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Abstract: [Objective] The effects of applying different selenium (Se) fertilizers (selenite and selenate)

in soil on tomato biomass,Se content in different parts and fruit quality were compared to provide reference

for producing high-quality Se-enriched tomatoes and developing other Se-enriched vegetable varieties.

[Method] The cultivar of Jinmeilina was selected for pot experiments with 0. 5,1,2 and 5 mg/kg Se (sodi-

um selenite and sodium selenate) in soil,using no fertilizer treatment as the control. The fruit biomass,Se

contents in different parts (fruit,stem lower part, stem upper part, leaf lower part, leaf upper part
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root) and fruit quality (composition and contents of organic acids and soluble sugars and vitamin C con-
tent) of different treatments were measured and Se biofortication effects were compared. [Result)] The
application of two exogenous Se fertilizers in soil increased the biomass of tomatoes. Compared with the
control,0. 5—5 mg/kg exogenous Se significantly increased Se content of tomatoes (P <C0. 05),and sele-
nate treatment was significantly better than selenite treatment (P <C0. 01). Se contents in the stem lower
part, stem upper part,leaf lower part,leaf upper part and root in each treatment were significantly higher
than that of the control (P<C0.05), and they increased significantly with the increase of Se content (P <C
0. 05). Exogenous application of Se fertilizers had less effect on the composition of organic acids (oxalic
acid, tartaric acid, malic acid, citric acid and succinic acid) in tomatoes, malic acid and citric acid were the
main organic acids in tomatoes in each treatment, but it changed their contents. Compared with the control,
exogenous 0. 5—2 mg/kg Se significantly increased contents of fructose and glucose in tomatoes. After ap-
plying 0. 5—2 mg/kg selenite and selenate in soil,total organic acid, total soluble sugar,vitamin C content
and sugar-acid ratio of tomatoes were significantly increased (P <C0. 05). [Conclusion]) Soil application of

0.5—2 mg/kg selenate ensured the accumulation of Se and improved fruit quality of tomatoes. Considering

human health,0.5 mg/kg selenate was suggested for Se biofortification of tomatoes.

Key words: tomatoes;selenium ; biofortification ; biomass; fruit quality
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Table 1 Effects of different Se fertilizers application in soil on tomatoes fruit biomass g/ kR
MEAL B/ (mg » kg™ ') W MAEA 3/ (mg « kg™ H) Y aE
Treatment Biomass Treatment Biomass
Xt I8 CK 0 77.49£2.32 b
0.5 88.1347.10 ab 0.5 95.7948.25 a
Se(IV) 1 90. 67+8.90 ab Se( V) 1 95.2945.02 a
2 85.4749. 14 ab 2 93.08+5.61 a
5 89.52+7.53 ab 5 91.95+7.03 a

T B 5 AR AN R /NG T B RN A (7] Ak B ) 28 55 8 35 (P <<0. 05)

Note: Different lowercase letters indicate significant differences among different treatments (P<Z0. 05).
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A

B2 0,0.5~5 mg/kg Se(IV) A1 Se VD)
A0 BRI A R SE A & 4 0 O 0. 02 ~ 0. 44
6.02~57. 77 mg/kg. 55X} BAH L, A0 it A A
Yoy 50 S B T 7 b R S AT R (P <<0. 05), B
i SR S A TG ek I G A ) 498 K S L 5
mg/kg Se (V) 4b 1 Y F il R 2 & & 02 0.5
mg/kg Se(IN)ALBRAY 22. 00 %, 1 5 mg/kg Se( V)
AL PR S SE Al & 2 0.5 mg/kg Se (V) 4k #R
9. 60 £ (P <C0. 05), [ 55 i jifi A i 5% 1F F .
Se( VD) 4b B 7 A 2 52 Al 7 5 & Se (IV) 4b HL 1
131.30~301. 00 fi, 2 Ff 4 I [i] 22 S W% b 3 (P <
0.01), AT UL, i H Se (VD) 7 $& 55 7 i S SE Al % &
5 T AR 2 SR 2 T R A Se IV ) Ab B,

