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Abstract: [ Objectives ] The absorption and transformation of Se-sensitive vegetables in natural Se-rich soils

were studied, in order to provide theoretical and technical guidance for the production of Se-enriched
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vegetables. [ Methods ] A pot experiment was conducted using garlic, mustard and spinach as tested vegetables.
The treatments were four soils containing different total Se contents, which were used as the treatments marked as
So205 Soss Spes and S, ; in turn. Mustard and spinach samples were collected at the 40th, 53th, 68th and 82th day
after transplanting, and harvested at the 97th day; garlic samples were collected at the 42th, 68th, 82th and 120th
day, and harvested at the 165th day since transplanting. The plant samples were weighed, and the total and organic
Se contents were analyzed as required. The uptake and translocation rate of Se in the vegetables were calculated.
The contents of different Se fractions in the four soils were measured. [ Results ] Mustard was the most sensitive
to soil Se among the three vegetables. The fresh biomass of edible parts of mustard was the highest in Se,,,, and
those of spinach and garlic were the highest in Se,s; treatment, which was significantly different from that of Se,,
treatment. Se content in shoots of three vegetables showed an increasing trend in the whole growth period, and all
followed by the order of garlic > mustard > spinach in different growth periods. The Se contents in all parts of
vegetables were increased with the increase of soil Se contents, from 0.29 mg/kg to 2.07 mg/kg. The Se contents
in shoot and root treated with Se,, were 8.63 and 7.10 times of those treated with Se,,, in spinach, 12.25 and
23.29 times in mustard, while 39.92 and 4.90 times in garlic bulb and leaf. The Se contents in vegetable edible
parts were in order of garlic (7.25-289.42 pg/kg) > mustard (1.22-14.94 pg/kg) > spinach (0.73-6.3 pg/kg).
The Se contents in underground parts were all higher than those in aboveground parts. The Se content in root
was 4.8, 12.6 and 8.22 times higher than that in stem and leaf in Se,,, treatment in the growth of spinach,
mustard and garlic, respectively. The garlic and mustard could enrich Se from Se rich soils, and the absorption
coefficients were 3.06—8.47 times and 1.58-5.8 times of that in spinach, respectively. Garlic and mustard grown
in Se, ., and Se,,; soils reached the Se-rich standard for vegetable except for spinach in this study. The
proportion of organic Se content in edible parts of these vegetables accounted for 73.5%—-84.7%, which was
increased with the increased Se content in soils. The organic Se proportion in Se,, treatment was significantly
higher than that in Se,,, treatment. Thus, the vegetable Se contents were not only related to the total soil Se
contents, but also positively linked with the available Se contents in soils. [ Conelusions ] Vegetable type and
soil selenium content all affect the absorption, transformation and enrichment of selenium in vegetables. Three
kinds of vegetables are sensitive to selenium content in soil, and mustard is the most sensitive. The selenium
content and the conversion rate of organic selenium in edible parts increase with the increase of soil selenium
content and show a significant positive correlation with the total selenium content and available selenium content
in soil. The selenium enriching ability is garlic > mustard > spinach, the selenium content in garlic and mustard
grow on the naturally selenium rich soil easily reachs the selenium rich vegetable standard, but spinach does not
show the selenium rich ability. Therefore, although high soil selenium content affects the growth of garlic and
mustard, garlic and mustard have a strong ability to transfer selenium to edible parts and can be used as selenium-
rich vegetables.
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Table 1 Basic physical and chemical properties of tested soils

e il CEC AL £ B il WA G P
Total Se pH OM Total N Total P Total K Alk.-hydr. N Avail. K Avail. P
Treatment (cmol/kg)
(mg/kg) (gke) (g/ke) (g/ke) (g/kg) (mg/kg) (mg/kg) (mg/kg)
Segao 0.29 5.25 10.41 25.25 1.44 0.59 12.60 128.59 195.50 45.49
Segss 0.58 5.21 17.59 27.96 1.99 2.88 9.49 109.19 193.88 96.03
Segos 0.98 5.01 9.41 13.97 0.78 0.24 9.43 62.00 109.89 37.14
Se, 2.07 4.96 14.42 24.63 1.56 1.43 6.09 155.89 183.57 57.96
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Table 2 Effects of different soil Se concentrations on the vegetables biomass at harvest stage

