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Effect of Se, Zn and Mo on Yield and Contents of Nutrient Elements and Selenium and Cadmium of Potato and
Cabbage on the Loess Plateau

WANG Jian—-wei, WANG Zhao—hui’, MAO Hui, ZHAO Hu-bing, ZAN Ya-ling, LI Meng—hua

(Northwest A & F University, College of Resources and Environment, Yangling 712100, China)

Abstract: On the dryland of the Loess Plateau in China, deficiency of Se, Zn and Mo not only impacts crop yields, but also reduces the essen—
tial nutrient concentrations in agricultural products. Therefore, in order to improve the crop yield and its nutritional quality, field experiments
were carried out to investigate the effects of separately soil-applied selenium(Se ), zinc(Zn) and molybdenum(Mo ) fertilizer or their comhi—
nation on the yield and concentrations of mineral nutrient, Se and cadmium( Cd ) of potato and cabbage. Obtained results showed that soil Se
application significantly increased Se concentrations in potato tubers and cabbage leaves from 0.02 mg-kg™ and 0.09 mg-kg™ to 1.51~2.15

mg-kg™ and 13.03~19.44 mg-kg™, respectively, soil applied Mo significantly increased Mo concentrations from 0.43 mg-kg™ to 1.03~1.16
mg-kg™' in potato tubers and 2.3 mg-kg™ to 17.7~19.9 mg-kg™ in cabbage leaves, and the increment of Se and Mo concentration was not sig—
nificantly different between separate and combined application of Se and Mo fertilizers. Soil application of Zn alone or together with Se and
Mo fertilizers significantly increased Zn concentrations in cabbage leaves from 21.0 mg-kg™ to 48.1~68.4 mg-kg™, and also significantly de—
creased Cd concentrations of cabbage leaves by more than 50%. Soil Zn application had no effect on the Zn concentration of potato tubers.
However, neither separate nor combined application of microelements had significant effect on the yields of potato and cabbage, and also con—
centrations of nitrogen (N ), phosphorus (P), potassium (K), sulfur(S), calcium(Ca), magnesium (Mg ), iron(Fe ), manganese (Mn), copper
(Cu) and boron(B) in cabbage leaves and potato tubers. In conclusion, in the Loess Plateau areas, soil application of Se and Mo fertilizers
could improve Mo and Se nutrition of potato tube, and soil application of Se, Zn and Mo fertilizer could improve Se, Zn and Mo nutrition of
cabbage leaves.
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Table 1 Yield of potato and cabbage under different micronutrient

fertilizer treatments

774 Yield/kg-hm™ Fresh weight

AbHE Treatments -
Th44 4 Potato JINEZE Cabbage

CK 17 221a 9774a

Se 16 087a 12 969a

Zn 16 571a 12 673a

SeZn 16 121a 11 606a

Mo 14 146a 10 375a
SeZnMo 16 160a 11 037a

T [AF AR NG T EEOR 225038 5% R FH K. Tl
Note:Different small letters following the data in the same column
mean that the difference among treatments is significant at 5% levels. The

followings are the same.
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Table 2 Concentration of N, P and K in potato tubers and cabbage leaves under different micronutrient fertilizer treatments

7 Nig-kg" W Plg kg B K/ ke
AbPH Treatments
A Potato JNFIZE Cabbage Lh% 3 Potato /NEIZE Cabbage LA Potato JNFIZE Cabbage

CK 11.66+0.92a 47.64+1.76a 2.40+0.16a 5.05+0.55a 16.85+1.06a 37.00+5.00a

Se 12.23+0.33a 50.13+8.52a 2.16+0.21a 5.40+1.60a 13.85+1.74a 40.00+4.00a

Zn 13.26+3.04a 49.30+4.48a 2.43+0.38a 5.10+0.30a 15.75+2.83a 38.50+2.50a

SeZn 12.28+1.14a 54.48+2.85a 2.13+0.33a 4.47+0.48a 14.23+3.20a 27.67+3.30a

Mo 12.67+2.54a 52.96+2.88a 2.48+0.33a 4.80+0.29a 16.60+2.54a 38.00+2.94a
SeZnMo 12.80+1.41a 55.95+1.19a 2.30+0.21a 5.47+0.34a 15.53+1.16a 30.33+3.86a

