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Abstract: This study was designed to investigate the effects of exogenous melatonin (MT) and selenium (Se) on the
physiological properties and antioxidant systems of chilies under high temperature stress. Using heat-resistant line R9 and cul-
tivated variety Huaihong No.1 as test materials, different contents of melatonin and Na,SeO; were applied during the 6-7 true
leaf stage. Pollen vitality, heat damage index, relative conductivity of leaves, activities of antioxidant enzymes (SOD, POD,
APX) , and MDA content were measured during the flowering period with ordinary temperature water treatment ( CK1) and
high temperature water treatment (CK2) as controls. The plant traits, fruit traits, as well as the fresh and dry weight of the

aboveground parts and fruits were measured during the fruit

WS EL B . 2023-04-12 ripening period. The results showed that under high
ESTE L hid R R TR A 405 H (HNY201906) ;7T temperature stress, single application of 0. 6 mg/kg
SRR BB 35 H [ JBGS(2021)065] Na,Se0, treatment, single application of 150 pmol/L me-
VEBEN IR (1996-) , 4, ITHIT A, i+ BFsese s i, 15 latonin, combined application of 0.6 mg/kg Na, SeO, and
MR I E FIF5E, ( E-mail ) xuelianzhang2022 @ 150 pmol/L melatonin could significantly reduce plasma
163.com membrane permeability, increase pollen germination rate,

BIEE . D TENE, (E-mail) 498782025@ qq.com antioxidant enzyme activity, chlorophyll content, fruit yield
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and dry matter accumulation. The combined application of 0.6 mg/kg Na,SeO; and 150 wmol/L melatonin had the best effect.

This study can provide theoretical basis and technical reference for the application of selenium and melatonin in plant resist-

ance to high temperature stress.
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Table 1 Leaf traits of different chili varieties (lines) and soil temperature under high temperature stress

i DR NYEEN RN e AR R S MR IR W i TR
(MmAR) (mm?) (mm) (mm) (mm) (mg/ml) (1x) - (C)
R9 5 493.79+44.16 333.73+26.05 110.13+£3.40 72.70+4.08 52.92+0.53 1 153.75+205.33 RHS2015Fan3 139A  30.60+0.24

ELL—5  6491.88+164.50 356.19+11.19  144.47+9.17*

67.11+8.49 ™

48.14£0.18 ™ 2 406.25+365.61 ™ RHS2015Fan3 135A  32.10+£0.48 "

* FURTE 0.05 K FZEFBE,; * FORTE 001 KFZEFREIE,; ™ FR1E 0.001 K TS BE, RHS2015Fan3 139A F RHS2015Fan3 135A 4 The Royal

Horticultural Society’s Colour Chart #7ifE (o AR,

22 SMNEHREZFEIIX S iRANE TEMIAE IS ER
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12 2 AT, e T AR R A LT — S A
FRECES & Tt E s R R9, MUt Na, SeO, 1) 4k B v,
X0. 6 4-3H R9 FIIfELT— 5 M AEFe £ AR, H. X0. 6 &b
PRAELT—SIVEFERE T RO, Pl B R phb B

T150 403 RO FIIELT— 5 AFFa 85w /1L, H. T150 b2
WL —SIEIREE T RO, A S ilbha T, X0. 6+
T100 403 RO FIHELL —5- AFHEEEAR, A X0. 6+
T100 403 RO P EFS LT X0. 6 AbFEFI T150 AbFH,
X0. 6+T100 AbFRUELT — S FEFFELLT X0. 6 ALFEFN
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Fig.1 Leaf morphology of different chili varieties (lines)

F2 AEEZEMSMNEHRB R Na,SeO, 31 5iRMNE THAUAEIREN

0]
Table 2 Effects of different contents of exogenous melatonin and Na,
SeO; on the heat damage index of chili peppers under high

temperature stress

A (R ) b PEREL

R9 CK1 0
CK2 66.7
X0.3 66.7
X0.6 16.7
X0.9 250
X1.2 583
T50 50.0
T100 334
T150 16.7
T200 416
X0.3+T50 41.6
X0.6+T100 8.3
X0.9+T150 334
X1.24+T200 50.0

L —5 CK1 0
CK2 833
X0.3 66.7
X0.6 334
X0.9 41.6
X1.2 75.0
T50 66.7
T100 75.0
T150 41.6
T200 66.7
X0.3+T50 66.7
X0.6+T100 25.0
X0.9+T150 66.7
X1.2+T200 75.0

