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Abstract: Machilus pauhoi is a typical subtropical precious timber and economical tree species. In order to provide
scientific basis for the introduce of Machilus pauhoi in Zhejiang province, the effects of simulated acid rain (SAR) on its
growth and photosynthesis were measured. The results showed that plant height distinctly reduced by pH2. 5, but no
significant impact on height, ground diameter and chlorophyll at pH4. 0. SAR (pH 4.0) has ho significont effect on
photosynthetic mdexs, while SAR (pH 2.5) improved the intercellular CO, concentration( Ci) , the dark respiration rates
(Rd) and light compensation point ( LCP) ,increased stomatal conductance ( Gs) and transpiration rate ( Tr) ,resulting in
that the maximum net photosynthesis( Amax) of Machilus pauhoi was significant lower. The result revealved the sensitivity

of Machilus pauhoi to acid rain enhanced environment through correlation and regression analysis.
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P SR Y AU AR 5RO SBUE I R AR ET A T SR AT DA SO A A 1A P R
e, TR NAE ) IE % B A AR BT RE > 5 SR AR R A K SR, KRBT RARTEW T 5
YA VE AR SRR FEAR , 140 , B3 ER Y 7] LAREAR L BEPE K 22 ( Paramecia lotungensis ) FA#§ ( Myrica rubra)
KGR SRS WASER ( Cinnamomum camphora ) fYEH 1 £ (light saturation point, LSP) \F6#M s (light
compensation point, LCP) | % K %% 4 3% 3 ( maximum net photosynthetic rate , Amax ) . 38 Wl & T3 % (apparent
quantum efficiency, AQE ) | I PF 1 3 3 ( dark respiration rates, Rd) Lk J X fL. 5 & ( stomatal conductance,
Gs) L1718

F AR B AL R T X AE 4 5 e B W AR R B ARGE , (H X2 5t A W R RN 48 B R R ——1 7E
(Machilus pauhoi) FIBFFL 8/ , H 3 B4 A 70 A R RSV AR b 80 DA K% 25 ) 43 A 1721 T 0 A6 A 76 BR T 36
B KRR B A B A R ARIE . OIAERE R R KT, A3 72. 2% |, /& T4H It
HEmA, W R 7. 28% T4 MM . SLREEANKE ,70% L _ERAM FRMKE T4 401 5, Rkt
B B EURH S I, K5 Z0 TEAC b ol o R R A S M P T R 2 8 R 1), BT LAZE M LA
RIEOIER TR RA —E WIS (BWTTE X — RIS Y E A 0™, B 7EA AE 75 e BT 15 YL ™ E Y
X A K 5T B A BRI BIS I SE R o A SCLARNTEREZl i o 5L Bt ), DA AZ 45 SE g R AU BR O X H AR
KADGERHER R, B 1E W TLA 5| R @I TE R SR AR 2K I8
1 HREH=E
1.1 SEibrwt s 3s

2= 5256 A AEAR ( Machilus pauhot) 418 A BFFERT 52, 5230 726 Wi VLA S 6 FR) 38 JXUIEE W 9 K0 o 2647, 2006
R AERKEAR WP E LML EFAET 22cm x 27cm KR, IS b L0 88 (TRRRYE , IE S
TS 0w b ) MO EE T4, N LR E A 24em, B4 1 MR, AR KR GRIIE TS R MK HERL . &4 A
PRI A, T 2006 4 7 A FF AR SEA TSR TR WM S 36 , AR TR U V148 5 AR MK i IRV S 1 EL ] A K Rif N TE
HIBRT I L2 RS AR 8:1 (IR LL ) B skl AR , SR F /K K EL B A pH {2 5. 6 (CK) 4.0,
2.5 ZAERWMEE, BARREE 10 MEE RIE IR T ZEM A BEKE, FHEWREY B REKKRIEY
i 130ml (5 243 S I REFT B AR ARR ) , BAIALIE 240K, ST B, SEIRPEFT 2 2008 4E 7 H BT,
BEAT & TR A8 H T 5E
1.2 WETE
1.2.1 4AkKE

PREIE G M EEER ) 2R TR S35 2) 0. Tom

WARNE WS -RRIE S i E R ER 3] 0.001em
1.2.2 FEMRESH

AR BE P BELEE 5 MRAEY) , FE MR b B — SRR R R (TR THEE S =
7 R, FRAEE R LA Li-6400( LI-COR, Inc, USA) FF# R e %t @ 46 1 B4 T St mie o7 il 28 i I €, 411t
Fridsk—%k Pn-PAR 128, T A A SR B3 4% 1 76 500 umol -m ™% s ™" IR BE #5676 37°C , R A Li-6400 £1
TR N BRI E BB REEST (PAR) 2k :2 000,1 500,1 000,600 ,300,200,100,80,50,20,0, & B Hy
R SR T T3 AT A, B R AR AR B & 3R Pr(pmol COym s ™) (SFLFHE Gs(mol H,0-m ™

