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Effects of exogenous hydrogen peroxide on chlorophyll fluorescence parameters
and photosynthetic carbon assimilation enzymes activities in naked oat seedlings

under lanthanum stress
LIU Jianxin“, OU Xiaobin, WANG Jincheng

University Provincial Key Laboratory for Protection and Utilization of Longdong Bio—resources in Gansu Province/ College of Life Sciences and Technology,

Longdong University, Qingyang 745000, China

Abstract: Pollution with rare earths has become an important factor restricting agricultural development. The objective of
this study was to analyze the photosynthetic physiological mechanism of exogenous hydrogen peroxide ( H,0,) mitigating
lanthanum (La) induced stress damage in naked oat (Avena nuda) seedlings. Seedlings of naked oat cultivar ‘ Baiyan 7’
were used in a sand culture experiment to investigate the effect of spraying 5 mmol/L H,0, on seedling growth, leaf
chlorophyll fluorescence parameters, and photosynthetic carbon assimilation enzyme activities upon a 1.20 mmol/L La*
treatment. The results showed that root length, plant height, and biomass, and the leaf de—epoxidation extent of xanthophyll
cycle (A+Z)/(V+A+Z) of naked oat seedlings sprayed with the H,0, decreased significantly, and PS II maximal
photochemistry efficiency (F /F ) ,practical photochemical efficiency( @, ) , photochemical quenching coefficient (gP),

and quotient of absorbed luminous energy used for photochemical action ( P) apparently increased. However, PS Il non-
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photochemical quenching coefficient ( NPQ) , regulated energy dissipation Y(NPQ ), non-regulated energy dissipation Y
(NO), quotient of absorbed luminous energy used for antenna heat dissipation (D), quotient of absorbed luminous energy
used for non - photochemical dissipation ( E ) in reaction center of PS I[ , and unbalanced distribution of coefficient
deviation on excitation energy between two photosystems (B/a—1) decreased significantly under La stress. Moreover, the
activities of ribulose 1, 5 —biphosphate carboxylase ( Rubisco), sedoheptulose- 1,7 —bisphosphatase ( SBPase ), and
fructose- 1, 6 — bisphosphate aldolase ( FBAase ) increased significantly. However, there was no significant change in
transketolase ( TKase) activity. These results show that exogenous H,0, can decrease photoinhibition caused by La stress
through improving PS I photochemical efficiency and carbon assimilation key enzyme activity, but not based on the
xanthophyll cycle-dependent energy dissipation, which showed to mitigate inhibition of La stress on seedling growth and

enhanced adaptability of naked oat to La stress.

Key Words; hydrogen peroxide; naked oat; La stress; xanthophyll cycle; chlorophyll fluorescence parameter; carbon

assimilation enzyme

[E 2 12 (Rare Earths, RE) it A=/ FIH 28 K RE & 45 E RO AR R B R 3545 (BRI RE
BERTT & A4 A ), RE JCETEAR I+ SR R Ak i RS e & ) g R AT i B G, FRE 206 RE
B EEAEE G Y 2 —"' ) RE JCR e+ 1 BB T BURVE Y A BLAR G S0 A 7= i BRI 6
(La) & 15 F La RIOTE L HUEAY RE JTTR £ R MEFUERIG IR —Fl, BF58RU], La e 53508
% 5 (Lolium perenne) #1107 1o P AR 2R A AACIHZEEL 0 Bo R BERS FOEAVEH FAA ) R La AbFR
TUHEL ( Nicotiana tabacum ) [ YAk 2 00 FBk [R) 40 B 16 E 7 5240 6 & R M T A B R RS KA
(Oryza sativa) EFEWIGIEC ) FIE( Cucumis sativus ) AR IRRALL " A KBRS BEIRFOE R S 1T
(PST) WS PEREAL" MR La FIRR NN &2 A MBI K 5. ( Glycine max ) G M-SR BB T EE A IR AR K 1 3 3%
IO I, BRI E AR AEY RE Wi (P iR A% 2 SO il RE R 670 1605800 AR e kR (1 ]

