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Abstract; In order to gain a better understanding on the different adaptive characteristics of karst plants and to develop
reasonable vegetation we studied the carbonic anhydrase (CA) activity, diurnal variation of photosynthesis, response

curves of net photosynthetic rate of CO, concentration and light intensity, chlorophyll @ fluorescence parameters and sta-
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ble carbon isotope composition of Broussonetia papyrifera, Celtis sinensis and Rubus tsangii which grew in the middle and
lower slopes of the karst forest in Puding County, Guizhou Province. Their different photosynthetic physiological response
of the three species were also analyzed. The results indicated that in the photosynthesis, B. papyrifera could utilize the
atmospheric CO, and the intracellular HCO,~ through the catalysis conversion by CA when the stomatal conductance de-
creased. With higher activity of CA, B. papyrifera growing in the lower slope had higher HCO, "utilization efficiency. Be-
sides, B. papyrifera growing in the lower slope exhibited higher light utilization efficiency under low light intensity,
which might be attributed to its higher CA activity in the lower slope. B. papyrifera showed better adaptability to lower
slope compared to middle slope. The photosynthetic inorganic carbon assimilation efficiency of C. sinensis was the lowest,
which only used the atmospheric CO, as inorganic carbon resource for the photosynthesis. Since the growth rate of C.
sinensis was very slow, the requirement for inorganic carbon was the lowest, and it could maintain the stable inorganic
carbon assimilation rate. C. sinensis growing in the middle slope exhibited higher net photosynthetic rate and light utiliza-
tion efficiency, and it showed better adaptability to the middle slope compared to lower slope. R. tsangii mainly utilized
the atmospheric CO, in the photosynthesis process. The light utilization efficiency and net photosynthetic rate of R. tsan-
git in the middle slope were higher. R. tsangii exhibited better adaptability to middle slope. The results provide a scienti-
fic basis for reasonably selecting and designing plant species during the revegetation process in the karst ecologically vul-
nerable forest region.

Key words: revegetation, carbonic anhydrase, apparent quantum efficiency, carboxylation efficiency, composition of
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FOMNBRERER A THALA 13 x 10° km®, F 44+
SRR 73% , 238 16 W SR 3 i R B A8 0, TR
Aot 2 AR ™ F A A RS BRI R 55 A B X TR
AN X R R AR I, R — R
{2 AR (AR 1998) o 1% X I 2 28 T FAE 2%
PREZA R ) (A% ,2002) . 1 Fmg i 55
PRE i O e Gl W ok NGBS e RS s a
R A TR L DX e R A A R TR (R ST R,
2003) , R, 1 JR 2% AR ARG ol X e 307 ke 2 5 A iy
PEWFST , T A S A 2 553 X A AR AR 4 5 7™
R XA o A g R B e A e A B AR
Bl AE (W3 34 ,2010) .

HATE BRI A KB R I — e R
1 WA ) G BRI )38 W P ( Mooney , 1972 ; Walters et
al,1993) , Wi 4% 2 5L S E0 I E BEPFAG A )
A LR SERENE KGR TRPERI KN, [t I A )
X358 1938 107 fE /7 ( Rohacek & Barta,1999) . JoHLER
SEAHYICAAVE R —FP A R} 25 A 3R 1
HEHTF (KBS 2012) , MPDCEIERIRER
BRI, EEIRZ S0P €O, , CO, FE ML S ALt
I PRI 26 P A T B, 5 DA SRS I B A T, B
KENRIRIAL S (R EGIRAE,2012) o MR X A
(RAE ) 22 5 38 22 A5 P B, 5 30 FL S B /N s oG
H], BHAS 22 1 CO, PR A AT, 3 iR i 4 o %
() TR ( Galle et al, 2010), — APy HEAk H B w5

I E BRI ER W4 A, T8 B S0 R 22 A= A ), 3 2B A
YR BRI ITRG (CA, EC 4.2.1.1) S2WE Hre 15 1)
WO G T AL ANAE N Y HCO, ™ 4tk
h CO,F H, O, # M VR A MEH) A S A s I A
IKIEHIAS L AERFAE PGSR T B IE % 3547, 25 ok
WRCE G, SALTKRIF, i R R B FE LA AR
1 CO, MRS (Hu et al, 2011; Xing & Wu, 2012),
W TR A A A ELA R Y HCO, IR RE T, 7R 3L
AR RE SR A 4B N Y HCO,™ 528 i)
CO, , BA MR TCAI LRI A A0, 170 ST AR 1 DX %) Bk
TR B B X Fh TCAT LA A AL B AL T R 4%
4, CA W] st Ay iz AL ) 2 B 4 2% (R Y A,
2011) , 3G AE AW FRICH RS P4 AT A S v 1
A S 55 DX AR A o ) AR R R R AR

