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MORPHOLOGICAL AND CYTOLOGIC CATL
CONSIDERATIONS

Morphological description based on different populations
for each species is given, This is done with a view to compare

them, to know the intra- and interspecific variations.

The commonly observed somatic chromosome numbers are

2n = 16 in Indigofera and Alysicarpus and 2n = 22 in Desmodium

and Dendrolobium., The detailed karyomorphological study of

different populations of the species of the above mentioned
genera has been made, The measurements of somatic chromosomes

are presented in separate tables,

In the present investigation, the chromosomes are
classified based on their length and position of centromere,
This is done with a view to describe the'karyotype and to
represent the same by karyotypic formulae, This would also
help in better understanding of karyotypes of the taxa analysed
and their relationships at intraspecific, interspecific as well
as at intergeneric levels. The uniform categorization adopted

in the present work is as follows :
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Types
1, Long chromosomes - 4 P,to 6 F,in length
1.1 with nearly median centromere .......... A
1.2 with nearly submedian centromere ....... B

2. Medium chromosomes - 2 P,to less than 4 F,in length

2.1 with median centromere ........ cesessaas C
2.2 with nearly median centromere ........ .. - D
2.3 with submedian centromere .......ce00.. . E
2.4 with nearly submedian centromere ....... ' F

3. Short chromosomes 1 H,to less than 2 P in length

3.1 wifhynearly median centromere ....eeeves G
3.2 with nearly submedian centromere ....... H.
Superscript

S - denotes satellites,
1
S - denotes secondary constrictions on long arms.

"w
S - denotes secondary constriction on short arms.

Indigofera Linn,

The genus Indigofera-belonging to the tribe Indigoferae,
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with about 800 species is widely distributed in tropics of
the new and old worlds (Hutchinson, 1967). However, disjunct
areas of distribution.in north and south of the equator are

reported by Gillett (1958).

The genus includes certain species, which contain indigo,
from which it had obtained its name. The indigo has been known
from very ancient times, since it is provéd have to been used
for staining mummy clothes found in Egyptian tombs. There are
several other economic uses of the genus such as medicine,
poison, fodder, cover crops, green manures and also as food.

(Gillett, 1958).

The genus Indigofera was established by Linnaeus in 1837,
Subsequently Baker (1876), Craib (1903), Gillett (1958), Ali

(1958) and others have studied the genus in greater details.

Baker (1876) in 'Flora of British India' has divided the

genus into 4 subgenera viz. Acanthonotus, Sphaeridiophora,

Euindigofera and Amecarpus. The subgenus Euindigofera is

subdivided into 6 groups viz. Simplicifoliae, Sessiliflorae,
Digitate, Disstiflorae, Tinctoriae and Paniculatae. Totally
40 species are included in the above mentioned groupings.

Gillett (1958) based on extensive survey (278 species) of the



Table 2a. Changes of the systems of the genus Indigofera Linn,

BAKER (1876)

GILLETT (1958)

INDIGOFERA

Subéeh.

Subgen,

Subgen.
Group
Group
Group
Group
Group
?1.
?1I.

7III.

Group
Subgen.,

Acanthonotus
Sphaeridiophora
Euindigofera
Simplicifoliae
Sessiliflorae
Digitatae
Dissitiflorae
Tinctoriae
Leaflets 3~5
Leaflets many,opposite
flowers small
Leaflets many,opposite
flowers large

Paniculatae
Amec arpus

INDIGOFERA
Subgen. Acanthonotus
Subgen.
Sect.
Sect.
Subgen.,
" Sect.
Sect., Paniculatae
Subsect,
Subsect. Trichopodae
Sect. Indigofera
Subsect., Juncifoliae
Subsect.
Subsect.
Subsect.
Subsect.
Subsect,
Subsect.
Subsect.
Subsect.
Subsect.
Subsect,
Subsect,
Subsect,
Subsect.
Subsect,
Subsect.
Subsect.
Subgen., Indigastrum

Amecarpus
Amecarpus
Demissae
Indigofera
Latestipulatae

Paniculatae

Brevi~erectae
Anomal ae
Dissitiflorae
Spinosae
Brevi-patentes
Pilosae
Viscosae
Centrae
Atratae
Psiloceratiae
Geanthae
Tinctoriae
Hirsutae
Microcarpae
Alternifoliae

Subgen. Microcharis

Simplices-reflexae
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genus from Tropical Africa, has dlassifiedlit into 5 sub~-

genera viz, Acanthonotus, Amecarpus, Indigofera, Indigastrum

and Microcharis. The sybgenera Amecarpus and Indigofera are
subdivided into 2 and 3 sgctions respectively. Tﬁe last '
section i.e. Indigofera is further subdivided into 19 sub-
sections. The changes in’the treatment of the genus are

summarised in the table 2a.

The genus is characterised by herbs, shrubs or subéh:ubé,
mére or less clothed with adpressed medifixed hairs, sometimes
mixed with other indumentum. Leaves)i&paripinnate or pinnately
or digitately trifoliate, sometimes l-foliolate or simple;
stiﬁules often small and setaceous, very shortly adnate to
petiole; leaflets entire, sometimes stipellate, Inflorescence
axillary or terminal raceme. Flowers pediﬁellate or sessile
in the axil of 'a caducous bract. Calyx minute, lobes subequal
or the lowest longer, Corolla rose or purple; vexillum ovate
or orbicular, sessile or clawed, often persisting for long
time; wings oblohg, slightly covering witﬁ the keel, keel
erect, obtuse or acuminéte, often spurred near the base,
'Stamens diadelphous, anthers uniform, apicula&e. Ovary sessile
or nearly so, ovules numerous to 1 or 23 style‘glabrous;
stigma capitate, often penicillate, Pod linear to globose,

rarely terate, 4-3 sided or flattened, septate within and
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between seeds, Seeds globose to cylindric and truncate,

compressed or quadrate, estrophiolate.

Different species investigated presently are arranged

following the classification of Gillett (1958).

Genus : Indigofera Linn.

Subgenus : Acanthonotus (Benth,) Benth. & Hook. f.

Subgenus : Amecarpus Benth. ex Harvey
Section : Amecarpus

I. hochstetteri Bak.

Section : Demissae Gillett -~
Subgenus : Indigofera

Section : Latestipulatae (Bak. f.) Gillett -

Section : Paniculatae {Bak.) Gillett -

Section : Indigofera Gillett -

Subsection ¢ Juncifoliae Harvery - -

Subsection : Brevi-erectae Gillett

I, linifolia Linn. f.
I. linifolia Linn. f. var.campbelli Wight
I. cordifolia Heyne. ex Roth.

I. linnaei Ali.

——



Subsection

Subsection

: Anomalae Gillett -

i Dissitiflorae (Bak.) Gillett

Subsection :

Subsection

Subsection

Subsection

Subsection

Spinosae (Bak. ) Gillett -

: Pilosae Gillett -

¢ Viscosae Rydberg

I. colutea (Burm.,f.) Merrill -

Centrae Gillett

I. vicioides Jaub. & Spach.

: Atratae Gillett -

Subsection :

Subsection

Subsection

Psiloceratae Gillett -

: Geanthae Gillett ~

2
.

Tinctoriae (Bak.) Gillett

I, subulata Vahl ex Poir,

I. trit; Linn, f.’

1. arrecta Hochst. ex A. Rich.
I. tinctoria Linn.

I. heteranthd Wall. ex Brandis

L. amblzantﬁa Craib.

1. angulosa Bak.

29
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Subsection : Hirsutae Rydberg
L. hirsuta Linn,

I. astragalina DC.

Subsection : Microcarpae Rydberg
I. glandulosa Willd.
I. trifoliata Linn.

1. duthei Drum. ex Naik

Subsection : Alternifoliae (Harvey) Gillett

I. oblongifolia Forsk, .

I. spicata Forsk.

Subsection : Simplices~reflexae Gillett -

H

Subgenus : Indigastrum (Jaub, ex Spach) Gillett -

Subgenus : Microcharis (Benth.) Gillett ----

Indigofera hochstetteri Baker, F. T. A. 2 : 101, -1871;

Gillett, loc. cit. 13; Ali, Bot, Notis. 3 : 552, 1958,

anabaptista Steud. (pom. nud.); FBI. 2 : 102, 1876;

Cooke; 1 : 334, 1902.

j

A diffuse or prostrate herb, Branches numerous, grooved,
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glabrous or nearly so. Leaves imparipinnate, leaflets 5,
opposite, oblanceolate, apiculate, clothed with appressed
hairs. Flowers red, in shért peduncled axillary racemes.

Pods linear, flat papery with longitudinal ridges on flattened
faces and a transverse ridge between each of the seeds (Fl. Fr.

August - September) S. 28,

Very rare, observed in the open places in forests.,

Earlier reports are 2n = 16 {Frahm-leliveld, 1960; Cave,
1961; Singh and Roy, 1970) and 2n = 32 {Bhatt, 1974) for the
species. The present study confirms the latter report of 2n = 32

and is therefore a tetraploid taxon.
Coll. No. 28,

. S .
Karyotype formulae : 2n = 32 = D10+D2+D2+§2+F +G 5=85.06 F (Fig.1).

There are equal number of chrbmosomes with nearly median
(D and G - types) and nearly submedian (F-type) centromeres in
the complemént. Seco?dary constrictions are, present o? a pair
of nearly median (Dsatype) and a nearly submedian (Fs~type)
types of chromosomes and another pair of nearly median chromosomes
are with satellites (Ds-type). The chromosomes are medium sized
except for a pair of short sized chromosomes'(G-type). The

chromosome length ranges from 3.44 F,to 1.74 F" with a mean



Table 3., Measurements of somatic chromosomes of

1. hochstetteri Bak. (Coll. No. 28).

SR gy e SRS oo
1, 2 2.38+1.06=3,44 100,00 0.44 2.24 nsm F
3, 4 2.55+0,89=3.44 100,00 0.34 2.86 nsm F '
5, 6 0.68+1,36+1.27=3.31 96.22 0,62 '1.60 nm .D°
7, 8 2.12+0,93=3,05 88.66 0.43 2.27 nsm F

9, 10 0.68+1.27+0,93=2.88  83.72 0.47 2.09 nem  F°
11, 12 1.78+1.1o§é.88 83,72 0,61 1.61 nm D

13, 14 0.76+1.02+¢0,93=2.71 78,77 0.52 1.91 nsm  F°

15, 16 1.74+0,93=2.67 " 77.61 0,53 1.87 nsm F

17, 18  1.78+0.76=2.54 .73.83 0.42 2.34 nsm  F

19, 20 1.61+0,89=2,50 72,67 0,55 1:80 nsm F

21, 22 1.40+0,97=2,37 68.89 0,69 1.44 nm D

23, 24  1.36+0.93=2.29  65.56 0.68 1.46 nm D

25, 26  1.53+0,76=2.29 65.56 0,49 2,01 nsm F

27, 28 1.36+0.85=2.21 64.24 0.62 1.60 nm  D°

29, 30  1.36+0,85=2.21 64.24 0,62 1.60 nm D

31, 32 1.02+0,72=1.74 50:58 0,70 1.4) nm G




Fig. 1.

Figs., 2

Fig. 4.

Indigofera hochstetteri

Camera lucida drawing of somatic metaphase and

idiogram,

and 3, PMCs showing 16 bivalents at metabhase

(polar and side views),
I. linifolia

Camera lucida drawing of somatic metaphase and

idiogram.

Contd.....
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length of 2.66 H' The karyotype is asymmetrical and graded
as the TF% and L/S are 34.72 and 1.95 respectively,

Bhatt {1974) reports 2 pairs of median, 8 pairs of
submedian ‘and 6 pairs of subterminal chromosomes in the taxon
analysed by him. In the present karyotypé analysis only nearly
median and nearly submedian chromosomes are observed. In
contrast to the earlier report {Bhatt, 1974) of 2 pairs of
chrémosomes with satellites, in thg present work 2 pairs of
chromosomes with secondary constrictions and one pair with

satellites are observed,

Meiosis is regular showing 156 bivalents at metaphase I
(Figs. 2 and 3). The pollen fertility determined for the

species is 87.61%.

Indigofera linifolia (Linn, f.) Retz., obs. Bot. 4 : 29, 1786;

FBI. 2 : 92, 1876; Cooke,1l : 330, 1902; Gillett, loé. cit.
35; Ali, loc. cit. 546.

1

Hedysarum linifolium Linn. f., Suppl. Pl. 331, 1781l.

A prostrate, suberect or at times erect herb, Branches
wiry, spreading, covered with silvery white hairs, more or

less angular. Leaves simple, linear, acute, Flowers bright
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red in dense sessile or subsessile axillary racemes. Pods
globose, silvery white, l-seeded (Fl. Fr. August - October)
S. 19, 20, and 21.

Fairly common on plains among grasses and also observed

in sandy river beds.

The chromosome numbers n = 8 and 2n = 16 determined
presently confirm the earlier reports of Bir and Sichu {1968 -
and 1967 }); Singh and Roy {1970). and Bhatt (1974) for the

species. Three collections are investigated cytologically.
Coll. Nos. 19 and 20,

Karyotype formulae : 2n = 16 = D2+512+G2:36.78 u (Fig. 4).
i

The karyotype shows 2 pairs of chromosomes with nearly
median centromeres (D and G - types) and 6 pairs with nearly
submedian centromeres (F-type). The chromosomes in the
complement are medium sized, except for a pair of short sized
chromosomes (G-type). The length of chromosomes ranges from
2.97 & to 1.78 P with a mean length of 2.29 Ph The karyoﬁyge
is asymmetrical and graded, as TF% and L/S are 33.93 and 1.60

respectively;



Table 4, Measurements of somatic chromosomes of

I. linifelia (Linn, f.) Retz. (Coll. No. 19).

Chromo- . Arm Raties
;ggi Length in F Rfégéize *ﬁznuuwﬁgu g:ngo- Type
1, 2 2.21+0,76=2,97 100.00 0.34 2,90 nsm F
3, 4 1.82+0,76=2,58 86.86 0,41 2.39 nsm F
5, 6 1.44+Q.94:2.38 79.79 0.64 1,54 nm D
7, 8 1.53+0,76=2,29 77.16 0,49 2.01 nsm F
9, 10  1.44+0,76=2,20 74,07 0,52 1.89 nsm F
11, 12 1.53+0.63=2. 16 72.72 0,41 2.42 nsm F
13, 14 1,27+0,76=2.03 68.35 0.59 1.67 nsm F

15, ,16 1.02+0,76=1.78 59,93 0.74 1.34  nmm G
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Coll, No, 21.
Karyotype formulae : on = 16 = D4+F6+H4+Hg =35,02 P,(Figs. 5 & 6).

The karyotype of this collection differs from the earlier
ones. in having more number of short chromosomes and a pair of

chromosomes with satellites (Hs;type).‘

The morphological similarities and karyotypic differences
‘ \ the
(Table 6) of the populations studied indicate, presence of

)k

cytotypes in the species.

In contrast to the earlier reports (Singh and Rdy, 1970
and Bhatt, 1974)?%.pairs of median and 5 pairs of submedian
‘chromosomes in the karyotype, the présent analysis shows
2 pairs of nearly median énd(é pairs of néérly submedian
chromosomes. Satellites on a pair of chromosomes observed

presently were not recorded in the earlier works,

During meiosis formation of 8 distinct bivalents at

. métaphdse I and their equal distribution at anaphase 1

(Figs. 7 and 9) are observed. Some PMCs showed association of
bivalents at metaphase I and early disjunction of chromosomes
at metaphase II (Figs. 8 and 10). The pollen fertility

determined for the species is 88%.



Table 5. Measurements of somatic chromosomes of

I. linifolia (Linn. f.) Retz. (Coll, No, 21).

Chromo-~ Arm Ratios

L
1, 2 1.62+1.06=2.68 100,060 0,65 1,52 nm D
3, 4 1.7o+o.94;2.64 98.51 0.55 1.81 nsm F
5, 6 1.6640.94=2,60  97.01 0.57 1.76° nem F
7, 8  1.1940.94=2.13 - . 79.48 0.79 1.27 m D
9, 10 1.32+0.68=2,00 74,63 0,52 "1.94 nsm: F

11, 12 1.45+0,51=1.96 73.13 0.35 2.84 nsm  HS

13, 14 1.28+0,60=1.88 - 70,14 0.47 2,13 'nsm H

15, 16  1.02+0,60=1.62 60.45 0.59 1,70 nsm H




I. linifolia Contd.

Fig. 5. Camera lucida drawing somatic metaphase and idiogram,
Fig. 6. Photomicrograph of somatic metaphase.

Fig. 7. PMC showing 8 distinct bivalents at metaphase I.
(Coll. No. 19).

Fig. 8. " " association of bivalents.
(Coll. No, 19).

Fig. 9. " " equal distribution at anaphase I.
(Coll., No. 20).

Fig,10, " " early disjunction of chromosomes at

metaphase II {(Coll. No. 21).
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Indigofera linifolia (Linn. f.) Retz. var, campbelli Wight

Cooke, 1 : 331, 1902; Gamble, 1 : 218, 1935.

A prostrate, annual herb, branching from the ground or
at times erect among grasses. Stem and branches 2-edged.
Leaves obovate, or ovate-elliptic, subacute. Flowers red in
many flowered, short, axillary racemes, This resembles the
type species in many characters except, the nature of stem,
the size and shape of the leaf (Fl. Fr. August - October)
S. 18, 62,

Rare, noted along with the type species in open 1ands

and among grasses.,

No data regarding the cytoclogical work for the taxon is
available. In the present study n = 8 and 2n = 16 are the

chromosome numbers determined for the taxon,

Coll., Nos. 18, 62.

' ‘
. S . ;
Karyotype formulae : 2n = 16 = DQTF10+E2+62=38‘32 F,(Flgs‘ 11 & 12)

The karyotype includes é pairs of chromosomes with nearly
median centremeres and 6 pairs with nearly submedian centromeres.
One'pair of chromosomes with nearly submedian centromeres
(Fs—type) are with secondary constrictions on long arms. The

chromoscomes are medium sized except for a pair of short sized



Table 7. Measurements of somatic chromosomes of

I. linifolia (Linn,f.) Retz.var. campbellii Wight (Coll.No.62)

)

Arm Ratios

Chromo- Relative Centro-
some Length in p, length Ry Ry mere Type
pair .

1,- 2 0.60+1.36+1.02=2.98 100.00 0.52 1.92 nsm E°

3, 4 1,7040,98=2,68 89,93 0,58 1.73 nsm F
5, 6 1,70+0,94=2.64 88.59 0,55 1.80 nsm F
7, 8 1.7040,85=2,55 85,57 0,50 2,00 nsm F
9, 10 1.45+0.81=2.26 75.83 0.56 1.79 nsm F
11, 12 "1.36+0.85=2.21 '74.16 0.63 1.60 nm B
13, 14 1.28+0,77=2.05 68.79 0,60 1.66 nsm F

15, 16  0,94+0,85=1.79 60,06 0,90 1.11 nm G




Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

11.

13.

14.

15.

15.

I. linifg}ig var, campbelli

Camera lucids drawing somatic metaphase and idiogram.
Photomicrograph of somatic metaphase.
PMC showing 8 bivalents at metaphase I,(Coll., No.18).

" J metaphase II (Coll. No. 62).
E. cordifolia

Camera lucida drawing of somatic metaphase

and idiogram,

Contd....
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chromosomes (G-type}. The length of chromosomes varies from
2.98 F,to 1.79 F" with an average length of 2.40 Pk The
karyotype is asymmetrical and graded as the TF% and L/S are
36.90 and 1.66 respectively.

Meiosis is normal showing formation of 8 bivalents at
metaphase I (Fig. 13). However, some PMCs showed grouping of
chromosomes at metaphase II (Fig. 14). The pollen fertility

determined for the taxon is 86%.

Indigofera cordifelia Heyne. ex Roth., Nov. Pl. Sp. 357, 1821;

FBI. 2:93, 1876; Cooke, 1:311, 1902; Gillett, loc.cit. 35.

A prostrate or diffuse annual herb, covered with white
pubescence all over, Leaves simple, broadly ovate-cordate,
sessile, hairy on both .the sides (more densely beneath).
Flowers bright red in dense, axillary heads. Calyx hairy
outside. Pods cylindric, densely hairy, 1-2-seeded (F1l. Fr.
August - November) S. 25, 26 and 60, _

Fairly common; observed on escarpments, along roadsides

and on plains along with grasses.

The chromosome number 2n = 16 reported earlier (Ramanathan,

1955; Frahm-leliveld, 1966; Singh and Roy, 1970 and Bhatt, 1974)
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is confirmed in the present investigation. However, Bir and
Sidhu (1967) have reported n = 14 for the species. &ll the
3 collections (25, 26, 60) investigated showed similarity in

their karyotypes.

t
S .
Karyotype formulae:2n = 16 = D2+D2+F10+H2=34.42 F;(Flg. 15).

The somatic complement shows 2 pgirs of chromosomes with
nearly median (D-type) and 6 pairs with nearly submedian
{F and H - type§) centromeres. A pair of nearly median
chromosomes (Ds-type) are with secondary constrictions on long
arms. The chromosomes are medium sized except for a pair of
short sized chromosomes (H—typej. The length of chromosomes
ranges from 2'64‘P to 1.36 P with a mean length of 2.15 P
The TF% (37.88) and L/S (1.94) show that, the karyotype is

asymmetrical and graded.

The present report of 2 pairs of nearl&;median and 6 pairs
of nea;ly submedian chromosomes in the karyotype of the species,
differs from the’ear}ier'reports (Singh and Roy, 1970 and Bhatt,
1974) of equal number of median and submedian chromosomes. A
pair of chromosomes with secondary constrictions or .satellites
observed in the present work as well as in the work of Bhatt

A3

(1974) were not recorded by Singh and Roy (1970j.



Table 8.

Measurements of somatic, chromosomes of

1. cordifolia Heyne ex ‘Roth (Coll, No, 25)

Chromo- - .. _Arm Ratios
.- Rel gtives——52==2 Centro-

some Length in P length Rl R2 mere Type
pair ‘

Sl
1, 2 0,60+1,02+1,02=2.64 100.00 0,63 1.59 nm D
3, 4 1.53+0.81=2.34 88,64 0.53 1.89 nsm F
5, 6  1.36+0,94=2,30 ' 87.12 0,69 1.45 nm D
7, 8  1.45+0,85=2.30 87.12 0,59 1.71 nsm F
11, 12 1,32+0,77=2.09 "80.68 0,58 1.71 nsm F
15, 16 0.60 1.66 nsm H

0.85+0,51=1.36

51.52




34

Meiosis is regular showing_s bivalents at metaphase I
(Fig. 16). However, cytomixis at telophase I and association
of chromosomes at metaphase II (Figs: 17 and 18) are recorded
in few PMCs, 85,5% is the poilen fertiiity.determined for

the species.

Indigofera linnagei Ali, Bot. Netis., 3 : 549, 1958,

I. ennaephylla Linn., Mant. 2 : 272, 1771, append. 571,

1771(nom. illegit.); FBI. 2 : 04, 1876; Cooke, 1 : 332,

1902; Gillett, loc. cit. 35.

A brostrate, annual herb, Branches appressedly silvery
white hairy. Leaves pinnate, leaflets 7-9, alternate, obovate,
rounded or emarginate at the apex, densely"covered with white
appressed hairs on both the sides. Flowers red, in'short;
axillary heads or racemes.‘Pods cylindri;, silvery white,
hairy, 2-seeded, with a slight depression between the seeds

(F1. Fr. August - September) S. 22, 23 and 24.

Very common; observed among grasses in lawns and as a

weed in cultivated fields,

Earlier reports n = 8 (Bir and Sidhu, 1966, 1967) and’
2n = 16 (Ramanathan, 1955; Singh and Roy, 1970 and Bhatt,

1974) for the species are confirmed in the present study.



L. cordifolia Centd...

Fig.

Fig,

Fig.

Fig.

Fig.

Fig,

16.

17.

18.

19.
20,

21.

PMC showing 7 bivalents at metaphase I (side view)
(Coll, No. 25).

PMCs showing cytomixis at telophase I (Coll.No.26).

PMC showing grouping of chromosomes at metaphase II
(Coll. No. 25).

Camera lucida drawing of somatic metaphase and

idiogram,

Camera lucida drawing of somatic metaphase and

idiogram.

Photomicrograph of somatic metaphase.

Contd..e..
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Coll, Nos. 22 and 24,

"
S

Karyotype formulae : 2n = 16 = D2+D4+PLG' 44,76 F_(Fig. 19).

The somatic complement consists of 3 pairs of chromosomes
with nearly median {D-type) and 5 pairs with nearly submedian
(F-type) centromeres. 2 pairs of nearly median chromosomes
are with secondary constrictions (Ds—type} on short arms. The
chromosomes are medium sized, the length ranges from 3.31 ?.
to 2.37 o with a mean length of 2.79 1t As the TF% and L/S
are 37,26 and 1.39 respectively, the karyotype is asymmetrical

and graded.

Coll. No. 23.

s "
>

Karyotype formulae: 2n=16=D +Dy+D +F +G =44.14 H,(Figs. 20 & 21).

2 8 2

The karyotype of this collection is similar to the above
one, except for the presence of one additional pair of nearly

o

median chromosomes,

It is evident from the morpholegical and cytological study

(Table 11) that, 2 cytotypes are present in the species.

