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Fig. 1 Wild habitat and plants of C. subtropicum
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Fig. 2 Leaf epidermal structure of seedlings and fruiting plants of C. subtropicum
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Table 1 Characteristics of leaf epidermal of seedlings and fruiting plants of C. subtropicum

7] 4 =]k . 2] s 2
I LI S AL/ AL L6/
Growth period ertical axis o omatal transverse Stomatal area pm’ omatal density
stomata/pm axis/pm * (ind. /mm®)
Seedlings 31.5941.89b 15.65+1.05b 388.09+10.21b 52.0242.03a
Fruiting plants 35.8940. 75a 19.04+1.08a 536.21+15.68a 54.2142.05a

Note:all the data in the table are mean= standard deviation; different lowercase letters in the same column indicate significant difference between

treatments at the 0. 05 level.
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UEC: upper epidermal cell
© LEC: lower epidermal cell
VB: vascular bundle

(a) Transverse section of seedlings leaves

UEC: upper epidermal cell
o LEC:lower epidermal cell
VB: vascular bundle

100 um 100 pm
i pf)
(¢) Transverse section of fruiting plants leaves (d) Transverse section of main vein of fruiting plants leaves
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Fig. 3 Leaf cross-sectional structures of seedlings and fruiting plants of C. subtropicum
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Table 2 Parameters of leaf cross-sectional structures of seedlings and fruiting plants of C. subtropicum Unit: pm
o 4 12 A T A \ HAEEE
A K B e 2 i i1 i - P 5 - 3 KR B
Growth - Sk Sy Mesophyll Leaf main vein Distance between
. Leaf cell Upper epidermal Lower epidermal - . ;
period - . . thickness thickness adjacent vascular
thickness thickness thickness
bundles
Seedlings 119. 3345. 54b 21.85+1. 34b 21.7+4.30b 74.77+7.73b 512.06+52.72b 825.43+14.15b
Fruiting plants 156.03415.09a 25.17+1.12a 34, 86%+3.95a 101. 03410. 57a 593.45+42.79a 1 408.84+138.55a

Note:all the data in the table are mean= standard deviation;different lowercase letters in the same column indicate significant difference between

treatments at the 0. 05 level.
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Fig. 4 Response of net photosynthetic rate to PPFD in
seedlings and fruiting plants’ leaves of C. subtropicum
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Table 3  Photosynthesis-light response parameters of the seedlings and fruiting plants’ leaves of C. subtropicum

RRFCHEF P,/

ool e, 1 AN 5 LCP/ AL LSP/  FWE TR AQY/  WEIFREER,/
I K er\l/? irlglmnst (pmol *m *+ s 1) (pmol + m * + s 1) (mol + mol ") (pmol +m 2«5 1)
Growth e d haf § u th te. Light Compensation Light Saturation Apparent Quantum Dark respiration
rowth peno RS e/‘c Point, LCP/ Point, LSP/ Efficiency, AQY/ rate, R,/
( | T max -1, (pmol * m *+ s~ 1) (pmol » m *+s 1) (mol » mol™ ") (pmol *m 2 s H
pmolsm ~ s
Seedlings 0.19240.005b 6.02+0.05a 132.5243. 24b 0.04640.01b 0.25140.024a
Fruiting plants 0.75140.02a 2.4840.02b 182.97+1. 06a 0.1174+0.01a 0.18740.015b

Note:all the data in the table are mean= standard deviation;different lowercase letters in the same column indicate significant difference between

treatments at the 0. 05 level.
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Table 4 Content and proportion of photosynthetic pigments in leaves of seedlings and fruiting plants of C. subtropicum

4t & 42 4t 2 I; K NE
’ s IR b PRt/ K o/ KBNS gz ato
"Elikﬁﬂ‘,ﬁ;ﬁ' (mge+g (mgg D (mge+g D ok 22 1 (mg+g D K |2
Growth period Chl azl Chl b{l Chl(a +é1)/ Chl & /Chl b Lar/il ChlCa+b)/Car
(mgesg ) (mgeg ) (mgesg ) (mge+g )
Seedlings 0.61140.02b 0.304=%0.03b 0.91540. 05b 2.010=£0. 06a 0.29940.01b 3.060£0.12b
Fruiting plants 0.83840. 05a 0.43440.02a 1.272+0. 04a 1.929+0.08a 0.38140.02a 3.34240. 15a

