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JuHSE 50 mmol -L ™" NaCl Zb¥R , S B4 %) BR 5 2 8 i1 44. 3% ,100 ~ 150 mmol - L™" NaCl %t 4= 4 8 Wil R & ,200 ~ 250 mmol -L ™"
NaCl i K 32401, fof B 45 %t BB 4331 2.3 T % 39. 3% 1 70.2% @ 50 mmol - L™" NaCl i, Pn 3% R 8. 25 16 11 17. 2% , 100 ~
150 mmol-L ™" NaCl B 5% B TC B 22 5,200 ~250 mmol - L ™" NaCl B 4352 He %) B B2 T[4 73. 2% 1 77.9% ,Gs 1 Tr 2R
# MDA &8 ELWHK ., @ MH4#ZE Chl 7£ 25 ~50 mmol-L ™" NaCl B}3%% ,100 ~250 mmol-L ™" NaCl Bfi% 3,18 Chl a/Chl b {8
AEb/N; 26593 N &K Car 7£ 25 mmol-L ™" NaCl i} B 23 /1,100 mmol - L ™" NaCl J5 4818 %, {8 Car/Chl {52 FFH#a%. @ 25 ~
150 mmol - L™" NaCl B4l i /K 43 F I3 WUE 5% fETC 8.3 255,200 ~ 250 mmol-L ™" NaCl Bt bb %t B8 B2 T /&, 45 LMk, 25
~50 mmol-L~" NaCl ff , BRI &1y 1 8 32t 3 AN FLIF 3K 3858 0 & 60 450 400 SR e e AN B R, i P 508 I, (R ML AR AR K
FN4R T £h 14,100 ~ 150 mmol - L ™" NaCl B, 33 #2 & #9 WUE {f Pn FREAR BE £ K Z /N, BA BT £ 1,200 ~ 250
mmol - L~ NaCl bt , Yo A& B %5 A4 W R Th REVSSS , i Pn B35 T I8, 40 A S IR A0S R R G oHl i i/ VE KRR R #h 44, BA
BT EE MM . 150 mmol-L ™" NaCl AR BRI 4 i A5 4 138 B o
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Abstract: In order to evaluate the effects of salt stress on growth and photosynthetic physiology in Jatropha curcas L. The
growth, content of photosynthetic pigments, photosynthetic parameters as net photosynthetic rate ( Pn ), etc. ,
malondialdehyde (MDA) and electrolyte leakage ( EL) of Jatropha curcas L. treated with different concentrations of NaCl
in greenhouse were investigated. The results obtained are as follows ;(DCompared with the control ,the growth and biomasse
of Jatropha curcas L. were enhanced with 25 —50 mmol-L ' NaCl treatment , especially with 50 mmol - L. ™' NaCl. The fresh
weight increased 44. 3% than the control. The growth and the biomasses had no significant changes with 100 and 150
mmol+L ™" NaCl treatment, but were inhibited with 200 —250 mmol - L' NaCl treatment. For example, the fresh weight
under the 200 and 250 mmol - L' NaCl stresses decreased significantly 39.3% and 70.2% respestively. (2)Compared with

control, net photosynthetic rate increased significantly 17.2% under 50mmol -L ™' NaCl treatment, while had no significant

EE&WE : BEEHEARY L R BT H (2007AA091702)
W #& 5 H#5:2007-12-25; 1&1T H #f:2008-04-23
* W ifAE# Corresponding author. E-mail ; sea@ njau. edu. cn

