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Abstract: Karst is widely distributed in our country, its ecological environment is fragile, and vegetation restoration is
an effective way to repair and reconstruct the karst fragile ecological environment, but the key to vegetation restoration is
to screen suitable plant that can adapt to karst fragile environmental conditions. To study the photosynthetic physiology
and ecology of afforestation plant species in karst area, so as to provide scientific basis for the protection and exploitation
of mountain forest resources. In this study, three afforestation plant species, Sorbus alnifolia, Liisea elongata var. subver-
ticillata and Populus davidiana , were collected from Yushu National Forest Park of Guizhou Province. Plant photosynthe-
sis and chlorophyll fluorescence, leaf carbonic anhydrase activity and chlorophyll content and stable carbon isotopic com-
position, and the soil physical and chemical properties of plant growth location were determined, and the karst ecological
adaptability of three plant species was comprehensively analyzed. The results showed that the net photosynthetic rates of
Sorbus alnifolia and Populus davidiana were significantly higher than that of Litsea elongata var. subverticillata, which
were related to its higher stomatal conductance and photochemical efficiency. Populus davidiana had higher activity of
carbonic anhydrase and chlorophyll content, showing a higher water use efficiency. Sorbus alnifolia and Populus davidi-
ana, dominated by the photosynthetic activity, and are limited by light intensity and temperature, as the fast-growing
plants can be selected to large-scale grown in good light conditions to increase economic income and improve the fragile
habitats in karst areas. However, the photosynthetic rate of Litsea elongata var. subverticillata was lower than that of other
two plant species, combined with its highest photosynthetic capacity under low photosynthetic active radiation, this medi-
cal plants can be as the shade plant to raise the vegetation coverage and increase local economic income. The results pro-
vide a scientific basis for the protection and exploitation of mountain forest resources.

Key words: karst, photosynthesis, chlorophyll fluorescence, carbonic anhydrase, stable carbon isotopic composition
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Note: A. Net photosynthetic rate (P, ); B. Transpiration rate (7,); C. Water use efficiency (WUE) ; D. Intercellular
CO, concentration (C;) ; E. Stomatal conductance (G,) ; F. Stomatal limitation (L, ).
Kl 2 =R ERHEH AL
Fig. 2 Diurnal changes of photosynthetic traits of the three plant species
F:2 Z=THEYLERFELER
Table 2 Photosynthetic characteristics comparison of the three plant species
N NI
A At SRR it
Photosynthetic characteristics Sorbus alnifolia - '8! ’ Populus davidiana
subverticillata
P AEBLE S 6.23a = 0.94 2.65b = 0.34 7.33a = 1.03
Net photosynthetic rate (P, , pmol CO, - m™ - s")
FR P R 1.39a + 0.13 0.36¢ = 0.05 1.04b £+ 0.11
Transpiration rate (7., mmol H,0 - m” - s™)
K MR 4.53b = 0.66 8.33a + 1.44 8.80a + 1.65
Water use efficiency (WUE, mmol + mol™)
JfE] CO, e e 324a + 11 250b + 18 296a = 13
Intercellular CO, concentration (C,, pmol CO, + mol™)
ALE 0.16a = 0.01 0.03¢ + 0.00 0.13b = 0.01
Stomatal conductance (G, , mol H,0 + m” - s™)
S ALBRHME 0.17b + 0.02 0.36a + 0.04 0.25b + 0.03

Stomatal limitation (L)

e ARG AN R 7B R AR A Y 2 18] 6 A e e 25 5 3 (P<0.05) o I BB B LIE « brifEiRFR., TR,
Note : Different letters in the same row differ significantly at P < 0.05 of the photosynthetic characteristics among the plant species. All the

data show mean + SE. The same below.
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Table 3 Correlation analysis between photosynthetic rate and environmental factors

I T LS| e pUES JeE AR s = 3H R 25 SURE R
S Environmental Net photosynthetic Photosynthetically . Air relative
Species . . Air temperature 1
factor rate active radiation humidity
TR A ALK PAR 0.957 # *
Sorbus alnifolia
Ta 0.433 0.471 *
RH -0.002 0.017 —0.803 =
Ca —0.838 = —0.868 —0.695 = 0.371
LM AZET PAR 0.606 * *
Litsea elongata var. subverticillata
Ta 0.319 0.720 = =
RH -0.157 —0.594 = x —=0.902 = *
Ca —=0.703 = —0.618 = —0.795 = 0.730 s =
Y7 PAR 0.991 # *
Populus davidiana
Ta 0.435 0.449
RH 0.512 * 0.493 = -0.501 =
Ca =0.807 = —0.808 = * -0.206 -0.452

W o« RARWSHM K BE (P<0.05); *+ RNHSEA L B3 (P<0.01),

Note: * refers to significant difference ( P<0.05); ##* refers to extremely significant difference (P<0.01).