The karyotypes are comparable with the earlier analysed
ones {Singh and Roy, 1970 and Bhatt, 1974), in having less

pairs of nearly median .and more of nearly submedian chromosomes.,



Table 9, Measurements of somatic chromosomes of

I. linnaei Ali (Coll. No. 22),

Chromo- , . Arm Ratios
some Lengtninp PROETR TR, mere TP
i, 2 1.95+1.36=§.31 100,00 0,69 1;44 nm D
\ L "
3, 4 1.9140.80+0,42=3.13 94.56 0.63 1.56 mm  D°
: "
5, 6 1.70+0,76+0.42=2.88 B87.00 0.69 1.44 mm  D°
7, 8  1.78+1.02=2,80 84.59 0,57 - 1.74 nsm F '
9, 10 1.70+1.02=2,72 82.17 0.60 1.66 nsm F
11, 12 1.78+0.85=2.63 79,45 0,47 2.09 nsm F
13, 14 1.6140,93=2,54" 76.73 0.57 .1.73 nsm' F

15, 16  1.61+0,76=2.34 71.60 0.47 2.11 nsm F




Table 10.

\

I. linngei Ali (Coll. No., 23).

Measurements of somatic chromosomes of

Chromo-

Arm Ratios

some Lensthanp REEETRTOR, [
1, 2 2.08+1.19=3.23 100.00 0,58 1.71 nsm
3, 4 2.2i+o.98=3.19 98,76 0,44 2,55 nsm
5, 6 1.87+1,19=3.06 94,73 . 0.64 1,57 rmm

7. 8  0.60+1.11+1.1922.90 89.78 0.70 1.44 m

9, 10  1.99+0,85=2,84 ' 87.92 0.43 2.34 nsm
11; ié 1,53+0,77+0.34=2,64 81,73 0,93 1.38 nmm
13, 14 1.45+0.85=2.30 '71.20 0,59 1.71 nsm
15, 16 i.os+o.é5:1.91 59;13 o.éo 'i;é5 nm
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1. linngei Contd...

Fig. 22. PMC showing 8 distinct bivalents at metaphase I,
(Coll. No, 22).

Fig. 23, " " equal distribution at anaphase I,
(Coll. No, 22).

{

Fig. 24, " " grouping of chromosomes at metaphase II,
(Coll. No. 23).

1. colutea

Fig., 25. Camera lucida drawing of somatic metaphase and

idiogram.

Fig. 26. Photemicrograph of somatic metaphase,
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The occurrence of 2 pairs of chromosomes with secondary
constrictions reported in the present work were not recorded

earlier.

Meiosis is regular in showing the formation of 8 distinct
bivalents at metaphase I and their equal distribution at
Anaphase ? (Figs. 22 and 23). However, tendency of association
of the chromosomes at metsphase II (Fig./24) is recorded in

some PMCs, The pollen fertility determined for the species is 89%.

Indigofera colutea (Burm. f.) Merr., Phil. J. Sci. 19: 335, 1925;

Gillett, loc. cit. 65; Ali, loc. cit. 548; Raizada, Ind.
For, 92(5): 312, 1966,

Galega colutea Burm. f., Fl. Ind. 172, 1768; non sensu Willd.

Sp. Pl. 3 : 1246, 1803.

Indigofera viscosa Lamk., Encycl. 3 : 247, 1789; FBI. 2:95,

1876; Cooke, 1 : 337, 1902.

An erect, annual herb or undershrub. Stems and branches
densely covered with gland-tipped hairs. Leaves imparipinnate;
leaflets obovate, obtuse, apiculate, hairy on both the sides.
Flowers pink, in 6-12 flowered racemes, inflorescence axis

glandular hairy. Pods slender, cylindric, torulose, clothed



Table 12. Measurements of somatic chromosomes of

I. colutea (Burm. f.) Merrill (Coll.No.58).

§§§§m0’ Length in u Rfiﬁ;ige 5§f—$3319§'3222fo- Type
1, 2 2.55+1.87=4,42 100.00 ‘0,73 1.37 nm A
3, 4 2,55+1,36=3,91 ‘A88.86 0.53 Al.$8 nsm Ft
5, 6 2,21+1,53=3.74 84,62 0,69 1.44 nm D
7, 8 2.17+1.45=3,62 81.90 0.67 1.50  nm D
9, 10 2.08+1,45=3.53 79.86 0.69 1.43 nm D
11, 12 2.04+1,32=3. 36 76,02 0,65 1.55 nm D
13, 14 2.04+1,11=3.15 71.27 0.54 1.84 nsm F
15, 16 1.87+1.19=3.06 69.23 0,64 1.57 m - D°
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with simple and glandular hairs. Seeds small, about 12 per

pod {Fl. Fr. September - November) S. 58,
Source : Botanical Surveyo of India, Coimbatore, Tamil Nadu.

n = 8 (Hagerup, 1932) and 2n = 16 {(Frahm-leliveld, 1960
and Singh and Roy, 1970) are the chromosome numbers reported

for the species. The present study confirms the earlier report

of 2n = 16.
Coll. No. 58.

SiF =57.58 M {Figs. 25 and 26).

Karyotype formulae:2n=16=A2+D8+D2 4

The chromosomes in the complement are having nearly median
centromeres (A and D - types) on 6 pairs and nearly submedian
centromeres (F-type) on 2 pairs, One pair of nearly median
chromosomes (Ds-type) are with satellites. The chromosomes are
medium sized except for a pair of long,chroﬁosomes (A-type).

The length of chromosomes ranges from 4.42 p to 3,06 j, the
mean length being 3.60 P, The karyotype is apparently asymmetri-
cal and graded as the TF% and L/S are 40,42 and 1.44 respectively,

Indigofera vicioides Jaub, & Spach, I1l, Pl1, Or. t. 481, 1876;

Gillett, loc. cit. 73.

The present report of 2n = 16 for the species, -confirms



Table 13, Measurements of somatic chromosomes of

I, vicioides Jaub, & Spach (Coll, No, 103),.

§§§§mo— Length in R | Rféﬁ;ige éﬁf.ﬁé&%iﬁ ggggro—
1, 2 1.,70+1.57=3.27 100,00 0,92 1.08 nm
3, 4 2,21+1,02=3,23 98.78 0,46 2.17 nsm
5 6 0,60+1,02+1.45=3,07 93,88 0,90 1.12 nm
7, 8  1.99+1,02=3,01 92,05 0.51 1.95 nsm
9, 10 1.62+1.02=2,64 80.73 0.83 1.59 nm
11, 12 1,36+0,72=2,08 63,61 0,53 1,89 nsm
13, 14  1.02+0.47=1,49 45,57 0,46 2.17 nsm
15, 16 ' 0.77+0.38=1, 15 35,17 0.49 2.03 nsm
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the earlier report of Frahm-leliveld (1966). The karyotype

analysis is worked out for the first time.

Coll. No, 103.

1

Karyotype formuiae:2nz16:D4+D§+F6+H4=39.88 H_(Figs. 27 and 28).

The gsomatic complement includes 3 pairs of chromosomes with
nearly median (D-tybe) and 5 pairs with nearly submedian
centromeres (F ?nd H - types). Oﬁe‘pair of nearly median Q
chromosomes (Ds—type) are with secondary constrictions on long
arms. The chromosomes are medium to short sized, the length
ranges from 3,27 H_to 1.15 H, with a mean length of 2.49 e
The karyotype is asymmetrical as the TF% and 1/S are 36.37 and
2.84 regpectively. The graded nature of thé karyotype is shown

in idiogram (Fig. 27).

’Indigofera subulata Vahl ex Poir,, Lam. Encycl. Suppl. 3 : 150,

1813; FBI., 2 :'96, 1876; Meikle, Kew Bull. 352, 1950;
Gillett, loc. cit. 100.

A prostrate, suffruticose herb. Branches slender, hairy.
Leaves imparibinnate; leaflets 5, obovate, glabrescent above
and with few appressed grey hairs below. Flowers white, in

20-40 flowered axillary racemes. Pods straight or slightly



Fig.

.Fig.

Fig.

Fig.

Fig.

27,

28.

29,

30.

31.

I. vicieoides

Camera lucida drawing of somatic metaphase, and

idiogram,

Photomicrograph of somatic metaphase.
I. subulata

Camera lucida drawing of somatic metaphase and
idiogram.
FMC showing 8 bivalents at metaphase I{side view),

" " equal distribution at anaphase I.

Contd..s..






curved, sub-tetragonal, 10-15 seeded, not torulose (F1l, Fr.

August - October)} S. 105.

Source : National Agricultural Research Station, Kenya.

Ramanathan (1955) and Singh and Roy (1970) reports 2n =
while Frahm-leliveld (1966) reports 2n = 16 and 32 for the
species. The present observation is in confirmity with the

early reports of 2n = 16.

Coll. No. 105.

"

Karyotype formulae : 2n = 16 = 86+?8+F§=48.28 P_(Fig. 29).

The karyotype shows that, the chromosomss are with only
nearly submedian centromeres. One pair of PS ~-type of chromo-

somes are with secondary constrictions on short arms. The

33

16,

chromosomes are longer to medium sized, the length ranges from

4,43 H,to 2.64 Ho with a mean length of 3.64 o The asymmetrical

and graded nature of the karyotype can be ascertained from TF%

(34.80) and relative length (Table 14).

The present analysis of the karyotype is in confirmity

with earlier analysis of Singh and Roy (1970) in having similar

types of chromosomes, However, the complement analysed

presently showed longer chromosomes and one pair of chromosomes

with secondary constrictions.



Table 14. Measurements of somatic chromosomes of

I. subulata Vahl ex Poir. (Coll. .No, 105},

Chromo- : . Arm Rdtios
et o e EUEE St e
1, 2 2.98+1.45=4,43 100,00 0.49 2.06 nsm B
3, 4 2.68+1,57=4.25 95,94 0,59 1,71 nsm B
5, 6 2.55+1,45=4,00 90.29 0,57 1.76 nsm B
7, 8 2.80+1.11=3.91 88,26 0,40 2.52 nsm F
9, 10 2.55+0,98=3.53 79.68 0.38 2,60 nsm F

11, 12 1.87+1,02+0,51=3,40 76.75 0,80 1.22 nsm F
13, 14 1.87+1,11=2.98 67.27 0.39 1.68 nsm F

15, 16 _1.87+0,77=2.64 59.59 0.41 2,43 nsm F




L. subulata Contd....

Fig. 32. PMC showing association of chromosomes at metaphase II,

Fig, 33, * " irregular distribution at anaphase II.
Fig, 34. " " non-synchronised movement at anaphase II,
Fig. 35. " " telophase II.

I. trita

Fig. 37. Camera lucida drawing of somatic metaphase and

idiogram,

Fig. 38. Photomicrograph of somatic metasphase,.

Contd......
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During meiosis, formation of 8 distinct bivalents is
observed at metaphase I and their equal distribution at
anaphase I (Figs. 30 and 31). However, some PMCs showed
association of chromosomes at metaphase II (Fig. 32),
irregular distribution and non-synchronised movement at
anaphase II (Figs. 33 and 34). The pollen fertility scored
for the species is 86,90%.

Indigofera trita Linn. f., Suppl. 335, 1781; FBI. 2 : 96, 1876;

Cooke, 1 : 335, 1902; Gillett, loc. cit. 101; Ali, loc.
cit. 553.

An erect, shrub, Stem: and branches covered with greyish
tomentum. Leaves 3-foliolate; lateral leaflets opposite, nearly
sessile, ovate to suborbicular; terminal leaflet large, stalked,
broadly ovate, all obtuse, more or less hairy on both the
sides, Flowers pinkish-red in short axillary racemes, shorter
than leaves.’ Corolla twice as long as the calyx, standard
hairy on the back. Pods tetragonouﬁ, appressedly hairy,
divaricate, hard pointed (F1, Fr. August - Janvary) S. 12, 13;
14 and 97.

Commonly observed along roadsides and on open waste lands.

All the 4 collections investigated cytologically showed



Fig. 36. Polygraph key and polygram of different

populations of I. trita
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2n = 16 in their'somatic complements. This is in confirmity
~ with the earlier reports of Frahm-leliveld (1960), Bhatt
(1974), Sareen and Singh (1975).

Coll. Nos. 12 and 13.
1 "

. Karyotype formulae:2n=16=D8+D§*D§+F4:42.98 1 {Figs. 37 and 38),

The somatic complement contains 6 pairs of chromosomes
(D-type) with nearly median and 2 pairs (F-type) with nearly
submedian centromeres. 2 pairs of nearly median c?romosomes
are with secondary constrictions on long arms (Ds-type) and
short arms (Ds—type). The karyotype shows medium sized chromo-
somes, the length ranges from 3,02 H,to 2.34 H, with a mean
length of 2.68 P, The karyotype is apparently asymmetrical and
graded as the TF% and L/S are 39,97 and 1.29 respectively.

Coll. No, 14.
ft

1
. S .
Karyotype formulae :2n:16:A2+D4+D§+F6+F2=57.96 i (Fig. 39),

The karyotype shows equal number of chromosomes with nearly
median (A and D - types) and nearly submedian (F-type) centro-
meres., 2 pairs of nearly media? chromosomes are with segondary
constrictions on long arms (Ds-type) and short arms (As-type)
and one pair of nearly submedian type of chromosomes (Fs—typeB

are with satellites. The chromosomes are medium sized except



Table 15.Measurements of somatic chromosomes of

I. trita Linn. f. (Coll. No. 13).

Chromo- . Arm Ratilos
: . Rel ative —=——=ror= Centro-
some Length in p Tength Rl R2 mere Type
pair
1, 2 1.62+1.,40=3,02 1C0, 00 0,86 1.15 nm D

3, 4 2.08+0.89=2.97 98.34 0.42 2.33 nsm F
5, 6 0.48+0.94+1.36=2.78 92.05 0.95 1.04 m D
7, 8  1.66+1.02=2.68 88.74 0.61 1.62 om D
9, 10 1.53+0.68+0.43=2,64 87.41 0.72 1.37 rm D>

11, 12 1.53+1.06=2.59 65.76 0.69 1.44 om D

13, 14 1.53+0.94=2,47 81,78 0.61 1.62 mm D

15, 16 1.53+0,81=2,.34 77.48 0.52 1.88 nsm F




Table 16, Measurements of somatic chromoscmes of

I. trits Linn. f. (Coll. No, 14)

Chromo- R Arm Ratios
. Rel gtive ==——=====2 Centro-
some Length in R R Type
pair F‘ length 1 2 mere
S"
1, 2 2.38+1,02+0,63=4,03 100,00 0O,7C 1.41 nm A
5, 6 2.38+1.40=3,78 93,79 0,60 1.65 nsm F
9, 10 2.04+1.61=3,65 90.57 0.64 1.56 nm D
11, 12 2.42+1,19=3.61 89.57 0,78 1.26 nsm F

13, 14 0.,61+1.19+1,57=3,56 85,35 0,49 2.03 nm D

15, 16 2.04+0,80=2.84 70.47 0,83 1.19 nsm F




I. trita

Fig.

(Pig.

Fig.

Fig.
Fig.
Fig.

Fig.

39.

40,

41.

42,

43.

44,

45.

Contd, ...
Camera lucida drawing of somatic metaphase and
idicgram.

Camera lucida drawing of somatic metaphase and

idiogram.
Photomicrograph of somatic metaphase.

PMC showing 8 bivalents at metaphase I.
(Coll, No. 14},

" n associagtion of bivalents at
metaphase I (Coll, No, 13).

" " early disjunction of bivalent at

metaphase I (Coll. No. 12).

u " precocious movement at anaphase I
(Coll, No, 12).

Contd.seeaen
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for one pair of long chromosomes {A-type) in the complement.
The length of chromosomes ranges from 4.03 P to 2.84 F, with
their mean length being 3.62 e The karyotype is asymmetrical
and graded as the TF% and L/S are 38.45 and l.41 respectively,

Coll., No, 97.

| ) .
Karyotype formulae:2n=16=D2*h2TF4+F27H6=33:18 P.(Flgs. 40 and 41).

The karyotype includes 1 pair of chromosomes with nearly
median (D-type), 1 pair with submedian (E-type) and 6 pairs
with nearly submedian centromeres (F and H - types). Secondary
constrictigns and satellites are present on a pair of nearly
median (Ds-type) and a pair of nearly submedian chromosomes
(F5~typej respectively. The chromosomes are medium to short
sized, the length ranges from 2.38 P,to 1.87 P the mean length
being 2.07 B, The karyotype is asymmetricallas the TF% is 33.87.

Populations collected from different localities showed
variations in morphological characters (Fig. 35). While the
karyotypes of these populations showed gross similarities as
well as differences (Table 18). This indicates that 3 ecotypes

are present in the species.

Bhatt (1974) observed 3 pairs of median, 4 pairs of

submedian and a pair of subterminal chromosomes in the



Table 17. Measurements of somatic chromosomes of

I. trita Linn. f. (Coll, No. 97).

§§§5m0~ Length in/g_ Rfi:gi;e éﬁfnﬁéiéié gggzro' Type
1, 2  1.53+0.85=2,38 100,00 0.55 1.80 nsm F

"

3, 4 1.19+0.68+0.43=2,30 96.63 0,93 1.07 rm D>
5, 6 1.6240.60=2.22 93.27 0.37 2,70 nsm  E
7, 8 1.53+0.51=2,04 éé.?l 0,33 3,00 M E
9, 10 1.,36+0,68=2,04 85,71 0,50 2.00 nsm \F
11, 12 1.19+0.68=1.87 78,57 0.57 1.75 nsm H
13, 14  1.19+0.68=1.87 78.57 0.57 1.75 nsm H

15, 16 1.36+0,51=1.87 78.57 0.37 2,66 nsm H
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L. trits Contd....

Fig. 46. PMC showing grouping of chromosomes at

metaphase II (Coll, No, 13). -

Fig., 47. " " abnormal orientation of chromosome at

metaphase II (Coll., Neo. 13),

" Fig. 48, b non-synchronised movement at anaphase II
- I. arrecta ~ 1(Coll.No.14).

Fig. 49. Camera lucida drawing of somatic metaphase and

idiogram(-= B-chromosomes),

Fig. B0, Photomicrograph of somatic metaphase.
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complement analysed by him. The present analysis differs
from it, in having only nearly median and nearly submedian
chromosomes except for a paif of submedian chroﬁosomes in
Coll, No. 97. In contrast to the earlier report of (Bhatt,
l974? 1 pair of chromosomes with satellites, in the present
work, the majority of the populations studied showed 1 or 2
pairs of chromosomes with secondary constrictions and a pair

.with satellites.

During meiosis, 8 distinct bivelents at metaphase I (Fig.
42) are observed. This confirms the earlier report of n = 8
(Sareen and Singh, 1975) for the species. Some of the abnorma-
lities like, early disjunction and association of bivalents at
metaphase I (Figs. 43 and 44), precocious movement at anaphase I
(Fig. 45), grouping of chromosomes and abnormal orientation ¢
at metaphase II (Figs. 46 and 47) and irregular distributien at
anaphase II (Fig. 48) are observed. These abnormalities are
observed in very low percent of PMCg, with the result that,
the pollen fertility determined for the species is as high as

94%.

Indigofera arrecta Hochst. ex A. Rich., Tent. Fl. Ab., 1 : 184,

1874; Gillett, loc. gcit. 1C5.
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The present report ef 2n = 16 for the species is in

confirmity with earlier reports of Frahm-leliveld (1957, 1960),

Coll., No. 1C4,
1 "

Karyotype formulae:2n:16=BS+D +D2+F =55,74 F_(Figs. 49 and 50).

27428

The karyotype consists of 3 pairs of chromosomes with .
nearly median centromeres (D-type), 5 pairs with nearly
submedian centromeres (B and F - types) and a pair of[;—chromo-
somes, Within the complement one pair of chromosomes are with
secondary constriction on long arms (Bs—type) ﬁnd another pair
with secondary constrictions on short arms (Ds-type) are
observed, The chromosomes are medium sized, except for one pair
of longer chromosomes (B-type). The chromosome length ranges
from 4,59 P,to 2.38 K with a mean 1eggth of 3,48 = The TF%
(32.69) and L/S (1.93) show that the karyotype is asymmetrical.
-The karyotype is graded except for one pair of long chromosomes

(Fig. 49),

Indigo?era tinctoria Linn., Sp. Pl. 751, 175%3; FBI. 2: 99, 1876;

Cooke, 1 :339, 1902; Gillett, loc. cit. 106; Ali, loc. cit.
567.

An erect, extensively branihed shrub. Branches tetrate or

angular, covered with appressed hairs. Leaves imparipinnate,



Table 19. Measurements of somatic chromosomes of

I. arrecta Hochst. ex A. Rich, (Coll. No., 104)

Chromo- , . Arm Ratios
s Rel ative —s—=5— Centro-
some Length in i length Rl R2 mere Type
pair
R 1
1, 2 0.85+2.55+1.19=4.59 100.00 0,35 2.86 nsm. B>
3, 4 2,72+1.11=3.83 ) 83.44 0,41 2.45 nsm F
5, 6 2.98+0,85=3,83 83.44 0,29 3.51 nsm F
7, 8 2.13+1.45=3,58 77.99 0,68 1.47 nm D
]
9, 10 2.13+0.85+0.51=3.49 76,03 0.64 1.57 nm  D°
13, 14  1,70+1.11=2,81 61.22 0.65 1.53 nm D

15, 16 1.53+0.85=2.38 51.85 0.56 1.80 nsm F
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leaflets 9-13, opposite, oblong, rounded, apiculate, membranous,
glabrous above and hairy beneath. Flowers red, in axillary
racemes, Calyx hairy outside. Corolla about twice as long as
the calyx or longer, standard pubescent on the back. Pods
linear, long, slightly curved, apiculate, 8-12 seeded (Fl, Fr.
August - October). S, 1, 2, 3, 4 and 5,

Fairly common; noted along roadsides and on open grounds

in forests.

The present report of 2n = 16 for the species confirms the
earlier reports of Ramanathan (1950); Frahm-leliveld (1960,
1962); Cave {1961); Miege (1962); Singh and Roy (1970) and Bhatt

4

(1974). 5 collections have been cytologically investigated.

Coll. Nos. 1 and 2.

t
Karyotype formulae:2n216:D8+D§+F6=4l.20 P,(Fig. 51).

The karyotype consists of 5 pairs of chromosomes with
nearly median (D-type) and 3 pairs with nearly submedian
centromeres, Among the nearly median types of chromosom?s,

1 pair is with secondary constrictions on long arms (DS-type).
The chromosomes in the complement are medium sized and range
in length from 2.81 H,to 2.08 P with their mean length being
2.57 P The TF% (41.20) and relative length (Table 20)

indicate that the karyotype is apparently asymmetrical and graded.



Table 20Measurements of somatic chromosemes of

I, tinctoria Linn. (Coll. No. 1),

Chromo~ Arm Ratios

some’ Lengenan . Mpletive LA centro- Tioe
1, 2 .1.49+1.32=2.81 100,00 0.88 1.12 mm D
3, 4 1.57+1.19=2.76 98,22 0,75 1.31 nm D
5, 6. 0.5L+1.11+1.11=2.73 97.15 0.68 1.45 mm DS .
7, 8 \1.62+l.66=2.68 95.37 0.65 1.52 mm D
9, 10 1,70+0,94=2,64 93,95 0.55 1,80 nsm F
11, 12 1.62+0.98=2,60" 92,52 0,60 1.65 nsm F

13, 14 1.36+0,94=2,30 81.85 0.69 1.44 nm. D

15, 16 1.36+0,72=2,08 74,02 0,52 1.88 nsm F




Fig.

Figo

Fig,

Fig.

Fig.

53.

54,

55.

I. tinctoria

Camera lucida drawing of somatic metaphase and

idiogram.

Camera lucida drawing of somatic metaphase and

idiogram,

Fhotomicrograph of somatic metaphase,

Camera lucida drawing of somatic metaphase and
idiogram.

Photomicrograph of somatic metaphase.

Contd....
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Coll, Nos. 3 and 4.

'

Karyotype formulae: 2n=16_D2+D2+F12_4O.6O o (Figs. 52 and 53).

The karyotype of these collections differ from the
preceeding ones in having more number of nearly submedian types of

chromosomes {6 pairs i.e. F-type).

COll. NO. 50

Karyotype formulse : 2n=16=Dg+F +F§ Gy=46.08 p (Figs. 54 and 55).

The karyotype of this collections differs from all others
in having a pair of short chromosomes with nearly median cenFro-
mere (G-type) and a pair of nearly submedian chromosomes (FS ~
type) with secondary constrictions on long arms. TF% (38.75) and
relative 1eﬁgth (Table 22) are indicative of asymmetrical and

graded nature of the karyotype.