-1 MR R ARBR YK BE Ci( umol CO, mol ™') \ZEBEHZR Tr(mmol H,0-m™*s™") MR T ZIXE T # Vpdl

(kPa) BEAZIRE T, (C) M IRE T, (C) R EAFEE TBLK(C) .S E CO, ¥ B CO, R (pmol
CO,mol ') #EAZE CO, ¥R JE CO,S(umol COpmol ') Z 2 /KW F H,OR (mmol H,0-mol ") FEAZ /K ¥k
H,0S(mmol H,0-mol ") S L AAXHREE RH_R(% ) LA RAEA ZHIXHEEE RH_S(% )
1.2.3 MERHENEE

PGS M4 2K & 8 € X SPAD-502 (SPAD, Japan ) 7E & I & FIAH [F] M R b [l h 2647 - S R AR XS &
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BHWE, BB S MR, B BRI S E S AL X 10 S s BE i B
SPAD &,
1.3 st

LA B RERST (PAR) SR , Bt & 3 3 (Pn) (I IH] — 8 ALBRR BE (Ci) VRAL T BE (Gs) FEEHR
(Tr) HH\BEARE ] SEn 7 # 28 , 77 F Photosyn Assistant 24X} Pn-PAR Stmia i thZk 170G , 15 Bl KHHE
A H R (Amax) KEIFIGHEFE (RD) B (LSP) OGAME R (LCP) (R E F3% (AQE) ,8R J5 F] SPSS13.0
(SPSS Inc. USA) Xt SEI$4E #E4 T AL TR AN 7347 , R FHER R 3R 75 22437 ( One-Way ANOVA ) S3-Afr A [R] BR TR 456 B2 X
eI bR SRR AR VRS S5 Ot R S5, ] LSD £ R I AN [F] R T A 3
] ) 22 S5 W, AHOR 3 7R A Pearson AHIG 34T, [BIH 43 HT R FA 2 I0& 25 BIH /34T o 64T I 2 0 A RTX B
BARIAT T ISR 255 R

Photosyn Assistant #X{4 H A7 IR N fl e UG 1 5 FE

b Q+Au— /(b Q+4,,)" -4d-Q-K-Q-A,

- 2K "R

KA HEEEE; Q R & HRMETFRE K ILE &R, K/I-F0~1
2 HRESW
2.1 R[RIER TR BEX @I 6 AR A K i e

PRiE iR R A KA W R R BRI, R 1 \TLIE &, HEE pH ERER, QIEm MR
BT T RS IR BRIEAHSHE(r=0.556,p =0.031) ,pH 2 2. 5 FBER T AL B {E Ak & 2% AR
24.94% ; M AR TEA [F] B BR TR A% BE 22 B) T TG 4 2 2 5, T3 P A 400 R R X €01 6 A PRI PR 10 = A T SR TR S i, (LR i,
BREWMAKEE ., PEXRIATE, pH2. 5 FIERFN X @l e A K a8 B3 , {5 pH4. 0 1 BR T 3% 1 ik
KIS, 7] REREE AL A [B] A LK, 52 M 2B W o . [FIEF ERA @I e T — MR A ERES —EX
itk
2.2 N[E]BR T 3R BN 4R A R BRI %1 FEBEAETAEMBEGTY

ASzu S E AN & B B 9 SPAD {5 Table 1 Variety of plant height and ground diameter exposed to
ER,EEMGZENSEETEMXY 3 B LI Ff@|{  different simulated acid rain treatments
1K) SPAD R EM R E M RO, EREI.pHH  5H hem — = —
4.0 f12.5 MERIRWAAEE, HERUHENEES pre—— : : :
SR (pHS. 6) A S B 25 IR TIXAIZER  Heigh(om) 86.6+8.6a  67.4+3.9ab 65.05.4b

A

HRESENEZWAHE(E L), i‘iﬂ:feg‘z“c’:) 1.500 £0.107a 1.365 +0.094a 1.301 +0.059%
2.3 IR BRI 5 BE R AR ST e S BOE M R 2R Y BB TR = b, AR e R 3 AR
%ﬁ“ﬁﬂ FRALPH |) 22 5 B 2 (B F M KFE p=0.05) Each value in the table

ﬁ'ﬁ%jﬁ%ﬁﬁj"ﬁgﬁzﬁﬁ E{]ﬁgiﬂeﬁ,@ﬂﬁﬂj}iﬂ_/—g represents mean + standard error, in the same line different litters are
AR YE I 2 B & A A ﬂ,}[ﬂ , 18] . IR S S significantly different among three treatments of acid rain(p =0.05)
HHAE 200pmol -m s ' PIHEFE PAR TR RGN, BRFUBS BE A1 22 5 A K, HUG 18 B, HLA&B6BE ] 22
SR (K 24) o Ci MFEH PAR BT R TREAR, 300 wmol - m ™ s ™" i Ak, K T 300 umol - m ™ s =" if 75 i [2] 7
(E2B) . Gs Fl Tr S (LS AR, 2IBEE PAR W7t & s (B 2C.D) o

