NeBIO

An international journal of environment and biodiversity
Vol. 9, No. 1, March 2018, 39-55

ISSN 2278-2281(Online Version)

www.nebio.in

.}:’f'-
NeBlO
RESEARCH PAPER

Leaf anatomical studies of the genus Festuca L. (Poaceae) in India

Sutrishna Kar'*, N.D. Paria’and Paramjit Singh'
'Botanical Survey of India, CGO Complex, Salt Lake City, Kolkata— 700064
Taxonomy and Biosystematics Laboratory, University of Calcutta, Ballygunge Circular Road, Kolkata— 700019

ABSTRACT

Leaf anatomical studies of 37 investigated taxa of the genus Festucal. occurring in India were carried out and
provided with brief descriptions, key for identification based on anatomical characters, discussion and
diagrammatic representations in respective figures. A total number of ten anatomical characters were mainly
considered such as leaf shape in cross section, leaf-blade diameter, number of veins, number of adaxial
groove/inner ridges, number of vascular bundles, abaxial sclerenchyma distribution, adaxial sclerenchyma
distribution, number of abaxial sclerenchyma strand, adaxial surface and abaxial surface pubescence.
Structure and arrangement, distribution of sclerenchymatous tissue as seen in cross sections of leaves were
found as being significant diagnostic features. Leaf anatomical studies recognized three types based on the
shape of the leaves, shape of the leaves in transverse section. The study of leaf anatomical features aims in

the clarification of the taxonomic complexities among the species of Festuca L.
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Introduction

The species of Festuca L. are highly variable in both
vegetative and reproductive traits that have traditionally
been used to separate them into the Broad-leaved fescues
and the Fine-leaved fescues. Structure and arrangement,
distribution of sclerenchymatous tissue as seen in cross
sections of leaves were found as being significant
diagnostic features in some species aggregates in the
genus Festuca L. The study of leaf anatomical features aims
in the clarification of the taxonomic complexities among the
species of Festuca L.

In Poaceae, leaf-blade surface morphology and internal
anatomy are traditional taxonomic characters that have
been particularly useful at the subfamily and the generic
levels (Metcalfe 1960; Ellis 1976, 1979; Clifford and Watson
1977). Previously, Prat (1936) recognized two types of leaf-
blade anatomy, one associated with the festucoid leaf and
other with panicoid leaf. Leaf morphology and anatomy may
be important as a source of characters at the species level
when reproductive material has few definitive characters or
is not available (Frederiksen 1977; Aiken & al., 1985; Aiken
and Consaul 1995). Similarities in the superficial characters
between the species lead to extreme difficulties in their
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taxonomic treatments and identifications. In addition, the
problem is augmented for the specimens lacking or having
immature inflorescence. Moreover, high polymorphism
encountered in morphological features especially in F.
rubra and F. ovina complexes are of the problems that
caused seeking for some cryptic traits such as
sclerenchymatous tissue structure, as seen in a cross
section of tiller leaves (Tzvelev 1976, Cope 1982, Aiken and
Consaul 1995, Shu & al. 2006). Application of leaf anatomical
characters as taxonomic features to supplement the limited
morphological characters in the genus Festuca L. originally
was presented by Hackel (1882) and has been used
extensively since then (Aiken & al., 1985).

Hackel (1882) divided the European fescues into six
sections based on characters associated with leaf
vernation, the leaf-sheath, auricles, spikelets and floral
bracts (lemma and palea), presence or absence of ovary
pubescence, insertion of styles, adherence of caryopsis to
palea, and hilum length. Hackel (1882) also separated
infrasectional groups (series) based on the type of shoot
innovation and established the anatomical analyses of leaf
cross sections as an useful approach to identify species
and infraspecific taxa and is for the first time anatomical
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characters of the transverse section of tiller leaf-blades
were taken into consideration, in addition to the traditional
morphological characters. The Hackelian system of
classification of Festuca L. were broadly accepted by later
festucologists (Piper 1906; Krechetovich and Bobrov 1934;
Tzvelev 1971; Alexeev 1977, 1978, 1980, 1981, 1986) who
further divided the genus into several subgenera and
sections. Hackel (1882) was followed by Saint-Yves (1927),
who constructed a key and provided many black diagrams
of transverse section of leaf-blades for different taxa
belonging to the subgenus Festuca of the old world which
was used by the later authors in important Floras such as
“Flora Europaea” by Markgraf-Dannenberg in 1980. Alexeev
(1978, 1980) using black diagrams of leaf cross section for
some Festuca L. species of Indian region, reported eight
new species. The study of leaf anatomical features aims in
the clarification of the taxonomic complexities among the
species of Festuca L.

