H. KAUR, S. KUMARI, R.C. GUPTA

Department of Botany, Punjabi University, Patiala, 147 002 India
E-mail: harpreetsidhu75@gmail.com

CYTOMORPHOLOGICAL STUDIES IN
SOME MEMBERS OF TRIBE PANICEAE
(POACEAE) FROM DISTRICT KANGRA
OF HIMACHAL PRADESH (WESTERN
HIMALAYAS)

The present paper deals with cytological studies on
the population basis of 21 species belonging to 9 genera
of tribe Paniceae of family Poaceae from cytologically
unexplored area of Western Himalayas i.e. district
Kangra of Himachal Pradesh for the assessment of
genetic diversity of grass flora. On world-wide basis, the
chromosome counts have been made for the first time
for three species such as Brachiaria remota (n = 16),
Digitaria granularis (n = 36) and Isachne albens (n =
= 5). Similarly, on India basis, altogether new records
are made for two species such as Echinochloa crus-
pavonis (n = 27) and Paspalum distichum (2n = 50).
A comparison of the different euploid cytotypes studied
at present for Digitaria adscendens, D. setigera and
Oplismenus compositus revealed significant variations
in their morphology, depicting increase in some of the
characters of polyploid cytotypes. The course of meiosis
has been observed to be normal in all the studied
populations with high pollen fertility except for two species
such as Paspalum dilatatum and P. distichum marked
with abnormal meiosis and reduced pollen fertility.

© H. KAUR, S. KUMARI, R.C. GUPTA, 2013

40

Introduction. The members of tribe Paniceae
are annual or perennial herbs, rarely woody, with
inflorescence comprising of more or less similar
spikelets. It is one of the economically most im-
portant tribes of the family since many of its spe-
cies are good forage (Brachiaria ramosa, Digitaria
adscendens, Paspalidium flavidum) and grain crops
(Echinochloa crus-gallii, Urochloa panicoides). Cer-
tain species (Echinochloa crus-gallii) are known to
possess folk remedy for treating carbuncles, haem-
orrhages, sores, spleen trouble, cancer and wounds
[1]. Taxonomically, the Paniceae is one of the larg-
est and most complex tribes in the family Poaceae,
consisting of about 82 genera and 1460 species
[2] and 30 genera and 193 species recorded from
Indian sub-continent [3]. Cytologically, a signifi-
cant contribution to the tribe Paniceae has been
made by different researchers such as [4] from Tai-
wan and [5] from China along with contribution
of some Indian cytologists as [6] from South India,
[7] from Central & Eastern Himalayas. Significant
work in this direction for the Western Himalayan
grasses has been previously done but from other
distant places like Kashmir (Jammu & Kashmir)
[7—10]; Mussoorie (Uttrakhand) [11]; Nainital
(Uttrakhand) [12]; Shimla (Himachal Pradesh)
[10, 11, 13] and lower Shivalik hills (Punjab &
Haryana) [13, 14]. However, from district Kangra
(Himachal Pradesh) selected by us, not even a
single cytological report is available for the grasses.
It is noted from literature that different species
of the tribe are known to exhibit well marked in-
ter- and intraspecific chromosomal diversity both
at diploid and /or polyploid levels. To analyze the
cytomorphological diversity at population level,
the meiotic studies have been carried out in dif-
ferent grass species on the population basis from
newly marked area at present being cytologically
explored for the first time.

Materials and methods. In all the cytotypes,
variable characters were studied for each cytotype
to have proper insight of morphological variation.
For stomatal studies, mature leaves were treated
with 10 % aqueous solution of Potassium hydro-
xide (KOH) at room temperature for 10—15 min
and then epidermal peels were observed. Stomatal
size was measured using occulomicrometer.

For meiotic studies, young spikes were col-
lected on population basis from various localities
of district Kangra of Himachal Pradesh. Meiotic
studies were carried out through standard smear-
ing technique from young spikes fixed in Car-
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noy’s fixative. For the analysis of meiotic abnor-
malities, large numbers of PMCs were observed
for each type of anomaly. Pollen fertility was
estimated by mounting mature pollen grains in
glycerol-acetocarmine (1:1) mixture. Well-filled
pollen grains with stained nuclei were taken as
apparently fertile while shrivelled and unstained
pollen grains were counted as sterile. Pollen
grain size was measured using occulomicrometer.
Photomicrographs of pollen mother cells were
made from freshly prepared slides using Nikon
80i eclipse Digital Imaging System. Voucher
specimens are deposited in the Herbarium, De-
partment of Botany, Punjabi University, Patiala
(PUN).

Results. At present, detailed meiotic studies
have been carried out on 73 populations of 21
species belonging to 9 genera of tribe Paniceae.
The information about specific locality, altitude,
accession number, meiotic chromosome number,
figure number, ploidy level and course of meiosis
is given in Table 1. To assess the status of presently
worked out cytotypes, the results are checked in
light of total previous chromosomal reports avai-
lable from [15—17], various Journals and Proceed-
ing volumes. Further, for each species out of the
heavy lists of chromosome number data only a few
selected references are picked up just to stress on
those reports which show some significant chang-
es. Morphological comparison has been made for
3 species as shown in Table 2.

Alloteropsis cimicina (L.) Stapf. The presently
worked out populations are found to be com-
mon near waste places in the altitudinal range
of 500—700 m in district Kangra. The species is
characterized by absence of silky base of sheath;
spikelets usually green and upper lemma abruptly
and shortly aristate. The genus is based on x = 9.
Presently, this grass species with # = 18 is found to
be tetraploid in conformity with the earlier report
of 2n = 36 given by various researchers from India
and outside India. The other chromosome report
for the species, 2n = 30 likely to be aneuploid was
reported by [18] from Bihar (India).

