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Fig.1 Diurnal fluctuations of photosynthetically active radiation (PAR), temperature (¢,), ambient CO, concentration (C,)

and relative humidity (RH) in both wet (July 2008) and dry seasons (January 2009) in three sites
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Fig.2 The diurnal variations of net photosynthetic rate (Pn), stomatal conductance (Gs), internal CO, concentration (C;), transpiration rate (Tr),

water use efficiency (WUE), stomatal limitation (L) and vapor pressure deficit (VPD) of P.tabacum in different sites and seasons
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grown at three sites (OA, EZ, and TZ) in two seasons
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Table 1 Results of principal component analysis (PCA) for morphological, physiological and environmental variables of P. tabacum over 3 sites

Parameters Gs G VPD ta PAR RH Nurea LMA Chl(atb) STDEN
PCI 0.453 -0.565 0.183 0.180 0.414 -0.160 0.827 0.860 0.844 0.907
PC2 0.029 -0.244 0.938 0.658 0.737 -0.005 0.503 0.457 0.004 0.317
PC3 0.692 0.575 -0.058 0.597 -0.203 0.906 -0.127 -0.118 0.286 -0.041

BRI T (Gs), M) COMREE(C), MR 7K FUE S BR(VPD), Ul(1,) LA A R S (PAR), 25 B EE(RH), M7 B TR N 5 (Narea) »
R B TR Chl & DL <L HE(STDEN)

5 5
A 3=0.68x +0.8292 B 2
=0. : V= -0.3299x% + 1.0874x + 1.1499
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Fig.4 Regressive relationship between Pn and the principal component of 1(a) or 2(b) over all sites
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R2 UHHMOATERFIHREE S Pn XS RERSH. X1(PAR), X2(Tr), X3(Gs), X4(VPD), X5(C), X6(RH), X7(%) and X8(C.)

Table 2 The correlation and path coefficient analysis between Pn of P. trabacum and environmental factors at OA site

Indirect path coefficient

- - - 4 > 6 - 3 IEEZSTEEEY Pearson FH¢ Z4
X1 0.068 -0.029 0.271 0.218 -0.005 -0.564 0.007 0.559 0.524%*
X2 0.188 -0.058 -0.245 0.034 0.001 0.267 0.005 0.202 0.395
X3 0.118 0.086 1.560 -0.119 -0.020 -0.927 -0.001 -0.135 0.561**
X4 -0.059 0.019 0.083 0.029 0.026 1.907 0.002 -2.554 -0.547**
X5 -0.286 -0.016 -0.038 0.179 -0.007 0.322 -0.002 -0.424 -0.273
X6 -0.103 -0.007 -0.094 2.301 -0.098 -1.579 -0.002 -0.029 0.596**
X7 -0.154 0.026 0.062 -2.393 -0.067 0.023 -0.002 2.035 -0.471%*
X8 -0.133 -0.038 -0.004 0.135 -0.024 -0.002 0.114 -0.027 0.023
“*”and “**”indicate a significant difference at the 0.05 and 0.01 levels, respectively
Tr>PAR>VPD>Gs>C> t, >RH> C,, KWI7E EZ 4b, eG4
Tr, PAR il VPD X} P HAEAL#RRHE £ 6. T2 3 iR 541R

1=
o

AR RS FXHR B EE P 2R/ NIF A -

PAR>RH>Gs>VPD> 1, >C> C, >Tr, £WTE TZ AL 1)
FEIEE T, PAR JEXT Pn H AR K+ SEH
I F 1A, @SR RH FEAN[FASE T X
WEES Pn EEHSRAH IR . 7EW AT,
RH i@k VPD Xf Pn BEKAIERON, MTEATRAR
&, Pn 5 RH 2 BZH A, RH X Pn
HAZ TR, [FEF RH 2k VPD X} Pn dd K