FE[F— PAR T ,pH i 2.5 BIERTR AL BR(E QIFEMG I Ci\Gs \Tr B T X4 B (& 2B.2C 701 2D) , BB
BRI AR T @IZERXT CO, MYREE"™ R T SIL B, SR e, /K SRR AN EE, CO, I P SEREAR , 2
Bt E R TRE(E 24) . ZRRIIATERW PR EE TR —EWER , 42X i RS H

@ ZRIEAR. 2008. FRFTA VLA BRAKA: &5 R GEAE I R IS RERTF O, PR R 2 L2408 3,37 ~ 52
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FEAERZ IR, TR W HOE S AR, S AR e ) TR A Y
K
2.4 R [RIBR T BE X Y6 il 255 20 S HU R

WITERETE 3 B BRI M8 i, Sni 7 e & 4 T 224k
(B 2A) , B Ema B 245 B —EOE & S H T e
KA. SXTRRAELL, pHA. O WIBRTN M8 , B B B
3| Amax \Rd \LSP .LCP AQE [{E (& 3) ; Tfi pH g
2.5 WBRWAL IR Amax , AQE B £ [E(K (& 3A,3E) ,Rd
1 LCP W @3 717 (& 3B #13D) .

HE 3 AT LA, BEE pH HIFEAR, B #) Amax,
AQE Z WA, Rd \LCP Z¥i I+ & , LSP 55T Ja FEA o
X—45RKH],pH 2y 4.0 BRI X 6 & S A
B, T pH o 2.5 MBI e 5 S HRE MR B,
VBT 2B A B ey o7 7™ A S 25 2 W) ) R T R (LA 12
T pH4.0 5 pH2.5 ZJi], pH2.5 WRIIBRTNIE R T )
FEREH) Rd 71 LCP 341 T A WL HTH#E , FEAR T X 550
AR FIRE S 6% T YA T L& VR R It 18], fi A
TERAE YRR BRI, Al e ER .
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w
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Fig.1 Variety in chlorophyll relative content under different simulated

acid rain treatments

P PR B A PR + ARAELR R IR) T RER AR 3 SRR TR BE ) 22 5%

BEBFEMEAKFEP=0.05); FH

Each value in the figure

represents mean + standard error. Different litters indicate significantly

different among three treatments of acid rain (p = 0. 05); the

same below

Ci (umol CO,-m™)

Tr (mmol H,0-m™2:s7")
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Fig.2 Light response curve under control and different gradients of simulated acid rain( mean + SE)

AR P, B: ] CO, ¥ Ci, C: LR Gs, D:ZEBHEK Tr

(Ci),C: stomatal conductance (Gs) ,D: transpiration rate ( 7r)
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Fig.3 Changes of Photosynthetic indexs in Machilus pauhoi under control and different gradients of simulated acid rain( mean + SE)

A REOG R R (Amax) B: B IFRHE AR (Rd) C: M & (LSP) D:JGAME s (LCP) E: R E TR (AQE)

A: maximum net

photosynthesis( Amax) ,B: dark respiration rates(Rd) ,C: light saturation point( LSP) ,D. light compensation point ( LCP) ,E; apparent quantum

efficiency (AQE)

2.5 FEARBRRAM T, #obasER Pr SE LM E 7 Z [ KA P2

PG EERSZ &R R0, KA [
pH T30 Pn (¥ 34T T pearson 05GPS T (R
2) BN, BB K Pn 75 pHS. 6 Bf 5 Gs.Ci.Tr.PAR
EHEMFEZ(P<0.01),5 CO,S HHX(P<0.05),71E
pH4. 0 B 5 Gs..Ci . TrVpdl.CO,S . RH_S.PAR 75 FE #
(P <0.01), 5 H,08 #12(P <0.05) ,pH2. 5 i} 5
Gs.Ci. Tr.CO,S.H,0S.RH_S. PAR T #% (P <
0.01),5 Vpdl .H,OR #H3€(P <0.05) ,

it — PR SEAEAN TR BR TR A BE T X P (520 R
R, APIRXA R ER T AR BE T 0 Pn () H ¥ 317 T
Z I L BIH ST, BIHJTRRANR 3, %) Pn WK
M F7E pHS. 6 B} 4 Tr.Ci,pH4. 0 B} & PAR . Ci Gs,
pH2.5 it Ci.Gs PAR.CO,S.H,08 .RH_S, #134
Ml 5 50 M i 45 R R, ZERR T B 45 F T, Gs [ Ci
1 PAR Jh QBTG 1R AR IR R+, <AL
SEEXT Pr B0 KT A IR] — S ALRRVE BE DR . R
AT DASE I e B S AL S BE OG5 i ) A S T
XFEOLG AR AR R, 5 T R B o AT A A S