fiE fib R (em) M (cm) WA (g/plant, FW) FERREFE (g/plant, FW) 82565 (g/plant, FW)
Vegetable Treatment Root length Height Root weight Shoot weight Bulb weight
W Seo 10.00+1.32b  24.17+2.02 ab 6.11 £0.62 ab 145.12+3.54a
Spinach Seps  10.67+1.53b  27.00+3.61a 6.88+0.91 a 156.79 + 5.84 a
Sequs 1213+£1.03b  20.67+1.15bc 6.98+047a 147.89 + 1.89 a
Se,y, 1533+153a  18.67+3.06¢ 5.68+0.71b 126.99 +7.63 b
I Seo 9.50+1.73ab  25.50+2.18a 1559+322a 225.35+10.90 a
Mustard Seyss 1000+1.00a  23.60+2.33a 1023+4.15b 212,18+ 12.65a
Seqos 740£0.10b  19.67+3.06a 8.76 £0.76 ¢ 186.05+8.22 b
Se, 730£150b  2233+1.52a 9.14+1.92 be 175.98 + 6.94 b
Kk Seqa 1271+£1.15b  28.66+0.59¢ 26.01 = 1.52 ab 94.06+4.19a 133.62+3.95a
Garlic Seps  1696+1.05a  35.88+1.04a 28.02+2.53a 93.57+3.44a 142.48 +3.96 a
Seqos 10.13+£0.81¢c  33.60=1.01b 22.66 +2.06 b 64.00 £5.49 b 11321 +3.96 b
Se,, 1033+ 1.15¢  28.50+0.50 ¢ 1459+ 1.67 ¢ 54.90 £5.69 ¢ 106.23 +9.50 b

¥ (Note) : HEEAR/NG FRACERAFAMZHTE 0.05 KFT 25 83 Values followed by different letters in a column are

significantly different at the 0.05 level.
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Fig. 1 Change of selenium content in shoots during vegetables growing season in soils with different Se concentrations
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Different letters above the bars indicate significantly different at the 0.05 level.]
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Table 3 Organic Se concentration and its proportion in total Se of edible vegetable parts

fiE +-5 SIS (ngkg)  CHUNE I (ngkg)  APLENE I (ugke) AHHLA L (%)
Vegetable Soil Total Se Inorganic Se Organic Se Organic Se proportion
i Ses 0.73+0.17d 0.19+0.04 ¢ 0.54+0.13d 73.54+138b
Spinach Seyss 1274023 ¢ 0.29 +0.05 ¢ 0.98+0.18 ¢ 77.25+0.73 ab
Sequs 3.28+0.12b 0.64+0.07 b 2.64+0.15b 80.46 +2.35 ab
Se, 6.30+0.33a 0.97+0.07 a 533+027a 84.67+037a
I Seoa 1.22+0.07¢ 0.29+0.04b 0.94+0.04 ¢ 76.69+1.43 b
Mustard Seyss 1.89+0.11¢ 0.40£0.06 b 1.49 £0.06 ¢ 78.69+£1.70b
Seqss 1238+1.2b 2.08+£0.19a 1030+ 1.02 b 83.15+ 043 a
Se, 14.94+0.18a 1.01+0.14a 12.93+0.05a 86.55+0.80 a
Kk Seas 7.25+0.60 ¢ 1.58+0.12¢ 5.68+0.50 ¢ 78.27+0.96 b
Garlic Seoss 8.88+0.55 ¢ 1.84+0.16 ¢ 7.04+0.40 ¢ 79.30+0.61 b
Seyos 183.85+1.27b 2441 £0.60b 159.44 £0.72 b 86.72+0.24 a
Se,, 289.42+7.47a 3331+236a 256.11+5.14a 88.50+0.53 a

¥ (Note) : $dli /5 A FI/ING FEHCFARIEIE]ZE 0.05 7K 25 57 i % Values followed by different letters in a column are significantly

different at the 0.05 level.
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Table 4 Se absorption and transfer coefficients of vegetables in soils with different Se concentrations

b %K 22 50 Absorption coefficient 7% Z 8 Transfer coefficient

Treatment =% Spinach FF3E Mustard K Garlic % Spinach F+2¥ Mustard K% Garlic
Seq, 0.015b 0.027b 0.046 ¢ 0.17 ab 0.16a 0.55b
Seqss 0.012 ¢ 0.019b 0.046 ¢ 0.19a 0.17 a 033¢
Seqos 0.024 a 0.093 a 0.169 a 0.14b 0.14a 1.11a
Se, o 0.015b 0.087 a 0.127b 021a 0.08 b 1.10 a

# (Note) : WU FEL (Absorption coefficient) = HRFHi % i (Se content in root)/ - 3EMM % & (Se content in soil); § % R % (Transfer
coefficient) = &% ¢ A & fifi & & (Edible part Se content/fR Fi & & (Root Se content); K 5 A [l/NE TR CF AR RIAL BB TE 0.05 KFET
225+ .3 Values followed by different letters in a column are significantly different at the 0.05 level.