http ://www. ecologica. cn



3 Mrfgtd 45 BRI (Jatropha curcas L. ) 4l H A K FN56AAE F X1 Hira8 i e g 1357

changes under 100 and 150 mmol - L ™' NaCl treatment. Under 200 and 250 mmol - L ™' NaCl treatment, it decreased
significantly 73.2% and 77.9% respestively. Under the different concentrations salt stresses,the stomatal conductance and
transpiration rate showed the similar trends of net photosynthetic rate, but the MDA and EL showed the contrary (3)The
chlorophyll contens increased progressively with 25 and 50 mmol - ™' NaCl treatment, then decreased with 100 — 250
mmol+L ™" NaCl treatment, but had no significant effect on the chlorophyll a/b ratio. The carotinoid contents increased
significantly with 25 mmol+L ™' NaCl treatment , then decrease with 50 —250 mmol -+ L.”' NaCl treatment , but the Car/Chl
ratio increased gradually with the increasing salt concentrations. (4)The WUE had no significant changes with 25 — 150
mmol - L. ™' NaCl treatment, but decreased significantly 33.5% and 22.6% respestively with 200 and 250 mmol L' NaCl
treatment. We conclude that Jatropha curcas L. seedlings had a higer Pn than the control by increasing stomatal
conductance, stability and activity of photosynthetic membrane and other cell membranes with 25 and 50 mmol - L~" NaCl
treatment, thus promoting the growth and biomasses, and salt-tolerance can be further increased. Pr had no significant
decrease with 100 and 150 mmol-L ™' NaCl treatment because of steady WUE, while the growth and other metabolisms of
seedlings were little affected. Pn decreased significantly with 200 and 250 mmol-L ' NaCl treatment due to the weakening
of stability and activity of cell membrane, the seedlings raised salt-tolerance by incraesing the activities of antioxidant
systems and reducing the growth. Jatropha curcas L. has a good adaptative response to salt stress, it can grow well below

150 mmol L' NaCl treatment.

Key Words: Jatropha curcas L. ; Salt stress; Photosynthesis; Pigment; cell Membrane; Water use efficiency

LAt 2, KGR A RN S ER R A ™ FE A LR 9 2 F A B 7= i g A 7, TR & R S B ER
BN 0.99 12 hm®, FENMALENHE R T EAE T REIX | 3 M, B IURIEW A REIE® 4K, 0
AE RIS b X S PR MR DR, R S AR S b K T R 22 BEAE A , QDR L8R 3R U
AL ANTERA R AR it SO Ik, AN I b An 25 i BE I8, 8 T LABN S o 24 By XU v 8+ + 3%
BR YA, &G FAPR S AR R L X 3 - B IR T R B RUAE I . FRKA (Jatropha curcas L. ) iy KEF}
( Euphorbiaceae ) BRI & 2245 HEAR , BHAAEAY) , £ 24010 T oty LRy 1 X, 288 K 2250 K AE S YN AL B
PP X, ZE TR E D01 R SR )P S R TR A B AR A AR HAR R Rk, HA R
TS T SRS WERE 7, AT S M R K R POR R E D R EM T AR 40% ~60% , ML,
JE— Al R R AR AR A MR TR, 4% S5 AR R LA 7 A A S . BT, RO ZEE &R e R b
385 ) A — B3R S, (H b A B A 2505 TR LR o

Eh 8 £ KA IR A G AT BRSO , AR A YE RS o Eha T Y A Sk
M E 2B B, RO e Y N W E R Z — hE SIS e R R, 2P %
SEAE PR Eh R A PRAR B B o A 06 38 2ok %o BRI 411 1 HE AT S IRIVR BE NaCl 4038, pFoT3h e T 4 AR K Db G
M BRE G AR B AR 2 R AL , BT IRRIRUAR I s X e e O AR AIE , 0 25 365 R SRR T R , D 4 e Lt 6
P, BCRBRIKUR SR, LTSS PR (b it & R SR AR 2R .

