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Abstract:; To explore leaf anatomical structures and photosynthetic characteristics of Geodorum plant, the anatomical
structure of leaves, daily variation of photosynthesis, light response curve, CO, response curve, chlorophyll content and
other indexes of the narrowly endangered Geodorum eulophioides and widely spread G. densiflorum and G. attenuatum
were measured. The results were as follows: (1) Three species of Geodorum did not have spongy and fenestrated tissue
differentiation in their chloroplasts, and stomata were distributed only in the lower epidermis. Compared with G.
densiflorum and G. eulophioides, G. attenuatum had a greater leaf thickness and smaller stomatal density, exhibiting
structural characteristics that were more adaptable to low light environments. (2) The daily changes of net photosynthetic
rate (P,) of three species of Geodorum showed a “bimodal” curve, and the photosynthetic “lunch break” was mainly
caused by non-stomatal limitation. The daily mean values of P, and water use efficiency ( WUE) showed that G.
attenuatum > G. densiflorum > G. eulophioides , which indicated that G. eulophioides had a weaker ability of accumulating
photosynthesis products, and its adaptive capacity to the arid environment was probably poorer. (3) Three species of
Geodorum were all shade plants. G. densiflorum had the smallest light compensation point (LCP) and the largest light
saturation point (LSP), and had a wider range of adaptation to light intensity; G. attenuatum had a high maximum net

photosynthetic rate (P,, ) and apparent quantum efficiency ( AQY ), and its photosynthetic capacity was stronger;

max

G. eulophioides had the smallest P
capacity and CO, utilization capacity were weaker. (4) The chlorophyll a (Chl a), chlorophyll b (Chl b) and total

and the potential maximum net photosynthetic rate (A, ), and its photosynthetic

max max

chlorophyll (Chl) contents of G. densiflorum and G. attenuatum were significantly ( P<0.05) higher than those of
G. eulophioide. (5) There were significant (P<0.05) correlations between the leaf thickness, mesophyll thickness,

chlorophyll content, and P__ of three species of Geodorum. It was concluded that the photosynthetic capacity and

adaptability of G. eulophioides were poorer compared with G. densiflorum and G. attenuatum, which might be greatly
related to its endangerment; appropriate shading and increased CO, concentration favored photosynthesis in three species
of Geodorum. The results of this study provide a reference for the analysis of the endangered causes of G. eulophioides and
the conservation of germplasm resources of three Geodorum species.

Key words: Geodorum, stomatal characteristics, daily variation of photosynthesis, light response curve, CO, response

curve, chlorophyll
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A. Cross-section of G. densiflorum leaf; B. Cross-section of G. attenuatum leaf; C. Cross-section of G. eulophioides leaf.
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Fig. 2 Cross-sectional anatomy of leaves of three Geodorum species
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Table 1  Leaf anatomical structural parameters of three Geodorum species
- - 4 H JiF 4 i=qig I = RE
Species Leaf thickness ( pwm) pper epidermal ce ower epidermal ce ~Mesophy
P thickness (pm) thickness ( m) thickness (pm)
= = 111.68+£12.06a 15.46+1.26a 7.23+2.40a 88.98+11.09a
G. densiflorum
KAEH 5 =% 117.25+16.43a 16.76+5.02a 8.07+1.41a 92.43+9.22a
G. attenuatum
60.67+4.66b 10.23+4.15b 3.26+1.57b 45.34+4.26b

Tt b 2
G. eulophioides

HE: FAIAR /NG FRRR A SRR % 5 B2 (P<0.05) . T,

Note: Different lowercase letters in the same column indicate significant differences between parameters ( P<0.05). The same below.

B, I7E 1330 B BN (B 4.8, C)  KAEHLE
M HE G B T B3 (P<0.05) & s 2= il
BENHLGE 22 (£ 3), 3 P S 22 [ ] CO, W
(CH¥pReW” RIS 78 13.30 I BLIEA(E
RAE 2 51 R AE 12:00 F116:30( K 4:D) ; HIY ¢,