Methods

The study is based on material from our own collections
and from the herbaria CAL (The Central National Herbarium,
Botanical Survey of India, Howrah, West Bengal), BSHC
(The Herbarium, Botanical Survey of India, Sikkim
Himalayan Circle, Gangtok, Sikkim), BSD (The Herbarium,
Botanical Survey of India, Northern Circle, Dehradun,
Uttarakhand), DD (The Herbarium, Forest Research
Institute, Dehradun, Uttarakhand), KASH (The Herbarium,
University of Kashmir, Jammu and Kashmir), ASSAM (The
Herbarium, Botanical Survey of India, Eastern Circle,
Shillong, Meghalaya), ARUN (The Herbarium, Botanical
Survey of India, Arunachal Field Station, Itanagar,
Arunachal Pradesh), MH (Herbarium, Botanical Survey of
India, Southern Circle, Coimbatore, Tamil Nadu).

Transverse sections of leaves were made, mounted on slide
using glycerine, covered with cover slip. A total number of
ten anatomical characters were mainly considered such as
leaf shape in cross section, leaf-blade diameter, number of
veins, number of adaxial groove/inner ridges, number of
vascular bundles, abaxial sclerenchyma distribution
(continuous/discontinuous/discrete), adaxial sclerenchyma
distribution (continuous/discontinuous/discrete), number of
abaxial sclerenchyma strand, adaxial surface and abaxial
surface pubescence (Alexeev, E.B. 1980).

Results
Descriptions of the investigated species:

Fine-Leaved Fescues

1. Festuca alaica Drobow in Trav. Mus. Bot. Acad. Petersb.
16: 134. 1916. (Fig. 1a)
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Leaf-blades 5-10 cm x 0.05-0.1 cm; setaceous, acute;
glaucous; abaxial surface glabrous, adaxial surface
scaberulous; green; conduplicate, margin involute,
glabrous; 5-7-nerved, mid-rib prominent, white; elliptic in
section; venation comprising of 5-7 vascular bundles, with
4-5 inner ridges, abaxial sub-epidermal sclerenchymatous
strands present in 3 narrow discrete bands, with sub-
epidermal sclerenchymatous strands free from veins,
adaxial sub-epidermal sclerenchymatous strands absent,
adaxial to abaxial sub-epidermal sclerenchymatous strands
absent.

2. Festuca bhutanica E.B.Alexeev in Byull. Moskovsk.
Obshch. Isp. Prir., Otd. Biol. 83(4): 117. 1978. (Fig. 1b)
Leaf-blades 2-9 cm x 0.1-0.3 cm; setaceous, acute; both
surfaces  glabrous; pale green-straw  coloured;
conduplicate, margin involute, glabrous; 5-nerved, mid-rib
prominent, white, raised adaxially; angular in section;
venation comprising of 5 vascular bundles, with 4 inner
ridges, abaxial sclerenchymatous strands present in 7
narrow discrete bands, with sub-epidermal
sclerenchymatous strands below and free from veins,
adaxial sub-epidermal sclerenchymatous strands absent,
adaxial to abaxial sub-epidermal sclerenchymatous strands
absent.

3. Festuca boriana E.B.Alexeev in Byull. Moskovsk.
Obshch. Isp. Prir., Otd. Biol. 83(4): 115. 1978. (Fig. 1c)
Leaf-blades 7-9 cm x 0.09-0.12 cm; setaceous, acute;
surface glabrous abaxially, puberulous adaxially;, green;
conduplicate, margin involute, puberulous; 5-nerved, mid-
rib prominent, nerves puberulous, green, nerves prominent
at back; angular in section; venation comprising of 5
vascular bundles, with 3-4 inner ridges, abaxial sub-
epidermal sclerenchymatous strands present in 7 narrow
discrete bands, some of them extended to the vascular
bundle, with sub-epidermal sclerenchymatous strands free
from veins, some are attached to veins below, adaxial sub-
epidermal sclerenchymatous strands absent, adaxial to
abaxial sub-epidermal sclerenchymatous strands absent.

4. Festuca chumbiensis E.B.Alexeev in Byull. Moskovsk.
Obshch. Isp. Prir., Otd. Biol. 83(4): 118. 1978. (Fig. 1d)

Leaf-blades 3-8 cm x 0.06-0.08 cm; setaceous, acute;
surface glabrous abaxially, glabrous-scaberulous adaxially;
green; conduplicate, margin involute, puberulous; 5-nerved,
mid-rib prominent, nerves puberulous, green, nerves
prominent at back; elliptic in section; venation with 7
vascular bundles, 4 inner ridges, 7 abaxial sub-epidermal
sclerenchymatous discrete strands that widened to form a
discontinuous sclerenchymatous sub-epidermal layer, with
sub-epidermal sclerenchymatous strands free from veins,
adaxial sub-epidermal sclerenchymatous strands absent,.
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Figure 1. Leaf anatomical sttudy. Diagrammatic representation of transverse section of leaves: a. Festuca alaica Drobow;
b. Festuca bhutanica E.B.Alexeev; c. Festuca boriana E.B.Alexeev; d. Festuca chumbiensis E.B. Alexxeev; e. Festuca
coelestis (St.-Yves) V.l.Krecz & Bobr.; f. Festuca cumminsii Stapf
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Figure 2. Leaf anatomical study. Diagrammatic representation of transverse section of leaves: a. Festuca hartmannii
(Markgr.-Dann) E.B.Alexeev; b. Festuca levingei Stapf; c. Festuca nitidula Stapf; d. Festuca ovina L.; e. Festuca pamirica
Tzvelev; f. Festuca parvigluma Steud.
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adaxial to abaxial sub-epidermal sclerenchymatous strands
absent