1 HREFH=E
1.1 PR B IR 5403

PEHARRIW (Jatropha curcas L. ) R 9w 1 5,2k B M AR KR F W R MR A 5T . ¥ Fh 718
JKEWL 24 h, R TRAEA WG, TOLREERAATE S, BIRE (30 £2)C,KIRE(25£2) C 0t
5% 1500 L, FAXHTR AL 40% , B RAUEF LKL, RFFE TR . 25 6 KX, Pkt K —Bursh i, BR A K
WRZFIRE , #ATEVRE , B E R 6 IR, B4 3 %o KA 1/2 Hoagland H55R MR BEHE IR ZE BAOLH ., &5,
F# 0.25.50.100.,150.,200 mmol - L ™" 1250 mmol-L " NaCl f#] 1/2 Hoagland %3 3% 5% , 5 W KB — U AH [A]
TRFR I BE TR0, E BT 25 88 /K FE 4k e A S D 6 5, DAMARTE I BT I R 7
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1.2 ARKREAAYENE

SIS AL 10 d J5, WK AP SRR, A (] S0 5 2R R K R B VR IR T, FREE AL B
AL 10 Ak, BEMRR A FE AR 5, W AR, SRS 7E 105°C R F 20 min J5, T 75 CHT R1EE, 7R
THE,
1.3 StERESEE

ff FH2E | Li-Cor A H] Li-6400 BUEHEAOE G ME RS, FEALFEEE 10 R(HEK)9:30 ~ 11:33 WER i
FHA R (Pn ) SFEHASE KAFIFREE(WUE) Ry Pn/Tr 1H54H , SFLFRGME (Ls) A 1 - Ci/Ca, W ERT
JeaE A F 6400-02LED £1 15 Ye 45l , Yo 738 B 2% B KR 1200 wmol-m s ™', KSR 21.6 ~23.5C,
RS CO, MR PEASALTEE g 411.59 ~414.52 wmol -mol ',
1.4 StEaxREENE

HEOESESRESE HRE,
1.5 5 4 B s el 5

I 4 A 1 ] DDS- 11D B e 40 H A B AR AR AMB 2, A EL FR'

M A i EAL R BE AT % (MDA) & B , B B L ZBR (TBA) ikl ™
2 ZEERMSH
2.1 HE X RRIKOR 4l A K

N 1 fizs,25 mmol-L™" NaCl KbBE, BRICH AR 5 HL Xt FR B E 14 An, 84 hn T 14. 1% , T a4 & - FE 0
- E ARG 3 AL #5550 mmol L~ NaCl Kb, #b4% ki (K (- 58 A T AR e F5 A 35k B K8, Hoh bk
AR LT BE 1 A, T I R 5E 5 % R TG B 3 AF k. 100 ~ 150 mmol - L' NaCl Zb 3, B A% & 7E 100
mmol - L ™" NaCl ZbH bt % HE B 3 A, HAth 3 5% R TG B & 25 7. 200 ~250 mmol L~ NaCl 4bH, B T #A27E
200 mmol-L~" NaCl 4b3 5% I8 TG (. 3 25 5, HoAth A= K7 S 45 bn 35 st BE S8 25 080 20, ok 40 1) EL ket R R
14. 5% F131. 5% ; MR 4RI T FE 14. 7% F1 39. 7% ;K43 B R B 33. 1% F1 38. 6% ; M- 554351 F B 26. 5% Fi
41. 1% , Bl T FE A A S22 00N , i T AR S 3 s/ , 4031 LX) BB R R 48. 5% 1 55.6%

F1 7F[E NaCl iR E ¥ BRFUR 4 8 K B 70
Table 1 Effects of different concentrations of NaCl on growth of Jatropha curcas L. seedlings

b7

Treaments L] i e 58 -
(mmol-L ! NaCl) Height(cm) Ground diameter( cm) Leaf length( cm) Leaf width(cm) Leaf area(cm?)
CK 10.80 +1.31c¢ 0.68 +0.08abc 7.25 £0.45a 5.48 £0.56a 32.12 +2.17ab
25 12.73 +0.68b 0.75 +0.13ab 7.35 £0.06a 5.58 £0.17a 34.31+0.8%
50 14.11 £0.30a 0.78 +0.04a 7.38 £0.61a 5.63 £0.15a 35.72 +2.78a
100 12.03 +0.50b 0.63 +0.07bc 6.83+1.07a 5.23 +0.60a 31.53 £3.69ab
150 9.93 +0.60cd 0.61 +0.03c 6.50 +0.42a 5.05 +£0.52a 31.41 £3.42b
200 9.23 +0.68d 0.58 +0.02¢ 4.85+0.24b 4.03 £0.43b 16.54 +1.79¢
250 7.45 £0.15¢ 0.41 +0.08d 4.45 £0.49b 3.23+0.47¢ 14.27 +1.31¢