B 22 5 R 2 (P>0.05) (£ 3) . 3 Flhilb g =< AL
FRAIME (L, ) AR5 FFHH (WUE) 19 H 22 46 75 5 30
IR M2 (K 4.6, F) ; B LA 2% 3R B3
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A-C. M2 b PRI KA D-F. RAEMTE 2= B FREAA; G-L SUNME 2= B FRE AL,
A-C. Upper and lower epidermis and stomata of G. densiflorum; D—F. Upper and lower epidermis and stomata of G. attenuatum; G-1. Upper

and lower epidermis and stomata of G. eulophioides.
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Fig. 3 Leaf stomatal characteristics of three Geodorum species
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Table 2 Leaf stomatal indexes of three Geodorum species

P
i LEE ALK <AL SALER
Speci Stomatal density Stomatal length ( pm) Stomatal width ( pm) Stomatal area ( um?)
pecies (individual - mm?) omatal length ( pm omatal wi pm tomatal area ( um
Hi 2 102.64+8.93a 23.9622.62a 13.30£0.85a 220.91+41.73a
G. densiflorum
A b i 22 72.8942.58¢ 26.91+1.43a 13.73£0.83a 231.99+41.88a
G. attenuatum
S b i 22 94.80+5.86h 24.05+2.14a 12.370.75a 214.22433.35a

G. eulophioides

2.4 RE-RIMNSE U, B O B3 5% B (PPFD) IS, P AEAE
3 Pl 5 2 JRAEY LA e R G T 25 P RN E IR IR R AL 5 22 > L5 22>
ERE(R) B 0.95 DL B I MWMAMER  SNigEE (B 5), HigEs RN S SN
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Fig. 4 Daily variation of photosynthetic parameters in leaves of three Geodorum species
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Table 3  Daily average value of photosynthetic parameters in leaves of three Geodorum species

St aEE | HAA FEIMR COKIE By R 4
HEmeadA HI UL 3R U COMRPE HRARIER  p g mi [k Rl
L Daily average Daily average Daily average Daily average . .
AT Daily average Daily average WUE
Species P, G, oF T, L (wmol + mmol™)
(pmol - m? - s")  (mol - m? - s™) (wmol + mol™) (mmol - m? - s ™) ' pme
b5 1.912+0.291b 0.027+0.010b 323+27.29a 1.052+0.231b 0.164+0.026a 1.340+0.146ab
G. densiflorum
KAGHD 5 22 2.796+0.369a 0.037+0.014a 318+26.79a 1.513+0.340a 0.174+0.025a 1.419+0.186a
G. attenuatum
B b 2% 1.901+0.254b 0.026+0.011b 325+24.53a 1.218+0.330b 0.165+0.029a 1.206+0.161b

G. eulophioides

FEEMERERFOLAER(P,,, ) 7398 4.09.5.75,
3.89 pmol - m™ - 7, KAEMLE 209 P, W3 (P<
0.05) i T b5 22 A Bt M 52 2% . ANk 4 PR, b
F LB HMEE S (light compensation point, LCP) ft
iR (6. 63 pmol - m? - &) G i Al & (light
saturation point, LSP) %5 (877 wmol -+ m™ - s™) |
XSGR B G BB R R o 5t N 52 225 R AE
EEMRE TR R (R,) B3 (P<0.05) @ T %
== TS [] 9 Ff ) 2 W F - 350% (AQY ) I TG I 2%
25 (P>0.05)

8 B iK% G. densiflorum
—O— KA{LME 2 G. attenuatum
A— BN FE L G. eulophioides

e

%Iﬁﬁh RS
.

N s N
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Fig. 5 Photosynthesis-light response curves of

leaves of three Geodorum species
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26 HEXEBESERILSG

3FpHLE LR 4 EK a(Chl a) HEREK b
(Chl b) ZEHA % N2 (Car) MIEIMSEE (Chl) & &
B R AIMEIR R RAE I T2 2 > M 2 22 > S b 2 =% ) JF
Hh g 2 MR AEH 22 4 R S e ¥ B 3 (P<
0.05) K T ot MM =2 (B 7). KRAEHF =1
Chl a/bfH 35 (P<0.05) {1 T Hh 52 22 Fl 5 5 ==
Car/Chl {B7E 3 F % 2= ) TG B E P22 55 (P>0.05)
2.7 HE BB EHSTE HEEZSESXEGHES
HEHE X

