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Abstract:  The effects of foliar spraying with different levels of biological nano-selenium on the growth, quality, an-
tioxidant performance and mineral element content of Hang cabbage were investigated, in order to provide valuable informa-
tion for the safe production and application of biological nano-selenium in selenium-enriched leafy vegetables. A field exper-
iment was conducted, with Hang cabbage as the research object, two kinds of organic fertilizers, cow dung and medicinal
residue as the base fertilizers, and four spraying levels (0 mg/L, 1.0 mg/L, 2.5 mg/L and 5. 0 mg/L) of biological nano-
selenium were set, to analyze and compare the differences in biomass, quality, antioxidant properties and mineral element
content of Hang cabbage treated with different levels of biological nano-selenium. Biological nano-selenium could significant-

ly increase the biomass of Hang cabbage. Application of medium level of biological nano-selenium could significantly ( P<

0.05) increase the V. content, total phenolic content,

75 B 87 .2022-04-22 activities of key antioxidant enzymes, and reduce nitrate
EEWH THALNEH B FaHEETHE[CX(20)1011] content in Hang cabbage, but had no significant effect on
TEE R HEIWE(1995-) , 5 WLV i, FEMNF G E soluble sugar content. Biological nano-selenium could ef-
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magnesium and iron in the aboveground part. Under the two basal fertilizers, foliar spraying of 1.0-5.0 mg/L biological

nano-selenium can promote the biomass of Hang cabbage, as well as the quality, antioxidant properties and calcium, mag-

nesium and nitrogen contents of edible parts, and 2.5 mg/L biological nano-selenium has the best effect.
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Table 1 Basic physical and chemical properties of greenhouse soil

£zt AR ILAE + i B IE 4
pH 7.16+0.10 7.030.10
HL S (S/em) 321.25+2.24 338.12£1.73
AP (%) 44.83+0.53 43.62+0.45
BAER(vke) 1.28+0.03 1.17+0.01
BB (g/ke) 0.97+0.02 0.89+0.03
B (g/ke) 3.45+0.64 3.58+0.64
S (mg/kg) 16.05+0.28 15.69+0.28
B R (my/kg) 76.15+2.21 70.28+2.08
B (mg/kg) 8.95+0.37 9.51+0.36
BT = (mg/kg) 0.17+0.01 0.17+0.01
B = (mg/kg) 22.04£0.22 21.73+0.29
B (mg/kg) 62.31+0.46 59.68+0.46
S (mg/kg) 0.12+0.06 0.07+0.04

FIEARERE (n=3) .

1.2 KW H*

1.2.1 X3t ol B 2 b S 00 i FH i Ok
T THOE SRR MR, BEE 4 AWy a0 K Al g
Jiti /K S (0 mg/L., 1.0 mg/L, 2.5 mg/L Fll 5.0
mg/L) iRE A H At 8 A~ AR FERLEXT R (CMCK) |
2y LA XT EZH ( DRCK) (2L AR S5 & Lk Al K
fiff % it Ab B ZH ( CMSel. 0, CMSe2.5 . CMSe5.0) . 24
T NS 235 6 A ) 99 K Al 5 it 4b B ZH ( DRSel. 0,
DRSe2.5 .DRSe5. 0) , &~ 4b 3 3 W HE &, HEF1 7 X
JsE L BENLBETT, 3k 24 AN/ BEAS /N X AL
8.1 m* (2.7 mx3.0 m) , EA/NXWT 2 L AfiER,
et BRIt A5 o 1 2 B UK, FERT SRR ET
14 d AT AP AOKREN I TH B, 14 d J5 SO AR R
v A AR
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DRSel. 0 . DRSe2. 5, DRSe5. 0 4b ¥ X%} B8 DRCK #t
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Hh S5 TR IR A ORI AL B AT (B 25 (P < 0. 05) 42
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Table 2 Effects of biological nano-selenium spraying on biological indicators of Hang cabbage

HE T AbFRL TR (g, 1 #k) R (em) PR (em)
A ZEIEAE + 4 CMCK 305.67+17.32¢ 11.33+2.16a 45.83+3.26b
CMSel.0 312.51+15.95b 11.63+2.03a 47.79%3.12a
CMSe2.5 322.93+16.37b 11.04£1.90a 47.67+373a
CMSe5.0 360.26+16.67a 10.75+1.46a 45.38+1.73b
S DRCK 236.15+14.98¢ 8.75+1.46a 30.92+2.76b
DRSel.0 246.39+18.19h 8.67+1.18a 34.33+3.73ab
DRSe2.5 248.95+19.00b 8.33x1.91a 35.50+2.22a
DRSe5.0 277.25£10.26a 8.33x1.62a 31.75+1.87b

