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Abstract: In order to understand the effect of Aluminum (Al) stress on photosynthesis of Schima superba
seedlings, the changes in photosynthetic characteristics of S. superba seedlings under Al stress and regulation by
adding phosphorous (P) and base cations (BC) were studied. The results showed that under low Al concentration
(0.25 mmol L") treat ment, the contents of photosynthetic pigments (Chl a, Chl b, car), photosynthetic indexes (P,,
AQY, R, LSP) all declined, and their decrement was relieved
by adding either BC or BC and P. In contrast, under moderate and high Al concentrations (0.75, 1.50 mmol L)

g, WUE, C/C,) and photoresponse parameters (P,,,,,
treat ment, the contents of photosynthetic pigments increased, but photosynthetic parameters and photoresponse
parameters decreased with increment of Al concentration. The addition of P was more efficient than that of BC in
reduction of Al stress. These elucidated that BC or / and P played relative important role in alleviation of Al stress
on S. superba seedlings.
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SCE T 20124F 6 — 7 HEH E R 2= B 4E

FE ) el DR & N R AT A B R faf (Schima
superba) K A ) 7R A8 MOl Bk 2 B 5255 1 N
[] A 5 9K A A fadt B S A 1, R AR (0,708 +
0.007) cm 1 5 4(40.2 £ 0.6) em, H K HEEA 2,
SEA B R KIE Ve T AR S 2 BRARAE [
FEMR, EAE T AR A R R RS R b AR K S
I 14 d 5, 747 AL FI BCs, P 48 NAL 3 s25, It
R EFRW D, K\ R S B N 1 Rl
KB IS, fak i o0 2R Fic BR Hoagland ¥ ¥ A4 3 J1)
fic 5 B 1Y, K ¢ E(mmol LYA 0.2 KH,PO,,
0.06 Mg(NO,)-6H,0, 0.09 Ca(NO,)-4H,0, 0.09
CaCl,6H,0, 0.4 Na,SO,, 0.2 NH,NO,; f# & Jt %
(umol L") 80 EDTA-2NaFe, 46 H,BO,, 90
MnSO,-4H,0, 0.8 ZnSO,7H,0, 0.3 CuSO,5H,0,
0.1 (NH,){Mo,0,,-4H,0., #F: pH H 1 mol L™ Y
HCI A1 1 mol L™ ) NaOH 4% 4.0, %K 24 h £542
WA, PR FE K ST THFE I S SR
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Al BC Il P;QffHeEE Al kbBE(AL, 0.25 mmol L),
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Ik B AL B R %8 BC (ALB). P (ALP). BC f1 P
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15:C, = 9.78E — 0.99E,; C, = 21.4Ey, — 4.65E4:;
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Si(ug em?);C, N4 Z b (Chl b) & (ug cm Y);
C. S ESITIE N %'?(Car)ﬁi(ug Cmiz)o Euo Eouss Eeso
4394 440 nm . 644 nm FlI 662 nm P T A GAE
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RUSEA IR

®I + Py — @ + P,,,)} — 40DIP,,,,

B 20 o
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18 1 %5 (umol photos m s '); @ R TR
(mol CO, mol ™" photos); P, i KGRI A iR
(umol CO, m s ); R, MGz 3 % (umol CO, m s );
0 M ZRE(TLRN, 0<0<1), LR
(PPFD)Hz2 i & B Al OB AME 15 (LCP), LG A i %
iKF] 90% P, B9 PPED i 61 Al (LSP). %
RIS EUH SPSS 16.0 #4F(SPSS Inc., Chicago, IL,
USA)EH 4307 o B ARk 1m0 3 7 k24 5158 TR
T, A RERARR I 2 s TR AN )Xo 0 s 5 R 5 S 4 e
AF(8:30 — 11:30)43 % 3 AN KA [ (Y et ] B,
A ] BN [ AR AR A 700 2