T R R I (R ER, R [l

Note: Data in the table are treatment mean + standard error. The followings are the same.
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Table 3 Concentration of S, Ca and Mg in potato tubers and cabbage leaves under different micronutrient fertilizer treatments

1 Slg-kg! 45 Calg kg B Mg/g kg
Kb B Treatments - - -
A4 Potato /NFIZE Cabbage 45 Potato /NEIZE Cabbage LA Potato JNFIZE Cabbage

CK 1.89+0.17a 12.2+0.40a 0.49+0.17a 45.0+0.00a 0.71+0.09a 3.50+0.00a

Se 1.83+0.16a 12.9+2.15a 0.44+0.11a 43.5+0.50a 0.67+0.09a 3.45+0.35a

Zn 1.95+0.29a 12.4+0.15a 0.40+0.06a 37.0+3.00a 0.73+0.15a 3.40+0.10a

SeZn 1.64+0.31a 13.620.19a 0.40+0.06a 47.7£591a 0.60+0.09a 4.00+0.29a

Mo 1.95+0.37a 12.7+0.66a 0.45+0.14a 43.0+2.94a 0.76+0.16a 3.67+0.29a

SeZnMo 1.98+0.28a 12.7+0.45a 0.45+0.03a 41.7+0.47a 0.72+0.10a 3.70+0.16a

g kg fifio AUNEISE R S T 5 AH AL i el S

24 GREMNARGEFFSE

it P TR A A PRI S VR P B T
HIOLR SRR EWEYFOCR M S (£ 4) . T
BlG BF EH 50 3 R, S AR B i BRI
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NS AR S RS B 0.43 mg kg T 2.3 mg-kg™!
P55 1.03~1.16 mg-kg F1 17.7~19.9 mg-kg™, 433
PRET 14~17 f5R 6.7~7.7 15, LGSR AE T T 4%
YLV A T R 5 TG AT
B, A T PR O R T A R
NEE Ui s N RS G L I P NTE
ThE S ZE (WA 25 5 6 BRI 0.02 mg -kg ™ 42 5 F)
1.51~2.15 mg-kg™, /INEASEM il 25 5 Hy ) BEEY 0.09
mg-kg™ #2 3 13.03~19.44 mg-kg™, 737 L X RS 15

AU S O R (52 5 )0 B AFACXS B4 B E=E 70~100 £ 71 130~200 1%
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Table 4 Concentration of Fe, Mn, Cu and Zn in potato tubers and cabbage leaves under different micronutrient fertilizer treatments

ik Fe/mg-kg™ % Mn/mg-ke™ A Cu/mg- kg™ B Zn/mg kg™
TLAASE Potato  /NAZE Cabbage 442 Potato /N2 Cabbage 442 Potato  /NA3E Cabbage Th44 %% Potato  /NA3E Cabbage

KbPH Treatments

CK 35.0£5.2a 172+15.1a 5.6x1.0a 72.3£3.9a 8.3+0.8a 4.420.1a 13.4+1.4a 19.6 £1.7b
Se 35.1£6.1a 184+35.9a 6.0+1.3a 71.3£8.7a 7.7+0.4a 4.6x0.2a 12.4+1.8a 21.0 £0.7b
Zn 29.1£5.5a 152+29.2a 6.2+1.1a 65.7+1.6a 8.7+0.9a 4.5+0.3a 15.1+1.9a 60.6+6.9a
SeZn 31.4+6.4a 167+5.3a 5.5+0.7a 76.5+6.8a 8.0+1.0a 4.2+0.1a 12.5+2.9a 48.1+2.8a
Mo 29.9+10.7a 177+27.6a 6.5+1.6a 74.0+21.9a 7.7+0.1a 5.0+0.6a 12.8+2.1a 19.4 £1.8b
SeZnMo 35.9+9.29a 186+11.6a 7.1+1.6a 73.9+4.0a 8.3+0.9a 5.3+0.8a 15.2+1.6a 68.4+15.0a