®2 TREHMABTUEEALSELZSHPWEFHBEXSH
Table 2  Correlation analysis between net photosynthetic rate of
Machilus pauhoi and it’s impact factors under different acid

rain treatments

pH
5.6 4.0 2.5
Gs 0.556 ** 0.737** 0.757 **
Ci -0.682** -0.638** -0.864**
Tr 0.821** 0.705 ** 0. 669 **
Vpdl -0. 006 -0.576** -0.282*
Tair -0.092 -0.138 0.175
Tleaf -0.165 -0.209 0.099
TBlk -0.118 -0.179 0.145
CO,R -0.160 0.176 -0.262
CO,S -0.281"* -0.668 ** -0.648**
H,OR -0.159 -0.181 0.299*
H,0S -0.047 0.316* 0.825**
RH_R -0.127 -0.037 -0. 068
RH_S -0.027 0.736 ** 0. 493 **
PAR 0.761** 0.747 ** 0.650 **

* *xp<0.01, * p<0.05
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(& 2C. &1 2B [ 3C FI& 3D) o 735, bR pH ERREAR, QLR BL SRR R WP 2 (K 2,
K 3) VLRI MBS N T B X I ) U

®3 TABRMAETUEMEXAAELESHYZMEFHEIENAE

Table 3 Regression equation between net photosynthetic rate of Machilus pauhoi and it’ s impact factors under different acid rain treatments

AbPE Treatments [B] 97572 Regression equation R?
pHS5.6 Pn=2.59 +4.501Tr -0.014C: 0.89
pH4.0 Pn =2.863 +0. 001 PAR -0. 014Ci +69. 284 Gs 0. 888
pH2.5 Pn =25.84 -0.015Ci +7.46Gs +0. 001 PAR -0. 126CO, S +0. 307H,0S +0. 322RH_S 0.904
3 g

PR TR O AL B 30 W B 25 S R B A K MR = R AR R A K I B AR AR , A [R] R R TR A 2
it Al — A A K B AN [0 R — BR TR M R [ A e 27 A RS R B i ), AR g 2 B, Gl 76 1
Mtk A pH MEEIRTTREAR, (H5 X AR L, RA pH2. 5 IR AL MR B RRRIR (3R 1) , X 5FFE M
B A — B B SR TR — S e A K BB AR R o TR T o 0 B A F) B A2 B A 7 A
B2 20, Fan Houbac ™ i B M BIBFSE & B, pH3. 5 R BR T AZ 3 T #%# ( Cinnamomum camphora) , BRAR
(Melia azedarach) , FIW- 254 ( Koelreuteria bipinnata) HifR A+, st 544 % 30 pH2. 0 BRI BR T /= &
I T 2 01 (Ligustrum lucidum ) 41 e AR A4 o 7 [V X T T A0 1 ) 25 53 L R T AL B 1] Ry 2 55 DA B
FEYI BRTN 14535 A R T 8 22 F I B (R[] 2 1 iR SE 36 25 AN R K R A

MG REEYHTCEER RS RPEEIREEZWIEM, B DR ROtR e i, HE 8%
B SRR o BT IRAH , BEDIBR TR AT A — SR A ™ AR 4 i M G R BT, A&
WA pHA.0 1 2.5 MRFIALE G , MR RW S ESNBHEL TR EZR, X S ARKPIREGERE A
o A ( Eucommia ulmoides ) f)iH-4% 3 £ BEBERATN pH B MR M P& , i 4344 (Pinus densiflora) iy 52 %
FrEFERRT pH (AR, o xS R i vl e W T, — RN SR A Rz, 5
— 7 TR SR MR , (R RR R M E T MR & BN TR 4R & UL 2 MR e AR AR
Ho A, APRNE WSRO SE, MFERMEENEESE AN EESEESBEZA RS
FIEE —EMIRE , X WRAMRER S AMRERAF B —IEH

Jea VR IR AT HE A B EERE , %) S AR ( Dimorcarpus longana) RIBFSE AR F I, BRI A M T HOGE
YRR, BEEAME S BT B AR SALSE R R TR . APPSR, BRI Pn BE% pH )
REAR TR (B 2A) T Tr WIBEE pH MIFEART & (& 2D) , Tr (34 el B 4551 &K 45 BRINE -2 Pn
M T M. Ci BRG] ARAER N CO, R AR BAR ™, T Gs AT AR B FLIFF AR B ZE AR SL B
pH2. 5 (R TR i 3E @I ZEA ) Ci A Gs -7+ (1&12B.2C) , T pH4. O MIGHHREAR . A AFFER I L0 i ok
—E BRI AXTEYM B A E Y 51 Pn TR BAE WA K . BRI BRI S R
A RETRUE BRI I 2 M SR A o BB, TR R ARG Y P FEAK