The 5 populations collected from different localities
resemble among themselves in gross morphology. However, the
karyotypic differences (Table 23) metwith in these populations

indicate the presence of 3 cytotypes in the species,

Comparison of presently and previously analysed karyotypes

(Singh and Roy, 1970 and Bhatt, 1974) showed similarity in



Table 21.Measurements of somatic chromosomes of

I. tinctoria Linn. (Coll. No. 4),

Chromo- Arm Ratios Centro-

SZ‘;?;E- Length in}{ Rf]e.g;‘.i\ée Rl 32 mere Type
1, 2 1,78+1,02=2.80 100,00 0,57 1,74 nsm F
3, 4 1.70+1.02=2.72 97.14 0.60 1.66 nsm -F
5, 6 1,78+0.93=2,71 96.78 0.52 1.91 nsm F
7, 8 1.7040.97=2,67 95.35 0.57 1.75 nsm F
9, 10 1.53+0.93=2,46 87.85 0.60 1.64 nsm F

11, 12 0.4640,93+1,02=2.41 86,07 0,73 1.36 nm D
13, 14  1.53+0,76=2.29 81,78 0,49 2.01 nsm F

15, 16  1.27+0,97=2,24 80,00 0.76 1.30 nm D




Table 22. Measurements of somatic chromosomes of

I. tinctoria Linn. (Coll, No. 5).

Chroemo- Arm Ratios

cme Lesthinn  Peletive SUSER centre- Tyve
, \ -
1, 2 0,76+1.53+1,02=3,31 100,00 0.44 2.24 nsm  F°
3, 4 2.04+1,19=3.23 97.58 0.58 1.71 nem F
5, 6 1,70+1,49=3,19 96,37 , 0.87 1.14 mm D
7, 8  1.87+1.28=3.15 95.17 -0.68 1.46 m D
9, 10 1,70+1.19=2,89 §7.31 0.70 1.42 mm D
11, 12 1.96+0,93=2.89 87.31 0.47 2.08 nsm F
13, 14 1.36+1.02=2.38 71,90 0,75 1.33 mm D

15, 16 1.19+0,80=1,99 - 60.12 0.67 1.48 nm- G




99°T  88°2 80°9% ¢ - 9 z 8 9T S 'ON "TT0D
2 T  €s°C 09'0y - Z zT -y oT p PUB £ *SoN *TT0D
T LsT 0Tty - 4 9 - ot ot [/ Em T °*SON °TT0D
SRR v .mmmmaﬁ.mm d D a  ( ug)
AN Mwmmww %pmmww —3suon _sadAr sodAL omwmmmm suoTaeTndog
AN T R

‘ugt BTIAIOUTT P T 30 SuotieTndod 3UBISIITP FO SSWOSOWOIYD OTIRUWOS JO uoTsTIedwon

‘eZ 8T9®L



L. tinctorias Contd....

Fig., 56. PMC showirng 8 bivalents at metaphase I.(Coll,No.4).

Fig., 57, ¢ " association of bivalents at

metaphase I (Coll, No. 4),

Fig, 58, " " equal distribution at anaphase I.

(Coll, No. 5).
Fig, 59. " " grouping of chromosomes at

metaphase II (Coll. No. 4).

I. heterantha

p—e—;

Fig. 60, Camera lucida drawing of somatic metaphase and

idiogram,

Fig. 61. Photomicrograph of somatic metaphase.






types of chromosomes. But a pair of chromosomes with secondary
constrictions on long arms observed in the present study, are

not encountered in the earlier works.

Meiosis is mostly normal showing 8 distinct bivalents at
metaphase I (Fig., 56) and their equal distribution at anaphase I
"(Fig. 58). However, association of bivalents at metaphase I
(Fig. 57) and grouping of chromosomes at metaphase II (Fig., 59)
are also noticed. The pollen fertility determined for the

species is 94%.

Indigofera heterantha Wall. ex Brandis, For, Fl1. N. W. and C.

Ind., 135, 1874; Ali, loc. cit. 566.

I. gerardigna Wall. ex Bak,, FBI. 2 : 100, 1876.

I. gerardiana Wall. ex Bak. var. heterantha (Wall. ex Brandis)
- D — {

Bak,, FBI. 2 : 100, 1876.

A low, copiously branched shrub, The branches distinctly
argentio-canascent, Leaves compound; leaflets subceriaceous,
opposite, pale grey-green, thinly clothed with short white
bristles abéve, glaucous and thinly argentio-éanascent below,
obtuse and apiculate. (Flowers red, in axillary 12-20 flowered
racemes. Pods subcylindrical, glabrous, 6-10 seeded — adopted

from FBI. 2 : 100, 1876). S. 112.



48

Source : Seeds obtained from Kew Gardens.

2n = 48 (Frahm-leliveld, 1957 and 1960) and n = 8 (Bir
and Sidhu, 1967b and Hsu, 1968) are the chromosome numbers
reported for the species, The present study confirms the earlier
report of 2n = 48, Frahm-leliveld (1960) considered this as an
octoploid taxon. The karyotype is worked out for the first

time for the species.

Coll. No, 1l12.

- n H
Karyotype formulae:2nz48=B2+DlC+D§+F22+F§+G4+H6=132.18 F.(Figs.

60 and 61).

There are 8 pairs of chromosomes with nearly median (D and
G - types) and 16 pairs with nearly submedian (B, F and H -types)
centromeres in the somatic complement. Among them one pair of
neafly median (Dsztype) and one pair of nearly submedian
(Fs-type) chromosomes are with secondary constrictions on short
and long arms respectively., The chromosomes are long, medium
and short sized, their length varies from 4.34 P.to 1.70 P
the mean length being 2.75 F, The karyotype is asymmetrical as
the TF% and L/S are 36,61 and 2.55 respectively. The graded

nature of the karyotype is indicated in the idiogram (Fig. 60).



Table 24. Measurements of somatic chromosomes of
I. heterantha Wall. ex Brandis (Coll., No. 112).

Chromo- . Arm Ratios
i Length in p Rfiiétﬁe R R, -o0t™ Type
1, 2 3.06+1.28=4,34 100,00 0,42 2,39 nsm B
3, 4 1.96+1.87=3.83 88,25 0,95 1,05 nm D,
5, 6 1.96+1.19+0.60=3.75 86.41 0,91 1.09  mm D",
7, 8 0.68+1.36+1.19=3.23 74.42 0.58 1.71 nsm . E°
9, 10 1.87+1.36=3,23 74.42 0,58 1.71 nsm F
11, 12 2.04+1.19=3,23 74,42 0,48 2.10 nsm F
13, 14 2,13+1,02=3,15 72.58 0.48 2.09 nsm F
15, 16  2.21+40.94=3,15 72.58 0.43 2.35 nsm F
17, 18 1.,96+1,11=3,07 70,74 0,57 1.76 nsm F
19, 20  2.04+1,02=3,06 70.51 0.50 2.00 nsm F
21, 22 1.87+1.02=2.89 66.59 0,55 1.83 nsm F
23, 24  1.70+1.11=2.81 64,75 0.65 1.53 nm D
25, 26  1.70+1.02=2.72 62,67 0,60 1.67 nsm F
27, 28  1.70+0.85=2.55 58,76 0,50 2.00 nsm F
29, 30  1.70+0.81=2.51 57.83 0,48 2.10 nsm F
31, 32 1.53+0,94=2.47 56.91 0,61 1.63 nm D
33, 34  1.62+0,77=2.39 55,07 0.48 2.10 nsm F
35, 36  1.70+0.68=2,38 54.84 0,40 2,50 nsm  F
37, 38 1.36+0,85=2,21 50,92 0,63 1,60 nm D
39, 40  1.19+0,77=1,96 45,16 0,43 2.35 nm G
41, 42 1.28+0,60=1.88 43.32 0,47 2.13 nsm H
43, 44 1,19+0,64=1,83 42,17 0,54 1.86 nsm H
45, 46  1.06+0.68=1,74 40,09 0.64 1.56 nm H
47, 48  1.02+0,68=1,70 39,17 0.67 1.50 nm G
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Indigofera amblyantha Craib, Notes Bot. Gard. Edin., 8 : 47,1913,

The only report of chromosome number is 2n = 16 (Frahm-
leliveld, 1962) for the species. However, the chromosome
number observed in the present study is 2n = 48. This is thé

first analysis of karyotypic study for the species.
Coll. No. 111.

"
S S
: = = C.+D +DS+F  +F " +G =
Karyotype formulae : 2n = 48 C2 D6 Qé o5 E0tC, 129,74 FJ

(Figs. 62 and 63),

The complement sho@s 1 pair of chromosomes with median
(C-type), 8 pairs with nearly median (D and G - types) and
15 pairs with nearly submedian (F-type) centroweres. Among
them, 3 pairs of nearly median chromosomes (Ds-type) are with
secondary constrictions on short arms and 1 pair of nearly
submedian chromosocomes (F—type) are with satellites. The chromo-
somes are medium to short sized, the length ranggs from 3.6O}L
to 1.70 p, with a mean length of 2,70 o Both TF% (37.89) and
L/S (2.12) indicate the asymmetrical nature of the karyotype.
The diffuse gradation of the same is indicated in idiogram

(Fig. 62).

Indigofera angulosa Edgew,, FBI. 2 : 97, 1876; Chavan et al.,

Ind. For. 88(11) : 865, 1962.



Table 25. Measurements of somatic chromosomes of
I. amblyantha Craib., (Coll. No. 111).

Chromo~ R Arm Ratios _
some’ Lengthinp PR TR;T Ry T Type
1, 2 1.87+0,85+0,68=3,60 100,00 0.93 1.08 rm DS
3, 4 1.96+1.,45=3.41 94,72 0,74 1.35 nm D
5, 6 2.38+1,02=3,40 94,44 0,43 2,33 nsm F°
7, 8 2.08+1.02=3.10 86.11 0.49 2,04 nsm F
9, 10  1.70+0.85+0,51=3.06 85.00 0.80 1.25 rm  D°
11, 12 1.53+1,53=3.06 - 85,00 1,00 1,00 M C
13, 14 1.9141.02=2.93 81.39 0,53 1,87 nsm F
15, 16 1.91+0,94=2.85 79.17 0.49 2.03 nsm F ,
17, 18 1.45+0.85+0.51=2.81 78.06 0,94 1.07 nm o°
19, 20  1.87+0.94=2,81 78,06 0,50 1.99 nsm F
21, 22 1,87+0,94=2.81 78,06 ‘0,50 1.99 nsm F
23, 24  1.70+1,02=2,72 | 75.56 0.60 1.67 nsm F°
25, 26 . 1.87+0,85=2,72 75.56 0,45 2.20 nsm F
27, 28  1.70+1.02=2,72 75.56 0.60 1.67 nsm F
29, 30 1.70+1.02=2.72 75.56 0,60 1.67 nsm F
31, 32 1,70+1.02=2.72 75.56 0.60 1.67 nsm F
33, 34 1,7040,85=2,55 70.83 0,50 2.00 nsm F
35, 36  1.53+0,94=2.47 68.61 0.61 1.63 nm D
37, 38  1.53+0,85=2,38 " 66.11 0,56 1,80 nsm F
39, 40  1.49+0,81=2.30 63.89 0.54 1.84 nsm F
41, 42  1.36+0,85=2.21 61.39 0,63 1.60 nm D
43, 44  1,40+0,68=2.08 57.78 0.49 2.06 nsm F
45, 46 1,06+0,68=1,74 ' 48.33 0.64 1.56 G
47, 48 1,02+0,68=1,70 47,22 0,67 1.50 mm G




I. amblyantha
Fig. 62, Camers lucida drawing of somatic metaphase and
idiogram,

Fig. 63, Photomicrograph of somatic metsphase.

I. angulosa

Fig. 64, Camera lucida drawing of somatic metaphase and

idiogram.

Fig. 65. Photomicrograph of somatic metaphase.

Contd' L2 I B 2 2
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An erect, undershrub, Branches and leaves, covered with
grey, appressed hairs., Leaves pinnate; leaflets 5, opposite,
oblong with mucronulate apex, hairy on both the sides., Flowers
pink, small, in axillary racemes. Pods grey, moniliform, 1-3
seeded, gradually narrowed into the style (Fl. Fr. August -
October) S. 27, 63.

Rare; observed growing on the escarpments of hillocks.

H

The cytology of this species has been worked out for
the first time. n = 16 and 2n = 32 are the chromosome numbers

determined for the species,

Coll, Nos. 27 and 63.

t

S, .S

S .
+F4=96.42 V,(Flgs. 64

t
Karyotype formulae : 2n = 32 = D2+D2+922+F2
and 65),

The karyotype consists of 2 pairs of chromosomes with nearly
median (D-type) and 14 pairs with nearly submedian centromeres
(F-type). Among them,one pair’of nearly median (Ds-type) and 2
pairs of nearly submediam\(FS—type) chromosomes are with secondary
constriction on long arms and a pair of F-type is with satellites.
The chromosomes are medium sized,range in length from 3.75 PJtOQ.QSP

with a mean length of 2.25P,The karyotype is asymmetrical as the TF%



I. angulosa Edgew. (Coll. No. 27).

. . "' gt L
Table 26, Measurements of somatic chromosomes of ... %7

]

Chromo- N . Arm Ratios
;zgi Length in P, Rféggige Rl N .gzgzré- Type
1
1, 2 0.60+1,70+1.45=3,75 100,00 0,63 1.59 nm D°
3, 4 2.,55+1,19=3.74 99.73 0.47 2.14 nsm F
5, 6 2.47+0,94=3,41 90.93 0,38 2.63 nsm F
7, 8  2.21+1.19=3.40 90,67 0.54 1.86 nsm  F>
9, 10  1,96+1.19=3,15. 84,00 0,60 1.65 nsm F
11, 12 1.96+1,19=3.15 84,00 0.60 1.65 nsm F
13, 14 2,04+1,02=3.06 81.60 0.55 2.00 nsm F
15, 16  0.60+1.36+1.02=2.98 79.47 0,48 1.92 nsm  F°
17, 18 1.83+1.11=2,94 78,40 0.61 1.67 nsm F
19, 20 1.87+1.02=2,89 77.07 0.55 1.83 nsm F
21, 22 0.68+1.1941.02=2.89 77.07 0.55 1.83 nsm  E°
23, 24  1.91+0,94=2.85 76.00 0,49 2.03 nsm F
25, 26  1.70+1,02=2,72 72.53 0.60 1.67 nsm F
27, 28 1.87+0,77=2.64 70,40 0,41 2.43 nsm F
29, 30  1.45+0,94=2,39 63.73 0,65 1.54 mm D
31, 32 1,53%+0,72=2.25 60,00 0,47 1,92 nsm F




L. angulosa Contd,....

Fig. 66. PMC showing 16 bivalents at diakinesis

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

67.

68.

69,

70.

71.

72,

n

"

L}

n

"

"

u

(Coll., No. 27).

8 groups 1(4)+l(3)+3(2)+3(1) of 16

bivalents at metaphase I.
photomicrograph of metaphase I,

early division of bivalents at

metaphase I.
irregular distribution at anaphase I.
grouping of chromosomes at metaphase II,

abnormal orientation at metaphase 1I.






and L/S are 34,70 and 1.67 respectively. The graded nature
of the karyotype is indicated in the idiogram (Fig. 64).

The meiosis is mostly regular showingtég bivalents at
diakinesis (Fig. 66). Several PMCs showed/formation of 8
groups of 16 bivalents at metaphase I (Fig. 67) indicating
that, the species must have originated from a parent having
‘'n = 8, This also indicates that, the species is a tetraploid.
Abnormalities like early disjunction of bivalents at metaphase I
(Fig. 69), irregular distribution at anaphase I (Fig. 7C),
grouping of chromosomes and abnormal orientation at metaphase II

(Figs. 71 and 72) are observed. The pollen fertility determined

for the species is 89%.

Indigofera hirsuta Linn., Sp. P1. 751, 1753; Gillett, loc. cit.

110, Kew Bull. 14(2): 290-295, 1960; Ali, loc. cit. 559.

An annual, erect, stout herb, Stems and branches covered
with reddish brown hairs, deeply purplish or red when old.
Leaves imparipinnate; leaflets usually 7, rarely 9, opposite,
elliptic or cbovate, obtuse and minutely apiculate at the apex,
densely stiff hairy on both the sides. Flowers in axillary
rscemes, always more than 25 mm long, dense and much longer \

than leaves. Calyx densely hairy. Pods deflexed, stout, straight,



tetragonous, 6-9 seeded, densely brown hairy (Fl. Fr.

October - December) S. 57, 102,

Source : Seeds obtained from I.A.R.1l., New Delhi and

National Agricultural Research Station, Kenya.

Frahm-leliveld (1953, 1960, 1962) and Singh and Roy (1970)
reports 2n = 16 for the species. The present study confirms the
above number., However, some-seeds in Coll, No, 57 showed

2n = 18 chromosomes,

Coll. No. 102,

, | e S :
Karyotype formulae : 2n = 16 = P4+G8+62+H2=27.44 P,(Flgs. 75

and 76).

The complement consists of 5 pairs of chromosomes with
nearly median (G-type) and 3 pairs with nearly submedian
centromeres (F ?nd H - types). One pair of nearly median
chromosomes (Gs—type) are with sécondary constrictions on
long arms. The chromosomes are medium to short sized, the
length ranges from 2.05 F,to 1.0C s with a mean length of
1.72 P" The karyotype is apparently asymmetrical as the TF%
and L/S are 38.85 and 2,09 respectively.

Coll, No. 57.

t
Karyotype formulae : 2n = 18 = D2+F8+F§+H6=88.56 P_(Figs. 73
and 74).



Fig.

Fig.

Fig.

Fig,.

Fig.

Fig.

73,

74,

78.

L. hirsutas
Camera lucida drawing of somatic metaphase and
idiocgram.
Photomicrograph of somatic metaphase.

Camera lucida drawing of somatic metaphase and

idiogram.

Photomicrograph of somatic metaphase.

I, astragalina

Camera lucida drawing of somatic metaphase and

idiogram,

Photomicrograph of somatic metaphase,

Contd,....






Table 27, Measurements of somatic chromosomes of

I. hirsuta Linn. (Coll, No, 102).

Chromo- . Arm Raties
some Length inp  FPRETR TRy [ORCOT Type
1, 2 1.28+0.77=2.05 100,00 0,60 1.66 nsm F
3, 4 1.36+0.68=2.04 99.51 0.50 2.00 nsm F
5, 6 1,02+0,85=1,87 91.22 0,83 1,20 nm - G
’ f ,
7, 8 0.38+0.68+0,77=1,83 89.27 0,73 1,38 s G
9, 10 1,1140.68=1.79 87.32 0,61 1.63 mm G
11, 12 1.11%0.60=1.71 83.41 0,54 1,85 nsm H
13, i4 0.85+0,60=1.45 70,73 0,71 1.42 mm G

15, 16 0.60+0,40=1.00 47.80 0.66 1.50 nm G




Table 28, Measurements of somatic chromosomes of

I, hirsuta Linn., (Coll. No, 57).

Chromo-

R Arm Ratios
some Length in . TSACHETRIT R, pane . Tvpe
1, 2 1.53+1.32=2,85 100,00 0,86 1.16 mm D
.
3, 4 0.60+1.19+0,94=2.73 97.79 0.53 1,90 nsm  F°
5, 6 1.79+é.77=2.56 89,82 0,43 2.32 nsm F
7, 8  1.4940,77=2.26 79.30 0,52 1.94 nsm F
9, 10  1.36+0,77=2.13 74,74 0,57 1.77 nsm F
11, 12 1.36+0.68=2.04 71.58 0.50 2,00 nsm F
13, 14 1.19+0,72=1.91 67.02 0,61 1.65 nso H
15, 16  1,02+0,60=1,62 56,84 0,59 1.70 nsm H

17, 18 0.85+0,43=1.28 44,87 0,51 1.74 nsm H
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The karyotype shows chromosomes with nearly submedian
centromeres {F and H - types), except for a pair with nearly
median centromeres (D - type). One pair of nearly submedian
chromosomes are with secondary constrictions on long arms. The
chromosomes are medium to short sized, the length ranges from
2.85 u to 1.28 u, the mean length being 2.42 u. The karyotype
ié asymmetrical as the TF% and L/S are 36.11 and 1.75

respectively.

The two populations studied show differences in chromo-
some number and morphology (Table 29) indicating the presence

of cytotypes in the species,

Indigofera astragalina DC,, Prodr, 2 : 228, 1825; Gillett,

loc. cit. 110; Kew Bull, 14{2) : 290-295, 1960,

-

. hirsuta Linn. Sensu Baker, FBI. 2 : 98, 1876 pp (non Linn.)

Cooke, 1 : 319, 1902,

An erect, stout annual herb. Stems and branches covered
with brown pubescence, Leaves imbaripinnate, leaflets 9-11.
Flowers pink or rose in a long (25 mm long) axillary racemes.
Pods 4-6 seeded, covered with white hairs, arranged closely

on the peduncle often overlapping.

The preéent observation of 2n = 16 chromosomes in the
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somatic complement, confirms the earlier reports of Frahm-
leliveld (1960, 1962); Singh and Roy (1970) and Bhatt (1974).
3 populations are investigated cytologically. All the

populations showed similarity in karyotypes.

Coll. Nos. 6, 7 and 8.

"

Karyotypé formulae : 2n = 16 = D +F G +G2+H =32.56 n (Figs. 77
6 2 2 2 2 | i

and 78).

The karyotype contains 5 pairs of chromosomes with nearly
median (D ané G - types) and 3 pairs with nearly submedian
centromeres. Onhe pair of nearly median chromosomes (Gs—type)
are with secondary constrictions on short arms. The chromosomes
in the complement are medium to short sized, their length ranges
from 2.64-f_to 1.45 Pﬂ with a meaq-length of 2,03 P The
karyotype is apparently asymmetrical as the TF¥% is 39.86. The
graded nature of the karyotype is clearly indicated in idiogram

(Fig. 77).

Singh and Roy (1970) reports that,the karyotype consists
of equal number of median and submedian chromosomes, without
secondary constrictions or satellites. While, Bhatt {1974)
reports 3 pairs of median and 5 pairs of submedian chromosomes,

with one of the submedian pair having satellites in the taxon



Table 30. Measurements of somatic chromosomes of

I. astragalina DC, (Coll, No, 6).

s et np e ST o e
1, 2 1.53+1.11=2.64 100,00 0,72 1.37 mm D
3, 4 1.53+0,94=2.47 93,56 0.6= 1.62 nm D
5, 6  1.62+0,77=2.39 79.54 0.47 2.10 nsm F
7, 8 1.1140,94=2,05 77.65 0.84 1.18 nm. D

"
o, 10 1.02+40.60+0,34=1,96. 74.24 0.92 1.08 rm G
11, 12 1.02+0.68=1.70 64,39 0,66 1.50 mm G
13, 14  1.02+0.60=1.62 61,36 0,58 1.70 nsm H

15, 16 0,94+0.51=1.45 54,92 0.,%4 1.84 nsm H




I. astragalina Contd....

Fig. 79. PMC showing 8 bivalents at diakinesis {Coll.No,6).

Fig, 80, " " n at metaphase I "

I. glandulosa

Fig. 81. Camera lucida drawing of somatic metaphase and

idiogram,
Fig., 82, Photomicrograph of somatic metaphase.

Fig. 83. Camera lucida drawing of somatic metaphase and

idiogram,

Fig. 84. Photomicrograph of somatic metaphase,

Contde....
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analysed., The present observation differs from the earlier

studies in having more number of chromosomes with nearly

median centromeres, less with nearly submedian centromeres
L

and a pair of nearly median chromosomes (G -type) with secondary

constrictions.

Meidsis is regular showing 8 bivalents at diakinesis and
metaphase I (Figs. 79 and 80). This is the first report of
haploid number (n = 8) for the species. The pollen fertility

determined for the species is 89.50%.

Indigofera glandulosa Roxb. ex Willd., Sp. Pl. 3 : 1227, 1800;

Fl. Ind. 3 : 372, 1832; FBI. 2 : 94, 1876; Cooke, 1 :
311, 1902,

An erect, much branched herb. Branches hairy when young.
Leaves 3-foliolate; leaflets oblanceolate, obtuse, glabrous
or nearly‘so above, glauvcous and nigro-punctate beneath;
stipules minute. Flowers red or pink in short condensed
axillary racemes. Pods oblong, angled, the angles winged,
wings toothed, 1-2 seeded (Fl. Fr. August - November) S. 15,
16, 17, 85. ‘

Commonly observed along roadsides and along forest paths.

n =8 (Bir and Kumari, 1973) and 2n = 16 (Bhatt, 1974) are



the chromosome numbers reported for the species. These numbers
are confirmed in the present study. 4 collections are "

investigated cytologically,

Coll. No. 15.

'
Karyotype formulae : 2n = 16 = A +B,+B SiF 4F> =68,16 w (Figs. 83
, 4 2" 4 "2 }‘-

and 84).

The complement consists of 2 pairs of chromosomes with
nearly median (A-type) and 6 pairs with nearly submedian
centromeres (B and F - types). Secondary constricti&ns and
satellite? are present on 2 pairs of nearly submedian chromo-
somes (BS- and F° - types). The karyotype has 5 pairs of
longer and 3 pairs of medium sized chromosomes. The length of
chromosomes ranges from 5.95 P.to 3.23 Fﬂ with a mean length
qf 4.26 P The karyotype is asymmetrical and graded as the

TF% and L/S are 35.92 and 1.84 respectively.

Coll. Nos. 16, 17 and 85.

lJ

S . o
Karyotype formulae : 2n = 16 = D6+D2TF4+P2+GQ"47‘96 P.(Flgs. 81

and 82).