RS FEMBLEHDHERZFNERMHFH B Mo Se &8

Table 5 Concentration of B, Mo and Se in potato tubers and cabbage leaves under different micronutrient fertilizer treatments

A3 Treatments i B/mg-kg™! #H Mo/mg kg™ fil Se/mg-kg™
LA Potato /INFISE Cabbage LA Potato JINAZE Cabbage LA Potato /INFI3E Cabbage

CK 5.17+0.32a 30.4+1.98a 0.43+0.00b 2.3+0.33b 0.02+0.00b 0.09+0.01b

Se 4.11£0.71a 27.8+0.05a 0.41+0.00b 2.0+0.58b 2.15+0.67a 19.16+7.12a

Zn 5.44+0.79a 32.8+0.19a 0.41+0.00b 2.2+0.34b 0.03+0.00b 0.10+0.02b

SeZn 4.28+1.03a 28.4+1.24a 0.42+0.00b 2.1+0.22b 1.51+0.40a 13.03+2.32a

Mo 4.42+0.63a 29.2+0.84a 1.03+0.25a 19.9+9.91a 0.01+0.00b 0.09+0.05b
SeZnMo 4.83+0.21a 28.1+2.55a 1.16£0.50a 17.7+4.84a 1.81+0.33a 19.44+7.63a
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Table 6 Cadmium concentration of potato tubers and cabbage

leaves under different micronutrient fertilizer treatments

% Cd/mg kg™ DW

Kb Treatments
LA Potato /NFISE Cabbage

CK n.d. 0.60+0.03a

Se n.d. 0.44+0.02ab

Zn n.d. 0.28+0.04h

SeZn n.d. 0.26+0.06h

Mo n.d. 0.50+0.03a
SeZnMo n.d. 0.26+0.01b

TEond, RAGH . RA/NAZEN Cd S B TR ER 5 pl bt
IR T E ZAE 1 AR AR UE(O. 1 mg-kg™ FW).

Note: The n.d. means can not be determined due to too low concentra—
tion of Cd. Concentrations of Cd in cabbage are all expressed on the basis of
dry weight. If they were expressed in fresh weight, all of them are lower than

the national limitation standard (0.1 mg-kg™ FW ).
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KA RS pH A 5 . Wang SRR 5500 fF57
FEW pH (B TF i 3 0 - SN R W A L ) R
SR S TERRPE T (pH 4.6.5.9) , T A0 /& 7
A1 JKNYE 3 (pH 8.2) FiEATHY, = pH (ERFAL T 3%
HRER AR A Rk IS R B AR IR R 5 . e o
RTINS R PR R G B R, 3 pH R
BEJFA Bk S AN AR T 3 oA A5 o it 1
HIAEAH T P AR R, T 2 e 5P FR 1
-3 Ft R AR /DN 1 S S, U E S pH
SRV O 7 A5 R A B TR IR - A A X Eh 44 2 A
UNEEIam w200 WS I T VN (7 A
o TIAN, HEHUR R A YL A 4 = AR )
B R 2 — B FEAHF 5T, X BE A B D 4% SR/ 1
A KRR R R B o DA A AR 2 B
BE R FVE . B ERSR AR T O T  AA T 32

B it SHE X ES 8 SR/ N A 37 i U B 5, 31X
AT BB R E 4 RN /N 1SR 1 T B A X D
SRMEYI K @Y = 100 £ H 25
W ARLIRE TR 114 & 7 R T S e DR S 7 i, FHTE R & il
W HA B EN RS, BRMEITRIS, Kot
B RVEY K BB N RS, 7R85 5, i
VEWI A K i) R K, AR K K 4B = mT Rg
SRR = R R T, NI T e 34
FEVER AR . T FE 5 - I R I SR AR T i
At TR R R EY =

