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Leaf structure characteristics of five species of Cymbidium

Song Jun-Yang', Luo Teng?, Zhang Ning**

(1. College of Landscape Architecture and Arts, Northwest A & F University, State Key Laboratory of Crop Stress Biology for
Arid Areas, Yangling, Shaanxi 712100, China; 2. Guangxi Communications Design Group Co., Ltd, Nanning,
Guangxi 530022, China; 3. College of Water Resources and Architectural Engineering,
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Abstract. Leaf architectural characteristics ( vein architecture, epidermal architecture, and
anatomical architecture) of five species of Cymbidium ( Cymbidium goeringii (Rchb. f.) Rchb.
f, C. faberi Rolfe, C. ensifolium (L.) Sw., C. kanran Makino, and C. sinense ( Jackson ex
Andr.) Willd.) were observed and measured using optical microscopy and stereomicroscopy.
Results showed that among the five plants, vein architectures were similar but there were
significant differences in the epidermal and anatomical architectures, mainly in the quantity of
fiber bundles and structure of stratum corneum edge. Based on cluster analysis of the leaf
structure characteristics, the five species of orchid could be divided into C. goeringii
formation, C. ensifolium formation, and C. sinense formation. This study showed that leaf
structure characteristics have great significance for the classification of these five species of

Cymbidium.
Key words: Chinese orchid; Leaf architectural characteristic; Cymbidium; Classification;
Phylogenetic relationship
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Table 1 Basic information on tested Cymbidium

R R FEUERRAS CRAE Hb S

Material Collection location Storage location
#2% Cymbidium goeringii (Rchb. f.) Rchb. f. vt e R A S PACAMRI B A2 2% 46 95 U ]
#>% Cymbidium faberi Rolfe BV 45 7 i T T v L PYALARMRN 4 K2 22 T8 B I
F&2% Cymbidium kanran Makino R A VR T g o L PYALAARL B 2 FE T U]
w22 Cymbidium ensifolium ‘ Tiegusu’ TLIRAE 18 1T AT PR B 2 2 70 ¢ U5 ]
2% Cymbidium sinense ‘ Qihei’ VLI 15 1T BT i | i R N i e A ]
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Table 2 Abaxial stomatal index and stomatal belt width at the widest point of leaf surface in Cymbidium species

E) LA R LR Abaxial stomatal index i g i 1 AL S RE/ 441 (wim)
Material NLT LWP NLB Aver Stomatal belt width/Aver LWP
#2% C. goeringii (Rchb. f.) Rchb. f. 10.18 9.21 5.07 8.15 534.626 ~ 683.104/626.701
¥ C. faberi Rolfe 6.91 5.43 3.68 5.34 656.537 ~ 909.515/786.691
FE22 C. kanran Makino 7.86 4.7 2.71 5.09 94.051 ~ 722.857/324.587
#22 C. ensifolium ‘ Tiegusu’ 5.26 4.95 3.8 4.67 207.901 ~ 425.073/309.904
&% C. sinense ‘ Qihei’ 5.89 4.95 2.3 4.38 60.220 ~ 287.145/164.127

e NLT, JEr2R;

LWP, Miifsckt; NLB, iM-3&; Aver, SF¥{E, FH,

Notes: NLT, Near leaf tip; LWP, Leaf widest place; NLB, Near leaf base; Aver, Average. Same below.
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Table 3 Characteristics of edge corneum serration at the widest point of leaf surface

M JEAR HARRZE A
l\/IatejiaI Shape PD NSS  DLS Earlobe strTJcture DNL Serration i; NLT
2 C. goeringii (Rchb. f.) Rchb. f. ARHLN] B 2 ~4 R AT BUh o ONA
2% C. faberi Rolfe ANHEI) WaEE 2 ~4 WK I BN NA
J£2% C. kanran Makino HIRAR BYg 2 ~4 BN I BR EATHEN
22 C. ensifolium * Tiegusu® Wk TE 2-7 ek WAL pok PRI,
#2% C. sinense ‘ Qihei’ JLR TR NA NA NA NA NA NA

[E: PD, RIFEEE; NSS, KK PR/MELSE; DLS, /MERMIE 2, DNL, TORmAIM e Sk 225 NA, B I RRIE 8z e

AR, T,

Notes: PD, Prominent degree; NSS, Number of small serrations in large serrations; DLS, Differences in length of small serrations;
DNL, Differences in NLT and LWP; NA, No such feature or feature not obvious. Same below.

x4

I T B B Ab B R BB SR 1A BB 4 AE

Table 4 Data characteristics of stratum corneum serration at the widest point of the leaf surface