3 FEHIREE SR Pn HIEKMR, 200 124
pumol'm™s™, TR EMEMT 3.5 umolm™s™, F
REEEMLERRIIAR . 3 HHART 3 08
FERSE, RIFHSG ESI 2SI . A 11 A 55 6 AR
PR bt 55 6 B 25, A5 FE A TR IR A7 A I 2 22
5, IR T3 AR T REEERDLER
IR R = A T AR AR . PRI AR K AR
BB T2k PAR FliE RH BY520H, JH Pn Fl Tr

x3 EBRLEREAFEMED)TEZRFEREFES Pn WEXITRERZSH

Table 3 The correlation and path coefficient analysis between Pn of P. tabacum and environmental factors at EZ site

Indirect path coefficient

Xl X2 i~ < < 6 < 8 HEHER R Pearson FH5& R %L

X1 0.331 0.109 0.155 0.102 -0.005 -0.081 -0.002 0.253 0.864*

X2 0.183 0.129 0.135 0.059 -0.041 -0.062 0.002 0.456 0.896**
X3 0.166 0.354 0.120 0.062 -0.004 -0.057 0.001 0.167 0.807**
X4 0.206 0.323 0.106 0.077 -0.006 -0.086 -0.002 0.190 0.809**
X5 -0.159 -0.167 -0.064 -0.090 0.0052 0.076 0.001 -0.162 -0.560%*
X6 -0.146 -0.209 -0.071 -0.131 -0.094 0.083 0.001 -0.009 -0.557*
X7 0.190 0.262 0.089 0.153 0.116 -0.007 -0.002 -0.107 0.695%*
X8 -0.183 -0.329 -0.107 -0.147 -0.110 -0.006 0.089 0.002 -0.781%*

“*7and“**”indicate a significant difference at the 0.05 and 0.01 levels, respectively

x4 ERASRBEAFEME)TERFEREES Pn WBEXATRBRZRSH

Table 4 The correlation and path coefficient analysis between Pn of P. tabacum and environmental factors at TZ site

Indirect path coefficient

< « G < - X6 = 8 JEESTEEEY Pearson FHCFREL
X1 0.020 0.096 0.106 0.082 0.243 0.075 -0.043 0.321 0.890**
X2 0.239 0.086 0.093 -0.071 0.208 0.047 -0.041 0.026 0.729**
X3 0.225 0.017 0.102 -0.078 0.242 0.059 -0.047 0.133 0.809**
X4 0.270 0.019 0.112 0.092 0.277 0.088 -0.053 0.122 0.929**
X5 -0.236 -0.017 -0.096 -0.104 -0.248 -0.074 0.062 -0.108 -0.821%*
X6 -0.266 -0.019 -0.114 -0.119 -0.095 -0.079 0.053 -0.283 -0.923%*
X7 0.193 0.010 0.066 0.089 0.067 0.188 -0.043 0.120 0.691**
X8 -0.186 -0.015 -0.087 -0.091 -0.094 -0.209 -0.073 0.071 -0.684%*

“**”indicate a significant difference at the 0.01 levels, respectively



2104

AERIEEAR 5B 19 B5E 9 W1 (201049 A )

H B 4E R R AN . FEZS W I A SRR B A
JAIY PAR 205 , N HOG AR SRt Z iy mT AL DG
fit, FAESFAAIFR, HHM A EA SR P
A Tro SRTW Ho2F[E]IRHBE, PAR SENEEREE RH Y
BEWDN, WEHREEEN A Pn BZi0E0 K
IG5 R REA T B2 T R, R — I ANE
HAERG E IR T A K S TR A
EEOCA A SRR B EA2, TR
Pn. Tr fl Gs ¥ B (K TRZ, RHTZIHREKT
(BB A B N T —E Wb, R e BT Ah
SIFMRE Bt B, T 2R R0 AR 7 2 (7K 4y
s,