The karyotype of these collections show nearly median

centromeres (D and G - types) on 5 pairs and nearly submedian



Table 31, Measurements of somatic chromosomes of

I. glandulosa Roxb., ex Willd, (Coll. No. 15).

ST e Pt S e
1, 2 3.40+2,55=5,95 160,00 0,75 1.33 nm A
3, 4 2.55+2.04=4,59 " 77.14 0.80 i.25 nm A
5, 6 2,80+1,70=4,50 75.63 0.60. 1.65 nsm B

'

7, 8 0.85¢2,04+1,36=4,25 71.43 0.47 2.13 nsm  B°
9, 10 2.80+1.36=4.25 71.43 0,46 2.00 nsm B
11, 12 2.72+1.02=3.74 62.80 0.38 2,67 nsm F
13, 14  2.55+1.02=3.57 60,00 0,40 2.50 nsm F

S

15, 16 2.04+1.19=3.23 54,28 0,58 1.71 nsm F




Table 32.Measurements of somatic chromosomes of

I. glandulosa Roxb. ex Willd. (Coll., No. 17).

'

Chromo- . Arm Ratios
. Rel ative ==———2se2 Centro-
some - Length in ) Type
pair 9 }l length By ‘ Ry mere Yp
S!
1, 2 0,68+1.53+1,19=3,40 100.00 0.53 1.85 nsm F
3, 4 2,04+1,19=3,23 95,00 0.58 1.71 nsm F
5 6 1.,91+1.27=3,18 93.52 0,66 1.50 nm D
7, 8 1.95+1,19=3.14 92.35 0,61 1.63 nm D’
9, 10  1.78+1.19=2.97 87.35 0.66 1.49 mm D
’ ]
S

11, 12 0,32+1,06+1,23=2,92 85.88 0,72 1.37 nm D
13, 14 1.70+0,97=2.67 78.52 0.57 1.75 nsm F

15, 16 .0.97+0.80=1.77 52.05 0,82 1.21 nm G




I. glanduloesa

Contds....

Fig. 85. PMC showing 8 bivalents at diakinesis (Coll.No.15).

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

86.

87.

89.

90.

91.

"

"

L

"

L

n

w

" at metaphase I (Coll.No.17).

association of bivalents at

metaphase I (polar view)(Coll. No. 15).
nucleolii at telophase I (Coll,No., 16).
telophase I (Coll. No, 85).

grouping of chremosomes at

metaphase II (Coll. No, 85).

3 groups of chromosomes at

metaphase II (Coll. No. 15).
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centromeres on ? pairs'of chromosomes. Among them 2 pairs of
chromosomes (Ds~and F> - types) are with secondary constrictions
on long arms. The chromoscmes in the éomplement are mediuvm to
short sized in contrast to the leonger to medium sized observed
in the preceeding collection. They range in length from 3,40 P
to 1.77 H,with a mean length of 2,99 Fﬂ ?he asymmetrical and
graded nature of the karyotype is indicated by TF% (38.78)

and L/S (1.66).

The morphological similarities accompanied by karyotypic
differences (Table 33) among the populations studied, indicate

the presence of cytotypes in the species.

The present analysis of karyotype differs from the one
analysed by Bhatt (1974) in having chromosomes with secondary
constrictions, and satelliteé and in the absence of subterminal

chromosomes.

During meiosis 8 distinpt bivalents are noticed at
diakinesis and metaphase I (Figs. 85 and 86). Some PMCs showed
association of bivalents at metaphase I (Fig. 87), formation
of nucleolii at telophase I (Fig. 88% and grouping of chromo-
(somes at metaphase II (Figs.89[§??hz pollen fertility determined

for the species is 92.38%.
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Indigofera trifoliats Linn,, Amoen. Acad. 4 : 327, 1759;

FBI. 2 : 96, 1876; Cooke, 314, 1902; Ali, loc. cit. 552.

An erect, annual, much branched herb, Young branches
covered with scattered, appressed hairs, socon glabrescent.
Leaves subdigitately 3-foliolate; leaflets membranous,
oblanceolate, rounded and miﬁutely apiculate at the apex,
hairy on both the surfaces, more densely hairy and nigro-
punctate beneath; terminal leaflet sessile or nearly so. Flowers
pink, in congested sessile, 6-12 flowered racemes, shorter
than leaves., Calyx hairy, outside. Corolla longer than calyx;
standard densely hairy beneath. Pods deflexed, straight, some-
what tetragonous, thinly hairy, with 4 narrow wings on each

side of the suture, 6-8 seeded {Fl. Fr. August - October) $.29,30.
bserved in open waste lands.

The determination of somatic chromosome number (2n = 16)
and karyotype analysis of the species are worked out for the

first time,

Coll. No., 29,
1]

. S i
Karyotype formulae : 2n = 16 = A, +B ¥D +F +F,=57.06 }LL (Figs. 92

and 93],

~

The complement shows nearly median centromeres (A and D -



Table 34, Measurements of somatic chromosomes of .

I. trifoliata Linn, {Coll. No. 29).

Chromo- Arm Ratios

sone tength in g "REHE TR T R, mere TYPC
1, 2 2.72+1.70=4,42 100.00 0,63 1.60 nm A
3, 4 2.55+1.,70=4,25 96.15 0,67 1,50 nm A
5, 6 2.72+1.,36=4,08 92.31 0,50 2.00 nsm B

"
7, 8 2.55+0.85+0,51=3.91 88,46 0,53 1.88 nsm  E°
9, 10  1.87+1.53=3.40 76.62 0.82 1.22 mm D
11, 12 2.21+1,02=3,23 73.08 0,47 1.63 nsm F
13, .14 1.79+1.28=3.07 | 69,07 0,72 1,40 mm D

15, 16 1.32+0.85=2.17 49,10 0,64 1.55 m D




Fig. 92,

Fig. 93.

Fig, 94,

I. trifoliata
Camera lucida drawing of somatic metaphase and
idiogram,
Photomicrograph of somatic metaphase.

Camera lucida drawing of somatic metaphsse and

idiogram,

Contdesoesas






types) on 5 pairs and nearly submedian (B and F - types) on
B‘pairs og chromosomes, One pair of nearly submedian chromo-
somes (Fs~type) are with secondary constrictions en short

arms. The chromosomes in the complement are long to meéium
sized, range in length from 4,42 P.to 2.17 F.with a mean

length of 3.57 p. The TF% (37.85) and L/S (2.04) are indicative

of asymmetrical and graded nature of the karyotype.

Coll., No. 30.

S .
Karyotype formulae: 2n = 16 = Dl2+F2+F2=48.58 F.(Flg. 94},

]

The karyotype of this collection differs from the above
one,in having shorter chromosomes, one additional pair of
nearly median chromosomes and in the presence of secondary

constrictions on long arms,

Populations collected from different localities showed
morphological similarities. The karyotypic differences
(Table 36) observed in these populations indicate the

presence of cytotypes in the species.

Meiosis is normal showing the formation of 8 distinct
bivalents at diskinesis and metaphase I (Figs. 95 and 96).
This confirms the earlier report of n = 8 by Bir and Kumari

(1973). Late separation of chromosomes at anaphase I are



Table 35. Measurements of somat;c chrombéomes of

I. trifoliata Linn., (Coll. No..30).

Chromo~ - Arm Ratios c

coee et anp ks U O e
1, 2 2.38+1.61=3.99 100.00 0,67 1.48 m D
3, 4 1.95+1.31=3.26 81.70 '0.67 1.48 mm D
5, 6 1.78+1.48=3,26 81.70 0.83 1,20 " rnm D

. R ¥
7, 8 0.59+1.36+1,02=2,97 74.43 0.52 1.92 nsm  F°
9, 10 1.87+1.02=2.89 .  72.43 0,54 1.83 nsm F
11, 12 1.78+1.10=2.88 72,18 0.61 1,62 mm D

13, 14 1.53+1.14=2,67 66,91 0,74 1.34 nm D

15, 16 1.44+0.93=2,37 53,39 0,64 1.54 D
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I. trifoliata Contd.,

Fig. 95. PMC showing 8 bivalents at diakinesis (Coll.No.30).

Fig.
Fig.

Fig.

Fig.

Fig.
Fig,

96.
97.

98.

99.

160,
101.

"

n

f

"

L

" at metaphase I(Coll.No,29).
photomicrograph of metéphase I.

late separation of chromosomes at

anaphase I (Cell. No. 30).

metaphase II (Coll. No. 29).

L. gduthedi

Camera lucida drawing of somatic metaphase.

Photomicrograph of somatic metaphase.

Contd.,....
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observed in some PMCs. The pollen fertility determined for

the species is 93.25%.,

Indigofera duthei Drum ex Naik, Proc. Indian Acad. Sci,
71(6), Sect. B : 226-229, 1970.

An érect, annual herb. Branches coverea with scattered
hairs. Leaves digitately 3-foliqlate;.leaflets membranous,
lanceolate to oblanceolate, rounded, hairy on both the
surfaces with punctate glands beneath; all leaflets have
equal lengthed petioﬁgs. Flowers pink in congested axillary
racemes, pods slightly deflexed, straight, somewhat tetra-
gonous, thinly hairy, wings absent on the sides of sutures,

apiculate, 3-5 seeded. (F1. Fr. September - November) S. 59.

Source : Seeds’received from Dr. V. N. Naik, Aurangabad.

No data regarding cytelogical work of this species could
be traced from the available literature. The chroemosome numbers

n =8 and 2n = 16 are determined for the species.

Coll, No, 59.

"
.S _ S
Karyotype formulae : 2n = 16 = A2+A2+D8+F4“57.§2 P,(Flgs. 100
and 101). ‘ ‘

1



Table 37. Measurements of somatic chromosomes of

I. duthei Drum. ex Naik (Coll. No. 59).

sne Leomanp ioiie SRR pmtres 1y
1, 2 2.55+1,87=4,42 100,00 0.73 1,36 mm A

"

3, 4 2.21+1.36+0.51=4.08 92,31 0.85 1.18 nm A
5, 6 2.55+1,36=3,91 88,46 0,53 1.88 nsm F
7, 8  2.30+1.45=3.75 84.84 0,63 1,59 rmm D
9, 10 2.30+1.36=3.66 82.81 0.59 1.69 nsm F
11, 12 1.87+1.15=3.02 - 68.33 0.61 1.63 nm D
13, 14 1,70+1.28=2,98 67.42 0,75 1.33 mm D

15, 16 1.53+1.36=2.89 65,38 0.89 1,13 om - D
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The somatic complement includes 6 pairs of chromosomes
with neérly median centromeres (A and D - types) and 2 pairs
with nearly submedian {F-type). One pair of nearly median
chromosomes (ﬁs-type) are with secondary constrictions on
short arms. The chromosomes in the éémplement are long to .
medium sized, their length ranges from 4,42 P_to 2.89 s with
a mean length of 3,5% P The TF% and L/S are 40.75 and 1,53
respectively. Therefore, the karyotype is apparently

asymmetrical and graded. .

Meiosis is regular showing 8 bivalents at metaphase I
(Fig. 102). However, grouping of chromosomes are observed at
metaphase IT (Fig. 103). The pollen fertility determined is
90. 16%.

Indigofera oblongifolia Forsk., Pl. Aeg.-Arab. 137, 1775.

. brab
I. paucifolia Del., Fl. Aeg.-ylO7, t. 37, f. 2, 2, 1813;

PBI. 2+ 97, 1876; Cooke, 1 : 313, 1902; Gillett, loc. cit.
116; Ali, loc. cit. 546.

An erect, bushy shrub, very twiggy, ashy all over,
Branches glabrous., Leaves compound; leaflets variable,
alternate, hairy on both the surfaces, silvery hairy beneath.

Flowers red, in axillary racemes. Pods numerous, densely



I. duthei Contd.....

Fig. 102, PMC showing 8 bivalents at metaphase I.

Fig., 103. " " grouping ef chromosomes at

metaphase II,

I. oblongifolia

Fig. 104, Camera lucida drawing of somatic metaphase

and idiogram.
Fig. 105. Photomicrograph of somatic metaphase.

Fig, 106. Camera lucida drawing of somatic metaphase

and idiogram,
.

|

i

107 .- Photomicrograph of éomatic‘metaphase.V‘

Contdeee.s

| Fig.
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silvery when young, more or less deflexed, 6-8 seeded,

torulose (Fl, Fr. September - Januar&) S. 9, 10 and 11.

Observed in open waste lands and along forest paths.

Frahm-leliveld (1966); Singh and Roy (1970) and Bhatt
(1974) have reported 2n = 16 chromosomes in the somatic
complement for the species, This is confirmed in the present

work, Three collections have been cytologically investigated.

Coll. No, 9.

Karyotype formulae : 2n = 16 = D4+D§+F8+G2f4l.20 P.(Figs. 104

‘and 105).

The karyotype shows equal number of chromosomes with
nearly median (D and G - types) and nearly submedian (§~type)
centromeres, One pair of nearly median chromosomes‘(Dsutype)
are with secondary constrictions on short arms. The chromosomes
in the complement are medium sized, except for one pair of
. short sized chromoscmes (G-type). The chromosome; vary in
length from 3.32 | to 1.96 P with their average length being
2.57 P Thg karyotype is asymmetrical as the TF% and L/S are
38.88 and 1,69 u respectively. The gradéd nature of the

karyotype is indicated in idiogram (Fig. 104).



Table 38. Measurements of somatic chromosomes of

I. oblongifolia Forsk. (Coll. No. 9).

Chromo- Arm Ratios

sore teething TR R poit e
.
1, 2 1.70+0,94+0,68=3,32 100,00 0,95 1,04 nm  D°
3, 4 2,04+1.,02=3.06 g2.16 0.50 2,00 nsm F
5, 6 1,79+0.94=2,73 82.22 0.52 1.90 nsm F
7, 8  1.70+0.94=2,64 79.51 0,55 1.80 nsm F
9, 10  1.53+1,02=2,55 76.80 0.66 1.50 nm D
11, 12 1.45+0.85=2,30 69,27 0.58 1.70 nsm F
13, 14 1.19+0.85=2,04 61.44 0,71 1.40 nm D

15, 16 1.1940.77=1.96 59.03 0.64 1.54 nm G
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Coll. No, 10.

t

Karyotype formulae : 2n = 16 = D6+D§+P8—43.58 P,(Figs. 106 and

107).

The karyotype of this collection resembles the preceeding
one (i.e. Coll, No. 9) in having equal number of chromosomes
nearly median and nearly submedian centromeres, but differ§
from it in having secéndary constrictions on leng.arms (Ds-type§

and absence of short chromosomes.

Coll. No. 11.

Karyotype formulae : 2n = 16 = D2+F8+F§+G

mm

H,=37.10 3 (Fig. 108).

The karyotype of this collectlon differs from the
preceedlng ones in having less number nearly median (2 pairs),
‘more number of nearly submedlani(é pairs) and a pair of

satellited (Gs-type) chromosames.,

Populations collected from different localities showed

N A}

similarities in grossxmorphological characters. But the
karyotypic differences (Table 41) observed among them indicate

the presence of cytotypes within the species,

The meiosis is normal showing 8 distinct bivalents at

zmetaphase I (Fig, 109) and equal distribution at anaphase I



Table 39, Measurements of somatic chromosomes of

I. oblongifolia Forsk. (Coll. No, 10J.

Chromo- Arm BRatios

some lengthinp UGS TR Ry ol Tie
1, 2 2.04+1.45=3.49 100.06 0,71 1.40 mm D
3, 4 2,04+0,94=2,98 85.38 0.46 2.17 nsm F
5, 6 2,04+0,85=2.89 82.80 0,41 2,40 nsm F
7, 8 1.96+0,89=2.85 81.66 0.45 2,20 nsm F
9, 10  1.70+0.85=2,55 73.06 0,50 2,00 nsm F
11, 12 1.36+1.06=2,42 69.34 0,77 1.28 am D
13, 14 1,45+0.94=2,39 68,48 0.64 1.54 mm D

15, 16  0.34+0,94+0,94=2,22 63.61 0,73 1.36 nm D




Table 40, Measurements of somatic chromosomes of

I. oblongifolia Forsk. (Coll., No. 11).

Chromo- Arm Ratios Centro—

;Z?ﬁ Length in B Rfiﬁ;ige R, R, mere Type
1, 2 1.,70+0,94=2,64 100,00 0,55 1.81 nsm F

. '

3, 4 0.64+1.1140.85=2.60 98,48 0.49 2.05 nsm  E°
5, 6 1,70+0.89=2,59 98,10 0,52 1,91 nsm F
7, 8  1.53+0,85=2.38 90,15 0.56 1.80 nsm F
9, 10  1.45+0.85=2,30 87.12 0,56 '1.71 nsm F
11, 12 1,19+1.02=2.2]1 83.71 0.86 1.17 nm D
S

13, 14 1.19+0,77=1.96 74.24 0.65 1.55 nm G

15, 16  1.19+0.68=1.87 70.83 0.57 1.75 nsm H

aelre
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L. oblongifolia

Fig.

Fig.

Fig.

Fig.

Fig.

108.

109,

110,

111,

112,

Contd....

Camera lucida drawing of somatic metaphase

and idiegram,

PMC showing 8 bivalents at metaphase I

"

"

n

L

n

(polar view) (Coll., No, 11).

association of bivalents at

metaphase I (Coll. No., 10).

late separation of chromosomes at

anaphase (Coll. No. 11).

grouping of chromosomes at

metaphase II (Coll. Ne, 112).
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(Fig. 111). This is the first report of meiosis and haploid
number (n = 8) for the species. Some of the PMCs showed
association of bivalents ‘at metaphase I (Fig. 110) and grouping
of .chromosomes at metaphase II (Fig, 112). The pollen

fertility determined for the species is 91,08%.

Indigofera spicafa Forsk,, Fl, Aeg.-Aragb. 138, 1775; Gillett,

lec. cit. 119,

I. hendecapylla Jacq., Coll, Bot. 2 : 358, 1788.

"1, endecaphylla Jaecq.", Lam. Encycl. Suppl. 3 : 147, 1813,A

per errore; FBI. 2 : 98, 1876.

An annual or biennial with trailing stems. Branches
covered with only few hairs, Leaves compound, leaflets 5-9,
membranous, alternate, oblanceolate, obtuse, appressedly grey
hairy; stipules lanﬁeolate, acuminate., Racemes close, usually
peduncled., Calyx teeth sétaceous, long. Corolla violet-purple,
twice the calyx. Pods straight; deflexed, glabrescent, 6-10
seeded ~ adopted from FBI. 2 : 98, 1876, (Coll. No., 96).

Source : Seeds obtained from Kew gardens, England.

Frahm-leliveld (1960) reports 2n = 16, while Pritchard
and Gould (1964) reports 2n = 16 and 32 for the species., The



I. spicata

Fig. 113. Camera lucida drawing of somatic metaphase

and idiogram,

Fig. 114. Photomicrograph of somatic metaphase.






Table 42. Measurements of somatic chromosomes of

1. spicata Frosk, (Coll, No. 96).

Arm Ratios

e Lentninu Slatiye SRS cowre-
1, 2 1.87+1.53=3,40 100,00 0.83 1.22 nm D

. .

3, 4 0.68+1.36+1.28=3,32 97,65 0,63 1,59 rm D
5, 6 1.87+0,94=2,81 82.65 0,50 1.99 nsm F
7, 8 2.04+0,77=2.81 82,65 0.38 2.65 nsm F
9, 10 1,28+1,19=2.,47 72.65 0.93 1,08 nm D

11, 12 1.45+1,02=2,47 72.65% 0,70 1.42 nm D .
13, 14 1,23+0,81=2,04 68.82 0.66 1.52’ nm D

15, 16 0.81+0,51=1.32 60,00 0.63 1.59 nm G




haploid number n = 8 is reported by Turner (1956). The
somatic number 2n = 16 is confirmed in the present study,

The karyotype is worked out for the first time,
Coll. No. 96.

t
S - .
Karyotype formulse : 2n = 16 = DgtDo+F,+G,=41.28 pn (Figs. 113

and 114), . ‘

The complement shows 6 pairs of chromosomes with nearly
median (D and G - types) and 2 pairs with nearly submedi an
cen?romeres (F-type). One pair of nearly median chromosomes
(DS—type) are with secondary censtrictions on long arms. The
chromosomes are mediuﬁ to short sized, the length varies from
3.40 p to 1.32 p, with a mean léngth of 2.48 1. The karyotype
is apparently asymmetrical as the TF%.is 39.06. The graded
nature of the karyotype is indicated in the idiogram (Fig. 113).

Desmodivm Desv.

The genus Desmodium belonging to the tribe Desmodiae, was
first established by Desvaux in 1813. Prior to this most
species of Desmodium and its closely related genera were

referred to Hedysarum (Linnaeus, 1753). Meibomia (Fabricius,

1759), Edusaron (Medikus, 1787) and Pleurclobus (Saint-Hilaire,

1812). Kuntze (1819) transferred some 230 species of Desmodium

sensu lato to Meibomia and it was accepted by Rochester and



. American codes of nomenclature., But later botanical congress
"accepted the name Desmodium as one of the 'nomina conservanda'

against the generic names Meibomia and Pleurolobus.

@

The genus has been studied in greater details by De Candolle
(1825), Bentham (1852, 1865), Baker (1876), Schindler (1928),
Hutchinson (1966) and Ohashi (1973). The comparison of the

different treatments is summarised in the Table 43a,

The genus comprises-350-450 species widely distributed
in the tropics and subtrepics of the world. Southern Asia and
Mexico are considereQ»as the two centres of distribution and
differemtiation,‘However, Asiafic region is considered as the

primary centre (Ohashi, 1973),

The éenus besmodium is characterised by shrubs, subshrubs
or herbs; erect, prostrate, decumbent or subclimbing. Leaves'
unifoliolate or pinnately trifoliolate; tefminal leaflet the
larger, variously shaped; stipellate; siipules free, somewhat
joined and striate. Inflorescence axillary or terminal, falsely
racemose., The flowers pink or pale purplg{ éolitarf or fasci-
culated on the rachis; bracts dimerous striate, persistent or
membranous and deciduous. Calyx usually broadiy companuléte,
more or less 2-lipped, the upper lib composed of 2 lobes
(j0intd together), the lower three, teeth acute or acuminate,

Corolla mostly small, vexillum ebleng to erbicular, rounded



or emérginate at the apex,‘shortly clawed; wingé more or

less adherent to the keels, oblong, rounded to obtﬁse at the
apex, shortly clawed; keel longer or shorter than wings acute
or obtuse at the apex. Stamens mostly diadelphous, vexillary
filament free or éartly joined; anthers uniform, Ovary sessilel
or stipitate, pubésceqﬁ, many ovuled; style inflexed or
incurved, glabrous; stigma terminal, capitate or mipute. Pods
exerted from fhe calyx, sessile or stipitate, compressed,
jointed, dehiscent or indehiscent, joints l-seeded, Seeds
reniform or oblong,‘compressed estrophiolate,pollen grains

tricolpate, colpi long éna membrane granulated,

Taxa investigated in the present work, have been arranged

following the classification of Ohashi (1973).

Gerus DESMODIUM Desv. ) . .

Subgenus : Catenaria {Benth.) Bak.
Subéemus ¢ Desmodium
Section : Angustistipulesa Ohashi
D. laxiflorum DC.
Section : Qesmodiﬁm
D. salicifolium (Poir.) DC.

Subgenus : Dollinera (Endl.) Schindl,



Section

»
-

68

Dollinera

Subsection : Dollinera -

Subsection : Khasiana {Schindl.) Ohashi -

Subsection : Tilifolia (Schindl.) Ohashi -

Section
Section
Section

Subgenus

Subgenus
Subgenus :
Subgenus :

Section

Section

Section

.
*

-
*

D. elegans DC.
~Kingiana Ohashi -
Sequax Ohashi -

Siamensia Ohashi -

Hanslia (Schindl.) Ohashi -

P

: Ougeinia (Benth.) Ohashi -

odocarpium {Benth,)} Ohashi -

Sagotia {Duchass et Walpers ) Bak.

*s

Chalarioidea Benth,

D, dichotomum (Willd.)“BC.
D. distortum (Aubl.} Mchr,
Heteioléma'Benth.
9.'gangeti;um Linn;

D, velutinum (Willd.) DC.

—

Nicolsonia (DC) Benth.

D. hetefocarpon (Linn.) DC, var. strigosum.Van
Meeuwen
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I

rotundifolium Bak.

intortum (Mill.) Urb.

Hw,
»

1o

sandwicense E, Mey,

o

uncinatum (Jacq.) DC.
Section : Oxytes (Schindl.) Ohashi -
Sgction : Renifolia Ohashi -~
Section : Sagotia

D. triflorum (Linn.) DC.

Genus DENDROLOBIUM (Wt, & Arn.) Benth.

D. triangulare (Retz.) Schindl.

Desmodium laxiflorum DC,, Prodr, 2 : 335, 1825; FBI. 2: 164,
1876; Cooke, 1 : 376, 1902; Ohashi, loc. cit. 101l.

An erect, herb or undershrub. Stems angled more or less
hairy. Leaves trifoliolate; leaflets membfanous, ovate-
lanceolate, acute or subacute, glabreus above, more or less
hairy beneath. Flowers pink in axillary or terminal racemes,
flowers usually in distant fascicles, the rachis slightly
hairy. Pods scarcely constricted befWeen the seeds, joints

6-10, longer than broad, qévered with minute hooked hairs

(F1. Fr. September - December) S. 54.
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Noted in hedges and as an undergrowth in the forests.

n = 11 (Mehra and Dhawan, 1971; Bir and Talwar, 1973)

i

and 2n = 22 (Bhatt, 1974) are the previous reports of chromo- -

somes numbers for the species and the same numbers are

confirmed in the present investigation.

Coll., No, 54,

_ "
Karyotype formulae : 2n = 22 = D4+D§fGlz+H2+H§=39.18]1 (Figs.

115 and 116).

