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Leaf anatomical structure of six Aquilaria species
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Abstract: Agarwood is a resin wood, which formed in the stem of Aquilaria and may represent the most prized non-timber
forest product, which can be used in fragrances, incense, medicines, aromatherapy, and religious ceremonies. Aquilaria is
an endangered genus due to the excessive exploitation of its precious agarwood, while not all Aquilaria species can produce
agarwood effectively or different Aquilaria species produce agarwood with distinctive fragrances and price. Therefore, it is an
important task to improve the identification methods of Aquilaria species. In order to identify the Aquilaria species, the leaf
anatomical structures of selected Aquilaria species were compared in this study. The mature leaves of the six Aquilaria spe-
cies (Thymelaeaceae) were studied with light microscopy and paraffin sectioning, and twelve quantitative traits of the leaves
were measured and analyzed. The result showed that the leaf structures of six Aquilaria species were similar. All leaves
showed the xerophytic feature. All leaves were typical bifacial type and were composed of epidermis, mesophyll and

vein. The epidermis consisted of single layer epidermal cells. The upper epidermis were much thicker than the lower epider-
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mis. The sunken stomata existed only in lower epidermis which was sporadically covered by hairs. The stomata were of ano-

mocytic type. The mesoj was well developed which were composed of palisade parenchyma, spongy parenchyma an
ytic type. Th phyll 1l developed which posed of palisade p hyma, spongy p hy d

lithocyst. The palisade parenchyma was composed of 1-2 layers of cylindrical cells, in which many rectangular lithocyst ar-

ranged perpendicularly to the epidermis. The hypodermis was located in spongy parenchyma, which was composed of idio-

blasts. The micrib belonging to bicollateral bundle was well developed. The bundle sheath and pith both contain a number of

idioblasts. ANOVA analysis showed that the eleven quantitative traits were significantly different among six species, except

for ratio of palisade to spongy tissue. Clustering analysis showed that six species were clustered into three main

groups. Group 1 consisted of A. sinensis, A. crassna and A. banaensis; Group 2 consisted of A. baillonii and A. malaccensis ;

Group 3 only consisted of A. yunnanensis. The results provides some new information for the species identification, but also

is of great significance for the conservation and utilization of Aquilaria spp.
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Table 1  Materials for anatomic studies on Aquilaria
H5 A Ji7

Number Species name Originally source

1 A. sinensis AR 1 [E ¥ 7 Hainan, China

2 A baillonii HHFE Cambodia

3 A crassna ZHd Laos

4 A banaensis RS Vietnam

5 A. malaccensi IR P Malaysia

6 A. yunnanensis z F8 ULH HIEZF§ Yunnan, China
1.2 7k
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Table 2 Anatomical quantity characters of leaves of six Aquilaria species (Data are x + s)

?Ejljf A. sinensis A. baillonii A. crassna A. banaensis  A. malaccensis A. yunnanensts El\’litiflq %ﬁi%&
LT 196.7 + 7a 168.3 + 7b 155.6 + 8c 204.3 + 10a 143.4 + 5c 151.6 = 13c¢ 167.0 = 8 4.8
(pm)

VN 50 + 6a 57 £ 7a 50 + 10a 49 + Sa 55 £ 16a 38 + 6b 50 £ 11 22
(n)

MT 591.6 £ 37b  703.6 £ 56a  610.0 + 30b  535.0 £ 19b  693.1 + 36a  732.2 + 49a 644.2 + 78 12.1
(pm)

MBH 319.62 £ 27bc  385.9 + 21b  296.1 = 11lc  344.7 + 66bc  363.2 + 22bc  468.2 + 52a 364.1 = 67 18.4
(pm)

MBW 423.7 £ 36¢c  524.5 £ 21b  425.1 £ 22¢ 4853 £ 69bc  457.7 £ 25b¢  672.1 + 66a 502.7 = 98 19.5
(pm)