1 A6 A (Hydrogen peroxide, H,0,) YA N 8005 A5 150+, & 2 55 04 X 36 5 n 7 1) 3 7
AENSHE E A WA R BE 30 B e ) BiFgR e , Hzozﬁﬁﬂﬁéﬁéﬁi‘% E@Tﬂﬁ‘j%(zﬁlmbidopsis thaliana) S FLK
P AN, 0, 2 5545 6 o K 5 41 M BE T 3 AR T TR, O, 155 K AR 2 A1 00 2% 40 L 19 it 4
W AMIEH, O, b R RE S SR A TR 5 S 0 T T SR SRk B I SR R B 45 T 4R K (Zea mays ) ST
(T R P R A ( Vieds ) XHECTR ™ FIKARE S50 (Cd) e 2 iR e, 6 1 FR AR B B 1 A 1
fRHE R, Chen 457 BORFSE B, M RE (5 95 Me™ 18 7 S 32 el i Me™ 0% 00 1, 5- B BRA% IR
WAL BEE M | KIS0 ( Lycopersicon esculentum ) FIYGE R, Jiang ™ SF 058 & B, AMEH, 0, RERS 4 = PS I
B VEAb 2 R AR AL S TR ER A LU, R4, ANitiH, O, BE 75 3@ 1 P84 PS T A PS 11 A4 Y68 4 e ANk [7] Ak Bt 1%
PEGE i La BB XS PS [T AYCIIH] , TG SRAEYINT La [0 B985 B, H ATASAETE R WARIE . #RIEZE (Avena
nuda ) 523 AL T7 FN0H R B 3L X2 MR O R AL i — 4R A2 /N E Y RPRL Y 25 1 5 IR 5 2 i
B T ARARL AR, I & & SR B S0 A5 208 43, BE S B ALK a5 AR o s ok 3% 8 I g AS
FARDIEEH, O, AL FEXT La W8 T BRAHERE 2y i A 4 S B KA B 4 R 9O S8 O R RRIBOGRE
3 BE RN R A6 DG S BERE ME A 52 A, #5 75 SMIRH, O, %) RE JibE VR 6 28 B 1 (9 8 2 AL B, DU R 2R AR
5 H, 0, VA6 A 1E A HLEL A FH, 0, 3458 /E Y RE W it v 42 At B S ik i

1 #MRERFE

1.1 AR
RIETF 2017 4F 4—7 AALEE AR 2B B MR e HOGIE 2 AH o8 & S A B A AR W R S5 R 8 9 i
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SSCIR AT, bR 2 R ] [ ARG AN PG b M DXV R 7 MRS T AR B R R R ¢ (i 7
5 A R PR AU R, R, PRE RN (I 7 5 MR PR T 300 KL% AR R
#E(HA2 20 em, 5 14 em) 1 AU IS B HOGIRE &R, B/ %R (25—36) C/(15—21) C, i
FEZ) 70% , ik 420—580 pumol m™> 8™ FEZNHT 2 M 1 OB HEATIA] W, g A0 B — BOH A 24 200 £k , - 5eiE 1 /2
Hoagland #F 250 mL LIAb SRS, 41 3 if 1 DI A TR0 b 3, DAL B (LaCl, - 6H,0) $2 4t La™,
HHK 30% H,0,4 Sigma 22 FI P24,
1.2 it