AP EE 6 K, FFBUEAFEFRRRNZEFIE 5% B.F/KF, FIH Every treament were repeated six times, different letters within the same

column indicate significant difference at 5% level; the same below

2.2 HE R RRIRUR 41 A R

W 1A Bz ,25 ~50 mmol - L' NaCl Y5 BBl 4, # 5 bb Xf HE 558 3388 i, 43~ 31138 i 36. 2% #1 44.3% , 100 ~
150 mmol-L " NaCl B, 5% BTGB ZE 2% F, 200 ~250 mmol-L~" NaCl kb3, Fb Xt BB B E W/, 48l FRET
39.3% f170.2% , T (& 1B)7E 25 ~100 mmol-L ™" NaCl Zb38 , Fb X} HR 552 3 i1, 43R03 A1 17. 9% .29. 6%
M 11.1% , 200 ~250mmol-L " NaCl 4b3 , b %if BE B Wi/, 0B FFE 14.5% F131.5%
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Fig.1 Effects of different concentrations of NaCl on biomasses( fresh weight A ,dry weight B) of Jatropha curcas L. seedlings
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Fig.2 Effects of different concentrations of NaCl on net photosynthetic rate Pn( A), stomatal conctance Gs(B) , transpiration rate 7r(C), inter-

celluar CO, concentraion Ci (D) of Jatropha curcas L. Seedlings
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# 50 mmol-L~" NaCl Zb¥H , Pn FuX B B 24811 17. 2% , 100 ~ 150 mmol - L' NaCl 4b¥E 53t R TG B 325 5,
200 ~250 mmol-L ™' NaCl kb, Pn 43 5| Ho X} HR 5B & & 73.2% F177.9% o 50 mmol-L ™" NaCl &b, Gs il Tr
435 He Xt B8 B 25 8 i 36. 0% 1 37. 2% , Ci Hu X} HE S5 23841 35. 9% 5200 ~ 250 mmol-L~" NaCl b3, Gs 43 5| tb
X BB T % 60. 4% 1 74. 3% , Tr 43 51| L X B B 2 F F% 59. 0% 1 70. 5% , Ci Eb X B &3 34 fin 53. 0% F1
58.0% o FRKSEERIA T, LA Pn Gs i ..
2.3.2  ERJEE XS BRI G i R SALBRSIE Ls B30

SALRRGME Ls FREADEEERRZ MR . Y2 ant, S A ERBRIKEH TRILERIERI
BRI R 28, 38 S M s S 40 M [ R CO, ¥k BE Ci S FLBR I ME Ls B072846™ o & 3A 7R, Ls £E 100 ~250
mmol-L ™' NaCl ZbBE R 208 , 220 Pn [BE2 S FLBR %I H Z BWH /Mo 200 ~250 mmol-L ™" NaCl £bH, Ls {&
YRR 47.5% F1 45.5% o
2.3.3  ERJEE X RRKR S K 2 R FRCR WUE B30

YK 53 FIFHREE WUE( Pn/Tr) 2066 FZE B RE SR G RO, WUE =AY, oM & K i Rk
S, K 5 4, BR A A K A Bk, R X e A R T IR v, B 3B BTR, 25 ~ 150
mmol-L~" NaCl b3, BRIK I 4l ¥ WUE & 5% FR T 3 22 5,50 mmol - L™" NaCl Zb3, B F Gs B ER K, Tr
WK E Pn 5B B3, 41 WUE 4 B/ B 53 G B E 25, 100 ~ 150 mmol - L' NaCl ZhbFH , bR B354,
4 E S BN ALTIFBE , BEAIR P [ Bf ol B8 R AR BE HUREAIG Tr SR 3G fin WUE , WUE L3 FRBE IS H T2 R B3 .
200 ~250 mmol-L~" NaCl 43 , WUE 4y 51| Hb. X BB 55 2 B4R 33. 5% F122.6%