1.6 EHEAL IR
AL B B 2 2% Microsoft Excel 2007

A HEAT S AFIAZ X, I SAS 8.2 B %t £ dis it
1724 & 97 2% 3 H1(One-Way ANOVA), 13,45 AN [f]
AL A 355 5% R T 1) 22 5 d 3 M 43 A5 AH TR Al
YR JE R AR AN BC (AP W 25 5 5 M BT, P
HI{EFH Duncan 3£ THLAR, P<0.05 TR 25,
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2.1 Al BEX G EBREENFIN

FHE 1 Al 0, S50 REAR B, IRUR B AL LB BE(AL)
KRBT ET 4% a (Chl a) M4 b (Chl b)#&
M R T 31.4% F130.2%, H. Chl b i K FEik
FI) 5 2 7K -5 TRk AL AL FE(AL), Chla 1 Chlb
S IR THAL.7% F3.0%)5 ik EE AL AL
FH(Aly), Chla FlChlb &5 5] AT 23.3% F
19.5%, {H ¥ K 35 5] g /K ¥, 2R & h R (Car)
B e RN i AL AL BR R Ar R B T
32.8%. 17.9% F1 5.2%, H. Al, Ab 3 {1 [ i 15 5)
S, MLEE a il b L AR(Chl a/b)fE4 ALK E
AEBER AN B R . IBAh, ZEAR ALVREAL) T
7% 7 BC 1 P (Al,BP), Chla., Chlb #l Car & &
Fb AL AL B4 R T 20.4% . 22.9% £ 20.3%;
TP ALIRIE(AL) T, 380 P (ALP)EE Al ZbHE & 3%
$2%& T Chla (34.0%). Chlb (21.6%)F1 Car (17.8%)
B & s 76 B AL BE(AL) R %0 P (ALP), Chla
H1 Chl b &5t b Al AbBRA 51 B4R T 15.1% Al
22.6%.

22 ANEIALREAE TR EERSITESHNTH
JAFE 2 AL, S REA L, Bl AL AR BRI Y
T i85, AT &) i G A (P, i B 2 R R T
59.2% (Al). 80.4% (AL). 86.0% (Aly); < L 3 J¥
(g)5 Pn EIAHFRI LR F, A RIFEAK T 50.0% .
81.6%. 84.2%, H Al,. AL Z¥ T Ay P,. g, F&IE
WFH KT AL LB, BEE K43 R FHRCR(WUE) ]
FE IR 3 T, Al (42.4%)00 B0 F IFEIRS AL
(22.9%). Al, (29.2%)4b B Ay 1k i 3 22 7 C/C, TF
Al AbHR B EAR T 4.3%, 7 AL, AL A
SRR T 18.6%.12.9%, 1k L 25 FoK o A,
AlLB. ALP il AL,BP 4t B ) P, g F1 C/C, ¥ K
b AL AbFR R, ALB ARFEXT WUE A 7.7% HY
PP, 78 ALB . ALP il ALBP AbER T Eb Al 403
IR T 152.4%., 27.0% F1 12.7%, H ALB 4t
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Table 1 Effects of aluminum stress on the content of photosynthetic pigments of Schima superba seedlings

AbFH Treatment Chl a (ug cm™®) Chlb (ug cm ™) Car (ug cm %) Chl a/b

X ## Control 16.16 = 1.03AB 6.76 £ 0.51A 8.29 £ 0.55A 2.40 £ 0.04A
Al 11.08 + 0.60Ba 4.72+0.16Ba 5.57+0.71Ba 2.49 £0.04Aa
Al B 11.29 £ 1.08a 5.22 £0.65a 6.66 £ 0.72a 2.18 £ 0.09b
AlP 10.18 £ 1.21a 4.57+0.36a 6.41 +£0.14a 2.21 £0.09b
Al,BP 13.34+0.97a 5.80+£0.18a 6.70 £ 0.22a 2.29+0.10ab
Al, 16.43 £2.39Ab 6.96 £0.77Aa 6.81 +0.22Aab 2.33 £0.09Aab
AlLB 11.18 £ 1.49b 4.63 +0.66b 5.49+0.12b 2.44+0.17ab
ALP 22.01 + 1.66a 8.46 +0.90a 8.02 + 0.04a 2.63 £0.08a
Al,BP 11.24£0.77b 5.32 £ 0.49ab 6.08 = 0.70b 2.13+0.15b
Aly 19.92 £ 0.61Ab 8.08 + 0.05Ab 7.86 £ 0.23Aa 2.46 £ 0.06Aa
Al,B 13.17 £ 0.60d 6.07 £0.25¢ 7.74 £ 0.44a 2.17+0.01b
AlP 2293+ 1.10a 9.91 +0.63a 7.99 +0.47a 2.32 +£0.04ab
Al,BP 16.41 £ 0.25¢ 7.65 £ 0.50b 7.64 £0.47a 2.16+0.12b