The karyotype consists of 9 pairs of chromosomes with
nearly median (D and G - types) and 2 pairs with nearly sub-
median centromeres. Ome pair of nearly median type (Ds—type)
is with secondary constrictions on short arms and another pair
of nearly submedian (Hs-type) type is with satellites. The
chromosomes are medium to short sized, the length wvaries from
2.51 F.to 1.19 P" with an average length of 1.78'P4 The ‘
apparent asymmetry of the karyotype is evident from TF% of
40,02 and 1/S of 2.11. '

In contrast to the earlier analysis (Bhatt, 1974) of the
karyotype showing 3 pairs of chromosomes with median and
8 pairs with submedi an centromeres, in the present investigation

9 pairs of chromosomes with nearly median and 2 pairs with



Table 43. Measurements of somatic chromosomes of

D. laxiflorum DC. (Coll. No, 54),

DT ey Sl S poee o
1, 2 1.53+0,98=2.51 100,00 0,64 1.56 nm D

"
3, 4  1.1940.7740,34=2,30 91.63 0,93 1.07 nm  D°
5, 6  1.28+0.85=2, 13  ga.86 0.66 1.51 mm D
7, 8 1.11+0,68=1.79 71.31 0.61 1.65 nm G
9, 10 0,94+0,77=1.71 68.13 0,82 1.22 mm G
11, 12 1,19+0,51=1,70 67.73 0.43 2.33 nsm H
13, 14 1.02+0,68=1,70 67.73 0,67 1.50 mm G
15, 16  1.06+0,51=1,57  62.55 0.48 2.08 nsm HS
17, 18  0.94+0,60=1.54 61.35 0.64 1,57 nm G
19, 20 0.81+0,64=1.45 57,77 0.79 1.27 mm G

21, 22 0.,68+0.,51=1.19 47,47 0,75 1.33 nm G




Fig.

Fig.
Fig.

Fig,

Fig.

Fig,

Fig.

115.

116.

117.

118.

119.

120,

121.

Desmodivm laxiflorum

Camera lucida drawing of somatic metaphase

and idiogram.,
Photomicrograph of somatic metaphase.
PMC showing 11 bivalents at diakinesis.,

" " association of bivalents at

metaphase I,

" " association of bivalents at

metaphase I.
PMCs showing cytomixis at metaphase I.

PMC showing late separation of chromosomes

at anaphase I.






nearly submedian centromeres are observed. However, both
the analyses resemble each other in having 2 pairs of

chromosomes with satellites or secondary constriction.

Meiosis is normal showing the formation of 11 bivalents
at diakinesis and metaphase I (Figs. 117 and llQ).Associatiop
of bivalents at metaphase I (Figs. 118 and 119), cytomixis at
metaphase I (Fig. 120) and late separation of chromosomes at
‘anaphase I (Fig. 121% are some of the abnormalities recorded
in few PMCs, The pollen fertility determined for the species
is|91%.

Desmodium salicifolium (Poir.) DC, Prodr. 2 : 337, 1825;

Verdec., Kirkia 9(2) : 522, 1974,

hHedysarum salicifolium Poir., Lam. encycl. Meth, Bot. 6 :

422, 1805.

An erect, woody subshrub. Branches striate covered with
spreading hairs. Leaves trifoliolate; stipules ovate-~lanceolate,
striate, ciliate, persistent; leaflets oblong~elliptic to ovate-

lanceolate, rounded to acute with mucronulate apex, hairy on

both the surfaces (more on veins beneath). Flowers pink, in

| “ .
dense axillary and terminal racemes. Pods thickened on the

margins, slightly indented on beth the sutures, jbints 3-7, hairy

with Taised reticulatiens. {F1. Fr. October - November) 5. 95.

{
|




Table 44. Measurements of somatic chromosomes of

D. salicifolium (Poir,) DC. (Coll. No. 95).

Chromo-

Arm Ratios

;Z?i Length in p, Rf}éggige R, R, ggng(" Type
1, 2 1.96+1.87=3,83 100,00 0,95 1.05 mm D
3, 4 1.87+1.53=3,40 88.77 0,82 1.22° m D

"
5, 6 1.70+0,94+0,60=3,24 84.60 0.91 1.10 mm  D°
7, 8  1.53+1,28=2.81 73.37 0,84 1.20 nmm D
9, 10  1.53+1.02=2,55 66,56 0.67 1.50 nm D

11, 12 1.53+0.85=2.38 62.14 0.56 1.80 nsm F

13, 14  1.36+0.68=2,04 53.26 0.50 2.00 nsm F

15, 16 1.36+0,60=1,96 51,17 0,44 2.27 nsm H

17, 18 1.02+0.51=1,53 39.65 0.50 2.00 nsm  H

19, 20 37.86 0.42 2.37 nsm H

1.02+0,43=1,45




Source : Seeds received from Kew gardens (origin Zambia).

The somatic chromosome number 2n = 20, determined for the
species, is in confirmity with the earlier reports of Turner
and Fearing (1959). However, Miege (1960) reports 2n = 22 for

the species,

Coll. No, 95.
n

Karyotype formulae : 2n = 20 = D8+D2+F4+H6:50‘38 P.(Figs.lQZ and

123)., -

The complement includes equal number of chromosomes with -
nearly median {D-type) and nearly submedian (F and H - types)
centroﬁeres. A pair of nearly median chromosomes are with
secondary constrictions on short arms. The chromosomes are
medium to short sized, the length ranges from 3,88 F,to 1.45 Jrs
with a mean length of 2,52 F" Despite the fact that, the equal
number of nearly median and nearly submedian chromosomes, an
overall asymmetry is apparent in the karyotype owing to its

high L/S ratiof2.64).

Desmodivm elegans DC., Ann., Sci., Nat. 4 : 100, 1825; Ohashi,

loc, cit, 110,

o ——

D. taliaefolium (D. Don) Wall., FBI. 2 : 168, 1876.

A large deciduous shrub, Branches striate, more or less



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

122,

123,

124,

125.

126.

127.

D. salicifolium

Camera lucida drawing of somatic metaphase

and idiogram.

Photomicrograph of somatic metaphase.
D. elegans

Camera lucida drawing of somatic metaphase

and idiogram.

Photomicrograph of somatic metaphase.
D. dichotomum

Camera lucida drawing of somatic metaphase

and idiogram.

Photomicrograph of somatic metaphase.
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densely-hairy. Leaves trifoliolate; stipules narrow, linear,
caducous; leaflets variable, orbicular, ovate or - obovate,
obtuse or abrupily acuminate, glabrescent sbove and silky-white
hairy beneath, lateral leaflets oblique. Flowers pale lilac,

in large terminal, much branched panicles, flowers usually
clustered. Pods sessile or distinctly stalked, indented on

the lower suture, joints 6-9, covered with.appressed hairs.

Seeds black. - adopted from FBI. 2 : 168, 1876. Coll.. No. 114.
Source : Seeds obtained from Kew gardens,

Many workers have reported n = 11 {Bir and Sidhu, 1967;
Rao, 1967; Rotar and Urata, 1967) and 2n = 22 (Tix%r, 1965
Kaul and Gohil, 1973) as the chromosome numbers for the species.
2n = 22 is confirmed in the present study, Detailed analysis
of karyotype is attempted for the first time,

"

Karyotype formulae : 2n = 22 = D4+D§+Fl4+62=57.48 F_(Figs. 124

and 125).

There are 4 pairs ef.chrOmoéomes with nearly median
(D and G - types) and 7 pairs with nearly submedian (F-type)
centromeres in the complement. A pair of prearly median chromo-
"

somes (Ds—type) are with secondary constrictions on short arms,

'“The chromosomes are medium to short sized, the length ranges



Table 45. Measurements of somatic chromosomes of ‘

D, elegans DC. (Coll. No, 114), o 3
e’ gt iny.  Sgletive SEEERS cmtro 1,
- .
1, 2 1.87+40.85+0,60=3.32 100,00 0.78 1.29 rm D
3, 4 2.04+1.11=3.15 94.88. 0,54 1.84 nsm F
5, 6 1.96+1.11=3.07 92.47 0.57 1.77 nsm F
7, 8 1.70+1.28=2.98 89.76 0.75 1.33 nm D
o, 10 2.04+0,77=2.81 84,64 0.38 2.65 nsm F
11, 12 1.79+0,85=2.64 79.52 0.47 2.11 nsm F
13, 14  1.70+0.85=2.55 76.81 0.50 2.00 nsm F
15, 16  1,28+0,85=2,13 64.16 0.66 1.51 rm D
17, 18 1.32+0.77=2.09 62.95 0.58 1.71 nsm F
19, 20 1.36+0,68=2.04 61.45 0.50 2.00 nsm F

21, 22 1.06+0,85=1.91 59.04 0,80 1.25 nm G
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from 3,32 u to 1.96 u, with a mean length of 2.61 u, The

karyotype is asymmetrical as the TF% is 36.20.

Desmodium dichotomum (Willd,) DC,, Prodr.2 : 336, 1825;

Van Meeuwen, Reinwardtia 6(3): 248, 1962; Ohashi, loc. cit.

————

173; Verdec,, loc. cit. 523,

Hedysarum dichotomum Willd., Sp. Fl. 3 : 1180, 1802,

Desmodium diffusum (Willd.,) DC,, Predr. 2 : 336, 1825; FBI. 2:

169, 1876; Cooke, 1 : 377, 1903,

An erect, annual herb or undershrub. Stem stout, déeply
grooved, very sticky all over with short, recurved hairs.
Leaves trifoliolate; stipules large, amplexicaul and auricled;
leaflets stiff, ovate-oblong, more or less hairx on both the
sides, Flowers in small fascicles, in large, axillary and
terminal racemes. Pods indented on both the sutures, joints
3-6, rounded, covered with small hooked hairs (Fl, Fr. September-

December) S. 50, 51 and 87.

Common; observed in open places and along roadsides in

forests,

i

The present investigation confirms the earlier reports of
chromosome numbers n = 11 {Bhaumik, 1975) and 2n = 22 (Rotar and

Urata, 1967 and Bhatt, 1974) for the species.



D. dichotomum

Fig.

Fig.

Fig,

Fig.

Fig.

Fig.

Fig.

Fig.

Contd....

128. PMC showing 11 bivalents at diakinesis

129,

130.

131.

132,

133.

134,

135.

"

"w

"

"

"

"

{Col1, No. 51).
univalents at diakinesis (Coll.No,50).

interbivalent connections { ) at

metaphase (polar view) (Coll. No, 51).

association of bivalents at

metaphase I (Coll, No, 87).

association of bivalents at

metaphase I (Boll. No, 51).-

PMCs showing cytomixis at metaphase I,

PMC

L

showing precocious movement at

anaphase I (Coll. No. 51).

grouping of chromosomes at

metaphase II (Eoll. No, 87).
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Coll. Nos. 50, 51, and 87.

"

Karyotype formulae : 2n = 22 = D6+D§+F +GA+H

4 =48.30 p (Figs.

6
126 and 127).

In the somatic complement the centromeres are nearly meQian
(D and G - types) on 6 pairs and nearly submedian (F and H -
typfs) on 5 pairs of chromosomes, One pair of nearly median
(Ds—type) chromosomes are with secondary constrictions on
short arms.The chromosomes are medium to short sized, the length
ranges from 3,15 p to 1.36 p, with a mean length of 2.20 p. The
karyotype is apparently asymmetrical as the TF% is 39.88.

The present and the previous (Bhatt, 1974) karyotypic
studies resemble each other in types of chromosomes. However,
i

secondary constrictions on a pair of chromosomes (Ds-type)

observed presently were not recorded earlier,

The meiosis is normal showing 11 bivalents at diakinesis
and metaphase I (Figs. 128 and 130), Some PMCs showed univalents
at diakinesis, interbivalent connections, association of
"bivalents and cytomixis at metapha;e I (Figs. 129 - 133),
precocious movement at anaphase 1 (Fig. 134), and grouping of
chromosomes at metaphase II (Fig. 135). 94.26% is the pollen

fertility determined for the species.



Table 46, Measurements of somatic chromosomes of

D. dichotomum (Willd.) DC. (Coll., Ne. 50).

Chromo- Arm Ratios

some  Lenothinp TR TRT Ry norl™T Tyee
1, 2 1,70+1,45=3,15 100,00 0.85 1.17 nom D
3, 4 1,70+1,28=2,98 94.60 0,75 1,33 mm D
"
5, 6 1.45+0.68+0,51=2.64 83.81 0,82 1.22. nm D>
7, 8 1.87+0,77=2.64 83.81 0.41 2.43 nsm F
9, 10  1.36+0,94=2,30 73.02 0,69 1.45 nm D
11, 12 1.45+0,81=2,26 71.75 0.56 1.79 nsm F
13, 14  1.32+0,60=1,92 60,55 0,45 2.20 nsm H
15, 16 0,94+0,85=1.79 56,83 0.90 1,11 mm G
17, 18 0,94+0,72=1.66 52,70 0,77 1.31 nm G
19, 20 0,94+0,51=1.45 46,03 0.54 1,84 nsm H
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-

Desmodium distortum (Aubl) Mcbr., Publ, field Mus, Nat. Hist.

Chicago, Bot, Ser, 8 : 101, 1930.

A stout, erect, undershrub. Stems and branches striate,
hairy. with red markings below nodes. Leaves trifolialéte;
stipules large, semiamplexicaul, ovate, acuminate; leaflets
ovate to ovate-lanceolate, obtuse with mucronulate apex, hairy
on beth the surfaces, Flowers bluish-purple, in terminal
panicul'ate racemes, peduncles densely hairy. Pods straight or
slightly curved, indented on both the sutures, joints 4-7, as
long as broad, faintly reticulately veined, hairy (Fl. Fr.
September - October) S. 99 and 109,

Rare; few plants are noticed near Baroda museum. Seeds
were also obtained from National Agricultural Research Station,
Kenya.

’

The chromosome numbers for the species are reported by
Rotar and Urata (1967) and Pritchard and Gould (1964) as n = 11
and 2n = 22 respectively. The present study confirms the above

reports. The karyotype is investigated for the first time,

Coll. No, 99,
"

. \ . . |
Karyotype formulae : 2n = 22 = D +D¥F, +H,=55.82 P.(Flgs. 136

and 137).



Table 47, Measurements of somatic chromosomes of

D. distortum (Aubl,) Mcbr. (Coll., No., 99).

ggggmo- Length in Rfﬁﬁgixe éﬁ?‘3§$%§§ Centro- Type

L]

1, 2 1.53+0.85+0,60=2.98 100,00 0,95 1,06 nm  D°
3, 4 1.87+1.02=2.89 96.98 0,55 1.83 nsm F
5, 6 1.87+1.02=2.89 96.98 0.55 1.83 nsm F
7, 8  1.70+1.02=2,72 91.28 0.60 1.67 nsm F
9, 10  1.79+0,85=2.64 88.59 0.47 2.11 nem F
11, 12 1.79+0.77=2.56 85.91 0.43 2.32 nsm F
13, 14  1.53+0,94=2.47 82,89 0,61 1.63 nm D
15, 16  1.70+0.68=2.38 79.87 0,57 2.50 nsm F
17, 18 1.45+0,85=2,30 77,18 0.59 1.71 nsm F
19, 20 1.36+0.85=2,21 74.16 0.63 1.60 nm D
21, 22 1.19+0.68=1,87 62.75 0.57 1.75 nsm H




D. distortum
Fig. 136. Camera lucida drawing of somatic metaphase
and idiogram.
Fig. 137. Photomicrograph of somatic metaphase.

Fig. 138. PMC showing 11 bivalents at metaphase I
(polar view) (Coll. No. 99).

Fig. 139. " " association of bivalents at

metaphase I (side view) (Coll.No0.99).

Fig. 140, " " telophase II,
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The karyotype shows 3 pairs of chromosomes with nearly
median (D-type) and 8 pairs with nearly submedian (F and H -
typss),centromeres, One pair of nearly median Fhromosomes
(DS -type) are having secondary constrictions on short arms.
The chromo;omes are medium to short sized, the length ranges
from 2,98 F,to 1.87 P with a mean length of 2,54 F* The
karyotype is asymmetrical as the TF% is 36.30. The graded
nature of the karyotype is evident from idiogram (Fig. 138)

and relative length (Table 47).

Meiosis is normal showing the formationm of 11 bivalents
at metaphase I (Fig. 138). However, association of bivalents
at metaphase I (Fig. 139) are observed in some PMCs, The

estimated pollen fertility for the species is 89,96%.

Desmodium gangeticum (Linn.) DC., Prodr. 2 : 327, 1825; FBI. 2:

168, 1876; Cooke, 1 : 379, 1902; Ohashi, loc. cit. 184;

Verdec., loc. cit. 520,

Hedysarum gangeticué Linn. Sp. Pl. 746, 1753.

A stout, erect, herb or undershrub., Branches angled
more or less hairy., Leaves unifolioclate; leaflets membranous,
ovate~oblong or broadly ovate, acute, rounded at the base,

Flowers violet or purple in large axillary and terminal



¥

Fig., 141. Polygraph key and polygram of different

populations of D. gangeticum.
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racemes, Pods slightly falcate, deeply indented on lower
suture, joints 6-8, longer than broad, hairy (Fl, Fr,

September - December). S. 48, 49, 56 and 74.

H
Fairly common; observed in waste lands and as undergrowth

in forests,

Different populations showed variastions in several
vegetative characters and they were subjected to poelygraphic

study (Fig. 141).

| Bir and Sidhu (1967), Rétar and Urata (1967) and

Bhaumik (1975) have reported n = 11, while Pantulu (1942),
Miege (1960), Bhatt (1974) and Bhaumik (1975) have reported

2n = 22 aé chromosome numbers for the species, Above mentioned

numbers are confirmed in the present work,
Coll. No. 49,

| ‘ | s
. = = +G +H _+H = -Fi
Karyotype formulae : 2n = 22 .FS G4 g+tly 4], 46 F,(Flgs. 142

and 143).

The chromosomes in the complement are having nearly
submedian centromeres (F and H - types), except for 2 pairs
of chromosomes which have nearly median centromeres (G-type).
One pair of nearly submedian chromosomes (Hs-typéﬁ are with

satelli?es. The chromosomes are medium to short sized, the



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

142.

143.

144.

145,

146,

147.

D. gangeticum
Camera lucida drawing of somatic metaphase
and idiogram,
Photomicrograph of somatic metaphase.

Camera lucida drawing of somatic metaphase

and idiogram.
Photomicrograph of somatic metaphase.

PMC showing 11 bivalents at diakinesis

(Coll. No. 73).

" " " at metaphase 1

(polar view) (Coll. No. 49).

Contd.....






Table 48, Measurements of somatic chromosomes of

D, gangeticum (Linn,) DC. (Coll. No. 49).

Chromo- Arm Ratios
some tength in .  PRANNE TR TR, nonCTT Type
1, 2 1.87+0,85=2,72 1C0,0G 0,45 2,20 nsm F
3, 4 1.53+0,85=2.38 87.50 0,56 1.80 nsm F
5, 6 1.45+0,68=2, 13 78,31 0,47 2.13 nsm F
7, 8 1.28+0,77=2,05 75,37 0,60 1.67 nsm F
9, 10 1.19+0.,68=1.87 68.75 0.57 1.75 nsm HS
ll,'l2 1.02+0,85=1. 87 68.75 0.83 1.20 nm G
13, 14 1.19+0.60=1.79 65.81 0,50 1.98 nsm H
15, 16  1.11+0,68=1.79 65.81 0.61 1.63 nm G
17, 18 1.06+0,51=1.,57 57.72 0.48 2,08 nsm H
19, 20 0.85+0,51=1.36 50,00 0,60 1,67 nsm H
21, 22 0.,77+0,43=1.20 44,12 0,56 1.79 nsm H
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length ranges from 2,72 P.to 1,20 s with an average length
of 1.88 F, The karyotype is asymme{rical as the TF% and L/S
are 34.74 and 2,27 respectively.

Coll, Nos, 48, 56, 73, 74,

Karyotype formulae : 2n = 22 = D6+FS+F§+G2¥H4=52.6O P,(Figs.

144 and 145),

In all the four above mentioned collections, there are
4 pairs of chromosomes with nearly median centromeres (D'and
G - types), as against 2 pairs metwith in Coll, No. 49. The
remaining 7 pairs are with nearly submedian centromeres (F and
'H - types), of which one pair is with satellites (Fs-type).
The chromosomes in the gompiement are medium to short sized,
the length varies from 3,66 P,to 1.53 s with an average
length of 2.39 P; The asymmetry of the karyotype is indicated
by the TF% (37.26) and L/S (2.39).

The polygraphic.’ (Fig. 141) and karyotypic observation
(Table 50) show that, there are 2 ecbtypes initheospeties, i

4 Ty - p z .
LB GDOEL

In contrast to the previously analyséd taxon (Bhatt,1974)
having 4 paifs of median, 5 pairs of submedian and 2 pairs of

subterminal chromosomes, the presently analysed one (Coll, No.,49)



Table 49, Measurements of somatic chromosomes of

D, gangeticum (Linn.] DC. (Coll. No. 73).

Chromo- . Arm Ratios
some tength in . FRHE TR R, pere . TP
1, 2 2.38+1,28=3,66 100,06 0,54 1.86 nsm F
3, 4' 1.96+1.28=3,24 88.52 0.65 1.53 nm D
5, 6  1.70+1.28=2.98 81.42 0.75 1.33 nm D
7, 8  1.70+1,02=2,72 74,32 0.60 1.67 nsm F
9, 10  1.70+0.94=2.64 72,13 0,55 1.81 nsm F
11, 12 1.45+0,68=2.13 58,20 0,47 2,13 nsm F
13, 14  1.36+0,68=2.04 §5.74 0.50 2,00 nsm  F°
15, 16 1.19+0,85=2,04 55,74 0,71 1.40 nm D
17, 18  1.02+0,68=1.70 46.45 0,67 1.50 nm G
19, 20  1.02+0,60=1.62 44,26 0,59 1.70 nsm H
21, 22 1.02+0,51=1.53 41,80 0,50 2,00 nsm H
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D. gangeticum Contd

Fig. 148. PMC

Fig.

Fig.

Fig.

Fig.

Fig.

149, *
150. "
151, "

ooooo

showing 1 non-congressional bivalent at

L

"

metaphase I (Coll. No, 73),

4 non-congressional bivalents at

metaphase II (Coll. No. 73).

grouping of chromosomes at

metaphase II (Coll. No. 73).

telophase II (Coll. No. 49).

D. velutinum

152, Camera lucida drawing of somatic metaphase

and idiogram.

153. Photomicrograph of somatic metaphase.

Contd,....
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shows 2 pairs of nearly median and 9 pairs nearly submedian

chromosomes in the complement.

During meiosis formation of 11 bivalents are observed at
diakinesis and metaphase I (Figs. 146 and 147). However, non-
congressional bivalents at metaphase I (Figs, 148 and 149),
grouping of chromosomes at metaphase II (Fig. 150) are
recorded in some PMCs, 89% is the pollen fertility determined

for the species;

Desmodium velutinum (Willd.) DC., Prodr. 2 : 328, 1825;

Ohashi, loc. cit. 192; Verdec., loc. cit. 518.

Hedysaruh velufinum Willd., Sp. Pl. ed. 4, 3(2) : 1174, 1802,

Desmodium 1atifolium {Roxb. ex Ker.) DC. Prodr. 2 : 328,

1825; FBI. 2: 168, 1876; Cooke, 1 : 380, 1903,

An erect, herb or undershrub. Branches densely covered
with short spreading ferruginous hairs. Leaves unifoliolate;
leaflets broadly ovate or suborbicular, obtuse'or subacute,
adpressedly pubescent above and velvety beneath, Flowers
purple in long axillary or terminal racemes. Pods straight,
slightly indented on upper suture, joints 4-7, densely
covered with hooked hairs (Fl. Fr. .September - November).

S. 75, 77.



Observed on the plains in shaded localities and as an

undergrowth of forests,

The chromosome numbers n = 11 and 2n = 22 reported
presently for the species confirms the earlier reports of
n = 11 by Frahm-leliveld (1957), Rotar and Urata (1967);
Mehra and Dhawan (1971), Bir and Kumari (1973), Bhaumik (1975)
and 2n = 22 by Young (1940). The karyotype is studied for the

first time,

Coll. No, 77.

t " B
‘ S, 1S .
Karyotype formulae : 2n = 22 = D2+D2+D2+F12+G4=55.32 P.(Flgs.

152 and 153).

The chromosomes in the complement have nearly median
centromeres (D and G - types) on 5 pairs and nearly submedian
A (F-?ype) on 6 pairs, Two pairs of nearly median chromosomes
(D% and D> - types) have sgcondary constrictions on long arms
and ‘short arms respecfively. The chromosomes are mostly
medium sized, except for 2‘pairs of short sized chromosomes
(G-type), the length ranges from 3.49 p to 1.70 p, with a mean
length of 2.51 e The karyotype is asymmepriCal as the TP%'
and L/5 are 37,24 and 2,05 respectively,

Meiosis is mostly regular showing the formation of



Table 51, Measurements of somatic chromosomes of

D. velutinum (Willd.) DC. (Coll. No. 77).

some T Lengthinp  Rpletive LIRS cnero-
1, 2 2.04+1,45=3,49 100,00 0.71 1.41 nm D
3, 4  2.08+1.02=3, 10 88.83 0,49 2.04 nsm FE
| ;
5, 6 1,70+0,85+0.43=2.98 85.39 0.75 1.33 rm  D°
7, 8  1.70+1.02=2.72 77.94 0,60 1.67 nsm F
\
9, 10 0.60+1,02+1.02=2.64 75.64 0.63 1.59 nm D>
11, 12 1.79+0,68=2.47 70,77 0.38 2.63 nsm F
13, 14 1.62+0.85=2.47 70.77 0,52 1.94 nem F .
15, 16 1.45+0,77=2,22 63.61 0.53 1.88 nsm F
17, 18 1.32+O.68;2(OO 57.31 0.52 1.94 nem F
19, 20 1.02+0.85=1.87 53.58 0.83 1.20 nm G

21, 22 1.02+0,68=1,70 48.71 0,67 1,50 nm G




D. velutinum

Contd,.....

