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Effects of foliar spraying selenium solution on selenium content, yield

and nutrition quality of pumpkin fruit

XIAO Xingzhong, YAN Niu, MA Chaoxi, ZHAO Yuling, CHEN Kun, LU Jiaojiao, LI Xiuqi, CHEN Li
(Henan Jiyuan Academy of Agricultural Sciences, Jiyuan 459002, Henan, China)

Abstract: In order to provide the best selenium enrichment scheme and theoretical basis for the safe production of seleni-
um rich pumpkins,the optimal spraying period and concentration were determined by studying the effects of foliar spray-
ing selenium solution at different stages on the selenium content, yield, quality and mineral element content of the pump-
kin fruits. In this paper, Olive Beibei No. 2 was used as the test material and the sodium selenite as the selenium source.
Three spraying periods (vines stage+female flowering stage, vines stage+fruit expansion stage, female flowering stage+
fruit expansion stage) and four concentration levels (0, 207, 321 and 723 pmol - L") were set up in the experiment of foli-
ar spraying selenium solution. The results showed that after spraying selenium fertilizer, the selenium content of pumpkin
fruits compared with CK increased significantly with the increase of selenium solution concentration and the seleniums in
pumpkin fruits were all organic.The selenium contents of pumpkin fruits which treated with the same concentration were
"female flowering stage + fruit expansion stage">"vines stage +fruit expansion stage" >"vines stage + female flowering
stage". It was found that spraying selenium solution on pumpkins leaves not only could improve the quality of individual
fruits, but also could increase the content of carotene, vitamin C, starch, soluble protein, soluble solids and soluble sugar
in pumpkin fruits at different degrees.But there was no significant impact on amino acid content after spraying selenium
solution. The impact of spraying selenium solution on the mineral element content of pumpkin fruit manifested in the in-
hibitory effect on the enrichment of Pb and Cd and the significant increase of the content of Fe and K. The content of Zn
and Cu is significantly reduced after applying an appropriate concentration of selenium solution, but the Na, Mg, and Ca
content had no change.By regression equations, the selenium content of pumpkin fruits met the selenium enrichment stan-
dard after spraying sodium selenite solution at 1-197 pmol - L' once in the female flowering stage and fruit expansion
stage respectively.

Key words : Pumpkin; Selenium; Yield; Nutrition quality; Mineral element
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R8T 2021 4 3—7 H LRI Fg 2 B 7 AR
o2 B 1 0 s M AT o % X B I T R X
S, R K R 650 mm A, SESF AR 14.3 °C,
TR 213.2 do BRI RN EE AL E 1A, AR 510 m?
(8.5 mX60m). iy +IE pH 7.6, LT A4S
B, FRED RN 172.1.4 g-kg', B %k % 2%
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#1 K
Table 1 Test Treatment

G BSR4
cCHli) Selenium fertilizer spraying times
W Selenium  {ipzly] 01 [z
Treatment concent/ Vine Female Fruit
(pmol-L")  extension flowering expansion
stage stage stage
T1 0(CK) 1 1 0
T2 0 0 1 1
T3 0 1 0 1
T4 207 1 1 0
TS 207 0 1 1
T6 207 1 0 1
T7 321 1 1 0
T8 321 0 1 1
T9 321 1 0 1
T10 723 1 1 0
T11 723 0 1 1
T12 723 1 0 1
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Table 2 Selenium content in fruits under different treatments

¢(Na,Se0s)/ w(fil§) Selenium concent/(mg-kg")