Brachiaria ramosa (L.) Stapf. The species is
commonly known as browntop millet. As a leafy
grass, it has good fodder value. The presently
worked out populations are found at an altitudinal
range of 400—800 m in the damp and shady places.
The species is easily recognized by spikelets gla-
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brous and pubescent, pedicel and rachis with long
colorless hairs. On the basis of cumulative world-
wide literature, the genus is based on x = 6, 7, 8,
9 with 7 and 9 being dominating base numbers.
This species is reported to exhibit 2n = 14, 28,
32, 36, 42, 46, 72 chromosome numbers speaking
of existence of intraspecific polyploid cytotypes
(2x, 4x, 6x and 8x). However, in this species the
gametic number is noted to be n = 16 and based
on x = 8, it is at tetraploid level in conformity with
earlier such reports available from North-Western
and eastern parts of India only [7, 10, 14, 19].

B. remota (Retz.) Haines. The populations
worked out at present are found to be common
in shady places along roadsides in district Kangra
within altitudinal range of 500—800 m. The spe-
cies is characterized by culm weak, decumbent,
upto 60 cm tall, leaves linear and spikelets oblong
obtuse. In the presently worked out species, new
cytotype with n = 16 based on x = 8§ at tetraploid
level has been recorded on world-wide basis for
the first time. With the same base number, earlier
report of octoploid cytotype with 2n = 64 by [20]
from outside India and another cytotype based
on x = 9 at tetraploid level with 2n = 36 by [21]
from India are also available in literature.

Digitaria adscendens (H.B.K.) Henr. It is one
of the largest genera of the tribe Paniceae and this
species is very common all over the India. The
presently worked out populations are found to
be common along open fields between altitudes
of 500—1000 m in district Kangra. The species
is characterized by spikelets elliptic-lanceolate,
2.5—3 mm long and without spreading hairs. The
genus is based on x = 7, 8, 9, and 10 but 9 be-
ing highly common base number. For the stud-
ied species, two cytotypes occurring as hexaploid
with n = 27 and octoploid with » = 36, respec-
tively, are reported at present from four different
localities each. The species in India is already
known to have similar cytotype with 2n = 54 to
be quite common in Punjab plains and south In-
dia and from many parts of the world outside In-
dia. The cytotype with 2n = 72 was also previou-
sly reported mainly from different parts of north
India along with single report of [22] from Costa
Rican. The species also exhibits other cytotypes
with chromosome numbers as 2n = 18 as diploid
[23] from Taiwan and polyploids as 2n = 36,
60, 68, 70 mainly from India. Morphologically,
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Table 1

Information about area, locality, altitude, accession number, meiotic chromosome number reports, ploidy level
and meiotic course of different species of tribe Paniceae (Poaceae) from district Kangra of Himachal Pradesh
(Western Himalayas)

Accession numbers

Meiotic chromosome

Ploidy level/Meiotic

Taxa Locality, Altitude (m) (PUN) .number (n) course
(Figure number)

Alloteropsis cimicina Dehra, 650 55270 18 (Fig. 1) 4x/N *

(L.) Stapf Suliali, 500 55271 18 4x/N

Jwala Ji, 600 55731 18 4x/N

Brachiaria ramosa (L.) Bhanala, 800 55375 16 (Fig. 2) 4x/N

Stapf Suliali, 500 55376 16 4x/N

Nagrota Surian, 527 55380 16 4x/N

B. remota (Retz.) Sakri, 530 53576 16 (Fig. 3) 4x/N
Haines

Digitaria adscendens Dehra, 650 53519 27 (Fig. 4) 6x/N

(H.B.K.) Henr. Samloti, 600 55710 27 6x/N

Suliali, 500 55702 27 6x/N

Mataur, 650 55711 27 6x/N

Nagrota Surian, 527 52615 36 (Fig. 5) 8x/N

Banuri, 1350 55707 36 8x/N

Chhota Bhangal, 2000 55700 36 8x/N

Bara Gran, 3500 55704 36 8x/N

D. granularis (Trin.) Plachek, 2688 55701 36 (Fig. 6) 8x/N

Henr. Jwala Ji, 600 55708 36 8x/N

Majhera, 1550 55713 36 8x/N

Paprola, 1400 55714 36 8x/N

Samloti, 600 55715 36 8x/N

D. longiflora (Retz.) Pers. Dehra, 650 52628 9 (Fig. 7) 2x/N

Bhagsunaag, 1650 52643 9 2x/N

D. setigera Roth ex Nagrota Surian, 527 53583 27 (Fig. 8) 6x/N

Roem. & Schult. Sakri, 530 53584 27 6x/N

Ranital, 550 55709 27 6x/N

Dehra, 650 53587 27 6x/N

Bhanala, 800 55703 27 6x/N

Swad, 2800 53539 36 (Fig. 9) 8x/N

Chhota Bhangal, 2000 53555 36 8x/N

Bhagsunaag, 1650 53586 36 8x/N

Loharari, 2500 52629 36 8x/N

D. stricta Roth ex Bhanala, 800 55705 36 (Fig. 10) 8x/N

Roem. et Schult. Panchrukhi, 1300 55712 36 8x/N

D. violascens Link Dharamsala, 1600 53537 18 (Fig. 11) 4x/N

Bhagsunaag, 1650 53538 18 4x/N

Sakri, 530 53574 18 4x/N

Echinochloa colo- Suliali, 500 55273 27 (Fig. 12) 6x/N

num (L.) Link. Bhanala, 800 55274 27 6x/N

Dyot, 2800 55275 27 6x/N

Dehra, 650 55328 27 6x/N

Mataur, 650 55733 27 6x/N

E. crus-gallii (L.) P. Bhanala, 800 55282 27 (Fig. 13) 6x/N

Beauv. Ranehar, 850 55335 27 6x/N

Samloti, 600 55738 27 6x/N

Ranital, 550 55739 27 6x/N

Pohara, 800 55740 27 6x/N
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Continuation of table 1