HERAAY AT EVE I RE R RIE , A FIAE Y EA R i 8 2544 T , X6 A A B 7= A 2R Ak A AR ]
ot R B % B, pHA. O (RIBEHIBR T 6 Amax \Rd \LCP \LSP \AQE ##"" , Ti5F # RZ JL pH4. 0 ~ 5.6 HHE
ABRFI XS AL AR ) LCP \LSP il Amax JC .2 50, pH3. 5 ~ 2. 5 MBI BR TR A AL A ) LCP, LSP \Amax B3 T
W2, BRI Amax IR AT LASE S5 B I A IR OB BE , DT A S BOBREIR S EA BT
pH2. 5 (¥ ER T M8 15 @ FEAH 1) Amax 225 R4S, U6 B BR TN B AT REHS I T HOG & S5 BB IR . AP A
BRI 7T LA T AR AL AR (IR I i R i ) A STt A8 2 T A (DL A4S 21, TT BB L RN 7 1 A 2%
BARHZR o LSPLCP IK/INR AR A X3 Y638 BRI FISE L, pH2. 5 BBRTBE LSP MR T f LCP .35 4
i, REAR T AR AT R DGR TS, 2E TS i AE ) [R] 4k CO, MIRE T .

S8 KE BRI O R A K 5006 T B AN R R e A R & R VR R, TR e —
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S P 7E P A B A AL R SN2 PR A R G ORI R TS A R B (BT SRR R R o5 £ RE R R & — 2
HIBST o RIS BTS2 B S M 0 76 A O BR T I {EL7E pH4. 0 15 pH2. 5 ], B R T bl AR AINEE, X P 5200
W B2 (R 2,3K3) , BRAHIN T @ 78 2058 i U R o X P BRI FT RE 22 5 | Ak 0 FE Al 7E R TR 2R 1F
X IS5 IR L PR, T 248 X A2 5B i A2 B iy SRS o BRUAR R0 5 BE I BRFE (pH2. 5 ) X I 7E R R
A —E TR, (5 B SR 5o (R TR B0 A 00 R R 58 BE K, WYL A4 76 2007 4R I RR TP 391E 0 4. 320, [
BARIEABT ST IS5 ﬁ'% BIZERRECAR = AR IR & R BRIEAR N 5 , BB T % — & R B BRFI IS , pH K
T 4.0 MR HIC L E R, AT LA RAE WA AT 51 F o (HRA S RAE 2R T X 0 FEH 4w 4T
BT, Fﬁ%@ﬂ%ﬁ’ﬂﬂ‘ﬁ*ﬂ@i&jﬁ TEAREMT  EXNBRW B RBAER AR A, T TR 148 WL X
SRHEAT KT AR B 15 1 7 B — 2P B9

References :

[1] Zhuang]J, Chen FF, Chen YS, Wu R J. Review on study of acid rain injury to forest trees. Journal of West China Forestry Science,2006, 35
(1):129 —133.

[2] ChenXL, HeDJ, Hong W, Liu R S, Bian L L, Wang Y T. Research advance in acid rain injury mechanism to garden plants. Subtropical
Agriculture Research, 2007, 2(2) ; 99 —103.

[3] MengCF, Jiang PK,Cao Z H,Xu Q F, Zhou G M. Progress on mechanism of acid rain harming plants and its controlling countermeasure. Acta
Agriculturae Zhejiangensis, 2008, 20(3) ; 208 —212.

[ 4] Francisco Sant’Anna-Santos B, Campos da Silva L, Alves Azevedo A, Marcos de Araujo J, Figueiredo Alves E, Antonio Monteiro da Silva E,
Aguiar R. Effects of simulated acid rain on the foliar micromorphology and anatomy of tree tropical species. Environmental and Experimental
Botany, 2006, 58(1-3) : 158 —168.

[5] FanH B, Wang Y H. Effects of simulated acid rain on germination, foliar damage, chlorophyll contents and seedling growth of five hardwood
species growing in China. Forest Ecology and Management, 2000, 126(3) : 321 —329.

[ 6] Dixon M J, Kuja A L. Effects of simulated acid rain on the growth, nutrition, foliar pigments and photosynthetic rates of sugar maple and white
spruce seedlings. Water, Air, & Soil Pollution, 1995, 83(3) : 219 —236.

[7] LiuKH, YuFM, PengSL, Fang YT, Li F R. Effects of simulated acid on saplings of Taxus species. Ecology and Environment, 2007, 16(2) ;
309 —312.

[8] LiZG, WengM L, Jiang W, Jiang W B. Effects of simulated acid rain on some physiological indices of Parakmeria lotungensis seedlings. Chinese
Journal of Ecology, 2007, 26(1) : 31 —34.

