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Abstract: [Objective]Selenium (Se) is one of the essential trace elements in the human body, and it is
the composition ingredient of glutathione peroxidase (GPX). It is of great significance for preventing
cardiovascular and cerebrovascular diseases, and improving the body’ s immunity and delaying aging,
and therefor it is called ‘life elements’ by the medical community. Seabuckthorn is a medicine and
food homologous forest fruit. Its leaves and fruits contain a variety of vitamins, amino acids and a large
amount of flavonoid compounds and fatty substances. It has a good clinical efficacy in anti-oxidation,
anti-tumor and reducing high blood pressure, high blood sugar, and high blood lipids. The forest fruits
have a good absorption conversion effect as a selenium carrier. However, there have been few reports
on the effct of application of selenium on fruit quality and medicinal ingredients in Xinjiang seabuck-
thorn. The aim of this paper was to study the effects of foliar application of selenium on the main nutri-
tional indicators and medicinal components of seabuckthorn fruits and to clarify the tolerance of sea-
buckthorn trees to selenium and the optimal concentration for the spray of selenium. [Methods]The va-

riety of Xinjiang seabuckthorn Wucifeng was used as the experimental material. The experiments were
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performed in the town of Agedala, Qinghe county, Xinjiang, China. The soil of the field was sandy and
yellow brown with pH 7.19, organic matter 23.83 g-kg", alkalihydrolyzable nitrogen 137 mg-kg", avail-
able phosphorus 10.34 mg - kg'', available potassium 188 mg - kg, and total Se 0.091 9 mg - kg'. The
planting density of seabuckthorn trees was 1800 plants - hm?, the spacing is 2 m*4 m. The sodium sele-
nite (Na,SeO;) solution was selected as selenium source for the experiment. There were seven Se con-
centrations for spray treatment including 0, 5, 10, 20, 50, 100, 200 mg - L''. Randomized blok design
was used, four trees for each treatment, each treatment was repeated three times. The amount of water
for each tree was 1 L. Spray was conducted in the fruit expansion period (June 22, 2020), one spray ev-
ery 15 days, and the spray of clear water was used as the control (CK). Totally six sprays were conduct-
ed until September 18. The seabuckthorn fruits samples collection was performed on September 27,
2020, and three bags samples were randomly picked up from each sample tree. The samples were
placed in the insulation foam boxes equipped with a ice bag and were taken back to the laboratory,
stored in the —15 ‘C refrigerator. The pulp and seeds were separated for analyses of Se content, moisture
contents, protein, Vitamin C, total acid, soluble sugar, polysaccharide, flavonoid and fat content in vari-
ous parts of the fruit (peel, seed, pulp) of seabuckthorn fruit. The values of each item obtained from dif-
ferent treatments were subjected to ANOVA and significant difference analysis by SPSS 20.0 software.
Excel 2019 were used to accomplish the data finishing and generate graphs and tables.[Results]Spray-
ing Na,SeO; significantly increased Se content of the seabuckthorn fruits and the increment increased
with the increase of Se concentration. When the treatment concentration was too high (100 mg - L' to
200 mg- L"), leaves of the seabuckthorn trees turned yellow and fell off. The various quality indexes de-
creased to various degrees. Except for moisture contents, with the continuous increase of spray concen-
tration, the protein, vitamin C, total acid, soluble sugar, polysaccharide, flavonoid and fat content in var-
ious parts of the fruit (peel, seed, pulp) of seabuckthorn fruit showed a trend of increase first and then
decrease to various degrees. The optimal treatment for each index is compared with the control. The se-
lenium content of the fruits for the treatment 7 was 0.448 6 mg - kg'', which was 83 times as much as
that of the control. The protein content of the fruits for the treatment 4 was 1.918 2%, which was
155.62% of that of the control. The vitamin C content of the fruits for the treatment 5 was 186.4 mg-100 g,
which was 162.51% of that of the control. The total acid content of treatment 2 and treatment 6 were
6.67 mg-kg' and 9.11 mg- kg, respectively, which was 87.08% and 118.93% of the control. The poly-
saccharide content and soluble sugar content of the fruits for the treatment 4 were 9.63% and 4.59%, re-
spectively, which were 104.89% and 23.39% of those of the control. The flavonoid content of the fruits
for the treatment 4 was 185 mg - 100 g', which was 81.37% of those of the control. The fat content
(peel, seed, pulp) of the fruits for the treatment 4 was 16.65 mg - 100 g, 18.98 mg - 100 g', and
13.06 mg- 100 g, which were 48.26%, 38.44%, and 39.08% of those of the control. This paper used the
weighting method to evaluate the comprehensive impact of various indicators. The treatment 4 had the
highest comprehensive impact evaluation score (92.5). Finally, it was determined that the optimal spray
concentration was 20 mg - L"'.[ Conclusion]For seabuckthorn, at a spraying volume of 1800 L - hm™, the
highest safe concentration of Se was 100 mg - L™'. The protein, vitamin C, total acid, soluble sugar, poly-
saccharide, total flavonoid, and the fruit (peel, seed, pulp) fat content of the seabuckthorn treated with
the optimal spray concentration were all increased compared with the control. In particular, the seleni-
um content of the seabuckthorn fruits increased by about 10 times, and the selenium content reached the
standard for selenium-rich forest fruits.
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Table 1 Effect of different spraying Se concentrations on