TE W W 2R AR ) 1Y 6B T LB R e F
CA R¥FEZ R EMIEMN, CA 2—FEHER
fity, U AETE TS0 AW R AR S AT
Z 54 M A H R M 40Eh HCO,™ [ COo, FI
H,0 ) % 1t ( Badger & Price, 1994 ; Sasaki et al,
1998) , AEFTREMY) CA WEHAET R FA A
Iv] 1) R AERE RN, CA T i, AL 7 AL R
HCO, fRE J1 5% ( Xing & Wu, 2012) . H¥IEE
B v R AR A FH B e AL IR — H kA= AR fk,
RoEik R RN (8" C) AR Ak, 7E6G
YEF— IGO0, FE 9 R AL R LR IR 82 C
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(B T, FEI R A8 CAE 24 1 b AR 75 5 Ry i 7
2 R 88 CAEL AL # i IE (Wu & Xing, 2012),
A R e [R)A57 28 AL B 1) 725 A 8 e i 2 b o, FH ok
BAVEFBIRRSE 87 C i 52 BT T 38 B A 7R
b AR TR U B 4G I8R 7% ( Motomura et al, 2008
Tcherkez et al, 2009) ,

FaIB ( Broussonetia papyrifera)) =Lk H B
TeA A B 1 A AR A R A LT SR i =
CIF BT A5 Tl AS I IR 858 LA T A 3 7 BB
HOt T SRR, BE A K T K, 24 T A KA
o, REERRYE + Ko+ AR, ) A T E
FIILAHE (Wu & Xing, 2012; %45 2014 ) , 20 i
R AL DR B K S 1 e e R 2 — . RIS
BRI HCO, R RE T (RUT A5 ,2011) A4 TH
B CA 5 1, 76 = 5 A IR kA BT 1 ) AR 1
HCO,™ i) 3 % 35 30% ( Wu & Xing, 2012), Ah#
( Celtis sinensis) WA= EAREHE TR A, BO6IR %
T 1 B R B A ARG B £, pH 7E 4.5 ~7.5 Ja Bl
AR BRI B 50 ATR KSR T 98 (AU,
2007) . FMMFEIRGFRIZEST A S A RNE, T 125
A FILH 2B LR TR A48 X, 76 LAYE I i i bk
R BRI R X, AR R B A R
— (B FRALTN KOG E, 2005) , 6 £ 8 T ( Rubus
tsangii ) Je= i P40 1R I BRI HE R, 206 it 5,
TE ISR 220 A AE 400~ 1 500 m #1a] BH LU 3%, %+
HEELR AR pH fH 5.5~ 7.5 ] A K (ZE G,
2010) , BT JE MY B AR = 0 TF R R HAME, 2
RLAF K R S A A S B | 4 45 b 354 o0 A
(ETEUEAE,2009) , FIB ARG T8 T AR REAE
W IR bt DX T A K, I AR A bl 1 12 DX A S o 1
B, BRI, AR DG B 7 76 8 e S R 2R 5
T BIASTRD G A A B 1 R R A AT AT

R TR T A SRS A A A AN TR
RFAE , 40 LB XS [R5 4 I A A B, 285 6
WEHTRE L IX 5 pH | = E AR R R DL I X “ R TG = H
5 1 P A A 45 1 A R B R A, [ B 5 R 3 A
e AN R pH B FRR R £ %) Wi R RT3
BTN )38 A M 0 AS ) TG AL A ) R | DA i
L %o AN i) i 0 R AN 45 A 355 7 E 7 3 559 ) HL
U, ASHIE ST LIRS RN RN T B - o bR
5 AT B S A7 P RS [R) PR 8E R = Rh AR Y
CA T SEE1ER H A b 4ot 6 X Co, Wk
A 7 A ST i B P 7 pih 2 | SR R SRR

DAL R R e [R5 3R 2H AR A, 0 = Pl ) % g
SRR BRI (0 A B O R AL, 23 B A [T 7 1
P, Sy S0 A 25 M 355 ot DX A AL 1) e 48 LA %
A B AC E R AU