SO LR B La® WEE 4 0.08 . 1.20 mmol/L 1 2.40 mmol/L AL BIVAWR BEHE 3 0 1 L
PRIHEA S EAT T4 520G, 25 AR B 14 d J5 5 D8 HEZRIRK (% IR (CK) HE%,0.08 mmol/L La™ Ab B (1) 4 i -
FOEAEER(P,) BEHRE, M 1.20 mmol/L 1 2.40 mmol/L La® AbHfY P, 3 T, H 2.40 mmol/L La® 4b3
B PRI 5225 KT 1.20 mmol/L, AL, DL La® ¥ 1.20 mmol/L AE 4 La FiHEHREE . H,0,W8iE A0/ 04 PRIk
JE N 1.5—10 mmol/L727 | Mty ARIKIGBEEUNT 4 MNMEFE. 1) CK, 22518 /K 12 h J5 Hoagland &
FEMGETEMRTB 5 (2) La ACBR, 2 WEHEZRIE /K 12 h J5 & 1.20 mmol/L La>* #%) Hoagland {E R GEHEMT; (3) La
+ H,0,Ab 3 4T 5 mmol/L H,0, 12 h J5 % 1.20 mmol/L La* ) Hoagland ¥ BEHEAR T ; (4) H,0,4b
A HmEiE S mmol/L H,0, 12 h J5  Hoagland ¥R G HEAR TS, WEMEAE 19.30 SE4T, WA o 2 Wt -
80 LAREMRR M 7K J) , Wit it 54529 15 mL, ARFRGEETER 8.00 #F4T, BavE 2 300 mL/ 4%, MilEfa La™ Fl PO
PP HULYE , Hoagland ¥V C 1 B S/ DB R — &0ER , DATiE 0.5 mmol/L KH, PO, G, RpAbPE 3 4, 85 3 K, fifi
HLHES, REBLEHEX T 14 d J5 e T34
1.3 MEFR bR
1.3.1 HEHREKE

KL AL B PR 48K A3 e FH RO B AR 485 2 i i 4 s 3 0 AR K 3 40 S kg ok v R
HRAS R 5 K 40 B AR 5 4h 53 RUAR 2 Rt =388, 43 500 g o e o1 )5 S HEAR T 105°C 2875 30 min, 65°C Ht T %15
# TR T,
1.3.2 MR

B 0.50 g i 2 mF R, I 5 mL 85% P ERA S 510 )5 e A 250048 4000 #%/min B5.00 5 min, I
TEW 0.45 pum TFLUERIT 85 2% Cheng ™ (730 FH R RACTBURE €0 0% (S0 72 S8 8 T (V) RS R OK S (A)
MEKRBR(Z2) &8, LU(A+2) / (V+A+Z) Fom AR
1.3.3 MRS

FH FMS-2 Jiik i 8 il 202 Y6 A% ( Hansatech , 25 [5) Ul % 6000 pmol m™ s~ JEuik T 4 Hi 5] 2 i i &2
(F) T RHEIC(F,) Rt/ Noe e (F,7 ) Ja B R 5 & Y 30 min, MERIER 5 (F,) R K96 (F,) . M
W5E R ZOCSBOTA PS L SO ARR(F /F, )= (F,~F ) /F, LB ROR &g = (F,'-F,)/F," Ot
WP ZH P = (F,'~F.)/(F,'=F,") FEHEG A0 K 25 NPQ=F, /F, '~ 1, J 5 PERE R FEHL Y(NPQ) =
1=~ 1/ [ NPQ+1+gPxF '/ F x(F /F —-1) ] AEWTTHEREEFER Y(NO) = 1/[ NPQ+1+¢PxF '/ F x(F /F,
=1) ] ARYE Braun U AR CR G BE RN TR B PS | MK BEATLRE a=f/(1+f),
PSR FEDBLRE B=1/(1+f ), Hrh f=(F '=F)/(F '~F.,") , TG E GE ) & B2 B i A S 5 4 F
(B/a-1) /R, #% Demmig-Adams %5 5 318 WBOGBEH T OGAR 22 RN 3 46 P=F,'/F,'xqP , K2k
PFEB A D=1-F,"/F " A E RV AER BB E =F,'/F,'x(1-qP) ,
1.3.4 JCHA kL EETE E

HU1.00 g AE G -70 CARTFRIZNTE 8] 2 208 Rao 251 (07 Bk MEAT BRI I, 1, 5- BRI A% R BE
#ALEE ( Rubisco) (1, 7-_W§Mg 5t K BE R M 5 i ( SBPase) |1, 6- M iR S B 5 45 B ( FBAase ) A1 %% I I fiff
(TKase ) 1 M40 & (W B _E WA AR DR A BR A B BaBA RN , I HBS- 1096 A fiff bR %2 450 nm I K
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HMCAE , T B BTG PE PR DL U/ g S R0
1.4 F¥asitoatr