CK1 . H 87K AL EE ; CK2 ., Rl i 7K Ab P 5 X0.3:0.3 mg/kg Na,SeO; ;X0.6;
0.6 mg/kg Na,Se0;;X0.9:0.9 mg/kg Na,SeO;;X1.2:1.2 mg/kg Na,SeOs;
T50:50 wmol/LAE 225, T100; 100 wmol/LAR BB 25, T150; 150 pwmol/ LAR B
% ,T200:200 wmol/ AR

23 SMEAEEZEF Na,SeO, 3 HiBHME TEHIEHE
WAl

HE 2 R, CKL UL —S AER B K R M i 3
=T RO (P<0.01), =il , B Na,SeO, AL 7
1 X0.6 KbBRAY 2 BT FR (5 R ) AERy i & R
TR 2 a7 3 B M1 X0.9 AbFELT — S AE M B & R
W BEE T R (P<0.01) ;X0.6 AbFEIELT — 5 46Ky il
RHRE RO LFEZEF(P>0.05) , B AR 2 1 kb B
1 T150 AbBE RO FIELT — 5 AUAEN B & R d5 =5 T100
SEFRE 21— 5 () A6 B B & A 2 S T R9 (P<
0.01), EEMHAT ,X0.6+T100 ZbFE RO FNfELr—E4E
AL S ST

24 SMEAEEZEFD Na,SeO, 31 HiRHME TEHAT H 18
PR AN

MR 52 30 B i s, 40 A 38l R A ik
HLAR AN  H A S IR SR R R, A 3
AIN,CK1 Y RO M Fr AR FL o i . I T —
(P<0.001) , i Na,SeO, iYL H, X0.6 ZbHH R9 FlI
WELL—5 I A L S8 A A1, BV 32 381 o et ) 1 35 o
/N, AR TR R AL B T150 403 RO AL —S0t
F R L SR ARG, ELELT— 5 ARG H 3 e
FET R (P<0.01), fiPia T, X0.6+T100 4b 2 2
AR (R ) I B A S R R AR, 25
F IR G Na,SeO, FIHREEZ LL Ll Na,SeO, S hl &
EYYE UILER
2.5 SMNEHEEZEN Na,SeO, X &iBANE TEHHITEL
REMA _ESENFN

FH3E 3 A%, CK1 4 R9 MDA & il i Bk T
415 (P<0.001) ,R9 SOD P& A% o E K T —
5(P<0.01) , HJifi Na,SeO, FIAL BT, X0.6 AL B 2
ANBRHULFT SOD POD APX BEHE P f s, MDA &5
%, X0.6 AbFEELT—5 SOD B IEVEN W2 5 T RO
(P<0.001) ,#ELL—"5 POD BETEPEN B LT RO (P<
0.001) , Huirl B2 AAEFEH | T150 4FE RO 1Y SOD
POD BFH VR, T MDA & B ik, T150 b FRELT
—5 SOD .POD &M R E LT R9 (P<0.001), ¥k
21— MDA &8 B35 T R9 (P<0.01), =i
T, X0.6+T100 203 2 D HHLHF SOD . POD APX Tifi
TEPERARR, 1M MDA & 55K, X0.6+T100 &b FHifE
£1—5 POD BTSN B KT RO (P<0.000 1) LT
—5 APX BEMI ST R9 (P<0.01),
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F)TE0.01 KFFEF T ; s FORFE—LLHARE SR (TR ) 7E 0.001 KFZEFBE,
B2 AEEEN Na,Se0;(A) FEEZE(B) Na,SeO,FIHEEER AR (C) X & iRMHE TEHMIEMIE L ZHIZN

Fig.2 Effects of different contents of Na,SeO; (A), melatonin (B), Na,SeO; and melatonin mixed solution (C) on the germination rate of chili

pollen under high temperature stress
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Fig.3 Effects of different contents of Na,SeO; (A), melatonin (B), Na,SeO; and melatonin mixed solution (C) on the relative conductivity of

pepper leaves under high temperature stress

2.6 SMEHREZEFN Na,SeO, ¥ 5B HHE TERHUKE
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H%% 4 A4, CK1 () RO M4 £ S B &5 T
HELL—5(P<0.001) o e LI 38 XA A AR (L R )
RERE AR S K, 5 CK1L L — 5 M L,
CK2 MM 21 — 5 #k v BRIR 43 0 38 fn 1 15.19%
61. 11% R4 R | As S E i 2% 25 5 5t 43l B
KT 23.77% 27.08% .57. 14% F1 4.01%, 5 CK1 1y
RO L, CK2 % RO Fk &  BRIE 73 513G 0 T 6. 24%
32.50% , 250 R R AL AR TSR R S A
BIREAR T 22.22% ., 21.95% ., 10.87% ., 33.33% I
47.65%., XO0.6 KbHE WELT— SRR B & & T RO(P<
0.05) , MELL—5 MR F i B E (LT R9 (P<0.05),
X0. 6 ZLFHAY R FE & IR IE L CK2 14 RO 437 B A%
T 15.17%F1 25. 73% , 2540 R T8 A S5k = A