R4 FREMEXRGERRSTELAMEITARE

Table 4 Multiple linear regression equations for net photosynthetic rate in different plant species

] o
it HEE Foose X
Species Regression equation
KA AE Ak P,= 10.80 + 0.029PAR - 0.562T,- 0.203RH + 0.029C, 0.925 0.000 0.274
Sorbus alnifolia
bl N P, = 100.99 + 0.007PAR - 0.2887,+ 0.111RH - 0.260C, 0.931 0.000 0.263
Litsea elongata var. subverticillata
ik P,= -4.67 + 0.014PAR + 0.4257,+ 0.134RH - 0.023C, 0.986 0.000 0.118

Populus davidiana

W e X P, 1Y 12 R 5T 5 0.274,0.263
0.118, LB M A — Lz R Z I A% 5, nT e S
DN 1% 25 LA K [ AR 0 1) A K e B 358 7k /) 25 391 e
(x4,

243 BE oM FWEEF 5EEA#ENE
FHEE RS2 2% | 38 3k 38 42 43 B O JE Tt 45 I 45 R XoF
AN R ) i R e 6 S R I 5 ) 38 AR o AT 4
WS FiR, X =FHEY) P, W KK & PAR
M c,, H PAR XF =F4 P, B il AE 2508 R

BRIEAE, BB PAR X = R4 P, 24 B K112
HEAE T, o H & Kt ARk, R AR REGA B T
1.158 38 i T HAB IR % 7% P, a9iE A2 R EL, 1
C X =FPHEY) P, B AH & R EE 8 K|, T3
B ARZFMILE C @R R, A A
-1.168F1-0.065, il C Xfikde M KREF P, A K
KEBLEFAE R, %t A P, BEASAE /NS | {H K Ay 16
W, 5 P,y iE AR R AN IE, BA BN AE 3t
ER,
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Table 5 Path analysis about impact of four environmental factors on net photosynthetic rate of the three plant species
42 2 ) Fz i R AL
B Fh BT SEEEN S Indirect path coefficient
. Environmental Path
Species factor coefficient
PAR T, RH C, R?
K £EHK PAR 1.158 — -0.134 -0.005 -0.062 0.875
Sorbus alnifolia
T, -0.285 0.545 — 0.223 -0.050 -0.328
RH -0.277 0.020 0.229 — 0.026 -0.076
C, 0.072 -1.005 0.198 -0.103 — -0.126
TR ARZE T PAR 0.599 — -0.356 -0.359 0.722 0.367
Litsea elongata var.
subverticillata T, -0.495 0.431 — -0.546 0.929 -0.561
RH 0.605 -0.356 0.446 — -0.852 -0.556
C, -1.168 -0.370 0.394 0.441 — 0.278
1% PAR 0.764 — 0.079 0.096 0.052 0.931
Populus davidiana
T, 0.175 0.343 — -0.097 0.014 0.122
RH 0.194 0.377 -0.088 — 0.029 0.161
C, -0.065 -0.617 -0.036 -0.087 — 0.101

ko6 —MEYHRFHNHERRE

Table 6 Contents of chlorophyll in the three plant species leaves

Yy g3 MHEE b ESE N M3 a/b RS VESE N
Species Chlorophyll a Chlorophyll b Carotenoid Chlorophyll a/b Chlorophyll/ Carotenoid
KA AL 1.60c + 0.01 0.48b = 0.01 0.61b = 0.00 3.35b = 0.02 3.38b x 0.01
Sorbus alnifolia
e AR 2T 1.74a + 0.01 0.56a = 0.01 0.69a = 0.00 3.09¢+0.03 3.35¢ £ 0.00
Litsea elongata var. subverticillata
4% 1.68b = 0.03 0.48b + 0.02 0.59¢ + 0.00 3.48a+0.06 3.66a + 0.00

Populus davidiana

T FIFEER G AR F R R R A AR Y Z B 2802 R B3 (P < 0.05) A BRI LIIE + frfiiREn, TR,

Note: The mean = SE followed by different letters in the same column indicated significant differences at P < 0.05. The same below.