Fig, 154, PMC showing univalents at diakinesis

Fig.

Fig.

Fig.

Fig.

Fig.

155.

156.

157.

158.

"

n

n

L

n

"

(Coll., No. 75).

association of bivalents at

metaphase I (polar view) (Coll.No.77).

non-congressional bivalent ( ) at

metaphase I (Coll. No. 77).

grouping of chromosomes at

metaphase II (Coll. No. 75).

5 nucleii at telophase II (Coll.No,77).

159, PMCs showing cytomixis at telophase I.

(Coll. No. 77).
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11 bivalents at metaphase I (Fig. 155).However, univalents

at diakinesis, (Fig. 154), associatiom of bivalents and non-
congressional bivalents at metaphase I (Figs. 155 and 156),
grouping of chromosomes at metaphase II (Fig. 157), formation
of 5 nuclei at telophase ;I-(Fig. 158) and cytomixis {Fig. 159)
are recorded in some PMCgs, The pollen fertility determiéed for

S

the species is 904.

Desmodium heterocarpon (Limn,) DC. var. strigosum Van Meeuwen,

Reinwardtia 6 : 95, 1961 and 251, 1962; Ohashi, loc. cit.

210,

Hedysarum heterocarpon Linnl, Sp. P1. 747, 1753.

Desmodium polycarpum DC,, Prodr. 2 : 334, 1825; FBI. 2 : 171,

1876; Cooke, 1 : 337, 1902,

An erect or suberect undershrub. Branches slender,
slightly angular, clothed with short_appressed, grey hairs.

Leaves trifoliolate; leaflets obovate-cuneate, rounded at

the apex, glabrous above, hairy beneath. Flowers purple, in
dense axillary and termidal racemes, peduncles densely,

straight hairy. Pods ciliate on both the sides, indented,

dehiscing aloﬁg the lower suture, joints 5-8, faintly
reticulately veined and hooked hairy. (Fl. Fr. August -
" October), S. 98.
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Noted in waste lands and forest paths.

The chromosome numbers n = 11 and 2n = 22 reported

earlier (Mehra and Dhawan, 1971 under the name D. heterocarpum;

Larsen, 1971 under the names D, Eeterocarpon and D.ovalifolium

- see Ohashi, 1973) are confirmed in the present investigation.
This is the first attempt to describe the karyotype of the

species,

Coll, No, 98,

"

Karyotype formulae : 2n = 22 = Dé+D§+FlO+H4* 56,84 R (Fig.160).

%

The karyotype contains 4 pairs of chromosomes with nearly
median (D-type) and 7 pairs with‘nearly submedian centromeres
{F ﬁnd H - types). One pair of nearly median chromosomes
(Ds-type) are with segondary constrictions on short arms. The
chromosomes are medium to short sized, the length varies from
3.74 P.to 1.36‘pq with an average length of 2,58 . The karon
* type is asymmetrical as the TFX and L/S are 38.07 and 2.70

respectively.,

The meiotic study shows the formation of 11 bivalents at
metaphaée I and their normal disjunction at anaphase I (Figs.
161 and 162). 91% is the pollen fertility determined for the

species,



Table 52, Measurements of somaiie chromosomes of

D. heterocarpon DC. var, strigesum Van Meeuwen (Coll. No.98.).

Chromo-

sone Length i Felatiye SFRERE cantro-
1, 2 2.04+1.70=3.74 . 10,00 0,83 1.20 - nm D
3, 4 1,87+0,85%0,68=3,40 90,91 0.82 1.22  nm o5
5, 6 2.04+1,11=3,15 84.22 0.54 1.84 nsm F
7, 8 2,13+0,94=3,07 82,09 0.44 2.27 nsm F
9, 10 1.70+1.11=2.81 75,13 0,65 .53 m D
11, 12 1.,70+0.85=2.55 68,18 .0.50 2.00 nsm F.
13, 14 1,36+1,02=2,38 63.64 0,75 1.33° mm D
15, 16  1.3640,77=2,13 56.95 0.57 1,77 nsm F
17, 18  1.36+0.68=2,04 54,55 0,50 2,00 nsm F

19, 20 1.1940,60=1.79 47,86 0,50 2.00 nsm H

21, 22 0,85+0,51=1,36 . 36.36 0,60 1,67 nsm H




D. heterocarpon var. strigosum

Fig. 160. Camera lucida drawing of somatic metaphase

and idiogram,

Fig. 161. PMC showing 11 bivalents at metaphase I

(side view).

Fig. 162, " " equal distributiom at anaphase I.

D. rotundifolium

" Fig. 163. Camera lucida drawing of somatic metaphase

and idiogram,

Contd....
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Desmodium rotundifolium Bak.,, FBI. 2 : 172, 1876 (non Wall.);

Cooke, 1 : 381, 1902,

An ascending, much branchedaherb. Stems and branches ,
striate, clothed Qith spreading fulvous hairs in tﬁe:upper
parts. Leaves unifoliolate; leaflets membranous, orbicular -
suborbicular, obtuse or subacute, glabrous above appressedly
hairy béneath. Flowers ﬁink, in very lax, terminal racemes.,
Calyx almost divided to the base, teeth subulate and ciliate.
Pods nearly straight or slightly curvéa, indented on both
the sutures, the lower deeper, joints 4-6, covered with

hooked hairs (Fl, Fr. November - January). S. 52.

Critical mote : Dalzell (MS, in Herb. Kew) "Places this plant

in the genus Aleicarpus, but the pods are somewhat turgid

and resemble the pods of that genus, the calyx is not glumaceous

and the corella is considerably ekertgd“.

Observed in open waste lands and at the base of the

hillocks,

Young (1940) and Turner {1956) have preported n = 11 for
the species. Tﬁe somatic number 2n = 22 determined in the

pfesent study is the first report for the species.



Table 53, Measurements of somatic chromosomes of

D. rotundifolium Bak. (Coll. No. 52).

come’ T Lengtning,  Rpltire SEEERRE cntro o
:
1, 2 0.68+0.85+1,28=2.81 100,00 0.84 1.20 rmm D°
3, 4  1.79+0.94=2,73 93.81 0,51 1.90 nsm F
5, 6  1.6240,68=2,30 79,04 0.42 2.38 nsm F
7, 8  1.40+0.85=2,25 77.32 0.60 1.65 nsm F
9, 10 1.45+0,68=2,13 73.20 0,47 2.13 nsm F
11, 12 1.32+0,64=1,97 67.70 0.48 1.55 m G
13, 14  1.28+0.68=1.96 67.35 0.53 1.88 nsm H
15, 16  1.20+0,68=1,88 66.90 0.56 1.76 nsm  H
17, 18 1.15+0,64=1,79 61.51 0.56 1.80 nsm H
19, 20 1.1140,68=1.79 61.51 0.81 1.63 nm G
21, 22 1,02+0,60=],62 57.65 0,59 1.70 nem  H




D. rotundifolium

Contd,...

Fig. 164. PMC showing 11 bivalents at diakinesis.

Fig. 165. " " " " metaphase I.
(side view).
Fig. 166. " " late separation of chromosomes
at anaphase I,
Fig. 167. " ®  grouping of chromosomes at metaphase II.
Fig. 168, " " telophaée II.

169.

micronucleii at telophase I.






Coll. No., 52,

'

Karyotype formulae : 2n = 22 = D§+F +66+H +H

S
8 =46.60 u (Fig,163).

4 2 /

The karyotype shows 4 pairs of chromosomes with nearly
median (D and G - types) and 7 pairs with nearly submedian
(F and H -~ types) centromeres. A pair of nearly median
chr?mosomes are with sec&ndary constrictions on long arms
(Ds-type) and a pair of nearly submedian chromosomes (HS-type)
are with satellites. The chromosomes in the complement are
medium to short sized, the length ranges from 2.81 B to 1.62 s
with a mean length of 2,12 e The karyotype is asymmetrical
as the TF% and L/S are 36.57 and 1.73 respectively, The
idiogram and relative length (Table 53) shows that the

karyotype is of graded type.

Meiosis is mostly regular showing the formation of 11
bivalents at diakinesis and metaphase I (Figs. 164 and 165).
Some of the abnormalifies like, late separation at anaphase 1
(Fig. 166), grouping of chromosomes at metsphase II (Figs 167)
and micronucleii at telophase II (Fig. 169) are observed, The

pollen fertility determined for the species is 91.83%.

Desmodium intortum {Mill,) Urb., symb. Antill. 8 : 292,1920.

The present report 2n = 22 for the species, is in



Table 54. Measurements of somatic chromosomes of

D. intortum (Mill,) Urb, (Cell. No, 106).

Chromo-

some | Lengnanp  Pflathre UGS Ceniror gy
1, 2 2.21+1.15=3.36 100.00 0.52 1.92 nsm F
3, 4 0.60+1.19+1,19=2,98 88,69 0,66 1.50  nm pS’
5, 6 1.96+1,02=2.98 88.69 0,52 1.92 nsm  E
:
7. 8  0.68%1.11+1.11=2.90 86.31 0.62 1.61 nm D>
9, 10  1.87+0.85=2,72 80,95 0,45 2.20 nsm F
11, 12 1.87+0.68=2.55 75.89 0,36 2.75 nsm F
13, 14 1.70+0.85=2,55 75.89 0.50 2.00 nsm F
15, 16  1.36+0.85=2,21 65.77 0.62 1.60 mm  D°
17, 18 1.36+0.85=2.21 65.77 0,62 1.60 mm D
19, 20 1.19+0,85=2,04 60.71 0,71 1.40 mm D

21, 22 1.02+O.68=1.70 50,60 0.67 1.50 nm G
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confirmity with the earlier reports of Pritchard and Gould
(1964), Rotar and Urats (1967) and Bhaumik (1975). The

karyotype analysis is worked out for the first time.

Coll. No, 106.

1

[&]

S :
. .
Karyotype formulae : 2n = 22 = Dq'*Dz‘i'D +E IO+62—_56.4O }.L (Flgs.

N

170 and 171).

The complement includes 6 pairs of chromosomes having
nearly median (D and G - types) and 5 pairs having nearly
submedian centromeres., Two pairs of nearly median chromosomes
are with sate}lites (Dsutype) and secéndary constrictions on
long arms (Ds-type). The chromosomes are mostly medium sized
except for a pair of short sized chromosomes (G-type). The
length of the chromosomes ranges from 3.36 P,to\l.7o P with
a mean length of 2,56 e The karyotype is asymmetrical as the
TF% is 35.74.

Desmodium sandwicense E. Mey., Cat. Sem. Hort. Regiom (18%0) -

Linnaea 24 : 230, 1851.

The only report of chromosome number for the species is
on = 22 by Pritchard andGould (1964), This number is confirmed
in the present study. The karyotype analysis for the species

is worked out for the first time.



Fig.

Fig.

Fig,

Fig.

Fig.

Fig.

170,

171.

1.720

173.

174,

b, intortum

Camera lucida drawing of somatic metaphase

and idiegram.

Photomicrograph of somatic metaphase.

D. sandwicense

Camera lucida drawing of somatic metaphase

and idiogram.

Photomicrograph of somatic metaphase.
D, uncinatum

Camera lucida drawing of somatic metaphase

and idiogram.

. Photomicrograph of somatic metaphase.
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Table 55, Measurements of somatic chromosomes of

D. sandwicense E. Mey (Coll., No. 107).

Chromo=

Arm Ratios

0.85+0,68=1.53

sone tength in p PPACYCTR TR pere  TYPC
. '
1, 2 0,68+1,11+0,89=2.68. 100,00 0,50 2.00 nsm FS
3, 4 1.70+0.85=2.55 95,15 0.50 2,00 nsm F
5, 6  1.19+1,02=2,21 82.46. 0.86 1,17 wmm D
7, 8 1.53+0,68=2,21 82,46 0.44 2,22 nsm F
9, 10 1.36+0,77=2.13 79.48 0.57 1,77 nsm F
11, 12 1,36+0,68=2,04 76.12 0,50 2.00 rdsm F
13, 14 1.11+0,77=1.88 70,15 0,69 1.44 mm G
15, 16  1,19+0,68=1,87 69.78 0.57 1.75 nsm H
17, 18  1.11+0,68=1.79 66.79 0,61 1.63 mm G
19, 20  1.02+0,60=1.62 60.45‘ 0,59 1,70 nsm H
21, 22 57.09 0,80 1.25 mm G
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Coll. No, 107.

1

Karyotype formulae : 2n = 22 = D2+F8+F§+G6+H4=45*92 F.(Figs.

172 and 173).

In the somatic complement the centromeres are nearly
medi an (D and G - types) on 4 pairs and nearly submedian (F
and H - types) on 7 pairs. One pair of nearly submedian Ehromo—
somes (Fs~type) are with secondary constrictions on long arms.
The chromosomes are medium to short sized, the length ranges
from 2.68 P,to 1.53 po the mean length being 2,05 p- The
karyotype is -clearly . asymmetrical as the TF¥% is 36.87 and
L/S is 1.75. The idiogram (Fig, 172) and relative length

(Table 55) are indicative of graded nature of the karyotype.

Desmodium uncinatum (Jacqg.) DC., Prodr. 2 : 325, 1825,

n = 11 (Rotar and Urata, 1967) and 2n = 22 (Pritchard and
Gould, 1964;‘Mitra, 1964) are the chremosome numbers reported
for the species. The present investigation confirms the
earlier report of 2n = 22. This is the first analysis of the

karyotype.

Coll, No. 108.

T

S .
Karyotype formulae : 2n = 22 = D8+D2+P6+GQ+H4=5O.02 P_(Flgs.

174 and 175).



Table 56, Measurements of somatic chromosomes of

D. uncinatum (Jacq.) DC. (Coll, No, 108).

e engtnan . elative RS centre-
1, 2 1,70+1,53=3,23 1C0,00 0,90 1.11 Am D
3, 4 1.40+1.19=2,59 80,19 0,85 1.18 nm D
5, 6 1.45+1.02=2,47 . 76.47 0,70 1.42 nm D
7, 8 1.62+O.8é=2.47 76.47 0,52 1.01 nsm F
9, 10 0.51+0,85+],02=2, 38 73.68 0.75 1.33 nm DS,

11, 12 1.45+0.81=2.26 69.98 0,56 1.79 nsm F

13, 14 i.36+0.85=2.2l 68.42 0,63 1.60 nm D

15, 16 1036+O,68=é.04 | 63.16 0.50 2,00 nsm F
17, 18 1.36+0,60=1,96 60,68 0.44 2,27 nsm H

19, 20 0,98+0,72=1.70 . B2,63 0,73 1.15 nm G

21, 22 1.19+0,51=1.70 52.63 0,43 2.33 nsm H
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The complement consists of 6 pairs of chromosomes (D and
G - types) with nearly median and 5 pairs with nearly submedian
centromeres (F and H - types). Secondary constrict%ons are
present on a pair of nearly median chromosomes (Ds—type). The
chromosomes are medium to s%ort sized, the length ranges from
3.23 p to 1.70 o with a mean length of 2,27 o The TF% of
39,10 and L/S 1.90 are indicative of the apparent asymmetry
of the karyotype.

Desmodium triflorum (Linn,) DC., Prodr. 2 : 334, 1825; FBI. 2:

173, 1876; Cooke, 1 : 378, 1902; Ohashi, loc, cit. 245;

Verdec., loc. cit. 512.

Hedysarum triflorum Linn., Sp. Pl., 749, 1753.

A small, perennial, prostrate herb. Branches numerous,
often rooting at the nodes. lLeaves trifolioclate; leaflets
obovate, cuneate or subcordate. Flowers purple, in small
fascicles (2-4 in a fascicle) in the axil. Pods falCate,'the
upper suture straight, the lower deeply indented, joints 2-5,
with a strong reticulation of raiged nerves (Fl. Fr. August -

November). S. 53, 55.

Very common; in lawns and waste lands, also observed as

an undergrowth in forests. -
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A The somatic number 2n = 22 determined presently is in
confirmity with earlier reports of Frahm-leliveld (1957) and
Pritchard andGould (1967). However, some of the somatic

metaphase plates of Coll, No, 53 showed 2n = 18 chromosomes.

Coll. No, 55.

‘ SEENPRC IN .
Karyotype formulae': 2n = 22 = D ¥F ;¥G +G +H =41,76 P,(Flgs.

178 and 179).

The karyotype study reveals that, there are 6 pairs of
chromosomes having nearly mediam {D and G - types) and 5 pairs
having nearly submedian centromeres (F and H -‘typesﬂ. One
paif of nearly median chromosomes (Gs-type) are with satellites.
The chromosomes in the complement are medium te short sized,
the length varies from 2,89 P,tc 1.41 P” with an average
length of 1.90 p. The TF% and L/S are 38.79 and 2.05. respecti-

vely, hence the karyotype is asymmetrical.

Coll, No. 53.

This collection showed 2n = 22 as well as 2n = 18 in the
somatic complements. The complements with 2n = 22 showed
similar morphology of chromosomes as in the Coll. No, 55,
While, somatic complements with 2n = 18 chromosomes showed

the following karyotype. /iﬁ&i’“%'\ "
Y

A



Table 87, Measurements of somatic chromosomes of

D. triflorum (Linn,) DC. (Coll. No. 53).

Chromo-

S:?i Length in }g, Rféggige %ﬁé%f g:igm_ Type
1, 2 1.96+1.11=3,07 100,00 0,57 1,77 nsm F
'3, 4 1.53+1,19=2,72 88.60 0,78 1.29 mm D
5, 6 1.28+1,02=2,30 74,92 0.80 1.25 nm D
7, 8  1.49+0,81=2,30 74,92 0,54 1.84 nsm F
9, 10  1.404+0,77=2,17 70,68 0.55 1.82 nsm F
11, 12 1.49+0,68=2,17 70.68 0,46 2.19 nsm E>
13, 14 1,02+0.64=1,66 54,07 0,63 1.59 nm G
15, 16  0.98+0,51=1.49 48,53 0,52 1.92 nsm H
17, 18  0.68+0,51=1.19 38.76 0.75 1.33 -mm G




Table 58. Measurements of somatic chromosomes of

D. triflorum (Linn.) DC. (Coll. No. 55).

Chromo- . Arm Ratios
some Lengthinp  PCHETRT Ry mere | VPO
1, 2 1.70+1.19=2.89 100,00 0,70 1.43 D
3, 4  1.28+0,85=2,13 73,70 0.66 1.51' nm D
5, 6 1.49+0.64=2,13 73.70 0,43 2.33 nem  F.
7, 8  1.28+0,77=2.05 70.93 0,60 1,66 nsm - F
9, 10  1.19+0,68=1.87 64,71 0,57 1.75 nsm H
11, 12 1.28+0,64=1.92 66.44 0,50 2.00 nsm H
13, 14  0,98+0.81=1.79 ~ 61.94 0.83 1.21 mm G
15, 16  0,94+0,68=1.62 56.06. 0,72 1.38  mm o
17, 18  1.02+0,60=1,62 56,06 0,59 1,70 nsm. H-
19, 20 0.85+0,60=1.45 50.17 0,71 1.42 m G

21, 22 0.77+0,64=1,41 48,79 0.83° 1.20 nm G .




Fig.

Fig.

Figu

Fig.

Fig.

Fig.

176.

177,

l78 .

179.

180,

181.

D. triflorum

Camera lucida drawing of somatic metaphase

and idiogram.

Photomicrograph of somatic metaphase.

Camera lucida drawing' of somatic metaphase

and idiogram.

Photomicrograph of somatic metaphase.

PMC showing association of bivalents at

un

L

metaphase I,

equal distribution at anaphase I.

Contd,....

’
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S :,
Karyotype formulae : 2n = 18 = D4+F6+F2+G4+H2=38.l4}dFlgs. 176

and 177).

The Eomplement_consists of 4 pairs of chromosomes with
nearly median (D and G - types) and 5 pairs with nearly
_submedian (F and H - types) ;entromeresr One pair of nearly
submedian chromosomes (Fs~type) are with satellites. The
chromosomes are medium to short sized, the length ranges from
3.83 p to 1.45 j, with a mean length of 2,52 p. The r, apparent
'asymmetry of the karyotype is evident from‘TF% (40.93) and
L/s (2.64), ' |

The occurrence of 2 different chromdsome numberg and
morphology. (Table 59) in Coll. No, 53 indicates the presence
.of cytotypes within the species.

Meiosis is normal showing 11 bivalents at metaphase I
(Fig. 182). Some PMGs showed irregular distribution at
anaphase I (Fig., 183). The pollen fertility determined for
the species is 91.45%.

Meiosis of the individuals showing 2n = 18 in Coll. No.
53 could not be studied as the plants grown in garden were

washed away during floeds of 1976 in Baroda.



D, triflorum Contd, ...

Fig. 182. PMC showing irregular distribution at

anaphase I,

Fig. 183, " " anaphase II.

Dendrolobium triéngulare

Fig. 184. Camera lucida drawing of somatic metaphase

and idiogram.

Fig. 185. Photomicrograph of somatic metaphase.
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Dendrolobium triangulare (Retz.) Schindl., Fedde, Rep, 20 :
274, 1924; Ohashi, Ginkgoana 1 : 77, 1973. -

Hedysarum triangulare Retz., Observ. Bot, 3 : 40, 1783,

Desmodium cephalotes (Roxb.) Wt. & Arn,, Prodr. 1 : 224,

1834; FBI. 2 : 161, 1876.

——

D. cephalotes (Roxb.) Wt., & Arn, var. congestum (Wt. & Arm.)

Prain, Jour, Asiatic Soc. Bengal 66(2) : 389, 1897;.Cooké;
1 : 375, 1902.

An erect shrub, Branches appressedly silky, triquetrous.
Leaves trifoliolate, leaflets elliptic-oblong, obovate-oblong
or lanceolate, acute to acuminate, grey silky and finely
reticulately veined beneath. Flowers red,in crowded, axillary,
peduncled umbellate heads; bracts and bracteoles linear-
subul ate, ciliate, caducous. Pods slightly curved, indented on
both sutures, deeply on the lower one, joints 3-6, as long as

broad, slightly pubescent {Fl. Fr. August - October). S. 78.

Source : Seeds obtained from Betanical Survey of India,

Southern Circle, Coimbatore (Tamil Nadu).

There is no earlier record of cytological study for this
taxon. The chromosome number determined for the species is

2n = 22.



Table 60. Measurements of somat;c chromosomes of

Dendrolobium triangulare (Retz.,) Schindl. (Coll. No. 78).

R = G e s
1, 2 1.53+1,02=2.55 100.00 0.67 1.50 mm D
3, 4 1.45+0,72=2.27 89,02 0,50 2.00 nsm F
5, 6  1.36+0,77=2,13 83.53 0.57 1.77 nsm F

'
7, 8 0,43+0,85+0,85=2,13 83,53 0.66 1,51  mm D°
9, 10  1.36+0.72=2.08 81,57 0.53 1.89 nasm F

11, 12 1.19+0.68=1.87 73,33 0,57 1.77 nsm H

13, 14 1,11+0,60=1.71 67.06 0,54 1.86 nsm H

15, 16 1.02+0,68=1.70 66.67 0,67 1,50 nmm G

17, 18 1.06+0,60=1,66 65.10 0,57 1.77 nsm HO

19, 20  0,85+0,55=1,40 54,90 0.65 1,55 nm G

21, 22 0,.85+0.51=1.36 53.33 0,60 1.67 nsm H




92

Coll, No. 78.

1

: s s .
1 Z = Z - + +H s
Karyotype formulae : 2n = 22 D2+92,F6+G4+H6 H2 41,72 H,(Flgs.

184 and 185).

The  somatiec complement has 4 pairs of chromosomes with
nearly median {D and G - types) and 7 péirsfﬁearly submedian
(F and H - type§) centromeres, One péir of nearly median
chromosomes (Ds-type) are with secondary constrictions on
longuarms and one pair of nearly submedian chromosomes (Hs-type)
are with satellites. The chiomosomes'in the complement are
medium fo short siied, the length varies_fﬁom 2.55 P.to 1.36 1
with a mean length of 1.90 B The asymmetry of the karyotype
is eviden%, as the TF% and 1L/S are 36.91 and 1.88 respectively.

Alysicarpus Neck, ex Desv,

The genus Alysicarpus belonging to the trib; Desmodiae
was first visualized by Neck, This was later established and
validly published by Desvaux in 1813, Eariie; to the establish-

ment of the genus, all the species of Alysicarpus were referred

to the genus Hedysarum (Linnaeus, 1753). The genus Alysicarpus

with about 30 species is distributed in Africa, Asia, Australia,
Polynesia and tropical America (Hutchinson, 1967). The genus

shows remarkable uniformity in external morphology.
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Some species of Alysicarpus show resemblance with the -
species of related genus Desmodium. Hence, there is a
confusion regarding assignment of certain species to either

genera,

Baker (1876), Sedgwicke- (1919), Ali (1966) and Verdcourt
(1974) are the prominent workers, who have studied the genus
taxonomically. Baker (1876) in "Flora of British India" has

divided the genus into 2 groups viz.