(pmol-L™) P1 P2 P3 *F-¥1{H Mean

0(CK) 0.008 80.000 7 aA 0.009 520.000 9 cC 0.008 5+0.002 4 cB 0.008 9+0.001 4 dC
207 0.018 7+0.008 6 aA 0.103 3£0.019 6 bBC 0.043 3£0.007 8 bcAB 0.055 120.039 4 ¢cBC
321 0.077 30.106 2 aA 0.140 3+0.063 6 bB 0.094 0+0.024 5 aA 0.103 9+0.069 2 bB
723 0.056 0£0.013 8 aA 0.380 0+0.090 0 aA 0.074 0+£0.028 6 abAB 0.170 0+0.164 8 aA
“FYJ{E Mean 0.040 2+0.054 2 bB 0.153 8+0.150 5 aA 0.055 0+0.037 6 bB

T [ — 0T B Jo AN R R /NS AR HIFRRAE 0.01 A10.05 /K1 E 257 5%

Note: Different lowercase letters in the same analysis data indicate significant difference among different treatments at 0.05 level, and different

capital letters in the same analysis data indicate significant difference among different treatments at 0.01 level.

Y-S5 R i A VR A %) 38 0T v s AN (R R
WEREEEES, H 321.723 umo- L' AbHE 5 CK 2
W 25 72 S o it B T A [ A EE P S8 PR MV T
AT DL 25 v i JTCAR S o (R 2 &

212 AR AT HNREAEZ N R
2% 2 WA, F TSR S v g 2 8 A8 300+ i R
S99 > i SR> A = LR 7, B
IR S Ab 3 A AT 3 <A o
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i SR 317 S ) 4 S T YA R OB CRO) [l 5 B 4
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Table 3 Regression models for different spraying periods

] L 2

. . R F P
Stage Regression equation
Pl 1=0.011+1.003 x 0.480 9.228 0.013
P2 1=9.47x107+6.22x10"x-1.08x10°x*+1.28%10°x’ 0.899 23.840 0.000
P3 1=8.5%107-1.77x10"x+2.19x10°x-2.51x10"x’ 0.809 11.269 0.003
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2.3 AEAIEXTRE R SE B RS20
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Table 4 Effects of different treatments on pumpkin yield and yield components

sl LR R B R 2 R R Feh

Treatment Mass per fruit/kg Fruit number per plant Yield per plant/kg Yield/(kg-hm?)

Tl 1.84+0.04 a 1.7840.19 a 3.2840.30 a 78 042.83+7 095.56 a
T2 1.93+0.03 a 1.9540.15 a 3.7740.23 a 89 860.53+5 603.30 a
T3 1.8440.05 a 1.92+0.04 a 3.53£0.05 a 84 082.64+1 245.76 a
Mean 1.87+0.06 bA 1.89+0.14 aA 3.53+0.29 bA 83 995.33+6 856.69 bA
T4 2.04+0.25 a 1.9940.09 a 4.07+0.58 a 96 929.71+13 786.61 a
T5 2.16+0.24 a 2.1240.26 a 4.61£0.99 a 109 842.67+23 650.91 a
T6 2.03£0.16 a 1.89+0.36 a 3.85+0.87 a 91 720.09+20 833.39 a
Mean 2.08+0.20 aA 2.00+0.24 aA 4.18+0.80 aA 99 497.49+19 004.10 aA
T7 1.96+0.13 a 1.91+0.26 a 3.73+£0.29 a 88 958.92+6 974.24 a
T8 2.00+0.21 a 2.1440.19 a 431+0.84 a 102 559.99420 178.76 a
T9 1.95+0.16 a 2.12+0.25a 4.13+0.56 a 98296.41+13 241.53 a
Mean 1.9740.15 abA 2.06+0.23 aA 4.06+0.59 abA 96 605.11x13 931.42 abA
T10 2.1240.14 a 1.93£0.15 a 4.08+0.06 a 97 247.98+1 452.67 a
T11 2.13+031 a 1.93£0.25 a 4.10+0.70 a 97 716.24+16 77333 a
T12 2.03£0.03 a 1.97£0.15 a 4.00+0.36 a 95271.75£8 515.11 a
Mean 2.09+0.18 aA 1.94+0.17 aA 4.06+0.40 abA 96 745.32+9 500.16 abA

= A= FUAN RN 7 B 2RO ) — R AN [ S I ST AR BEAE 0.05 7K1 2 3 i 25 5 ] — B A i) KNS 5 BERR R AN A e B 9 A 2L A Ak

P AMEAE 0.01.0.05 K FPEFEE. FMAE.