CMCK R4 F8JLNEXT IE, CMSel.0,CMSe2.5 ,CMSe5.0 43 3 4 38 3B L5 4 1. 0 mg/L.2. 5 mg/ LN 5. 0 mg/ LA P4 KA St Ab 3 ; DRCK Ky 245 i
FENE XS B8 DRSel.0 . DRSe2. 5 . DRSeS5.0 43 % 25 FEALLE S 1. 0 mg/L. 2. 5 mg/LAN 5. 0 mg/ LA WA KARmE AL B, [R) 50 B G A [l /NS 78
FER R —FEAC S5 N A [R5 da v B A M 0 R A A 3L ) 25 57 1 3 (P<0. 05)

2.2 AN KAE I BE XA B 3% an R B # N Tt AN R KA P i Kl v] LAAT 354 T 2 Fa HLIE £
221 vTHFESRTERESE K1 BAR B SOPBiASE R S &, W& AXRAEAMEL,5.0
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PR BT T 5.0% 1 6.2%, 1.0 mg/LAI1 2.5
mg/ LAY AR T it 7K 7 2 R HUIE + 38 b
FISEM 4R R & it A S T (R0 B2 T i 3 1k 2
S (P> 0.05), CMSel.0, CMSe2.5. DRSel.0,

DRSe2. 5 A0 B 0 IR T+ T 3.4% .3.7% . 3. 6% .
60r
50
40

b ab ab a b ab g 2
30F
20r
10
0 A B C D E F G H
Qb

285

3.2%,

Xt AN ] Ak B T 1 3 Al i R R AT
AR (1) R, SRR L, e AR TR 1Y
A= WK AL BT R P AR S ks A, R W
I T P it A 9 A0 B XA 1 SR ] P O B R
Wi 570N

0.7r [ *

0.81 T *

0.5r

f *

I *

a a a
0.4f - L L e
0.3
0.2
0.1
0 A B C D E F G H

Qb

T

T

AR R (%)

T

A~H KUK CMCK ,CMSel. 0,CMSe2.5 ,CMSe5. 0. DRCK ,DRSel. 0, DRSe2.5 . DRSe5. 0 ZbFH, 4 40 HLHL 2 2 78, AR [E/NG - hE R il — SR
S O [ B i e BE AR RO AT A 327 1) 2 53 .35 (P<0. 05) o 0 ) — L i B A PP K TG AL BT 2 A BT 8 ) 7 1 (25 25 53 (<

Fig.1 Effects of biological nano-selenium spraying on chlorophyll content and soluble sugar content in Hang cabbage

0.05),
E1 EMAKFEEETREETEE TRMES BN
222 #$fAFCAHERERSE WELR (K

2) B Wit AN [R] 7K 7 A= ) 4 KAl o] LA S Tt 2
A PR L3P e AR £ C i, [ AXT
HEAIAH EE 2. 5 mg/ LG /K -3 RERS 1B 3 (P<0. 05)
PET; 2 P e b SR AR R C i, CMSe2. 5,
DRSe2. 5 Zb#F 23 32 F+ T 52. 7% F1 69. 4%, 5.0

1

I EX3

f FF 1
a

ﬂ
F G

r

T ‘

b C

ccﬂ HH
A B C D E
Qb

T T T T T

Y ZCH I (mg/kg)

O—=NWHAUNANAINOO

b
H

mg/ LA P4 KA 8 it 7K - % 2 b A3 1L AE 4 398 rhobit
IS4 R 2R C o i R TN BT IR A i
# 2% 5 (P<0.05), CMSel. 0, CMSe5. 0, DRSel. 0,
DRSe5.0 4k B F 43 5l 42 F+ T 15.2% . 34.7% .
13.0% .18.9% .,

35 N e *

301 b ¢ 4 b e
25
20
15
10

T T T

T

BB (mg/g)

Qbye

A~H &K H CMCK ,CMSel. 0 ,CMSe2.5 ,CMSe5. 0 .DRCK .DRSel. 0 . DRSe2.5 .DRSe5. 0 A | & 4bFH UL 2 v . ARV/ING F0-E 7R 7] — 3 A0
25t AN [ Joi R P 2 W KA A B 2 ) 22 57 5 (P<0..05) s T s S I F IR [l — B i W B AR M 9 KAl b BT 2 R0 - B (R A7 7E

F#(P<0.05) FIff B3 (P<0.01) 25,

B2 EYMHRTEENMEREER C.EBESENFM

Fig.2 Effects of biological nano-selenium spraying on vitamin C content and total phenols content in Hang cabbage