Note:all the data in the table are mean= standard deviation;different lowercase letters in the same column indicate significant difference between

treatments at the 0. 05 level.
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Table 5 Correlation analysis of photosynthetic parameters, chlorophyll content and leaves structure in C. subtropicum

e o e \ It T 7 3 Bk
B e s, R VR
S p abbest. o B g AQY g R WORAM R LVT
RS LCP LSP s I g .
. . : Apparent M2 % (a+0) JEEL,LT Leaf main
Maximum net Light Light Dark .
. . . . . Quantum . Chl(a+0) Leaf cell vein
photosynthetic Compensation Saturation Effici breathing hickness. LT hickness
rate, P Point, LCP Point., LSP LCIONEY rate.R thickness, L4 thickness,
max AQY d LVT
P 1
LCP —0.794 1
LSP 0. 986 * * —0.696 1
AQY 0.978 % * —0.737 0.972 % * 1
R, —0.940 % * 0.615 —0.965% *  —0.981 % * 1
Chl(a+0) 0.982 % * —0.774 0.964 x * 0.992 % * —0.959 * % 1
LT 0.736 —0.708 0.705 0.795 —0. 764 0.741 1
LVT 0.927 % * —0. 660 0.953 % * 0.927 % * —0.936 % * 0. 886 * 0. 827 * 1

Note: * means significant association (P<<0.05), % % means very significant association (P<<0.01).
3 i B ARBIESE R B A 25 A I 3R R A B IR
ANHLIN 22 PR AL AR B B AL AT T iE R R B X

3.1 MBS RRIE R E X IR 4938 R4 I R N 7 S N N 1 A R
I 1 T 25 25 R R X B BT IE N M R W AR T B A T P A B A AR A A%



I ARZFERFR,2024 £,40 &, % 1 #8 Journal of Guangxi Academy of Sciences,2024,Vol. 40 No. 1

o3 PR 200 I A 2 I AT TG M A 4 LR g 4
AL b, X — 2R 5 Guan 55 M 22 8 |
Zhang 2 X BEHAN 22 (O BF SR 45 R — 3. ABFSE K
R 12 b AN 2= 25 SRR B 0 AL T RR L i TR R AR
KT Y, —J7 ] 685 45 SO MR A SR AL B
Ehetp oy H o R R E R AERS
S5 — T T AT RE S R 22 I s 3 O A
SO ARSE ML A o — B TR AR, B kg
JEAE YIS N R E A S A EE N T2 — i 5 E K
Rk W ELAT 355 1 S ) AV 58 38 1 S D e A A
Tl BT R B BRSO R A 2 AR R A
MY A KAEEEIR 800 —1 500 m Al W 17 43 IV 4447
LR [ MO SR P, SRR A T L R AR
T Z R BT L 45 S AR TE RS AR R PR Ak, 7
—E MR g SRR 3 KR AR KT
A1 U0 B 45 S R B A B I TR 5 L X T BB S 46
S AE PR T 5 R B B8 04— Fhde MRS 4 i
i S PR 55 55 . A AT BE AT I S8 T A AU

3.2 REHH

ARHETE KB, BB A 22 P, . LSP Fl LCP ¥
B, Ry B g B A A L X — 25 SR 5 Zhang %51 X
W b A =2 O[] i i ) AF ST A R AR, 5 22 )8 Wi e
MW M, BB A 22 0 P KOKRAR T Wk 22
(P,,=6.07 pmol « m * « s YU P A 22
(P,..=7.15 pmol » m * « s DI I 2 (C.
flavum) (P . =7.39 pmol * m * « s ED RN -
7 T 1T A S B M A 2 o i o R RE AL S — T
T AT RS2 AN [ 9 o ) O A G T AR O [ A
KALHA Rtk — 25,

AHIE ST K L L W2 A 22 (0 45 SE AR BR P .. LSP
AQY W i 8 T4h . i LCP Al R, W% & 3 K T
LI, U I 45 SR AR EL A B Y O B BE ) IS N A B
FIRE ST . 3K FTBEJE FH T 45 SCAE MR AT A S R AR B 2E
AT FH 4T AR B 2R A A5 IR NI T AT
JeAVER X — 45 R 5 AR 20 M Y X R 2% (Chloro-
phytum comosum ) B WF 5T 45 AL, B 4 & &
LB A 22 AR BT AR IR B+ B IR R A AT H
R G K S T A Al P A AE K X — &
B Guan 5 XA 22 8 BOBF IS 45 R AL
3.3 tEBEREE

