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In the present study, 28 speciesBobmusL. have been investigated based on micromorphological
characters of abaxial surface. The lamina of grass leaf blades is-divided into costal and intercostal
zones. The results of this study showed that the costal zone includes short and long cells and probably
hair and prickle and the intercostals zone includes long cells, stomata and hairs. They are similar and
constant in all species. But indumentum types are different in species. Also the characters of
indumentum have taxonomical value and can be used in distinguishing of species.
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Introduction are perennial and other sections are annual or biennial
Bromus L. is a largegenus of approximately 100 SPeciesBromusL. is a large genus d?oaceaen Iran
(Mabberley 1997) to 150 species which are found in(Ghahreman and Attar, 1999). Abaxial eplderm_al of the
the temperate regions of both hemispheres (Claytot€avesof some species @romushave been studied by
and Renvoize, 1986; Pavlick 1995; Watson andMetcalfe 1960. ,

Dallwitz 1992). The genus comprises annual and The aim of present study is to add more data of
perennial grasses with wide geographical distribution@Paxial epidermis characters of the leatasthe genus
(Smith 1970). Based on Flora Iranica (Bor 1970), theand use of the characters which can be effected in
species of this genus are arranged in six sectoind@xonomical treatments.

Altogether 40 species occur in Iran which belong to

Sect.Bromus(15 spp.), SectGeneaDumort. (7 spp.), Materials and Methods

Sect.Nevskiella(V. Krecz. & Vved.) Bor (1 sp.), Sect. After naming Bromus specimens based on
Neobromus (Shear) Hitchc. (1 sp.), SecPnigma  morphological characters of Flora Iranica (Bor 1970)
Dumort. (15 spp.) and SedCeratochloa(P. Beauv.) and Grasses of the Soviet Union (Tsvelev 1976) and
Griseb. ex Ledeb (1 sp.). The species of Jecigma
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Table 1.Bromusspecimens used for the study. The species arranged in alphabetical order in each section.

Specie Voucher specime

Sect.Bromus Azerbaijan: Jolfa, 790 m, Foroughi, 5-TARI

B. arvensid..

E/l.et;rmfomﬁ Fisch & C. A. Khorassan: Maraveh tappeh, 819 m, Moazzeni, 35988-TUH

B. gedrosianuPenze

Hormozgan: Rudg, 150 m, Khatamsaz & Zae 7316%-TARI

B. intermediu Guss

Gilan: Kalaj Manijil, 1800 m, Sabeti, 105-TARI

B. japonicusThunb

Lorestan: Khorram abad, 1100 m, Veiskarami, 2-- TUH

B. oxyodorSchrenl|

Khorassan: Neyshabour, 1:-1800 m, Rafeii & Zangooii, 269.-FUMH

B. racemosu L.

Gilan: Deilaman, 1600 nAttar & Columbus, 348=-TUH

B. scopariu: L.

Lorestan: Khorram abad, 1100 m, Veiskarami, 2=TUH

Sect.Genea Dumort

B. fasciculatusresl Khuzestan: Andimeshk, 580 m, Gheissari; 1290-TARI

B. madritensi L. Kermanshah: Ku- e Pyry, 132-1520 m,Hamzeh'e & Lashkarbolouki, 42-TARI
B. ruben L. Hormozgan: Band- e Khamir, 10 m, Mozaffarian, 636-TARI

B. sericeu Drobov Esfahan: Khansar, 1900 Attar & Columbus3376-TUH

B. sterilisL. Mazandaran: Lake of Shoormast, 890 m, Attar & Alemi, 3-TUH

B. tectorun L. Tehran: Chitgar, 1320 m, Attar, 15:- TUH

Sect.Neobromus
(Shear) Hitchc.
B. danthonia€lrin.

Tehran: Shahrak-e Motahari, 1320 m, Attar, 15354-TUH

Sect.Nevskiella
(V. Krecz. & Vved.) Bor
B. gracillimus Bunge

Tehran: Damavand, 2150 Attar & Columbus.3404+TUH

Sect.Pnigma Dumort
B. Benekenii (Lange)
Trimen

Mazandaran: Nowshahr, 500 m, Assadi, 33467-TARI

B. bieberstein Rcemer &
Schultes

Kuhgiloy-e and Boye-Ahmad: Sisakht, 2800 m, Ghahreman, Attar & Mahdigt
25366-TUH

B. cappadocict

Azerbaijan:Siah cheshmeh, 16-2000 m, Assadi, 852-TARI

Boiss. & Bal.