1 #8577

1.1 AR XHER

8 BT BN A th & T e AL, 105°27°
49"~105°58'51" E . 26°9'36" ~26°31'42" N, K G K
51.4 km, FgILTE 40 km, i34 1 100~1 600 m, JEILIE
AT 2 WO PR S, 22 KA WL, S IR AN AR
PIREM A 1 390 mm , AEFEAF 15.1 CLEAH, &5
MRS 2 R kR AR A R AR A B
A 79.2% , H LA K - FIEE R 3 4300
3 A 63.7%F1 20.1% , ¥ E BRI E
W2 Bl T AR IE B R W, %5 1
AR b MR AR A LU R 7R 2O
XAE PR ™ 5 (I S04 ,2010) o BFSTIX A+ 35
KA R TE SR, 2 TR LB Y A (1
A5 ,2013) o SRAE 57 F BH A (iR 1 300
m) N R 1190 m) B 07, BEAP AL EREE T Y 145
YIREE5 0, HCO, W EEAE 0.5 mmol + L' A4,
HE A G BCRSR BET4 R 202 pmol + m™ -
- s MR YA 155
pwmol + m™ + s FE A 350 wmol + m” - s, FHFP
e R T 1R CO, MR BER R 398 pumol + mol ' A2
fio AL A SARXHE R 23.9% 11 T 3
P28 31.1%
1.2 ##l

AR A A T B AT AR A B Y 3 ~
5 AR AR MR RGBT R, DA
FIAS RIS IABEAE AT L, 43 0 R e B4 1 3R 55%
AR = AEY A TINE BRI A ) &
BEHLZEI 5 BRIEA TIN5, AR R R bR EE 2 0 e
5, BRI N EMEYIR R R FREE 3 R
R AR A T RS J5 A [R] LU TR T, 3 0.25
mm O 5 P43 3 0y, BB 3 YR 45 A IR BT Y Ak
PRI R LT RN R ST T I B 25 5
1.3 Fik
1.3.1 23% pH #= HCO, R E &M 115 pH
B K1y 5 1 1, HCO, e 3 R vh i o8
PE , SRR EENE 3 K,

s ,']%E'i%ijj 570 pmol - m”~
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1.3.2 R R B T4 AEHEAOLAIE RS Li-
6400( LI-COR, Lincoln, NE, USA) il % = it 4y 5
4 ot R e R (P RILFE(G)
LB HCR () 1) H AL A8 PR M E 5 K,
KR RCRE SRR () TR
WUE=P,/E (1)
Ko, P REOCE R E SRR B HR,
1.3.3 bk 35 CO, v m W& ey w2 FE
K4 B & 48 Li-6400 ( LI-COR, Lincoln, NE,
USA) e =AM aE 4 R o8 4R 1t 1930t Gl
X CO, My 2, SR 5 W, PRIl A A
ML RE(2) , A TR A, CE LI R,

max

(2)

X, €; S HaNE] CO, M BE (wmol + mol™) ,A,, N
CO, ML 1G5 33 R R i 1 G P I 8
BALRCR (CE) Ml AR, HTE co,
W B BB B A 400,300,200, 100, 50, 100, 200, 300 .
400,600,800, 1 000.1 200,1 500,1 800 wmol -
mol ™, M GAA RS 5 73515 2 1000
pwmol + m? - s FI 18 °C,
1.3.4 Ak Aak Foxdbom ool &gl 2 IR
Je& B &R 4 Li-6400 ( LI-COR, Lincoln, NE,
USA) 5 =FPREA 2R 4 R 58 2 R TR0 g e Al
RXFIEH I R 2k, FA M E S5 Wk, A CO, Es i &R
ikt CO, W JE P 5E M 400 umol - mol™ | I JE Jy 18
C, FIH N TOREE S = N EDLA AR, 1T
DN SE 1Y A 5 R0 S 5 BE B B6 B2 SR 2 000, 1 750,
1500,1 2501 000,800, 600,400,200, 150 120
100.80 .60.40 .20 .0 pmol » m™ - s RAIEEH M
XU T R (3) X iZ i L il 2R S kA7 48L&, i ad
TR P, QUMK R,:
A_O “I+P, ~/(Q - I+P, ) ~4K - Q -1+ P,