1. Microcalycinae {Calyx not longer than the first joint

of the pod),

2. Macrocalycinae- (Calyx much longer than the first joint

of the pod and its teeth imbricated in fruiting stage).

Moreover, the genus being one of the forage crops, an
attempt is made on pollination of some species by Solomon

and Rao (19%5), to plan breeding work.,

Alysicarpus Ngck} ex Desv.; Journ. de Bot, Ser. 2, 1:120,1813,

Erect or diffuse herbs. Leaves unifoliolate, petioles
chanelled, 2 stipellate; stipuleé scamioﬁs} acuminate, free
or connate. Inflorescence terminal, axillary eor leaf‘opposed -
racemes. The flowers mostly pinkish or purplish, paired;

bracts scarious and deciduous, Calyx deeply divided, the two
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upper lobes often connate. Corolla small; vexillum ovate or
cbovate, narrowed into a claw; wings obliquely oblong,
adhering to the keel; keel slightly incurved, obtuse often
appendaged. Stamens diadelphous (9+1), anthers uniform.

Ovary sessile or shortly stipitate, ovules many; style
filiferm, incurved at the apex; stigma capitate, Pods linear-
oblong, terate or turgid, composed of several indehiscent,

l-seeded joints,Seeds suborbicular or subglobose; estrophiolate.

Different species investigated in the present work, are

arranged following the classification of Baker (1876).

Microcalycine
A. monilifer (Linn.) DC.
A, procumbens (Roxb.) Schindl.
A, vaginalis (Linn.) DC.

A, ovalifolius (Schumach,) Leon.

Microcalycinae

bupleurifolius {Linn.) IC.

>

I>

longifolius Wt., & Arn.

élumaceus (vahl) DC.

1>

rugosus {Willd.) DC.

ks

tetragonoclobus Edgew.

1>

1>

wallichii Complex: . ~
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Alysicarpus monilifer (Linn,) DC., Prodr. 2 : 353, 1825;

FBI. 2 : 157, 1876; Cooke, 1 : 368, 1902,

Hedysarum moniliferum Linn., Mant. 1 : 102, 1767.

A slender, prostrate, much branched herb. Branches
glabrous, Leaflets oblong-elliptic to suborbicular, obtuse,
mucronulate, glabrous above more or less hairy on the nerves
beneath, Flowers small, in 4-10 flowered, axillary racemes.,
Calyx hairy, shorter than the first joints of the pod. Pods
.~m0niliform, joints 4-8, turgid, not reticulately veined

(F1. Fr, September - October). S; 37, 38, 39, 67.

Commonly observed along roadsides and om the river banks

along with grasses.

The present reports are in agreement with the earlier
reports of chromosome numbers n = 8 (Bir and Sidhu, 1966, 1967;
Baquar and Washi, 1968) and 2n = 16 (Bhatt, 1974) for the

species. 4 populations are cytologically investigated here,
Coll. Nos, 37, and 67.
Karyotype formulae : 2n = 16= D +F10+F§a44.64}L(Pig. 186) .,

" The chremosomes in the complement aré having nearly
medlan centromeres on 2 pairs (b-type} and nearly submedian ©%
(F-type) 6 pairs.A’ pair of nearly submedian chromosomes (F ~type)
- are having satellites. The chromosomes are medium sized, the

length ranges from 2,46’ u to 3.82 p, with a mean length of



Table 61, Measurements of somatic chromosomes of

A, monilifer {Linn,) DC. (Coll. No. 37).

i

Chromo~ Arm Ratios

some Lerothinp TSGR TR, it Trve
1, 2 2.}6+1.19=3.65 100,00 ,o;4é 2.07 nsm F
3, 4 2,12+0.852,97 81.37 0.40 2.41 nsm E°
5, 6 2.04+0.85=2,89  79.18 0.42 2,40 nsm F
7, 8 2.04+0,76=2.80 . 76.71 0,37 2.68 nsm F
9, 10 1.87+0.85=2.72 ~  74.52 0.45 2.20 nsm F
11, 12 1.87+0.76=2.63 72.05 0,41 é.asv nsm  F
13, 14 1.44+0,93=2,37 64.93 0,65 1.53 mm D

15, 16 1.4440,85=2,29 62.74 0.59 1.69 m D




Alysicarpus monilifer

Fig. 186. Camera lucida drawing of somatic metaphase and

idiogram.

Fig. 187. Camera lucida drawing of somatic metaphase and

idiogram.
Fig. 188. Photomicrograph of somatic metaphase.

Fig. 189, PMC showing 8 bivalents at diakinesis
(Coll. No. 38).

Fig. 190. " " early division of a bivalent at

metaphase I (Coll. No, 39).
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2.93 e The karyotype is asymmetrical as the TF% and L/S
are 35,68 and 1.55 respectively.

Coll, Nos. 38 and 39.

t

=46,96 P (Figs. 187

S
+F2

Karyotype formulase : 2n = 16 = D2+FlO+P§

and 188),

The karyotype of these collections are very similar to
preceeding one, but differs from it, in having more number of
chromosomes with nearly submedian centromeres and a pair of

chromosomes with secondary constrictions on long arms.

Populations collected from different localities showed
similarities in gross morphological characters, The karyotypes
of these coliections showed similarities as well as differences

(Table 63), indicating presence of cytotypes in the species,

Comparison of the presently and previously analysed
(Bhatt, 1974) karyotypes, showed similarity in types of
chromosomes, However, a pair of chromosomes with secondary
constrictions and/or with satellites observed presently were

not reported earlier.

The meiosis is mostly regular showing 8 distinct bivalents
at diakinesis and metaphase I (Figs. 189 and 190). Some of the

abnormalities like, association of bivalents at metaphase I



Table 62. Measurements of somatic chromosomes of

A. monilifer (Linn,) DC. (Coll. No. 39).

Chromo- . Arm Ratios
some Length dn p "FRCHE TR Ry pepe . TYPS
t
1, 2  0.76+1.62+1.42=3,80 100,00 0,60 1.65 nsm  E°
3, 4  2.04+1,10=3.14 82,19 0,53 1.85 nsm F
5, 6  2,04+1,02=3,06 80,10 0,50 2,00 nsm F
7, 8  2.12+0.85=2.97 77.74 0,40 2.49 nsm  E°
9, 10  1.87+0,93=2.80 73.29 0.49 2.01 nsm F
11, 12 1.44+1.27=2.71 70.94 0.88 1.13 mm D
13, 14 1.70+0,85=2,55 66.75 0,50 2.00 nsm F

15, 16 1.53+0,93=2.46 64,39 0,60 1.65 'nsm F




A. monilifer Contd.....

Fig, 191. PMC showing association of bivalents at

Fig. 192, "

Fig. 193. "

Fig. 194. "

Fig. 195. "

"

n

"

metaphase I (Coll, No. 37).

irregular distribution at-
anaphase I (Coll. No. 38),.
vnequal distribution (7+9) at
anaphase I (Cecll. No. 39).

grouping of chromosomes at

metaphase II (Coll, No, 38).

non-synchronised movement at

anaphase II (Coll, No. 37).

Fig. 196. PMCs showing cytomixis {Coll. No. 37).

Fig. 198, "

showing linearly arranged nucleii at

LU

telophase II (Coll. No. 39).

5 nucleii at telophase IT.
(Coll. No. 39).
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(Fig. lél), irregular movement and unequal distribution at
anaphase I (Figs. 192 and 193), cytomixis at telophase I

(Fig. 196), grouping of chromosomes at metaphase II (Fig. 194),
non-synchronised movement at anaphase II (Fig, 195), linearly
arranged nucleii and formation of % nucleii at telophase II
(Figs. 197 and 198) are recorded. However, these abnormalities
were found in very low percentage of PMCs. Hence, there was no
effect on pollen fertility. The pollen fertility determined
for the species is 89.15%.

Alysicarpus procumbens (Roxb.) Schindl., Fedde, Rep. 21 : 11,

1925; Saur, 1 : 147, 1966.

Hedysarum procumbens Roxb., Hort. Beng. 56, 1814.

Alysicarpus hamosus Edgew., Journ, Asiatic Soc. Bengal, 21 :

32 & 71, 1852; FBI. 2 : 157, 1876; Cooke, 1 : 368, 1902,

A suberect or prostrate herb., Branches clothed with
spreading, greyish hairs, Leaflets OVate-subérbicular, mucro-
nulate, slightly hairy on both the surfaces. Flowers purple or
pinkish in axillary or terminal racemes. Calyx shorter than
first joint of thé pod, Pods straight, compressed, joints 3-8,
as long as broad, covered with long {straight) and short

(hooked) hairs.(Fl. Fr. September - October) S. 31, 32, 83.

Fairly common; observed in open grassy places, and as a

weed in fallow fields,
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The chroemosome numbers n = 8 (Bir and Kumari, 1973; Sareen
and Singh, 1975) and 2n = 16 {Bhatt, 1974) determined earlier

for the species are confirmed in the present investigation.

Coll, Nos. 31 and 32,

S

1
Karyotype formulae : 2n = 16 = D6+D2+F4+G2+H2=33.08 P,(Figs.

199 and 200).

The chromosomes in the complement have nearly median
centromeres (D and G - types) on 5 pairs amd nearly submedian
(F and H - type§) on 3 pairs. One pair of nearly median
chromosomes (Dsftype) .~ have - secondary constrictions on
long arms. The chromos;mes are medium to short sized, the
length ranges from 2.55 F,to 1.36 Pﬂ the mean length being
2.07 e The karyotype is apparently asymmetrical as the TF%
and L/S are 38.57 and 1.88 respectively.

Coll. No, 83.

- ' '
Karyotype formulae : 2n = 16 = D4+F6+F2+G4=39.18 P.(Eigs. 201

and 202), ,

“

The karyotype of this collection differs from the above
one, in havingequal number of chromosomes with nearly median
and nearly submedian centromeres and also in haviﬁg secondary

N . Sf
constriction on nearly submedian chromosomes (F~ -type).



A. procumbens

Fig. 199. Camera lucida drawing of somatic metaphase

and idiogram,
Fig., 200, Photomicrograph of somatic metaphase.

Fig. 201. Camera lucida drawing of somatic metaphase

and idiogram. ,

Fig. 202. Photomicrograph of somatic metaphase.

Contd. * e o8






Table 64. Measurements of somatic chromosomes of

A, procumbens (Roxb.) Schindler (Coll. No, 31).

Tre eyt R e e
1, 2 1.7040.85=2.55 100,00 0.0 2.00 nsm F

‘ :

3, 4 0.5140.85+1,02=2,38 93,33 0.75. 1.33 rm D°
'5, 6 1,19+1.06=2.25 88.24 0,89 1.12‘ nm D

7,. 8  1.36+0,85=2.21 86.67 0.63 1.60 rmm D
9, 10  1.40+0.64=2,04 80.00 0.46 2.19 nsm F
11, 12 1.19+0,77=1.96 76.86 0,65 1,55 mm G
13, 14 1.1140,68=1.79 70,20 0.61 1.63 mm D




Table 65. Measurements of somatic chromosomes of

A, procumbens (Roxb.) Schindler (Coll, No, 83.).

ST e RS e e
1, 2 1.88+1.27=3.15 100,00 0.67 1.48 mm D

: 1
3, 4 0.68+1,1040,93=2,80 88.88 0.51 1.27 nsm E°
5, 6  1,70+1.02=2,72 ' ’86;34 0,60 1.65 nsm F
7, 8  1.53+1,02=2.55 . 80.95 0.66 1.50' m D
9, 10 1.76+0,76=2,52 80,00 0,43 2,31 nsm F
11, 12 1.53+0,76=2,29 72,69 0,49 2,01 nsm F
13, 14 1.10+0.68=1.78 56.50 0.74 1.34 mm G

15, 16 1.02+0,76=1.78 56.50 0.61 1.61 rm G




A. procumbens

Fig. 203.
Fig. 204.
Fig. 205.
Fig. 206.
Fig. 207.

Fig. 208.

Contd....

PMC showing 8 bivalents at metaphase I

n

"

"

n

(polar view) (Coll. No., 83).

interbivalent connections (4 ) at

metaphase I (polar view) (Coll.No.83).

precocious division of bivalents

at metaphase I (Coll. No. 83),

equal distribution at anaphase II

(Coll. No, 83).

grouping of chromosomes at

metaphase II (Coll. No. 31).

micronucleii at telophase 1I

(Coll. No. 31).
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Different populations studied showed resemblance in
morphelogical characters, but differ in their karyotypes

(Table 66) indicating the presence of cytotypes in the species.

Bhatt (1974) reports 3 pairs with nearly median and 5 par
pairs wifh nearly submedian centromeres in the karyotype of
the species. The present analysi§ of the karyotype differs
from the earlier one in types of chromosomes and in having a

pair of chromosomes with secondary constrictions,

The meiosis ;s requl ar showing 8 distinct bivalents at
metaphase I and their normal distribution at anaphase I (Figs,
203 and 206). However, interbivalent connections at metaphase
I (Fig. 204), precocious divisich at metaphase I(Fig. 205)
grouping of bivalents at metaphase II (Fig. 207) and micro-
nucleii at telophase II (Fig., 208) are recorded in a few PMCs,

The pollen fertility determined for the species is 94%.

Alysicarpus vaginalis (Linn.} DC.,, Prodr. 2 : 353, 1825;

FBI. 2 : 158, 1876; Cooke, 1 : 369, 1902.

Hedysarum vaginale Linn., Sp. Pl. 2 : 746, 1753.

Alysicarpus vaginalis var, nummularifolius Baker, FBI. 2:

158, 1876; Cooke, 1 : 369, 1902,

An erect, suberect or prostrate, much branched diffuse



Fig. 209. Polygraph key and polygram of different

populations of A. vaginalis.
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herb, Stems and branches glabrous. Leaflets variable on one
and the same plant, oblong to broadly cvaﬁe, obtuse or
rounded at the apex. Flowers purple, in elongated, 6-12 )
flowered racemes. Calyx as long as or little lenger than the
first joint of the pod. Pods thin, flattened, joints 4-8,
longer than broad, covered with minute hooked hairs (F1., Fr.

September - October) S, 35, 36, 64, 65, 66,

Very common; observed in lawns, along roadsides, as 3

weed in fallow fields and on wet bamnks of rivers, -

Different populations of thé species studied show
variations in several vegetative character$: Hence, they are

subjected to polygraphic study (Fig. 209).

Earlier reports of n = 8 (Bir and Sidhu, 1966, 1967;
Mitra and Datta, 1967) and 2n = 16 {Bhatt, 1974) are confirmed
here for the species, However, Gadella and Kliphuis {1964)
reports 2n = 20. In the present work 5 collections are
ihvestigated cytolegically.
Coll. No. 35.
Karyotype formulae : 2n = 16 = D4+F2+G4+H4+H2—34.42 Fj(Fig.QlO?.

The karyotype shows equal number of chromosomes with

nearly median (D and G ~ types) and nearly submedian (F and H



Table 67. Measurements of sematic chromosomes of

A. vaginalis (Linn.} DC. (Coll. No. 35).

Egé\gmo‘ Length in fL Rleleﬁ;iﬁe W g:gro-— Type
1, 2 1.36+1.19=2,55 100,00 0,88 1.14 rm D
3, 4 1.53+0,85=2.38 93,33 0.5 1.80 nsm F
5, 6 1,36+0.89=2.25 88.24 0.65 1.55 mm D
7, 8  1.19+0,77=1.96 76.86 0.65 1,55 rm G
9, 10  1.28+0.58=1.96 76.86 0,53 1,85 nsm H

11, 12 1.11+0,77=1.88 73.72 0,69 1.44 mm G

13, 14 1.19+0,68=1.87 73.33 0.57 1.75 nsm  H°

15, 16 0.85+0,51=1.36 53.33 0,80 1.67 nsm H

/




Fig. 210.

Fig. 211l.

Fig. 212.

Fig. 213.

A. vaginalis
Camera lucida drawing of somatic metaphase
and idiogram.

Camera lucida drawing of somatic metaphase

and idiogram.
Photomicrograph of somatic metaphase.

Camera lucida drawing of somatic ﬁetaphase

and idiogram.

ooooo
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types) éentromeres. One pair of nearly median chromosomes
(Hs-type) are with satellites. The chromosomes are medium

_to short sized, the length ranges from 2,55 F,to 1.3€6 2 with

a mean length of 2,03 JL. The karyotype is apparently asymmetrical
and graded as the TF% and L/S are 39.11 and 1.88 respectively.

Coll, No. 36.

1 . )
) ‘ S
Karyotype formulae : 2h = 16 = F6+F§+G2+H6=31.26 P,(Figs. 211

and 212).

.

The karyotype consists of i pair of chromosoﬁes with
nearly median (G-type) and 7 pairs with nearly submedian
(F-= and H - types) centromeres. One pair of nearly median
chromosomes (Gs~type) are with s?tellites and one pair of
nearly submedian chromosomes (Fs-type) are with secondary
constrictions on long arms. The chromosomes are medium to
short sized, the length ranges from 2,38 P,to 1.44 o with
a meanylength of 1.94 F‘ The karyotype is asymmetrical and

graded as the TF¥ and L/S are 34.96 and 1.65 respectively.

Coll. No., 64.

' Sy v oS
Karyotype formulae : 2n = 16 = D6+F2+F2+GQ+H2+H2=31.20}L

(Fig. 213).

The somatic cémplement includes equal number of chromosomes




Table 68. Measurements of somatic chromosomes of

A. vaginalis (Linn.,) DC. (Coll. No., 36).

ggggmo- Length in P Rfiggéxe ﬁ%f_ﬁgi%gﬁ gzgzro' Type
.
1, 2 0.51+1.0240,85=2,38 100,00 0.55 1.80 = nsm  F°
3, 4  1.53+0,76=2,29 96.21 0,49 2.01 nsm o
5, 6 1.53+0.68=2.21 92.85 0.44 2,25 nsm F
7, 8  1.36+0,76=2.12 89.07 0,55 1.78 nsm F
9, 10  1.36+0,59=1.95 81.93 0,43 2.30 nsm H
11, 12 1.02+40.59=1.61 67.64 0.57 1.72 nsm H
13, 14  0,85+0.68=1.53 64.20 ©.80 1.25 m G

15, 16 0.,93+0,51=1.44 60,50 0,54 1.82 nsm H




Table 69. Measurements of somatic chromosomes of

A. vaginalis (Linn.) DC. (Coll. No. 64).

Chromo- . Arm Ratios

some Length in i CFERNE TR R pepe . TYee
I, 2 1.62+0.77=2.39 100,00 0,48 2,10 nsm F
3, 4 1.28+0,94=2,22 92.89 0,73 1.36 nm D
5, 6 1.28+0,77=2.05 85.77 0.60 1.66 nsm  F°
7, 8  1.23+0,81=2.04 85.36 0,66 1.52 nm D
9, 10  1.19+0.85=2,04 85.36 0.71 1.40 rm D
11, 12 0.94+0,77=1.71 71.55 0.82 1.22 mm G
13, 14 1.1940.51=1.70 71.13 0.43 2.33 nsm  H°

15, 16 0,94+0,51=1.45 60,67 0,54 1.84 nsm H
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with nearly median (D and G - types) and nearly submedian

(F and H - types) centromeres. Two pairs of nearly submedian
chromosomes (FS and H° - types) Are with satellites. The
chromosomes are medium to short sized, the length varies from
2.39 F te 1.45 Fq with am average length of 1.95 P The
karyotype is apparently asymmetrical in having TF% of 38.10
and L/S of 1.65. '

Coll. No, 65,

: S *
Karyotype formulae : 2n = 16 = D4+F2+F2+G6+H2m31.92 F.(Plg.214).

The somatic complement consists of 5 pairs of chromosomes
with nearly median (P and G - types) and 3 pairs with nearly
submedian (F and H - types) centromeres, One pair of néarly
submedian chromoscmes (Fsutype) are .with satellites. The
chromosomes are medium to short sized, the length ranges from
2.21 F,to 1.53 P’ the mean length being 1.93 P,The karyotype

is asymmetrical as the TF% is 34,80,

Coll, No, 66,

5 .
Karyotypic formulae : 2n = 16 = D10+F2+GZ+GQ=36.96 P,(Flg. 215).

The chromosomes in the complement are mostly with nearly
median centromeres (D and G - types), except for a pair with

nearly submedian centromeres (F-type). The chromosomes are



A. vaginalis Contd.....

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

214,

215.

21.6 *
217.

218.

219.

Camera lucida drawing of somatic metaphase

and idiogram,

Camera lucida drawing of somatic metaphase

and idiogram.

PMC showing 8 bivalents at diakinesis

L4

(Coll. No. 35).

8 bivalents at metaphase 1

(Coll. No. 35).

interbivalent connections ( ) at

metaphase I (Coll. No. 35),.

2 nucleolii at telophase I

(Coll. No. 64).

oooooo






Table 70, Measurements of somatic chromosomes of

A. vaginalis (Linn,) DC. (Coll. No. 65).

sme | Lengthanp Pplathre SIS ontros nype
1, 2 1.3640.85=2.21 100,00 0.63 1.60 mm D
3, 4 1.1941.02=2,21 100.00 0.86 1,17 am D
5, 6  1.36+0,85=2,13 96.38 0,57 1.77 nsm F
7, 8  1.36+0,68=2.04 92.31 0.50 2,00 nsm E°
9, 10 1.11+0.81=1,92 86.88 0.73 1.37 m G
11, 12 0.94+0,77=1.71 77.38 0.82 1.22 mm G
13, 14 1.1140.60=1.71 77.38 0,54 1.85 nsm H

15, 16 0.85+0.68=1.53 69.23 0.80 1.25 mo G




Table 71. Measurements of somatic chromosomes of

A. vaginalis (Limn,) DC. (Coll. No. 66).

Chromo- Arm Ratios

some Length inp RACYE TR T Ry nalCTT Type
1, 2 1.79+1.,19=2.,98 100.00 0,66 1.50 nm D
3, 4 1,62+1,19=2,81 94,30 0,73 1.36 nm 5
5, 6 1.,53+1,02=2,55 85.57 0,67 1.50 nm D
7, 8 1.,28+0.94=2,22 74.50 0,73 1,36 nm D
9, 10 1.19+1.02=2,21 74,16 0,86 1,17 nm D
11, 12 1,36+0,68=2,04 68,46 0.50 2,00 nsm F
13, 14 1,11+0,77=1,88 63.09 0,69 1.44 nm G
S

15, 16 1.11+0,68=1,79 60.07- 0.61 1.63 nm G
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medium to short sized, the length ranges from 2,98 f.to
1.79 o with a mean length of 2,31 R The karyotype is
apparently asymmetrical as the TF% and L/S are 40,53 and 1.66

respectively,

It is evident from the polygram (Fig. 209) that, there
exists & distinct ecological forms among the populatiens
investigated. As all these populations show karyotypic |, -

differences (Table 72), so it cam be concluded that there

are § ecotypes [N in the species.

The presently analysed karyotypes resemble the earlier
analysed one (Bhatt, 1974) in types of chromosomes. But differs
from it in having a pair of chromosomes with secondary constri-

ctions and another pair with satellites.

The PMCs showed regular meiotic behaviour, with the
formation of 8 bivalents at diakinesis and metaphase I (Figs.
216 and 217). However, some of the abnormalities like inter-
bivalent connections at metsphase I (Fig, 218), formation of
nucleoli at telephase I (Fig. 219), -grouping of chromosomes
at metaphase II (Fig. 220) and irreguiaf distribution at
anaphase II (Fig. 221) .are recorded in few PMCs, The pollen
fertility determined for the species is 90,74%. ~
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Alysicarpus ovalifolius (Schumach,) J., Leon., Bull, Bot. Braux.

24 : 88, fig. 11, 1954; Verdec., Kirkia 9(2):547, 1974.

Hedysarum ovalifolium Schumach,, Beskr. Guin. Pl. :359,1827.

An erect or diffuse herb., Branches pubescent, later
almost glabrous; Leaflets elliptic to obldné, acute or acuminate
and mucrconulate, fihely puberulous on nerves beneath. Flowers
pinkish, in terminal or leaf opposed lax racemes, Ovary
pubescent, many-evuled; style bearded with long hairs; stigma
capifate. Pods flat%eﬁed, jeints 5-7, lenger than broad,
puberulous with raised reticulate ridges (F1, Fr, September -

October) S, 93, 116.

Rare; observed in lawns alomng with A, vaginalis. Seeds

were also obtained from Kew Gardens (origin Zambia).

No data reéarding cytology of the\species could be traced
from the availaBle literaiure. So this is the first repori of
chromosome number, karyotype analysis and meiosis for the
‘ species. The chromoseme numbers determined for the species are
n =8 and 2n = 16, Of the two populations studied one is from
Zambia (Coll. Né. 93) and another from India {Coll. No. 116).
Both the collections showed similarity in karyotypes.