B

Material

W B/ P (E (um)
Serration length/Aver

JINGE R S8 /A4 (E (um)
Small serration width/Aver

# % C. goeringii (Rchb. f.) Rchb. f.
#( % C. faberi Rolfe

FE2% C. kanran Makino

@2 C. ensifolium * Tiegusu’

A& C. sinense ‘Qihei’ NA

29.259 ~ 63.200/44.181
70.924 ~ 200.952/1083.431
19.307 ~ 44.554/36.386
33.941 ~ 50.326/40.960

74.903 ~ 162.147/111.419

127.072 ~ 280.741/224.100

101.822 ~ 163.851/141.809

88.948 ~ 157.999/125.034
NA
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Table 5 Partial data characteristics

Y28 2H 41 4
e
Material size/Aver(pm)

JEL T BRI/
Intercellular space
size /Aver(um?)

R KR
Leaf maximum
thickness(um)

Hh kR 43 R
Leaf central part
thickness(um)

20.260 ~ 39.226/30.450
20.311 ~ 32.504/28.339
19.389 ~ 52.984/35.313
28.322 ~ 53.263/40.427
20.718 ~ 62.567/42.080

%% C. goeringii (Rchb. f.) Rchb. f.
#>2 C. faberi Rolfe

FE22 C. kanran Makino

#2 C. ensifolium * Tiegusu’

&% C. sinense ‘Qihei’

5.343 ~ 15.297/10.104 299.74 251.819
6.829 ~ 13.927/11.169 398.433 325.548
5.806 ~ 22.106/15.893 565.667 350.682
13.542 ~ 43.480/23.423 407.341 404.430
12.500 ~ 18.542/23.495 817.632 630.204

R 6 HERRIE

Table 6 Characteristics of vascular bundles

g R FIBAR
Material Maximum bundle shape

AR o B R L 4
Large vascular bundle sclerenchyma

# 2% C. goeringii (Rchb. f.) Rchb. f.
# % C. faberi Rolfe

FE2 C. k Maki N
g2 anran Makino Py
@22 C. ensifolium * Tiegusu’
#22 C. sinense ‘ Qihei’
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Table 7 Characteristics of fiber bundles
s s R T 4R Fiber bundle under epidermis
- Marginal Central fiber Ui (#id/ ZH 5 (H) B pienqian
Material .
bundle bundle Number ( Description/ Arrangement Number
Reference) 9 comparison
#% C. goeringii (Rchb. f.) Rchb. f. 7 g Jc NA NA
#>: C. faberi Rolfe 2 ¥ ¥ NA NA
J€2% C. kanran Makino 4 H B/47 AL Ab > Ad
@ C. ensifolium ‘ Tiegusu’ 2 7 /46 Rk Ab=Ad
#22 C. sinense ‘ Qihei’ 2 T W /244 e Ab > Ad
. Ab, il Ad, SR,
Notes: Ab, Abaxial side; Ad, Adaxial side.
% 8 MRk HIYFE
Table 8 Characteristics of vein architecture
PR NP NPT MSP in LWP DSINNLT - eeg i LT NFB
Material (pum) (upm/mm<)
%% C. goeringii (Rchb. f.) Rchb. F. 13 £ 1 3 371.609 529.917 7 7
¥ C. faberi Rolfe 17 £ 1 35 425.000 265.279 g i
&% C. kanran Makino 19 + 1 5 557.414 322.370 TG w4
#> C. ensifolium  Tiegusu’ 18 + 1 5 551.067 395.396 Jo L EA
2% C. sinense ‘ Qihei’ 40+ 7 547.645 545.134 f W%

H: NP, —ZKECH ; NPT, mHR—Z k4 H ; MSP in LWP, I1H 5 56 AL — & Bk -3 MIBE; DS in NLT, JEitJ “Z k% A ; FES in
NLT, I3 S k(R T : 8) 5 NFB, £F4Edi%iid,

Notes: NP, Number of primary veins; NPT, Number of primary veins in leaf tip; MSP in LWP, Mean spacing of primary veins at the
widest point of leaf surface; DS in NLT, Density of secondaries in NLT; FES in NLT, Free ending secondaries in NLT (Plate I :

8); NFB, Number of fiber bundles.
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Table 9 Assignment of leaf architectural characteristics

FEIEZETY LT 7 R {7 24 L4 R )
Feature type Feature name Assignment rule

AR R A M T AR BN, BOPEIME, R4, pm?