I T e 2 20 490 KA R S 8 R A 1K A 17
iy 2 (1 2) o WA ) 2K ST A W 9 K i ] LA 5%
{2 2 M UL R bt A2 AR . [ A
XFHR AL AH e, 1.0 mg/ LT it 7K SF- 2 BE 8 18 3% (P<

0.05) % fm 2 A+ bt 1 3 B B0 R,
CMSel. 0, DRSel. 0 4k H 4 5] 4 it T 19.8% Hi
12. 7%, 2.5 mg/LH15. 0 mg/ LA P48 KA it 7K -
XF 2 FEAILIE A 3 T S B 1 SR U,



TGS A WAORTN XA 3 5 B S L A P REAY 52 1 483

R B A4y 5t o 2 25 % (P<0.05), CMSe2. 5,
CMSe5. 0 . DRSe2. 5, DRSe5. 0 b B F 2 B4 7+ T
16.4% 2.9% 7.3% 3.9% .

223 R LA Z WU RIZK AR ) 94 K A AT
DI RLRA 2 P HLAE L3 b A SR i R £k 7 =
(K 3), [F4 EXT LA, 2. 5 mg/ Lt K14
AERS B2 (P<0. 05) FRAK 2 Fh 38 rh bt A SE B IR
& CMSe2. 5 . DRSe2. 5 2L F4 HIEAR T 44. 9%
F19. 1%, 1.0 mg/LFN 5.0 mg/ LA 4 40 2K Al 155 fiti
IKEXT 2 B HLAE + 58 bt (S SR R 5 2 152 il
BN, BB RA R R EZESR (P<0.05),
CMSel. 0 ,CMSe5. 0 2L FR 43 BEAI T 2. 6% .23. 6%,
DRSel. 0 DRSe5. 0 AP HIFEAR T 9. 3% .16. 9%,

600 -

< 500f
)
2 00} [ w
II%E-]/ [ k%
[ *k
@ 300F ‘
s 200 F € a
;E d b d c
0™A B ¢ D E F G H
AT

A~ H #K K A CMCK, CMSel. 0, CMSe2. 5, CMSe5. 0, DRCK .
DRSel. 0, DRSe2. 5 DRSeS. 0 b3, % b ¥ WL 3% 2 1, RIF/NE
TR A — RS T AN ) Jo e v 3 A W A R G Ak 38R 22 ) 2
5 (P<0.05) s F7R i) — JoT i3k ok BE AR ) 90 KA b 2L 2
FRENE LS WA AE AR 1 35 22 5+ (P<0.01)

B3 EYgKmBE A REBRL S22

Fig.3 Effects of biological nano-selenium spraying on nitrate

content of Hang cabbage
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Fig.4 Effects of biological nano-selenium spraying on peroxidase ( POD) , superoxide dismutase (SOD) , reduced glutathione ( GSH) and

glutathione peroxidase ( GSH-Px) of Hang cabbage
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Fig.5 Effects of biological nano-selenium spraying on the contents of organic selenium, inorganic selenium and total selenium in Hang cab-

bage
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Table 3 Effects of biological nano-selenium spraying on mineral elements in Hang cabbage

S| AE® (%) B (%) BEoa (%) B (%) B (%) PEEAE (mg/kg)
CMCK 3.40£0.01d 4.83+0.06a 0.288+0.01c 1.764+0.09b 0.120+0.01b 62.634+1.55a
CMSel.0 3.65£0.02b 3.24+0.04b 0.312+0.01b 2.123+0.02a 0.18620.01a 52.819+6.50b
CMSe2.5 3.71£0.06a 2.83+0.02¢ 0.33320.01a 2.155+0.08a 0.17620.01a 50.171+6.80b
CMSe5.0 3.49+0.04¢ 2.75+0.01d 0.345+0.01a 2.139+0.08a 0.111+0.01b 55.023+4.75h
DRCK 3.07+0.01d 4.45+0.06a 0.277+0.01c 1.899+0.06b 0.15320.01c 60.285+0.89a
DRSel.0 3.46£0.03b 3.08+0.04b 0.287+0.01b 2.010+0.02a 0.196=0.01a 50.330+6.48b
DRSe2.5 3.53+0.03a 2.63+0.03¢ 0.347+0.01a 2.081+0.02a 0.170+0.01b 52.761+1.01b
DRSe5.0 3.15+0.02¢ 2.58+0.02¢ 0.325+0.01a 2.082+0.08a 0.119+0.01d 55.639+2.56h
BACFWE 2 1, RFVEUE G ARG FohE 2R (R — R AC 25 (8 S )5 42t 3 B A A 40 A A Ak L ) 25 572 B 3 ( P<0. 05)
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Fig.6 Principal component analysis of the effects of biological nano-selenium spraying on mineral element content in Hang cabbage
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