B AN TR K /NG S 435 3R AN [ Bl B A BRI [ R BE A TR) 5 370 R AR B IR] 22 57 18 3% (P < 0.05) (Duncan #5% )o n=3. T,

Data followed different capital and small letters indicate significant difference at 0.05 level among treatments with different Al concentrations and

different P or (and) BCs at the same Al concentration, respectively, by Duncan’s new multiple range test. n = 3. The same is following Tables.

2 RPN G ARRAE SO ALY 7

Table 2 Responses of photosynthetic parameters in Schima superba seedlings to different Al concentrations

AL Treatment P, (umol CO, m’s™") g, (mmol H,O m s ") WUE (mmol CO, mmol ' H,0) C/C,
X} & Control 3.21+£0.09A 0.038 = 0.0024A 2.36+0.12A 0.70 £ 0.010A
Al 1.31+0.11Ba 0.01938 = 0.0009Ba 1.82 £ 0.01Bab 0.67+0.013Aa
Al B 0.92 +0.03b 0.011 £ 0.0006¢ 1.96 +0.15a 0.61+0.014b
Al P 0.45+0.04c 0.016 =0.0007b 1.82 £ 0.05ab 0.60 = 0.005b
AlBP 0.91+0.07b 0.012+0.0013¢c 1.53+0.11b 0.57+0.011b
Al, 0.63 =0.03Cb 0.007 = 0.0008Cbc 1.67 £ 0.09Ba 0.57+0.018Ba
AlB 1.59+0.11a 0.025 + 0.0006a 1.21 £0.05b 0.45+0.011c
ALP 0.80+0.10b 0.010=0.0016b 1.65 +0.09a 0.58+0.011a
ALBP 0.71 +0.09b 0.005 = 0.0006¢ 1.41 +£0.15ab 0.51£0.011b
Aly 0.45+0.06Ca 0.006 = 0.0005Ca 1.36 £ 0.09Cb 0.61 = 0.003Ba
ALB 0.52+0.01a 0.006 = 0.0006a 1.60 +0.11ab 0.52£0.001b
ALP 0.60 = 0.06a 0.007 =0.0007a 1.49£0.12b 0.61 = 0.006a
ALBP 0.58 £0.04a 0.006 = 0.0005a 1.83+£0.08a 0.49 £ 0.009¢

PR AL AbFRIK 325 K, g 7E ALB AR

WEEET 257.1%, 7 ALP AbFE R HE5 T 42.9%;

P, Fl g, 7€ ALP ZbFR T b Al AbFREZE T 33.3% FlI
16.7%, L HABALFEBA 2, WUE 7F ALBP 43 T i
FRE T 34.6%.

