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Abstract: The chlorophyll fluorescence characteristics and photosynthesis of in different treatments under simulated acid rain stress (heavy, pH = 2.5;
moderate, pH = 4.0; and weak, pH = 5.6) were studied. Simulated acid rain was sprayed in three different treatments. The 1™ treatment was spraying
the acid rain only on the aboveground of seedlings, the 2™ treatment was spraying both the seedlings and the soil and the 3™ treatment was only spraying

the soil that seedlings were planted. In the 2™ treatment under heavy acid stress, the leaf relative chlorophyll content (SPAD) was significantly inhibited
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and most parameters were reduced including light energy transformation efficiency of PS Il ( F /F, ), activity potential of PSIl (F /F,), actual

photochemical efficiency of PSIl (Y,,,) , photochemical quenching (¢p ), net photosynthetic rate (P, ) , stomatal conductance ( Cond) and transpiration

rate (7T,) while intercellular CO, concentration ( C;), light compensation point ( LCP) and dark respiration rate (R, ) increased. Camellia sinensis

seedings were little affected in the 3™ treatment under heavy acid stress. Under moderate acid rain, the parameters of Camellia sinensis except LSP, LCP

and R, in three treatments increased with the trend ; 3" treatment > 1% treatment > 2" treatment > CK. However, under weak acid rain, the parameters

showed the order of 3" treatment > 1° treatment > CK > 2™ treatment, which indicated that seedlings were significantly inhibited in the 2" treatment

under heavy acid stress, while the seedlings increased in the 3" treatment under the moderate and weak acid stress. We concluded that F,/F,,, A,..,

AQY, LSP, LCP and R, were affected significantly because of interactions between different acid stress and treatments, while SPAD, F /F,, Y;,, and

¢p had no obvious change under different acid stress and treatments.

Keywords: chlorophyll fluorescence; photosynthetic characteristics; treatments; acid stress; Camellia sinensis

1 5| & (Introduction)

20 2 70 AEAR LK, BRFT 15 4L & B A BRI
I A 2 BEIR I ] 22—, A2 B AT %) 38 3k G 1 (47
JE R, 1996 ; 4 1555, 2010 ; X1 52,2009 ; #2006,
R 1988) TMAE Y R AR RGN B 52
77 132 B AN EB IR 5 2% 1 19 Jolp 6 . 4% )5 £ 4% (2005 ) ifF
TR pH 2.5 Fl pH 3.5 B4R IULER M9 ™ B4 i) 1742
B B & FN 41 1Y 80 . Bellani L M. AF 57 & 3R
BRI AR E T A B A B A J T H =2
H AL B4 K (Bellani et al., 1997 ). Bz I %5
(1994) 5 i, BRI XA A 405 38 ok B B 3645 735 ]
e WA 1. B3 R R W B R A )
(AR B AL R PR BRSO AR 25 i e
PiE SRR L it — RN B b2 A Yt R
i HIERRAL , MU A K IR ET . DI 1 5L 5
BT ERBL A AR R, R X Rl 5 O v R e R
R W G PR P VE R AL 2 41 T — 2 o fE S8 i, B
R T AR S 1% R =K i 7 566 4 B R R R i 1 71
ORISR A T 17 P R 5 X TR RN & AR B S
FAEP SR AT T A AR BT K250
H LT TBR % T 42 Gottingen K 24AY Ulrich
(1980) $& i 1y« HI3ERRIL - R A HLE " JD, AR MO IR
) 32 D DAL 2 P R DT 5 | S 1) - 8 1 Ak S X A
PR 22 FIFE 53 MR MAC A o) 2 5 i 35, (HOF e R 8
BRI UE S — FRIE . PR I | AR AR 50K 308 ok itk S 56
Jrid, it 3 PR AL By 5 b 1 A (R T I
) ZE 0 B 30 43 P v B B ) | 4 i Ak B
(FSEA0L SR R RR ) RN A S A 3 ( LR Ve AR 4 £ TR
43 ) 557 2R BR R N X AR 52 ) 149 1 FH BIL 1 (7 2%
4 2012).

