The accumulation
of Cd in plant was well related with an increase in wheat biomass, while the amounts of Cd transferred from straw to grains
decreased with an increase in grain/straw ratio. It is worth noting that the Cd content in wheat grains surpassed the allowable
safety level even when wheat grew on the soil with Cd content below the critical pollution level, indicating that the soil Cd
critical values should be set up for each crop or variety rather than a fixed value for all. In order to produce pollution free wheat
growing on the soil suffering from Cd pollution or marginal Cd pollution, Cd resistant wheat variety should be adopted, and
the use of ammonium chloride or overdoses of urea and other ammonium N fertilizers should be avoided to effectively reduce
the activity of soil Cd. Tab 4, Ref 23
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Table 1 Effect of N fertilizer treatments on the aboveground biomass (m/g pot™!) of wheat at different stages

R b3 T PAITE AT
Experiment Treatment Dry weight at_seedllng stage Dry weight at_Jomtmg Dry weight at_mature
(N=2) stage(N=2) stage (N=3)
Fhe CK 0.99+0.0212de 2.06+0.0283f 8.60+0.1762¢
i jR % Urea Only 0.83+0.0283¢ 2.64+0.1131e 16.48+0.4508d
FUIE S Fp JR% Urea 1.21+0.0636¢ 4.88+0.1414¢ 24.36+0.1721b
N fertilizer Sk NCL 1.010.1061d 3.50+0.1414d 20.73+0.2805¢
TR NN 1.55+0.0212b 5.61+0.1626b 25.14+0.7887a
TR NS 2.10£0.0919a 6.34+0.0566a 25.20+0.19a
R JKZ0 Urea 0 1.26+0.0778a 3.43+0.1344b 11.75+0.311¢c

JRZ0.2 Urea 0.2 [0.2 g(N) kg'(soil)]

Urea dosage JR#0.4 Urea 0.4 [0.4 g(N) kg'(soil)]

1.21+£0.0636a
0.50+0.0184b

4.88+0.1414a
1.37+0.0707¢c

24.36+0.1721a
19.06+0.4951b

Gt TR HIDPSHAT, AN AL BT REA R RAL B AT R 35 22 5% (P<0.05) , FRHARRIRZRACBE )70 3% 22 5. R 1A,

DPS software was used for statistical analysis. Different letters following the treatment means indicate significant difference (P <0.05) between treatments and

the same letters show no difference. The same below
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FE PR B AN A B, AT A 2 a8, AR 2 A
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Table 2 Effect of N fertilizer application on yield component factors of wheat (N=3)

. K o Fr o R b
E ﬁﬁi}lﬁ AL Eaj?jr?gth ﬁﬂﬁﬁ @* AL Weighqt—;l%(%—grain Cfa%lr;iﬁd
xperiment Treatment Effective ears Grains/ear "
(I/cm) (m/g) (m/g poth)
THE CK 10.22+0.2203b 6+0d 40.33+0.165¢ 54.84+0.2516a 13.16+1.3291¢
Hjiti R 35 Urea Only 10.35+0.3166b 15+0.5774c 34.30+0.052¢ 51.72+0.225b 25.90+1.6607b
SR JRZ Urea 11.46+0.2784a 16+1be 42.64+0.3296a  49.96+0.4407cd 33.80+0.5572a
N fertilizer SUkik NCl 10.39£0.3166b  16+0.5774bc  41.50+0.3258b 49.00+1.0626d 31.84+3.4793a
TR NN 11.36+0.1498a 17+1b 40.81+0.5781c  50.66 +£0.6437bc 35.09+2.5543a
R NS 11.20:£0.2146a 19+1a 39.02+0.462d 47.16+0.6018 ¢ 34.91+1.9676a
S JRZO Urea 0 10.65+0.193b 6+0.5774b  43.63+0.6506a 46.94+0.2875¢ 12.92+0.1758¢
Uﬁiﬁi{e JE20.2 Urea 0.2 [0.2 g(N) kg'(soil)] 11.46+0.2784a 16+la 42.64+0.3296a 49.96+0.4407b 33.800.5572a
JE#0.4 Urea 0.4 [0.4 g(N) kg'(soil)] 9.08+0.2801¢ 14+1a 37.53+0.5456b 57.98+0.551a 29.40+2.5723b
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F3 AERERMAAREFTH/NEZERIFFHSIRE (w/mg kg') BIFZIT
Table 3 Effect of different N fertilizers on Cd contents (w/mg kg™') in grains and straw of wheat at different growth stages