2K ¢
(3)

Ko, P, RN L AR R A A
(1R B P A R 6 | 30 P R0 Q) S Bl 4k i 2 B A
B ISP e ks G K N A VA
HIEESEA Ol b=
1.3.5 st b A HEH OIS R4 Li-
6400 (LI-COR, Lincoln, NE, USA) M, Ml&R7H
A e TR Y 30 min, B4R BT A KON HG 58 4
FI9F, MW 4 R e 2R IF g 9, 4%

TR EEE 5 K, EFT E—MIHEDEHR S 157
GOG(F,) ,7E 0.8 s B ALK (6 000 pwmol -
m? « s B I E e KOO (F,) RS T (PS
1) BHDCRERALSCR (F /F, ) Wit (F ~F,) /F,
TSR, T PS WS AETE M (F /F,) Wl (F, -
F)/F P83, MY A IE T 28 800 pmol -
m? « s IS ARG R R G S OGN ek ue
(F',) JEFERANGSG(F',) B TOE(F',) S
PR (F,), PS I SEPR 6 AL 22 1 F 3%
(Do )iBIL(F' —F ) /F' G,
1.3.6 3°Cl 2 MY 1 e RIFH T
UCHI R, AWM E 5 K, MY &+ B
fAE L0, B — 2 fE A A L B S BT Y CO,
SR TE MAT-252 i35 ( Mat-252, Finnigan MAT,
Germany) [ #EA7I0 2 | 545 B N /NTF £0.2%0, 43
s LAS " C o R
1.3.7 CA & WS 4 55 A2 RIF g
T CA TEHI &, B EY ER 5 R, FREUEY M
A 0.1~0.2 g, iR AAF R | St im AR,
A 3 mL 10 pmol - Llath‘;’élﬁwéﬁﬁﬁ( D
LB 50 wmol - L™, pH 8.3) FEATHF IS , AT 4 51
A5 mL FELLEF BSOS BT KIS H 20 min f5,
76 12 000 X g 250> 5 min, BT, R

CA T PR 5 R H 2 19 pH 3135 (Wu et al,
2011) , HFR RGEAE 0~2 °C, BURFIN_E 75 50~
1 000 pL, IMAEZ 4.5 mL A9 2 24028 vhifk (20
pmol + L, pH8.3) MY M5 #% i, i MIA 3 mL il
BI(0~2 C) M CO,Z8187K , FH pH LR Wi S
MAZR pH (H7284k,iC F pH (T F&— 247 (4N pH
BN 8.2 31| 7.2) Frag (I E] (12 ¢) |, R IC SR FE R
FIE AT pH (E N BE— AL 7 BB a] (12K
ty) , BERYIE T WA(U - g' FW) R,

WA=i/1,-1 (4)
1.4 EEHH

A K2R 1 SPSS 13.0 G884 & Excel %k
PRIEAT 25 5% WA MR 50 (1LSD ) K tfAl

2 HERE5HM

2.1 =ZMEYRESHHETL
TEFR AL, R P, H 7 5 BB #3415
ANEAE 43 50 B BRAE 12,00 F11 1500, 43914 9.67 F
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10.21 wmol » m™ « &7 FMIIY P, IR 1 Bt 1] A%
fEZ W T B3, 9,00 B W P, fk s, N 5.55
pwmol - m? « s G EHTHY P, HA L REE B
Shr BN 2% B (L BRAE 14,00, 28 6.71 wmol -
m? -« s R AN DG B T8 B P, A
5.87.3.38 54.00 pmol - m™ - s (1), FETFHE
AL, KR ARG B8 F 10 P, H AR R
FUAE R 2, R AR N T AR T Y i e LA S B AR
1300, 43514 8.44 F15.34 pmol + m? - s, kMR AY
R E B 12:00, 24 5.64 pmol - m™ - s #4
B FMREFI G i B T 0 B3 P, a5k 3.98,
2.015 3.15 pmol - m™ - 5™,