80 - A 9
a a a a a
- PR || ab
g o0t b ¢ . 5 5T 7 § e
Q
38 50t 5 SE2E o
= 5 E s
BE 40| ®¥so Of 23
= E XS 2 L R
=3 30k E g3 N
rE ¥5E ST N
1 £ &2 3 \
£ 20f S350 ]
3 %z 48 2 ]
w2
10 | S R
SR \
| | | | | | | 0 | | | | k |
CK 25 50 100 150 200 250 CK 25 50 100 150 200 250
NaClik & NaClyk g
NaCl concentrations (mmol-L ") NaCl concentrations (mmol-L ")

B3 ANIR) NaCl ¥ BEXT BRSO 4l i AL R IE Ls (A ) FIK23FIFIZ 2 WUE(B) [R50

Fig.3 Effects of different concentrations of NaCl on stomatal limitation(Ls) (A) and water use efficiency( WUE) (B) of Jatropha curcas L. seedlings

2.4 A XTRRKN S EE A AR & B A

P TR T A EEA R S BRI LG f 1L, BT B R A ThaE fsk s . nE 4.5 FoR 1%
BET, CAORSEMEEMRE BN EE, S E TR, H, 453 b(Chl b) fIZE#HE b EK (Car)25
mmol +L.~" NaCl XbFf 3} fE @ 353 5 , 4% K a( Chl a) A4 % & & (Chl) 50 mmol-L~" NaCl 4b3E b X 8 &
ERE ARG BEER AN KA 0 K A B, oA, Chl a 7E 150 mmol -L ™' NaCl 4b3 i 3 T %, Chl,Chl b 200
mmol + L. ™" NaCl kb3 i 2 F [ ; Car 7E 50 mmol-L~' NaCl £bFH & 3 T ¥, (HFf /G A0 TR 8] T FE2%18 . 4t aa
RUWHIEE S BR S BN Z B (B 6) ,3 Chl b ZE{RERMHa RS i B2 , b S ba Rk g s,
Chl a / Chl b f7E 25 ~250 mmol-L ™" NaCl b % % & /Iy, {H 25 ~ 100 mmol L' NaCl b, Chl a / Chl b {&
Bl B 8 s 3 , 150 ~250 mmol-L ™" NaCl 4bFH , b %o HE B Z /)y , (HACBR B AR (b AN K, 2Kt ss b ZAR L B
/N, Car / Chl £ 50 ~200 mmol-L ™' NaCl Xb¥H , #247] B % M4 2 B8 Chl {5 3& 3 I i B35 k0, J5 bR R 3
fin, Chl ) & 3yl IN T 2 W48 1,250 mmol - L ™" NaCl KbEEA X Wf . 7ERERMNA T, BARES B RN S ER
1%J8,/H Chl a / Chl b .Car / Chl {HEhZS P47, HIXTRARE o
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Fig.4 Effects of different concentrations of NaCl on Chl a and Chl b Fig. 5

NI BE NaCl X BRI B i 1 ¢ 3 SR AN D R iK

Effects of different concentrations of NaCl on Chl and Car

contents of Jatropha curcas L. seedlings contents of Jatropha curcas L. seedlings

2.5 ThIhiE X RRACR 4l B I R A R

45, [ Chla/Chl b Car/Chl
75— (MDA) R YR AL B =, it b
ERNEDEBER WIS R, B A LR 35 .
BETE, M B, 200 L P R AR T A9, o AR SR OB 3R s £ & £ % T