Note: Different small letters in the same column indicate significant difference among the same concentration and different spraying periods at

0.05 level; Different capital and small letters in the same column indicate significant difference among the means of different spraying periods at 0.01

and 0.05 level. The same below.
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Table 5 Analysis of variance (F-value) of concentration, spraying period, and their interaction
on pumpkin yield and constituent elements
[A & Factor HRJA & Single fruit mass  FLERREL Fruit number of single plant HRRFE & Yield per plant  FF & Yield
S 3.039 1.044 2.190 2.187
P 0.892 1.084 1.588 1.583
SxP 0.080 0.432 0.342 0.341
TR R0 IR ORAE 0.05.0.01 KPR R, .
Note: * indicates significant difference at 0.05 level; ** indicates significant difference at 0.01 level. The same below.
®6 TREIALIEERSERRMERAFM
Table 6 Effects of different treatments on the quality characters of pumpkin fruit
e w(B-HZ b3 wHEHEER © wEH) wCAVETEE D wCrTEMEREYD w8 wCrT TR
Treatment Beta-carotene Vitamin C content/ Starch content/ Soluble protein  Soluble solid Amino acid Soluble sugar
content /(mg-100 g") (mg-100 g™") % content/% content/% content/% content/%

Tl 0.67£0.05 b 24.46+4.38 a 2.76+0.50 a 0.30£0.03 b 12.44+0.84 a 0.5240.06 a 4.36+0.57 a
T2 0.97+0.08 a 19.20+1.00 a 2.654+0.65 a 0.44+0.04 a 10.29+£0.56 b 0.53£0.08 a 4.28+1.09 a
T3 0.68+0.04 b 21.69+2.24 a 3.03+1.04 a 0.3240.03 b 11.60+0.87 a 0.54+0.08 a 4.4240.19 a
Mean 0.77+0.15 bB 21.7843.39 ¢cB 2.8140.68 bB  0.35+0.07 cB 11.44+1.15bB 0.53+0.06 aA 4.35+0.63 bB
T4 0.92+0.08 a 31.01+6.60 a 2.72+0.76 a 0.54+0.07 ab 11.27+0.15b 0.57+0.12 a 5.72+0.10 a
T5 1.42+0.34 a 21.71£2.16 a 3.92+0.78 a 0.73£0.17 a 12.83£1.16 a 0.53+£0.06 a 5.46+0.79 a
T6 0.71£0.19 a 28.31+1.59a 2.5840.50 a 0.39£0.07 b 11.77+0.55 ab 0.57+0.12 a 5.53£1.43 a
Mean 1.02+0.37 aAB 27.01+£5.46 bB 3.07+0.88 bB  0.55+0.18 bB 11.95+0.95 bB 0.55+0.09 aA 5.57+0.83 aAB
T7 0.94£0.15b 24.82+3.16 a 4.40+1.31 a 0.59+0.14 a 12.47£0.85 a 0.60+0.12 a 5.68+0.66 a
T8 1.47£0.29 a 23.91+4.20 a 5.74+1.32 a 0.93+0.21 a 14.07£0.72 a 0.65+£0.07 a 5.83£0.57 a
T9 0.80£0.19 b 31.52+¢7.11 a 4.64£1.02 a 0.80+0.18 a 13.63£0.32 a 0.47+0.04 a 6.07+0.74 a
Mean 1.07+£0.36 aA 26.75+5.70 bB 4.93+1.23aA  0.77£0.21 aA 13.39£0.92 aA 0.57£0.11 aA 5.86+0.60 aA
T10 0.97£0.22 b 36.50+£3.42 a 3.77+0.75 b 0.51£0.17 b 12.66+1.04 a 0.47+£0.19 a 4.79+0.56 a
T11 1.50£0.21 a 27.63+5.84 b 6.17+0.44 a 1.07£0.29 a 15.27+0.86 a 0.45+0.07 a 6.51+1.56 a
T12 0.82£0.22 b 37.12+1.81a 4.32+0.70 b 0.65+0.10 ab 13.60+1.20 a 0.55+0.13 a 6.00+£1.65 a
Mean 1.10+£0.36 aA 33.75+5.78 aA 4.75+1.22 aA  0.74£0.31 aAB  13.84+1.46 aA 0.49£0.13 aA 5.77+£1.40 aA
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Table 7 Analysis of variance (F-value) of the effects of concentration, spraying period, and their interaction