Accession numbers

Meiotic chromosome

Ploidy level/Meiotic

Taxa Locality, Altitude (m) (PUN) pumber (n) course
(Figure number)
E. crus-pavonis Bhanala, 800 55272 27 (Fig. 14) 6x/N
(H.B.K.) Schult. Rehlu, 950 55732 27 6x/N
E. frumentacea Link Bada Gran, 3500 52634 27 (Fig. 15) 6x/N
Bhagsunaag, 1650 53592 27 6x/N
Isachne albens Trin.  Andretta, 1250 54740 5 (Fig. 16) 2x/N
Oplismenus burman- Ranehar, 850 52625 9 (Fig. 17) 2x/N
nii (Retz.) P. Beauv. Dharamsala, 1600 53533 9 2x/N
Paprola, 1400 55742 9 2x/N
O. compositus L. P.  Dharamsala, 1600 52623 27 (Fig. 18) 6x/N
Beauv. Bhagsunaag, 1650 53531 27 6x/N
Khaniara, 1750 53532 36 (Fig. 19) 8x/N
O. undulatifolius Chhota Bhangal, 2000 55295 27 (Fig. 20) 6x/N
(Ard.) P. Beauv. Majhera, 1550 55736 27 6x/N
Loharari, 2500 55737 27 6x/N
Paspalidium flavidum Suliali, 500 55298 27 (Fig. 21) 6x/N
(Retz.) A. Camus Palampur, 1563 55306 27 6x/N
Dehra, 650 55307 27 6x/N
Rajpura, 1300 55734 27 6x/N
Paspalum dilatatum  Chhota Bhangal, 2000 54751 30 (Fig. 23) 6x/ABN **
Poir. Bhanala, 800 54752 30 6x/ABN
Bada Gran, 3500 54770 30 6x/ABN
Patti, 890 54771 30 6x/ABN
Ranehar, 850 54778 30 6x/ABN
P. distichum L. Dharamsala, 1600 52630 2n = 50 (Fig. 24,25) 5x/ABN
Bhagsunaag, 1650 53540 2n =50 5x/ABN
Majhera, 1550 55741 2n =50 S5x/ABN
Urochloa panicoides  Dehra, 650 52632 24 (Fig. 22) 6x/ABN

P. Beauv.

* N = Normal Meiosis, **ABN = Abnormal Meiosis.

some significant differences are noted for some
characters of the presently worked out cytotypes
(Figs 34a-35b, Table 2).

D. granularis (Trin.) Henr. The species is
commonly known as crabgrass. The populations
worked out at present are found to be common in
open fields in district Kangra within altitudinal range
of 600—2700 m. It is easily recognized by leaves 7—
8 cm long, 3 mm broad, acute at tip and tip of the
pedicel somewhat thickened, without a rim of hairs.
The present chromosome count of # = 36 in the
species is the first ever record of an octoploid cyto-
type on world-wide basis against the previous reports
of only tetraploid cytotype with 2n = 36 that too
mainly from different parts of north India [14, 24]
except for one report [25] from Thailand.

D. longiflora (Retz.) Pers. The species is
commonly known as Indian crab grass. The pres-
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ently worked out populations are found to be
common along the roadsides and in the rice fields
within altitude range of 500—2000 m in district
Kangra. The species is characterized by culms
creeping and rooting at nodes and inflorescence
of 2—3 racemes upto 7 cm long. Cytologically
speaking, this grass is based on x =9 and with n =
= 9 is found to be at diploid level in conformity
with reports from India and outside India. The
other different cytotypes for the species with 2n =
= 36, 54 and 72 at 4x, 6x, and 8x levels along
with one report of possibly aneuploid cytotype,
2n = 34 are also reported in the literature but
mostly from outside India.

D. setigera Roth ex Roem. & Schult. The pres-
ently worked out populations are found along the
roadsides at an altitudinal range of 500—3000 m
in district Kangra. The species is characterized
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Table 2
Detailed morphological comparison of cytotypes of three different species of tribe Paniceae from district Kangra
of Himachal Pradesh (Western Himalayas)

Character Cytotype A (n = 27) Cytotype B (n = 36)