25 H

EL 3K, AT SRR/, R [ v Fn oh R 3 98
I A A 2R AR AL AR X FE B . Al A BN, 25 ~ 150
mmol- L' NaCl kb3, MDA SEBME5W BB E LR,
EL Jotexd B/, J5 B E - 53 T B E 2R, 25 05 L e e 1le | Le | L
~50 mmol -~ NaCl AL 3 MDA H3F JEBEAE , B FF it 46 i -HESHE NI HE-ALHE. T

2.0 H

LA
Pigments ratio

1.5 H
1.0 H

MR BN/, T EL Hoxe 8 0 35 A 37. 3% A1 44. 6% S0 100 150200030
FEH RS [ v R . 200 ~ 250 mmol - L' NaCl 4b
B, BEE TR W8 hn g, MDA 5 8 43 5 E X BR 2 2 5
28.3% M1 57.5% , e IEAFREBRL AR INE , EL 4
B LT BB E AN 17. 1% #0137 1% , EEME B ZE K,

NaCl ¥k &

NaCl concentrations (mmol-L™")

6 A NaCl ¥ 52 %§ BRAUR 4l i Chl a/Chl b Fil Chl/Car i
AL
Fig.6 Effects of different concentrations of NaCl on Chl a /Chl b and

3 igRngi Chl/Car ratio of Jatropha curcas L. seedlings

WHEBOT , A KA E AR X £ 757 e N Fo U Y
WA HE B BRI RIS R — S M R K, IR AR M E AR R B Y g T WA R M A B
AN S SEB R 25 ~ 50 mmol - L' NaCl th AR # BRI il 1 5 BRI 4 i A K A B AR, 50 mmol - L™
NaCl ZbFH , #R R 2 A KAGAR AL B B Ho ot B S8 35 38 i, 100 ~ 150 mmol - L™" NaCl 4b3# , 4 K 250 A B &8,
200 mmol-L~" NaCl XbH LA b, A= SZ 4 , BRI, R B A — 22 ATt £844 , 150 mmol - L™" NaCl b DL F &2
HAKMEERE, NaCl b3, F 258 3 2R S s E R RN ERR S &, AL ERSEMAE
AR s , A m K

Y RER I 4R a (Chl a) (2FFH-44E b (Chl b) FIZEEA® MK (Car) ZREOLAR, HIE fLi#tEE
BB R EER Chl a 2407, B, TR R ENGIEAN FENLEEER, Car B BHTAAIIRE. RIW 4
B4 % 58 (Chl) 76 25 ~ 50 mmol -L ™' NaCl b3 , &8 13 , FERBRFUM G ik > i —re, K
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Fig.7 Effects of different concentrations of NaCl on leaves plasma membrane of Jatropha curcas L. seedling (A, MDA contents; B, electrolyte leakage
EL)

KIET RF0UE S S, M5 BEEAR , Tk B8 5008, RERACBE , 55 3R 0K 3 HL 4 40 M /K 5 , AR 2R Rk 3
B, I AT S K B AN, fEBE Mg S50 FROT R IR B R AR CTK 1055, R 4 g™,
AT HE3RGRE MRS , AR FELh ¥ AR K, i 4R 25 ) 5100 ~ 250 mmol - L™! NaCl ZbFysi /0>, 5 J2 b % h vk
FERRR , MR F K R BEE PR K, Chl & BR/D , s fin , 2 e RE IR ik . BB B R Y i SRR
W5 #)—2F ,Chl a /Chl b {E7E—E 2 L RB R M- SRR SR R TA S BB R RAER e, —RTE,
SR RBEARRBH AL LA ERME", 25 ~250 mmol-L~" NaCl Zb¥#, 41 Chl a /Chl b {E %% IE & 5
/N, T BRI K AR KAE T B SR, M SFLZ T, HX K45 BAE 3 UK. TRILEH, &%
B TR SZ MG, 2 A T i B JFORAS , P iE v, o3 T e, RO E L P M R ok S B (A B
WH GRS RS YRR, L RER R LUBR 16 P B R i o B4R Chl a/Chl b {E%E %) R 5 8
/N HAE 25 ~ 100 mmol - L' NaCl 4b 355 F FF, 150mmol - L™" NaCl 4bB DAJG T [ , b3 18] 28 16 A K, Yo B 6
FE 4R B R ) , B AR R, ST S A Y — B . Car/Chl - SHYERIE R IR
HMBZHEERRE A X, 5 SOD &35 M4 1% FR BHE — 4, Car/Chl {8 50 mmol - L™" NaCl Zb3H 5 i/,
FERHT 50 mmol-L~" NaCl AbFH , % Z1h Ml 82 , 14 P T v A FR B>, Chl & R 380, 1 3k B4
PLEALH] Car BEFEAK, BEEREE N K, Chl FEIRFE K, 1 Car AT, Car / Chl {EZWi¥E I, $2 = 4h G #HEPL A
L8 BE A7 RS PR X IR

