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AR PRI G et R SR E et R ABIRE RS AR L BALEEE A H v, 2R AW ,0.1 mmol - L7
SICL, et KB AR ERELIRAFHR T ANE 0, "t HAERELE 35 mg-kg £4, 0.5
mmol - L™" SrCl, & 2234 3% K 4 A KR A oAt jgdph); 422 20 d &, W AALEEE MR 2 LA A =8
(MDA) % 4k & (Pn) Fovt i ST AR T AT RS F)IE M T 24%FaFEART 15% . 10% , + F 48R JE 34 %)
318.33 mg-kg™, 2.5 mmol-L™" StCl, 432 F Hitk A K% 2|0 Raph) | WA R SR oh o o F AR A2
20 d J& MDA 34m T 68% ,Pn Fovt } 88 % 5 A AKX T 30% 4= 48% , v+ K 48K JE 15 %) 857. 51 mg-kg ', %k,
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R = R 25C, Ot B 14 h, 6 M8 B 300
wmol-m~-s™ PPFD, £ 7 d 5, FIF LR &, Fi4h
B 4 o R S BUE KA Y A 2 12 fL
BHET,BE WA 2 Sl DMRARRE Y,
PRUEL AR R I A b AN S G R, B e
FIAEA AR B M E T A TAUREE N, 55
12 h, YGRS EE K 300 wmol-m™?-s™* PPFD, iR E N
25°C  AHAHEIE N 55% ~65% ., 1% 401 K K557
KGR, UL 172 WRIE R Hoagland 5 FE A ALY 40 1 42
HEEFEFIK ST,

B &5 240 30 d, ffRA K & 8 b e, RBRAE K 22
SRR IR TR E R W 4 3mA 0(CK) 0.1,
0.5 F12.5 mmol - L™'SrCl,, Ji§ 0.2 mol - "' NaOH ¥4 4b
PHWE pH fHIH 2 7. 8, B KAEBORE RN A4 48 45 J5 X
AT H e, AT 5 5 10 58 15 ISR 20 K
NP RE A b 5 4 7 RN G B 8 b A T 00 o, R AR 5
&4 30 mm ZE AT B9 H, —80°CARAFE , FH T A Bk -
A PERER G T A4 T A B AR AR, AR A ELEY
W3 AP FER,

1.2 tE%kH Y EENE

AR 0 HURE ) b, 0 o3 AR Sk A R AR A A
TEOLR S8, WOR S ST BRI A3 B AR AR M L3870 A T 38
g3, FHZE B ACKAR R - L3850k, R K 4R3I T )5 57
1795 8
1.3 KM HXEIERNE

K H LI-6400XT fH#AOGA W& R4 (LI-COR
ovE], 3 D) W E A bR i R B O A B (net
photosynthetic rate, Pn ), 4 [6] — % fk ok Wk &
(intercellular CO,concentration, Ci) %6534, BIRKF-
A g Rl — b BRASF R 1Y 3 BRAE AR, AR AE 2 Ao
FSEREN 30~40 mm AR, ARSI R EE AR 3 K,
RN T W A5 14 i O =X, 35 8 DU s R B R
300 wmol - m™-s™" PPFD, & J& 25°C, CO, ¥ JE 4 400
wmol -mol ™", M %E B 6] & 14.00- 16 00, k¢ T 48 4 ]
REF= A 2P IR G AY Isf ]

1.4 MHEERSENE

SR E2EZE R I 7 R R SR i B g
ik, PRELO. 1 g M il &S % R, i 10 mL
80% N EHIE~) ,4 000 r+min™' B0 15 min, B FIH K 1
mL, iILA 3 mL AR, 73 51 F 663,645 nm K Tl &
OD i #Z AT 4R 2 WRIE (C,) Ml 4 E b
WRE(C)

C,=12.21 Ay, — 2.81A,,
C, =20.13 A, — 5.03A,

(1)
(2),

1.5 KRN HHEEXRELEEENE

SR ik R E B, FREUE Y
MR 0.1 g THUARHEED, IIA 1 mL B1¥2 1 0. 05
mol - L™ pH {8 7. 8 MIBEIRZZ M, 76 VK 554 F WF &
B B EIWESI K G HEMMBUE AR E 2 mL,4C
T 1 000xgE.L> 20 min, B V5 WA AR