*5 BIRTRMSMSRIA RIS EBHEXME

Table 5 Correlation between the Se content in different forms and the Se content in edible parts of vegetables

RS +- Y T - - - - - JERTiN T
Se content of vegetables Soil available Se Total Se
P2 Spinach 0.94" 0.94" 0.96" 0.92" 1.00™ 0.96" 0.99"
F¥3% Mustard 0.99 0.77 0.99" 0.87 0.91" 0.80 0.89
K7 Garlic 0.97" 0.86 0.98" 0.88 0.96" 0.88 0.95

1 (Note) : F1—R[JFZAHM Soluble Se; F2— W 22 25 K ik i h 4% & Z5ifi Exchangeable and carbonate binding Se; F3—2k-fi AL W45 & 75
fifi Fe-Mn oxide bonding Se; F4— HL¥-mifb %5 & MG Z MM Organic-sulfide binding and elemental Se; F5—3%# 25/ Residue Se. *— P <

0.05; **—P <0.01.
3 ifie

3.1 AEMEELIEN TR SN0

BG4 40 1) A A AR, 3 i AR AN (L g
RS E Y R e B, T EL AT LA Rk AR s R
R, ER A P e v UKo A A 7 A AR
BRGNS R, i TR S A (M 2 WK
10 mg/L) fefe s Rarr AR, T M A ik B Ak 453
B3k, 15 mg/L) WA 7 RKerm AR 2@
o SR Y e B XY A SRR v A B (= 1.5 mg/kg) B
X 7RG 7= H A RO RS, ASBIF S T I 4 Fl £
B, BR TS REORFEAN, BEJRRBCEFRA R, B
DL R i 22 55— i S & A FAA G, S —
J7 i 5 IR IR SR 04 o0 M Seqos Fl Sey gy X P
AR FE RS, Se,,, B9 IEAL J1KF5 T
Segos M E4E, FURPESE . IT ARG 7™ AR 2
Seyos MALBEEF Seyqr, X ATREEH T Se,, P
At v, MBS AR RS T —Ersgm, B
PRI A Rt — 05
3.2 AEFEBFRFSMIRUE R

EREY T, T FAERHE Y R B RE ) B

s, HUOERER ) MEEGRHEY, AR RK
B, WA /N XA RUR e 229, FEg e, K
R R, T RLAE] 300 mg/ket, - HLIEER
S, AR AT AY A R T AR, X
AT ZEE—BL, 1 Seos Al Seyo, MY 1 FIFERN
KA ABIA B B bR e, TR RR R, SRR
X0 4 R WAL B T Ry s > IR > R, i HLAE
IR EROL > WAL, KRR AR R Aok,
W R K, 7E 0.046~0.169 8], HIK NIF
%, 1£0.019~0.093 Z[A], AL, 7£0.012~
0.024 Z[H), Haubnr IR FrJm R H fiik t w i pg
R MBS . TF R E A 5% 3 0 VR S A A AT 11
i e A HER R 2 ST EINLL IR, TS A
24 b PR () B AR S R, SRS TR A Ak B
i, WE A MG TS, IR E A Y
DAL F R AR
33 AREEETIBEXHFRFE S ERIF 0

T AR AR EXT Se Ml . FR R Fiis 4 g
NI, AT [ — BB [ R4 T B R Rl
Pl S A 25 TR EY, MYk
H (R TG 5 k f  A H G F  R I nee, ARR



1734 R R R L S 25 4

AR EAER S S, B, =B b HB B
MG 5 347 i - ST Ve B 0 T T I, T SR AN KR
TE Seqos Fl Se, o, I 13 LIRS B 0bRE, 1S 7E
DUFp 4 B E BIAR M, R PR KRR D BE R A
Y. ISR T FAERMEY . BT BRSO &
T () RE 7120, U W K 3R T 32 BE 70 43 W i £ 18 Hh 11
fiff, 7 - SRR B —E Fr Ay, BeAE T E KSR
Zie P A T e e w3 DA ER Y [T B NN
W5 SRR BEoR o 7R KSR & 1 LR RIS R, —
T A6 0% 77 HE IR (E i A R AR B g 28, FE kBl
Wi KR AR 5 — R T A
bRy BT <10 o N [ DR 18 S A R T e
) = EFIK ARG 5L

KA FITFSEAE Seyos A Se,, THE [ A BTG 5
IR E E AR AE, MIKAEAE Se = 1.5 mg/kg H1E I
A TR KK (0.319 mg/kg) #f s 1T FR AR E (0.3
mg/kg)™, WA R RE R KR Lk SR 45 ) s S
T BLAE R — & A - 48 1 [ sE RO K R RN R S A T
BSUF o T A S i R SR o A - S 5 kv R A
(0.29~2.07 mg/kg), L, +HEd ARG H &
TR S B A T W NG | P T <k A
BRI — 05T
3.4 BRI HIRGAD IR ANEE RS

R 2R W S AR B s e T 3 P R A A R
P, MR, 18 AH A 1 R ) R SR I
FUFE, A0 A= P B AC>,  SRAR ZR A i A
0.004~0.030 mg/kg, FT3RM AR H7E 0.008~
0.180 mg/kg, Kt 7 0.013~0.263
mg/kg, HBEMRT LIPS R, KRR
1E 0.046~0.169, JFr3M I REAE 0.019~0.093, ¥
SEM R 0.012~0.024, = FRBE M R B/
T 1, UL =R RN S & ARl B8 A
WFFERM, SNSRI, TR R ECh 87.48~
215.94, WHFEWMILRECN 9.73~38.70, K TAIK
BT SR MG S AR AL, X AT RE R R O AN
JEHARE A A, A RCERAL, AES PR R
WS, B A A S S AT R BN, A 5 Bl
SR TSR IS R BOR T e = 8, 54K
AR B, ZRESRRIC R B R Se, o BFRK,
- S m AR SRR, WO R BSOm A, R
AR —E R, ARSI, AR R e
(I FH R 2 TR

e R RPN m S B (R EER AL ) A0S S

TEBAL (HR) A A LU, SRR B AR e T
WAL AR ) . KRR REE 0.33~1.11 Z
], PEAE 0.14~0.21 Z[H], JF3A1E 0.08~0.17 Z
], Karf R KRB IR B i, Lk
w0 AT B 2 e e TR SRR