AT A S R T SR RN 3R A
il 5 ot X HAAE Y e 2 SR — 3. it AT A S
PR T RN N AP B, 3 A it R A
b ST (L7 TN AT | 2 YN N iY 7 = S
Ry e T N E B AU K S s e
FEREPN S 5, /N OKRAR R i
BB R B AR = T /N KRR B i, X 15EEH
TR RENE R B /NS N KRR A B A i
MIF RO S/NASEARTE, AR T4 2
BEO LTI S o X AT RE S VIR SR R
ANTRVA 2, A [v) 56 DR 7R 1 A 40 R o [) o 80 R A A
AP LEAH B E RS T DR YRR
SR AR ENWAA TR T AL R
KGR B, B I RE 48 in K SRR A
R NFEIREG AT T AZE R AR R 4
T /INZE S R AR I R e AT L i
FHARNE 248 S R AT O ] B A AT

A U R A AT LR R A AN
SEHEs . A, AR e R A AR T T
R, BB IUR S T /AR A, iR
RE PR/ N SR B oo AR FE TR &,
AR 50% LA 1o %2595 Choudhary S5 FH 4>
INZ SR ARG A AR 2 A — B, AT & Bt
BEREXT/AINAEAR . ZE PR O i A B O R OR .
McLaughlin Z5H90%} T 44 S (A 5E L A5 H LI 25 51
BN IR Zn SRR KRR T S48 Sz Cd
FIFLER . H Koleli S5 B30 /NAZ AR/ INAZ 3364 7
) A HN 22 B, Bt AR I AN BRIAIL /N2 Hl 138
PR i, X T B S I R = I 6 o Zhu S
B AE RAESE , 2~10 mg - kg™ FHH A EEIE X /1N 22 43 b
RS RICEE N, 0100 mg kg™ LA_EAYEE
JERT DA 2 R AT/ N2 2 B R A B i . Hart S50 TAR 4
) 37 2 7R B A 58 45 SR 4R Zn 55 Cd B4 R 50D 38 B



31455 110 & b K

B o2 2119

el BES A b TR — s 1, A R
AR 23 P i ia TR AE A s, TR I A MR s
SRR M NS R S R RS
Qg 2z — , B/ AP RS R 55, B #s
XA B 2

4 Hig

T v g D R BB PR B it s X
CHE BV SR i RO A B, B0
BB BE VB VR B BIGER SRR 0 R R Al
P e i AR e S R A
AR Eh A IR A i E R WG B
S i BT AR /N LSRR B AR R
PR /N SR R AR R R S0% LA E .

Sk -

[1] Ferguson L R, Karunasinghe N, Zhu S, et al. Selenium and its'role in the
maintenance of genomic stability [J]. Mutation Research/Fundamental
and Molecular Mechanisms of Mutagenesis, 2012, 733 (1-2): 100-
110.
[2] Rayman M P. Selenium and human health[J]. The Lancet, 2012, 9822
(379): 1256-1268.
[3] Metabolism C, Medicine R. Role of zinc in nervous sytem cells[J]. Jour—
nal of Neurochemistry, 2011, 5(1): 12-15.
[4] Prasad A S. Discovery of human zinc deficiency: 50 years later(J]. Jour—
nal of Trace Elements in Medicine and Biology, 2012, 26(2-3): 66—69.
[5] Moura J J G, Brondino C D, Trincao J, et al. Mo and W bis—MGD en—
zymes: Nitrate reductases and formate dehydrogenases|J]. Journal of Bio—
logical Inorganic Chemistry, 2004, 9(7): 791-799.
[6] Hille R. Molybdenum—containing hydroxylases[J]. Archives of Biochem—
istry and Biophysics, 2005, 433(1): 107-116.
[7] Schwarz G A, Mendel R R, Ribbe M W. Molybdenum cofactors, enzymes
and pathways[J]. Nature, 2009, 460( 7257 ): 839-847.
[8] Hille R. The mononuclear molybdenum enzymes|J|. Chemical Reviews,
1996, 96(7): 2757-2816.
[9] Hille R. Molybdenum and tungsten in biology[J]. Trends in Biochemical
Sciences, 2002, 27(7): 360-367.
[10] F42i5, THE, skApk. 1 L& I LI Al o0 R AR L e
E[T]. HiFEARL2Z, 2000, 20(5): 469-473.
WANG Jin—da, YU Jun-bao, ZHANG Xue-lin. Geochemical features
of elements of selenium etc. in soil of loess plateau[J]. Scientia Geo—
graphica Sinica, 2000, 20(5): 469-473.