Mok R A CK2 B9 RO 7 4R 7 T 28.57% .,
14. 58% 14. 63% 25. 00%H1 6. 50%, [F]Mf X0. 6 &b
FRITELT— SRR AR I L CK2 AT 21— 523 SRR A
T 12.09%F1 12. 59% R H T8 AR BR T4t =
T b CK2 M UE L — 5 40 5l T 18.28% .
34.29% .100. 00% i1 90. 08%, T150 AbBH RO H K
T —5 (P<0.001) ,H G E S EEFST
LT —5 (P<0.05) , T150 Kb Ff Y RO #k v FRR I LE
CK2 ) RO B T 17. 949%F1 19. 38% , A SR At
SR G CK2 B9 R9 435 EF T 22.92% 2. 44%Fil
7.87%, T150 AbFRAGHELT — 54k & ARk IR L CK2 /)
WELT —S43 BIFEAR T 13. 66% 1 10. 34% , 2£H] 5% |
AR SRR ISR SR L CK2 13ELT— 520 1 BT
T 12.50% 25. 71% .100. 00%#1 87. 30% , X0. 6+T100
AEPEUELT —5 BRI 0 35 % T R9 (P<0.01), XO0.6+
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T100 ZbFEIY) RO & = FIRE B L CK2 1 RO 4351l B A%
T 13.54%F1 29. 16% , ZEHH R4 A58 | A SRk =
Mok S L CK2 /9 RO 4 W38 i T 28.57%
36.46% 2. 44% 25.00%F1 17. 72%., [alH} X0. 6+T100

ARER LT — 5 B AR i ARR IR EE CK2 BfELL— 54
WIREAR T 10. 99% 1 13. 45% , ok 5% Ak BRI
M2 RS CK2 FIIELL— 54338 i T 21, 51%
51. 43% 66. 67%1 81. 34%

£ 3 AEAES=HREZREM Na,Se0, 3T 5 iRAE THHM SOD . POD APX BEEMA _BSE2HFM
Table 3 Effects of different contents of melatonin and Na,SeO; on the activities of SOD, POD and APX and malondialdehyde content in chili

under high temperature stress

SOD TGP POD TG APX TG MDA & &
(=} (=} ES I\IE
ARG R) . (U/g) (U/g) (U/g) (nmol/g)
R9 CK1 68.29+0.61 2 232.42+38.80 7.40+0.35 24.13+0.41
el —5 104.41+4.47* 1 471.89+87.31 *** 7.90+0.68 32.66+0.68 ***
R9 CK2 24.58+1.02 4 613.69+38.79 3.07+0.10 26.07+1.13
e —5 67.47+0.90 *** 956.92+71.03 *** 3.98+0.15 30.32+0.66
R9 X0.3 48.23+0.31 6 906.81+71.95 6.86+0.22 13.27+0.64
Hegl—5 94.74+0.08 *** 1 796.59+101.93 *** 6.20+0.77 8.05+0.57 **
R9 X0.6 54.77+0.93 6 983.00+61.80 9.11+0.48 10.16+0.66
Hegl—5 106.06+0.47 ** 2 127.57+27.28 9.80+0.62 6.36+0.50
R9 X0.9 41.55+0.81 4 637.72+40.01 9.93+0.66 18.14+0.65
e —5 23.23+0.47 ** 1 114.97+56.70 *** 7.70£0.22 ** 9.52+1.18 *
R9 X1.2 34.28+0.67 1 878.45+60.54 8.26+0.30 22.32+0.52
Hegr—5 35.04x1.00 851.43+17.21 ** 8.47+0.28 14.31£0.50 ***
R9 T50 36.41+0.58 4 544.75+41.58 6.07+0.09 21.67+0.85
e —5 7.48+0.40 *** 519.44+21.28 *** 6.35+0.33 15.35£1.50 ™
R9 T100 58.03+1.35 3 143.58+47.62 6.29+0.43 16.32+0.95
e —5 8.14+0.19 *** 1 046.47+56.77 ** 7.67+0.21 * 16.90£0.51
R9 T150 86.42+0.76 5109.67+89.16 7.41£0.40 10.95+0.23
s —5 8.32+0.16 *** 4 118.04+82.83 *** 8.57+0.76 12.38+0.80 **
R9 T200 45.43+0.86 3 087.77+86.68 7.70+0.30 12.28+0.50
el —5 24.37+0.46 *** 2 457.82+68.91 ™ 6.31+0.30* 18.10+0.63 ™
R9 X0.3+T50 43.90+0.56 3 842.03+74.22 11.23+1.41 14.58+1.13
el —5 54.89+0.75 *** 3 942.50+49.24 9.80+0.29 16.10+0.63
R9 X0.6+T100 70.30+0.73 4 853.64+73.03 11.33+0.54 7.79+0.56
Heer—% 69.7120.65 3 331.92+51.68 *** 15.67+1.26 ™ 7.09+0.27
R9 X0.9+T150 63.23+0.60 4 861.99+56.84 11.76+0.20 9.31x1.26
Hegl—5 67.08+0.36 *** 2 246.00+52.39 *** 11.12+0.72 10.00+0.68
R9 X1.2+T200 55.26+0.70 3 224.91+52.56 9.80+0.29 14.94+1.05
e —% 54.39+0.71 2 159.48+60.50 *** 7.87+0.35* 19.20+0.36 **