2 MR 45 it B Ak R T 25 R R L 25 LR L

TR L I RIAR A A 2 T R (P <<
0. 05) 5 H.25 #or A A0S 25 12t 247 B &1 50 it 478 S 1) 185 fim i
R (P<C0.05), 5 mg/kg SeCIV) 4k %7 1Y
SRR 25 S LIRS L I S AR Ay )
0.5 mg/kg Se (V) Zb ¥ 1 9. 14, 19. 00, 11. 92,
12,75 F1 8. 44 i ;1M 5 mg/kg Se( V1) 4b# 75 il iy 25
B Ny o N O s R T = o 71
0.5 mg/kg Se (VD) 4 ¥ 1y 9. 29, 10. 31, 21. 38,
16,42 9. 33 ¥, Mt fifh 5t AH [F] B, Se (V) b B F
A ZE T ER 2 AR R AR b S A AR A R R
T XL Se( V) ARBR(P<C0.01), Se(IV) 4k
PR 30 25 TR AL 5 = o A AR > AR >
B> > 28 > S5 M Se (VD Ab 375 i
PR ALAN 5 i o AT AR S R ER > BRI > 2R
#B L ZE B ER >R AL
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Table 2 Effects of different Se fertilizers application in soil on Se contents in various parts of tomatoes mg/kg

e n =T %1 o ot 3 t
Treatment ruits Lower part of stem  Upper part of stem Lower part of leaf Upper part of leaf Root

X iR CK 0 0.00%£0. 00 De 0.03£0.01 Be 0.024+0.00 Ce 0.04%£0.00 Be 0.04+0.00 Be 0.1940.02 Ae
Se(IV) 0.5 0.02+0.01 Ed 0.22740.02 Bd 0.05+0.01 Dd 0.13£0.02 Cd 0.1240.01 Cd 0.62+0.00 Ad

1 0.05%0.01 Ec 0.360.02 Be 0.1340.01 Dc 0.35%0.02 Be 0.30£0.01 Ce 1.0140.02 Ac

2 0.13+0.02 Eb 0.70+0.05 Bb 0.29+0.03 Db 0.64+0.04 Bb 0.54+0.04 Ch 2.20+0.05 Ab

5 0.44+0.01 Ea 2.014+0.20 Ba 0.95+0.10 Da 1.5540. 08 Ca 1.5340.06 Ca 5.2340.14 Aa
Se(VD) 0.5 6.0240.14 Ed" " 12.41£0.43Dd” " 11.50£0.80 Dd" " 48.0040.41 Ad" " 40.00+1.47 Bd" " 20.51£1.33 Cd™ "

13.1740.02 E¢™ ~ 19.52+1.75 D™~ 22.334+2.38 D" ” 120.62+7.16 Ac™” 93.014+4.42 Be™ ” 45.27+1.09 Ce™”

2 31.90+0.05 Eb™ © 65.48+4.97 Db " " 62.88+4.32 Db " 103.53+15.38 Ab" " 303.924+29.68 Bb" © 97.93+4.15Ch" ~

5 57.77+0.02 Ea™ " 115.30+4.20 Da” " 118.53+10.43 Da” " 1 026.44+54.81 Aa" " 656.77+13.52 Ba" " 191.37+5.25 Ca™ ~

[ MR K5 7 ) kB 7 ) 4 02 22 9] 2% 5 883 (P <20, 05 5 i) 9 BCH s B R [ /1 5 5 B 0% [ — 410
] 00 T 6 0 6] 9% 53 835 (P <0, 05) 5 % 7% i) — 40 3 o ] — B 9 K T A [ L 2 1 2% b 2.6 (P <<0. 01)

Note: Different uppercase letters indicate significant differences among different parts in same treatments (P<C0. 05). Different lowercase

“ ”»

letters indicate significant differences among different treatments in same exogenous Se treatments and parts (P <C0.05). “ % *

means extremely significant differences among different fertilizers for same parts and levels (P<Z0.01).
2.3 TR A E R X A SR 5K B e & SR IE A 5E (P <C0. 01) , 3% B it FH 41 5 Al 52 i)
2.3.1 AABMAmALESE R 3 A, EH S T3 il 2R A SRR RN AT R R T RS W T

TN Wz e R RV IN A S D WIS S & S f o 2|
FHAPURA > & AR . A A B R S 5
P LR LSRR IR FAT R O = —FH Z AN B
BLIR & HE 1Y 97. 80 %6 ~98. 43 % , it FH &1 U5 A 4k ¥
SRR AT R T X S TR IR R S A A
SR W SRR AT AR IR T S B ML

R EANR S &, I, ERBR T2 5
(26.41%0~34. 62 %) BUAFBERR & & 5 (63, 51 %6 ~
71,85 Y0) 7 — g AR 5, 3k 2% WA B 2 4 oin b i S
SR AT A B AH B AE . il 5 mg/kg Se (V) fig fi2
T SR S v b A R ) SRR e Ak T e 5 mg/kg
Se VI RE 2 32 7 A 3 S 2 ) 472468 R e Ak
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Table 3 Effects of different Se fertilizers application in soil on composition and contents of