on pumpkin fruit quality traits

- SR ORERCER - VAR AR EEERY SR 'ERSE RS R
Fact\or Beta-carotene Vitamin C Starch content Soluble protein Soluble solid Amino acid Soluble sugar
content content content content content content
S 4.805* 12.636%** 13.473%%* 14.275%%* 18.073** 1.045 4.453*
P 27.542%* 9.316%** 6.068** 13.958** 3.791* 0.022 0.567
SxP 0.739 1.272 1.274 1.801 5.296%* 1.118 0.660

+ 85 -



X & HF 5T

hoOE L

374

#=8 AEAEMNENRSE Ph.CdFEELESENZNN
Table 8 Effects of different treatments on the content of
Pb, Cd and other heavy metals in pumpkin fruits

(mg-kg")

w(fiHD
As
content

w(K)
Hg
content

Ab

Treatment

wE

Pb content

wE)
Cd content

T1 0.050 0+£0.0000b - - -
T2 0.100 0+0.0200a  0.003 3+0.005 8 a - -
T3 0.076 7£0.0153a  0.006 7+0.005 8 a - -
0.075 6+0.025 1 aA 0.003 5+0.0019 - -
T4 - - - -
T5 - - - -
T6 0.030 0+£0.026 5a - - -
0.010 0£0.020 0 bB - - -
T7 - - - -
T8 - - - -
T9 - - - -

Mean

Mean

Mean - - - -
T10 - - - -
T11 - - - -
T12 - - - -

Mean - - - -

=R AR ONTIORERH R
Note: - indicates heavy metal cannot be determined under this

detection method.

Pb.Cd & #4378 0.075 6 A1 0.003 5 mg - kg, 321
723 pmol - L' 4 # ¥ K £ W H Pb. Cd;
207 pmol - L' &b P R 4Gl HY Cd, Pb & &N

0.010 0 mg-kg', & #H (KT CK. LL LR RFAHE

VR EERP AL FE0T 1 AR S Pb.Cd 14 SRAT H0RE
T Ay BT a SRR B (3R 90, il RIKR FE X Pb.Cd

R I8 A AW S 2 SR T 5 T I R R R < it

31722 B AR Pb & 8 R 3 0, X Cd &

B AR

®9 RE MERAARERZEERAXFEIRSE Pb.Cd F

EERSEFMNAESH(FE)

Table 9 Analysis of variance (F-value)of the effects of
concentration, spraying period, and their interaction on
the content of heavy metals such as Pb and Cd
in pumpkin fruits

HE e WaE  keR  WaR
Factor Pb content Cdcontent  Hgcontent As content
S 102.531%%* 31.934%* - -