TEFRYEAT IR G, H AR fbth 52 B0 X R34
P IEEAE 53 01 B AE 11:00 1 15:00, 43531 20.08 F1
0.05 mol + m™> « s AN D) G, 7E 9.00~15.00[H] A5 1k
FAXTE FhasE , HAETE 0.03~0.04 mol + m? - s Z [
Besh, N 16:00 TR TR R 0.01 mol - m™ - s, Yo
BT G, F 8l B0 g 206 I 2% 066 (4 1) B A
11:00,°4 0.06 mol - m™ - s AR AN FIG I B4
T HNY 6, 405 0.04.0.03 5 0.03 mol + m” -
st TR YL AR G, D0 BEE (] AR Ak 1T 2 )N
9.:00 MY G, 55, 7 0.06 mol + m? - s AMAADIEHT
BT G, B AR 305 A B ith 4% B e (B A3
B BLAE 1200 AT 1100, 43514 0.03 1 0.05 mol -
m” - s R AN RGBT H Y 6L 55
240.03.0.02 5 0.03 mol + m? - s,

= RE W e A BT A AR IR B R Y
WUE H7ZEALY IS a3 TErh 37, #4147
ANEAE 435 BLAE 900 F 1200, AM# H BLLE 900
F1 13,00, )6 B 4 ) B BLAE 9,00 1 14,00, 14
B RN I T R T B O3 WUE B 2 0 Sk
6.04 .4.20 5 4.37 mmol - mol™, 7 AL, KR (1)
PN EAE 530 HH BRAE 1300 F1 1600, AMR 1 BLAE
12:00 F1 15. 00, Ot ¥ & 8 W BLAE 9. 00 F1
1300, 8 KNSRI 2044 7 (1) H SF-3 WUE {84y
4 5.05.3.26 5 4.17 mmol + mol™ ,
2.2 ZMEMHEIERX CO,%K E KNG KL

F 1 AT, 78 307 A K B R R R B
THY CE R, Fl A, #8231 b e for, AR i
CE R, Fl A, VA 25, fEhIh, b
BT CE B35 T MY RN A I, J5 9 2 IR A7 7E
WER S AR RN 5 T AN DG i

—a— Tif-¥I8 Lower slope-Broussonetia papyrifera
—u— TI-FMX Lower slope—Celtis sinensis
—-w- TIF-YB B4 F Lower slope-Rubus tsangii
—e— HIE-## Middle slope— Broussonetia papyrifera
—o— Fif-FMH Middle slope-Celtis sinensis

12 --e-- R -YBE4HF Middle slope-Rubus tsangii

10
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@
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SHILEE 6. (mol - m?
[ 3
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0.021 £- .~ O\ e

0. 00
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09:00 11:00 13:00 15:00 17:0()\

10:00 12:00 14:00 16:00 1\8.'00
BFZl 0'clock \
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A

(2.5)

KSFIBZE WE (mmol - mol™)

(7.5)

1 R S A =R RO SR H A8
A HOLEEAR,; B AL COKAFIAINCE,
Fig. 1 Diurnal changes of photosynthetic traits of three
plant species on the middle slope and lower slope
A. Net photosynthetic rate (P, ) ; B. Stomatal conductance
(G.); C. Water-use efficiency (WUE).

T AN RN T B 7 1 A, W) AR
FE TN, = FAEYI CE R F1 A, R/NARIR
U B T > FA > MR
2.3 =FiEH & - m B B9 4 1%

%2 AlA0, FEHR 3L, RPN Q K/MK
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R1 ZMEWMERLGERI CO,KRE
M) R B 2% B 45 iE S 30

Parameters from the An—C, response

Table 1

curves of three plant species

e O BORHOG
yry RREE S Tk
i Slope CE R A
Plant species P ( pmol -+ P T
location 2 (pmol -+ (‘pmol -+
s ) -2 -1 -2 -1
m-+s ) m s )
b g 0.023 = 2365 14151 =
Broussonetia Middle slope  0.008d 1.908bc 2.190d
papyrifera
T 0.065+  3.837x 37.727 &
Lower slope  0.004b 0.501b 0.987b
A T 0.022 = 1968+  23.498 +
Celtis sinensis Middle slope  0.002d 0.450¢ 2.245¢
T 0.027 =  2.072+  26.368 =
Lower slope  0.004d 0.433¢ 3.072¢
JeIE BT Tk 0.039 +  1.891+  21.089 =
Rubus tsangii Middle slope  0.004¢ 0.889¢ 1.126¢
T 0.085+  5.000+  43.260 +
Lower slope  0.032a 1.802a 5.623a

e P AR MER 2 (n=5) IRl FREFRIRTE ] — . E K P (P<0.05) , il
R BTN 5 SRt OB 5 A 0T . T,
Note: Mean + SE(n=5) followed by different letters in the same row differ sig-

nificantly (P<0.05), according to one-way ANOVA and t test. The same below.