[9] Huang] C, Xiao Y, Zhang Y X, Li J N. Effects of simulated acid rain on the growth and physiological reaction of Mango. Chinese Journal of
Tropical Crops, 2003, 24(1) ; 28 —30.

[10] Bellani L M, Rinallo C, Muccifora S, Gori P. Effects of simulated acid rain on pollen physiology and ultrastructure in the apple. Environmental
Pollution, 1997, 95(3) : 357 —362.

[11] Jacobson J, Osmeloski J O E, Yamada K, Heller L. The influence of simulated acidic rain on vegetative and reproductive tissues of cucumber
( Cucumis sativus). New Phytologist, 1987, 105(1) : 139 —147.

[12] LiuJ F. Stress effects of simulated acid rain on Myrica rubra. Chinese Agricultural Science Bulletin, 2007, 23(10) ; 110 —113.

[13] Hogan G D. Effect of simulated acid rain on physiology, growth and foliar nutrient concentrations of sugar maple. Chemosphere, 1998, 36(4-5) ;
633 —638.

[14] XuZH, Luo Y, Wang Y, Han S H. Effect of simulated acid rain on bean plant growth. Chinese Journal of Microecology, 2001, 13(1): 26
—29.

[15] LiZ G, Jiang W B, Weng M L, Jiang W. Effects of simulated acid rain on membrane lipid peroxidation and antioxidant system of Magnoliaceae
tree species. Ecology and Environment, 2007, 16(3); 779 —784.

[16] ZhangJ P, WangJ J,Zhao Z M, Chen Y, Dou W. Effects of simulated acid rain on physiological and biochemical characters of eggplant, the host
plant of Tetranychus cinnabarinus. Chinese Journal of Applied Ecology, 2005, 16(3) : 450 —454.

[17] Tian D L, Fu X P, Fang X, Xiang W H. Effect of simulated acid rain on photosynthetic characteristics in Cinnamomum camphora seedlings.
Scientia Silvae Sinicae, 2007, 43(8) ;: 29 —35.

[18] FuXP, Tian D L, Yan W D. The effects of simulated acid rain on the diumnal changes of Cinnamomum camphora photosynthesis. Journal of
Central South Forestry University, 2006, 26(6) ; 38 —43.

@ (2007 £EHLA TR LA D

http ://www. ecologica. cn



11 3 BRIB 5 BRI O TEAR S A KA A A B AR e 5993

[19]

[20]

[21]

[22]
(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]
[42]

[43]

[44]

[45]

Zhong Q L, Hu S Z, Huang Z Q, Cheng J H, Xiao S Q. Growth characters and effects of ecological factors on Machilus pauhoi. Scientia Silvae
Sinicae, 2002, 38(2): 165 —168.

Zhong Q L, Zhang Z Y, Zhang C H, Zhou H L, Huang Z Q. The dynamic analysis of the biomass and the structure of Machilus pauhoi. Acta
Agriculturae Universitatis Jiangxiensi, 2001, 23(4) : 533 —536.

ZhongZ Q, Tan Z F, Yang Z L, Xia J Q, Yang W R. The prospect development of analysis and characteristic of growth on Machilus pauhoi.
Journal of Hunan Forestry Science & Technology, 1997, 24(2) . 50 —52.

Wang D C. Concern on precious evergreen hardwood species: Machilus pauhoi. Forestry Economics, 2002, (3): 65.

Bao B F, Weng F J, Ma L F. The sustainable development of the wood industry in Zhejiang Province. China Wood Industry, 2006, 20(2) ; 80 —
82.

Mou Y M, Zhu G L. The study of acid rain distribution of Zhejiang province based on GIS. Bulletin of Science and Technology, 2005, 21(3) :
356 —360.

Xu D C. Pollution and prevention of acid rain-control measures and trend in Zhejiang province. Energy Environmental Protection,1995,9(4) :25 —
28

Qi Z M, Zhong Z C. Effect of simulated acid rain on photosynthesis and growth of Eucommia ulmoides Oliv. Journal of Southwest China Normal
University ( Natural Science Edition) , 2006, 31(2) : 151 —156.

Jiang LF, Shi F C, Wang HT, Zu Y G. Application tryout of chlorophyll meter SPAD-502 in forestry. Chinese Journal of Ecology, 2005, 24
(12): 1543 —1548.

LeiZ X, AiTC, Li F M, Dong W. The relationships between SPAD readings and the contents of chlorophyll and nitrogen instrawberry leaves.
Journal of Hubei Agricultural College, 2001, 21(2) . 138 —140.

Liu Q Z, Dong HM, Liu P, Zhang L S, Wang F C. Studies on the photosynthetic characteristics of chestnut trees. Journal of Fruit Science, 2005,
22(4): 335 —338.

