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Effects of Foliar Spraying Selenium on Physiological Characteristics

and Grain Selenium Content of Waxy Corn
YANG Shu-tian, DU Tian—qing, ZHAI Hong—mei, LI Yu—hang, GONG Rui,
CUI Fu—zhu, SUN Min, GAO Zhi—giang
(College of Agriculture, Shanxi Agricultural University, Taigu 030801, China)

Abstract: The two—factor split—plot design method was used to a comparative study on the different physiologi-
cal indexes and grain selenium content of four main extension planting waxy maize varieties under five selenium lev-
els. The results showed that 60 g/ha spraying selenium level on waxy corn could not only increase the POD activity,
GSH content and reduce MDA content, but also effectively increase the chlorophyll content. Compared with Se0, the
content of selenium in the grain of four cultivars increased significantly at this concentration. There were significant
differences in the effects of variety, concentration and interaction on grain selenium content. The contribution of
each factor to the total variation was concentration > variety > interaction between variety and concentration. Com-
pared with respective Se( treatments, the grain average selenium contents of the four cultivars were increased
118.054 5, 139.317 9, 162.958 3 and 87.164 7 g/kg. Taking into account the physiological characteristics and grain
selenium content, CTN1965 and JN20 were selected as selenium—enriched varieties. The recommended leaf spray-
ing selenium concentrations of two varieties were 60—61.552 9 g/ha and 60-78.877 0 g/ha, respectively. Under the
thresholds of 61.552 9 g/ha and 78.877 0 g/ha, the average selenium content in grains could reach the safe upper
limit of 300 pg/kg.
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1.1 gt

T 2018 4F 5 ~ 8 H AE L PG Al KA VR ik
(114°58'E,38°56 N)i#EA T, a6 57 T LL PG 45 H s
J& 2T ML X, AR R K 451.9 mm, AR 28 K i
1 618.4 mm, AFF- 1SR 2 9.8°C, H AN % A
JFEAE 59 we/kg.
1.2 KIEHR

RS e T LU P 2 7 v Y 40 K

kR 18 KT 20 CRZEIRG 1965 35 HORG 41 1F Ry ik

Wbk, WFST e IE N VAT RREM (NaSeOs, 43 M4l
T 97%), A s G ARAG 4RAk 24 A FR BT 2
Feftt,
1.3 Rt

IR N FE X BT, FIX 48 oK
mn A KR 18(JN18). & A 20(IN20). # it ki 1965
(CTN1965) & Bk 41(JDN41); il X % 5 4~ K F
(L4l i) - 1 K XF B8 (CK, Se0) . Sel5(15 g/hm?) .
Se30 (30 g/hm?). Se60(60 g/hm?). Se120(120 g/hm?).,
20N HA A 3IRER . /DX 12 m*, FifE
ATH#E 60 em HRH 30 em B Bl 54 000 #/hm’,

20184F5 H 24 Hi%RN,8 H 29 H R, #Eniit
FHA IR A AR (K B 7 AR N-P,05-K,0=26-9-5,

FE41=40%)600 kg/hm*{E A ; W 13t 1%
AERE 300 keg/hm* VEIBAE , 38 AE J5 =R IR HEAE AL %
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TR AR 7 H 18 H R w\ 1 Z )
A8 H 3 H(fERr AT 3 YR M- Th TR , £ FH 15 7 8
T Bl 55 25 451 5 Wil AF Lz Ve B 11%) S ARG PR 44 (N anSe Os)
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SRS/ N X BRI
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s TR AE R T TR 7 d S, XS [ Ab EE 43531
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i ALY G (POD) I M 5 < SR AL B AWy 2%
PLAE20 s P51 OD420(420 nm 7 K R EE 5LOE %
(ARG IAE)HE I 0.1 (il 2k 14> POD TG M FA 115