K FH SPSS 20.0 772243 #7 Ml Duncan 7% 2 8 L (R EPEKFE «=0.05) , B4 45 50 DL Y E « 5 v 22
TN,

2 ERE5S

2.1 La [ FAMEH,0, X #3064 4 B A= K B2 0

M2 1 0%, 5 CK AH HE, La Ml T #R e 4 v AR A bk o SR 2R | b b 350 o 0 1 o I 35 PRI Wit
H,O, WA #  E S i 1 La BB T 2R MR = AR R Ml b 3 et 5 R0 1 T B AR B, AR R RIRR 5 e i 43
BITREE T 4.7% 1 8.2% , M3 Z2 Al I FB6&f 5 KRR 2000 FRE T 9.0% F1 16.8% , A 22 Fl b 1 3B+ 5 B0 43 T
T 11.8%F19.4%, H.—H,0,4b 35 CK A7 L BRI A AR bk AR R A Lkt e MR THEIC R E
SR (i 2 T R R B 10.1%

1 La 8 THMNEH,0, RHEL & E KM

Table 1 Effect of exogenous H,O, on the growth of naked oat seedlings under La stress

) N i bR Wik P
piis LSS i Plant fresh weight/ ( mg/#) Plant dry weight/ ( mg/#)
Treatment Root length/cm Plant height/cm

HZ Root b 1-#B Shoot M Root Hhi 1#B Shoot
CK 17.62+0.78a 21.21+0.35a 142.9+2.82a 250.5+8.62a 14.29+0.67a 23.35+0.87b
La 12.42+0.93¢ 16.19+0.37¢ 76.3+4.69¢ 156.1+4.60c¢ 10.15+0.22¢ 17.17+0.50d
La +H,0, 15.51+0.36b 18.70+0.42b 105.0+2.37b 188.7+8.10b 11.89+0.45b 20.10+0.42¢
H,0, 18.01+0.21a 21.76x1.31a 150.3+1.40a 255.7+2.76a 14.32+0.64a 25.71+0.50a

CK: MiftE 78 187K 12 h J& ] Hoagland 37 & T#E AL, The seedlings were treated with Hoagland nutrient solution after leaf spaying H,O for 12 h;
La.: Wi 77K 12 h J5 H# 1.20 mmol/L La®* 1) Hoagland ¥ H&ifE Zb ¥, Hoagland nutrient solution containing 1.20 mmol/L La’* after leaf spaying H,
O for 12 h;La + H,0, : Wi 5 mmol/L. H,0, 12 h J& A& 1.20 mmol/L La* ) Hoagland ¥ ¥ 5% # 4b ¥, Hoagland nutrient solution containing 1.20
mmol/L La* after leaf spaying 5 mmol/L H,0, for 12 h;H, 0, : W{jifi 5 mmol/L H,0, 12 h J& ] Hoagland ¥ 53 4b P, Hoagland nutrient solution after
leaf spaying 5 mmol/L H,0, for 12 h, FIFIARF-HER IR 257 53 (P<0.05)

2.2 La WA T AMEH, O, X BRIESE 21 - F i 3 KA 2R A 52 1)

M B RAGIP LR L VA Z A E ARG, (A+2)/(V+A+Z) 5 BDOGREFERUS VI L,
MR 2 AT UL, La 8 T RRHEZ D V RI(V4A+Z) SR EILT CK, M A, Z S EM(A+2)/(V+A+Z) 5
CK A H 2 45 3 5 AN H, O, B 42 5 T La Wl FHRSEZ LTI 10 V & i IR T A Z (V+A+Z) i
H(A+Z)/ (VHA+Z) RS 500K 27.6% 13.4% 7.1%H1 10.4% , B—H,0,40bF8 5 CK AHIL, V & 35K
Z ERM(A+Z) /(VHA+Z) BEPER A (VHA+Z) TR ERRBE