CK1,CK2,X0.3,X0.6.X0.9 . X1.2,T50 T100,T150,T200 W3 2, * Z&7n [R—AbHUR ] i B (5 ) 7 0.05 /K- 22 55 8 3%, ™ Fon il —Ab BUAR [R]
SR (R ) TE 0.01 KPR 3, Fom n— A BUR R B0 (5 5 ) 76 0.001 K225 3,

2.7 SME#EEZEF Na,SeO, Xf
g

2 5 A[ 0 CK1 A9 RO iy | #R 4 fif i g SR 5k
fief o 8 R T IO B e TR LD — %5 (P<0.001)
CK1 %) RO My 35543+ o i i 8 (IR T4 — 5
(P<0.001), CK1 [UELT— 5 Hb b 3545 ff o & Lt

R T R R A%

=38

= )
=] /m

B THRBA

RO FEAK T 53.94% ,CK1 WL —5 b I &6 4r + i
AL RO #9H0 T 150. 00% , Ui I E 2T — 5 #h - 3F
S KEART RO, Hifka — S TYHRM R ERE T
R9, CKI1 [ELL —5 B SCEE & . RO H k& B AIX
T 22.33%(P<0.001) , F:3C 1 i 2 b RO # f 35 F%
iK1 54.44% (P<0.001) , PLBHHELL — S 2R 92 E K i
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=T R9, CK2 MYUELL—5 Hb [ &R 536 i & L RO #
WETFET 21.86% (P<0.001) , 3y 35T i &
FETFIHET 20.00%( P<0.05) , CK2 BYHELT— 5 55t
fif S RO W N T 72. 46% (P<0.001) , R
SCT A e RO M W2 1S N T 20. 00% (P<0.01)
CK2 FYTELT —5- Ml b3R5 it | R S ok SRS
T KT CK1, U B & I W38 X6 UL 7K 43 B
T R R e K, A I P R PR R R
Na,SeO,, A] DL A 250 48 w5 AR A T 38 Pk, B i

Na,SeO, FAL B, X0. 6 ZbHH RO FIELT — 5 Ay SR8
R R T B K, XO. 6 AR RO FHELL — S
JS e B He CK2 AR B Zr SN B T 11, 1%,
11.48% . HUifidR R R WAL EE T150 4b B A HELL
— 5 M S b S TR A SR S e R
RS R # f K, T150 Kb BE RO SR S fif
i RS T R A Bl R, FE SR IPME TR, X0. 6+
T100 4b B ELT — 5 F1 RO L 52 F Joft e i1 60 I+ de
K,

R4 FRESERBEMN Na,Se0, X1 HiRAMME THMIBHR MR R STH 200

Table 4 Effects of different contents of melatonin and Na,SeO; on plant traits and fruits of chili under high temperature stress