Wi ] . i Ji)]m‘él:’ Hﬁ* J{Mm‘ék PRI ¥ERE Grain

Experiment Treatment oot at seedling stage  Shoot at jointing stage Shoot at mature stage (N=3)
WN=2) NV=2) (V=3)

T CK 0.460.0297d 0.30£0.0059¢ 0.04+0.002¢ 0.14£0.0201¢

Hufti k% Urea Only 0.90£0.0478b 0.46+0.0199d 0.21x0.0375d 0.19£0.0125d

ZUE S F JR# Urea 0.97+0.0068ab 0.82+0.0163¢ 0.27+0.0187¢c 0.29+0.0143¢

N fertilizer SEE NCl 0.70+0.0082¢ 1.24+0.0347a 0.57+0.0208a 0.50+0.0411a

THREE NN 1.00£0.0257a 0.89+0.0238b 0.37£0.0061b 0.36x0.0111b

iR %% NS 0.99+0.0413a 0.94+0.0177b 0.20+0.0112b 0.30+0.0129¢

I JEZ0 Urea 0 1.07+0.0238a 0.80£0.0288a 0.04+0.0036¢ 0.17+0.0208¢

U?;iffsfg . JE#:0.2 Urea 0.2 [0.2 g(N) kg''(soil)] 0.97£0.0068b 0.82+0.0163a 0.27+0.0187b 0.29+0.0143b

JE2:0.4 Urea 0.4 [0.4 g(N) kg'(soil)] 0.83+0.005¢ 0.56+0.0293b 0.44+0.0311a 0.34+0.0215a

Hi b A AR A R PR K 040 P N K 6.0%H161.32%. 3K
HH A5 b B B AR L T A T R AR, b s R IR E A
P 25 11829.48%, Ay AL BRI BN R, KB
P e R 2R Ak PHAE PR B4 B B L R R OAh P I 3 5 630.08% A1
1078.83%, FFHRL4R & i i 3% 157 67.8%M194.9%.

E RSB TERAFL 2R ERR (Cd<0.3 mg
kg!) BUNEBL T, 25 A BEAT R 2 2 2 A o 1 R DA A
FeiFiE (0.1 mg kg') , X5 — S HE I R F 712, AT EE R A
S ARG AT A /N R OR R E AR A (1 2 TT R () /N2Z i
i Ve 9 Fe B T 3 — 0, ARSCARG TR, FET IR 45
Y25 5, TR At 150 B A R 114 PR A 95 B AN RE AU 3 105
pH, 1 SAEY) AR AR G, A HA ) 2 48 S8 SO
MrAH.

MEBAORE, JCIE, i iR 2, S8 . #ECiE AR, 6
T A2 FIVRAL T i Ak B, S ) DR 28 ek Ak BB R R ) 5 i ek T
AR E W I ET R AIR, of A S A e A AT MR 1) e S R
JetE N F AR R S R R, AR I, A
B2, IR A EE S B R KT G AR b BRI B R 2R Ak B
X AT, DR BT A R A R RRERL S AR B R A R, AE—
SERRBE R F TR AR X ER R W. BORBE S N A, M RR
RN o R PR, (HAETR T R AT, 1R A gy,
RN & Rk . Sk S Y E ST
Hop b s, aTREJE A CIBE S MBS A, K R#E T
LRV WO R A R, AR R R 7 R KGR, AR W T B
Wi 3 A A SR s,