&2 LaB8 T5NEH,0, MRMELEM H I B RESHFI

Table 2 Effect of exogenous H, 0, on xanthophyll cycle in leaves of naked oat seedlings under La stress

AbF Treatment V/ (mmol/mol ) A/ (mmol/mol) Z/(mmol/mol ) V+A+Z/ ( mmol/mol ) (A+2)/(V+A+Z)
CK 33.020.38a 10.7+0.42b 29.920.70d 73.5+0.75a 0.551+0.0061d
La 15.1+0.26d 12.7+0.60a 41.2+0.35a 69.0+0.78b 0.781+0.0015a
La +H,0, 19.220.35¢ 9.2+0.36¢ 35.740.92¢ 64.1£1.07¢ 0.700£0.0087b
H,0, 23.8+0.51b 11.1+0.31b 37.2+0.70b 72.1£0.57a 0.6700.0061¢
V. %8 H# )5, Violaxanthin;; A ; ¥ % & K % 5T, Antheraxanthin; Z: F K% Jii, Zeaxanthin; (A+Z)/(V+A+Z) . R LR IR Z, Denotes de-

epoxidation extent of xanthophyll cycle

2.3 La Bl FANEH, O, X0 #RIEA D B A i SR ZR DO S B R
ISR RIS [ AR WA 38 FERIORN X BOOGRER R ROC AR RET L R 3 AL Y
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CK AHLE, La B RRMEE L PS IO REE(F /F,) SEBRCAZERR (D gy ) HUGAL R R AL
(gP) 537 0 & PR 21.1% ,70.8% 1 55.1% , AR CALZF AR R EL(NPQ) Iy MERE SR AFEHL YV (NPQ) FHIE 5 #:
RETEFER Y(NO) 4351l i 42151 72.6% ,70.9% F1 24.9% , 5 La AbFAH I, La + H,0, 4038 b 4 il 1 #ate sz it
R F/F, @y qP BB NPQ . Y(NPQ) . Y(NO) W FH&E , H F /F, @y vqP 530 T 15.7% ,99.3% Fil
62.7% ,NPQ .Y(NPQ) .Y(NO) /3K T 7.7% 14.1%F1 12.6% , Fo—H,0, 43 iR %9663 %805 CK M
Lo 2 5%

£ 3 La B TSMEH,O0, WMRIMELHE I FIHER TSI M

Table 3 Effect of exogenous H,O, on chlorophyll fluorescence parameters in leaves of naked oat seedlings under La stress

AL 38 Treatment F./F, Doy qP NPQ Y(NPQ) Y(NO)

CK 0.817+0.0015a 0.483+0.006a 0.686+0.005a 0.913+0.005¢ 0.316+0.006¢ 0.273+0.002¢
La 0.645+0.0021¢ 0.141+0.002¢ 0.308+0.003¢ 1.576+0.006a 0.540+0.002a 0.341+0.001a
La +H,0, 0.746+0.0015b 0.281+0.003b 0.501+0.004b 1.455+0.009b 0.464+0.003b 0.298+0.001b
H,0, 0.816+0.0021a 0.479+0.003a 0.684+0.010a 0.908+0.014¢ 0.320+0.001¢ 0.273+0.008¢

F./F, . PST R RIEAE2E%0R , PSTT maximal photochemistry efficiency ; @pgy : SEFRIGAL R0, Practical photochemical efficiency ; gP ; Y2
K Z 34, Photochemical quenching coefficient; NPQ ; i J 4k 2% % K, Non — photochemical quenching coefficient; Y ( NPQ) : ¥ 75 1 AE i #£ #, Regulated
energy dissipation; Y(NO) : 98751 BEELFEHK, Non—regulated energy dissipation