SRR At i e o AL A e TR
R9 CK1 57.70+5.50 44.00+1.73 0.90+0.05 12.30£1.15 4.60+0.40 6.001.15 52.92+0.53
gL — 55.30+1.20 36.00+4.00*  0.80+0.10 12.20£2.50 4.80+0.30 7.00£1.20 48.14+0.18 ***
R9 CK2 61.30+6.35 58.30+4.73 0.70+0.06 9.60+2.30 4.10+0.96 4.00+0.00 50.8+2.90
e —5 63.70+2.30 58.00+5.20 0.80+0 9.30+1.50 3.50%1.30 3.00+1.20 25.20+3.60 "
R9 X0.3 65.70+7.09 47.70£3.79 0.90+0.08 10.00£1.00 3.4020.51 3.000.58 50.5+1.60
Mg —5 63.30+3.51 56.70+4.04*  0.80+0.08 7.80£0.76"  3.40+1.00 4.00+1.00 32.60+3.71 %
R9 X0.6 52.00+3.61 43.30+4.16 0.90+0.06 11.00£1.00 4.70+0.58 5.00£0.58 54.10£2.77
gL —5 56.00+3.00 50.70+1.50*  0.80+0.10 11.00+1.00 4.70+0.40 6.00+1.00 47.90+1.10*
R9 X0.9 64.30+3.51 46.3+14.50 0.80+0.14 10.80+1.25 3.80+0.53 3.00+0.58 52.60+10.74
L —5 60.7+2.08 58.00+2.00 0.80+0.03 8.00£0.50*  3.80+0.25 3.001.53 36.402.17
R9 X1.2 75.00+4.58 51.20+5.97 0.70+0.36 6.20+3.88 8.50+0.30 3.00+1.53 45.80+6.80
e —5 63.70+5.13*  55.30+3.06 0.80+0.03 7.90+0.31 3.300.42 2.00+0.58 33.70£2.71*
R9 T50 66.00+3.61 54.70+1.15 0.80+0.08 11.50+0.87 3.700.58 3.0020.58 43.30£0.95
Mg —5 65.30+2.50 57.30+4.70 0.80+0.00 7.50+0.40 3.40+0.40 3.00+1.20 34.00+1.70 **
R9 T100 57.70+4.51 52.00£7.21 0.800.06 11.70£0.29 4.30£0.25 4.00£1.15 51.40£5.72
e —5 65.30+3.51 59.0+1.73 0.80+0.03 7.00£0.45 " 4.10+0.36 5.00=1.00 38.30+1.50
R9 T150 50.30+1.53 47.00+4.36 0.70+0.22 11.80+0.29 4.20+0.64 4.00+0.58 54.8+3.68
e —5 55.00+4.00 52.00+3.61 0.90+0.05 8.30£0.29**  4.40+0.53 6.00+0.58 * 47.20+2.01 "
R9 T200 63.30+1.53 61.70+2.89 0.70+0.15 10.50+2.60 3.10+0.81 3.00+0.58 47.70£5.51
L —5 62.30+3.06 58.00+3.00 0.80+0.03 7.60+0.46 3.80+0.68 5.00+0.58 * 42.6+0.76
R9 X0.3+T50 55.30+3.06 50.20+3.33 0.90+0.01 13.10£1.10 3.30x1.15 3.00=1.00 51.8+3.84
Mg —5 61.70+2.89 58.30+2.08"  0.70£0.07*  11.10£0.51*  4.20+0.76 3.00+1.53 43.40+1.33
R9 X0.6+T100  53.00+3.61 41.30£1.15 0.90+0.07 13.10£2.29 4.20+0.75 5.00+0.58 59.80+6.50
Mg —5 56.70+2.56 50.20£2.75*  0.80+0.10 11.301.15 5.30+0.58 5.00+1.53 45.70£2.08
R9 X0.9+T150  58.00+1.00 47.30£2.31 0.80+0.07 10.90+2.61 3.50+0.87 3.00+0.58 46.10+4.71
L —5 72.70+4.16 ™ 54.3+3.51* 0.80+0.04 8.70+2.08 4.60+0.51 4.00+2.52 45.50+4.87
R9 X1.24T200  64.70+2.52 51.70£3.21 0.80+0.10 9.30+0.76 3.300.58 2.00+1.73 43.50+2.1
L —5 73.7£1.53*  60.00£1.00*  0.60+0.19 8.10+0.90 3.50+0.50 3.00+0.58 43.60+2.63

CK1.CK2.X0.3.X0.6.X0.9 . X1.2 . T50  T100.T150 , T200 WL 2, * F/R[E—Ab PR TE & A (5 &) 76 0.05 K- 5 B2, ™ FoRFl— 4 HAFE
A (TR ) TE 0.01 KFEZER B, ™ FORFE— AT AN (5 R) 7E 0.001 KFEEREBE,



1736 H K&k 2% W]

2023 4 55 39 % 8

x5 FEIESEWREZR Na,SeO, M RIME T HMA B &L TH RR R0

Table 5 Effects of different contents of melatonin and Na,SeO; on the accumulation of dry matter in different parts of chili under high tem-

perature stress

- Hb L5 436 o o B2 117 e I T SRS i T A LT i
A Kb 3
(ke) (kg) (ke) (kg)