KR W) 0l 5 L AR R R FA WL 477, A
DU EZ DA E R e FRA S, BT
A MUATG () 5 B G Sz /N T ICHLAR , PR I e 2 4 A b
i AR AR R A LA, S AR 2 A R #h
AR C0 =P S AT ) % A% 35 B 2 1 e
S py T E T, SXIRECFREE R B
SER DR ALRTE 73.5%~84.7% Z[a], FFaeibfbR
£ 76.7%~86.6% Z I, Rz bR 78.3% ~
88.5% ZIA], 3 Flrigh = i % A2 Ry KOs s T il
W, AZEFAK, UL [REE R 2 (81 LA ) 4
LR . R PRAFIFGT 22 B T K A AL % 1k
N 86.9%~90.8%, THIHECITE R, Bt
3 YK 100 mg/L S, SERA LG LIS 87.7%.
WA B WU AL RN 71.2%~82.5%"", B 2500
FERM, GEREAIE e B () Na,SeO; IR
FEURI PG 214 v A BILAR % A6 22 5370 80.0% . 79.6% Al
90.0%. AIUL, JCiJEdise. ML EKE, ARE
W 2 AN IR AT, A LA G 5% AL R 7E 70% LA L,
SR = RPN AR DO RER IR L EE - 1 Ny N |
I, Z5AFRE =002 LA b X B Y 52 bR Ol
AT DATE f2 B HEA T AN AR AE PR B A [ S
Pl ST 8 77 9 25 5, e e A AN & A2
RE
4 Zhe

1 NP | N L VAR Tl S =il ez 211
i (0.29~2.07 mg/kg) By, FKIH Se,, >
Sepss > Seuss > Senns W ANTTHEA AL &5 43 A 5
B R TR > L L, ey F1 Sey s K GRS RV AT
TG DU AR > 8525 > 18, Seqo F1 Seyy, Y
TR 5 Bl S G i AT WU Ay 25 > AR > S, )
I 3 it S m A EB A AT R A KR > IR > ik
Ko ERMTEMT, KERFITREMN LERE
RTG, WS R BN RECK T UK, Seqss Fl Seuy
T3 FAERK KGR FIIT IR R T s B SRR, M
KBTS AR IR B S bR AE . R, 78 H AR )
- bR AR SR, AN 2 R A A
M H 2% g e,



10 1

SR, S RIR BTG A T =g S X G Y WA 5 e 1 25

1735

2 & X Wk

[1]

[2]

[10]

(11]

[12]

Rayman M P. Food-chain selenium and human health: Emphasis on
intake[J]. British Journal of Nutrition, 2008, 100(2): 254-268.
Fleming G A. Selenium in Irish soil and plants[J]. Soil Science, 1962,
94: 28-35.

KBS, K82, Sk, 45 WK RERIBE ST S HERR]. 225K
7, 2009, 24(2): 5-9.

Zhang X W, Zheng J K, Zhang T, et al. Research progress of
selenium-enriched rice[J]. Hybrid Rice, 2009, 24(2): 5-9.

Taylor J B, Marchello M J, Finley J W, et al. Nutritive value and
display-life attributes of selenium-enriched beef-muscle foods[J].
Journal of Food Composition and Analysis, 2008, 21(2): 183-186.

T TRl A S A AR T RIS DX S % e R V0 R T S T[], ARk
ol BHE, 2014, 10: 22-25.

Wen G C. Evaluation on selenium content in vegetables of city
suburb and selenium pollution in Fujian Province[J]. Fujian
Agricultural Science and Technology, 2014, 10: 22-25.

RSB, HaE g AR 7 A A S AT (0], BRI R, 2017,
11: 238-240.

Chen J X. Investigation and analysis of selenium content in
agricultural products in Fujian Province[J]. Modern Agricultural
Technology, 2017, 11: 238-240.

T, BTz, FAM, 5. 2010—20124F [ BAT JE RBE S Al
TRASEAARBLLI]. TR PR 242, 2016, 50(3): 221-224.

He Y N, Zhao L Y, Yu D M, et al. Consumption of fruits and
vegetables in Chinese adults from 2010 to 2012[J]. Chinese Journal
of Preventive Medicine, 2016, 50(3): 221-224.