Se concents of seabuckthorn fruits and tree vigor growth

b3 .
A pUEED) R KRS
Kb Treatment : B
Selenium content/ Tree vigor
Treatment content/ (me-ke™) h
(mg-L" mexe grow
1(CK) 0 (0.005 4+2.76)x107 e KU Good condition
2 5 (0.041 4£3.59)x10°d R4} Good condition
3 10 (0.053 3+3.86)x10°d K 4f Good condition
4 20 (0.059 6+£3.75)%x10°d K 4f Good condition
5 50 (0.119242.45)x10° ¢~ K1 Good condition
6 100 (0.241 0+£3.22)x10* b My k3%
Yellow leaves
7 200 (0.448 6£3.41)x10"a I FrEERE 1%

Leaves scorch damage

T FFEUE S A NG 7R AE p < 0.05 ZREF, Wk
Bl UL a7 227 R R 3E . R .

Note: Different small letters indicate significant differences at p <<

0.05. The test data is expressed in the form of “mean =+ variance”. The

same below.
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Table 2 Effect of different spraying Se concentrations on

moisture contents of seabuckthorn fruits

VOS] pCHLTE) K E

Treatment Treatment content/(mg-L")  Moisture content/%
1(CK) 0 (84.1248.68)%10"° a
2 5 (82.7842.91)x10% a
3 10 (85.10+5.64)x10° a
4 20 (83.924+4.07)x10” a
5 50 (83.99+1.33)x10% a
6 100 (82.93+1.33)x10% a
7 200 (83.7342.59)x107 a

3.3 AEMEMKRENDRREEL RS 2T
WF LR, A 2 25 Ab 3 7 5 5% AR B, 2L 5
HARSEAEREMNE R, L2 50 SHE,
HRLEARSRELRENZER L2 A5 5
AbFE 3 b FE 4 KB 6\ AL SR 7 2 (A EL  HER R A
REDENES. LHE2EAMSHEAR SR
1o O PR A 19 B 5 R (s SR 7] 1.480 7%, 1T
AbPE 6 ANALTE 7 (R 5 S B AR T X TR A . 25
SRR, b5 o - A AR AN TS A B
FEA I R F i & 2 PR INEE 5 B s, Ak
T4 1 B A R R O 1.918 2% s 2 BT K
J& > 20 mg- L' &, AL BEAEAS IR 1 Jo & Sk R
B, AP 7 B IS BRI, 9 0.848 1%, WHIIEE
PRI 70 2R 2 5 U0 ToRops il v 25, BELAS R S b g a3k
MR A R B M PSR SE R A S &R (R 3D
R3 AREEWEKEXDRRILEARS SHIFM
Table 3 Effect of different spraying Se concentrations on

protein contents of seabuckthorn fruits

phsi p LT w(E A
Treatment Treatment content/(mg-L")  Protein content/%

1(CK) 0 (1.480 7+5.91)x10° d
2 5 (1.607 6+5.48)x10" ¢
3 10 (1.781 5+1.28)x10™ b
4 20 (1.918 2+4.92)x10" a
5 50 (1.610 5£2.16)x10" ¢
6 100 (1.246 1£2.31)x10" e
7 200 (0.848 1+4.60)x10* f
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Table 4 Effect of different spraying Se concentrations on

vitamin C concents of seabuckthorn fruits

fhg pCAEEED w.(?ﬁf.t%'f(:)