5. Festuca coelestis (St.-Yves) V.I.Krecz. & Bobr. in
Komarov, Fl. URSS 2: 514, 770. 1934. (Fig. 1e)

Leaf-blades 5-13 cm x 0.05-0.1 cm; setaceous, acute;
glaucous; both abaxial and adaxial surfaces glabrous;
green; conduplicate, margin involute, glabrous; 5-nerved,
mid-rib prominent, white; elliptic in section; venation
comprising of 5 vascular bundles, with 4 inner ridges,
abaxial sub-epidermal sclerenchymatous strands present in
3 narrow discrete bands, with sub-epidermal
sclerenchymatous strands free from veins, adaxial sub-
epidermal sclerenchymatous strands absent, adaxial to
abaxial sub-epidermal sclerenchymatous strands absent.

6. Festuca cumminsii Stapf in Hook. f., Fl. Brit. Ind. 7: 349.
1896. (Fig. 1f)

Leaf-blades 3-16 cm x 0.04-0.1 cm; setaceous, sub-acute;
abaxial surface glabrous, adaxial surface puberulous;
green; conduplicate, margin involute, puberulous; 5-nerved,
nerves puberulous, green, nerves prominent at back, mid-
rib prominent, venation with 5 secondary veins; elliptic in
section; venation with 5 vascular bundles, with 5 inner
ridges, abaxial sub-epidermal sclerenchymatous strands
present in 3 narrow discrete bands, with sub-epidermal
sclerenchymatous strands free from veins, adaxial sub-
epidermal sclerenchymatous strands absent, adaxial to
abaxial sub-epidermal sclerenchymatous strands absent.

1. Festuca hartmannii (Markgr.-Dann.) E.B.Alexeev in
Byull. Moskovsk. Obshch. Isp. Prir., Otd. Biol. 83(4): 121.
1978.  (Fig. 2a)

Leaf-blades 4-15 cm x 0.1-0.15 cm; setaceous, acute;
abaxial surface glabrous, adaxial surface puberulous;
green; conduplicate, margin involute, scabrous; 5-nerved,
mid-rib prominent, white, hairy; elliptic in section; venation
comprising of 5-7 vascular bundles, abaxial sub-epidermal
sclerenchymatous strands present in 3 narrow discrete
bands that widened to form a discontinuous sub-epidermal
sclerenchymatous layer, sometimes with continuous,
uniform sub-epidermal sclerenchymatous layer on the
underside, with sub-epidermal sclerenchymatous strands
free from veins, adaxial sclerenchymatous
sclerenchymatous strands absent, adaxial to abaxial
sclerenchymatous strands absent.

8. Festuca levingei Stapf in Hook. f., Fl. Brit. Ind. 7: 352.
1896. (Fig. 2b)

Leaf-blades 5-10 cm x 0.2-04 cm; setaceous, acute;
flaccid; surface glabrous abaxially, scabrous-puberulous
adaxially; green; conduplicate, margin involute, glabrous; 5-
nerved, mid-rib prominent, white; angular in section;
venation comprising of 5 vascular bundles, with 6 inner
ridges, abaxial sub-epidermal sclerenchymatous strands
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present in 7 narrow discrete bands, with sub-epidermal
sclerenchymatous strands free from veins, adaxial sub-
epidermal sclerenchymatous strands absent, adaxial to
abaxial sub-epidermal sclerenchymatous strands absent.

9. Festuca nitidula Stapf in Hook. f., Fl. Brit. Ind. 7: 350.
1896. (Fig. 2c)

Leaf-blades 10-20 cm x 0.1-0.2 cm; setaceous, acute;
surface glabrous abaxially, sometimes scabrous towards
the tip, scarcely pubescent adaxially; green; conduplicate,
margin involute, glabrous; striated; 5-7-nerved, mid-rib
prominent, white; angular in section; venation comprising of
4-6 vascular bundles, with 4-6 inner ridges, with 7-9
abaxial sub-epidermal sclerenchymatous strands and 4
adaxial sub-epidermal sclerenchymatous strands in narrow
discrete bands, with sub-epidermal sclerenchymatous
strands free from veins, adaxial to abaxial sub-epidermal

Leaf-blades 3-

sub-

Leaf-blades 5

strands present in 3 narrow discrete bands, with sub-

adaxial sub-epidermal sclerenchymatous strands absent,
adaxial to abaxial sub-epidermal sclerenchymatous strands
absent.

Leaf-blades 10-
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