MIN 10.8 = 2.3ab 8.3 = 2.0bc 7.8 = 1.2bc 7.8 = 1.3be 7.1 = 1.5¢ 11.5 = 1.9a 89 %23 25.8
(n)

UET 25.6 + 2ab 23.8 + 4bc 28.8 + 4a 24.9 + 2ab 26.4 + 3ab 23.8 + 2¢ 25.6 £ 3 11.7
(pm)

LET 13.5 + 4be 11.9 = l¢ 16.9 + 2a 14.6 + 3ab 16.6 + 3a 15.1 + 2ab 148 =2 13.5
(pm)

SD 182 + 15a 116 + 13ab 140 + 14ab 169 + 22ab 148 + 12ab 104 + 14b 148 + 15 10.1
(n - mm?)

PTT 31.9 = 7ab 31.8 = 5ab 24.8 = 5c 38.3 + 5a 28.3 + 4be 25.8 + 5be 302 +5 16.6
(pm)

STT 115.0 + 10b 99.5 £ 3¢ 95.7 = Tc 133.4 + 14a 87.7 £ 8¢ 96.2 + 13c 104.6 + 9 8.6
(pm)

PRS 0.27a 0.31a 0.26a 0.28a 0.32a 0.27a 0.29 24

T FATI/NG FREARFERR 225 W35 (P<0.05) o LT=MF R VN=1FBRAK; MT= 320K BE ; MBH = S kA4 A2 =53 s MBW k45 /9 5212 MIN ik
YRR PN S A AN UET = 126 B MO ISEBE 5 LET = 1 3 S JELRE 5 SD = AL B FE s PTT = MR 4L USRS  STT = 4R 41 SUSLRE s PRS = MG L

Note: Different small letters in a row indicate significant differences (P<0.05). LT = Leaf thickness; VN =Vein number; MT = Midrib thickness; MBH = Midrid bundle
height; MBW =Midrid bundle width; MIN =Midrid idioblast number; UET =Upper epidermis cell thickness; LET =Lower epidermis cell thickness; SD=Stomata density; PTT
=Palisade tissue thickness; STT=Spongy tissue thickness; PRS=The ratio of palisade to spongy tisue.
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Fhie I ANFOUERAEY A R BRI RIS HRHE A AT B. Aquilaria baillonii;
C. A. crassna; D. A. banaensis; E. A. malaccensis; F. = UIH, HHIR =20 um, FFE,
Plate I  Microscopic characteristics of leaf upper epidermis of six Aquilaria species A. A.sinensis; B. A.baillonii;

C. A. crassna; D. A. banaensis; E. A. malaccensis; F. A. yunnanensis. Bar=20 pm. The same below.

PR IT SAGAR IR A A T R S RFE =R AL #ioRRILE; KA A,B,D,E=20 um; C,F=100 pm,
Plate I Microscopic characteristics of leaf lower epidermis of six Aquilaria species —Stoma( triangle) ; Epidermal hair
(arrowhead ) ; Bar; A,B,D,E=20 pm; C,F=100 pm.
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Bl I ARt A R ARSI . ik P ML, #5368 TR IR =20 pm,
Plate T Cross section of leaf of six Aquilaria species C. Crystal; P. Palisade; Idioblast(arrowhead). Bar=20 wm.

FIh NV SFUCEEAAY 0 BRI X AR, 5 oR S, efR =100 pm,
Plate IV Cross section of midrib of six Aquilaria species Xylem (X) ; Idioblasts (arrowhead). Bar=100 pm.

PITHE R 3 id BE RO HAT — R Y A 2522 T8 S (BRI AHIEFE A BRI LEAT, it SRR ik kR
SRR R, 2005) o WK OREAFAE ORI SN TR, EIREAE R GO, BT RERE,
2R 4, AT RE SR DU SR AL AR X & K —Fh 75X, SALERE MM S UM 2 AU JRE LS5 11 TR
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Plate V  Cluster of six Aquilaria species
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