Treétment Treatment content/ Vitamin C content/
(mg-LY (mg-100 g™

1(CK) 0 114.7£1.32 ¢

2 5 149.242.40 d

3 10 180.3+1.96 a

4 20 178.5+1.68 ab

5 50 186.4+2.33 a

6 100 167.6+1.75 be

7 200 158.241.62 cd
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PR Er B A TR 7K R AR SR 1) — T Ay, VDR
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6.67 mg kg, AL 6 1SR B S A=, N 9. 11 mg-kg
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Table 5 Effect of different spraying Se concentrations on

total acid contents of seabuckthorn fruits

e pUEEE) w()éﬂ?i_)

Treatment Treatment content/ Total acid content/
(mg-L" (mg-kg"

1(CK) 0 7.66+0.029 be

2 5 6.67+0.031 ¢

3 10 7.28+0.031 be

4 20 8.72+0.013 a

5 50 9.04+0.014 a

6 100 9.11+£0.022 a

7 200 7.37+0.025 be

TR TR & &AW BT, SRR Y BCR Se T T
RN L
3.6 AN[EMERE MR XTI RRER SR 2 2 B RIS

W3 PR SRS b 5 R — U L SR R, U
TR S BRE 7> FZE Al A VERE A 2 R AL R Ik
6 FTw , Ab B 3 2 A3 6 5% HEAH LG, B S AT A P b
SRERFEEER, HRCH A AIEENE S &L
FUEZER A4 SRR, RS EE RS
VeSS, WF4 S50 FE2 A 3 A FE S AL FE 6. 4L
7R, RSEPIE R A 20 S s B R R
Sto IR 6 AT LAE i, B Ab BRI A i 1
T, Ak PR A AT VA VR AN 2200 S B 2 BB HE
B JG T B e 3, b PR 4 5 7] VA B A 22 0 5 B i
=5 73 N 9.63% il 4.59% , > W% it i & 34 S >20
mg - L' J& , AbFRE A i ] vA VAN 22 0 2 Bl T
B2 , Ut B I B XA 0 3R 2 D OR S 7 AR T I
B 5 TR A H 5 R

R 6 AREIREMKENDHRREES S ENTM
Table 6 Effect of different spraying Se concentrations on

sugar contents of seabuckthorn fruits

pCAEFE) wCATEPERD w(ZH
Ab R .
Treatment Treatment content/  Soluble sugar Polysaccharide
(mg-L" content/% content/%
1(CK) 0 4.70+0.024 d 3.7240.023 be
2 5 4.9140.032 d 3.7140.013 bf
3 10 5.68+0.018 ¢ 4.05+0.022 b
4 20 9.63+0.022 a 4.594+0.024 a
5 50 6.33+0.006 9 b 3.86+0.011 be
6 100 5.99+0.014 be 3.7440.028 bd
7 200 5.07+0.008 6 d 3.51£0.019 cdef

3.7 AR E XD IRRE B EE S SR
SR & B VW S 25 Y 7y P — DR EE Ak
AR SR 22 Wy SRAL B R Ao ML S5 5

HA —E W TR S o7 R0, vb kb i B 5 &
B OV E TR A B R AR R
R EE e . BEURY, AbEE 2 S A0EE 6 5%
fRAHEL, ReL i S 2N E R EEER. A3
AL F 4R LG, RS S RO R I S A B
3ALEE A S5 AbHE 2 AL S AL EE 6, b HE 7 Z [AIAR EL
A EREEEEER. BERTTUEL, B
%6 Ak BEAP AR JBE B A BTG I, A PR AR 1) A B
S INE T B SS, A BE 4 1) B 5 R
T, N 185 mg- 100 g, 24 it Jif 23 & >20 mg - L
Jei 5 AR PR AR S SRR 5 BT 4R T R, 4 o R
28200 mg - L', A0 BEAE A (10 5 S 5 Bt B K
M B, Ab B 7 [ A R B K, 9 88 mg - 100 g
Wi R BN 0 2R W] A R VD BRCR S R
FAb A, T I B A T ER D S A D RR S A
R AW
x7 TEEEKENDRRILERS 28970

Table 7 Effect of different spraying Se concentrations on

Flavonoids contents of seabuckthorn fruits

qb 8 pAEED WO D
Treatment Treatment content/ Flavonoids content/
(mg-L" (mg-100 g")