Digitaria adscendens

Plant height (cm) 32—-34 40—44

Number of internodes 4-5 5—6

Size of internode (cm) 3.5—4.5 5.2-6.0

Length of sheath (cm) 3.2-5.8 6.8—8.5

Length of lamina (cm) 4.0-5.5 8.0—8.5

Width of lamina (mm) 3-5 6—8

Hairyness of lamina Absent Present on both upper and

Type of Ligule

Hairs absent

lower sides
A fringe of hairs

Stomata Size (um) 32.24 x 21.27 41.79 x 25.78
Stomatal frequency on upper/lower surface of leaf 7.48 x 5.68 8.18 x 5.86
(mm?)
Stomatal index of upper/lower surface of leaf (um) 17.77 x 13.34 24.67 x 18.47
Length of spike (cm) 6.4—8.2 8.5—10
Length of spikelet (mm) 3.0-3.5 3.5-4.0
Lemma Size (mm) 2.8—3.0 3.8—4.0
Palea Size (mm) 1.6—1.9 2.2-2.8
Pollen Fertility (%) 98 92
Pollen Size (um) 30.53 x 28.02 39.57 x 38.52
D. setigera
Plant height (cm) 38—40 45—48
Number of internodes 4-5 78
Size of internode (cm) 7.2—8.0 10—12
Length of sheath (cm) 6.0—8.5 9.2—10
Length of lamina (cm) 7.2—8.3 10—11
Hairyness of lamina Present on lower side Absent
only
Stomata Size (pm) 29.28 x 20.93 44.54 x 28.18
Stomatal frequency on upper/lower surface of leaf 5.68 x 4.26 8.34 x 5.94
(mm?)
Stomatal index of upper/lower surface of leaf (um) 20.00 x 16.85 27.74 x 22.72
Length of spike (cm) 8.3-9.4 10—10.5
Length of spikelet (mm) 3.0—-3.5 3.5-4.0
Lemma Size (mm) 2.2—2.6 2.5-3.0
Palea Size (mm) 1.0-14 1.8—2.2
Pollen Fertility (%) 96 100
Pollen Size (um) 38.42 x 35.08 46.85 x 43.52
Oplismenus compositus
Plant height (cm) 34-36 50—56
Number of internodes 4-5 6—7
Size of internode (cm) 4.0—4.3 4.2—4.5
Length of sheath (cm) 4.5—4.7 5.5-5.8
Length of lamina (cm) 3.2—-7.5 9.5—12.0
Width of lamina (mm) 6.0—12.5 13.0—13.3
Stomata Size (um) 42.24 x 36.41 48.39 x 25.52

44

ISSN 0564—3783. Lumonoeus u eenemurxa. 2013. No 2



[ | Cytomorphological studies in some members of tribe Paniceae (Poaceae) [ |

Continuation of table 2

Character

Cytotype A (n = 27) Cytotype B (n = 36)

Stomatal frequency on upper/lower surface
of leaf (mm?)

Stomatal index of upper/lower surface

of leaf (um)

Length of awn (cm)

Length of spikelet (mm)
Length of Bristle (mm)
Lemma Size (mm)
Palea Size (mm)

Pollen Fertility (%)
Pollen Size (pm)

7.48 x 6.75 8.44 x 4.78
17.19 x 12.38 23.54 x 18.12
7.2—16.4 16.0—23.8
3.0 4.0

7.0—8.0 12.8—13.0
2.7 34

1.8 2.6

85 92

32.39 x 30.29 47.26 = 43.67

by racemes densely pubescent with or without a
few long white hairs and spikelets elliptic-acute.
Two cytotypes, one at hexaploid level with n =
= 27 in five populations and another at octoploid
level with n = 36 in four populations have been
cytologically investigated at present in confor-
mity with earlier many reports from India and
one report of 2n = 72 from Pakistan by [26].
Another cytotype at tetraploid level with 2n = 36
has also been earlier known from north India
by [27—29]. The cytotypes investigated at pres-
ent also differ for some morphological characters
(Figs 36a—37b, Table 2).

D. stricta Roth ex Roem. et Schult. The popu-
lations worked out at present are found to be
common along the roadsides in rocky crevices
within altitudinal range of 600—1500 m in dis-
trict Kangra. The grass has good fodder value.
The species is characterized by culm erect; tip of
the pedicel cupuliform with hairs on the rim and
distinct upper glume. The gametic chromosome
number for the species is reported to be n = 36 at
octoploid level in conformity with single earlier
report by [30] from north India. Previously, two
reports of diploid cytotype with 2n = 18 [31, 32]
and polyploid cytotypes with 2n = 36 (4x) and
2n = 54 (6x) are known, that too mainly from India.

D. violascens Link. The populations worked
out at present are found to be common in shady
moist places along the roadsides between altitudes
of 800—2000 m in district Kangra. The species is
characterized by culms erect and inflorescence
of 2—6 racemes, 4—10 cm long. Cytologically
speaking, this grass with n» = 18 is found to be
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tetraploid in conformity with the earlier report of
2n = 36 reported from India and outside India
along with single diploid report of 2n = 18 from
India by [7, 33].

Echinochloa colonum (L.) Link. The species is
commonly known as Jungle rice or Shama millet,
is a common weed of rice fields and moist habi-
tats. The species has good fodder value, grains are
eaten by poorer people. The presently worked out
populations are commonly found in damp rich
soils in district Kangra within altitudinal range
of 500—3000 m. The species is characterized by
spikes distant; spikelets more or less hairy and
lower lemma and upper glume equally acute,
not awned. Cytologically, the genus is based on
x=17,8,9, 10 with 9 remaining to be dominant
base number. This species is reported to exhibit
n = 27 at hexaploid level in conformity with bulk
of previous reports from different parts of the
world. The other chromosome numbers 2n = 24,
32, 36, 48, 52, 54, 56, 72, 96 and 108 showing
intraspecific polyploid and aneuploid cytotypes
ranging from 3x to 12x levels are previously
known but mainly from different parts of India.