Liang J, Mai B R, Zheng Y F, Li L, Tang X Y, Wu R J. Effects of simulated acid rain on the growth, yield and quality of rape. Acta Ecologica
Sinica, 2008, 28(1) : 274 —283.

Zheng F X, Wen D Z, Kuang Y W. Effects of simulated acid rain on the growth, photosynthesis and water use efficiency in tectona grandis. Journal
of Tropical and Subtropical Botany, 2006, 14(2) ;: 93 —99.

Liao G S, Xu J X, Xu H, Zhuang X Y. Effects of simulated acid rain on growth of Cassia surattensis seedlings. Guangdong Landscape
Architecture, 2005, 31(5): 37 —41.

Fan H B, Zang R G, Kosuke W. Responses of seeds and seedlings of Ligustrum lucidum to simulated acid rain. Scientia Silvae Sinicae, 2000, 36
(6): 90 —94.

Yang M X, Zheng H M, Zhang W F, Huang L A, Xu H Z. Effects of artificial acid rain on growth and physiological indexes of flowering chinese
cabbage. Journal of ZhongkaiAgrotechnical College, 2001, 14(3) ; 38 —42.

Muthuchelian K, Nedunchezhian N, Kulandaivelu G. Acid rain: Acidic mist-induced response in growth and photosynthetic activities on crop
plants. Archives of Environmental Contamination and Toxicology, 1994, 26(4) ; 521 —526.

Qiu D L, Liu X H. Effects of simulated acid rain on chloroplast activity in Dimorcarpus longana Lour. cv. wulongling leaves. Chinese Journal of
Applied Ecology, 2002, 13(12) ; 1559 —1562.

Yu CZ,Wen D Z, Peng C L. Sensitivity and resistance of three woody species to acid rain pollution. Ecology and Environment,2005,14(1) :86
—90.

Shan Y. Effects of simulated acid rain on Pinus densiflora; Inhibition of net photosynthesis by the pheophytization of chlorophyll. Water, Air, and
Soil Pollution, 1998, 103(1-4) : 121 —127.

Qiu D L, Liu X H, Guo S Z. Effects of simulated acid rain and Chlorophyll a fluorescence parameters in leaves of longan. Acta Phytoecologica
Sinica, 2002, 26(4) : 441 —446.

Xie T L,Shen Y Y,Shao X Q,Gao C Y. Differences in photosynthetic rate, transpiration rate and water use efficiency between four legume species
on the Loess Plateau. Acta Ecologica Sinica,2004,24(8) :1679 — 1686.

Chao H F,Taylor O. C. Dose-injury relationship to SO, in plants. Acta Ecologica Sinica,1986,6(2) :114 —119.

Zhu Y H,Tu N M, Xiao H Q,Guan G S,Wang H,Cai Q,Deng L. C,Wei Y,Yi D,Huang Z C,Li H L. Effects of sulfurnutrition on photosythesis and
chlorophyll fluorescence of tobacco leaves. Acta Ecologica Sinica,2008,28(3) ;1000 — 1005.

Wang B Y,Feng Y L. Effects of growth light intensities on photosynthesis in seedlings of two tropical rain forest species. Acta Ecologica Sinica,
2005,25(1) :23 —30.

Shan Y F,Feng Z W. Effects of acid rain on youngling of pinus massoniana and cunninghamia lanceolata. Acta Scientiae Circumstantiae,1988,8
(3) :307 —315.

Wang W. Study of submicroscopic structure, microscope structure and part physiological indexes in brassica chinensis under simulated acid rain

treatment. Environmental Science,1988,9(3) :12 —17.

http ://www. ecologica. cn



5994 A

Bt
i
b

29 &

S E 3k

(1]
(2]
(3]
(7]
(8]
(9]
[12]
[14]
[15]
[16]

[17]
(18]
[19]
[20]
[21]
[22]
(23]

[24].

[25]
[26]
[27]
(28]
[29]
[30]

[31]
[32]
[33]
[34]

[36]
[37]
[39]
[40]

[41]
[42]

[43]
[44]
[45]

BB, BRET 6 BRAR , R BRI G E RIS, FEEMLRRY:, 2006, 35(1) : 129 ~133.

BREEEs, Rk, Bb, X84, TFF, TEE. BRWPa X EAE Y G E VBT R. TR R IT, 2007, 2(2) : 99 ~103.
SIS, 2R RN, REGT, FERE. BRI NS EV IR A RIS . Wik 244, 2008, 20(3) : 208 ~212.
XIRTEE, T, 208, FiEE, FER. HEURNS2HRBE YOG mI. A8, 2007, 16(2) : 309 ~312.
ZEE, HiUE, 2R, FTE. BB RARBMAR 2 13 BRI, A% A4E, 2007, 26(1) : 31 ~34.

WHE, M, kiEH, Ak BRI R AR B A K . B VEYaER, 2003, 24(1) : 28 ~30.