K2 =MHEMELGERNIAGEY
TR STI0 AT i 2k K HFIE S 58
Table 2 Parameters from the P, -Par response

curvesof three plant species

WL, =R Q R/ IMRU AN SR > i &
BT ORI R, SAME TG 3 2 e, I B
RTAGR TG BT P, SR A B35 2%
S, PIERTAMS . MIRELE T B2 89 Q A R, 435
RFHAATEPYALR) Q FI R, , PIRIERSEE T AR K Y
TR P, AT 25 22 5 FMRTE T AL P,
PABOCH B4 716 T AL Q 73 5/ T4 A 1E
LRI, E T BT NI R, AP, S
KT HA ATE P AIE
2.4 ZHEYMHERRASHLR

M3 3 a0, RS AN I A fe s 19 F HL
YRR WA s i FL/F, S5 F/F, (H, AR
HIAL, Dy (B R/ INIHRU A RIS > RN > S A 4
To TERIAL, @y RN EIUI g I > B
T SAMR . MIRIAE R ALY F RN TR,
RIS BN A W35 25 57 . AMRTE R B2 19
F, M @ GBE/NT 3R, SEIEH T7E P
(1 Dy (EL 53 5 TR

x3 ZMEYBET S PS TR EERELRE,
PSIEAEMSS PSI AU EEFHE
Table 3 F, , F/F, , F/F, and @, of

three plant species

m

FUET BN mKEOLE
%) Bedir LGS U U
Plant Slope Q R, P
species locations (mol - (‘pmol - (‘pmol -
2 -1 ) -1 -2 -1
m s ) m’-s') m?-.s")
b g 0.054 = 0423+ 17342+
Broussonetia Middle slope  0.023c¢ 0.204c¢ 0.391a
papyrifera
T 0.069 +  1.071+  17.251 =
Lower slope  0.009hb 0.320b 0.641a
A g 0.079 = 1127+  14.966 +
Celtis sinensis Middle slope  0.014ab 0.328ab 0.620b
i 0.082+  1.613+  10.189 =
Lower slope  0.006a 0.170a 0.172¢
JeH BT s 0.067 + 0426+ 15562 =
Rubus tsangii Middle slope  0.003b 0.116¢ 0.188b
1 0.055+  1.648+  16.842 =
Lower slope  0.005¢ 0.308a 0.528a

PS1I PS1I
L7 bz A win  JFEYDE PSIWE SLkRt
Plant Sope  FOE MBHL TR (T
species location F, B F./F, BOR
F./F, Py
Ftt rh 688.606 = 0.788 =+ 3.748 + 0.255 =
Broussonetia  Middle slope ~ 6.146b  0.010ab 0.223ab  0.014a
papyrifera TH;  580.091+ 0.815+ 4421+ 0234+
Lower slope  6.574a  0.003a  0.080a  0.006a
NG iy 821.186 £ 0.769 = 3.372 % 0.171 =
Celtis Middle slope  60.846¢ 0.015b  0.304b  0.022b

sinensis .
T

Lower slope

637.735 £ 0.791 + 3.790 + 0.131 =
11.632ab 0.005ab  0.103ab  0.005¢

BT i 651.104 = 0.783 = 3.656 + 0.095 =
Rubus Middle slope 14.674ab 0.015b  0.353b  0.007d

Isangi Tk 648.589 = 0.799 + 3.982 + 0.190 +
Lower slope  22.128ab 0.002ab 0.049ab  0.001b

WA > S Bl 1 > F i F R R, 50T &
BT W 2 R R NTAMA AN P, 5
JEH BB W 2 S R BN TR, 1ET

2.5 Z#EYH FHSECHl CA iE

FMR S CAA fe g, HE AR B o maE , H 47
S AR B FMA T F RS CIE 2 18] TG & 3 25 57
(22 4) o FIXFFAM R UL, MR H 87 CAE &k
T B, B3 A K A B4 7 A RS S CIE BRIk,
AR A A K BRI R T B T R 8 CAE AR e
YA K AR R R B A T R AR C
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®4 =MHEYHRHREREME
48 By FRKER BT B i 14
Table 4 8"C and CA activity of three plant species