MER, R, XV, 55, T8 F-22 1 A DA RIS Al A W AL 2
HALREIIFFE[]. R ALl #, 2014, 43(5): 134-137.

Wei T Z, Wang ] M, Liu C, et al. Study on absorption and
transformation of selenium in different vegetables in Ping’an
selenium-rich region of Qinghai Province[J]. Journal of Henan
Agricultural Sciences, 2014, 43(5): 134-137.

BPLF, WEL, B B ANA SR RITS IUR[T]. ITESE, 2011,
(10): 14-17.

Huang K F, Shi Z, Feng J Y. Research status of selenium-enriched
vegetable[J]. Journal of Changjiang Vegetables, 2011, (10): 14-17.
TIAEAS, Gy Wk, #2205, 45 L HRETRS 983 2 A R Y
()] HE AR R AE2A1, 2005, 24(4): 359-363.

Wan Z X, Yi Y M, Yang L F, et al. Effects of applying selenium in
soil on selenium content and the character of selenium uptake in
Amorphophallus konjac[J]. Journal of Huazhong Agricultural
University, 2005, 24(4): 359-363.

HERTHE, SRR, BRI, 45 K REAN R b A7 0 e s 00 L 2 v i e
M HEALEALT]. v 3 S AL, 2009, (6): 37-40.

Du QJ, Zhang Y F, Tang S M, et al. The absorption and distribution
mechanisms of selenium from Hainan selenium-rich soil by different
rice varieties[J]. Soil and Fertilizer Sciences in China, 2009, (6):
37-40.

JTik e KA DURP YA S Pl A MSCRT ZRAR D). 1, 1989,
21(5): 268-271.

Wan H F. The absorption and accumulation of selenium in soil by

four crops such as barley[J]. Soils, 1989, 21(5): 268-271.

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

Wan H, Mikklsen R, Page A. Selenium uptake by some agricultural
crops from central California soils[J]. Journal of Environmental
Quality, 1988, 17(2): 269-272.

PR, A%, SRk, LR ER I L AT A Tl fY
B[] BREEALE, 1997, 16(3): 277-283.

QuJ G, Xu B X, Gong S C. Sequential extraction techniques for
determination of selenium speciation in soils and sediments[J].
Environmental Chemistry, 1997, 16(3): 277-283.

NY/T 1104-2006. -3 2 A3 52 [S].

NY/T 1104-2006. Determination of selenium in soils[S].

GB/T 5009.93-2017. £ H il I E[S].

GB/T5009. 93-2017. Determination of selenium in foods[S].

B EL SR AT G = R0MI. Jbat: PEL AR, 2005.

Bao S D. Soil agro-chemistry analysis (Third edition)[M]. Beijing:
China Agriculture Press, 2005.

i Dok BB & kR 5 23, HBOO1/T-2013. RIRE
B i G 2 43 2ot (B T)[S].

China Food Industry Association Flower Food Professional
Committee. HB001/T-2013. Classification standard of selenium
content in naturally rich food (trial)[S].

EER, BZE, ZREE. WXL N AR R T R
[0 FEE 3R S AR, 2006, 12(2): 240-244.

Wang J M, Zhao Z Z, Li G R. Effects of selenium application on the
selenium content, yield and qualities of carrot[J]. Plant Nutrition and
Fertilizer Science, 2006, 12(2): 240-244.

HIF53E, FIEG. X777 0 &R S I BT[], R4
2442, 2008, 34(7): 1266-1272.

Tian X Y, Wang Z Y. Effect of selenium application on yield and
qualities for nutrition and health care in Tartary buckwheat[J]. Acta
Agronomica Sinica, 2008, 34(7): 1266-1272.

Yao X Q, Chu J Z, Wang G Y. Effects of selenium on wheat
seedlings under drought stress[J]. Biological Trace Element Research,
2009, 130: 283-290.

Hasanuzzaman M, Hossain M A, Fujita M. Selenium in higher plants:
Physiological role, antioxidant metabolism and abiotic stress
tolerance[J]. Journal of Plant Sciences, 2010, 4(5): 354-375.

Ramos S J, Faquin V, Guilherme L R G, et al. Selenium
biofortification and antioxidant activity in lettuce plants fed with
selenate and selenite[J]. Plant, Soil and Environment, 2010, 56:
584-588.

FKF, XIHERY, 2570, WA AR, G0 RR A R | e B i B
HISENRIT). AR E TR S IURLEEAR, 2012, 18(3): 733-741.

Xia Y X, Liu S Q, Li H, Chen X W. Effects of selenium on
physiological characteristics, selenium content and quality of
garlic[J]. Plant Nutrition and Fertilizer Science, 2012, 18(3):
733-741.

PR, oEn, ML, KRS AR A L A I K R I ().
R A 2274, 2005, 26(3): 809-816.

Jiang C Q, Shen J, Zu C L. Selenium uptake and transport of rice
under different Se-enriched natural soils[J]. Chinese Journal of
Applied Ecology, 2005, 26(3): 809-816.