XUEEAR. B BRTN X A A A AL RRAE OSSR, v AR 223 4, 2007, 23(10) ; 110 ~113.

VB, B, T8, . BRI & Gy K Rsm. B EME AR, 2001, 13(1) : 26 ~29.

ZRE, ZTE, FiUk, 2R, BRI AR 2R B R E b bt A R G s, AERHEE, 2007, 16(3) : 779 ~784.
TREENE, FHFE, BGREL, BRYE, S BIPIERE AR ik A EAEY = A R AR AR . R A AR AR, 2005, 16(3) : 450
~454.

RS, ATedE, Jrut, Wscfh. BB X R S i A Retk . Ak Bl2#, 2007, 43(8) : 29 ~35.

fPedE, HRME, EISCE. BRI RAROEE HZELINEm. FRaAREBE2A, 2006, 26(6) : 38 ~43.

Bhapk, EARMT, BGRUR, FRERAE, HKYE. QBRI KRR R A S EF . MolkR#, 2002, 38(2) : 165 ~168.

Bhapk, PRI, AR, FEA, FRRME. QBRI YR RIS, TIPEAR K244, 2001, 23(4) : 533 ~536.

BhAEEE, W, BRRR, B, BO0E. QBRI R R B R X RRTES. MR MOk RHE, 1997, 24(2) : 50 ~52.

FIEE. REBRE SRR —HIER. MolkZ5, 2002,(3) : 65.

BIIEAR, FHA, DR WA Tl Rse R . AR Tk, 2006, 20(2) : 80 ~82.

Bk, RIER. FTF CIS HARKTABRE X M5, BHHs@EH, 2005, 21(3) : 356 ~360.

WA BRI Y5 BIE—— WL IR S S B IE XK. RBURIABE LR, 1995, 9(4) : 25 ~28.

FRER, SR BRI AL MG A A B R AR K . PERIIRIE RS ( B ARBE2ERR) , 2006, 31(2) : 151 ~156.

WY, AfE, TH, #EIGHI. 4RI SPAD-502 FEMOL R . A& 244ER, 2005, 24(12) : 1543 ~1548.

TEEM, R, ZEHEH, EE EREMATSESE SAERS SPAD HE LR, WK FEBEF M, 2001, 21(2) : 138 ~140.
XU, HAM, XIS, IR, ERA. BEEBIEA RIS, R, 2005, 22(4) : 335 ~338.

Rk, ZE, A, 28, BEK, RORE. BB XHSE (Brassica napus L. ) AE 1 F= 8 K SRR, 4252441, 2008, 28(1) :
274 ~283.

R, Wik, UESC. BUUBR I RIAR LA OB A SRR, ety TR Y, 2006, 14(2) : 93 ~99.

BIAk, R, R, RS, BB X AR S A K B, )RR, 2005, 31(5) : 37 ~41.

B OR, B E, Kosuke W. 2z pi R FAISH X BRI RN, ARk BH#, 2000, 36(6) : 90 ~94.

B, AWEW, g, HRZ, S BIERETX S04 K S5 A BAR bR 2. A iE gl BER 2 B4 it , 2001, 14(3): 38
~42.

B, XIEME. RHIER R X IR SR A TE 1 s . B R A 25240, 2002, 13(12) ; 1559 ~1562.

KRB, kR, ZKE. SRR Y BRI W EURE bt A 35%,2005, 14(1) : 86 ~90.

B, XIEME, SPEE. BBIERR IR 5 SARSSH AT G R a SOESEURN (3E30) . MPIERFH, 2002, 26(4) : 441 ~446.
WHE, BB, BRHK, MaE. 3w 4 Fp ORHSCR 1§ 6 & HUR AR R H 3l 8 KoK R FIRE. AR %E4, 2004, 24(8):
1679 ~ 1686.

Wty 0 C . ZEmA R SHEY S MHERXR. AR, 1986, 6(2) : 114 ~119.

R, BT, HDUHL, R B, EME 4537, X 008 fEBK, Gl , 3R, 221K, BT B i OB A R M G R VSR . AT
2247 2008,28(3) :1000 ~ 1005.

T, 5 E . A K IR X PR R IR R S 1 6 A VR . A 25244 ,2005, 25(1) <23 ~30.

IR TGS B ER T X T BAA RIS A SR (s . R4 RL 22241, 1988, 8(3) : 307 ~315.

T B T AL 2 I 75 S ORI S AR s A 8 SR o A BB AR . AR, 1988,9(3) (12 ~17.

http ://www. ecologica. cn



	鲁美娟1.pdf
	鲁美娟2.pdf
	鲁美娟3.pdf
	鲁美娟4.pdf
	鲁美娟5.pdf
	鲁美娟6.pdf
	鲁美娟7.pdf
	鲁美娟8.pdf
	鲁美娟9.pdf