ZAEFR AR VT3 38k DA pig b DX o, 2R
FE LT RS, 2013 48, e [E 55 R 1w iR
ik 257.9x10" hm?, A WF5E R, 2008 5 R 1 15

(A, 7E pH 4.0 ~ pH 6.5 JW[H N #BBELE A (F1iEF
7,2011) . AR CLAZK ( Camellia sinensis) 411 TH AF R
FER G it 32 A5 S AR AU R T 9 2T JE AN [] iR
AL BTy 20T R AR BRARR PRSI 5E | B TR 18 s IR TR
XoF 2% I3 VT 1 552 Ve g 308 o TR A - 9 6T A ) 1) 4 52 i
B R T AR A ) 38 2 W 2 AR A A i T A
TR b AR LA 25 DA AR 3R 1) 3 1R AL ) b o) TR R T3 119
A BRAR SR AL, Sy AR AR AR b S T RS
P i A A R A AR A b R LR R 2%

2 #FBIF0FF % (Materials and methods)

2.1 R HUBE L AR B A R
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55 T AR RO 27 B S 56 O , 2 b v 26 3
R 2= XA, IO 22 43 W, A<M IR R, T T
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R 4T B
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S22 K66 TR e A TR RN O i U ) P R S S B
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i) Fl pH 2.5 (H EERRFT ) 3 /PR ik L AR B, 4>
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FIH Li-6400 4% 265 11 HI E & 48 (Li-COR,
USA) 1 6400-02B A E A L1 G IR & HOB A 1E
FEAE S H0OR S w07 1 2. 0 2 B 5 = R B 25
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3 Z5R(Results)
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Fig.1  Effect of different acid rain treatments on the relative
chlorophyll content of Camellia sinensis seedlings ( Mean+
S.E.) ,Bars with different letters are significantly different

at p=0.05 level
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Fig.2  Effect of different acid rain treatments on F./F F /F, Y, and qp of Camellia sinensis seedlings ( Mean+S.E.) , Bars with different letters

are significantly different at p=0.05 level
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Fig.3 Effect of gas exchange parameters of Camellia sinensis in the three simulated acid rain treatments

CK>4xiMf; C.7E pH 4.0 BRI AL HL T R CK> 42 itk >
>4 AE pH 5.6 FRMTALEE T 4tk >CK>Hb I
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3.4 BRI M AT A A 1R FARAE S B B
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(K Fi1E 2008 ; Chen,2005) .

A, TR B R R A HUOR AQY &
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1.9% 1.7%13.0% , %A PR A, FTAQY 5%}
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XFRRLH I T 3.5% , 45 A BRAH 55 % BR2H 34 TG W 3% 22
FH AQY & S MAA B FEER, W LA+
el SXT IR o g 3 5.

LCP &3/ 1 P %t 55 56 938 1 e 1 K/ =
B0, LCP 8/ NG A 0T 55 5 1438 17 e 78R3 , LCP
7 1 T AR 40 R FH 55 016 Y i 7 BRI LSP J2 3R s Al
Yy s oG A N BE R/ LSP 8 R 156 A AR ) 1Y
Tt BH P 588, 76 58006 T WA 45 5 & A L il 3t 4
(HE K, 2006) . 7E pH 2.5 FYAL BTN, 4% 4k BE4H 1Y
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PER T 28.6% , 1M 1€ FL X BRIV T 28.6% , iy
AL TR X IR IS = T 11.0% , P& Z 6] A 1
ERESE WAL XTI FRAR T 4.7% , Wi & Z IR
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R A8 WSEAE P A TGRS HEAT 1 I I 0% | s Iy
W2 39 3% 68 5 10 B A 0 S RE 0 A WL TR 22 | XA |
FAEP I A WA A K e e v A2 3 A R 1Y
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Xof B 7, b b 4 gk A A A A B 43 S B T
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Hi b AR -34S A B A3 N FRAR T 7.1% ,0.6%
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H132.7% , T 3E2 5 %} HE AL A7 A B 3 22 5, T 4 ifkl
Xt REZHSE M T 11.3%.