1) HE ALY B AL ( superoxide dismutase,SOD) Jif
PRI SE - B 08 Zhang 557 B9 TR s e, 3 i
AT 32 U S0 B 15 ( nitroblue tetrazolium , NBT) {5t
F2FR JERE J1 R E SOD 1 M, I 2 2% whil &4 0.3
mL 20 Mmol-L_lﬂ:Z,ﬁlf?\O. 3 mL 150 mmol - L' L-H &
% 0.3 mL 600 wmol-L™'NBT #10. 1 mL FHE UK ,
JEIE 1 mL [l S AR R o 2R BlueStar 5848 AT 0L 43
JEERETH(LABTECH A H], 3 ) Ml 5E 560 nm KT
W BB, & Al B2 W AE 58 FE S 170 wmol - m ™ -7
PPFD AR R HFZE 0 20 min, LIFIH] S0%NBT %
A2 ER IR R 1 ANEEE PR

2) i E ALY ( peroxidase, POD) % 4 %2 . S B
PR ZEAE 2 (PRI RS AU i, K 0. 2 mL A HREUR
140 mmol - L™ @B A B 3% H,0,,100 mmol - L™' pH
{H 6. 5 BERRENZZ vpIRIE B 2 mL BV AK 5 >R FH 4R 41
AL UL E R E 470 nm K TG,

3) i E AL S (catalase , CAT) 3G P 52 . 2 RS
HFE P IEREB Y, 0. 1 mL R BRI
50 mmol - L™ B B2 2% 1 3% H,0, il 1 mL fi§ 5 i 4
2 RSN WA JEHCEE T 240 nm KT I
AR, HELENE 5 min,

1.6 R_EBEENE

2 W Zheng N O - = TS R
( malondialdehyde, MDA) & & . #RIUHE Y T /0.1 ¢,
JIA 2 mL 0. 1% (w/v) =& LRWFEE R 213K, 4CF
5 000xgEf.L> 10 min, B EIHH 1 mL, iTA 1 mL 0. 5%
(w/v) Bt AR 2 L 22 R il IR A5 W, 100°C S 1 20 min,
SRIGAEVKIE A H1, 8 000xg #5.0> 10 min, B |7
AT T 450,532 F1 600 nm P 4TI 22 W A
Fi RN A MDA & & (pumol - L")

MDA & = 6.45(0D,,, — 0D,,) - 0.56 0D,

(3)
1.7 MRBIRENE
PRIBCRAEHEYIREAS 5 g, 60°C T /MHE T, TR
WHE LANA 1 100 H i, SRR E M [ HNO,+
HCI0,(3:1,v/v) J T, SR J5 KT AA320 KA I 11
oA TE (A R A By AT R &) DU

AR Se S,
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1.8 HEE

P A B s 3 P A < bR ifE 2% . R A SPSS 22.0
HEAT ANOVA 437, 4 1) 22 S0 A7 38 1 o K56, LA P<
0. 05 1A ik PR ; Origin 9. 0 ARAEHIAL,

2 #HRESS

2.1 SrXMEFEHHERKKZM
¢ 1 A]%0,0. 1 mmol-L™' SrCl, AL PR | Bl 5 b

P ] ) S, SR B AR i S CK ¥ 3
#Z5 . 0.5 mmol-L™" SrCl, 4bFH X HEAR i) A4 K e T
AR IR, FEALHES 10 K48 CK B3 LTt 16% ;b
Ak 1] 1 S A 95 Sk ) B AR A A2 B —E R S
TEHS 20 RE CK B2 TR 10%, 2.5 mmol-L™" SrCl,
Ab BT S 4 v AR R B B B BRI AE L 2R S
KB CK TFE 129% , H B 45 b JIT ] 1Y) SE 4100 461 2%
SLERT R 5 20 KETEL CK W35 T FE 48%