E. crus-galli (L.) P. Beauv. The species com-
monly known as barnyard grass is a troublesome
weed in the temperate countries. However due to
its lush nature, acts as valuable forage plant. The
populations worked out at present are commonly
found in various moist habitats. The species is
characterized by panicle erect, rather stiff; lower
lemma and upper glume acuminate and lower
lemma shortly awned. The species is reported
to be hexaploid with » = 27 in conformity with
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Fig. 1-22. 1 — Alloteropsis cimicina (n = 18), PMC at diakinesis;
2 — Brachiaria ramosa (n = 16), PMC at metaphase-I; 3 —
B. remota (n = 16), PMC at metaphase-1; 4 — Digitaria ads-
cendens (n = 27), PMC at metaphase-1; 5 — D. adscen-
dens (n = 36), PMC at metaphase-1; 6 — D. granularis (n =
= 36), PMC at metaphase-1; 7 — D. longiflora (n = 9), PMC
at diakinesis; & — D. setigera (n = 27), PMC at metaphase-I;
9 — D. setigera (n = 36), PMC at metaphase-I; 10 —
D. stricta (n = 36), PMC at anaphase-1; 11 — D. violascens (n = 18), PMC at metaphase-I; 12 — Echinochloa co-
lonum (n = 27), PMC at metaphase-1; 13 — E. crus-gallii (n = 27), PMC at diakinesis; 14 — E. crus-pavonis (n =
= 27), PMC at metaphase-1; 15 — E. frumentacea (n = 27), PMC at anaphase-1; 16 — Isachne albens (n = 5),
PMC at metaphase-I; 17 — Oplismenus burmannii (n = 9), PMC at metaphase-1I; 1§ — O. compositus (n = 27),
PMC at metaphase-1; 19 — O. compositus (n = 36), PMC at metaphase-1; 20 — O. undulatifolius (n = 27), PMC
at metaphase-1I; 21 — Paspalidium flavidum (n = 27), PMC at diakinesis; 22 — Urochloa panicoides (n = 24), PMC
at metaphase-I. Scale — 10 um
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previous reports reported from India and outside
India by various workers. The other chromosome
number reports as 2n = 18, 36, 42, 48, 50 at 2x,
4x, 6x levels are available in literature as multiple
references from India as well as outside India.
However, single reports are available for certain
polyploid cytotypes as 2n = 38 [34]; 2n = 56
[35]; 2n = 72 [36]; 2n = 90 [26] from outside
India only.

E. crus-pavonis (H.B.K.) Schult. The popu-
lations worked out at present have been found
near water places in district Kangra within the
altitudinal range of 500—1000 m. The species is
characterized by panicle dense with numerous
racemes and very crowded spikelets 2.5—3 mm
long and usually awned. The present chromo-
some count of n = 27 in the species is a new
record of a hexaploid cytotype on India basis
against the previous report of [37] from east Afri-
ca. The other chromosome numbers as 2n = 18
as 2x [38] and 2n = 36 as 4x [39—42] are also
known from outside India.

E. frumentacea Link. The presently worked
out populations are commonly found in the wet
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Fig. 23—33. 23 — Paspalum dilatatum (n = 30), PMC at metaphase-I; 24 — P. distichum
(n = 2011+10I), PMC at metaphase-I; 25 — P. distichum (2n = 50), PMC at anaphase-I;
Fig. 26—30. Paspalum dilatatum (26 — PMC at metaphase-1 showing the unoriented
bivalents; 27 — PMCs at metaphase-I showing chromatin transfer; 286 — PMC showing
laggards at A-1; 29 — PMC showing laggards at T-I; 30 — PMC showing chromatin bridge
and a laggard at telophase-I). Fig. 31—33. P. distichum (31 — PMC showing laggards
at late telophase-I; 32 — diads with 6—7 micronuclei; 33 — tetrad with micronuclei).

Scale = 10 pm

and moist open fields of district Kangra. The spe-
cies is characterized by tall and robust nature;
spikelets densely crowded and ligules entirely ab-
sent. Cytologically speaking, based on x = 9 this
species with » = 27 is found to be at hexaploid
level in conformity with various previous reports
available from India and outside India. The other
different cytotypes for the species based on x =
=7,2n =56 at 8x [43]; x =8, 2n = 48 at 6x [44]
and x = 9, 2n = 36 at 4x [45] are also reported
in the literature suggesting polybasic nature of the
species.

Isachne albens Trin. The presently worked
out populations are commonly found as a weed
in wheat fields. The species is characterized by
sheaths smooth; stiff leaves; panicle with many
spikelets and white florets. The genus is based on
x = 5. The present chromosome count of n = 5
in the species is the first ever record of a diploid
cytotype on world-wide basis against few reports
as 2n = 40 at octoploid level [33, 46] from West-
ern Himalayas and Punjab plains, respectively.

Oplismenus burmanii (Retz.) P. Beauv. The
presently worked out populations are commonly
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39

Fig. 34—40. 34—35 — Digitaria adscendens
(Fig. 34. Plant morphology: 34a — hexa-
ploid cytotype, 34b — octoploid cytoty-
pe 1. Fig. 35. Stomata: 35a — 6x, 35 —
8x). Fig. 36—37 — D. setigera (Fig. 36.

Plant morphology, 36a — hexaploid cy-

totype, 36b — octoploid cytotype. Fig. 37. Stomata: 37a — 6x, 37b — 8x). Fig. 38—40. Oplismenus compositus
(Fig. 38. Plant morphology: 38a — hexaploid cytotype, 38h — octoploid cytotype. Fig. 39. Spikelets — 6x (Right)
and 8x (Left). Fig. 40. Stomata: 40a — 6x, 40b — 8x)

found on rocks along roadsides between the alti-
tudinal range of 800—1500 m in district Kangra.
The species is characterized by awns pale, bar-
bellate, capillary and flexuous. Cytologically, the
genus is dibasic with x = 9 and 10 but 9 remains
predominant base number. This species is found
to be at diploid level with » = 9 in conformity
with many earlier reports from India and out-
side India. Another diploid cytotype based on x =
= 10 with 2n = 20 is reported by [47] from Africa
and [48] from Pachmari hills along with different
polyploid and aneuploid cytotypes known with
2n = 36, 40, 44, 54 and 72 exhibiting 4x to 8x
levels from different parts of the world.