F T TR BAM A Narea 55 Chlf% £ . LMALL
KA XD A VER A B, e R
AP T AVER IR E SO R, BRI
fEib ik, Ha g2/ b HHEse iYL A ReE
RGO AN B e A fE 1 2 S N S
Rubisco ¥ T NHE, TEALMGIE T, 4rAd
FRubisco [ % B M- H- 5 2R s kg in =7, (A
I, MARSEREETROCERIIN&ER, Yt
R S HAEBHSE AWML 2 b B9 50 B T LS A
WIS SEIR BT Y S Ny B AR T 0 H AR
AE B ECE FTEYE, AR TR AR
RO LMA R — MR ROEARE I EE S
O LMABEK A A 7E B TR PR 284 B 22 1
SRR F RO A RE P, SALS g 5td
YERWMETIAE, ST w3 LA
P RTENE, AR TR REHR N K 3 A R
W J YA SRS P R E S BT
55k R g A A B AE A 56, T ELV A R0
HPnZ Ak BB FIFEPAR | £, CAIRHEEIRES
HFZEEER, XSRS FAMUEESE WY
FeA1EM, mHA R FZ R &G E KR

WEES TEMM TR SRS, X227
BRI R AN S RS, NARESHESD
Mr, HMEFHEARBIE A X 2 — e, HiRfi
KPEZ . TR X 2 A R HEK R 4E,
R, AAREE, MR RE, RN
IKE TR R . PSR TR, A
RKERAAEE S R G . Rk, BIEAE T R
EEMHIX, B mBam TR M40 At
FAERFW . FEOAW MAIE T, 4lla el S5
i, MRS I DA A SR A TR, A
W AR TR EE & 28 —EREN T 5
B . AT R BIFEOAN Hi A= 5% F Pn S RHEH)
WEEIEME, M5 VPD ML B B FAAHE . o,
I Pn B REAERE LB BT CRI T, X%

ZFA] Y1 H G 5 T600 pmol-m s IR B 1
OB T 2R 2 2 A A F L BRI (4 532 1 T S o
SWHLAHEE, AR A R B S Pelic AT 52 B st
i, (HAR R B SO A R A CHO04 1
R, T P R e = S BRI HDE A [F] A A T
IR, R A A 0 7 55 06 T BH 2 B IR Rubisco (1 2 fh 3%
FIBRIR BB CAE LR Hi, 7EW Mg TR B
B IR R S st 2 Ry R A S it , Do
AR EF600 pmol-m™s™, AL #1175 | Rk
S I a2 RO REORE OGS 78 2 A A 35

WAk, AP RF . R R —REE T,
HAEAF AR T XA E & B Pn 2t B AR
IN7E OA W HbsEOLAESE T, IFEER RH 5 Pn
R EIFAXK, H RH#@L VPD X Pn 25 KW IE
WOV, XRTERCIAEE T, 250 pYIE R
AR FREIL = VPD, e LR $2 & P
MIEATOEEAE T, Pn 5 RH £ R FH TS,
RH X Pn N BTN, [FIET RH #iL VPD
XF P AR AR T AION o 3K e BH ) PR i
Ao Bzt & %) RH WU (d R4S VPD A A F it e 19
g, HCA1ERZm . e & i
AMBIH AREG I, WIZE & RH 4], 7EAR R
R P XA [ A= 52 17 LA ) RH AR P,
TR A A R A AR AR R R

EAEMIREN . S CO, &Y O, 59K
Rubisco MUMIAREYE, SEAE/RIEERZ H
(Vo VLA B IEIT IR ) T 50, A g 4 SR R -
AR S A2 R CO MR, St
[ AR K AEZAL BB E & M B Rubisco AfLFTR
R 7 et BT, XRIPATIASE T &
WRERY CO, AT REAT B Tl PRI i T AR
MR TR A TG R . S0 i At
FE VoV (H5 MRy 2 i E s e AN iR R
FAEPIE A A IR AR B AL R I S5 A
—3, R B — R AL

WEEGZBERKRTARER, AFATFHE&R
W RBTEARBGEAR, HR RS T2, iz
ARELEE, SO, TR ED, KER
RITREM I AR+ A R, PRtz 3806 LA e st
FAKDZRR MR R, U E KRG E &
(] 586 B 2 B 27 B BRI T 5 o
M-S HAR L, i AT 6 P A SR i TR
FeHR, IF HAEA- ]2 UL T2 m I RE iR
FIMRRE, WA E A AR KPR 1B (k5 EE T
B A EE A R, s XA A B AR
e NG SRR T R MY I E E &
L PR B B



SPIFUI% RS TR B0 A AR

2105

Sk

(1] AR, 20, SKSCil, %5 HEEERAESEY L) 4
A%, 2003, 5:1012-1017.