2.4 La BB FAMEH, O, X BRMEE G it G R GE R REF PS 1T MO GRE 53 LAY 52 1R

M 4TI 5 CK AHE, La B8 S L H PS TR BE 4 R 350 (B) FIXUDG 2 45 ]k & BE 43 1ie
AT ZEL(B/a—1) Je PSTTIROGRE F T R AFER A4 (D) PRGSO W FERL 3 8 (E,) b 2 5t
AT AR T 29.0% .390.2% (83.8% Fil 42.5% , 1 PS 1 i & BE4T L 2280 () A1 PS 1T WSO AE Ttk 24
N ER (P W5 Z AR, 4330 TR T 42.3% 1 70.8% , 58— La AbFEAAEL , La + H,0, AR 40 T 8.
(B/a=1) D M E WTHE I o 1P R, KB (B/a=1) D FE BT 12.9% 55.6% .19.3%H111.1%,
a P AYIITHE T 42.1%M199.3% . $—H,0,A BRI CK 8] RSB H2ERADE

R4 La B TMNEH,O, X RAMELDE I X RGEIM L AETN PS T RIS A S EERI R0
Table 4 Effect of exogenous H,0O, on distribution of excitation energy between two photosystems and PS Il luminous energy in leaves of naked

oat seedlings under La stress

AL FE Treatment a B B/a—1 P D E,

CK 0.407£0.002a 0.593£0.002¢ 0.458+0.011¢ 0.483+0.006a 0.296+0.004¢ 0.221+0.003¢
La 0.235£0.002¢ 0.765+0.002a 2.245£0.025a 0.141+0.002¢ 0.544+0.004a 0.315+0.002a
La +H,0, 0.334£0.002b 0.666+0.002b 0.997£0.015b 0.281+0.003b 0.439+0.004h 0.280+0.003h
H,0, 0.406+0.004a 0.594£0.004¢ 0.463+0.021¢ 0.479+0.003a 0.300+0.006¢ 0.222+0.009¢

a:PS T & RESTIE B %X, PS 1 excitation energy distribution coefficient ;8 PS Il 3 & BE43HC 22 %L, PS 1l excitation energy distribution coefficient ;8/
-1 SO R GE R K 8 53 BE 09 AN -4 i 25 225X, Unbalanced distribution of coefficient deviation on excitation energy between two photosystems; P Y4k
2F WA, Quotient of absorbed luminous energy used for photochemical action; D ; £k #EEHL 1) %, Quotient of absorbed luminous energy used for
antenna heat dissipation ; £ ; 3£ G054 N R4, Quotient of absorbed luminous energy used for non—photochemical dissipation

2.5 La [ T AMNEH, O, X BRIHER Sy 1 - Fr Gtk [R] A G B BRI M 7 52 il

F 5 KW La W38 T RRFEE L it 4 TGSk [8) Ak O B S Ve 10 38 IR, 1, 5- W IR A% W AR L Tl
(Rubisco) |1, 7- " WiFR 5t K JiHMEBERAG (SBPase) (1, 6- iR L WHEE 45 filf ( FBAase ) F1%% A BBl ( TKase ) 15
P CK FRE T 46.1% 56.7% .60.5% 11 29.9% , La + H,0,4b i) Rubisco ,SBPase Fll FBAase 145l
P — La AbFR S T 36.2% .54.8% 1 70.5% ,{H TKase 1GPE2E 3 A B3, —H,0, ¥ A CK AH L,
Rubisco Fil FBAase &4 E 4 & , T SBPase F1 TKase WEHERALE .
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£S5 La B TIMNEH,O, W#RMmE LD I AL AR EML X RRERE R R0

Table 5 Effect of exogenous H,O, on photosynthetic carbon assimilation key enzyme activities in leaves of naked oat seedlings under La stress

Rubisco Wi 1 SBPase i FBAase i1 TKase 71
AbFE Treatment Rubisco activity/ SBPase activity/ FBAase activity/ TKase activity/

(U/g i) (U/g fifH) (U/g fF 7)) (U/g B 7))
CK 3.43+0.160b 8.63+0.306a 3.77+0.097b 12.42+0.181a
La 1.85+0.092d 3.74+0.093¢ 1.49+0.070d 8.71+0.074b
La +H,0, 2.52+0.065¢ 5.79+0.085b 2.54+0.100¢ 8.56+0.096b
H,0, 4.17+£0.217a 8.73+0.314a 4.45£0.070a 12.39+0.239a