R1 3FERMLEFANEMYERSERFES BRI P ELR R

Table 1  Effect of three acid rain treatments on photosynthetic parameters of Camellia sinensis seedlings (Mean+S.E.)
BREOCEEE  RIDLRTHCR JEAMEE A JEHEA A [HER S ES
TR R B 3 Pty A/ AQY/ LCP/ LSP/ R,/
(pmol COpm™s™) (pmol COym™s™)  (wmol-m™>s7") (pmol-m™2%s71) (pmol-m™2%s71)

pH2.5 T1 14.24£0.18* 0.061+0.001" 40+1.25° 1044+29.7" 2.05+0.07*
T2 12.12+1.19" 0.061+0.001" 36+2.95 700+87.3¢ 1.87+0.67°

T3 14.50£1.01° 0.069+0.001° 32+1.51" 1142+78.6" 1.81+0.09"

CK 14.17£0.51° 0.065+0.002" 28+1.09" 1056+106.1" 1.68+0.10"

pH4.0 T1 14.44£0.77° 0.065+0.001* 24+2.31° 904+60.6" 1.56+0.30°
T2 14.41£0.72° 0.067+0.001° 28+0.96" 1044+27.3% 1.67+0.07*

T3 14.59+0.57° 0.067+0.002° 20+0.89° 1050+73.3° 1.15+0.03"

CK 14.17£0.51° 0.065+0.002° 28+1.09* 1056+106.1° 1.68+0.10°

pH5.6 T1 14.21£0.42° 0.073£0.001* 36+2.22° 1080+74.3% 1.59+0.17*
T2 13.68+1.14° 0.061+0.001" 36+1.86™ 1006+102.9° 1.87+0.11°

T3 14.27£0.57" 0.073+0.001° 20+1.60" 1172+141.5° 1.13+0.22"

CK 14.17£0.51° 0.065+0.002° 28+1.09* 1056+106.1" 1.68+0.10*

Wl T1: b FPRFRACTE T2, KBERFHALIE, T3, M FERRGALEE, CK. 28 Xt 2. I [F/NG FREFR R 22 5 8 3 (p<0.05) Data with
different small letters in the same column indicated significant difference at 0.05 level; 3. & -G 26 A 1E FERESEUHE The data are photosynthetic
parameters above table ; it KiFHE A HH (A, ) Maximum net photosynthetic rate ; 2% & T 40K ( AQY) Apparent quantum yield ; YoM i (LCP)
Light compensation point; Y6iU 15 (LSP) Light saturation point ; IR (R, ) Dark respiration rate.

3.5 BMWHEE LEFAR-HREAER KM E

5 Y

mFE 2 Fros, BRW o B A AL B O XX A5 Y

F/F

m >

F/Fy Y qo P

n >

LSP \LCP M R #BF o %
SRR HL(SPAD) HIsEM 22 5N B (p>0.05) RN

Table 2

*x2

Cond,C, . T A
Wi (p<0.05) , (B XFAH X -

max

AQY .

photosynthetic parameters of Camellia sinensis seedlings

SREEX) SPAD (F /F, . q, W52 KT 4b #7200 52
M. [, Ak 38 7 ORI R TR 5 BE 1Y) 28 B R W AR Y
F/F A, AQY LSP LCP P, T Ml R #H &%
i (p<0.05) , i % SPAD \F /F, .Y, .Cond. C,Fl ¢,
FIFZ IR AN B35 (p>0.05) .

max

BRGE AEARXE AR EERANEYELSHISHNRNEARTES T

Multivariate analysis of variance for the effects of pH value of simulated acid rain, acid rain stress conditions, and their interactions on