REN Hai, PENG Shaolin, ZHANG Qianmei, et al. The ecological and
biological characteristics of an endangered plant, Primulina tabacum
Hance[J]. Acta Ecologica Sinica, 2003, 23: 1012-1017.

[2] AW, BT ) ARBRERIM]. LAt Bleg il 2002.

PENG Shaolin, CHENG Wancheng. Rare and Endangered Plants in
Guangdong[M]. Beijing: Science Press, 2002.

[3] REN H, ZHANG Q M, WANG Z F, et al. Conservation and possible
reintroduction of an endangered plant based on analysis of community
ecology: a case study of Primulina tabacum Hance in China[J]. Plant
Species Biology, 2010a, 25: 43-50.

[4] MATOS F S, WOLFGRAMM R, GONCALVES F V, et al. Phenotypic
plasticity in response to light in the coffee tree[J]. Environmental and
Experimental Botany, 2009, 67: 421-427.

[5] CULVER D C, MASTER L L, CHRISTMAN M C, et al. Obligate
cave fauna of the 48 contiguous United States[J]. Conservation Biol-
ogy, 2000, 14: 386-401.

[6] NORTHUP D E, LAVOIE K H. Geomicrobiology of caves: a re-
view[J]. Geomicrobiology Journal, 2001, 18: 199-222.

[7] CUEZVA S, SANCHEZ-MORAL S, SAIZ-JIMENEZ C, et al. Micro-
bial communities and associated mineral fabrics in Altamira cave,
Spain[J]. International Journal of Speleology, 2009, 38: 83-92.

[8] BISWAS J. Kotumsar cave biodiversity: a review of cavernicoles and
their troglobiotic traits[J]. Biodiversity Conservation, 2010, 19:
275-289.

[91 HOWARTH F G. Ecology of cave arthropods[J]. Annual Review of
Entomology, 1983, 28: 365-389.

[10] WYNNE J J, PLEYTEZ W. Sensitive ecological areas and species
inventory of Actun Chapat Cave, Vaca Plateau, Belize[J]. Journal of
Cave and Karst Studies, 2005, 67: 148-157.

[11] HANCE D. Primulina tabacum.Hance[J]. Journal of Botany, 1883, 21:
169.

[12] Flora of China Editorial Committee. Flora of China [M]. Beijing: Sci-
ence Press, 1990.

[131E W], 20, SRR, & hEEESR =GR ER
[J1. J PUkEY, 2007, 27:669- 672.

CAO Ming, LI Shijin, CAO Limin, et al. Pollen morphology of three
Chinese endemic genera in Gesneriaceae[J]. Guihaia, 2007, 27:
669-672.

[14] NI X W, HUANG Y L, WU L, et al. Genetic diversity of the endan-
gered Chinese endemic herb Primulina tabacum (Gesneriaceae) re-
vealed by amplified fragment length polymorphism (AFLP)[J].
Genetica, 2006, 127: 177-183.

[15] WANG Z F, REN H, ZHANG Q M, et al. Isolation and characteriza-
tion of microsatellite markers for Primulina tabacum, a critically en-
dangered perennial herb[J]. Conservation Genetics, 2009, 10: 1433
-1435.

[16] ARMSTRONG D P, SEDDON P J. Directions in reintroduction biol-
ogy[J]. Trends in Ecology and Evolution, 2007, 23: 20-25.

[17] MA G H, HE C X, REN H, et al. Direct somatic embryogenesis and
shoot organogenesis from leaf explants of Primulina tabacuml[J].

Biologia Plantarum, 2010, 54: 361-365.

[18] REN H, MA G H, ZHANG, Q M, et al. Moss is a key nurse plant for
reintroduction of the endangered herb, Primulina tabacum Hance[J].
Plant Ecology, 2010b, 209: 313-320.

19] PENUELAS J, FILELLA I, LLUSIA J, et al. Comparative field study of
spring and summer leaf gas exchange and photobiology of the Medi-
terranean trees Quercus ilex and Philyrea latifolia[J]. Journal of Ex-
perimental Botany, 1998, 49: 229-238.