Wiy Wefir e SE e T R T T 155 1
Plant speci Slope [R50 25 41 %, CA activity
ant speces location 8C (%)  (WAU g - FW)
Tt LR -26.509 = 4432.205 =
Broussonetia Middle slope 0.020ab 360.747h
papyrifera T -27.297 = 11574.299 =
Lower slope 0.025b 2 022.986a
) gk -25.938 = 181.176 +
Celtis sinensts Middle slope 0.132a 39.69%4c¢
)3 -25.792 = 164.849 =
Lower slope 0.558a 38.516¢
e BT LR ~26.634 + 476.528 +
Rubus tsangit Middle slope 0.003ab 84.363¢
T -28.346 + 157.070 =
Lower slope 0.374¢ 63.801c

(HE R, AR R ) CA THPE 2 = TAMR FDE T
AT, T S AR A AR I B B CA T S
Fom T, AMERIDGH RS T A CA AL
PARME BRI 2]

3 T

T SR M X A K R DR A 22 T A2 A R 4%
FERREBR TS B G, A /INE O FA S LB T3,
SRS CO, it [ Ry # Jr 2Cak AAE P 20
U TF) B AR A5 T A PRI, 2 M X 5 2 e E R TR
ENS SULE ) SE I N W 51 35 A = 0D B PG R 7
R ALY CO, e B2 FEARR, 3 B0 M r A 3805 1
o ABETEH, =R AL AN R HCO,™
1] CO, M1 H,0 Mk, 0155, CA T PG W FE
oA IR SR A v R AR AR, DA AR
A BPA RN CA WM, B S v irkeibe (1
57 ey Al R R A 0 R 0 ) R RO, Ui 1R
FEAL AN P 9 HCO, A H,O il CO, , 3k #MA g G, Vi
JINBS S A T 3 S Bl R R /K TR B R I | e R G
EVERIAYIE % 4T (Wu & Xing, 2012) , iAMDY
TR AR A~ R Ay 17 e A X A D 38, DR L g Ry 1
A CA TEPE, TCREBBG . BT LAA A e 3 b AP A
G B4 T H 3R A A B0, AN 32 AL R il 45
W, HOUERCR M RAL, A H YOG AR
TR B S TR AL, R R =AY B A Ot

P, BT LA = sh L G B YDA RCR AR S
T AR R AR B g AR K A R A B Y
CA T 4, H A Ak 5% AL 40 B 9 ) HCO,™ 2 H, 0 FI
CO, I ACRAL B /5y, B A R #h P PR SR 5 AR AL 5| e
G, W/NTTF B KA, BT LS s 7 A K 14
RIS, T3 AR K RS I OL &
R BERFTBE 50 A DG, AN & 18 A B AP Ot
G RCRBEAL, FrUAME X CO,50# H,0 R4
AR, AP IS T AMM S8 A I B &R 31
% UL R IR I AR AL I RN A VR i
i H,0 1 CO, AR, A, 5SS, th
57 BRI AFA MR B A1 2412 v 14 7K A R IR
T2 A O RA AR FIUR MR E [RIAE B K A3 450 2K 15
LT BERS AR 2 B 2 I TOHLK . JEIE BT IR
A R, T R IR T B N K 2 Uk T
e, H G AN 23 B b 35 67 2 AS0RE R T R ) /)N T
%, IR R AR E 1) WUE

CE 7] ARz W i F 5 328 A 4 g [l Bt CO, i TRl 4k
RBL, CE #E , UGG AE IR CO, i 7 T30 8K 5
O3 (T BRI 58,2008 ) o A (R B A I B
P ERIL RN, TR Z R S5 , #AE
% = ORI FH AR E AT B 1Y) CO, B 2 3E 4
A B =AY CO, . JERFI= AR CO, m] 8ok
A Ve RN ( Loreto et al, 2001), FHifi4:
1) B4 38 R G RF I T e A VR R A CO, 1
REJT L e v [R5 TR A RA AR, 3 7T i
S B TR ¢, B RALIT A H
TRAH CO, AL A IA] I, ST W 5k 7T fig 2 52 3]
T W G IR RAT ) 53 A AT AL I R R A 1Y
IR (R E AR AE, 2014 ) | FAAR RO M B 48 1 7E T B
IR R, BIRT 45 AAE FHEALAME, v RE S rh e 4
AR HEDGE A RS R A G B AL A
A BB S 5 T B IR 0 5 A T — R L A
AR5 = B R, ASFI T A YL ) BRI
P s n ., Q W] DL W P 7e8E B R B T X
BE AR AR (M7 3R F5i0 , 2008 ) |, 18 B 21 58 %
IR RE I FH A5 18 52 i) AN K, #4 4 DUZE AR5
I B O RE R R AR