ARSC. B0 A WA R BB X A RS [T e 2 41, 2009,
15(23): 46-47.


http://dx.doi.org/10.1017/S0007114508939830
http://dx.doi.org/10.1097/00010694-196207000-00005
http://dx.doi.org/10.3969/j.issn.1005-3956.2009.02.002
http://dx.doi.org/10.3969/j.issn.1005-3956.2009.02.002
http://dx.doi.org/10.3969/j.issn.1005-3956.2009.02.002
http://dx.doi.org/10.1016/j.jfca.2007.08.001
http://dx.doi.org/10.3969/j.issn.0253-2301.2014.06.008
http://dx.doi.org/10.3969/j.issn.0253-2301.2014.06.008
http://dx.doi.org/10.3969/j.issn.0253-2301.2014.06.008
http://dx.doi.org/10.3969/j.issn.0253-2301.2014.06.008
http://dx.doi.org/10.3969/j.issn.1007-5739.2017.06.146
http://dx.doi.org/10.3969/j.issn.1007-5739.2017.06.146
http://dx.doi.org/10.3969/j.issn.1007-5739.2017.06.146
http://dx.doi.org/10.3760/cma.j.issn.0253-9624.2016.03.006
http://dx.doi.org/10.3760/cma.j.issn.0253-9624.2016.03.006
http://dx.doi.org/10.3760/cma.j.issn.0253-9624.2016.03.006
http://dx.doi.org/10.3969/j.issn.1004-3268.2014.05.030
http://dx.doi.org/10.3969/j.issn.1004-3268.2014.05.030
http://dx.doi.org/10.3969/j.issn.1004-3268.2014.05.030
http://dx.doi.org/10.3865/j.issn.1001-3547.2011.10.004
http://dx.doi.org/10.3865/j.issn.1001-3547.2011.10.004
http://dx.doi.org/10.3321/j.issn:1000-2421.2005.04.009
http://dx.doi.org/10.3321/j.issn:1000-2421.2005.04.009
http://dx.doi.org/10.3321/j.issn:1000-2421.2005.04.009
http://dx.doi.org/10.3969/j.issn.1673-6257.2009.06.008
http://dx.doi.org/10.3969/j.issn.1673-6257.2009.06.008
http://dx.doi.org/10.3321/j.issn:0253-9829.1989.05.001
http://dx.doi.org/10.3321/j.issn:0253-9829.1989.05.001
http://dx.doi.org/10.3321/j.issn:1008-505X.2006.02.016
http://dx.doi.org/10.3321/j.issn:1008-505X.2006.02.016
http://dx.doi.org/10.3321/j.issn:1008-505X.2006.02.016
http://dx.doi.org/10.1007/s12011-009-8328-7
http://dx.doi.org/10.17221/113/2010-PSE
http://dx.doi.org/10.11674/zwyf.2012.11346
http://dx.doi.org/10.11674/zwyf.2012.11346
http://dx.doi.org/10.3969/j.issn.1007-7731.2009.23.022
http://dx.doi.org/10.1017/S0007114508939830
http://dx.doi.org/10.1097/00010694-196207000-00005
http://dx.doi.org/10.3969/j.issn.1005-3956.2009.02.002
http://dx.doi.org/10.3969/j.issn.1005-3956.2009.02.002
http://dx.doi.org/10.3969/j.issn.1005-3956.2009.02.002
http://dx.doi.org/10.1016/j.jfca.2007.08.001
http://dx.doi.org/10.3969/j.issn.0253-2301.2014.06.008
http://dx.doi.org/10.3969/j.issn.0253-2301.2014.06.008
http://dx.doi.org/10.3969/j.issn.0253-2301.2014.06.008
http://dx.doi.org/10.3969/j.issn.0253-2301.2014.06.008
http://dx.doi.org/10.3969/j.issn.1007-5739.2017.06.146
http://dx.doi.org/10.3969/j.issn.1007-5739.2017.06.146
http://dx.doi.org/10.3969/j.issn.1007-5739.2017.06.146
http://dx.doi.org/10.3760/cma.j.issn.0253-9624.2016.03.006
http://dx.doi.org/10.3760/cma.j.issn.0253-9624.2016.03.006
http://dx.doi.org/10.3760/cma.j.issn.0253-9624.2016.03.006
http://dx.doi.org/10.3969/j.issn.1004-3268.2014.05.030
http://dx.doi.org/10.3969/j.issn.1004-3268.2014.05.030
http://dx.doi.org/10.3969/j.issn.1004-3268.2014.05.030
http://dx.doi.org/10.3865/j.issn.1001-3547.2011.10.004
http://dx.doi.org/10.3865/j.issn.1001-3547.2011.10.004
http://dx.doi.org/10.3321/j.issn:1000-2421.2005.04.009
http://dx.doi.org/10.3321/j.issn:1000-2421.2005.04.009
http://dx.doi.org/10.3321/j.issn:1000-2421.2005.04.009
http://dx.doi.org/10.3969/j.issn.1673-6257.2009.06.008
http://dx.doi.org/10.3969/j.issn.1673-6257.2009.06.008
http://dx.doi.org/10.3321/j.issn:0253-9829.1989.05.001
http://dx.doi.org/10.3321/j.issn:0253-9829.1989.05.001
http://dx.doi.org/10.3321/j.issn:1008-505X.2006.02.016
http://dx.doi.org/10.3321/j.issn:1008-505X.2006.02.016
http://dx.doi.org/10.3321/j.issn:1008-505X.2006.02.016
http://dx.doi.org/10.1007/s12011-009-8328-7
http://dx.doi.org/10.17221/113/2010-PSE
http://dx.doi.org/10.11674/zwyf.2012.11346
http://dx.doi.org/10.11674/zwyf.2012.11346
http://dx.doi.org/10.3969/j.issn.1007-7731.2009.23.022