AHFFE B ,25 ~ 50 mmol-L~" NaCl KbFH , JRFE BRI 4 1 S ALIF5K . 1 BIZK AR B0 H R < AL
B CERE R, TR R B R AN Sk BN, B LA IR A 2R CTK 3™, SFLSE Cs xR E
EHR, CO, M NP BBH 1B/, 55 Gs eI SR MZE ISR Tr 3, Z8 B Hr S134 K, it — R sk i 8
FR W SCFIAE By 2 HAt N R B 5, N MDA (EL B 3EWEARRE , 4l NS o S8 A 5 B W%, JB A o I o i
PERE AR, ATRERANE MR PO, (Ca " S5 B SR S YR AN St fin 3, AT B S 0 AR B (A
4 A R RS A R D BB, IR R & B3 I ; i SR AR L T P Rubisco 8575 P38 3 , AT A5 401 v 1 O RB R K L Fe
ALF CO, [RALIE AN, YRR kb4, B AN JRIGE P A K 388 B, o hn bRt & 4 A v 18] 72 ) 78 J 1 B B
e AR, Uk EERR LS R REE (2 Pe UXT B ER S BB MEQ RS
PRI AR PR AR A K AR R AR R R E T M, 100 ~250 mmol-L™" NaCl kb3, FEE L IR, Cs . Tr
Pn #J8,, MDA \EL i3 , Ci T2 T o