(LX) . 30 e p e g iy A AR L. th Ol B2, 1994, 27
(1):30-37.
LIU Zheng. Regularities of content and distribution of zinc in soils of
China[J]. Scientia A gricultura Sinica, 1994, 27(1): 30-37.

[12] 2355, & o, EAE, 4. 8 4 el XS e o i SR B
XHEHERSONE[T]. Al FRF LA, 2002, 21(6): 559-561.

LI Fang —-ting, LU Qiang, WANG Shi —guo, et al. Concentration of
molybdenum and zinc in soil of upland of loess and response of crops
[J]. Agro-Environmental Protection, 2002, 21(6): 559-561.

L3130 o, AR, AR AR AE, 45 o [ L e P 4R Y 5 i 5 40 A BT,
IEERl 244, 1990, 10(2): 132-137.

LIU Zheng, ZHU Qi—qing, XU Jun—xiang, et al. Contents and distribu—
tion of Mo in soils of China[]J]. Acta Scientiae Circumstantiae, 1990, 10
(2):132-137.

[14] Chilimba A D C, Young S D, Black C R, et al. Agronomic biofortifica—
tion of maize with selenium(Se) in Malawi[J]. Field Crops Research,
2012, 125(2012): 118-128.

[15] Broadley M R, Alcock J, Alford J, et al. Selenium biofortification of
high—yielding winter wheat (triticum aestivum L.) by liquid or granular
se fertilisation[J]. Plant and Soil, 2010, 332(1-2): 5-18.

[16] EHFSL, AUksm, TEHES:, 55, ik O AR A 70 e % o

P A A bR S B R R ] PRIE T A RS, 2005 (5):
19-21.
WANG Hai—quan, ZHU Ji-qiang, WANG Jian—xue, et al. The effect of
microelement and plant growing regulator on the physiological charac—
teristics and yield of potato[J]. Heilongjiang Agricultural Science,
2005(5): 19-21.

(17174 A, BEani, Fe05 58, 55, B RERR G5 M X S8 B B At i
AYEZIR[]. v 3 S L 2006(4): 46-50.

Li Hua, Bi Ru-Tian, Cheng Fang—Qin, et al. Effect of K,Zn and Mn
combined application on yield and qualities of potato[J]. Soil and Fer—
tilizer Sciences in China, 2006(4 ): 46-50.

(18] F ki, /g, B 16, 55, hic TR LR B |
ST ST iR PRPGAO AR, 2010(5): 21-24.

LU Hui—feng, WANG Xiao—jing, CHEN Yi, et al. Effect of microele—
ment fertilizers on potato yield, quality and soil fertility [J]. Shaanxi
Journal of Agricultural Sciences, 2010(5): 21-24.

[19] Mondy N I, Chandra S, Munshi C B. Zine fertilization increases ascor—
bic acid and mineral contents of potatoes|J]. Journal of Food Science,
1993, 58(6): 1375-1377.

[20] TLH 3, x4kia, [ %, 55, A R SAE D3 /K T o0 F et L Bk |
BIRBEAROV[T]. L IEHEAL, 2005(5): 3-7.

HUANG Shao-wen, JIN Ji—yun, BAI You-lu, et al. Cabbage response
to nitrogen,phosphorus,potassium and zinc application under different
soil fertility levels[J]. Soils and Fertilizers,2005(5 ): 3-7.

[21] AR . B 5 1 R L it G S B AE X 3 bt 3 A &40 [T,
PYALAl 24, 2011, 20(3): 150-154.

LI Xu=hui. Effects of Mn, Zn, B application in lou and loessial soils on
three vegetables[J]. Acta Agriculturae Boreali —Occidentalis Sinica,
2011,20(3): 150-154.