PS I S D ARG PERE RS S 3 F A (ER S ik
F ARG LEE PS I s R H 0 35 4 B A (FNBe 7
45,2008, ARTFGR A AR, 5 A, P47
(RREIARE AR ) PS T 2 7 H o0 & A — e i B A 2R
W =FAEY F/FF/F BR85S B
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F UL PIRRIREE T =R AR Y B9 6 A S A R R 52 i
P o T RSB AN AT S 07 B DT AR B R Y
Dy T F T8 w55 G RE e AR 803 Ry s I 1Y
A AR R 2 i i ae it , DAE ik W] 4k 1Y /&
OB AN R (B H A5 ,2006) ,

WUE (438 Jm DA B i3k g i R 23 5 12 8 P C{H.
FY34 1 ( Farquhar & Richards, 1984 ; 4 i 45,2007 ) ,
SRS AL AR A8 CAE T A 35 5 T R 37 . 48
S3HT, AL R B R Y CA W, XA
TR AESALER 3 P G il 52 BRI 0 S sy
R ) AR L P B HCO, ™, T 6 3 4 e 1X - 43 v Ay
HCO, i 8 C{H L KR €O, i 8°C{H T N I 1E
(Clark & Fritz, 1997) , FrLAXF HCO, ™ Y v 2R I 1
P2 e ST AR S B CAE I 15 A7 28 1) B 2 A 67, AR
GREF AR BOGA RE IS A BB AR I 52
i), HLHOE A AR A A v ) JE e R H BB R A K
H CO, VR AT AT WUE 38 926 5 ke A
S CIHAY ARk, X W] fig 5 AR 2 1Y CO, [ & K [l 1k
RORA K, HAE B A A EC AR R 7
Hh R A RS Bk [R5 3 A3 TR O A R/ N, DT
FAET ALY CA LR Y7 8 2 i 1F , 7€ WUE %
FEE AEOL T, FEE 2RI S s B AR
e A3z T 171 4 8 CAE W] R ik 32 & oL 5 1) 5%
M, HEBFSY, CO, B s ST i AR ), HLI% A 34
T2 AL A0 M RE () BR A, PRI, SR A 1
CO, M Zy B e A VE FHE BT R (Loreto et al, 2001)
B2 AT R b [ AL 3R A 43 1R AVE T R ik
[ 57 28 20 0K A2 45 L R CO, A 87 CAH T A i 171
WHERSEIFI ™= A= [ CO, I B Tt A it it
HAFG 8" CIE R AR A5 5 SRy e 171, G F
X7 T A FRE i — 2R ST UESE

4 i

SRR AS [] ) SR A PR B A AN [ Y
TN ARE s SO A R, AR S PR R
SRR IR IR BE RT LISk A RSP ) Co,, AR AT
PATE LR o T B4R &0 B A 40 B9 HCO, ™,
YA A Y CA I PR R T HCO,™ Y
BRI BRI AR X B AR R 00T B A
52 e R G REAM AR 13X 5 W8 0 e o 2 A e T 2
AR — A0 O PR AIE 52 i 9 CA TR PEAR — 2, A

X AT HAT AR X B O P, AV 2 18 B AR
R LR TCHILR [ AL FH AR (AR X JE AL
R R, HBEPR ISR E IO A RCR  (HAMRDL
EAE R AR B JCHLBROR PR B — | R RS
HE) CO, o FB A IR LA R A5 18 vl 1
FRFDEREF IR, BT LAAMR B8 A A K AR Fp A
WL, el T EZR IR B CO LS
VERT. 3L G I B 54 1A 50 v B IR i R
RE M St 7 A DL T RO RE R . (R B Y
DG B TR BL I B RO & R DG REA IR
AR OGB48 T B AT B, BEA R 5
IKGr T LA SR AR AT 9 25 AR B A 2
SN R A T PS T RO L AL IT B DL K
WUE , [R]IN 25 jE S P AR RS B 19K R CO, M TE i
A, TSR Y A A R S e B R R T
DA PR S G 8 T Y3 FLFP AR
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