- R pH {E A By TR T pH (x4t 37 =
F Sig. F Sig. F Sig.
SPAD 1.835 0.174 1.550 0.226 0.100 0.982
F,/F, 23.273 0.000* 46.000 0.000 * 3.929 0.005
F./F, 28.323 0.000* 8.283 0.001 1.234 0.303
Vi 10.877 0.000* 16.045 0.000 * 1.422 0.230




3502 7N - - 36 &
232
- RN pH {H Qb3 5 FRHY pH {HxAb# 5 =
F Sig. F Sig. F Sig.
qp 11.890 0.001 9.064 0.000 * 2.122 0.130
P, 22.689 0.000 * 14.689 0.000 * 10.053 0.002
Cond 12.125 0.025 12.589 0.215 2.109 0.125
C; 10.256 0.017 12.563 0.306 1.093 0.303
T, 6.678 0.006 10.956 0.001 5.983 0.012
A 7.247 0.001 8.924 0.000 * 4.768 0.000 *
AQY 4.065 0.020 14.475 0.000 " 2.440 0.031
LCP 3.163 0.047 12.000 0.000 " 6.379 0.000 *
LSP 15.410 0.000 * 16.096 0.000 * 2.601 0.022
R, 4.746 0.011 14.738 0.000 " 4.809 0.000 "
. * P<0.05.

4 #5i8( Conclusions)

4.1 BWAEMGE AR ESENZ W

P A I 2 38 i S T RS
PR B O, I 5P A RE I KN 56 (B
FHAE,2010) AWFFELE R, 4b 277 XA 9 AH
X IR 28 B R RS I R B 3 A B A A
B R B AR FRR 2, A ik AL BT (B X
5TEFE(2014) XA B G2 45 S s A AN [A], 7T Be 55
S IREEA G, A AL B 1 £ TR e A, T R
Sty B A B R et O, Sk BE oK A
FZEF bk g th B9 T R DR A3 0 i vk A AR
Yoy A 38 BT DI 0 L Ml b b Bl Ak P R
R F M AN T, £ R AL R B B AR IR K, A
H1 T 3 A B TR R T A 2% vh /R, AR R
X T RR T 1Y 2% ph g 1 AS [ T it i 55 1 1 25 84 %)
i TR P 2% A 0 R T a0 A 9 5 3 YT A e A i
W, JoH NS xFREY AR AR IEER, Hit, 254
Bk, IR PR E AR SR
42 BRWMEML G R E R AN W

2 20 A3 A HOR B TR DI AE 0 0 & L
Ao BRI I 368 f e 1 (5K B A, 2003 ) 98 R B,
Wi 2 i T SR S P38 I AL 1 PSIL B KO A2 3R
FZBR JF WO REHH AR B A T BRI a3 (6,
2010) AR & B, 2 P BRI A4 T, g4k
FRAL 1 4k 3 B8 A 1 255 4 1 O G VR T R 48
F/F, F/F, Y g, i, MEEREAET,3
b XHEREAE F /F, F /F, Y, 1 g, FEAR, UL
W3 85 I R I B AR A A5 i O PR T, T aa
TR FE R R 2 A A 4 1 6 A AR B 3 ik 385 =K
X} AT 2 DGR I 5 R NEIUAS ] -3

AR BT ARG AR I IE 11 5% W 5 K, T 4 bk A B X
HoA R E A K 3 S A R AL B A it AR S 4
I Ak FEEL Y L (1) 422 WU 77 5 4 A i 3R U
ZHOCAETE R ZEL (g, ) TS Fr X5 80k BE
FHEE G0 AE T BE R T PR EE B, 8 3 N A4
qp (BN BRI B o, R BT DLse 20 A G RE  Jk b
PFER, SE TG A VE I AT 1M B B R T R BT L, 3
FRAL BT 20 F 289 1 g, (AL ERAR X R A, 3
PRI Sy P W iy 30 R B 3k K, S B LA A2 31 T IR,
YIFFERRE J1I 55 , 0 2 i G RE W R S R 2 (X 2
2009).
4.3 BWAEMGE T FOL AR