Rubisco: 1, 5-— AR A , ribulose 1, 5-biphosphate carboxylase; SBPase; 1, 7-— T R 5 K B Tl B T ik , sedoheptulose- 1, 7-
bisphosphatase ; FBAase : 1, 6- W2 FAERE 45 | , fructose- 1, 6-bisphosphate aldolase ; TKase ; #4 Hil 5 , transketolase

3 e

S VE ALY A K & B YOG AR, X La WO SR a A Mg i 2 —% ) La hil F, 4
JEH, O, X BRI 2l i AR KA MR VE I (3R 1) ST A Tk ot B Oisen el . e Z 9O TR
AW A RS, X S RO ES B o3BT, 456 6B il [ Ak 5 B i 0614k 1) 22 Ak, 7T A4 7 S0 IR
H, 0, AR 21 La W38 05 3 16 & 2R BRALA

Fv/Fm A3 PS 11 FERDGAERCR AR RE ORI A 2k B SRR D SO PS 1T 52t 30%
HAE KNG SR s % RE AR ACR PR & @ PR T A 6 La il #RSEZZ 4h it A
F/F @, BERAR(F3) , 380 La B0 55 T PSIT S G @G5 407 , 5 2505000 6 BE IR BCR %
I, 66 i PSIT B HUG ] Q QS PQ FEIE I Z B3N . J6A 1% ATP F1 NADPH (77 K 2%
RS D, B, I, CO, FfLAE ST T FEAS ATP 1 NADPH 75 3R /0t il BEJ2: La i S 4l PS T Hy
FAEEZ RN BT 22— X5 ET AR R R I S bR 85 0 v B La MR R B 45 4 , 3K
PS LA 1EE FRRIIIF ST 45 525, HUR R AT RE S La™ 445 & AR 1 s U Mg 5 B3 M-SR 245
SEMATOC S RIS ST R SMIEH, 0,40 BERE US4 55 2% KL ( Phaseolus vulgaris) MR @y F1 qP | 11 F
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TEERLL A3 V i B B A A Z S AR IR AR (A+2) 7/ (V+A+Z) 3530 (3R 2) |, it — A Ul ARl o
RV ) Z AL AR ROHL ] 7T RB 2 La JBa BRI i RDOGREFERU A EZR AL, JMEH, 0,0 B(F La
38 TR M R gP VS EBERE A Z SEM(A+Z)/(V+A+Z) J NPQ Y(NPQ) 1 Y(NO) .35 FE ik
(#£2.3), ULIASNEH,0, FEm i 38 0 PS 1T s Ry Hocs 1 B4 2 Y6 RE R F &SR, TR AIG Ta Jolkats 51 12 ()
FEAP IR, O 2 R G Y AR R S e AR BUN R I AE R La 38 T H, O, SRR 1T 7 S A P I 22
HLI

H) PS T A1 PS T % BE A3 Z B J2 e & BT i s 5 A DML A RE ) AR v | ke sz 4 iy
TE La A T 0 EC 25 PS 1 B BE o DRI /0L 2 PS T AL RE B W51 £ | Bl RAE & fE M A
M B/ a—1 BER (K 4) , U] La B8 ER BEE M E R G A BC Ry, PS THICE RE ) i & hn 25