— Ak NaCl il S VE M AT BE R E A = . B B , SBUK I T B RRAG BERR 2 s =5
W BT 0E, AEE TR ENE TSRS EMGE™ . 100 ~ 150 mmol-L™" NaCl KbHH, FRFAM 411 Gs.Tr
1 Pn FRE S5 IR TE B2 25, BARMLA] COWKEE Ci #1718 Ls ARK T 50% ,Pn TR 2B B
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HFI KR E T 6, FBRILIFERNG &, Na® 1 C1” B F7EY MR N R BGRBIHH AI G R T
FEIAREE . X RIERME T M £ Na* (Cl” fE7EE 2P (LR BARfr 2 3R AR, HZEER LM E%,
SR B, B2 2 T A B A 4 B0 s B 2 B R A I RIS R B s R A R A B
K BEPE R BAES s R RN R R AL I A M 54 RRIR N K 23 28 8 0 I AF 38 , M R G Tr B 4B
K, BEAZE R (R 2 T X SR B 0 R0 L R AL A e s e 4 4 R 4 P 20 R R - 4
PRSE AR A B IR , MDA \EL B AU K, BEERR i S ALK - B3, BS540 AT BE PR AR XS AR , DT 4E S5 AR X 5%
HLCERES , Pn W BE T, SO ME S —ke, AT , BRI 4h 1 58 12 A X i JsE g 1
SEALIKSF | AR S 0 AR AN Th R, DA T 4 7 AR X 785 A A T M T 32 8 it R . 200 ~ 250 mmol - L™ NaCl
RO % CL™ 43 51| EL X} BE S22 38 A 306. 0% \268. 5% ,Na ™ B 23 i1 922. 7% 958.3% , 41 Pn 3% MR B 3%
T, FEFE Ci 33, Ls 53 BIRE 25T BRI 47.5% F145.5% , Pn F FEIT 4R F 2 Z AR LR A1 R R 5 ma, B py 40
ML &R FF RIS . —H T, FEE RS YRR I, B E a5 B A T2, 6s BER/N, Tr B
EFEAK, CO, KRB TG E M BB 7Nk , Bk SR8 L - A 4 B b e A K R o BE SRR B R A
o AR , BEXF A PR A RSN, AR o 575 SMNES F00 FB BN, X AR W B v L B, Sl 2 3 1A
fE 1 Chl a/Chl b ZE LA KRFE , SRR BRI B LM Z AN 2, EERHN Na* LR, BB RS+ K
Ca®" (HARLEH Y SERE PR RN Th R PE R , {4 K \Mg®* PO} FIB BYIRSINE , AW R B, MDA (EL b3}
FR S A, JBE 3 SR A K ST 7, 2K A i S 200 M RS e s M AN T BBV DS , M R A B D R 2 ok
SRS s PEP JRALES 2 &5 AT 1 2K 40% LA L # Rubisco S8 75 1 T K&, CO, AL 5555, D EFEHER R
Pn BRI 03E RK 45 i, Sl i TR /N ARSI I AR VR R RE RIS T [, 4l A K B B0
No SALTAFQIERTERN AR BRI TR A EE IR EE T, LA ORI 4 ¥ B Pn FlAE KR
F, HAILAT FERAMRAT, BIFEM B A B BUK BT S LI /N, ™ BB BRK B A8 e K ot B R A %
B, X R 0 XA ORI L UK - B A EEE X, 5TiEh FAS SAE > —8E, B K HE b T 5o 72
TE B —Fp T Tr 75K

BEMEEMT AR B ZHOEE R X T A KK ST G2 m . RN ZER R R ET &
FEMHEER, Z AR RIEH LR, B ITOEEER , RN ER4EE A ZUHBR ™ 4= 1 CO, 2R rh gt
SRAREE B E , RS IR TR 2 IR IROEFE , IR AEMOE A ROR R E R A ETR R, W
ZEMAFERE . IE,25 mmol - L™ NaCl AbHE , BRI ST Pn 53R BEZE R, bRE iAo B R Xt
HR B33 i, 100 mmol - L™ NaCl 4b 3, Pn B3t BB T [, {HAR & A A 4 B B B 4K 4R EL X B K, 200 ~ 250
mmol +L.™" NaCl Kb , £ 47 o vsi /7% s 4 /N T AR, S RE A SRFEAR , 2064 AT LA FE b4 F M AR 7
HAEBEE, AR — e A KR, IR,

25 FRTR BRI 41 MR R 25 ~ 50 mmol - L™" NaCl 4bBE , F= B3 3R K , 3K Gs  Tr, 3950 K PR 1A it
SN RS E P TN BB SE 48 & P, NTAR ZEAI Y A AR B AR AR, S AR K AR W B AR B3, 12 &
Mk, ArEk 100 ~ 150 mmol - L ™" NaCl KbEE , FE i He B 47 A3 57 1 A= 4 4544 A Zh B8 , I 2 7K 43 i A 484k ol
3R WUE , Bt a S AEMARIER , f Pn BEARE, A RKRMAEYEHRBERZEZ M, & 200 ~
250 mmol - L' NaCl KbFH , BRI 4 1 2R bl IR, (ELE 53 3& S/ Gs T, ff P Hoit HR B35 AR, i SRR
TR B A4 28 G0 e Do S A vt Xof 24 3 At 60 200 R 8 Ay 12475 , 5 oot R AR Wk A K S R R R i b 1, B
B 3 By i o o
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