[22] FEI, SR =, AR TLEL, 55 IR 1135 it Tk B Ay Wi 13 B B A1) 11
RCRBEFE]. HE IR SRR 4R, 2011, 17(1): 154-159.

WANG Hui—xian, GUO Jun-yun, XU Wei-hong, et al. Response and
zinc use efficiency of Chinese cabbage under zinc fertilization[J]. Plant
Nutrition and Fertilizer Science, 2011, 17(1): 154-159.

[23] Bk, o0 AL, W2, 5. SRR ECFE R RIS L0t | ot

FUFFRCEAE R REI()). K SRR, 2007, 26(2): 181-184, 189.



2120 A, S RO B R g U EL AR RN 3 i RCE IR U R S R e

201S 4E 11 A

DUAN Su-mei, HUANG Yi-de, YANG An-zhong, et al. The effects of
molybdenum on yield and quality of soybean[J]. Soybean Science,
2007,26(2): 181-184,189.

[24] INERG, TR 2, WK, S5 ARIR A T BN 2 /NPT
PERYFEIRL]. Hh A RFE, 2006, 39(5): 952-959.

SUN Xue —cheng, TAN Qi —ling, HU Cheng —xiao, et al. Effects of
molybdenum on antioxidative enzymes in winter wheat under low tem—
perature stress[J]. Scientia Agricultura Sinica, 2006, 39(5): 952-959.

[25] 61 & B 2 SEARALSMTIML. 55 3 W b st: SOl At 2000:
128-238.

BAO Shi-dan. Soil and agriculture chemistry analysis [M]. Beijing:
China Agriculture Press, 2000: 128-238.

[26] A, SR FE, O HL S5 A A R B R R 4R 4%
PERFFEL. AN FRETRL#241t. 2009, 28(5): 931-936.

WU Xiong—ping, Bao Jun—dan, YI Tian, et al. Extractants and optimum
extracting conditions of soil available selenium in calcareous soil [J].
Journal of Agro—Environment Science, 2009, 28(5):931-936.

[27] Zhang Y Q, Sun Y X, Ye Y L, et al. Zinc biofortification of wheat
through fertilizer applications in different locations of China[J]. Field
Crops Research, 2012, 125(2011): 1-7.

[28] Shi R L, Zhang Y Q, Chen X P, et al. Influence of long—term nitrogen
fertilization on micronutrient density in grain of winter wheat ( Triticum
aestivum L.)[]J]. Journal of Cereal Science, 2010, 51(2010): 165-170.

[29] Kapolna E, Fodor P. Speciation analysis of selenium enriched green o—
nions (A llium fistulosum) by HPLC-ICP-MS[J]. Microchemical Jour—
nal, 2006, 84(1): 56-62.

[30] Wang A S, Angle J S, Chaney R L, et al. Soil pH effects on uptake of
Cd and Zn by Thlaspi caerulescens[J]. Plant and Soil, 2006, 281(1):
325-337.

[31] ALAHe, HLHERE, 2% JC. pH R LIBT3 th R EE A= ) A0k
ST SR AR R4k, 2005, 20(4): 539-543.

DU Cai-yan, ZU Yan—qun, LI Yuan. Effect of pH and organic matter
on the bioavailability Cd and Zn in soil[J]. Journal of Yunnan Agricul-
tural University, 2005, 20(4): 539-543.

[32] TRIGEANE, 1 1 1k, ¥ K 2. P LI I BERY TR ], ) ARG
ZPRFE, 1996, 3(7): 21-29.

XU Xiao—yan, YANG Xiao—e, YANG Yu-ai. Transfer of zinc from soils
to food chain[J]. Guangdong Trace Elements Science, 1996, 3(7): 21—
29.

[33] Loosemore N, Straczek A, Hinsinger P, et al. Zinc mobilisation from a
contaminated soil by three genotypes of tobacco as affected by soil and
rhizosphere pH[J]. Plant and Soil, 2004, 260(1): 19-32.

[34] Pilon—Smits E A H, Quinn C F, Tapken W, et al. Physiological func—
tions of beneficial elements|J|. Current Opinion in Plant Biology, 2009,
12(3): 267-274.