organic acids in fruits of tomatoes mg/g
WA (mg - ke B W [ PP VA

Treatment Oxalic acid Tartaric acid Malic acid Citric acid Succinic acid

X H CK 0 0.32£0.01 ¢ - 6.65+0.06 e 16.48+0.05 d 0.152£0.00 ¢
Se(IV) 0.5 0.23-0.00 Bd 0.09-+0.01 B 7.26+0.01 Bd 17.63+0. 20 Be 0.09-£0. 00 Be
1 0.32%+0.00 Ac — 7.61+0.06 Be 19.40+0.39 Ab 0.23%+0.00 Ab
2 0.35+0.01 Ab — 9.05+0.03 Ab 19.84+0.44 Ab 0.30%+0.00 Aa
) 0.54740.01 Aa — 12.0240.02 Aa 22.0540.48 Aa 0.11£0.00 Ad
Se( VD) 0.5 0.29+0.01 Aa 0.14-+0.00 Aa 9.09+0.01 Aa 21.1540.40 Aa 0.25%+0.00 Aa
1 0.31£0.01 Aa 0.087+0.00 b 7.90+0.01 Ab 18.69+0. 15 Bb 0.12=+0. 00 Bb
2 0.284+0.01 Ba 0.0240.00 d 7.1140.02 Be 18.66+0. 22 Bb 0.11-£0.00 Bd
5 0.1840. 00 Bb 0.07-£0.00 ¢ 5.47+0.08 Bd 14.88+0.17 Be 0.11£0.00 Ad

TE < [ 5B 5 An A (7] RS 5 6 37 [a] — A 7K SF T AS ) 76 7o 2 (6] 22 53 58385 (P <20, 05) o B AN [ /N 5 557 i 3 7 [] — i I Fof 28 A [ 7K SF-

G JIE Ak B A] 22 57 8.3 (P <<0. 05) . F %[,

Note: Different uppercase letters indicate significant differences among different fertilizer types at same levels (P<C0. 05). Different lower-

case letters indicate significant differences among treatments with different fertilizer levels in same fertilizer types (P <C0. 05). The

same below.
2.3.2 THEMBBARALESE HREALTH,F
R R AR R A 2 R, H 2
Fhobl & PR UT . b FE I 44, 2198 ~55.79% . 1E T
Hi A S R R X T RE S MR R AR R
A 1Y B B AR 3R AR O R L Al i 2 R R

AN Ak, X B L, SN R i R 0. 5 ~ 2
mg/ kg AT I 3 4 v A il 2R S b 2RO A B
b, X5 Zhu U R BF A R, Y it A A
o 0.5~5 mg/kg W, Se IV ) &b 3 7 i 2R 52 1 b
I 25 25 B A i A e A 3 O T 2 B,
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Table 4  Effects of different Se fertilizers application in soil

on the composition and content of soluble sugar in

ME L R S5 AL, HXTREAH L, i 0.5~ 2
mg/kg Se(IV) 5 Se V) Z i 2 5L v B A LR &% &
P4 0 SR 5 Y AR 0. 5~5 mg/kg A, Se(IV)
Ak B it R S SR AILIR o i B A A0S T 5 Y B g

fruits of romatoes I8 A T SeC VI Ab TR B AP A4 %
- ; I
R/ (mg - kg o it o WA, it A 0. 5~2 mg/kg Se(VD) X4 HLIE &
8 CK 0 19.0340.81 ¢ 21.66+1.49 ¢ BRI R HEAER .5 mg/kg Se (V) W] & By 410 4]
Se(IV) 0.5 22.84+0.94 Bd  27.67+0.65 Bd YEH .
1 26.0320.48 Ac 32.40%1.21 Ac %%5%%Eﬁ»EXTJL,EE*E%,?I‘/E}?@@E%%E%%*
f 33.6§§i0.91 Ab /12.31i1./26 Ab ,E\m@‘ﬁﬁé\%i@ﬁ%ﬂ%(P<005)o ﬁ@ﬁﬁﬁ@ﬂa
5 37.4541.34 Aa 46.43+1.43 Aa St L o NN
Se( VD 0.5 32.16£0.87 Aa  39.3540.21 Aa 0.5 meg/kg I, Se (VI &b 4 3 i J 5 £ 1T 378 B
1 26.64-£1.42 Ab  28.15-0.63 Bb B Se (V) 4b H W 25 48 5 41. 58005 1M i JH i 2
2 27.0940.59 Bb  25.16+1.04 Be 1~5 mg/kg I, Se TV ) Ab P 35 il 5 52 5 vl v M &
5 23.1140.55 Be 22.8740.75 Be =i Se(‘/[)ﬁlfﬂﬁ%%%% 6.64%~82.43%.
5 TEFEALFAAHEENERREIRENZME
Table 5 Effects of different Se fertilizers application in soil on fruit quality parameters of tomatoes
@HE&LI‘IE,I/ )Ié&ﬁ’rﬂﬁ&’ﬁlﬁ/ '.:'Wé#*fﬁﬁl?ﬁ/ Wi I feEE C /éTlﬁ/
(mg - kg (mg ‘g ) (mg-g ) Sugar acid ratio . (m_g : ‘g )
Treatment Organic acid content Soluble sugar content Vitamin C content
X} CK 0 23.6040.10 e 40.6942.29 e 1.7240.10 e 0.2540.01 d
Se(I\V) 0.5 25.3040.19 Bd 50.5141.59 Bd 2.00+0.07 Bd 0.38740.03 Aa
1 27.5640.36 Ac 58.4341.69 Ac 2.12+0.08 Ac 0.33740.03 Bb
2 29.5440.47 Ab 76.1941.77 Ab 2.58+0.04 Aa 0.2940.02 Be
5 34.7240.49 Aa 83.8842.77 Aa 2.42+0.06 Ab 0.25740. 00 Bed
Se( VD) 0.5 30.9240.42 Aa 71.51%1.09 Aa 2.31+0.00 Aa 0.2740.01 Be
1 27.10£0.16 Ab 54.7942.04 Bb 2.0240.07 Ac 0.404£0.02 Aa
2 26.1840. 25 Be 52.2541.63 Bb 2.004+0. 05 Be 0.4140.00 Aa
5 20.7140.21 Bf 45.9841. 30 Be 2.22+0.05 Bb 0.3540.01 Ab