A H IR (GSH) & 5 < >R —ai
T HEAE R (DTNB) 5 GSH {0, 7E 412 nm &0 5
it 8 AR B 1) OD A

I (MDA) F il 2 < R AR T L 2Rk .
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U AR 645,663 T IIOE(A
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F AU i, A TCP-MS (PR JEOHE & 25 B TR - %
)T 5 AT 7
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% FH Microsoft Excel 2013 #4738 40 32 , %
SPSS 23.0 #7152 M2 2% 1:(P<0.05) -4 T i 20 #r o
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POD {ifi P4 357 [t - T i G g 174) 398 o 222 S0 T o 1 i
TR R, H 3 7E Se60 4L B R POD 1% M 35 £l e K
i, 9 W & 5 T % B8 4b BH (P<0.05), JN18.JN20,
CTN1965 11 JDN41 i) POD 1% M it KA AR Ho X 1R Ak
PR3 545 5 42.2% (47.5% . 21.5%H140.4% . 1E Se60
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R B e K, o 21.5% 5 HiR S JDN41 5 IN20

EJNI8 BIJN20

L E ALY BERE P [u/(gemin)]
POD activity

Se0 Sel5s

N RERIIRE Be /N, N 7.6% . 1E Sel20 Kb R R ,JN20 .,
CTN1965 i POD i 434 i 2 = T H AW A~ i Fh L B
55 Se60 Zb HLF B — 2, X A b Fl 2 [5] POD 1 HEAS
EREES.

BCTN1965 QJDN41

a o a ab be cd

Se30 Se60

fifi ¢ & (z/hm?) Selenium concentration
AR NG SRR 28 5 35 (P<0.05) . TR,

Note: Different lowercase alphabets indicated significant differences at 0.05 level. The same below.
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Fig.1  Comparison of POD activity under the interaction of variety and concentration
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Reduced GSH content
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2.1.3 MLHEIAEE KRR B YA

E 345 R 7 Sel S AL BE R, IN18 4% &

GSH % 1 5 X B8 4k 3 46 b 43 5 42 =5 96.18%
191.08% .204.88%H1 136.52% , [%: IN18 4, Hifth 3 4>
i Pl GSH 5 5 35 M AACR 3035 10 Ko FE Rk
Sel20 4bBE T, 5 Se60 4L BEAH HL , 454 Fh GSH 75 b
TN T RS IN20 i A GSH 5 12 2 3% 5 X0 R
Ab

AW H IR A R AR5 2 [ T R
TS5 BIRARHLIR N ) Z R S AR RO, A —
FPAE & A5 BT S AT AR A e 21 240 Bh VR P i
I T T S 1% IV G R 4 3 YA (Se60) X 45 oK
GSH & i i inAa i A2 s VE o
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Se30 Se60
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Fig.2 Comparison of GSH content under the interaction of variety and concentration
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Fig.3 Comparison of MDA content under the interaction of variety and concentration