B. frigidus Boiss. & | Chaharmahal e Bakhtiari: Khederabad, 3200 m, Mozaffarian, 581-TARI
Hausskn.

B. inermis Leyss Tehran: Homar-e absard, 1950 m, Pabot, :34-TARI

B. kopetdaghens Drobov _|-Tehran: Shemshak, 24-3400 m, Mozaffarian, 67-TUH

B. ramosu Hudsor Mazandaran: Kheyrud kenar forest, -700 m, Assadi, 337-TARI

B. riparius Rehmal Mazandaran: P-e Sefid, 664 m, Attar & Alemi, 350-TUH

B. stenostachyLBoiss Mazandaran: Amol, 1000 m, Assadi, 73-TARI

B. tomentellu Boiss Esfahan: Karkas Mts., 2400 Attar & Columbus,3361¢TUH

B. tomentosuTrin. Mazandaran: Sie-Bisheh Mountains, 1700 m, Attar & Alemi, 35¢TUH

B. variegatusM. B. Azerbdjan: Arasbaran protected area, 2500 m, Assadi & Sardabi, -TARI

taxonomical survey of species, abaxial epidermis ofstenostachyys B.
leaves of twenty eight species of Irani@romus
species were studied. Sixteen species are annual and Twelve species were not included because they are
twelve species are perennial. Annual species coBtain rare and the materials were not available. Samples were

arvensis B. briziformis

intermedius B. japonicus B. oxyodon B. racemosus
B. scopariusB. fasciculatusB. madritensisB. rubens
B. sericeus B. sterilis B. tectorum B. danthoniaeB.
gracillimus and perennial species cont@nbenekenji
B. biebersteinji B. cappadocicuys B. frigidus B.
inermis B. kopetdaghensi8. ramosusB. riparius, B.

tomentellus B. tomentosys B.

variegatus

B. gedrosianus B. removed from herbarium specimens at TUH, TARI and
FUMH (Ferdowsi University Mashhad Herbarium). A

complete list of material used including of scientific

are given in Table 1. For constancy of
micromorphological characters, secondary leaf below

mounted directly on 12.5 mm diameter stubs and

names, exact localities, collectors and herbarium names

the inflorescence was selected in all cases. Then
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attached with sticky tape. The specimens were coatedtll. epidermal cells have macro-hairs mixed with
in a sputter coater with approximately 25 mm of Gold- micro- unicellular hairs between them in annual
Paladium. The specimens photographed by a PhilipgpeciesB. intermediugFig. 1, D),B. japonicug(Fig. 1,
Scanning Electron Microscope, model XL30 (Holland). E), B. oxyodon(Fig. 1, F),B. fasciculatugFig. 2, C),
The micromorphological characters used for this studyg madritensis(Fig. 2, D), B. sericeus(Fig. 2, F),B.
follow Metcalfe (1960) and Ellis (1979). sterilis (Fig. 3, A), B. danthoniae(Fig. 3, C), B.
Results gracillimus (Fig. 3, D) and in perennial specieB:

- - .. kopetdaghensi¢Fig. 4, D),B. riparius (Fig. 4, F),B.
The Ieaf_ blades are usually _d|V|ded into Iongm_JdlnaI tenostachyuéFig. 5, A) andB. tomentellugFig. 5, B).
zones with the costal zones lying opposite the veins an

the intercostal zones present between the veinsé?;rf)nij' Seréléjigrsrgal b?:tl)lsrstg ?XE(F?nIy;rﬁ)kle; n
(Metcalfe 1960). P p : g- 3, F), B

inermis(Fig. 4, C) and. ramosugFig. 4, E).
Costal zone

Costal zone includes long cells, short cells, hairs ancPiSC.USSion . . .
; . . ' ! n this study abaxial epidermis of the leaves of 28
prickles in species oBromus In the zone length of

long cells is slightly greater than width, these ceIIsSpeCIes OFiaBrORgFspecies were examined. Of

dioi ther by sinale short cell. Hai dthis number, 16 annual species belong to four sections
adjoin one another by single short cell. nars and;ng 1 perennial species belong to one section (Table
prickles present between long cells.