HH 2 5 A DL, 5 BE AR EE , ARG Ak B2 7im AR 5K
Wil L2 R F R . AR 0. 5 mg/kg B,
Se (V1) kb $H 7 jifi 5 5205 B2 L B0 1 1 Se CIV ) Ab 34
BF WS 15, 50% ; 1 e AR 2 ~5 mg/kg B,
SeC(IN)ALEE A B IR HL AL Se (VD) AbH G 4 & T
9.01%~29.00% . Jifi HAAL 0. 5~5 mg/kg A,
SeCIV ) Kb B f) 2 L it 25 4/ IGOATE ) 2t %) 398 in 22 5 1
THE T B RS Fefifiit &8 2 mg/kg B3k 3R K
1B 5 T Se VI Ab B A4 15 R E I it A6 2t Ay 386 i 52 2% %
I 38 m i B, H 6 it 8 2 me/ke B I
/N,

5 MR, HXIAH.BR T 5 mg/kg Se(IV)
AbF AN LA A1 PR AT Ak B R R S 4 A R C S
¥l F S (P<<0.05), HiHGAE 0. 5~5 mg/kg
A it 25 G A P 5 0 38 . Se CIV ) &b B 7 it SR 5 4
HEECHFREEFMBEE, M Se( VD) 4B 2 e T8 )5
AR aFy, AT 0. 5 mg/kg W, Se IV ) 4b B
TMAEER CHEREEFS T Se (VD A (P <

0.05) ;i FHARAE 1~5 mg/kg B, Se (V) b B i &
BT Se( V)4 (P<C0.05),

3w

3.1 SRR EF AW ER R

VFZ W58 R B it A S0 S e R 2k K A
45 VR 7 i T g P A A 0 R R
AW, S5 XFBA . 0. 5~5 mg/kg fiff kb ¥ F i
Az B O AR R AR R B L X AT R 2
PRl A 7 75t B4 % G AE ) AE XA 55 L BRI 0. 5~5 mg/kg
1iFG Ak A B 1 1) 2 B S, AR, Y R e
Jit FE AT £ K [ 6 Se CIV ) &b B 2 it 2E 9 B 359K T
Se( VD) &b BR, 38 W] Se CIV) By 24 ¥ A %50k 841  He wf
oMLy R i I NTE
3.2 SMNEHEWEXNEMMESER S TN

ARBEFE M T F R AT ZE LT
BB RN AR 6 AN A7 A Y A A R, S5 R R B
558 HEOAH B, A0 U5 e 695 25 5 6 4 B AL B Bl A X
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FHEE (P <C0. 05) , FLAM 2 8 555 750 f5 400050 436 A L i
SR XA N S R g A R — 8

AR5 L 20 4 S v it A A R AR )L Se (VDD
A P2 A 45 o A A B E R T Se (V) Ab B
(P<<0.01), XERKA Se(IV) 5+ 43 8] 1L N
A M Se (VD WIPEANZ % & H S5 N2 %4
M LL , Y245 A 45 A om B T i L O Xk B A R, fif
5 Se (VD) Y fif W 13 R 55 T Se (V)™ L Ik Se (IV)
FE P A WA AR T Se (VD). BL Ak, #AR 8
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