IN18 JDNAT K K Af MDA 5 i 25 [ - g g
il 2t A 5 i 2 e RS TR e 35, HLJN18 . JDN41
I7E Se60 AbHE T MDA & &3k fie/MEL, AH ] BE Ak
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12.51% ~ 16.71% , 435 2| . 3 7K F- 5 78 12 0 B il b
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Fig.4 Effects of variety and concentration interaction on chlorophyll
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HABWTAS G FE . 545 B %) IALBRAR EE , IN18 . JN20 .
CTN1965 Fll JDN41 f) ¥ ki il - 27 &5 & 43 51 32 =
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B CTN1965 J& & fifli GE 77 e ot 1Y) i A, LR 2 IN20,
2 TR A 2w 4R O Y IN18  JDN41, & ik
18.0115%7#159.8329% .,
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Table 1  Grain selenium content in different treatments combination of varietie and concentration
il 5 8 (grke) 225 B E
it 7R Selenium content P35 ik (g/kg) Significant difference
Treatment Average selenium content
I 1T 1 0.05 0.01
JN18 CK 52.543 6 57.844 9 56.638 1 55.6755 m N
Sel5 81.2652 88.267 7 78.1913 82.5747 kl KL
Se30 1159222 122.453 0 128.423 6 122.266 3 j J
Se60 206.858 4 195.2252 203.203 1 201.762 2 g G
Sel20 397917 1 408.279 1 4129172 406.371 1 ¢ C
JN20 CK 52.178 1 63.034 1 62.7255 59.3126 m N
Sel5 88.009 8 90.942 5 94.940 2 91.297 5 k K
Se30 142.616 0 134.795 0 144.874 0 140.761 7 i 1
Se60 227.1170 223.2380 240.724 3 230.359 8 f F
Sel20 471.799 0 466.705 0 475.758 4 471.420 8 b B
CTN1965 CK 74.800 7 69.824 1 76.899 0 73.8413 1 LM
Sel5 116.649 9 117.190 2 123.573 1 119.137 7 j J
Se30 162.153 8 168.585 1 173.059 2 167.9327 h H
Se60 301.458 2 303.618 1 311.116 0 305.397 4 e E
Sel20 508.7759 520.900 3 523.390 4 517.688 9 a A
JDN41 CK 61.865 0 66.555 0 56.300 1 61.573 4 m MN
Sel5 80.722 5 84.194 3 80.551 0 81.8226 kl KL
Se30 108.168 4 115.662 2 118.932 1 114.254 2 j J
Se60 153.734 5 166.603 9 163.693 0 161.343 8 h H
Sel20 318.369 8 325.698 0 330.021 1 324.696 3 D
T AREIR NG 5y BN 25 540 35 (P<0.01) LB 35 (P<0.05). T4l
Note: Different capital letter and lowercase alphabets indicate significant differences at 0.01 and 0.05 level. The same below.
®2 ZBHEZRKE
Table 2 Tests of between—subjects effects
78 SRR S5 A Fl H1 ¥ 5 FiE PH s Eta ¥y
Source of variation SS DF MS F-value P-value Partial Eta’®
R IEAR A 1 151 000.000 19 60 598.115 1 902.000 0.000 0.999
WO 2 154 035.737 1 2 154 035.737 67 610.000 0.000 0.999
O 63 462.662 21 154.221 663.937 0.000 0.980
Ab PV 1046 532.713 4 261 633.178 8211.000 0.000 0.999
Ak B I 41368.819 12 3 447.402 108.199 0.000 0.970
w2 1274.472 40 31.862
AR 3306 674.404 60
WAL Y AR 2 1 152 638.666 59

3P A BRI B 5 RO 3 i R R B
I T A A i 5, R R T A s A R L AR
[Fi) i B b B 2 () PR 1 12 1 dk 1 2 S il A k3
IR i TSR R B 120 g/hm® B, kL H il -

Y8 81K 430.044 3 we/kg, ZAE B T B (E R
FEEPREYDB64/T1221-2016 FRLE B E Al F Kb RIE
T A AS IR S5 T AN Rk K S Fae A b
TG ) (AL, DA TR o 1 oy 1 A8t X, FRAR F- 1)
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Table 3 Grain average selenium content under the single effect of variety and concentration

fh A T35 5 H (ng/kg)
Variety Average selenium content
JNI8 1737300 C
JN20 198.6305 B
CTN1965 236.799 6 A
JDN41 148.738 1 D

AL PR (o/hm?) TF-44) 2 ik (ng/kg)
Concentration Average selenium content
CK 62.6007 E
Sel5 93.708 1 D
Se30 136.303 7 C
Se60 2247158 B
Sel20 430.044 3 A