2.3 RNREIALR B T 5L R 4 E S Ea Tk

12 3 AT I, 5500 BRORH LE , A g &) 1 e Rt
BHERP,) TEAL, AL, AL PR R 35 5T
T 76.4%. 82.2% HI 60.0%; £ MGG T50%

(AQY)TE Al Al ZbHE R 43 51 i & R R T 55.1%
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Table 3 Effects of aluminum stress on photo-response parameters of Schima superba seedlings

R,
(umol CO, m™7s™)

LCP

-2 1

(umol photos m s ™)

LSp

-2 1

(umol photos m s ™)

b3 P AQY

Treatment (pmol CO, m s ™) (mol CO, mol ' photos)
XJH8 Control 6.02 £0.37A 0.049 £ 0.005A
Al 1.42+0.01Ba 0.022 £ 0.002BCab
AlB 1.25 +0.05b 0.003 £0.001b
AlP 2.25+0.50a 0.034+£0.014a
AlBP 2.01 £ 0.20ab 0.011 +£0.003ab
Al, 1.07 £ 0.08Bc 0.037+0.011ABa
AlB 3.32+0.08a 0.046 £ 0.002a
ALP 2.21+£0.01b 0.026 £0.001a
Al,BP 2.31+0.09b 0.052+£0.013a
Aly 2.41£0.74Ba 0.012 = 0.001Cbc
AlB 1.83+0.41a 0.025 £ 0.005a
ALP 2.58£0.53a 0.018 =0.003ab
Al;BP 1.81£0.01a 0.005 £ 0.003¢c

0.74 +0.12A 18.0 £3.0B 1100.0 = 114.0A
0.13 +0.002Bc 42.0+0.5Aa 630.0 = 41.0Bb
0.04 £0.003d 25.0 £ 6.0b 1300.0 + 103.0a
0.93 +0.005a 25.0+0.5b 520.0 +5.0c
0.58 +0.02b 47.0 % 1.0a 1200.0 = 18.0a
0.54 +0.11ABb 32.0 + 8.0ABa 890.0 + 146.0ABa
0.89 +0.02ab 26.0 + 1.0a 580.0+14.0b
0.52 +0.03b 21.0+0.5a 6707.0 + 18.0ab
1.22+0.23a 36.0 = 6.0a 320.0 £25.0c
0.89 +0.29Aa 27.0 +6.0ABa 730.0 +28.0Ba
0.83 +0.02a 32.0+3.0a 770.0 +=28.0a
0.75 +0.04a 32.0+1.0a 730.0 = 56.0a
0.49 +0.23a 36.0 +4.0a 580.0 = 77.0a

1 75.5%; I W I 3 A8(R ) TE AL AL T i 25 R F%
T 82.4%, AL IR FEMNT 27.0%,7E AL A FT
A 20.3% 1T+ LR S(LCPYTE AL L AL, Al
AEFRR S 9 I B 133.3% . 77.8% H1 50.0% ;6
A (LSPYE Al . Al Al ZbBEF 2051 F R T
42.7%. 19.1% H133.6%, HHAE Al Al AbEER )
R MR A 21 B 5 7K. EAh IR ALIRIE R, ¢ Al 4k
B, P F1AQY 7E ALP AH T /3 B3R5 T 58.5%
1 54.5%. R, 7E Al,P 1 ALBP &b 3 K 43 5 i 3
LB T 615.4% I 346.2%, LCP 7E ALP 4b 3 F
B ERRAL T 40.5%, LSP 1E AlB il Al,BP ZbFH
435 o 2 R 106.3% 1 90.5%; AL T, 8¢
Al 4 ¥, P, TE ALB. ALP Fll ALLBP 4t BE T 43
W F R T 210.3%. 106.5% 1 115.9%, R, 7E
ALBP AbFE R B T 125.9%; 55 ALRIE T, 48
Al A3, P TE ALP AMFE R HEE T 7.1%, AQY
16 ALB. ALP 43T 43 il i 35 42 5 T 108.3%.
50.0%.