AR K, B = gELESHE P, 2
e b 25 1E A G, e B g 20 O G g O BT B Y
M, Z5SCAMOL G AR S EADCA BRI R T,

RWILE S MOE A RE ) B 3 W] REJE Hh T 45 SE A Bk
MR B A B2 I S EK L 3SR T OB BE B OB
Ligliais

4 HHRiIB

Iz 1 A 22 235 SRR b ) DI RE 5 T4l L 4 7
FIRh YA A R v T R R B R A 22
Y B A A A L FOE IV D' PR S5 1 RE 7 LA B B RE
FIRTRE S BT LUBLAR T o A JE V% 58 4 i Ak T 25 35 7624
A A S RS A Ay 1 A 5 Ok /D ) S5
3 A AR B A S R R e 9 ) R
Z—,
ARWFFEAL LR T B M A 22 78 2 A 2R A R 3 A i
Fr &SR RDE A R 5 AT 4 TR — AR 58 R B A b
FARAE Y — R TR TE  B HBEHLE] . AT AL
e B — A A 358 Y R M A 22 A S BE SRS AR I ) AT O
AR A5 T #9628 B 2R G R 58 A9 3 B
Mo BEHBAY 22 D 2% Jig E — — i 22 4 2R AR R A
Y o ) SEAT) T 5 TR Je 1) — A A A AR T R AR A g
g 2 FOR 37 B DR 4 2 25 G ) ] H 20 4 A 2 ) 38
PRI . TR J5 22 N i X 1 M A 22 ) AH SCRHATTE T
R o IRt Xt 2 0 b B 5 1 o O 75 L R 4 TAR:

5% ik

(1] ZRe sdd , £F%. PE 2B YR E 09 9L R
B AR, 2003,11(1) :70-77

(2] BEYL. 28 EEX\ESARPEAEYN A 20] Edr
T ,2022(8) :92-95.

(3] B &, XIR 3, MG I8, 55 A 22 J@ A W i o gk JRe (1],
WALl Bl 2% ,2012,51(9) :1733-1735.

(4] BEZEMO R R R ARl A T = 5 8 SOk 30 B A4 Al
Y24 [ EB/OL]. (2021-09-07)[2023-09-20]. https://
www. gov. cn/zhengce/zhengceku/2021-09/09/content
5636409. htm.

[5] WANG Y,SHAO L,WANG J,et al. Comparison of mo-
rphological and physiological characteristics in two phe-
notypes of a rare and endangered plant, Begonia fim-
bristipula Hance [ ]J]. Photosynthetica, 2016, 54(3):
381-389.

(6] HIELRE, KB4, =& B, 5. 0/ Fh BE B A A8 ) KB AL
S ) ) 5 A BT S (D). ML) 2241, 2016, 34(1) < 1-8.

(7] ZE3C°F RBEF, sk I5 &, 5. WatH Y 4% = i 5 2t R
B R RS A ). PE A Y 2 . 2017,37C10)
1980-1987.

(8] &4hk, VL ik, 45, MOV X 7 SR 4l 1O & 5 1k K
W A S A R e LT ], A= A 4# R, 2019,39(24) £ 9089-
9100.

[OT 27 25, VT JE— g, 25, 3 11 2O 75 B 16



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

LRSS . A 1S HE D R M A0 = B I AR B S A A0St S 4

R L] ). A5, 2021,41(6) : 974-981.

VWL, XA %, 5 5K S WA AE W I e RR AR R

BRI SS R AELT ] T PG ALY . 2018, 38(7) : 843-850.

RIEB AR HE R FHALZE L A5 WU AR L DX I 22 Y i )

oy it K HCBRBE0E ME [T ], 77 PG AE 4, 2016, 36 (10)

1179-1185,1164.

TRVE G HE AR DG, 4 BT M e AE ) B R OR A

AR B o U B b 3 A e 7 ). A ROl R A s A

CHRBHARR) ,2019,43(6) :46-52.

ST BB R Bl R AEL 3 R IR 22 JE A O A

PELT]. A AEY) 4R, 2021,42(5) : 1355-1360.