0. compositus L. P. Beauv. The species is
commonly known as running mountain grass and
is used as an excellent fodder grass. The presently
worked out populations are commonly found to

50

be growing gregariously in open shady places of
district Kangra. The species is characterized by
inflorescence of racemes of spikelets alternate
along a long or short rachis and awns reddish,
smooth, viscid, stiff. Based on x = 9, this spe-
cies is worked out in the form two cytotypes, one
with n = 27 at hexaploid level in conformity with
various previous reports available mainly from
India including single report [25] from Thailand
and another one, with n = 36 at octoploid level
previously also known from different parts of the
world. The other cytotypes, 2n = 18 (2x) based
on x = 9 and 2n = 40 (4x) based on x = 10
are also reported in the literature. A single re-
port of presence of quite high frequency of B
chromosomes as 2n = 54+6—13B at hexaploid
level is also known from earlier reports by [7]
from Central and Eastern Himalayas. The cyto-
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types investigated at present also show some of
the significant morphological differences (Figs
38a—40b, Table 2).

O. undulatifolius (Ard.) P. Beauv. The species
is commonly known as wavyleaf basket grass.
The presently worked out populations are com-
monly found on the foot of rocks along roadsides
in district Kangra. The species is characterized
by inflorescence of groups of fascicled spikelets
alternate along the axis. This species with n =
= 27 is also based on x = 9 and is found to
be at hexaploid level in conformity with various
reports from India and outside India. However,
diploid cytotype with lower chromosome number
2n = 12 is also known for the species in literature
by [49] from Shandong. Another single report
of presence of 2B-chromosomes in hexaploid
cytotype is reported by [28] from east India.

Paspalidium flavidum (Retz.) A. Camus. The
species commonly called yellow watercrown grass
is found mostly in moist and shady places of the
plains and hilly areas of district Kangra. The spe-
cies is characterized by spikes shorter than the
internodes and upper glume not as long as upper
lemma. Cytologically, the genus is based on x =
= 8 and 9 with later being more common. The
presently worked out species is noted to have n =
=27 athexaploidlevel in conformity with the earlier
reports, that too mostly from India. The species
also exhibits diploid and tetraploid chromosome
numbers as 2n = 18, 36 from India and outside
India along with aneuploids at polyploid level 2n =
= 44 [34] and 2n = 56 [32, 50] only from India.

Paspalum dilatatum Poir. The species is com-
monly known as dallisgrass, used as a good pas-
ture grass. The populations worked out at present
have been found near water places in district Kan-
gra within the altitudinal range of 800—3500 m.
The species is generally characterized by its tuft-
ed and perennial habit; geniculate stem at the
base; 3—5 racemes and dull-green or purplish
spikelets. Cytologically, the genus is based on
x =17,8,9 and 10 with the last number being
most common base number. This species is also
based on x = 10 and is found to be at hexaploid
level with » = 30 in conformity with majority
of reports available from outside India plus two
reports from north India by [27] and south In-
dia by [6]. The other polyploid cytotypes with
2n = 40, 50 are also previously known for the

ISSN 0564—3783. Humonoeus u eenemurxa. 2013. No 2

species but mainly from outside India except for
the single report for hexaploid cytotype with 2n =
= 54 by [51] from India. The meiotic course in all
the populations is found to be abnormal with the
presence of various abnormalities in the form of
cytomixis, chromatin stickiness, unoriented biva-
lents, inter-bivalent connections, bridges and lag-
gards at different stages of meiosis (Figs 26—30).
These abnormalities result into the formation of
anomalous microsporogenesis and heterogenous
sized pollen grains.

P. distichum L. The species is commonly
known as knot grass. The presently worked out
populations are found to be common near water
places within the altitude range of 1000—2000 m
in district Kangra. The species is characterized
by its aquatic habitat with rhizomes and long
creeping stolons; erect culm and elliptic spike-
lets, twice as long as broad. The slender rhizomes
of the species form loose mats and act as a soil-
binder on the banks of the stream. The present
chromosome count of 2n = 50 represents a new
cytotype for India and is in agreement with the
previous report of 2n = 50 by [52] from outside
India. The other chromosome numbers as 2n =
=20 (2x), 40 (4x), 120 (12x) representing euploid
levels plus some aneuploid types at polyploid le-
vel (2n = 52, 54, 57, 58) are known from outside
India along with few reports as 2n = 48 (6x), 60
(6x) from India and outside India both plus one
stray report of aneuploid cytotype at 6x level as
2n = 61 [53, 54] from Kashmir in India only.
All the populations studied at present show the
abnormal meiotic behaviour with the presence of
6—10 univalents at diakinesis and M-I; bridges
and laggards at anaphases and telophases and
abnormal microsporogenesis showing diads with
6—7 micronuclei being quite common (Figs 31—
33). The phenomenon of cytomixis is also present
but in low frequency (8 %). All these meiotic
irregularities result into heterogenous sized pollen
grains and reduced pollen fertility (54 %).

Urochloa panicoides P. Beauv. The species is
commonly known as liverseed grass. The presently
worked out populations are found to be common
near shady and moist places in district Kangra.
The species is characterized by lower glume less
than half the length of the spikelet, without a
fringe of bristles and glabrous. The genus is based
onx =17,8,9, 10 with x = 7 remaining to be
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most common number. But species worked out
at present shows » = 24 and based on x = 8 is
found to be at hexaploid level in conformity with
the earlier reports of 2n = 48 reported by various
workers mostly from India except one report by
[55] from outside India. The other chromosome
numbers as 2n = 30 at 3x [56] and 2n = 42 at 6x
level [57] are also reported in the literature from
different parts of the world from outside India
whereas 2n = 32 at 4x [6]; 2n = 46 [58]; 2n =
54 [29] and 2n = 60 at 6x levels [32] are known
from India.