Wk 6 fizs, R SR (LT) At PYJSERE (MT)
56, P, .Chl & & ¥ (P<0.05) 8i 1 & (P<
0.01) IEAHSC, T AL% JE (SD) LT AL (SA)
56E FEAE 2502 0] X A TE A 3 A0 et (P>
0.05);Chl 5 P, .G .T. P, %EF(P<0.05)IF
M,

3 Wik E®w

TEARY)E RS AR T, R R 3R 35 fR R HL



134 VRRALAE . — Rl 5 22 SR A 7 it w6 5k BOG 3 R R Y LU 5 121

x4 3HHEZEEYHANAE-XEESEH

Table 4  Photosynthetic-light response parameters in leaves of three Geodorum species

Yy BRAOEEHEP,, JAMEE & LCP JEA N AT, LSP FMHEF R AQY I I 33 % R,
Species (pmol + m? + ") (pmol - m? « s™) (pmol - m? « s™) (wmol « wmol™) (wmol »+ m? - ")
b 22 4.09+0.675b 6.63+0.708b 877+£109.01a 0.077+0.014a 0.473+0.155b
G. densiflorum
KAEH 5 = 5.75+0.819a 8.74+1.024b 700+15.20b 0.089+0.002a 0.709+0.226a
G. attenuatum
Tl i g 22 3.89+0.204b 11.83+2.595a 760+86.75b 0.084+0.028a 0.846+0.427a
G. eulophioides
RIS N 55 R
B W% G. densiflorum s X .
147 ° j(;iﬁ!ié G. ajZfemmmm s ﬁ[ﬁ/ﬁ\’ﬁzﬁﬁ H Q’f’t EI:‘ E(J {%jlﬁ/a\g%( Pn ) \/:(4}[-‘
o —A— BN E L G eulophioides 1 EFE( Gs) \ﬂﬁlﬁj COzﬂﬁﬁ( Ci) \§H§E$( Tr) /;(Tr%
}10_ ! S WA % PR 3 N R O AR bR, B A YEH
if 8055 A AL R 2 AR AL B BRI, 7T LU €, 1Y
£°] AS AL W7 ( Sharma et al.,1995) , 3 Ffi 5 >4 @ 4
% ° Yy p ¥ R AL s ki JF H PR FEAE
2+ B C 3N, BEBDE A AR B4 h AR ALY
a}i 2 il K1 2 5 #  ( Farquhar & Shatrkey, 1982 ; Larcher,
o 2003) , AHFFEHT, 3 Fihb S 2 JE AR )6 1] K A3
" T B AL A T AR FE R R RO IR B T
72_

T
0 200 400 600 800 1000 120014001600 18002000
JHHCO, ¥ FE C (pmol-mol™)
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Fig. 6 Photosynthesis-CO, response curves of

leaves of three Geodorum species
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pulcherrima) WM R G5 HBIF ST 245 R/ — B, R R
FER, REAE 2 IS 22 B DG RE , B v DG RE A
R CREBES 2017) , 530 5 22 iy i Fy B2 B AN
A B BE 2 1 3 (P<0.05) /N T I 22 FIRAE ML
22X RE R HOU B R B R R Z — AR
(AL B SR AL 2 M TR S35 6 IR B T A=
KA It Bl 45 ,2020) , ARBFSEH, KAEH# S
22 B IR Y AL 2% B R R ) AL T AR 1 B

WL Gk e R BR B [ KA Y co,, If R
A B2 7K 43 R 559 9 S S v IR B o R 1
SO, VGG R 0 K MRS P ) R R R g
J7, WTAE W 1 A K B B A IR T A 45 S
RLA R (T 2XEMARKE,1999) , A5, 5t
M E =M HY PR EIRT KA > A Z
JEETEWIIBE I 855 M AR F A K v BB R
K ph b T3 WUE BER I H K /- #E 5
PR B R (RIS ,2020) . A5, 5t
N HL T 24 19 H 35 WUE A1, 2 B L3 #6 55 01 & 19
KA R B9 i fe /D, H T 2 R A3 N B
FInTREA XS 5 2%