G T, AR B, B 4 k. WIS A ) S O A A AR

ARRHELTD. WL K 2 2 e (B2 D , 2011, 38(6) : 682-

688.

R 4 DH L SEOK R S WG S A YOG A A 3

SR A% H,2014,34(22) :6460-6470.

CHEN L F,LI S,L1Y et al. Comparative study of Cy-

pripedium plant photosynthetic characteristics from

Changbai mountain [ J]. Horticulturae, 2023, 9(3):

358.

ZHENG B Q,ZOU L H,LI K,et al. Photosynthetic,

morphological,and reproductive variations in Cypripe-

dium tibeticum in relation to different light regimes in

a subalpine forest [ J]. PLoS One, 2017, 12 (7):

e0181274.

KIM D,SON S,JUNF J.et al. Photosynthetic charac-

teristics and chlorophyll content of Cypripedium ja-
ponicum in its natural habitat [ J]. Forest Science and

Technology.2022,18(4) :160-171.

ZHANG W,FENG ] Q,KONG ] J,et al. Vegetative a-

natomy and photosynthetic performance of the only

known winter-green Cypripedium species:implications
for divergent and convergent evolution of slipper or-
chids [J]. Botanical Journal of the Linnean Society,

2021,197(4) :527-540.

JIANG H.KONG J J,CHEN H C,et al. Cypripedium
( Orchidaceae ) aphid
mimicry to attract hoverfly (Syrphidae) pollinators
[J]. The New Phytologist,2021,227(2):1213-1221.
R RN S R AR T B F AR PR
(17, P Aol BE 4% . 2023, 52(4) : 123-128.

PERNER H,ZHOU R,PERNER W Q. et al. Cypripe-

dium subtropicum embryo development and cytokinin

subtropicum employs colony

requirements for asymbiotic germination [J]. Botanical
Studies,2022,63(1) :28.

L1J H,LIU Z J,SALAZAR G A,et al. Molecular phy-
Cypripedium  ( Orchidaceae:

dioideae) inferred from multiple nuclear and chloro-

logeny of Cypripe-
plast regions [ J]. Molecular Phylogenetics and Evolu-
tion,2011,61(2) :308-320.

GUO Y Y.YANG J X,LI H K,et al. Chloroplast ge-
nomes of two species of Cypripedium : expanded ge-

nome size and proliferation of AT - biased repeat se-

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

quences [ ]J]. Frontiers in Plant Science, 2021, 12
609729.

ZEIEH. YW A BARIMI. 2 iR, 65 B W R AL,
1987.:170.

MR AR O A VR T G B B A i 2R 45 IE
A AR B A O 2R AR A 1 X L B 5 [T, I T L K2
S CHARBHERRD ,2010,31(3) : 38-44.

A VB RS S R AR 3 AR A S 0 D B R 4
ARIMI. b5 45 2R H A L 2000.

S, TR Ot A AR X IR B R AR CO, i B il £k
M H AR [T, RS 2 235, 2009, 28 (11) 1 2233-2238.
5= W] AT AE ], — R FEHT Sh 8 SR IR A% 1 TR PR )
AR -0 1 it 2k R 7 LT, A 2 m A, 1999
34(6):712-718.

GUAN Z J,ZHANG S B,GUAN K Y,et al. Leaf ana-
tomical structures of Paphiopedilum and Cypripedi-
um and their adaptive significance [J]. Journal of Plant
Research,2011,124(2) :289-298.

Wi fge i, B ey, B 05 . 55, FORR LA AR i e 25 4 1
AW oE )], J- a4 . 2018.38(5) :655-664.

LIU H,LIU S B,JIAO J,et al. Trichomes as a natural
biophysical barrier for plants and their bioinspired ap-
plications [J]. Soft Matter,2017,13(30) :5096-5106.
HERNANDEZ J O,PARK B B. The leaf trichome, ve-
nation,and mesophyll structural traits play important
roles in the physiological responses of oak seedlings to
water-deficit stress [ ] ]. International Journal of Molec-
ular Sciences,2022,23(15) :8640.

HUA B,CHANG J,WU M L,et al . Mediation of JA
signalling in glandular trichomes by hewoolly/SI-
MYCI1 regulatory module improves pest resistance in
tomato [ J]. Plant Biotechnology Journal,2021,19(2):
375-393.