R1 FESTERETRELS S (24K BRSO EME

Table 1 The aboveground part biomasses of Spinacia oleracea L. seedlings (individual plant)

under different Sr** treatments /(g FW)
Se2* AV i A 1] Time/d
Sr®* treatment concentrations/ ( mmol +1,™!) 0 5 10 15 20
0(CK) 0.70 £ 0. 04a 1.75 £ 0.0lab 3.11 £ 0.08b 4.87 = 0. 16b 6.93 £ 0.18a
0.1 0.74 = 0. 10a 1. 81 + 0. 04ab 3.07 £ 0. 11b 5.02 + 0.20b 6.78 + 0. 12a
0.5 0.72 £ 0. 11a 1.98 £ 0.05a 3.62 + 0.06a 5.17 £ 0.03a 6.23+ 0. 08b
2.5 0.69 = 0.05a 1.54 £ 0.03b 2.54 + 0.13¢ 3.20 + 0.07¢ 3.62 + 0.05¢

AP R NG PR 257 3 (P<0.05) . T IA,

Note: Different lowercase letters in the same colum indicate significant difference at 0. 05 level. The same as following.

2.2 Sr*ITEELAEASIERAXME

A 1-A A[%0,0. 1 mmol - L™ SrCl, AbBEAY Pn 5
CK M, AR B ER 25 KA b B ] A9 18
+,0. 5 mmol -L™' StCl, 4R, Pn ST 5 J5 BEAR Y
e REPRES 5 TR B B CK BT 5% , B 5 32 i
TR AL PEES 20 KAFEE CK K 15%, 2.5 mmol - L™
SrCl, AR S SEA T B P 2R R B, b FEEE 15 K
HTHE, 5 CK FR35%, Ci5 Pn HAIXTRER,
Pn mi, ] CO, BEIH TEAE ; Pn (KA, CO, 740 i
[ FLZR, A& 1-B AT %1,0. 1 mmol - L™ SrCl, 4bFE T,

Ci T F, FEALBRERS 5~ 55 10 KA LTt kb Hes
10 K5 Ci B % 4b B[R] 1) 28 4 328 B R AR, 76 4 B0 26
20 KL H A, 5 CK N 21%;0.5 mmol - L™ SrCl,
EFETRCi S8 N BEJE T E i a RIS 5 R iR
fiK,H CK 19 87% , £ A 35S 20 K i, B CK LTt
13%, 2.5 mmol-L™" StCl, ZbBE R, 3 34 ¥ B9 Ci Bl
AL S [R] A SE R AL o, AR BRES 20 K3 CK Tt
38% ., SEHFIA, MRVEEE MY St XA e B —
SEARHEAE TSR LY S xR R G B ER]

——CK —¥- 0.1 mmol-L" Sr*>* == 0.5 mmol-L"' Sr** —— 2.5 mmol L Sr**
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Fig.1 Effect of Sr** treatments on photosynthetic parameters of Spinacia oleracea L. seedlings
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2.3 SIXMEEHEHEZSENHI

H & 2 AT, SeCL, BT, st b 4 2R a A1
M2k E b R —E 22 57, (AR L[]
FISER: P4 a A2 b S5 CK AL BT
R EL S Auh 3 B s v T AR O B AR, AR AR A 20

—= CK —¥- 0.1 mmol-L" Sr*

y §;+< yl

>
N=)

|

Mg Fa AR
Chorophyll a content/(ng-g"' FW)

)

0 5 10 1
P 17
Time/d

0

%,0.1.0.5F12.5 mmol - L™ SrCl, A3 R IH4E K a &
# CK 29T 5% 9%F1 22% 442 b &858 CK 4%
BN BE 6% 21%F1 40% , Z5FFEH, Se™* b BT 35 S5
Pt aRER a AR E b S a MsIvE R, B4
F b IR ZL R T4 a,

—eo— 0.5mmol-L"' Sr* —=— 2.5 mmol-L"' Sr*

B

g
o
W

2 0.60-
mm'g 0.551 ;;::;;;;' T
4 E 0507 /z
]
Q;.g 0.45-
T = \\.} i\\\¥
% 0401
g \
5 0351
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Fig.2 Effect of Sr** treatments on chlorophyll contents of Spinacia oleracea L. seedlings