R9 CK1 0.241+0.002 0.014+0.001 0.515+0.002 0.090+0.005
gl —% 0.111+0.001 *** 0.035+0.003 *** 0.400+0.004 *** 0.041+0.002 **
R9 CK2 0.279+0.002 0.015+0.001 0.207+0.001 0.030+0.001
sl —% 0.218+0.001 *** 0.012+0.001 = 0.357+0.001 *** 0.036+0.001 **
R9 X0.3 0.248+0.002 0.037+0.002 0.227+.0.002 0.013+0.001
gl —5 0.216+0.001 *** 0.011+0.001 *** 0.358+0.004 *** 0.038+0.004 ***
R9 X0.6 0.187+0.002 0.031+0.004 0.230+0.001 0.017+0.001
gl —5 0.124+0.002 ** 0.039+0.003 * 0.398+0.001 ** 0.040+0.001 **
R9 X0.9 0.203+0.004 0.032+0.001 0.159+0.001 0.013+0.003
e —5 0.119£0.001 ** 0.028+0.001 ** 0.387+0.003 *** 0.035+0.001 ***
R9 X1.2 0.222+0.004 0.033+0.001 0.125+0.002 0.008+0.002
el —5 0.115+0.002 *** 0.023+0.003 ** 0.3760.002 *** 0.031+0.002 **
R9 T50 0.230+0.001 0.035+0.004 0.124+0.002 0.004+0.001
g —% 0.11420.002 *** 0.0210.006 = 0.369+0.005 *** 0.028+0.002 ***
R9 T100 0.173+0.002 0.009+0.002 0.153+0.003 0.014+0.002
el —5 0.118+0.003 *** 0.032+0.001 *** 0.375+0.001 *** 0.034+0.003 ***
R9 T150 0.155+0.002 0.021+0.001 0.188+0.003 0.0210.001
gl —% 0.126+0.003 *** 0.048+0.001 *** 0.389+0.005 *** 0.041+0.002 **
R9 T200 0.239+0.003 0.053+0.002 0.179+0.004 0.019+0.004
e —5 0.121£0.003 *** 0.041+0.002 = 0.386+0.001 ** 0.040+0.002 ***
R9 X0.3+T50 0.211+0.002 0.027+0.002 0.255+0.001 0.020+0.001
gl —% 0.2610.002 *** 0.0360.002 ** 0.287+0.002 *** 0.041+0.003 ***
R9 X0.6+T100 0.210+0.002 0.025+0.001 0.272+0.002 0.033+0.001
g —% 0.182+0.007 ** 0.022+0.004 0.299+0.003 ** 0.046+0.001 **
R9 X0.9+T150 0.224+0.004 0.028+0.003 0.270+0.005 0.029+0.006
el —5 0.241+0.006 * 0.030+0.002 0.281+0.004 * 0.036+0.001
R9 X1.2+T200 0.238+0.004 0.031+0.001 0.064+0.006 0.0040.001
el —% 0.271+0.005 *** 0.034+0.003 0.260+0.007 *** 0.021£0.001 **

CK1,CK2,X0.3,X0.6,X0.9 ,X1.2,T50 T100,T150,T200 V.3 2, * F&7n R —AbHUR [ i B (5 &) 78 0.05 K- 22 55 8 3%, ™ Fon [fl — b BUR[R]
AP (R ) TE 0.01 K227 W3, FORFE— O BURR & AD (5 R ) 78 0.001 K257 W3,

3 17 i

BB R T 1958 4F i L EF# K Lerner 7E4FH
A RAREC R JE AR AR R e B
AR AR TR X AR IR TF9E & R
HH T, & AR 2 R HA SR P
LBy, ] T 4 28 5 S AR AR S B a2 AR

BTN o a0 Tk AR R 2 A S A R S
BRI T (R R S, AT LA ik 0 3 5 %o 2 I A Jp a2 X
R A5 S BV T I A PR B T A R i s YL
X} NR .GS .GOGAT Fl GDH Bty 1 i 4] , vak 4 e 45
BB B NG v 1 0 5 5 B R NG R
TR E T (ARG 8 T, DT G A o= e W 38 5 A g T
ST R SR R A B S R RNAE 2% i R a5
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()2 B R 20 1 25 H Ak 5 00 AMTE 32 65 1 Y
TF 5% & B T W it ol P 2 R R T AL R S
AR T, T D /0 sy X A 0 40 M o O 1 5 3 2
TR K 100 pwmol/ Ll M 2 b FEBA, i
BB THIR T 55 6 W30 R BRAR 7 (i 3R B i i
DRV RBTUEIRE ST . WA kIS
FH 150 wmol/ LAR 2B 25 | BUBUAE A3 R B AR IR A5 1 , V5
BRI M AR R BT U RE T, A R I R 1 32
ORAE R BE (T 0 S5 R AR A1, SR SR AR 32 v T
M )RR RIS