1(CK) 0 102+2.33 d

2 5 148+3.27 ¢

3 10 1732.15 ab

4 20 18543.46 a

3 50 163+3.06 be

6 100 147+3.54 ¢

7 200 88+3.27 d

3.8 EEMKEX SRR LA & 8RS
g A 5 U b R R S 24 FH R o 5 — A
HEFC AR VIR R B R AR 7 # S
B2 W H i =15 o i A 2 A T R IXAEAE ) S o
BN o by b O Hh B IR W R B
F DL 2 AR AR D7 R I i % P BRI > =, 1 1
PRINT SR B r ) 3= 22 2 AN R U 1R 5 B0 5 A AR A
AN IR B ORI, AL 2 S AR P 7 5550 A
o, BB R R AR S B 2R B EEE
Fto BRACHE2 SACEES RIRAAENT S EEEEEE
FEAb, FLAR A AL B 8] SR B b SR A
SRABEZEMER. BRI LIEH, FAH
VDR R B R R W R e T R A
R i A B A S R A AN R, Ak B A (R R R
iy SR AR 0 B S BLE R N BE fS T PR S,
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Table 8 Effect of different spraying Se concentrations on

fat contents in various parts of seabuckthorn fruits

pCbFE)  wOREARHD  wB gD wORAST)D
yhsi Treatment Peel fat Seed fat Pulp fat
Treatment content/  content/ content/ content/

(mg-L") (g-100¢g"H (g-100g™" (g-100 g™
1(CK) 0 11.23+0.062 ¢ 13.71+£0.012¢  9.39+0.026 d
2 5 12.88+0.021 d 14.98+0.019 ¢ 10.77+0.022 ¢
3 10 14.76+0.018 b 17.21+0.037 b 11.82+0.022 b
4 20 16.65+£0.017 a 18.98+0.022a 13.06+0.015 a
5 50 13.61+£0.022 ¢ 14.23+£0.046 d  10.84+0.022 ¢
6 100 10.27+40.029 f 12.194+0.022 f  8.41+0.025 ¢
7 200 9.43+0.020 g 9.67+0.025 g  7.33+0.022 f

AbFE 4 J R R R RR S R e, AN
16.65.18.98.13.06 g- 100 g, 24 1% jii i & ¢ J&F >20
mg LG, A BRREAS I SR B PR R A IR T 5 &
TEUE R BE, MW 5 RN 100 mg - LI, b 3EAE
AR Bz P R i 7 S AR T R A

%9

AR T B R R AR B AR, R
9.43.9.67.7.33 g-100 g FHIL AT W, 33 & AR T
AT LA SR VD TR SR S5 %350 43 i 107 2 1 T ok » i it
A 0 2R ) 2 5 BOR B R, S S S5
=4 e
3.9 ERIEWEIRERSH

I FHASCER IR 53 (1) 7 92 R VA A [ Tt A R %o v
TR S % T bR IR 275 52 1R 5 H 3.2 W70, Al G 2R 0
YO S K 43 F BTG 0 35 R, OGBS L 2R
JRHEAE R CLRR AV A L 2 B8 L B S R
0 < I 07 SR AR 7 F 8 10 TUE SR AR AR AT 0
BUR 7 VP4 o BT ABIE 50 () & TS TR AR AR I 6 B
BRRE BB S SEUF , Bt DR JE A 6T A
10 TR #5347 1 3 WA B, B3 045 A5 B AL FEAE 350
0.1CHP 10%, F) o [A) I X 43 T F6 A5 152 B 4 AP 31ME
B 43 X 18], X6 B 2550475 100 3% 4 SR 453 53 18
(£,

FEHEHR T BB 5 K 5 %

Table 9 Assign the score table between the partitions of the average domain of different indicators