24 EXERESERBPAIREHEXXRZNUE

I FH A A BRSZ BRI 2 (1) P, -5 H 1 b B A
KW ey AL BEEACHSEL, B LA 15202 P,
I 25% . 50% Fi1 75% B, 5 IR R AL R,
FHUAFE 7R Aof 1 18 32 AR R EE AL JBlba B2 SR
Al Tk B K i) — R B AL E R, BC 8{(FIP IR

hoxt e i ny 22 5Pk, &R 4F N 7E 1A ALK
Ta & FEWA-TALDH, B F2 W AL R VR 2 43 5]
£ 0.11, 030, 0.55mmol L', 7E A BC % &y
BIRW(B-[AIDT, P, TR 25% B, FoE IR )
AL H 0.08 mmol L™, P, FF& 50% F1 75% i,
BIEWCP ALMRE 43510 0.41, 0.94 mmol L™,
By L H A AL B TR P, R B 50% 81 75% B ) ALV
Er 152, 58 P UG E =R EP-[AI)F,
BRI AL B B0 TR A R b e 1%, 43 50l 2
0.04 mmol L™ (25%). 0.20 mmol L™ (50%)7
0.46 mmol L' (75%). 7EA BC Al P [FHF BN E
FRWBP-[AIF, P, T [ 25% A& 5 % o 19 Al
W5 B-[Al] ‘B P AR, 4 0.08 mmol L', P,
T B 50% i, AL B R 026 mmol L', P, F ¥
75% BF, ALHEN 0.51 mmol L',

4 A VR T SEFRRD ALK (mmol L) HLE(H
Table 4 Fitted value of Al concentrations (mmol L) with reduction of

net photosynthetic rate (P,)

P, T F% Reduction of P,

25% 50% 75%
A-[AI] 0.11 0.30 0.55
B-[Al] 0.08 0.41 0.94
P-[Al] 0.04 0.20 0.46
BP-[Al] 0.08 0.26 0.51
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Yrwk R A B R R B DIAH G, [R] s S]32 0 RS
AR A AN AR R A S e, BRI 86 58 A
X AV R i i A R W R 2 1 AR 5T
ZEREH], ALMBXEA 2 O EE A —E
AANRIE R, AR EERE AL A HE M,
[ iF, 78 AL A R, 380 BC 58 P XA 40 /Y%
A REIE AR 52 A B LA AR M

SRR SR AR YOG A AE B3 BT, o g2 Xt i aa
A B B U AN 2R B IT 4 SRR, 7R 1K AL
WFET Chla Fll Chl b &4 T, miEH 5 ALK
J&F Chl a F1 Chl b & & & ifif 7}, iX 5 Shan™
Eamus™ 45 [ AfF 75 25 FAH ], 3 AT B8 2 A o7 4 i X
Al f—Fhpeasith 5 R P, K g i e v e AL
RN AR R SR R B T s R A
FHA AR RCRE S EROGRE P SR R S5y
Tl ZEVE Y Car FEAS MR AL WG R R0
HFRE, XS5 AP g R —3, Car T
YRR AT e S 2R T B IR, 7 — R Bl
THYOCEERRIER #E47. Kitk, Al a2
I B 0 28 1 i sl R IR R 2Ok BEA i
POGRE X AR AR

TEAWREE ALIFE T, 6 500 ) 06 5 1 5 B
B HEbr P, 2T [, HE R IR Bl AL R EE 3 KN 4
K, I HAE AR Y A e 2 AR el 3 11 g,
5 P, RILHAHE ) & T R, FEIEYh 50% ~
80%, & Wong LY g, 5 P, 22 [B2A8 ™%
FILRME I R IOZETE, T UL AL RO R, AR 4 Aot
GHESI(P)EEZ AN E RS, Mt Ak
B 55— EE A8 FR WUE B Al W 38 Rt
WA, F BT AL B0 X AT 47 1 7K 43 R
A= TORFI R FE A, 7K 53 I RE T B otk — b
S A i A EY B WA g B i TR CO,
[FIALIE 110 P, FIFE AR SR SGRE 109 LSP,
IR BEE AL W6 038 R i 25 BRI, S Al
W%t 55 56 F] I BE 7 AQY F LCP At 9 b 3
AR, BRI 4 G RE S A 5038 Mok o
6 BGRIA T RE T BIREAR T, X R AL JHRE [
KT AMEARES 2,

R EE AL ME T, %50 BC SRIEFE i BC #

P X ARBI AN A R e a R, HHE
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