KA AEHKFN T 6 AR 2 T X P 3B AR R A
Sy T LA e, HAH KR /N3 5] 0.285,0.495
0.175, XUl =FHa®) 1,%F P, ELIEAE R/ A
UL AR 2 F > KM AR > LAz, i 8 R 2% 1
FiLAs RH X P38 42 2 8035 Sy 1E {5 K i 26 46k Ok
7, HAE KN30 0.605.0.194 . -0.277, i
IR AZT R X P, AR IEER, L
W2, TAKMIAEN RH X P, BLA BHASVE R

P RB(RY) = 2P, xr, - P2(X,PNH
A RSy W AR R, W H A
SRS y (I RE) , HE R R AR Hrb
AT A AR ¢ Xk R AR Ry A ZE A PR RN, AT LA
S B e A B (PSR R BON IE HON KA ) 3
FLRR AR (PR R ECh T H 48 X E AR X B R)
(R/NEEE,2016)  HFE S G50 A, 52 M = Fid
PP, DUFh ARSI Uk R ECHE T K T AE RS >
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Table 7 Comparison on leaf chlorophyll fluorescence of the three plant species

|RPO

GO . PS I S JOL 230 PS IS 7E i 1
L .. Maximum . . . L.
Species Initial fluorescence il o PSII maximum photochemical PSII potential activity
pecies (F.) uu(rt;:(sﬂce efficiency( F,/F,)) (F/F,)
KA AEAR 566c + 12 3061b = 74 0.82a + 0.00 4.41a £ 0.02
Sorbus alnifolia
IR AL T 734a + 21 3361a + 95 0.78b + 0.00 3.58b = 0.07
Litsea elongata var. subverticillata
114 653b + 0.8 3450a + 88 0.81a = 0.00 4.29a + 0.14

Populus davidiana

x8 =MEWHAEKN CAENRS "CHELR
Table 8 Comparisons on leaf CA activities and 8 "*C

of the three plant species

T g e ) fir 3R LI

Yy Fh %{%ﬁ Stable carbon isotopic
Species CA~ fivit composition
activity (3 7C)
KA AE MK 288.33 + 66.98 -26.43 £ 0.015
Sorbus alnifolia
M ARZET 640.42 + 34.92 -27.10 + 0.016
Litsea elongata var.
subverticillata
th# 14 550.19 = 1 962.84  -27.47 £0.014

Populus davidiana

Ry >Re >Ry A K ZE T Ry >RE >Ry >R,
W R >Ry >R7 >R o X UL PAR J2 52 i =il
FEY) P, ) 32 B2 e 56 A o, 7K A A6 W8 ORITET B8 i K 22
T T, 349 R 0 L4 X (B AR X 55 K oy = R 1 AR
T 5e AR 227 RH 2 — A EZ PRI A
25 MAMHERESERMHERRAHFHE
SREY R SRR I D RS
ZERNE 6 Fn, IR ARZ TSR a 5k
F b LA DRSS W S T KA AL AR L
B, mintag s a/b Mt R/ 280 % PR ILHEAD R
FRTXPRAEY) . KA AEMKIE R 5238 b & & F
i TE W] 22 5 Ah , R AR PR R T 14 .
SREY T SRR A S EN R T iR,
RAAERKA LAz 8 PS T e KICAL2ERCR (F /F,)
K PS T WRAETG M (F /F,) 4 8 2 Tirfe oK 2%
¥, BRI 22 AN i

2.6 IREAETERIE 1S 8 °C

R P 1 e R T R ) AR R ik [ AL 2K 4
B S BC W 8 Fran, nl LA H K A AL BRI 56
A 22 19 Rl T2 I G 0% ) S 350K 1 1L A, T K A
A6k B 12 T 6 055 ) A /0, LT D R 0 ) 22 S A B
o UG LAz B A P A R P B A B R
BT LR RE 1, 6 98 P B i Ak 1 3 h AT i
HCO, K CO,#E AFIHIAR N, DL R XT R 405 CO, ik
PEAER A IR AL 722 €O,

YIRS B CE AT DI b MY A — B
[E1] PR X 7K 3 R R 166 100 1) — A ] 422 48 A ( PN BLIE 45
2005) , 1 HEARME A S BC {1, ALY K 2 I Rk
FEAL, MRS ATLLEH, =Ry & “C K/
ML kg K A AR AR > 3 %8 AR 22 7> 1A, 3R B K A
TEMOK 3 FIHRCR S, AR R 2 FikZ, 1L
/b X5R2IE A Y WUE IE4FHH R,

3 it g R

30 ARRERFX=FEY P, AN

JeIRAE W AT — Y A B A Ak RN Y BE TR 2
A ELEER A A ik (R AL BE 7, 32E 1T 52 e 5 A )
HATEAAER . FEIER W AREMT Y PS5
PAR 2 1 M IEA G, A 5858 o X = F ke 7 19
A HARL BT, PAR X = FiAs 4 P, 312 R 5
AKIEAE, HAKHAEM A LA P, AR A2 5] PAR ¥
Balbhia s (HIE 5 R 22 P3N e e G BRI
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ML TF RS, UL P2 %) PAR FREERA i
KM AEMK AN L4 7 B BT PAR AT B8 4543 55 v 10
P, UL I P AR 47 340 A 3k 3 LA RO 5 A5, )
W X PR Y o B P AR ) 3 PP AR
FE 1) PR S DGR Hb AT 48 T K22+ P, 7E PAR
400 pmol + m? « s AR B e mE, VLB L ) 32
F| = C R AR WA | 15 A AR AE Y BAAL Hh T

