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Effects of nitrogen and zinc application on yield, zinc and cadmium concentration in wheat grain under
cadmium pollution
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(1. Key Laboratory of Arable Land Quality Monitoring and Evaluation, Ministry of Agriculture and Rural Affairs/ College of Environmental
Science and Engineering, Yangzhou University, Yangzhou 225127, China; 2. Jiangsu Key Laboratory of Crop Genetics and Physiology/
Jiangsu Key Laboratory of Crop Cultivation and Physiology / Co~Innovation Center for Modern Production Technology of Grain Crops,
Agricultural College, Yangzhou University, Yangzhou 225009, China)

Abstract: To investigate the effects of nitrogen, zinc, and cadmium treatments and their interactions on yield, the zinc and cadmium
concentration in grain was examined. A pot experiment was carried out using wheat cultivar Yangmai 25. The main plots had nitrogen
application levels of normal nitrogen fertilizer (1.6 g+ pot™) and reduced nitrogen fertilizer (0.8 g+ pot™). The split plots contained the
control, zinc treatment with a soil zinc application of 150 mg- kg™, cadmium treatment with a soil cadmium application of 5 mg+-kg™, and a
combination treatment with zinc and cadmium. At plant maturity, the wheat grains were separated into three fractions of bran, shorts, and

flour. The grain yield, nitrogen, zinc, and cadmium concentration of the grain fractions, zinc, and the cadmium bioconcentration factor
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(BCF) of wheat were studied. The results showed that nitrogen reduction significantly reduced the grain yield. This was mainly related to

the significant decreases in yield components, hiomass, and the harvest index. Meanwhile, the concentrations of nitrogen (10%—15%) and
cadmium (12%—-16%) in different grain fractions and BCFcq were significantly decreased. The soil zinc treatment had no significant effect
on the yield and nitrogen concentration of grain. However, the zinc concentrations of different grain fractions significantly increased by 14%~—
30%. The soil zinc treatment significantly decreased the cadmium concentration by 18% —28%, BCF,, and BCFci. The soil cadmium
treatment had no significant effect on grain yield and the nitrogen concentration of the grain. However, cadmium concentrations of the
different grain fractions of BCFz, and BCFci were significantly increased (38 —42 folds). The soil cadmium treatment decreased zinc
concentrations of different grain fractions by 3%—12%. ANOVA results showed that the grain fraction and its interactions with zinc or
cadmium treatment had significant effects on grain zinc and cadmium concentrations. These results suggest that soil cadmium pollution of 5
mg - kg™ has no effect on wheat grain yield, but substantially increase the cadmium concentrations of different grain fractions. Nitrogen
reduction, soil zinc application, and the combination of the two measures significantly reduce the cadmium concentrations of grain fractions.

Keywords : nitrogen; zinc; cadmium pollution; wheat; grain fraction
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Table 1 Basic physical and chemical properties of peat, soil and

mixed matrix

FRAb M Yere  LHE RAEE
Physical and chemical property Peat Soil  Mixed matrix
pH 7.4 7.0 7.1
B A 2062 88.6 167.1
Alkali-hydrolyzed nitrogen/(mg-kg™)
43 Total cadmium/(mg-kg™) ND ND ND
4%F Total zine/(mg-kg™) 11.5 70.0 33.6
41 %4 AB-DTPA extractable 0.088  0.066 0.081
cadmium/(mg-kg™)
A 305EE AB-DTPA extractable zine/ 6.1 2.9 5.0
(mg-kg™)
T« ND R B/ T3 485 350 X 2k 1 38 73 47 X (DS4000, Innov-X,

USA) K T .
Note : ND indicates no detection used DS4000.
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BIHETN 10.1% (P<0.05) , {H X g FA F5ORN s ot 5t 3 ®R3 WA EXHETRNELEYTERERIERNZ M
TR, )5 TohE A AR L , 45 4 1 X 5 bk Ak Table 3 Effects of nitrogen and zinc application on biomass and
B AR HUR B TR R Y G B B . A AR harvest index of wheat under cadmium pollution
VS RGNS T A A E SO HTE S 2 wisw pm g TP WO