REF R T TG A 2 B . i TE AR R AL XA
M B HEEEN, B a2 i A s
K3 A4 ( Yoshida, 2004 ; 25 75 [ 452007 ), A%
MO E AR MR YO A RS (HEAREE, 2002;
Hi%E 2006) . 7E 5 RN FREE T 3 Fhkb 2 XAl
C P NN ERE S =y 1 i W il N i e o
CO,VRETFET, t LT 4D, AS 40 v R e Ak
RIR R EASE AL, 1002 A0 e AT
T . Farquhar 25 (1982) #8 Hi . 764 3R A AL
5[] ) AR Ak T L) CO, M B LLAR i 1) AR AR I
WIS ALAS R R OG5 Y 322 5 L A R R
WALFE T, 3 FhAbBEER AR A 0 YA S T T, 16
HH 5 TR T 55 T 2% 4 v X 55 0% B 1 A 7, TRl s
PRI T ARG I 2 3 (A A5 A LY B T AR
Z AFITFZR A A B R W i T, 3 Fh b B
T AL T A YT 0 B Ko A o R R R U i T
B REAR T RSP R BB pH 4.0 AR I AL B A
FIFZEM A, R A SRR T A5 40 i 1
M R R ARL R B 5 S &) i 85 0 19 A fg
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1 A HRETEARR T A R 47

MAFFE R EAR v BE R T X 255 RABL R 1401
G AR — AR RV A T R T T 2 A 81 4 o]
YIS TSR bR, v — 25 UL SR 3E BT AR
TRIRPEN 3 b A K P R A BT B, A BT
FIF A E1E T, vT B8 2 Hh 2 B 40 i 5 1) 2
P10 2 PR LA I, A 59 TR ME IR IR N, S SE R AT IE
LA, & T 0% B A0 P55 W 9 B B8 -, HLAE TR 1 20
R NO, I SOT & T il (% i #2008 ) . iR Hi
A T 55 B WA R AR, o NS XA A
T A I A P 1T B T R PR L T T R e e %
B4y A 32 0 B AR IR A K R i i
S UAL P E T b S A3 0 ZE A7 B R RN IR, S
FORE A AL TC L BT I W A S FLIT AT, X R S 5L
HEAT A AR I RE T BEAR [] IS 1R R 2 ok + ¢
TR R 2% M RE ), S 30T SR Ak, 2 T 5 e A AR
FRXIIK G FVE F7 05 A MR AL, 42 AR T) 2 A FH 8L
FAE 804 A 145 1 R FE A S 25 TR B 1
b sy o R T R4 DG A VE AT, AT L
VE R AS ST A () — A T s 240 TR T ok 3 Ak
PR EAEN F/F A AQY . LSP LCP .
P, T R EBA 5200 (p<0.05) , 1 %o Al 45 )
SRR TG 3 5 ) 15 B TR T X AR 4 1 R ) AR
T P T 3 T, A TR R M AR R R
2 B BRI TR A ) LB ), R A2 3ok H +
SRR AL J5 A R W ) SR S e T A R TR T AR A
T, H T A B Ak TR B X R RN 2 A
MBI RIRE P 0 A= RO AR AR 19 2E R AR
F AR 721 4 I Ak 3 9 AS B B2 Tl |- 0 A e Ak B
TR ERZE B BB SRR b DL B > b Y - 4 S 7 46
S AR FARSEEG 1 R B (R TR A2 1 A A T A%
AT T RS S, BB A5 9 AR IR 1S K
TEHIRZRAFT e % IR TN A9 38 1o ML e 75 2 & AR AR
R T EAH — DR ABESR.

EEEEEN: FHE (1980—), F 4+, #m kA k#
A HEEEN FERARHRABELESFE REL
AF W R T,
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