2.4 SrIEESEMELEFENIMm

1 /& 3-A AT%0,0. 1 mmol - L™" SrCl, 4bFREY SOD 1%
PE5 CK AL TEH B 25 550, 5 mmol - L™ SrCl, Zb Y
SOD {5 PE MALFRES 5 KIFUHZ I FEAL IR 20 K
KEN R B IR AN 56% 52, 5 mmol - L' SrCl, 4bH
() SOD &M 25 b FHE T R S ZEABEES 15 K
KB s B CK B8 n 102% , b6 5 2 R, H11K 3-B
AI1,0. 1 mmol -L™" SrCl, 40 ¥R, POD 1% E Y CK AL
JCMH 2250, 5 mmol - L' SrCl, AR POD 7% 1 5
SR LTS FEAR A 20 KA S, 38 CK
411 37% ;2.5 mmol - L™ SrCl, Zb3F , POD Ji5 7 &2 %%
ETHE FRER Y, e AR 15 Rk B R, 88 CK
BEIm 128% B nl FRE, HIE 3-C TR0, 1 mmol - L
StCl, &b B R, CAT % M5 CK #H b Jo W & 25 ¢
0.5 mmol-L™" SrCl, &R, CAT G MEAEAbBEES 5 K
2 bt FEAL RS 20 KK ;2.5 mmol - L7
StCl, AT, CAT {f M 258 G TR 7256
15 Rk g i, 8 CK 4N 54% , Bl )5 20 T R, 45
SR PR Se™ v B A I R e O T R AE A 1 AL
Jiiei, SOD POD Fll CAT 3G PEXT S pie R B0t 55 K
— B
2.5 Sr*XEFELE MDA S EKFT

MDA J2& 4 it B R o8 L1017, FL 5 i g g S ik
TP A MLAE a2 80 R . FRIEl 4 v ,0. 1

mmol - .7 SrCl, Zb PR, P A MDA B
CK LW 254K ;0.5 mmol - L' SrCl, 4L ¥, MDA &
TEAL IS 5 RIS IR T, E AL A 20 Kk 3 i
#132.5 mmol-L™" SrCl, PR, MDA & ek b Tt
AEFRES 20 KA MDA & f8 CK 5 m 68%, 4503k
BH, RS v S v b R A BB A TR A 4
23 1 A A B
2.6 AENRE Sr* B TEEMNFF S HRER
i3

IS5 v B R 005 e A 0 3 5 AR R RSO A AR R
H, HE S5 AF,0. 1 mmol - L™ SrCl, ZbHR | 3 gt
F R SRR SRR B R B A B TR) Y RE K kAR B i AR
A, FEARPREFE 35 mg-kg ' A 47;0.5 mmol - L™ SrCl,
ARFHTR Se® B SRV I 7 A BT ) 1 A 4 32 1 T
FEAL FR5S 20 K3k 3 5 =, 4 318.33 mg- kg™ ';2.5
mmol - L™" SrCl, Zb¥ N AHY it R rf Se* FR Rk B b 5
Ab BB [H] Y AN B | T ZE AR BRER 20 RIA# B,
47 857.51 mg-kg™',

3 i
W R W, M R R S AR ST R B R

BRSO R T A A R E R T, AP
H1,0.5 mmol - L™ SrCl, AbBERIHA S35t 79 Pn A3 BT
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Fig.3 Effect of Sr** treatments on antioxidative enzyme activities of Spinacia oleracea L. seedlings
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. 22007 .
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Fig.4 Effect on Sr** treatments of of