FE ) 19 B 2 B0 I Wi AN [) e 90 6k Y 3 5% 1 i)
IO X R, T35 A 40 oF A 855 11438 VL BE 77 ( Yokoya et
al.,2007), P, 85, &6k 6e 7] Bom A R T A
HLY ) FL B ( Mahmud et al. ;2018 ; Vincenza et al.,
2018) , KAEMFE M P, (5.75 pmol + m™ - s7)
R T 22 s M b5 2% (4 3R 4.09 ,3.89
Pes™) UL R A M 2 BB A WL Y
AE ST THb g 22 A S 52 2%, LCP il LSP 2 Wk
P )OGS 07 ) A6 25 I B BT, LCP 55 LSP AH 22
K, HEL X A3 7 3 P K (R RE4% 45, 2005)
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Table 5 Photosynthetic-CO, response parameters in leaves of three Geodorum species
WFh WIRRIAH «  IBTERKEOCEHEA A, COAMEA CCP CO, M1 5L CSP DG R,
Species (pmol + m? - s™") (pmol » m™ - ™) (wmol + mol™) (umol « mol™) (mol » m™ -+ s™M)
Mg = 0.016+0.001b 12.26+1.328a 172.02+14.29a 1 876+87.57¢ 2.60+0.058a
G. densiflorum
KALHL 5 22 0.019+0.001a 10.27+1.059b 128.67+9.87b 2 176+104.05b 2.21+0.016b
G. attenuatum
T HLE 22 0.014+0.001b 8.18+0.709¢ 166.51+11.08a 2 437+134.74a 2.15+0.031b
G. eulophioides
4.0 3.07
£ Bl chia [ ] chlb B car Chl B chlab [ car/Chl
:;D ] I : 8251 I i
= 3.0+ § g
§ ' # % 2.0
gﬂ S 2.5 -
, = -y
TEEE 2.0 ﬂ?@kg 1.54
o &2
7‘@\3- 20 %g %1_0_
2 1.0 ;2
=]
> ~ 0.54
§ 0.5 a a a
=}
= o 0-
52 RAEH 522 011 B L M2 RAEH 5 2= BTN M 2%

G. densiflorum G. attenuatum G. eulophioides

R/NG FREFRIR [ — 8 45 28 57 8% (P<0.05)

G. densiflorum G. attenuatum G. eulophioides

Different lowercase letters indicate significant differences in the same index (P<0.05).
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Fig. 7 Photosynthetic pigment contents and ratios in leaves of three Geodorum species
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Z—o AQY I LS WA 9 %5 55 0 A1 FH g 1 1 K
I, HE R, X 55 5% A1) H BE 71 8 9#: ( Richardson &
Berlyn,2002) , KAEHLTE 4 AQY KT Hb 5 >4
SO L 2%, F B R AE M 5 2% % 55 06 09 R fig

o T A T b b 5 2 X E S T i 45
FEPL A R AL M 5 == BB Y 55 0L B R Y 2518
R, J WA ) 76 B WS 2% 00 T IH FE A ALY B e
( Gyimahr & Nakao,2007 ; Pastur et al.,2007) , A kb
Z N, BN M 5 22 AT W AR FTH AR A L
ARSI THL R 22 MK fE b ==, AR S 3

o o 5 22 0 ) 0 A 1 DL AR — 8 L 22 T T
DGRBS A i R TR P RE B v O PR R
Ao I BT, AR M 5 22 AR M JEE D v
S5 R BT HRA oA TS M S 2 Y 3
YO AR OB ) I 5 M M 52 22 OG5 RE T 022
Xt BRE A3 L BE 7 B, 3 A RE R o A Bk A
I A 2R

RO 1 T 32 2 6 SSE RS e o7 48
B S 1) B L JFOR R €O, , T2 SR I CO, M
ARA AR HEN AN 2, W I CO, AR P& 1 T
HERWIH R, R CO, W BEREME I N CO, 5B
PSR 25 B R P & P, (2N EE5E,2016) o
ABFFE R LS 2200 A, BRSO S 22 5t
M 2= B 5 22 X CO, BRI RE Jy i ; (H
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Table 6  Correlation between leaf anatomical structure characteristics, chlorophyll contents and