1736

W) E SR 50 R

25 4

[27]

(28]

[29]

[30]

[31]

[32]

Xu W. Bio-availability of selenium and its absorption for plants[J].
Anhui Agricultural Science Bulletin, 2009, 15(23): 46-47.
R B2 R B s IR SR IR R, SR M.
HUNRA: A, 1992

Institute of Nutrition and Food Hygiene, Chinese Academy of
Preventive Medicine. Food ingredients listfM]. Beijing: People's
Medical Publishing House, 1992.

FEEEE, TEM, X5, BHERF. HHERMEYIN RIS LGR]. W
JeAe Rl 2008, 12(5): 43-45.

Tang Y X, Wang HM, Liu Q L, Meng C X. Summary of selenium in
soil and plant[J]. Journal of Hebei Agricultural Sciences, 2008, 12(5):
43-45.

XUPE, HBe, sSATAS. ANt T KA SBT3 0 3 I
IR FEESR S ALRRAR, 2016, 22(2): 403-409.

Liu Q, Tian X, Shi Y X. Effects of exogenous Se mineral powder on
the accumulation of Se and the absorption of mineral elements in
maize[J]. Journal of Plant Nutrition and Fertilizer Science, 2016,
22(2): 403-409.

EARRE, RS, 02, 45, ST AT A 5 A 400 5048 B A8 Il
TeAL LA AR RZ R[], Fidt~41z, 2015, 23(1): 101-106.

HuHF, LiuTY, Guo X, ef al. Effects of Se as basal fertilizer on the
selenium absorption, conversion and utilization of alfalfa at different
growth stages[J]. Acta Agrestia Sinica, 2015, 23(1): 101-106.

T2, A0, AR, S5 SEHOAN A X il 22 7 b A T R A Bk Y
R[] B E SR S IERIEEIR, 2012, 18(5): 1235-1242.

Guo X, Li M, Jie X L, et al. Effects of basal Se fertilizers on yield
and contents of trace elements of naked oat[J]. Plant Nutrition and
Fertilizer Science, 2012, 18(5): 1235-1242.

Carbonell-Barrachina A A, Burlo-Carbonella F, Mataix-Beneyto J.
Arsenic uptake, distribution, and accumulation in bean plants: Effect
of arsenite and salinity on plant growth and yield[J]. Journal of Plant

Nutrition, 1997, 20(10): 1419-1430.

[33]

[34]

[35]

[36]

[37]

[38]

BRI, TN, )RR, A5, B R R AR R SCTS Ye e Y B
R[J]. 135, 2006, 38(2): 200-205.

Hu Z S, Zhang G Y, Wang G Z, et al. Effect of remediators on As
uptake by tobacco in contaminated soil[J]. Soils, 2006, 38(2):
200-205.

B F, HIR, BEARIN, 4. ARPERSERHNRER Ol . AR S
FHIERBETE[T]. Al FRFERL A4, 2011, 30(3): 422-428.

Duan M L, Hu B, Liang D L, et al. Absorption, bioaccumulation and
translocation of selenium in four different vegetables by applying
selenate[J]. Journal of Agro-Environment Science, 2011, 30(3):
422-428.

BB, B R, RIS, R Y B AR IR SRR (1], A
WA RE, 2010, 30(7): 82-86.

Zhao C M, Cao Q M, Tang Q F, Li X B. Research advances on
selenium accumulation in plants[J]. Chinese Journal of Tropical
Agriculture, 2010, 30(7): 82-86.

Zheng J, Kosmus W. Retention study of inorganic and organic
selenium compounds on a silica—based reversed phase column with
mixed ion—pairing reagents[J]. Chromatographia, 2000, 51(5/6):
338-344.

TUE, T7, RER, % W 5k B 40 LSRRI BT
RS BRAL A FIAT LA & 58 120 [J]. A8 97 S ISR 4R,
2013, 19(5): 1109-1117.

Ning C J, Ding N, Wu G L, et al. Effects of different selenium
spraying scheme on the fruit quality, total selenium and organic
selenium contents in ‘Red Fuji’ apple trees[J]. Journal of Plant
Nutrition and Fertilizer, 2013, 19(5): 1109-1117.

s, 253005, ) B, BRI, WX LR SR R e A
TR R [D]. B EER, 2015, 36(7): 45-49.

