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Table 1. Anatomical characters of leaf epidermi8vena species

Name of Epi. Cth  Adx. Abx. Sc Sp Bul Bul. Bul.

Taxa cel. sh f f cel ced.n ce.w
A. barbata 1 12 1 2 2 1 1 4-8 1
A. clauda 1 4 1 2 2 1 1 4-6 2
A. eriantha 1 4 1 2 2 1 1 4-6 1
A. fatua 1 4 1 1 2 1 1 3-5 2
A. ludoviciana 1 10-12 1 2 2 1 1 3-5 1
A. sativa 1 8 1 1 2 1 1 3-6 3
A. wiestii 1 8 1 2 2 1 1 3-5 2

Epi. cel. sh, shape of epidermal cell (1= simple, 2= compdu@ih, cuticle
thickness(u); Adx. f, adaxial furrow (1= present, 2= not present); Ahxabaxial
furrow (1= present, 2= nofpresent); Scl, sclerenchyma in epidermal furrow
(1= present, 2= notpresent); Sp, position of stomatél= -superficial,
2= non-superficial); Bul.cel, bulliform cells (1= present, 2= not present);
Bul. cel. n,number of bulliform cells; Bulcel. w, bulliform cells wall (1= smooth,

2=rough, 3= smooth and rough).



Table 2. Anatomical characters of leaf mesophylwena species

Name of Meso. Mth Mid Midth Midc Bsh Obsh Ibsh Vbn

Taxa
A. barbata 2 161 2 205 1 1 2 1 10-
12
A. clauda 2 145 2 164 1 1 2 1 10-
12
A. eriantha 2 137- 2 164 1 1 2 1 8-10
161
A. fatua 2 90 1 164- 1 1 2 1 7-12
205
A. ludoviciana 2 222- 1 344- 1 1 2 1 10-
282 377 19
A. sativa 2 140- 1 216- 1 1 2 1 12-
160 224 17
A wiestii 2 205- 2 237 1 1 2 1 5-12

237
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Table 2. (contd.) (aelo) ¥ Jgo

Name of Lvb. Lvbc Mvb. Mvbc Svb. Svbc Mxn

Taxa sh sh sh
A. barbata 1 1 1 1 1 2 2
A. clauda 1 1 1 1 1 2 2
A. eriantha 1 1 1 1 1 2 2
A. fatua 1 1 1 1 1 2 2-3
A. ludoviciana 1 1 1 1 1 2 3-6
A. sativa 1 1 1 1 1 2 2-3
A wiestii 1 1 1 1 1 2 2

Meso, mesophyll (1= differentiated, 2= not differentiated); Mth, mesophyll
thickness(p); Mid, midrib (1= protuberance, 2= non-protubrance); Midth, nhidri
thickness(u); Midc, midrib connection to epiderfl= 2 side, 1= 1 side); Bsh,
bundle sheatifl= 2 layer, 2= 1 layer); Obsh, outer bundle shéath connective,
2= non-connective); Ibsh, inner bundle sheath (@mnective, 2= non- connective);
Vbn, vascular bundle number from midrib to mardiab. sh, large vascular bundle
shape(1= round to ovate, 2= other shapes); Lvbc, larggcular bundle connection
to epiderm(1= 2 side, 2= 1 side), Mvbsh, medium vascular bundle shape
(1= round, 2= other shapes); Mvbc, medium vasdulaxdle connection to epiderm
(1= 2 side, 2= 1 side); Svb. sh, small vascular drinshape (1= round,
2= other shapes), Svbc, small vascular bundle atiometo epidern{l1= connective,

2= non-connective); Mxn, metaxylem number.



Table 3. Anatomical characters of leafdivena species with scanning electron

microscope (SEM)

Name of V Sa L. S. S. Mac. Mic. P. P. P

Taxa cel. b b.a h h h h. h

w a b
A. clauda 1 3 3 1 1 1 1 2 1 1 1
A. eriantha 1 1 3 1 1 1 1 2 1 3 3
A. fatua 1 2 1 2 1 1 2 2 1 3 3
A ludoviciana 1 2 1 2 1 1 2 2 1 1 4

V, veins (1= parallel, 2= non-parallel); Sa, arramgnt of stomata (1= zigzag,

non-zigzag, 3= zigzag and non-zigzag), Sd, itidion of stomata (1= solitary,

NN
1 1

pair, 3= solitary and pair); L. cel. w, long Icelall (1= smooth, 2= sinusal);
Si. b, silica body (1= present, 2= not present)jpSa, arrangement of silica body
(1= solitary, 2= pair); Mac. h, macro hair (1= prets 2= not present); Mic. h, micro
hair (1= present, 2= not present); P. h, prickle (le= present, 2= not present);
P. h. a, arrangement of prickle hair (1= solita®y, pair, 3= solitary and pair);
P. h. b, base of prickle hair (1= round, 2= obldsw triangle, 4= round and oblong,