Discussion. It is pertinent to assess the fre-
quency of cytologically worked out species of
each genus studied at present before analyzing
the chromosomal data accumulated from previ-
ous and present observations. The frequency of
cytologically worked out species is available on
world-wide and India basis as: 30 % and 50 %
for Alloteropsis, 86 % and 80.95 % for Brachiaria,
20.78 % and 96.55 % for Digitaria, 100 % and
85.71 % for Echinochloa, 26.66 % and 24 % for
Isachne, 40 % and 50 % for Oplismenus, 35 %
and 100 % for Paspalidium, 73.6 % and 100 %
for Paspalum and 56 % and 100 % for Urochloa,
respectively (Table 3, column II). In the spe-
cies worked out at present, the chromosome
numbers are noted as low as n = 5 (1 species),
n =9 (2 species), n = 16 (2 species), n = 18
(2 species), n = 24 (1 species), n = 25 (1 species),
n =27 (9 species), n = 30 (1 species) and as high
as n = 36 (5 species). Out of these 21 species,
Brachiaria remota (n = 16), Digitaria granularis
(n = 36) and Isachne albens (n = 5) are added
as new cytotypes on the world-wide basis and
Echinochloa crus-pavonis (n = 27) and Paspalum
distichum (2n = 50) are pooled on India basis.
The other sixteen species conforms to the earlier
chromosomal reports in the literature.

It is noted that base numbers proposed by dif-
ferent workers for the tribe on the world-wide
basis are: [59] as x =7, 9, 10, 12, 15, 17, 19; [3]
asx=7,9,10, 15,17, 19; [60] asx= 5,7, 8, 9,
10, 17, 19, and [61] as x = 5,6, 7, 8, 9, 10, 12,
15, 17, 19. Otherwise, x = 7, 8, 9 and 10 are ac-
cepted as common base numbers by majority of
the cytologists for this tribe [6, 28, 62]. Amongst
these, base numbers x = 9 is found to be the most
common in occurance as evident from 79 % [63]
and 70 % [28] species of the tribe followed by x =

52

= 10 and x = 7. For the presently worked out
genera on the world-wide basis and on India ba-
sis, the base numbers are x =5, 6, 7, 8,9, 10. On
the basis of present chromosome number reports
for the species investigated here, x = 9 seems to
be the common base number (71.42 %) followed
by x = 8 (14.29 %). The other basic numbers x =
10 (9.52 %) and x =5 (4.76 %) are comparatively
low in frequency. Polyploidy is very widespread
in grasses and has played an important role in
their evolution as seen from ploidy level of these
nine genera with variation exhibited from 2x to
28x level on the world-wide basis and 2x to 14x
on India basis (Table 3, column VII). In the
presently studied populations, the same explana-
tion holds true, i.e. the polyploidy remaining to
be the chief mode of survival i.e. 8.2 % diploids
against 91.8 % polyploids in occurance.

A perusal of literature pertaining to these nine
genera brings to light a high degree of chromo-
some number variation at inter- and intraspecific
level representing the role of hybridization and
polyploidization leading to well marked diversity.
Based on specific previous and present informa-
tion about chromosome numbers, the examples
are known of the species belonging to these gene-
ra exhibiting intraspecific chromosome number
variation in the form of diploid and /or polyploid
cytotypes based either on single base number, e.g.
x = 5 (6 species of Isachne), x = 7 (2 species
of Urochloa), x = 8 (Brachiaria kurzii, Paspalum
punctatum), x = 9 (Alloteropsis semialata, 12 spe-
cies of Brachiaria, 32 species of Digitaria, 5 spe-
cies of Echinochloa, 2 species of Oplismenus, 2
species of Paspalidium, Paspalum paspalodes) or
two base numbers, e.g. x = 7, 8 (Brachiaria setig-
era), x = 7,9 (2 species of Brachiaria), x = 8, 9
(2 species of Echinochloa, Paspalidium flavidum),
x = 9,10 (Brachiaria decumbens, Digitaria ascen-
dens, 2 species of Oplismenus, Paspalum dilata-
tum) or even three base numbers, e.g. x = §, 9,
10 (Echinochloa crus-gallii, Urochloa panicoides).
The number of species showing aneuploid varia-
tions both at diploid and /or polyploid level also
exist as noted in case of certain genera (Table 3,
column XI) e.g. Alloteropsis cimicina, 13 species
of Brachiaria, 15 species of Digitaria, 3 species of
Echinochloa, 3 species of Oplismenus, Paspalidi-
um flavidum, 14 species of Paspalum and 3 spe-
cies of Urochloa.
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The morphological comparison of different
hexaploid (n = 27) and octoploid (n = 36) cyto-
types of the three species, Digitaria adscendens,
D. setigera and Oplismenus compositus show some
marked increase in some macro- (size of plant;
leaves and inflorescence) and microcharacters
(stomatal size; size of PMCs and size of pollen
grains) with the increase in the level of ploidy.