fili oG 2% i Hi BB 22 A2 Berzelius B IR &K P, Jo bt
FKHENEZMEFEY TR, WK ER
MILAEFRICE R A B B0 TEHLAS R DL
FERAFAE, A DLE R 3 2 LU TR &
maFREASYIE G TAEMIERAN A5
IR LA Z2 Fh 7 AN EE AR ML s 3R B R LR 2 5 4
/N NIOE/E R C N S SE LY L E /IR UG 118 A o, LA A
BRIt PO A B L I R A TG
AT AR i e i 58 B R ot Al 3, AT
R T AR B 4 = i R e R 5 e )
i <0. 9 mg/kelifiilizK -, BHl GPX 1 POD BT 1
FHELZS X IR A3 53 = T 150% F1 63.6% , 1l SOD
H CAT BT MR e 2s 1 X BRI, 106 IR 6 X v 18 ol
I8 BRSBTS AL EE I M B Y, Djanagu-
ihraman 255 BF 57 45 SR 00 | 4 0906 B (0 42 T
Rl 2 AR P S R e, SN it Al T LA %
P IR R 1 i, ISR R TG i I TR
AT T A7 4 HC AR 0 53 v il i A1 7 30 1)
Akladious'™ % s /N 22 Folt 1~ 35 v AE — 7 W JE A A
R IR TR RUA ST R SR K
F R BOT BT A A EES ME T BRE S 4R
HR AN [ 285 %) G 2 A A 3 R 1 F 5 R A
IF], STV P At 22 YR I S % A A 1R AR 3 35 L AT —
SERUH . AWPIELE R 5T NP4 R — 2, S
Jiti F 0. 6 mg/kg Na,SeO, i, HL & AL (SOD . POD Fi
APX) TEVE IR T, TH = T R, DA 386 58 A
PRBUEALRE T, TRV il o R 38 T 4t PR R 33k
BEATARL AR A A FR I

AW FE K B, AL T B AS AN 55 A ) S
T JEE R B AR OG 30 55 AN [R] S R R R AE S it
SRR K A R GG, AL R RO AR LE I
A APHELL — S R OG R | R AL R R T

RO HA G LA AL 53 A RO HES 254 i 5 )
OB R 0 b P01 R RN A 5 i B, RO A
REK R BT Y B R /D 3 R T P A
MR 22— BRICZ AN, il Bl X B ks bk
M FIR S H S MR A e iR MBI T ) AR S g
EHEBEAR, BRI, bR bR iR AR 5L
R, ZERP AR A, AR 25 R R Wit ]
Na,SeO, FI## B 2 REHRS WBARR A = il 1 3, AT —
SE BT A o (H AR AL 94 R 58 20 2
T2 BRI T A W) B R A A 5 S oA T B
AR s HAR B
4 45

AGRIE ATELT — 5 F1 RO 31X 2 /4~ BHARUS A (5
F)MEAIFER R IRTEA R &5 Na,SeO, FIAE R
X g it M AE T PR BRI R AL R GERY S
AW KB, TE R E T, Bl 0.6 mg/kg Na,
SeO, it 150 pwmol/LAREZE 0.6 mg/kg Na,SeO,
150 pmol/LAE MR 2K B 3 />4 24 AE 1 Ik il />
R 0B R i v A T R R T AR
A2 22 5 i, B ANBRABCR S 7 8 it I3 B T4 B AR
Hig, Ho[ErfiEH 0.6 mg/kg Na, SeO, Fl 150
pmol/ LA B 2% 4 PRACR fe i, LT 547t Na, SeO, 5
WEER,

Sk

(1] A2k, WIS R R, A5, o [E B i 60 4F [ml i 5 e 22
[J]. B 252840 ,2022,49( 10) :2099-2118.

[2] HUANG L J,CHENG G X,KHAN A et al. CaHSP16.4 a small
heat shock protein gene in pepper, is involved in heat and drought
tolerance[ J]. Protoplasma,2019,256.:39-51.

[3] WANG X,ZHAO C,MULLER C, et al. Emergent constraint on
crop yield response to warmer temperature from field experiments
[J]. Nature Sustainability,2020,3:908-916.

(4] ARFEZ JVEM,F K, FUERSHE AN 8 S A 5T
HERELT]. HEEESE, 2021 (4) :27-29.

[5]1 E W 2ase, KV6EE, 5. BRI 5 0 i St PP A0 15 2
SELI]. AR R 22 4% ( A ARBLE: R , 2020, 46 (5) :551-
552.

(6] wzRaHe, B AN, X0 SCHIT. BHOM R T b3 it R BIL B F) RIF 5 36
JELI]. Kol b ,2012,18(1) :31-34,

(7] A0, BSom), T8, 55, milian R BusUAE 3R fhm R AL
BT[], P ARLAA4,2013,26(2) :543-544.