2.3.2 ANEIE BB IR E 4 B HA/IN 22 AR R A0 7 oL OB AT 5 B 22 M

AN TR SRR i A B R /N 22 AS TR) A 7 30 R AR R R o)
W A N HHTE] (24) . AT I B 2, ASFE AR B (T8

HE | B R B Bz 0 ) /N2 A R WL o o 2 T S0 1 3 T
PN, G HE 0 2 4 A AR PR TR BT 0D s IR A £ 4 3k i
1, i BRI A [R)Ah B 56 /0N 22 W0 1 5 T 7 76 5 AR K 2%
SRR AN AT I, 0 AR CRA B IR 4R A, HR
g B PR 2 AL B Sk B A BE R A v, HLUR MG R B L R R
B MR R AL BR. /N W AR B 1 22 5, 50T 45 Wi
AR A 7 FURE L 7= 8 8 B2 R AT W A 33X S I T ARk A 9
3 A5 e R W AR S TR AR DG . G Ak PR AT A i
s, &% T A AL B, AT BE S N oA S T B CLoX e
RIS A TER, 18 TR A RO E R B T/ N0, G fk
e A BT I X A A W SR AR AR, T U S, R
T, WU T e /INZE A I, Sl Ak T A A TR A
W5 /N AR TR AT AR A B TE AR G . MRS /N2 3t |3
W Bt R, SR> IR i > PR 25> R e > P it R 25>
ToNE.

ANTR] R 2 FH 2 5 /0N 22 WS04 o 3% Wi A AR . AT 9 )
B, £ F AL B (SR ZEOBRAN) AR RS /INA AR T 0 R A HE
10T W2t AN T 384, (A R 3R 04k B A 00 R e i B
Z. W (0.4) bR 240 FRDAR W Y B e R T
PR Ah B, R T A L R) A A e 2 ORI . R TR
FO.240 PRI 50 e, B3 T HE AR EE, MR R
0.440 R 5435, PR 25 040 F 1 148%. 120 0175 AT W Wi 4 2 W]
SREARAE AR AL, J 2R e A PR (14 A L AR R A B 3
26.34%, AN PR 2 AL B 2148 . WG i 1 PR 2 Ak B 5E 7% 5
INFERERLA AR B A Y, 2 0 AN RIS 4565, L 1E5E
B A= A 5 I R A P 398 i A 155 O SR Rt A 2SR
TH 1620231 50 RE P8 ] R0 N U 2 1 S A 3 R A 4R 1
T EAE . RS FF AR WS 43 BC E 40 )k PR R OAL BR16 -

F4 FEIRENAEEEH/NZERIFFRIRYLSR (m/mg pot') BIFZNE
Table 4 Effect of different N fertilizers on Cd uptake (m/mg pot') by wheat at different growth stage

R fhrm FTIHERE ?&*ﬁli)j fﬁﬁk SRS AT H*z SRR C d i
Experiment Treatment Shoot at seedling ~ Shoot at jointing  Shoot at mature stage Grain Total Cc.l uptake at
stage (N=2) stage (N=2) (N=3) (N=3) maturity (N=3)
JhE CK 0.0005+0¢e 0.0006 +0f 0.0004+0f 0.0019+0.0001e  0.0022+0.0001e
it JR % Urea Only 0.0007+0.0001d 0.0012+0e 0.0034+0.0007¢ 0.0050+0d 0.0084+0.0006d
LR JREE Urea 0.0012 +£0.0001c 0.0040+0d 0.0066+0.0004c  0.0098+0.0006¢c  0.0164+0.0009¢
N fertilizer {44 NCI 0.0007£0.0001d  0.0043+0.0001c 0.0119+0.0003a  0.0159+0.0025a  0.0278+0.0023a
TR NN 0.0015+0b 0.0050+0b 0.0093+0.0002b  0.0125+0.0009b  0.0218+0.0008b
TR L NS 0.0021+0.0002a 0.0059+0.0002a 0.0051+0.0003d  0.0106+0.0006bc  0.0157+0.0007¢c
. PRFO0 Urea0 0.0013+0.0001a 0.0027+0.0002b 0.0004+0c¢ 0.0022+0.0002b  0.0027+0.0002¢
U}iiﬁfsfge JK20.2 Urea 0.2 [0.2 g(N) kg''(soil)] 0.0012+0.0001a 0.0040+0a 0.0066+0.0004b  0.0098+0.0006a  0.0164+0.0009b
JKZ0.4 Urea 0.4 [0.4 g(N) kg''(soil)] 0.0004+0b 0.0008+0¢ 0.0083+0.0005a  0.0099+0.0003a  0.0182+0.0004a
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