Regarding the meiotic behavior, most of the
species show normal meiosis with high pollen
fertility. However, two species of Paspalum such
as P. dilatatum and P. distichum are meiotically
found to be very irregular. The irregularities con-
sist of the occurrence of univalents at high fre-
quency and abnormal meiotic course. Polyploi-
dy, meiotic irregularity and probably apomixis
are frequent in the predominantly tropical genus
Paspalum [64]. The phenomenon of cytomixis
and chromatin stickiness are considered to be the
result of some genetic [65—67] and environmen-
tal factors [68] as well as genomic-environmental
interaction [69, 70]. It seems to be applicable
to the presently studied populations. Chromatin
transfer, desynapsis and various other meiotic ir-
regularities seems to be the possible mechanisms
responsible for the formation of heterogenous
sized pollen grains and low pollen fertility.

The authors are grateful to the University Grants
Commission, New Delhi for providing financial as-
sistance under the DRS SAP III and FIST of DST
as well as fellowship provided to H.K. under Mau-
lana Azad National Fellowship Scheme. We are
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ra Dun for the help in the identification of the plant
species.
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LIMTOMOP®OJIOTMYECKOE U3YUEHUE
HEKOTOPBIX TTPEJICTABUTEJIEN TPUBBI
PANICEAE (POACEAE) PAMOHA KANGRA
[LITATA HIMACHAL PRADESH
(3ATIAZTHBIE TUMAJIAM)

TIpoBeneHO LMTONOTMYECKOe MCCIIeIOBAaHUE TOIY-
Jsiumy 13 21 Buma, MpUHaAmIeXammx K 9 pogam TprObI
Paniceae cemeiictBa Poaceae u3 1MTONOTMYECKU HeE
M3y4eHHBIX obOiacreil 3amamHbix ['mmanaeB (paiioH
Kangra mrrara Himachal Pradesh) mist onpeneneHus re-
HETUYECKOTO pa3HooOpasus 31akoB. B mMmpoBom mac-
mTabe BIEepBBIE OCYIIECTBICHBI MOICYETHl XPOMOCOM

ISSN 0564—3783. Humosnoeus u eenemuxa. 2013. No 2

ISl TpeX BUIOB — Brachiaria remota (n = 16), Digi-
taria granularis (n = 36) u Isachne albens (n = 5).
AHajormyHo, B MacimTtabe WMHOUM HOBBIE IaHHBIE
MOJIyYeHbl U1 ABYX BUIOB — Echinochloa crus-pavonis
(n = 27) u Paspalum distichum (2n = 50). CpaBHeHUE
Pa3IMYHBIX SYTJIOUWAHBIX HUTOTUTIOB Digitaria adscen-
dens, D. setigera v Oplismenus compositus Tmokaszajuo
3HAYUTEbHYI0 U3MEHYMBOCTh UX MOpdoJIor1uu, oTpa-
JKAIOUIYI0 YBEJMYEHUE HEKOTOPBIX MPU3HAKOB TOJIM-
TUIOMIHBIX LIUTOTUIOB. M3yyeHue xoma Meilosa 1o-
3BOJIWJIO YCTAHOBUThb, 4YTO OH TIPOMCXOAUI HOp-
MaJIbHO BO BCEX TOITYJISILUSIX C BBICOKOW (hepTUIbHOC-
THIO TIbUIBLIBI, KpoMe Paspalum dilatatum w P. disti-
chum, KOTOpbIE OTJNYATUCh AHOMAJIbHBIMU Meiio3amMu
U CHUKEHHOU (hepTUIbHOCTHIO MbLIbLIbI.

H. Kaur, S. Kumari, R.C. Gupta

HUTOMOPDOJIOTTYHE BUBYEHHA JEAKHWX
IMMPEACTABHUKIB TPUBU PANICEAE
(POACEAE) PAIOHY KANGRA HITATY
HIMACHAL PRADESH
(BAXIZITHI TIMAJIAT)

[TpoBeneHO LMTOJIOTIYHE MOCITIIKEHHST TIOTYJISIil
3 21 Buay, 10 HayiexaTh 10 9 pomiB TpuObu Paniceae
cimeiictBa Poaceae 3 1IIMTOJIOTIYHO HE BHUBUYEHUX OO-
nacreit 3aximHux [imanaiB (paitoH Kangra iraty
Himachal Pradesh) njist BuU3HaueHHsSI TEHETUYHOI Pi3-
HOMAHITHOCTI 3J1aKiB. Y CBIiTOBOMY MacuITabi BIIep-
1Ie 3AiCHEHO MipaxyHKW XPOMOCOM JUISI TPhOX BU-
niB — Brachiaria remota (n = 16), Digitaria granularis
(n = 36) i Isachne albens (n = 5). AHajoriuHo, B
MaciuTadi IHmii HOBi JaHi oTpMMaHi IJ19 ABOX BUIIB —
Echinochloa crus-pavonis (n = 27) i Paspalum distichum
(2n = 50). IlopiBHSIHHSI Pi3HMX EYIUIOITHUX LIUTOTUIIIB
Digitaria adscendens, D. setigera i Oplismenus compositus
MOKa3aJI0 3HAYHy MIHJIMBICTH iXHBOI MOp(OJIOTii, IO
BimoOpakae 30iIbIIEHHS AKX O3HAaK IOJIUIOi-
HUX LUTOTWUINB. BuBUYeHHS Xomy MeHo3y TO3BOJIMIIO
BCTAaHOBUTH, 110 BiH BigOyBaBCSI HOPMaJIbHO B YCiX
MOMYJISILISIX 3 BUCOKOIW (DEPTWIBHICTIO MUJIKY, KpiM
Paspalum dilatatum i P. distichum, saxi Bin3Haua-
JINCh aHOMAJIBHUMM Meio3aMM Ta 3HUXEHOW dep-
TWIBHICTIO TTHJIKY.
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