A RUR, DB A SRR R R A A
PEWFFEL) ], LI 2, 2020(2) :80-86.

PREISS K,ADAM 1 K U,GEBAUER G. Irradiance
governs exploitation of fungi:fine-tuning of carbon gain
by two partially myco-heterotrophic orchids [J]. Pro-
ceedings Biological Sciences, 2010, 277 (1686): 1333 -
1336.

TRHLH, 7 B BRI, B 3 R Y 22 FE AR R Hb X T
B R & Bt A et AR TR L1, T R AR E
#,2014,41(5):92-95,9.

PRASE SR AT T 4 5 L . BRI R & R T4
EFR A E R A= O 5T L1 0. #r v Aol B 42 2010,
30(5):14-19.

ZRAS I R A K D) S R X A ) A B ) R R
WA AT 5 A SR () ). A AR 25 24 4R L 2015, 39 (3) : 300~
308.

TE /N’ 37 3030 B kR 22t B il 5 A A ). B
MOl K22 R CA SRR D , 2014, 38(S1) :57-61.
LA R 7 B FF R X IR A 22 066 VR F AR b
PSR L], = A AT 5T, 2006, 28(6) : 639-



I ARZFERFR,2024 £,40 &, % 1 #8 Journal of Guangxi Academy of Sciences,2024,Vol. 40 No. 1

644, 26(4):505-512.
[42] OGUCHI R,HIKOSAKA K,HIROSE T. Does the ph- [43] RMg, 1WA, . M 220 F 8 A B RE 2 DA FR M
otosynthetic light - acclimation need change in leaf B EL LT Al B 2%, 2010,49(5) : 1123-1125.

anatomy? [ ]J]. Plant, Cell & Environment, 2003,

Leaf Anatomical Structure and Photosynthetic Characteristics of
the Endangered Plant Cypripedium subtropicum

JIANG Haidu, CHAI Shengfeng, ZOU Rong, WEI Yujing, WEI Xiao, XIONG Zhongchen,
JIANG Yunsheng, TANG Jianmin "~

(Guangxi Key Laboratory of Plant Functional Phytochemicals Research and Sustainable Utilization, Guangxi Institute of Botany,

Guangxi Zhuang Autonomous Region and Chinese Academy of Sciences, Guilin, Guangxi,541006,China)

Abstract: Cypripedium subtropicum is the only known perennial evergreen herb in Cypripedium of Orchi-
daceae. Its wild resources have been severely damaged,and the number of wild populations has decreased dra-
matically. It has been listed as a first-class protected wild plant in China. In order to explore the differences in
anatomical structure and photosynthetic physiological characteristics of leaves at different growth stages of
C. subtropicum , the leaf epidermal characteristics, leaf anatomical structure, photosynthetic characteristics
and photosynthetic pigment content were studied in this study. It was prospected to provide scientific basis
for the conservation, introduction and domestication of C. subtropicum. The results showed that: (1) The
shape of the upper and lower epidermis of C. subtropicum leaves was irregular and wavy,and the stomata and
epidermal hairs were only distributed in the lower epidermis. The leaf structure was composed of epidermis,
mesophyll and veins,and the mesophyll had no differentiation of palisade tissue and spongy tissue. The stom-
atal area,leaf thickness and leaf main vein thickness of fruiting plants were significantly larger than those of
the seedlings. (2) The maximum net photosynthetic rate (P .. ,Light Compensation Point (LCP) and Ap-
parent Quantum Efficiency (AQY) of fruiting plants and seedlings were lower,and fruiting plants were sig-
nificantly higher than the seedlings,indicating that it had the characteristics of shade plants. (3) The photo-
synthetic pigment content of leaves from fruiting plants was significantly higher than that of the seedlings.
(4) The P,...LSP,AQY.R, of C. subtropicum leaves were significantly correlated with both Chl(a +6) and
leaf main vein thickness. C. subtropicum is a typical shade plant. Its range of light adaptation and its ability to
utilize light energy are relatively low. Furthermore, the photosynthetic capacity of fruiting plants is stronger
than that of seedlings. Therefore,it is necessary to shade the seedlings to a higher degree during the introduc-
tion and domestication process.

Key words: Cypripedium subtropicum ; endangered plant; photosynthetic characteristic; leaf anatomy; photo-

synthetic pigment
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