KA CO, MM IE # A KL T 5ok, Y
HATIE® 6 & VE AR L T R E, ARF5AE
WY P, 5 C, 28N, KM LR A
C X P AR REA N, UL C XX R s Y P YR
FHEN M A% T C 0 P B R K,
HoMfE, B ¢ 3 de e AR 227 P, AR 52 A
K, X 0] G5 HEAR M A0 G 56,

AR T, HL 32 A Bt R /N e 5 A
YA P I P A OGR4l A R S 50l
B B T i BR O A R KRN, ABEgE
IKMTAEFN AT 3 M K 227 P, ¥ 32 5 T, 8R4, Hir
FRI AR 22 - 37 S B ] 0 B R K A A6 kOIS 28 | 1
ity P oAZE] T 5

W H A S AHRHE B RH 528 50 T2 74
KKF, T b /N B, FE RH R X = 2
Az S AT RH AT T, 5 A B A i ) &%
N, AHIESE R KA AR 58 TR 22 RH Y%
JEE PR BIBR I VE M, G & f i R IF F RH
51,0z BEAERSLRSI 4% PR,

32 AEEYMHEHEEMERE FERMHFEER
RHSH LR

MER RIS N R R M TR A
A EE R, HaE EEgmn oSG R,
WoRas R R, e R Tt 2 R A 8
MRS T KM AL L%, M2k % a/b &)
T RMAEHCRN A7, M2 R asb S M43/
A MR AR/ DU i R 2 AR T 1
-2 Z 4544 o (1) H B ( Tubuxin et al, 2015) , 154 B
TR 2 72 A T3 & AR T K A A6 R L
Mo ASBIRGE R, IK A A6 BRI L A T A AR 9 T A
RN SR R M N RS, & A 2
£ a/b MMBRE/RHE MR EAMFESIET
XTOGRE I Hf 2K, DA 26 UL v 0 A5 SR 34 Kl

BHAZF A TAVIYBHRE,

Wi W F/F BUELE 0.832+0.004 Z 14,
KB T PS T 450 M RE & & A AR5 72
FER A AL, FOAH 25 & Az B 0 04 AR (0 2t al 4%
2002) , AW, S FAEY W F/F, WAETE
0.782~0.815 Z W, ¥R THEE T 1Y L8, 3R W
=AML TFANA IR A 2 b, A B ST R K
WiAEk ) F, F BT R R R Z AL A ik
wHARZFMHEXNILUBE R FARF,, B F/F M2
AR, LA =R YRR RS O
AER TN PR, R R 2 1 BOK
AR L A% T o 52 3] v i AR v N B S 300 5 A
3.3 BERETERE AWM R & “C ERKSFH
b

W A Hh XS R AR R S P C A e LR
(-30.280 ~ —25.546 ) %o, V- ¥J{H K ( —28.040 +
1.208) %o ( #E T35 ,2008) , A5, =FHad
B8 PCAEYE N (-27.467 ~ —26.428) %o, Y15 T
WA XA G 8 P C A, M R AR ik [
PEZRL S P C A 1T LA Al 9 1 B 7K 43 1 2%
HORPRUL 8 PC E M, AP K 4 R ROR R
1% (PhRLIE 25 2005 ), {HAS BF 58 75 A [7] B R8T
8 UC RBLAEYI KK AR HRCR S C€/C, 1A
K, X5 Farquhar et al (2003 ) A8 55 45 S — 2L,
ABgtiE L €/ C, KN R AT AT = Fh Al )
B 7K 43 ) B8R /N SR 7K A AE Mk > L A% > 3 e i R
ZF X SHEYMIARE KDL, Edit R
1) WUE BRI K330 5 8 BC et K
K FIHBRA 257, 0T Re 5 =M <L S
FE MR ER S RER I IS ) S PS TG A R0R
ERAK,

FE P FH Y TS AL U5 A 45 RS Y Co, Fil -
by oLk, 1 H 2 228 A e AT T T PR
) 1 7, AT 8t v A 0 ) JC AL e 19 i 385 Y RE g (=
WA ,2011) , YAEY) I 7 300 55 a0 i 2 R B —
R 3k BT R W Ttk IR I T R A ) [ e
IEJ7 R ) AR KRMAER (RUTA, 2011 RUTA
8.,2011b) . ABFFE T A% I R Btk R I i I )
IR T K A AE AR 6 b R 22 1 B LA it
e 12 T I 076 0 O T Ve S o T IR 38 R I e AL
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