EIb S ETAMIIE R BRI B S b PR BB A 1Y

Spinacia oleracea L. seedlings
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Fig.5 Sr®* concentrations in Spinacia oleracea L. leaves
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PRI 30 R AR A P T 1 5™ A R R A
AR, DN T A 35 PE S & (eactive oxygen species,
ROS) i & R, T BB W) A K — ZR 51 A Ak e R
G, RPN B BT A AL 2R G0 0 R ROS HAT H %
f4E T, SOD POD FI CAT 2 4= ¥ /K N 5 2 i i 4 ik
it , HCTE ML RE RS S WA 58 T IR AR 1 A e A 3
Kot Ihfie, 5P P v E I O, APTTE
Sr* 4L FE R ) SOD ,POD Fil CAT 7% P 1 28 AL LA Ay
—H YRR Se* A B A ] . BTt R S
AL BRI A T R A A9 FE T HLAE 2.5 mmol - L7
SrClL, #bFHJ5 11, SOD POD Il CAT 3 14 ¥4 H B e i
TR X T BB AE R ) e B 1 Se** AR BT, S AL
0SB R AR BRI RE R FE AT EL, ROS XA
FIRE R e A B 41k, A i Bt A e I i 48
Tt — 2GR A L MDA MDA S i ) 240 it A5 g 1ot
EMIERN EE Y —  BARGR MR, S
AR S WA o AL K ST RS 1 5 R
ABIFFE T, e BE A I [R] FY) Sr** A PR 20 i 4 MDA %
U BT TR T AR R AN S,
B Se* TEREH AR A a2 B, AT X A A B4 405 5 AR
P Fit 22 5

ABIFFEIE K BEA Sr** b 3 10 18 A4k L
() A A | HORP R A A A 4 1 7 S I8 45, L 0. 1
mmol - L' SrCl, A FEXJHE ¥ A K J2 A BRAE bR S A 7 A=
B0 5200 3K T RE 55 Se®* Ak B ik AR A i i A Rk
Ab TR AR I G, AW A R A R T S
TEAEDY I P AR 5 X A 7™ A 1 £ B i o
I EAL R BE Y AL BT, St TEAE ) i e PRk
TR FFRAEY A A KA B A T B

4 i

AHTSEAE R AW, R BE A Sr** b BHLX 9 S A D't
BRESIRIL — 2 AT EJRRERE S* Ab Bl
JEE £ 56 51 R0 ALk BRI (0] A9 S8, Se®* X 9 3 9 A 4 A
Y S 400 T T 0 7 400 S 0 P ) e B A 338 56 1
G RE S A AL A e S B R Se®* A PR i R
AR R [F) R | Se®” 7R S I R N Y R AR B
X AR A A AT A P i (AR it e AR
(4 Se?" B AR AE R BRI AR

Sk
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Effects of Strontium on Growth, Photosynthesis and Antioxidant
Enzyme Activities in Spinacia oleracea L. Seedlings

YAO Kai® NIU Xiaojuan XU Hui AO Jialin
(School of Life Sciences, Guizhou Normal University, Guiyang, Guizhou 550025)

Abstract : This study was conducted to test effects of different concentrations for Sr (0, 0.1, 0.5 and 2. 5 mmol-L™") on
the growth physiology parameters of Spinacia oleracea L. seedling, spinach. Fresh leaf weights, Sr** concentrations in
leaves, photosynthesis indices and antioxidant enzyme activities were recorded and analyzed. The results suggested that
there was no effect on spinach growth and physiological parameters and Sr** concentrations in leaves were stabilized at
about 35 mg-kg™' under 0. I mmol-L™" StCl, level. In comparison with the control, the growth of spinach was promoted
at the initial stage but decreased afterwards under treatment of 0. 5 mmol -+ L™' SrCl,, and antioxidant enzyme activities
increased significantly after 20 d. MDA content was increased 24% and PN and fresh leaf weight were decreased 15%
and 10% respectively, and Sr** concentrations in leaves reached 318. 33 mg-kg™'. The growth of spinach was intensely
inhibited under treatment of 2.5 mmol - ™' SrCl,, MDA content was increased 68%; PN and fresh leaf weight were
decreased 30% and 48%, respectively; Sr’* concentrations in leaves reached 857.51 mg-kg™'. In conclusion, low
strontium concentration has no significant effects on growth and physiology of spinach, however, spinach growth was
inhibited and the effect increases with increasing Sr™* concentration level and treatment duration. This study presents
theoretical and experimental basis for clarifying the regulation mechanism of strontium on the growth and physiology of
spinach.

Keywords : Spinacia oleracea L., strontium treatment, photosynthesis, antioxidant enzyme system, growth