]T C X ‘El . A3 2y H bt 1 =} y =} r T
BARE EER srge  gm ORI ugm g meEn R
g Selenium Protein Vitamin C Total acid V! Flavonoid Peel fat Seed fat Pulp fat
partition sugar charide
25 0.0054~0.1162 0.848 1~1.115 6 114.7~132.6 6.67~7.28 4.70~5.93 3.51~3.78 88~112  9.43~11.23 9.67~11.99 7.33~8.76
50 0.116 3~0.227 0 1.115 7~1.383 1 132.7~150.5 7.29~7.89 5.94~7.16 3.79~4.05 113~136  11.24~13.04 12.00~14.32 8.77~10.19
75 0.228 0~0.337 8 1.383 2~1.650 6 150.6~168.4 7.90~8.50 7.17~8.39 4.06~4.32 137~160  13.05~14.85 14.33~16.65 10.20~11.62
100 0.3379~0.448 6 1.650 7~1.918 2 168.5~186.4 8.51~9.11 8.40~9.63 4.33~4.59 161~185 14.86~16.65 16.66~18.98 11.63~13.06

HI 3 9 & 45 b5 1 24 8 380K 73 X (] 1547 A
I7 Ak B R 50 b ol A 5% 2% AR A I 25 52 W pF
o G RRW], AR 4 1) 25 & 52 W0 VO 20 {E B3 s

NI

IEF]92.5 0, B IR iR AL AL FE 5 5 H 20 43, FF HO A

£z10

(CKO 143 43 B MK, T ORUE BH 118 76 22565 V0 i 2% 5
B UUE FRARPS A — € IR A G R, o A 45 R A
AR ELS, b A5 30 5 0w BT &K N 20
mg-L'(£10).

T B e AR R B 3 i AR SE R BUE FR MM 92 5=

Table 10 Evaluation table for evaluating the influence of different selenium concentration

on various indexes of seabuckthorn fruits

BIR X, WIIETERE X ZHEX

R Fro RA GAEIRIE I EM

% eiftment gﬁ;l/fn%r)r? 1;% fe)iy\:Xz i%g‘icc& To.tal Soluble Poly§ac- ﬁ‘fﬂﬂoﬁ el X TR Xe TR X Comprghensive impact
acid sugar charide Peel fat Seed fat Pulp fat evaluation score
1(CKD 25 75 25 50 25 25 25 25 50 50 37.5
2 25 75 50 25 25 25 75 50 75 75 50.0
3 25 100 100 25 25 50 100 75 100 100 70.0
4 25 100 100 100 100 100 100 100 100 100 92.5
5 50 75 100 100 50 50 100 75 50 75 72.5
6 75 50 75 100 50 25 75 25 50 50 57.5
7 100 25 75 50 25 25 25 25 25 25 40.0

T N FMEAT PR LD BROR SE R R BREC A PE AN 2B - M= Y X F, -

Note: Evaluation table for evaluating the influence of different selenium concentration on various indexes of Seabuckthorn fruits: M= ZX‘F‘ .
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TRZE T, TR H 43 DX Ay 38 5 1 B A1
N LA O 7= 8 A ™ i 1) E 2T L
NIz BN T3 Al 5 i 02 R Al v A
TRt AP v o 3Tt 2 450 4 T B R A0 SR K
P TR Tt 0 2 B 2050 7 240 5 A e D0 A B8 A DA 428
BRI O T S S MR Rl T RS R
JRSCEEAE 3B N T A A SR . A
LK 880 R =F- V0 A O & i A, BIE TR & AS
[F] A< 5% Na,SeOs b BP0 ok L S L 2 ot 4k AR 3R
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YA, BB A N T AR R
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7S EIA R T 6T BRI 83 %, {H 24 Ab T R B
1100 mg- L&, Vb R [RIRE Iy AR 58 L AR A
1405 v v SR IR 3 W B TS R R b
R SRR TS 04 5 7KK T 1 5 SR, 5 A AR R i
Tl 68 77 AR ABL 5 B Ok R DR 3 ol SR RS P T T G 110 f v %2
SRR N 100 mg - L. [\ I, 25 2 56 FloRg IX
RS B AT T e, LR e A
0.091 9 mg - kg, {K ¥ & A B 78 L 454 & & <0.1
mg - kg A ERAE g 1% X 3 9 T R
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R K LAA , Bt A BV BE AN W4 1, Dl SR sk
AR R S 4E AR 28 O R BR S TV 1 M 2 W 5 i3
SRR ) e Tt o R RS, RN 454 3.5
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39.08% , AbFE 4 1) = IR 1T & Bk £ 48.69 g- 100 g
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YRR 25 FHANE
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RN FEA [F) Tt B A -5 90 ek S sl 7 & SRS i
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L 5% 37 58T 3R == b M AT W T A, 7T 2582
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WIEHN20mg L',
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