[20] DEWAR R C. A simple model of light and water use evaluated for
Pinus radiata[J]. Tree Physiology, 1997, 17: 259-265.

[21] ARAEDT, ZE00N, MRBEER, 5. KRR A ROIER S AL s L
T RGBT A E IR SC R 1], AR, 1984, 26: 605-615.
LIN Zhifang, LI Shuangsun, LIN Guizhu, et al. Superoxide dismutase
activity and lipid peroxidation in relation to senescence of rice
leaves[J]. Journal of Integrative Plant Biology , 1984, 6: 605-615.

[22] MULLEN J A, KOLLER H R. Trends in carbohydrate depletion, res-
piratory carbon loss, and assimilate export from soybean leaves at
night[J]. Plant Physiology, 1988, 86: 517-521.

[23] BROOKS A, FARQUHAR G D. Effect of temperature on the CO,/O,
specificity of ribulose-1, 5 - bisphosphate carboxylase/oxygenase and
the rate of respiration in the light[J]. Planta, 1985, 165: 397- 406.

[24] BALDINI J U L, BALDINI L M, MCDERMOTT F, et al. Carbon
dioxide sources, sinks, and spatial variability in shallow temperate
zone caves[J]. Journal of Cave and Karst Studies, 2006, 68: 4-11.

[25] WHITE W B. Cave sediments and paleoclimate[J]. Journal of Cave and
Karst Studies, 2007, 69: 76-93.

[26] PLUS M, AUBY I, VERLAQUE M, et al. Seasonal variations in pho-
tosynthetic irradiance response curves of macrophytes from a Medi-
terranean coastal lagoon[J]. Aquatic Botany, 2005, 81: 157-173.

[27] HIKOSAKA K, TESASHIMA 1. A model of the acclimation of photo-
synthesis in the leaves of C3 plants to sun and shade with respect to
nitrogen use[J]. Plant, Cell and Environment, 1995, 18: 605-618.

[28] LE ROUX X, WALCROFT A S, DAUDET F A, et al. Photosynthetic
light acclimation in peach leaves: importance of changes in mass: area
ratio, nitrogen concentration, and leaf nitrogen partitioning[J]. Tree
Physiology, 2001, 21: 377-386.

[29] FIELD C B, MOONEY H A. The photosynthesis-nitrogen relationship
in wild plants[C]//GIVNISH T J ,ed. On the Economy of Plant Form
and Function. Cambridge: Cambridge University Press, 1986.

[30] HOLLINGER D Y. Optimality and nitrogen allocation in a tree can-
opy[J]. Tree Physiology, 1996, 16: 627-634.

[31] BOLTZ B A, BONGATEN B C, TESKEY R O. Seasonal patterns of
net photosynthesis of loblolly pine from diverse origins[J]. Canadian
Journal of Forest Research, 1986, 16: 1063-1068.

[32] JURIK T W. Temporal and spatial patterns of specific leaf weight in
successional northern hardwood trees species[J]. American Jounral of
Boatny, 1986, 73: 1083- 1092.

[33] TERASHIMA I, MIYAZAWA S I, HANBA Y T. Why are sun leaves
thicker than shade leaves? Consideration based on analyses of CO,
diffusion in the leaf[J]. Journal of Plant Research, 2001, 114: 93-105.

[34] BOSABALIDIS A M, KOFIDIS G. Comparative effects of drought
stress on leaf anatomy of two olive cultivars[J]. Plant Science, 2002,
163: 375-379.

[35] 3k&T, PRER, T SUNWEHTRRREERRAE S5 AT B T A
D1 KELRFRIFSE, 2006, 13:220-223.



2106 AERIEEAR 5B 19 B5E 9 W1 (201049 A )

ZHANG Dongging, LIN Changhu, HE Tengbing. Environmental tanical Research, 2001, 19: 304-310.

characteristic of Karst in Guizhou and forming of rock desertifica- [38] FARQUHAR G D, CAEMMERER S, BERRY J A. A biochemical

tion[J]. Research of Soil and Water Conservation, 2006, 13: 220-223. model of photosynthetic CO, assimilation in leaves of Cs species[J].
[36] ZfHLE, A5, EMA, % ESRASREMBHENIRD]. #H Planta, 1980, 149: 79-90.