4= round and oblong and triangle).
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Fig. 1. Leaf ofA. barbata in T.S.: A. General aspect (4x), B. Mesophyll (J,0x
C-D. Midrib (20x).
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Fig. 2. Epidermis in superficial view & clauda: A-B. Adaxial surface, B. Prickle
and stomata, C-D. Abaxial surface.
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Fig. 3. Leaf ofA. clauda in T.S.: A. General aspect (10x), B. Midrib (20x).
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Fig. 4. Epidermis in superficial view oA. eriantha: A-B. Adaxial surface,
C-D. Stoma in abaxial surface.
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Fig. 5. Leaf ofA. eriantha in T.S.: A. General aspect (4x), B. Mesophyll (1,0x)
C. midrib (20x), D. Bulliform cells, stomata anéttrome (40x).
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Fig. 6. Epidermis in superficial view o&. fatua: A-B. Adaxial surface, B, Prickle
and long cells, C-B. Abaxial surface, C. Trichoni@sSilica deposition.
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Fig. 7. Leaf ofA. fatuain T.S.: A. General aspefix), B. Midrib (20x).

(s, S5 B ($Bsd mhe A-B A ludoviciana 4SS pyaml maw A S

.Lg)B LngS)f .D ‘(5>L\.>u @a.w C-D
Fig. 8. Epidermis in superficial view oA. ludoviciana: A-B. Adaxial surface,
B. Prickle, C-D. Abaxial surface, D. Prickles.
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Fig. 9. Leaf ofA. ludoviciana in T.S.: A. General aspe@ix), B. Mesophyll(10x),
C. Small veins and bulliform cel(0x), D. Midrib (20x).
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Fig. 10. Leaf ofA. sativa in T.S.: A. General aspect (4x), B. Mesophyll (,0x
C. Midrib (20x), D. Bulliform cells, stoma and thiome (40x)
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Fig. 11. Leaf ofA. wiestii in T.S.: A. General aspect (4x), B. Mesophyll (,0x
C. Large and small veins (20x), D. Midrib (20x).
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In this research foliar anatomy of seven species of Avena are studied under
the light microscope and the scanning electron microscope (SEM). This study
includes seven species, namely, A. barbata, A. clauda, A. eriantha, A. fatua,
A. ludoviciana, A. sativa and A. wiestii. Different anatomical characters sush as
number of bulliform cells, mesophyll thickness, midrib, number of vascular bundles
from midrib to margin and some other characters are efficient in identification of
species. Anatomical results are applied in separation of species from each other.
The identification key based on anatomical characters is also presented. It is
concluded that, the identification key based on morphological characters supports
the relation between species based on anatomy.

Key words: Avena, Foliar anatomy, Poaceae

To observe the figures and tables, please refer to the Persian text.

* Corresponding auther (E-mail: z.seifi@modares.ac.ir)



88 Z. Seifi and F. Zarinkamar

References

BAUM, B.R. 1977. Oats: wild and cultivated. A monograph of the genus Avena L.
(Poaceae). Canada. Monogr. 14. 463pp.

DAVIS, P.H. 1985. Flora of Turkey. Val. 9. Edinburgh at the University Press. 724.
pp. Edinburg.

ESAU, K. 1977. Anatomy of Seed Plants. Wiley. 360-368.

ELLIS, R.P. 1979. A procedure for standardizing comparative leaf anatomy in the
Poaceae |1: the epidermis as seen in surface view. Bothalia 12(4): 641-671.

FAHN, A. 1990. Plant Anatomy. 4th ed. Oxford: Pergamon Press.

JUDD, W., CAMPABELAND, C.S., KELLOGG, E.A. and STERENS, P.F. 1999.
Plant systematic; a phylogenetic approach. U.S.A. Sinauer Associates, Inc.
210-216.

METCALF, C.R. 1960. Anatomy of the monocotyledons. |. Gramineae. Oxford:
Clarendon Press.

MOTOMURA, H., FUJII, T. and SUZUKI, M. 2004. Silica deposition in relation to
ageing of leaf tissues in Sasa veitchii (Carriere) Rehder (Poaceae:
Bambusoideage). Annals of Botany 93: 235-248.

SHEIDAI, M., KOOBAZ, P., TERMEH, F. and ZEHZAD, B. 2002. Phyletic studies
in Avena species and populations of Iran. J. Sci. |. R. Iran 13(1): 19-28.

SHEIDAI, M., KOOBAZ, P. and ZEHZAD, B. 2003. Meiotic studies of some
Avena species and populations of Iran. J. Sci. |. R. Iran 14(2): 121-131.

VIERA, R.C., GOMES, D.M.S., SARAHYBA, L.S. and ARRUDA, R.C.O. 2002.
Leaf anatomy of three herbaceous Bamboo species. Brazilian Journa of
Biology 62: 1-18.

WATSON, L. and DALLWITZ, M.J. 2003. Grass genera of the world.
http://deltaintkey.com

ZARINKAMAR, F. 2002. Foliar anatomy of Carex in Arasbaran. Iran. Journ. Bot.
9(2): 261- 270.

Address of the authors: Z. SEIFI and Dr. F. ZARINKAMAR, Faculty of Basic
Science, Tarbiat Modares University, P.O. Box: 14115-175, Tehran, Iran.