P 6.180%* 1.101 - -

SxP 5.894%* 1.101 - -

242 ARAAEMHNRELCT RAESEHN
#eh HE 10 AT, KR E R e TR S &
K>Ca>Mg>Na>Fe>Zn>Cu ; A~ [F] W5 it I SRR ik 22 &5
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Table 10 Effects of different treatments on the contents of mineral elements in pumpkin fruits (mg-kg")
Qb wEE) wH) w8 w6 w w(5) w4
Treatment  Zn content Cu content Fe content Mg content Na content Ca content K content
T1 6.18+0.48 a 2.27+0.33 a 48.39+2.57 a 140.50+£31.95a  122.97+46.54a  329.83+10.96a  2033.33+222.10a
T2 7.56+0.60 a 2.40+0.66 a 44.82+10.22a  117.53%9.14a 94.32+14.96 ab 272.07+42.77a  2205.00+183.61 a
T3 6.89+1.13 a 1.9840.09 a 48.06+5.24 a 141.00+23.54 a 91.77£10.73b  363.90+117.64a 1936.67+124.80 a
Mean 6.88+£0.91 aA 2.2240.42 aA 47.09£6.13bB  133.01423.44 aA 103.02+17.91 aA 321.93£74.59 aA 2 058.33+196.23 bA
T4 4.19+1.52a 1.99+0.61 a 5487522 a 130.90+£21.65a  104.00£20.80a 289.83+87.12ab 2 307.00+85.42 ab
T5 4.60+0.78 a 1.67£0.25 a 60.42+3.02 a 131.17£19.86a  105.23£13.10a  240.37+10.88b 2 137.33+£202.08 b
T6 5.86£1.77 a 1.99+0.16 a 54.82+1.61 a 137.70+36.16 a 94.23+22.84a 358.53+35.56a  2316.33t148.14a
Mean 4.88+1.44 bB 1.89+0.37 bAB  56.70+4.18 aA  133.26+23.53 aA 101.16+17.57 aA 296.24+69.89 aA 2 253.56+158.53 aA
T7 5.68£1.72 a 1.84+0.22 a 56.10£5.91 a 110.23+18.90a  105.93+15.79a 364.03+195.75a 2275.00+341.86 a
T8 5.10£1.02 a 1.57£0.14 a 60.81£5.28 a 122.57+¢31.77a  113.60+24.53 a  385.27+179.60a 2 326.33+288.90 a
T9 6.92+1.40 a 1.75£0.23 a 54.74+10.11a  131.67+24.05a  100.20+12.31a 327.93+132.76 a 2 243.33+129.07 a
Mean 5.90+1.46 abAB  1.72+0.21 bB 57.21£6.99 aA  121.49+23.94 aA 106.58+16.87 aA 359.08+150.60 aA 2 281.56+235.72 aA
T10 5.06£1.07 a 2.06+0.39 a 57.44£3.99 a 116.774£13.92a  105.23+11.36a  290.27+130.53 a 2 450.67+124.13 a
TI1 5.07+1.44 a 1.82£0.23 a 61.27+4.04 a 111.83£24.02a  107.03£27.25a 382.87+146.83a 2 302.33+£266.94 a
T12 5.9540.50 a 2.01+0.18 a 57.67£6.12 a 121.70+11.61a  102.94+19.56 a 349.43+197.21a 2214.33+188.23 a
Mean 536+1.03bAB  1.97£0.27 abAB 58.79+4.57 aA  116.77£15.64 aA 105.07+17.80 aA 340.86+144.99 aA 2 322.44+203.04 aA
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Table 11  Analysis of variance ( F-value) of the effects of concentration, spraying period, and their interaction on the

content of mineral elements in pumpkin fruits

(S S B e PR B R E R B R e
Factor Zn content Cu content Fe content Mg content Na content Ca content K content
S 4.475% 4.162* 6.832%* 1.050 0.150 0.382 3.000

P 2.770 1.032 0.866 0.794 1.366 0.221 0.616
SxP 0.678 0.926 0.491 0.300 0.688 0.438 0.878

F, XF Mg Na.Ca Al K 4" i 7o 2 & B R 35 A
S 2 5 T T o 3P R <7 AR P < v it P 3 22 HLAE FH
ST TR G R & 0 A R

3 W4

3.1 AEBEAE A X RAEM R LI & 2RI 0

T LA T ALAT R 73 B A A LA, 25
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