JNFE KR R M b AR ) AR 4R B RlEcatsht Zameatat Cdgectuce: NGRS 8 S5 -
(HDWFEFL(E3) . Z5REH . O % FA M, A NN ~Zn -Cd 31.3+0.7ab  0.481:0.006a
R 3 A B R R HIE Y35 405 4% S5 22 [ 29.4% F01 +Cd 30.040.8b  0.464:0.016a
8.9%. (D5 JCEAb A H L 8 Ab FILAE /NS A gy e +Zn -Cd 322+09ab  0.487+0.005a
U HIF-£5 53 5035 /i1 4.2% (P=0.11) F1 2.5% (P=0.09) ; red 324x04a 0.4910.004a
AR R T A 0 R b 3/ 2 7 B LN ~Zn -cd 21.840.7ab  0.437+0.003a
10.69% (P<0.05) , L% Hi b L/ A2 15 1 T B & @ | meop omsne
Wi o (3 A LA A 4 7 R HI YW A 38m , (AR Gk . 2594900 0.44620.005
B AKOF FUb G (R BN A R OV A
BIHEIN 13.2% (P<0.05) , {H# & /N I S50 To i % HALHEN <0.001 | <0.001 |
Al o B A B BN AL PR E] AR X N AR FEAb I Zn 0.110 0.089
AR N T o A FaAb B Cd 0.115 0.642
22 INEFRABRANREE B 0.459 0.483

it R BT 7 G N2 A [R) 2L 434 B i R ) NxCd 0.021 0-353
ULPE 1R 4~ 5. AR /N R R ) 4143 A 0:020 0208

NXZnxCd 0.200 0913

(15 3% R 22 S AR B Ko A AR BB 2 /N2

R2 R RS RNEFHTESFENME RN

Table 2 Effects of nitrogen and zinc application on grain yield and yield components of wheat under cadmium pollution

RAL A FEAL B AL B KPR R/ (g R EERAEAL BRI TR /g
N treatment 7n treatment Cd treatment Grain yield/(g+plant™) Spikes per plant Kernels per spike 1000 kernels mass/g
NN -Zn -Cd 15.1+0.5a 5.6+0.3a 64.1+£0.9a 42.3+1.0a
+Cd 14.0+0.8a 5.3+0.2a 62.5+2.6a 41.9+0.8a
+Zn -Cd 15.7+0.5a 5.8+0.1a 62.6+3.2a 43.1+1.2a
+Cd 15.9+0.2a 6.1+0.3a 63.0+1.8a 41.6+0.3a
LN ~Zn -Cd 9.5+0.3ab 4.0£0.1b 58.9+0.5a 40.5+0.4a
+Cd 9.5+0.3ab 4.10.1ab 58.5+1.4a 39.9+0.5a
+Zn -Cd 8.7+0.4b 4.3+0.1ab 51.5+0.8b 39.7+1.6a
+Cd 11.3£1.0a 4.8+0.4a 57.6+1.1a 41.1+0.6a
ANOVA 55
AALFEN <0.001 | <0.001 | <0.001 | 0.008 |
FEALIE Zn 0.062 0.013 1 0.130 0.694
HAALHE Cd 0.360 0.549 0.249 0.726
NXZn 0.365 0.864 0.098 0.918
NxCd 0.042 0.236 0.290 0.355
ZnxCd 0.034 0.271 0.062 0.748
NXZnxCd 0.419 0.864 0.530 0.295

HNNH R, 1.6 g 20 LN, 0.8 g 7873 —Zn s OAFAL R +7n: 150 mg- kg AL P ; —Cd : JCHRALF; +Cd : 5 mg- kg AL P s n=4 ; [7] — AL 31
TR IR B AL B A3 1] 22 5 35 (P<0.05) 5 T F7R AL SR RS bk ok 25 s b 2 0 0 5 | IR AL HRE H AR 25 b i 25 AT, KL= 2R
KR AR IR