HRL2EGE R, 2006, 25:2-9. [39] SHARKEY T D: Photosynthesis in intact leaves of Cs plants, physics,

LI Yangbing, SHAO Jingan, WANG Shijie, et al. A conceptual analy- physiology, and rate limitations[J]. Botanical Review,1985,51: 53-105.

sis of Karst ecosystem fragility[J]. Progress in Grography, 2006, 25: [40] LUO Y, SIMS D A, THOMAS R B, et al. Sensitivity of leaf photosyn-

2-9. thesis to CO, concentration is an invariant function for C; plants: A
[37] PMEIE, BRAEDY, MREERR. ARREIEIRTT AR 09 JLAN I S ZRARR A test with experimental data and global applications[J]. Global Biogeo-

i) Rubisco SR AL AR AR EREFGAYTEPET]. DUEYIZI5E , 2001, chemical Cycles, 1996, 10: 209-222.

19: 304-310. [41] LIN Z F, PENG C L, SUN Z J, et al. Effect of light intensity on parti-

SUN, Guchou, LIN Zhifang, LIN Guizhu. The carboxylation rate of tioning of photosynthetic electron transport to photorespiration in four

Rubisco and activity of carbonic anhydrase in plants from a subtropi- subtropical forest plants[J].Science in China :Series C, 2000, 43:

cal forest grown at different light intensity[J]. Journal of Wuhan Bo- 347-354.

Diurnal photosynthetic performances of Primulina tabacum Hance
grown in different Karst habitats

s 1,2 : 1,3 1,3 : :1,3 :1,3
LIANG Kaiming *“, LIN Zhifang ~, LIU Nan ~°, ZHANG Qianmei ~°, REN Hai ~*
1. South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China;
2. Graduate University of the Chinese Academy of Sciences, Beijing 100049, China;

3. Key Laboratory of Vegetation Restoration and Management of Degraded Ecosystems, Guangzhou 510650, China

Abstract: Primulina tabacum Hance is a critically endangered perennial herb belonging to the family Gesneriaceae. It has a very
restricted distribution in limestone area from shaded caves to open area in Karst habitat in south China. This study investigated the
relationships between the net photosynthesis rates (Pn) of this species and environmental factors. In open area (OA) site, excess ra-
diation energy was accompanied with low air relative temperature (RH), thus water and CO, deficit in leaves were the major factor to
cause midday depression of photosynthesis in this field. By providing a shade and humid shield, cave is a suitable habitat to protect P.
tabacum against photoinhibition. In twilight zone (TZ) of cave, the lack of sunlight significantly decreased plant carbon assimilation
(Pn and CH,O production rate) by affecting the diurnal pattern of gas exchange in both dry and wet seasons. The tested parameters of
Pn. CH,O production rate, stomatal conductance(Gs), transpiration rate (Tr) and oxidation/carboxylation (V,/V;) ratio of Rubisco in
three sites all showed better performances in wet season as compared with that in dry season. Principle analysis suggested that Pn
was significantly affected by the leaf mass per unit area (LMA), N content on a leaf area basis (Nye,), total Chl (a+b) content and
stomatal density. Correlation analysis between Pn and environmental factors revealed that the primary influencing factors for Pn in
OA were vapor pressure deficit (VPD, p<0.01) and air temperature (#,, p<0.01), whereas in EZ and TZ, PAR is the most primary
influencing factor for Pn. Moreover, our study revealed that same environmental factor can, in fact, had contrary effect on Py in dif-
ferent habitats. In OA site, the higher RH in the morning can maintain lower level of VPD, thus benefit the performance of photo-
synthesis of leaf, and while in cave habitats, the increase in RH caused a decrease of Pn with a significant low VPD. Our results in-
dicated that the PAR and RH should be carefully considered in the reintroduction of P. tabacum in Karst region.

Key words: Primulina tabacum Hance; net photosynthesis rates; environmental factors; cave habitats
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