http ; //www.ecologica.cn



8 XUAEHT 4 BP0 T SMIRH, O, X BRaHE A2 4y B 4 32 2 BRI 45k ) L TR 1 14 52 ) 7

5 BN UL AT T B 5 B PS T A B IR 25 4 B BB R, DT (5 6 45 F 1532 52 BHL, >l A1 I 1) v sk
BT R4 ANEH, 0, AP La hi8 R AORRIEZ L 0T B I B/a—1 W EREIK, o BETHR (K 4),
FHASMIEH, O, BEWS AT La Bl #RIHERE M R B0k RE A X M5 43 e, AT 8 D06 R EE MDA B F I U 1536
HMIEH, O, XA E A AT T RE Y M0 2 AR R La Wil N #He22 A GRE eIk R A P (36 4) Y ZL R
B, P AT ERE > PS Tt DGR AR B, DN R 4% (6 AR NPQ FERL L AR BB AR D (His/h, 78 PSTI
SRV HR 0 S P 2 T A 328 1) SN HR O R BE R RE T T Ak 2% SO i, S B E A I I D AR R L E,
AR IS 5 R T R S 7 A O B A S B D S R S R T, 15 AR @y IOPR AR AR 25 R %
W, AMEH, 0,51 La il F#RFEZ T R E FH A W R E T (3£ 4) , BABTAMEH, 0, oT DUE i FEAIE E k2%
i La e ot 5 7 O 940, X 5 AMBH, O, &b B 6 0% 38 1 $12 55 15 P G335 ok 16 P Dk % 32 572 B I S R 4
ERIRFFE LRI AR, Cyt—b559 /- FRIA O A H L TR 2 ANE KZR R PS T B 1 35kE
Fr TR J2 (B0 AS Sl AT 0 SO R GE G RE A e 1 SN Hh 0 B REARE R A 22X, AMEH, 0,58 7%
DUA R 7 XTI La 038 T #RBEZ LG0T F (4 AR ML v 75 o — 20 5E

FLIC AR TR PR B SR 2 SR | L F1% 88 FDG A B BR AL A HL B 5 32 PR BE 3 s i 7+ a1
Fi7R ANEH, O, B ARIER La 0105 3 0918 2 & A BUR R ALH AT AT, Rubisco 8L 1,5-—
AR A% B % (RuBP ) SR AL AN U N 1 SRR . 52513 7 5 (Phragmites communis) Rubisco TG REAR, 1M 4E
Wi S5 Rubisco & FFE . B ERM Hoc KM Mg2+?7§i?ﬁﬂg Rubisco, I 54 Mg2+fﬁmfﬁlﬁﬁﬂﬁ§ﬂ%§fﬁ
AR | La A X Rubisco 1562 A9 B 26 B0 A XHZ S fL i B2 A 017 . AR Rubisco KA 22
AL S A B EARTE J7, 5 AL Rubisco 16 PERBAL FF— AR EY e-NH, 5 CO, B E L H IR 5 Mg™
A B -CO,-Me™ W PE R AR R ARBFSE P, La Bl N #EHE&2 1F A Rubisco 151 3 I (%
5) X —J5 T T RES La W6 T 6 S0 96 24 W88 A A I5400 ol 165 52 17 A 9, 59— Jr 1T AT B La® BRAR Mg™ S T
Rubisco MTEfLIT R, MIAMEH, 0,4 808 %% T La FM8 T Rubisco G PER FRE(F S) , X AT BB 5 4MEH, 0, REMS

RS M B T B G A I R AT 6 (SR BUBAS FFERIE. RuBP {10 b A SR CO, Y
e R
y y y
HeRER LR S BERTRRSRTHE  CATERIL  LRRATIEY SR HERRFA

MRFLRERER  PSIAPSIDBLSIEH:  ATPRESH: PS I AIPS [ k43 it AL S TS
: % Y, 5

N
N

RO M 3 i
W

I 2L K MHEEESE ATPERIEEEE R GRS EA G B4
T 7 R JETR R S 2
FIE U NENE BRI kAR R BT 1858 Bk REAE RO TR RIS AL (R 3R
RBBIRIE R R gk P AL R S CO M B2 HANCO %
V.7 RS PIRRALR S

‘\\\\\ DI IS %ﬁﬁ%i?ﬁ@m

(ST E 777z fimtsimigis

B 1 5MEH,0, ZEHHE La PEGENRSEBEEE

Fig.1 Photosynthetic physiological pathway for exogenous H, O, alleviates the harm caused by La stress to naked oats
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