Note : NN: Normal nitrogen application of 1.6 g+pot™; LN : Low nitrogen application of 0.8 g+pot™ ;=Zn:no soil zinc treatment ; +Zn:soil zinc treatment of
150 mg-kg™';—Cd:no soil cadmium treatment ; +Cd: soil cadmium treatment of 5 mg-kg™';n=4; Different lowercase letters indicate significant differences at
0.05 level between different cadmium and zinc treatment combinations under the same nitrogen levels; T denotes significant increases of the parameter by
the treatment, | denotes significant decreases of the parameter by the treatment ; Values in bold indicate significant at P<0.05 or P<0.01. The same below.
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Different lowercase letters indicate significant differences at 0.05 level between different cadmium and zinc treatment combinations
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Figure 1 Effects of nitrogen and zinc application on cadmium concentrations of grain fractions of wheat under cadmium pollution

x4 BR EXNRESFNEFRAREN R . EREISMHEZHRE (PE)
Table 4 ANOVA results(P value) of nitrogen and zinc application on the nitrogen, zinc and cadmium concentrations of grain fractions of

wheat under cadmium pollution

i H Ttem RAULFEN BEAL P Zn FEAb B Cd NXZn NxCd CdxZn CdxZnxN
TR & i Flour Cd concentration 0.004 | <0.001 | <0.001 1 0.595 0.006 <0.001 0.516
YK 5 Shorts Cd concentration 0.001 | <0.001 | <0.001 7 0.761 0.001 <0.001 0.834
%k i % 5 1 Bran Cd concentration 0.375 <0.001 | <0.001 1 0.374 0.347 <0.001 0.405
THIA 8% 25 12 Flour Zn concentration <0.001 | 0.088 0.186 0.543 0.128 0.328 0.283
WHHEE T i Shorts Zn concentration <0.001 1 <0.001 1 0.002 | 0.024 0.770 0.001 0.782
%k 2 %5 Bran Zn concentration 0.562 <0.001 1 0.376 0.179 0.048 0.665 0.466
A L7 1t Flour N concentration <0.001 | 0.850 0.777 0.118 0.453 0.001 0.850
UK A 2 B Shorts N concentration <0.001 | 0.620 0.400 0.595 0.489 0.878 0.658
#k iz A & Bran N concentration <0.001 | 0.484 0.361 0.098 0.339 0.125 0.285
KRR A 4R 74U Grain BCF e 0.018 | <0.001 | <0.001 1 0.830 0.656 0.041 0.576
KPR AU 4 5 B Grain BCF, 0.710 <0.001 | 0.002 1 0.154 0.091 0.518 0.885

1% WHART]
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Table 5 ANOVA results(P value) of nitrogen, zinc , cadmium
treatments , fractions and their interactions on grain cadmium , zinc

and nitrogen concentrations

B BT 1 0 B AR 6.9% . 11.5% F13.2% , A ik
B IR s MASRVEEAR BB | A A G TG Ak B/
FERLAS 253 16 5 B S8R FREAL PR . D7 220 0
N AL BECEE AR B AR AL BEGHSA REAL BGER  A

B
5

Qb PEXFRAL G A B X A PR L A Ak P X G Ak 3

5 S weR R Ak \ oo AN
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Figure 2 Effects of nitrogen and zinc application on zinc concentrations of grain fractions of wheat under cadmium pollution
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Figure 3 Effects of nitrogen and zinc application on nitrogen concentrations of grain fractions of wheat under cadmium pollution
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Figure 4 Effects of nitrogen and zinc application on grain cadmium and zinc bioconcentration factors of wheat under cadmium pollution
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Table 6 Effects of nitrogen reduction, soil zinc application and
the combination of two measures on cadmium concentrations of

flour, shorts, bran of wheat under cadmium pollution(%)

AbHE Treatment Ik Flour ¥ Shorts k7 Bran
J & Nitrogen reduction -9 -12 +10
A3t B¢ Soil zinc application =20 -14 -24
18R+ 1 3l B Nitrogen -32 =32 -25

reduction and soil zinc application
T 2 H Bl o RS e A T UL G B ALk B 5 S
A RPRLAN ) 20 5 F e LS sl 1 T 70

Note: Values in the table represent the percentage change in

cadmium concentration of wheat grain fractions by nitrogen reduction, soil
zine application and the combination of two measures under cadmium
pollution.
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