; - . 1). Macro< and micro-hairs, prickles, stomata, long and
Prickle hairs are short with swollen bases and barbghort cells have been investigated in costal and
pointed sharply. Their bases are longer than stomaigyercostal zones. The results are shown that characters
and their barbs are shorter than bases. of stomata, long and short cells and distribution of them

in‘two zones are similar and constant in all species and
Intercostal Zor.]e . havenot taxonomical value. But indumentum types are
Intercostal zone includes long cells, stomatea and' hair

. - 'alfGitferent in species. The species are arranged based on
in species oBromus In the zone length of long cells is

h : indumentum types of abaxial surface in three groups.
3x or more than 3x width. Stomata and hairs preseNi|co the charactersof indumentum have not

between long cells. Stomatal complex aré 1ong andayonomical value in grouping in section level but can
narrow with Parallel-sided subsidiary cells. There arepe ysed in distinguishing of species (Table 2). For
one to three rows of stomata in intercostal zone..Thesgyample, B. japonicus and B. gedrosianus (B.

rows separate by one to three file of long cells. rechingeri in Flora Iranica) which are annual and
morphologically very close by having ovate spikelets
Indumentum types i Withpbilategral a}r/rang?'/nent of tk):em, ca% be sepa?ated by
Macro- and micro-hairs presentin both zones. They are. 4 mentum type. Epidermal cells have macro-hairs
unicellular with swollen and. superficial bases. Their \ith micro- unicellular hairs between them B.
density varies from low aB. .cappadocicugFig. 4, A)  japonicus(Fig. 1, E) but epidermal cells have macro-
to high asB. tomentosugig. 5, C). Hairs are hard and hajrs inB. gedrosianugFig. 1, C). InB. fasciculatus
stiff exceptB. tomentosugkig. 5, C) that hairs are soft andB. rubenswhich are annual morphologically closed
and thin. together, based on the cuneate spikelets and bilateral
Indumentum types. are different in species. Thearrangment of spikelets may be separated on the basis
species are arranged based on indumentum types @f indumentum type. Epidermal cells have macro-hairs
abaxial surface in three.groups: mixed with micro- unicellular hairs between thenBin
Group 1. epidermal cells are glabrous in annualfasciculatus(Fig. 2, C) but glabrous iB. rubens(Fig.
speciesB. arvensis(Fig. 1, A), B. scoparius(Fig. 2, 2, E).B. sericeusandB. tectorumare morphologically
B), B. rubens(Fig. 2, E) and in perennial specids:  very close by having cuneate spikelets with unilateral

benekeni(Fig. 3, E). arrangment of them, can be separated by indumentum
Group 2.epidermal cells are hairy and are dividing to type. In B. sericeus(Fig. 2, F) epidermal cells have
three subgroups: macro-hairs mixed with micro- unicellular between

I. epidermal cells have macro-hairs in annual speciesthem and inB. tectorum(Fig. 3, B) epidermal cells

B. briziformis(Fig. 1, B),B. gedrosianugFig. 1, C),B. ~ have macro-hairs. In other species such Bs
racemosugFig. 2, A), B. tectorum(Fig. 3, B)and in cappadocicusand B. tomentellusvhich are closedby
perennial species. frigidus (Fig. 4, B),B. tomentosus having charactgrs such as perennial habit, reticulated
(Fig. 5, C),B. variegatugFig. 5, D). fibrous sheath in the culm base and long awn can be
Il. epidermal cells have only micro-hairs in perennial

speciesB. cappadocicugFig. 4, A).
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Table 2. Distinghushing characters of indumentum inter-species

Species Indumentum typt

Sect.Bromus

B. arvensisL. Glabrou:

B. brizifomis Fisch.&C. A. Mey Macrc-hairs

B. gedrosianuPenze Macrc-hairs

B. intermediu Guss Macrc-hairswith mixedmicrc- unicellular between thel

B. japonicusThunb Macrc-hairswith mixedmicrc- unicellular betweerhen

B. oxyodorSchrenl Macrc-hairswith mixedmicrc- unicellular between the

B. racemosulL. Macrc-hairs

B. scopariu:L. Glabrou:

Sect.Gene: Dumort B. fasciculatusPresl | Macrc-hairswith mixedmicrc- unicellularhairsbetween thel
B. madritensi L. Macrc-hairswith mixedmicrc- unicellularhairsbetween thel
B. ruben L. Glabrou:

B. sericeu Drobov Macrc-hairswith mixedmicrc- unicellularhairsbetween thel
B. steilis L. Macrc-hairswith mixedmicrc- unicellularhairsbetween thel
B. tectorur L. Macrc-hairs

Sect.Neobromu (Shear) Hitchc

B. danthonia¢Trin. Macrc-hairsmixedwith micrc- unicellularhairsbetween thel

Sect.Nevskielli (V. Krecz. & Vved.) Bo | Macrc-hairsmixedwith micrc- unicellularhairsbetween thel
B. gracillimus Bunge

Sect.Pnigme Dumort

B. benekeni{Lange) Trimen Glabrou:

B. bieberstein Roemer & Schulte Prickles

B. cappadocicL Boiss. & Bal Micro-hairs

B. frigidus Boiss. & Hausski Macrc-hairs

B. inermis Leyss Prickles

B. kopetdaghens Drobov Macrc-hairsmixedwith micrc- unicellularhairsbetween thel
B. ramosu Hudsor Prickles

B. riparius Rehma Macrc-hairsmixedwith micrc- unicellularhairsbetween thel
B. stenostshyusBoiss Macrc-hairsmixedwith micrc- unicellularhairsbetween thel
B. tomentellu Boiss Macrc-hairsmixedwith micrc- unicellularhairsbetween thel
B. tomentosuTrin. Macrc-hairs

B. variegatusM. B. Macrc:hairs

separated by indumentum type. Epidermal cells haveClayton W. D. & Renvoize S. A. 1986: Genera

only micro-hairs inB. cappadocicuqFig:.4, A) but Graminum, Grasses of the World. 389. -Her
epidermal cells have macro-hairs mixed with micro- Majesty’s Stationery Office, London.

unicellular hairs between them._but By tomentellus Ellis R. P. 1979: A procedure for standardizing
(Fig. 5, B). Morphologically species @&. benekenii comparative leaf anatomy in the Poaceae. Il. The
and B. ramosusare very close by having similar epidermis as seen in surface view. -Bothalia. 12

characters such as perennial habit, short rhizome, (4): 641-671.
auricle and not reticulated fibrous sheath in the cuimGhahreman A. & Attar F. 1999: Biodiversity of Plant
base but can be separated on the basis of indumentum Species in Iran. 1: 356-371. -Tehran University

type. As inB. benekeni{Fig. 3, E) epidermal cells are publications.
glabrous and iB. ramosugFig. 4, E) epidermal cells Mabberley D. J. 1997: The Plant-Book. 103. -
have only prickles. Cambridge University Press.

Metcalfe C. R. 1960: Anatomy of the Monocotyledons.
1: 72-81. -Oxford University Press.

. . Pavlick L. E. 1995: Bromus L. of North America. 160.
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Fig. 1. A-F, abaxial epidermis of the leafBnomusspecies; AB. arvensisB, B. brizifomis C, B. gedrosianusD,
B. intermediusE, B. japonicus F, B. oxyodonScale bar: A, B=50 pm; C, E=200 pm; D, F=100 pm.
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Fig. 2. A-F, abaxial epidermis of the leafBnomusspecies; AB. racemosusB, B. scoparius C, B. fasciculatus
D, B. madritensisE, B. rubens F, B. sericeusScale bar: A, D-E=100 pum; B=50 um; C, F=200 pum.
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Fig. 3. A-F, abaxial epidermis of the leafBnomusspecies; AB. sterilis B, B. tectorum C, B. danthoniag D, B.
gracillimus E, B. benekeniiF, B. biebersteinii Scale bar: A,C-D, F=50 pm; B,E=100 pum.
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Fig. 4. A-F, abaxial epidermis of the leafBnomusspecies; AB. cappadocicusB, B. frigidus; C, B. inermis D, B.
kopetdaghensj€; B. ramosusF, B. riparius Scale bar: A-C,E=100 um; D, F=200 pm.
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Fig. 5. A-D, abaxial epidermis of the leaf Bromus species; A,B. stenostachyysB, B. tomentellus C, B.
tomentosusD, B. variegatusScale bar: A, D=100 um; B-C=50 pum.