* & FEE Epidermal feature £ RZ I TEAR AHUW O; IRk 15 NA 2
£ 240 145 HA R 54 BHth, AHARREH 0; FYth, TCHIIREH 1; NA 2
SIRTANAE ) Y1 05 EREIE 1
E> SR EARTTEL, O EE

fEHIFFIE Anatomical feature T A 4 RS REN 0; 2241, NA 2
S 5 ST ) i ab. ~ ad. 0; Ab >Ad 1; NA 2
AR A 0; T
— k% H EAETEL, BOPEE

HK4ERE Vein feat N N
PRI Vein feature O R AP

ELHEDGL, BOFE, A um

® 10 ZE 5 MEYM I EEEER
Table 10 Leaf architectural characteristic matrix of five species of Cymbidium

e

Material 1 2 3 4 5 6 7 8 9 10
%>~ C. goeringii (Rchb. f.) Rchb. f.  1051.367 0 1 1 0 2 2 1 13 371.609
# 2 C. faberi Rolfe 1208.337 0 0 1 2 2 2 1 17 425.000
%24 C. kanran Makino 995.113 1 1 1 4 0 1 0 19 557.414
@2 C. ensifolium ‘ Tiegusu’ 1096.902 1 1 0 2 1 0 1 18 551.067
&= C. sinense ‘ Qihei’ 1223.400 2 2 0 2 1 1 1 40 547.645

1| C. goeringii

|C. faberi

| E— C. kanran
C. ensifolium
1 C. sinense
0.13 0.10 0.07 0.03 0.00
Coefficient
B 1 ZE5 MiEWh & assiEn
UPGMA BEHE

Fig. 1 UPGMA dendrogram of five species of
Cymbidium based on leaf architectural characteristics
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Explanation of plates

Plate I . 1. Cymbidium kanran, showing adaxial epidermal cells; 2. C. faberi, showing abaxial epidermal cells; 3. C.
ensifolium, showing stomatal belt in abaxial epidermis; 4. C. goeringii, showing stomatal architecture; 5. C. kanran,
showing adaxial and abaxial epidermal cells in anatomical characteristics and equilateral leaf characteristics; 6. C.
goeringii, showing primary veins; 7. C. faberi, showing primary vein end separate convergence; 8. C. sinense, showing
Y shape secondaries, free ending secondaries; 9. C. faberi, showing intercellular cavity; 10—-11. C. goeringii and C.
sinense showing small vascular bundle; 12. C. goeringii: 12a. stomatal belts near leaf tip; 12b. Edge corneum serration
(microscope) ; 12c. Edge corneum serration ( stereoscope); 12d. Stomatal orientation; 12e. Number of primary veins;
12f. Number of primary veins in leaf tip; 12g. Foliar adaxial groove cells; 12h. Largest vascular bundle; 12i. Anatomical
architecture margin.

Plate I . 13. C. faberi. 13a. Stomatal belts near leaf tip; 13b. Edge corneum serration ( microscope); 13c. Edge
corneum serration ( stereoscope) ; 13d. Earlobe structure; 13e. Stomatal orientation; 13f. Number of primary veins; 13g.
Number of primary veins in leaf tip; 13h. Foliar adaxial groove cells; 13i. Largest vascular bundle; 13j. Marginal bundle.
14. C. kanran. 14a. Stomatal belts near leaf tip; 14b. Edge corneum serration ( microscope); 14c. Edge corneum
serration (stereoscope); 14d. Serration near leaf tip; 14e. Stomatal orientation; 14f. Number of primary veins; 14g.
Number of primary veins in leaf tip; 14h. Foliar adaxial groove cells; 14i. Largest vascular bundle, central fiber bundle,
fiber bundle under epidermis; 14j. Marginal bundle.

Plate . . 15. C ensifolium. 15a. Stomatal belts near leaf tip; 15b. Edge corneum serration ( microscope); 15c. Edge
corneum serration ( stereoscope) ; 15d. Serration near leaf tip; 15e. Stomatal orientation; 15f. Number of primary veins
and secondaries fiber bundles; 15g. Number of primary veins in leaf tip; 15h. Foliar adaxial groove cells; 15i. Largest
vascular bundle, fiber bundle under epidermis; 15j. Marginal bundle. 16. C. sinense. 16a. Stomatal belts near leaf tip;
16b. Edge corneum serration ( microscope); 16c. Edge corneum serration ( stereoscope); 16d. Stomatal orientation;
16e. Number of primary veins; 16f. Number of primary veins in leaf tip; 16g. Foliar adaxial groove cells; 16h. Largest
vascular bundle, fiber bundle under epidermis; 16i. Marginal bundle.
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