photosynthetic physiological indicators of three Geodorum species

£zt

It LT MT SD SA P, G, T WUE P, LCP LSP AQY Chl
LT 1

MT  0.988%% |

SD 0.559  0.571 1

SA 0.610  0.565  0.094 1

P, 0.610  0.565  0.094  0.627 1

G. 0.711%  0.696* 0347  0.641 0.802%% |

T, 0.533 0516 -0.169 0.238 0.893%% 0.613 1

WUE 0296 0318 0490 0.641  0.635 0.666  0.391 1

P, 0.790% 0.747* 0.281  0.630 0.876% 0.707* 0.794* 0.514 1

LCP  -0.406 -0.508 -0.249 0.568 0.161 -0.026 -0.055 0.180  0.057 1

LSP 0.101  0.119 0.171  0.070 -0.359 -0.111 -0.367 -0.181 0.022  0.056 1

AQY 0.088  0.051 -0.309 0.281 0269 0.098 0.234 -0.069 0.217 0.369 0.211 1

Chl  0.862#%% 0.863*% 0.103  0.214 0.706* 0.712% 0.791% 0.193  0.793* —0.382 0.034  0.242 1

T FRBEML(P<0.05) 5 FRBBEMIE(P<0.01), LT. M AR, MT. MR, SD. A%, SA. T,
P, HOLEHAE,; G, RILSHE,; T, ABHA, WUE. KGR H#; P, BKREEEE A, LCP. Jofb s, LSP. SGif Al &,

AQY. £k T A%, Chl MgELE,

Note ; * indicates significant correlation (P<0.05); ** indicates extremely significant correlation ( P<0.01). LT. Leaf thickness;

MT. Mesophyll thickness; SD. Stomatal density; SA. Stomatal area; P,. Net photosynthetic rate; G,. Stomatal conductance; T,.

Transpiration rate; WUE. Water use efficiency; P,

max *

Maximum net photosynthetic rate; LCP. Light compensation point; LSP. Light

saturation point; AQY. Apparent quantum efficiency; Chl. Total chlorophyll.

R T 2 R RICSCR () BERTHE
FISEM 5 22 A R AE L5 22 XHIE O, e 8 Y )
FHRE i dsm, 3 Ml 2 EMYH P, m KT H
A » R BDEIAN 25 4 1Y 6 A R 27 3 BRI
BRI CO, MR R, ARBFFE T, 3 Fhih s > s
YY) CSP Y9851 ,fE 1 876~2 437 pmol » m? -+ s
TP, AT I 3 o 24 JE AR X CO, 1A TS R
BFE, CCP WA YA AR BE CO, M RE 1, HAH
M, FER AP A TR CO, ¥ BEBE 1 FIFR 1) it
AE B (B K 45, 2016) , 3 b= 2 @ A 4 1Y)
CCP 7£ 128.67 ~ 172.02 wmol « mol™ 78 il 4, Herfr ok
TEHLTE 241 CCP S5 fIX, i — 25 Ui B K AL b 5 2% B
N CO,MRBE R AR . AT LA 48 v CO, MR B A
FIF 3 Fidh g 2 B ER RS,

YR GEG e 1 5 g R & w B UIA O it
LR F N RE B2 AL S OGRE T 1 S AR Y
4% ( Wittmann et al., 2001 ; S #R 1§55 ,2010) , A
o, 3 M E LRy M gE e S5H P,
0 E ARG, U] i R R e HOG A g

TN T, 3 FiE 2R AEYAY Chl a/b {EAE
2.381~2.454 mg - g WHEWN, BEHIET 3,8 T
FH 4= #5 % ( Lichtenthaler et al., 1981 ; Hoflacher &
Bauer,1982) , MR & &5 Chl a/b {HAEW I B
T T B, 4 38 &5 BB L Chl a/b (BN,
P 8 EL A A i ) i B M 8 A ROR] Ot AR
(Huang et al.,2016; 554k % ,2019) , ZEA KA,
AL H 52 22 A7 5 1 i 4 3R 5 B PRI AY Chl a/b
1B, PRI A8 b 52 = Y T B 0 DY & BB ) 55,
S e )| Bl S T A 1 e AR ST
25 FRTIR TR 20% A KGR T, 3 Ml 52 22 @ A
WA G “ AR R H 3 5 R AL R i
R, KAEH T 22 i B RE I 80, 5
2R A3 Y LB T S 3 5 22 RO g
T Bl S RE Ty AR 2E W JRE R v P EE A
MR R R REAE SN 3 Aith 5 22 JE AR O G R
ME A T, ARV, SN E 22 BADOL S RE
Ty 3 R o AR A R A X T A R R BUH
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