B AR Y, R B AT IS AR B LT
Jr
Yins=0.008X°+1.976 3X+54.228 R*=0.999 8
Yini=0.009 2X°+2.34X+58.189 R*=0.999 7
Yemios=—0.000 3X°+3.815 2X+66.301 R’=0.997 2
Yin=0.007 7X°+1.248 4X+63.033  R*=0.998 4
HRAE T B A ™ bR IE ) DB64/T1221-2016
HLE Bl 7E 40 ~ 300 wgrkg A E K K Bl E
Ko X b B ILE T BREAT RS, IN1S,
JN20 . CTN1965 F1 JDN4A1 AS[7] ft A i 1o s i v J3° 1)
FR & {E 20 91 4 90.892 4. 78.877 0. 61.552 9 Fil
112.187 4 ofhm’, 7EIZ WA e BE T, 4 4> &b A5z A
SEH SR AT A5 300 werkg (19 ERR

3 g

POD . GSH . MDA J& {{ 3R Al PR P avf v 1) 81 24
Rttt il EL A 3 A e R 3P TR A A
APV (R A 0 2 A R P AS T) R B s oK
FE KR B9 POD 76 ¥ , B IR MDA &5 & & 2 5 GSH &
I AHIESY KB, I TE B Se60 4b BEXT AR £
K POD it 5 GSH #5138 Ay B B AR JEVE T, 7
Se60 V& J& T 4 A~ At bt A M R, TR 1Y
I T AT P A R AR AR TR D9 i . XK
SIS B, AR i ] B2 R AR A o S Ak = )
MDA AR, SE LR 2, HFGR 2B, Rk s
(I RRG Ah BEX A MR AR K & B P A R s AR A, X
R RR BP0 AL BE 1 7= A il e, A it 5 v e
Se120 Ab B [FIAEXT IN18 Fll JDN41 P S Fh i I 2 48
T B — S TR A5, IN20 b o Fr | TG e J3E I 1
i 14 Sz Bl 5P A

W2 25 1 1o A A D EA T A2 NE S RE R I
FeA it HAG EEAE . — @ VR R N A EAS
PEEY R S a2 R I EY T RS AERY,
K bR AR A 5 WS it 4 R AT A4 1 R e %o
TG R AT H i B, 3 e it G T e 2 2 A A, AR A

PERARCH . AR AT Se60 e A FI T4
o o NU N R 5 - S IR UL BT UYL et =
G oK R0 7 8 2 AT ARG K A g
Fe o A BH AE AS [ i &b B 6H AR R K SRR RS 7 5
TFRLAM 5t () ST 2 B0, A B BN ]
W NGRS TS A IR A G N 0 S e BT U
I T Pl — A R P ST A T 7 VDA T B T A K
TR & AR i 2450 5 kAl BRI B
FEMRGERGE T8,

WFFE B, T IREANBE A IR, AEA oK
P T M T IV P TR A 775 VR R %2R 60 o/hm® ), NS R
I 4R ERE oK POD 16 M \GSH & i, B AIK MDA %
R A AL mOR ORI SRR S %k
JEE P T T MR A 0 e A oK I R (R B AT | BT
e E AL AR AR HE R X EREM AT . 60 g/hm’
F14) I T S RS 4 A b R AT £ H b .
Fofr e i P — o HLH AR X PRl 5 Y R e A A A
02 25 5, 25 PR30 2 S 1 D RS A BV BE >
b B b B BE o ARG Z5 4R R INTS L JN20,
CTN1965 Fl1 JDN41 /A [] ity Ffr i J807 W55 70 9k 5 ) °2¢ 4
4> 9 90.892 4. 78.877 0. 61.552 9 Fi
112.187 4 g/hm’, TELMIHIVR E T, 44> F A A~
P ik 300 perkg BRR . ZEA % B AR HURRME AN
RN F i, CTN1965 Fl JN20 1 A & il i A, 194
o o 4 A7 I T AT 0 1) R 60 ~ 61.552 9 g/hm® I
60 ~ 78.877 0 g/hm’, CTN1965 & #li HE 158 T JN20,
IN20 230 4 FRAE AR T CTN1965 , 754 7= ehffe | i
FEL R 28545 P A b o ) 7= i o S MR A TR IR
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