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Abstract ; Natural sand selenium(Se)is a readily available product which is air permeable and watertight. It is a kind of
good matrix for producing Se enrichment plant. In order to test the efficiency of sand Se in cultivating green cabbage and

provide Se as a nutrition source, we set five groups of experiments: CK (control group without fertilization) , CT ( natu-
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ral sand Se), CT1 (chicken manure : Sand Se=1 : 1), CT2 (chicken manure : sand Se=1 : 2), CT3 ( chicken ma-

nure ). The results showed that sand Se addition significantly increased Se content of green cabbage by 45%, 61% and

64%. Compared with the CK and CT3 groups, the yield, leaf thickness and water use efficiency of the green cabbage in

CT2 increased significantly by 45%, 22.78% and 56.66% , respectively. Soil manganese and zinc content accounted for

72% variation of the green cabbage biomass and soil zinc accounted for 66% variation of the water use efficiency. These

indicate that sand Se, particularly when mixed with chicken manure, not only can provide Se as a nutrition but also is

beneficial to green cabbage yield.

Key words: slow-released sand selenium, green cabbage, Mn and Zn, soil microbe, biomass
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Table 1 Experimental design
s34l 430 e JEiERE
Fertilizing amount
Group Treatment Acronym
(kg)
Xt HEZH Control group 72 1% Control CK 0
BG4 Treatment group b1 Sand Se CT 1
X Bi=1 0 1 CT1 0.325 : 0.325
Chicken manure : Sand Se
X Bi=1: 2 CT2 0.25:0.5
Chicken manure : Sand Se
PR CT3 0.5

Chicken manure

i S Signal A= SEZ Dk 20 Mar 2018 j— 10pm EHT = 2000 kv Signal A= InLens Date :20 Mar 2018 - —
WD =11.1 mm Mag= 300X FIB Lock Mags = No WD =114 mm Mag= 3.00 KX FIB Lock Mags = No
K1 AN (ZE) RIS () SR 49 18T (3 A St B e )
Fig. 1 Outside (left) and inside (right) structure of sand Se (Field emission scanning electron microscope )
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Table 2  Effects of sand Se on soil

and indexes of green cabbage

febr .

Index 4 F P
A5 A 4 20.08  0.000
Se content (mg - kg™)

Mo b i 4 475 0.005
Above-ground biomass (g)

R 4 8.47  0.000
Leaf thickness (cm)

7RI T 4 13.05  0.000
Transpiration rate (mol - m™ « s)

RGP H R 4 432 0.007
Water use efficiency (g - kg')

M2 o W 4 3.00  0.003
Chlorophyll a concentration (mg + L)

LIE=S N 187193 4 4.00  0.010
Chlorophyll b concentration (mg » L)

KAE D RIE 4 4.00  0.015
Carotenoid concentration (mg + L)

N 4 41.05  0.000
Soil Se content (mg - kg™)

T AR W v R 4 536  0.010
Soil microbial colonies ()

TR 4 9.21  0.001
Soil bulk density (g - cm™)

b B 4 432 0.020
Soil available P content (mg - kg™)

AL B 4 530 0.010
Soil available Fe content (mg - kg™")

TR 4 531 0.020
Soil available Mn content (mg + kg™)

LA 4 441 0.020

Soil available Zn content (mg - kg)

e R RRR R AR,

Note; Only significant results are shown in the table.
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5 CK.CT M1 CT1 AL, CT2 F1 CT3 34 &g & 1
T R Ak R R I & R, CT2 5 CK AH
b sk S E T 58.97% sl AU 4 & T
2091% , ARUEE SRR T 16%, X RPIXGIENR
TR A 45 i &R A T R 3 0 - 5 ROk | AL
MBS & (B 5.A,B,C), 5 CK AL, CT2
AR i N (B 5. D), = R A
X AETR A VS I 2 A 1 9 3 A 1 7 = LR
K, #HXFF CK,CT.CT1.CT2 Fl CT3 %R e 1T+
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Note: CK. Blank; CT. Se sand; CT1. Chicken manure : Sand Se=1 : 1; CT2. Chicken manure : Sand Se=1 : 2; CT3. Chicken manure.

Different letters indicate significant differences (P<0.05). Data shown are x+s. The same below.

B2 S (A) FAEYE (B)
Fig. 2 Se content (A) and biomass (B) of green cabbage

®3 GHEWMIELEVENEZEERRNZWEF
Table 3  Effect factors of Se content, biomass and transpiration rate of green cabbage
S H Akt : v ,
Index of green cabbage Variable r

S AN RN 0.65 18.37 0.001
Se content Soil Se content

of green cabbage b 0.13 5.21 0.048
Soil Mn content

S A M B 0.2 6.63 0.03
Biomass of green cabbage Soil Se content

A 0.52 10.7 0.008
Soil Mn content

SRH BRI AR TR A 0.66 13.68 0.007
Transpiration rate Soil Zn content

of green cabbage

x4 MAEURAX/NIEREE SR A K KT SR RS 0 A K Ty 3
Table 4  Size of vacuole and amount of green cabbage cell SRBTTE BRI S R M SR e e 3R
S ] ;ﬁﬁi‘i{;e L ATEYZ A 1A 43 B 5 S S 7 - R 5 o Fl 7 o
Treatment (pm, 10x) Cell amount fif BE Lk H i A= Wy = AR 72% , 33X ] RE S R N A
CK 200.3:42.7c 38+20h FAEY A AE FH 20 JC &R | A2 AT P 8T R AR
cr 402.5+61b 6110ab DA ER , PR G % i vT R i a2 1 2R H R B Bk
Cr1 504+57ab 96:+15ab AT B 38 o 45 e R S i A 2 G A AR
cT2 784.4+37a 135+12a I, R4 = 2 H i A= W0 i (Chen et al. ,2018) ,
CT3 215.9+30¢ 96:16ab AR 46 A B T8 A, 45 TG HL AT (75 7R 49 R SIE Ay

2y ) VAN - AR
S ) FIAT DL M. 2000 45 FF B4 i L 245
Note: Different letters indicate significant differences (P < 0.05). HLA o @?m \iﬁm N 2?\]%@}\%'&4& i ’fjﬁ lﬁf[%z
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Fig. 3 Chlorophyll a content (A), chlorophyll b content (B), carotenoid content (C) , leaf

thickness (D), transpiration rate (E) and water use efficiency (F) of green cabbage
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Fig. 4 Soil Se content (A) and bulk density (B)
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Fig. 5 Contents of soil available iron (A) , available phosphorus (B), available zink (C) and available manganese (D)
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Fig. 6  Soil microbial colony number
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