Hu T, Li W F, Xiang C G, Zhang R J. Influence of sodium selenite on
seed germination and selenium distribution of common vegetables[J].

Food Science, 2015, 36(7): 45-49.


http://dx.doi.org/10.3969/j.issn.1007-7731.2009.23.022
http://dx.doi.org/10.3969/j.issn.1088-1631.2008.05.020
http://dx.doi.org/10.3969/j.issn.1088-1631.2008.05.020
http://dx.doi.org/10.3969/j.issn.1088-1631.2008.05.020
http://dx.doi.org/10.11674/zwyf.14351
http://dx.doi.org/10.11674/zwyf.14351
http://dx.doi.org/10.11733/j.issn.1007-0435.2015.01.016
http://dx.doi.org/10.11733/j.issn.1007-0435.2015.01.016
http://dx.doi.org/10.1080/01904169709365344
http://dx.doi.org/10.1080/01904169709365344
http://dx.doi.org/10.3321/j.issn:0253-9829.2006.02.016
http://dx.doi.org/10.3321/j.issn:0253-9829.2006.02.016
http://dx.doi.org/10.3969/j.issn.1009-2196.2010.07.022
http://dx.doi.org/10.3969/j.issn.1009-2196.2010.07.022
http://dx.doi.org/10.3969/j.issn.1009-2196.2010.07.022
http://dx.doi.org/10.3969/j.issn.1009-2196.2010.07.022
http://dx.doi.org/10.11674/zwyf.2013.0510
http://dx.doi.org/10.11674/zwyf.2013.0510
http://dx.doi.org/10.11674/zwyf.2013.0510
http://dx.doi.org/10.7506/spkx1002-6630-201507009
http://dx.doi.org/10.7506/spkx1002-6630-201507009
http://dx.doi.org/10.3969/j.issn.1007-7731.2009.23.022
http://dx.doi.org/10.3969/j.issn.1088-1631.2008.05.020
http://dx.doi.org/10.3969/j.issn.1088-1631.2008.05.020
http://dx.doi.org/10.3969/j.issn.1088-1631.2008.05.020
http://dx.doi.org/10.11674/zwyf.14351
http://dx.doi.org/10.11674/zwyf.14351
http://dx.doi.org/10.11733/j.issn.1007-0435.2015.01.016
http://dx.doi.org/10.11733/j.issn.1007-0435.2015.01.016
http://dx.doi.org/10.1080/01904169709365344
http://dx.doi.org/10.1080/01904169709365344
http://dx.doi.org/10.3969/j.issn.1007-7731.2009.23.022
http://dx.doi.org/10.3969/j.issn.1088-1631.2008.05.020
http://dx.doi.org/10.3969/j.issn.1088-1631.2008.05.020
http://dx.doi.org/10.3969/j.issn.1088-1631.2008.05.020
http://dx.doi.org/10.11674/zwyf.14351
http://dx.doi.org/10.11674/zwyf.14351
http://dx.doi.org/10.11733/j.issn.1007-0435.2015.01.016
http://dx.doi.org/10.11733/j.issn.1007-0435.2015.01.016
http://dx.doi.org/10.1080/01904169709365344
http://dx.doi.org/10.1080/01904169709365344
http://dx.doi.org/10.3321/j.issn:0253-9829.2006.02.016
http://dx.doi.org/10.3321/j.issn:0253-9829.2006.02.016
http://dx.doi.org/10.3969/j.issn.1009-2196.2010.07.022
http://dx.doi.org/10.3969/j.issn.1009-2196.2010.07.022
http://dx.doi.org/10.3969/j.issn.1009-2196.2010.07.022
http://dx.doi.org/10.3969/j.issn.1009-2196.2010.07.022
http://dx.doi.org/10.11674/zwyf.2013.0510
http://dx.doi.org/10.11674/zwyf.2013.0510
http://dx.doi.org/10.11674/zwyf.2013.0510
http://dx.doi.org/10.7506/spkx1002-6630-201507009
http://dx.doi.org/10.7506/spkx1002-6630-201507009
http://dx.doi.org/10.3321/j.issn:0253-9829.2006.02.016
http://dx.doi.org/10.3321/j.issn:0253-9829.2006.02.016
http://dx.doi.org/10.3969/j.issn.1009-2196.2010.07.022
http://dx.doi.org/10.3969/j.issn.1009-2196.2010.07.022
http://dx.doi.org/10.3969/j.issn.1009-2196.2010.07.022
http://dx.doi.org/10.3969/j.issn.1009-2196.2010.07.022
http://dx.doi.org/10.11674/zwyf.2013.0510
http://dx.doi.org/10.11674/zwyf.2013.0510
http://dx.doi.org/10.11674/zwyf.2013.0510
http://dx.doi.org/10.7506/spkx1002-6630-201507009
http://dx.doi.org/10.7506/spkx1002-6630-201507009