[8] /RAkse JHEIH, T &, 5. SIRISH A0 K i 5T
HEJELT]. HEEBESE,2021(4) :27-40.



1738 YOO e ol R 2023 4F 45 39 & 58 M
(9] AXHWR, 24500, K 2R, 45, AR S 22 X i Mt 3k F4h AR 2022,50(13) 1 153-157.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

HOLE RPURARERZR [ 1], W ROl R4 (B AR
Z£0) ,2016,42(5) :496-497.

ol WL E LA AMERR R E TR A T
HPUEM RG], AL 2 ,2019(3) 1 1-5.
WIZR P PN B AE. TR T A IR A R R4
SRR (1], B AR, 2010,21(5) £ 1295-
1296.

BALAL R M,SHAHID M A,JAVAID M M, et al. The role of sele-
nium in amelioration of heat-induced oxidative damage in cucum-
ber under high temperature stress| J]. Acta Physiol Plant,2016,38
(6):158.

¥ PRI, BRI, 3 A .G X o iR Ml T AU e e 4 AL
TEPERIE AR ] e 244, 2005,32(1) :35-36.

PRI, BRI, K AR L X R TR R R BAROL B e M 5%
W[ Cl/ /R 202 2. i E B 24 25N R AR TR
SBSCR. VU BRPIRHAEOR T A, 2004 :625-630.

Z IR U, A5 SO S A B AR B AR fL A
PEBFFE[T]. RILHESE,2014(12) :47-50.

KL N W BRBEN AR I ) SR i B T ] A
+,2002(1) :32-33.

/b, BRTT  RARAR. B ERXT 32 AU P AL A B SE P
B 5E B BC A 43 [ ). RIBTT AR 2014(2) 16-15.
RN B 0, AR BN [ AR K7 T i SR AR
L], BAFEY2AR,2021,42(7) :1988-1990.

WL T AR AN RN A SRR
IR BAREH R [ J] . R A B4R R ,2012,48(6) :557.
MURCH S J,SIMMONS C B,SAXENA P K. Melatonin in feverfew
and other medicinal plants[ J]. Lancet,1997,350 :1598-1599.
SREALZE R BSRA. RTELYE T AR R X A R R A
JDRS 2R IR G 16 L 8 2 [ J ). AL 2% 38 41, 2005,22(5)
555-559.

BRVEHE, ARIRER B AR, 45, AR R 5 I R b B4R v W) R AR ¥
W R R A £ P AR BEALA [ J]. TOR A0l 2 i, 2022, 38
(6) :1637-1647.

S SNEAR R R XTI TSR A W A R R [ ]. T

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

L, R RIS AR AR B R T R A T RS
WA K SRR R SE I [ )], B 7 ARl 2441, 2021, 52 (11) -
3003-3012.

R ELL A A 4. SICOMTT PR va e AR T i ZH 4
METRE MR EEY S BB TR RF,
2022,50(23) :49-54.

2 A Y a0 = b1 7 ST S N 38 s g
TSSO REm [ )]. BH A S S 4],2010,21(5) £ 1295-
1300.

BT M 4o, R 5. AR X 2 5 7 52 DNA
ARy sZmI [ )], Rl AP HAR 24,2023 ,31(3) :500-508.

TS, B, ARG, 55 v I WA N 2 R e R T
ARBE S EAE R AE A [ 1], R EBE S, 2022 (11) 1 80-
85.

TORE, R, B, A5 SNEARIR ZO IR 55 ' e R

R RIOCHPTA RG] . WriLR-#4 2022,
34(9) :1935-1944.

MRy . AR G i AR K & B R AR [ D]
IIPEA kK2 ,2003.

BRI, 30 TR ZE A I TE 5 SR A N B T e AR PR
L. et ik 42 A A F R il 2800y K B AR LAk A9 3RAT [ 0] k2
W7, 1993(3) :274-277.

PR XT3, A5 W B R A B R AR R T Y
#[1]. 677 FE 2,2000(3) :10-11.

i PRI, 25 24 A i SRR T R AR AR R[] A AR B
IR, 1998(4) :284-288.

DJANAGIHRAMAN M, BELLIRAJ N, BOSSMANN S H, et al.
High-temperature stress alleviation by selenium nanoparticle treat-
ment in grain sorghum [ J]. ACS Omega,2018,3(3) :2479-2491.
AKLADIOUS S A. Influencen of different soaking times with sele-
niumon growth, metabolic activities of wheat seedlings under low
temperature stress [ J]. African Journal of Biotechnology,2012,11
(82) :14792-14804.

VRIESE 25T KB, A5 BE AR AR A T AR RO BIF Y
HERELT]. PEA R $4],2020,22(3) 16-13.

(% T R)