[35] Letey J. Relationship between soil physical properties and crop produc—
tion[J]. Advances in Soil Science, 1985, 1: 277-294.

[36] Orman S, Ok H. Effects of sulphur and zinc applications on growth and
nutrition of bread wheat in calcareous clay loam soil[]J]. Journal of

Biotechnology, 2012, 11(13): 3080-3086.

[37] Hussain S, Magsood M A, Rengel Z, et al. Biofortification and estimat—
ed human bioavailability of zinc in wheat grains as influenced by meth—
ods of zinc application[]J]. Plant and Soil, 2012: http://www.springer—
link.com/content/6x982485111660g2/fulltext.html.

[38] Phattarakul N, Rerkasem B, Li L J, et al. Biofortification of rice grain
with zinc through zinc fertilization in different countries[J]. Plant and
Soil, 2012: http://www.springerlink.com/content/81r1603373645565/
fulltext.html.

[39] Graham R D, Ascher J S, Hynes S C. Selecting zinc —efficient cereal
genotypes for soils of low zinc status[J]. Plant and Soil, 1992, 146(1):
241-250.

[4015K B, FAEAR, 5k Ko, &5 b5 & 22 /N S RikFRL 3 20 ) T
TCE G I K AR SR M [T]. v L ROE 24, 2007, 40(9):
1871-1876.

ZHANG Yong, WANG De-sen, ZHANG Yan, et al. Variation of major
mineral elements concentration and their relationships in grain of Chi—
nese wheat[]|. Scientia Agricultura Sinica, 2007, 40(9): 1871-1876.

[41] Wissuwa M, Ismail A M, Graham R D. Rice grain zinc concentrations
as affected by genotype, native soil—zinc availability, and zinc fertiliza—
tion[J]. Plant and Soil, 2008, 306(1-2): 37-48.

[42] flifate, G0, AR, R S HAIEBCR BT, VE AR,
2000, (5): 16-17.

FU Yan-hua, JIN Ze—qing, LI Hua-dong. Effect of applied molybde—
num fertilizer on soybean[J]. Crops, 2000, (5): 16-17.

(43110 08 KREGAH BB TR IR h 2w A, 2001, 17(6):
41-44, 118.

LIU Peng. The research development of molybdenum & boron nutrition
in soybean[J]. Chinese Agricultural Science Bulletin, 2001, 17(6):
41-44,118.

[44] FEREBR Fin e, SHADX /DR A, SHE T RIS bR
K222, 1994, 13(4): 384-389.

DU Ying—qiong, WANG Yun-hua. Studies of impact of molybdenum
fertilizer on wheat nitrogen, molybdenum nutrition[ ] ]. Journal of
Huazhong Agricultural University, 1994, 13(4): 384-389.

[45] Choudhary M, Bailey L. D, Grant C A, et al. Effect of Zn on the concen—
tration of Cd and Zn in plant tissue of two durum wheat lines[J]. Cana—
dian Journal of Plant Science, 1995, 75(2): 445-443.

[46] McLaughlin M J, Palmer L T, Tiller K G, et al. Increased soil salinity
causes elevated cadmium concentrations in field —grown potato tubers
[J]. Journal of Environmental Qualiry, 1994, 23(5): 1013-1018.

[47] Koleli N, Eker S, Cakmak 1. Effect of zinc fertilization on cadmium tox—
icity in durum and bread wheat grown in zinc—deficient soil[J]. Envi—
ronmental Pollution, 2004, 131(3): 453-459.

[48] Zhu Y G, Zhao Z Q, Li H'Y, et al. Effect of zinc—cadmium interactions
on the uptake of zinc and cadmium by winter wheat ( Triticum aes—
tivum ) grown in pot culture[J]. Bulletin of Environmental Contamina—
tion and Toxicology, 2003, 71(6): 1289-1296.

[49] Hart J J, Welch R M, Norvell W A, et al. Transport interactions be—
tween cadmium and zinc in roots of bread and durum wheat seedlings

[J]- Physiologia Plantarum, 2002, 116(1): 73-78.