Coll. Nos. 93 and 116. '
s S

Karyotype formu%ae:2n:16=DQ+P2+FQ*G2+H8=31.36 F_(Eigs. 222 and 223},



Table 73. Measurements of somatic chromosomes of

A. ovalifolius (Schum,) J. Leon. (Coll. No. 93).

Chromo~ Arm Ratios

. Rel ative Centro-

some Length in B length Ry 32 mere Type.
pair

B . . . ) S':
1, 2 0.51+1.02+0,93=2,46 100,00 0.59 1.68 nsm F
3, 4  1,44+0,93=2,37 96.34 0.64 1.54 mm D
5, 6  1.,44+0,59=2,03 82,52 0,40 2.44 nsm FS
7, 8  1.27+#0,68=1,95 79.26 0,53 1.86 nsm H
9, 10 - 1.36+0,59=1,94 79.26 0.43 2,30 nsm H
11, 12 1,02+0,85=1.87 76,01 0,83 1.20 nm G
13, 14 1.19+0.51=1.70 69.10 0.42 2,33 nsm H

15, 16 0.85+0,51=1.36 55,28 0,61 1.67 nsm H




A. vaginalis

Fig. 220. PMC showing .grouping of chromosomes at

Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

Fig.

221.

222,

223.

224.

225.

226.

227.

"

metaphase II {Coll. No. 66),

non-synchronised movement at

anaphase II (Coll. Ne. 64).

A. ovalifolius

Camera lucida drawing of somatic metaphase

and idiogram.

Photomicrograph of somatic metaphase.

PMC showing 8 bivalents at diskinesis.

1"

"

" at metaphase I,

association of bivalent at

metaphase I.

equal distribution at anaphase 1.

Contd,,....
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The somatic complenient shows 2 pairs of chromesomes with
nearly median (D and G - types) and 6 pairs with mearly submedian
(F aﬁdAH - types) centromeres. Two pai;s of nearly submedian
chromosomes are with secondary constrictions om leng arms
(Fsitype) and satellites. The chromosomes are medium to short
sized, the length ranges from 2.46'P,t0 1.36 fﬂ the mean
length being 1.96 P' T@e karyotype is. asymmetrical as the

TF% and L/S are 35,62 and 1.8C respectively,

Meiosis is regular showing 8 bivalents at diakinesis,
metaphése I and their normai disjunction at anaphase I (Figs.
224, 225 and 227). However, abnormalities like precocious
division at metaphase I (Fig. 226), grouping of chromosomes at
metaphase II (Fig. 228) .and irregular distribution at amaphase
IT (Fig., 229) are recorded. The .pollen fertility determined
for the species is 88.67%,

Alysicarpus bupleurifoliuvs (Limn.) DC,, Prodr. 2 : 352, 1825;

FBI. 2: 158, 1876; Cooke, 1 : 370, 1902.

Hedysarum bupleurifolium Linm, Sp. P1l., 745, 1753.

An erect or ascending herb, branches glabrous. Leaflets
linear-lanceclate, acute, glabrous. Flowers purple, in 10-20

flowered, lax racemes. Calyx much longer than the first joint
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of the pod, imbricate, glabrous on the back, ciliate along
the margins. Pods cylindric, slightly moniliform, jeints 4-8,
not veined nor rugose, strongly apiculate (Fl. Fr. July -

October) S, 101.

Commonly observed as a weed of waste lands and cultivated

fields,

The chromosome numbers determined presently for the
species are n = 8 and 2n = 16, This is ih confirmity with the
earlier reports of n = 8 (Bir and Sidhu, 1966, 1967; Mehra
and Dhawan, 1971) and 2n = 16 (Bhatt, 1974).

Coll. No., 101.

Karyotype formulae : 2n = 16 = D6+D§+F6+62=43.48 P.(Figs. 230
and 231).

The karyotype Eomsists of 5 pairs of chromosomes with
nearly median (D and G - types) and 3 pairs with nearly
submedian centromeres (F-type). One pair of nearly median
chromosomes (Ds-type) are with secondary constrictions on
short arms. The chromosomes are medium sized, except for a
pair of short sized chromosomes (G-type). The length of the
chromosomes varies from 3,57 P.to‘l.96 F" with an average
length of 2,72 P’ The karyotype is apparently asymmetrical as
the TF% and L/S are 38.78 and 1.82 respectively.



A. ovalifolius Contd.....

Fige

Fig,

Fig.

Fig.
Fig.

Fig.

228,

229.

230,

231.

232,

233.

PMC showing grouping of chromosomes at

metaphase II,

" " irregular distribution at

anaphase II,

A. bupleurifolius

Camera lucida drawing of somatic metaphase

and idiogram.

Photomicrograph of somatic metéphase.

PMC showing 8 bivalents at metaphase I.
" " association of bivalents at

metaphase 1.

Contd.....






Table74. Measurements of somatic chromosomes of

A. bupleurifolius (Linn.) DC. (Coll. No. 101).

Chromo-~ s Arm Ratios
sone Length in p TR R, panl™®” Type
1, 2 2.38+1.19=3.57 100,00 0,50 2.00 nsm . F
3, 4  2.04+1.19=3,23 90,48 0,58 1.71 nsm F
;
5, 6 1.70+0.85+0.51=3.06 85,71 0.80 1.25 nm  D°
7, 8  1.87+1.11=2.98 83.47 0.59 1.68 nsm F
9, 10  1.53+0,94=2.47 69.19 0.61 1.63 mm D
11, 12 1.3240,94=2,26 63,31 0,71 1,40 mm F
13, 14 1.36+0,85=2.21 61.90 0.63 1.60 nm D

15, 16 1,11+0,85=1,96 54,90 0,77 1.31 nm G




A. bupleurifolius Contd....

Fig.
Fig.

Fig.

Fig.

Fig.

234,

235.

236.

237.

238.

PMC showing equal distribution at anaphase I.
" " precocious movement at anaphase I.

" n grouping of chromosomes at

metaphase 1I.
PMCs showing cytomixis,

PMC showing 6 nucleii at telophase II.
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Meiosis is regular showing the formatiom of 8 bivalents
at metaphase I (Fig. 232) and their equal distribution at
anaphase I (Fié. 234), Some PMCs show precocious movement at
anaphase I (Fig. 235), cytomixis at telophase I (Fig. 237j,
grouping of chromosomes atNmetaphase 1T (Fig. 236) and
formation of 6 nucleii at telophase II (Fig, 238), The pollen
fertility determined for the species is 8%5,98%.

Alysicarpus longifolius Wt., & Arn. Prodr. 1 : 233, 1834; FBI.

2 ¢ 159, 1876; Cooke, 1 : 370, 1902,

[

An erect stout herb. Stems and branches striate,
glabrous, Leaflets ovate, obléng or linear-oblong, glabrous
above, hairy on the nerves beneath, Stipules large, acute to
acuminate, scarious, Flowers purple with a yellow dot,in long
terminal racemes. Bracts large, lanceolate, acuminate, deciduous,
Calyx pubescent, ciliate, striate. Pods shortly stalked, much
exerted, 4-6 jointed, glabrous, reticulately veined, apiculate

(F1. Fr. September - January) S. 43, 44, 82, 84, 86.

Very common; observed as a weed in cultivated fields and

in open places among grasses.

Different populations exhibited great variability in
vegetative characters. Hence, they are subjected to polygraphic

study (Fig. 239).



Fig. 239. Polygraph key and polygram of different

populations of A, longifolius.
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In the present investigation, chromosome numbers n = 8
{Bir and Kumari, 1973) and 2n = 16(Bhatt, 1974) reported
earlier are confirmed. Five populations are imvestigated

cytologically.

Coll. No, 43.

u

S .
Karyotype formulae : 2n = 16 = Aj+B +D +F =62.14 F,(Flgs. 240

and 241).

- There are 2 pairs of chromosomes with nearly median

(A and D - types) and 6 pairs with nearly submedian (B and F -
types) centromeres in"the somatic complement. The longest pair
in the complement (ﬁs—type) is with secondary constrictions on
long arms. The chromosomes are long to medium sized, the length
ranges from 4.85 F,to. 2.72 Pq‘with a mean length of 3.88 e
The karyotype is asymmetrical and graded as the TF% and L/S
are 35,31 and 1.78 respectively.

Coll, No. 44.

S .
Karyotype formulae : 2n = 16 = D4+D2+F10=51.30 F‘(Flgs. 242 and

243),

The karyotype consists of 5 pairs of chromosomes with
nearly median centromeres (D and G - types) and 3 pairs with

nearly submedian (F-type) centromeres. One pair of nearly



Table75. Measurements of somatic chromosomes of -

A, longifolius Wt. & Arn, (Coll, No, 43),

g§§5m0~ Length in R]e-.}esé%;e W gzg;rof Tyge
1, 2 3.40+1.45=4.85 100,00 0.43 2.34 nsm B
3, 4 3,06+1.36=4,42 91.13' 0.44 2.25 nsm B

"
5, 6 2.13+1.10+0.85=4,17 85.98 0.9 1.04 rm A
7, 8 2.72+1.19=3.91 80,62 0,44 2,29 nsm F
9, 10 2.55+1.36=3,91 80,62 0.53 1.88 nsm F
11, 12 2.55+1.19=3.74 77.11 0.47 2.14 nsm F
13, 14 1.19+1.36=3.35 69.07 0.68 1.46 rmm D

15, 16 1.70+41,02=2,72 56.08 0,60 1,57 nsm F




Table 76, Measurements of somatic chromosomes of

A. longifolius Wt. & Arn. (Coll. No. 44).

" Chromo- Arm Ratios

sane Length in i PGSR Ry nancteT Type

S
1, 2 0.68+1.02+1,19=2.89 100,00 0,70 1,43 nm D
3, 4 1,87+0,85=2,72 94.12 0,45 2.20 nsm F
5, 6 1,70+¢0.85=2.55 88.24 0,50 2,00 nsm F
7, 8 1.53+0,94=2, 47 - 85,47 0,61 1.63 nm D
9, 10  1.36+1.02=2.38 . 82,35 0,75 1.33 mm D
11, 12 1.53+0,.85=2,38 82,35 0,56 1.80 nsm F
13, 14 1.45+0,85=2,30 79.58 0.59 1,71 nsm F




Fig. 240,

Fig. 241.

Fig. 242,

Fig. 243.

A. longifolius

Camera lucida drawing of somatic metaphase

and idiogram.
Photomicrograph of somatic metaphase.

Camera lucida drawing of somatic metaphase

and idiogram.

Photomicrograph of somatic metaphase.

Contd....
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/ ¢
median type (DS») is with secondary constrictions on short

arms. The chromosomes in the complement are medium sized, f
except for a pair of short sized chromosomes (G-type). The %
lenéth of the chromosomes ranges from 3,57 H to 1.96 o with |
a mean length of 2.72 F' The karyotype is apparently asymmetri-.
cal and graded as the TF% and L/S are 38.78 and 1.80 respectively,

1

Coll. No. 82,
t

Karyotype formulae : 2n = 16 = D8+F6+F2=4O.24 P_(Pigs. 244 and
245). ;

The complement shows equal number of nearly mediaql(D-type)
and nearly submedian (F-type) cﬁromosomés. Secondary cénstri-
cti?ns are present on one pair of nearly submedian chromosomes
(Fs-t;pe}. All the cthmesomes are medium sized, the length
ranges from 3.0% P,to 2.04 P’ with a mean lengt§ of 2,52 pJ
The karyotype is apparently asymmetrical as the TF% is 38,02,
The graded nature of the karyotype is indicated in the
idiogram (Fig. 244). (

Coll, No., 84,

?

“ . |
Karyotype formulae : 2n = 16 = D4+F2+F10=38.64 F,(Flgs. 246

and 247).

The karyotype includes 2 pairs of chromosomes with nearly



Table 77. Measurements of somatic chromosomes of

A, longifolius Wt. & Arn. {(Coll, No. 82).

Chromo-

S:?i Length in p Rfig;ige éﬁf*ggi%iﬁ g:?Zfo- Type
1, 2  1.88+1.19=3,07 100,00 0.63 1.57 om D

:

3, 4 0.51+1.36+1,02=2.89 94.13 0,54 1.83 nsm S
5, 6 1.76+1.02:2.78 9055 0.57 1.72 nsm F
7, 8 1.53+1.02=2.55 .  83.06 0.66 1.50 nm D
9, 10  1.44+1.02=2,46 80.12 0.70 1.41 nm . D
11, 12 1.3640.85=2.21 71,98 0.38% 1.60 nsm  F
13, 14 1.27+0,85=2,12 69,05 0,66 1.49 am D

15, 16 1.36%+0.68=2,04 66,44 0,50 2,00 nsm F




Table78., Measurements of somatic chromosomes of

A. longifolius Wt, & Arn. (Coll. No. 84).

some . rengnanp "phatie SEEUET oo oy
1, 2 2.55+1.28=3.83 100,00 0.50 1.99 nsm F
3, 4 2.55+1,19=3.74 °  97.65 0,47 2,14 nsm F
5, 6 2.34+],36=3,70 96.61 0,58 1.72 nsm F
7, 8 2.38+0,85=3,23 84,33 0.36 2.80 nsm F

:
9, 10  2.13+1,02=3,15 82.25 0.48 2.09 nsm  F°
11, 12 2.13+1.02=3,15 82,25 0,48 2,09 nsm F
13, 14 1.70%1,02=2.72 71,02 0.60 1.67 mm D

15, 16 1,19+0,94=2,13 55.61 0,79 1.27 nm D




A, longifolius Contd......

Fig. 244, Camera lucida drawing of somatic metaphase

and idioéram.
Fig. 245, Photomicrograph of somatic metaphase.

Fig., 246. Camera lucida drawing of somatic metaphase

and idiogram.
b

Fig., 247. Photomicrograph of somatic metaphase.

Fig., 248. Camera lucida drawing of somatic metaphase

and idiogram.

Contd....
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median (D-type) and 6 pairs with nearly submedian centromeres.
One pair of nearly submedian chromosomes (Esltype) are with
secondary constrictions on long afmsl All the chremosomes in
the complement are medium sized, the length ranges from 4.08}¢
to 2.72 H‘ with é mean length of 3,44 H' The karyotype is
asymmetrical and graded as the TF% and L/S are 36.93 and

1.36 respectively,

Coll. No. 86.

t

S - |
: = - +F _+F = 5
Karyotype formulae : 2n = 16 82+D6 F6 ?2 55,10 F_(Flg. 248) .,

The karyotypé consists of 3‘pairs of chromosomes with
nearly median (D-type) and 5 pairs with nearly submedian (B and
F - types) centromeres, The chromosemes in the complement are
medium sized, except for a pair of long chrpmoso@es {B-type).
The lengﬁh of the chromosomes ranges from 4,08 P.t@ 2.72 P
with a mean length of 3.44 F? The karyotype is apparently
asymmetrical as the TF% is 37.02.

The polygraphic (Fig. 239) and karyotypic studies
(Table 80) of different populations indicate the presence of

5 ecotypes in the specieé.

Bhatt (1974) reports 1 pair of median and 7 pairs of
submedian chromosomes in the taxon analysed by him, In

contrast to this, the present study all populatiens showed



Table 79, Measurements of somatic chromosomes of

A, longifolius Wt. & Arn. {Coll. No. 86).

Chromo~ X Rati
some Length iny  "pLative SELSERR Cantre e
1, 2 2.55+1,53=4.08 - 100.00 0.60 1.67 nsm B
3, 4 2.30+1.53=3.83 93.87 0,67 1.50 mm D
5, 6 2.5540.6840.51=3.74 01,67 0.47 2.14 nsm
7, 8 2.21+1.36=3.57 §7.00 0.62 1.63 mm D
9, 10  2.04+1.36=3.40 83.33 0.67 1.50 nam D
11, 12 1.96+1.15=3.15 ° 77.21 0.61 1:65 nsm F
13, 14 1.87+1.19=3.06 75.00 0.64 1.57 rm . F

F

15, 16 1.87+0.85=2,72 66.67 0.45 2,20 nsm
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A. longifolius Contd.....

Fig. 249, PMC ghowing 8 bivalents at diakinesis (Coll,No,44).

Fig, 250. " " 2 univalents (4 ) 7 bivalents at
metaphase I (Coll. No. 85).

Fig. 251.and 252. PMC showing late separation and tarded

division at anaphase I (Coll. Neo. 44),
Fig. 253. PMCs showing cytomixis (Coll. No. 86).

Fig. 254, PMC showing grouping of bivalents at
metaphase II (Coll. No. 84).

Fig. 255, " " non-synchronised movement at

anaphase II (Coll. No. 44),

Fig. 256, " " 6 nucleii at telophase II
(Coll. No. 86).
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more or less -equal number of nearly median and nearly sub-

median types of chromosomes.,

The meiosis is regular showing 8 distinct bivalents at
diakinesis (Fig. 249). However, univalents at metaphase I
(Fig. 250), .latee’ -separation: and tarded division of
bivalent at amaphase I (Figs. 251 and 252), cytomixis at
telophase I (Fig, 2535, gfouping of chromosomes at metaphase
IT (Fig. 254),~non-synchronised movement at anaphasg I1 (Fig.
255) and formation of .6 nucleii at telophase II (Fig. 256)
are recorded in few PMCs, As these abnormalities occur in very
low percentage of PMCg, there was no effect on pollen fertility.

The pollen fertility determined for the species is 8%4.

Alysicarpus glumaceus {Vahl) DC., Prodr. 2 : 353, 1825; Verdc.,

loc.cit. 553,

Hedysarum glumaceum Vahl, Symb. Bet. 2, Add. & Corrig. : 106,

.1.7910 : N

An erect or procumbent, .annual herb. Stems and branches
are cﬁvered with spreading hairs. Leaflets oblong or linear,
acute and mucronulate at the apex, finely puberulous. Flowers
purple er reddish-purple in terminal and leaf opposed racemes.
Calyx pubescenf. Pods @oniliform, joints 5-5, slightly exerted,
pubescent.;(Fl} Fr. November - December) S. 91, 110,
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Source : Seeds received from Kew gardens (origin Zambia),

The present study confirms the earlier report {Bhatt,

1974) of 2n = 16 for the species.

Coll., No., 91.

H
S = ;
Karyotype formulae : 2n = 16 = 02+P6+F2+G2+H4=38.32ﬁ(Figs. 257

and 258).

The garyotype shows 2 pairs of chromosomes with nearly
median (D and G - types) and 6 pairs with nearly submedian
(F and H - type§) centromeres. One pair of nearly submedian
chromosomes (Fs-type) are with secondary constrictiens on long
arms. The chromosomes in the complement are medium to short
sized, the length ranges from 3,15 F,to l.53/pﬁ with a mean
length of 2'41.P" The karyotype is asymmetrical as the TF% and
L/S are 35.51 and 2.06 respectively. '

Two populations of the taxon analysed earlier (Bhatt,.1974)
differ from each other in their types and number of each type
of chromosomes. One of the populations showed a pair of
satellited\chromosomes. The present analysis differs from the
above im having 2 pairs of chromosomes with nearly medi:n and

A I
6 pairs with nearly submedian centromeres. In contrastAone

pair of chromosomes with satellites observed earlier, a pair



Table8l. Measurements of somatic chromosomes of

A. glumaceus (Vahl) DC. (Coll. No, 91).

Chromo- Arm Ratios

scme Length inpn  TPRGNETR)T Ry Lol Type
1, 2 2.13+1.02=3,15 100,00 0.48 2.09 nsm F
'
3, 4 0,68+1,36+1,02=3.06 97,14 0,50 2,00 nsm Fo
5, 6 1.62+1.02=2,68 83.81 0.63 1.59 nm D
7, 8 1,70+0,89=2,59 82,22 0,52 1.91 nsm F
9, 10 1.70+0.85=2,55 | 80,95 0,50 2.00 nsm F
11, 12 1,19+0.68=1.87 59.37 0.57 1,75 nsm H
13, 14  1.02+0,85=1,87 59,37 0,83 1.20 nm G
15, 16 1.02+0,51=1.53 48,57 0,50 2,00 nsm H




A. glumaceus

Fig. 257. Camera lucida drawing of somatic metaphase

and idiogram.
Fig. 258. Photomicregraph of somatic metaphase.

Fig. 259. PMC showing 8 bivalents at diakinesis.

Fig, 260, " " " at metaphase I.
Fig. 261, ™" " univalents (—>) at diakinesis.
Fig. 262, " " precocious division of bivalents

at metaphase I.

Fig, 263. " " micronucleii at telophase 1I.
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of chromosomes with secondary constriction are encountered

in the‘present work,

Meiosis is regular showing 8 distinct bivalents at
diakinesis and metaphase I. (Figs. 259 and 260). However,
univalents at diakinesis, precocious division of bivalents at
metaphase I and micronucleii at telophase II (Figs. 261, 262
and 263), are recorded in a few PMGCs, The pollen fertility

determined for the species is 86.82%.

Alysicarpus rugosus (Willd.) DC., Prodr. 2 : 353, 1825; Verdc.,

loc. cit. 550,

Hedysarum rugosum Willd., Sp. Pl. ed. 4, 3(2): 1172, 1802, -

An erect, prestrate or ascending, somewhat suffruticose
~herb, Séems pubescent or glabrous, Leaflets ovate-lanceolate,’
oblong or linear-lanceolate, acute and mucronulate at the
apex, finely puberulous. Flowers pinkish or reddish-purple

in axillary, terminal or leaf opposed racemes.Calyx densely
pubescent. Pods scarcel? exerted from the calyx, much
constricted between the seeds, joints 3-6, with strong, close

transverse ridges - adopted from Verdcourt, loc. cit. 550.

Source : Seeds obtained from Kew gardens (origin Zambia).

In‘comtrast to the earlier reportz of 2n = 20 (Miege, 1960)



Table 82. Measurements of somatic chromosomes of

A. rugosus DC. (Coll, No. 92).

Chromo- . . Arm Ratios .
;s)gr:{ll; Length in I | éf]éi;’tge W g:gzro” Type
1, 2 1.78+0,93=2.71 100,00 0,52 1.91 nsm . .F
3, 4 1.5340,76=2.29 ‘84.00‘ 0.50 2,00 nsm°: F
5, 6 1.36+0,85=2.21 -  81.55 0.62 i.so am- D-

7, 8  1.36+0,76=2,12 78,23 0.56 1.79 nsm F

9, 10  1.19+0,68=1.87 69.00- 0,57 1,75 nem H

11, 12 1.02+0,68=1,70 62,73 0,67 1.50 mm G
13, 14 ©1.02+0,59=1,61 59.41 0,58 1,73 nsm H

15, 16  1.02+0.59=1.61 59,41 0.58 1.73 nsm H
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for the species, in the present investigation 2n = 16

chromosomeés are observed in the somatic complement,

Coll., No. 92,

Karyotype formulae : 2n = 16 = D4+F4+H6+H§=32.24 g_(Fig. 264) .,

The éhromosemes in the complement are having nearly
median centromeres‘(Dgtype) on 2 pairs and nearly submedian
(F and H - ﬁypes) on 6 pairs. One of the nearly submedian pairs
is with satellites (Hs-type). There are equal number of medium
and short sized chromosomes. The length of the chromosomes
ranges from 2.71 j to 1.61 Fq with a mean“lengthhof 2.02 e
. The karyotype is-asymmetrical as the TF%'is 36.23.

Aly31carpus tetragonolobus Edgew., Journ, A51atlc Soc, Bengal

2 : 169, 1853 FBI. 23 159, 1876 Cooke, 1 : 372, 1902,

An erect or sgberect<herb. Stems an@ branches are marked
with lines of hairs. Leaflets elliptic-obleng to linear,\
obtuse or subacute, glabrous above,‘hair? eﬁ the yeims beneath,
Flowers pink, in lax axillary and terminal racemes. Calyx pupe~
rulous, strengly ciliate at the tips, Pods tetragonous, exerted,
2-6 jointed, trénsversely ribbed, marked with a long ridge
along the middle of each face (Fl. Fr., August - October) S. 46,
47, 72, 88.



A. rugosus

Fig. 264. Camera lucida drawing of somatic metaphase and

idiogram.

A. tetragonolobus

Fig. 265, Camera lucida drawing of somatic metaphase and

idiogram.
Fig. 266. Photomicrograph of somatic metaphase.

Fig. 267. PMC showing 8 bivalents at metaphase I
(Coll. No. 46).

Fig. 268. " " equal distribution -at anaphase 1
(Coll. No. 88).






( Table 83, Measurements of somatic chromosomes of

A, tetragonolobus Edgew. (Coll, No. 46).

Chromo- Arm Ratios c

X . Relative entro-
some Length in R length Rl R2 mere Type
palir

Sl
1, 2 0.85+1,36+1,.19=3,40 100,00 0,54 1,86 nsm F
3, 4 2,21+1,10=3,31 97.3%5 0,50 2,00 nsm F
5, 6 2.08+1.19=3,27 96,18 0.57 1.75 nsm F
7, 8 2.21+1.02=3,23 95,00 0,46 2,70 nsm F
9, 10 1.954+1.02=2.97 87.3%5 0.52 1.91 nsm F

S
11, 12 2,12+0,76=2.88 84,71 0,36 2.79 nsm F
13, 14 1.44+1,19=2.63 77.35 0.83 1.21 nm D

15, 16 1,44+0,93=2.37 , 69,71 0,65 1.55 nm D




A. tetragonolobus Contd.....

Fig., 269. PMC showing abnormal position of bivalents at
metaphase I (Coll. No. 47).

Fig. 270, " " micronucleii at telophase I

(Coll. No. 46),

Fig. 271. " " grouping of chromosomes at

metaphase 'IT (Coll. No, 47),
Fig. 272. " " anaphase II (Coll. No. 47).

Fig. 273, " " 5 nucleii at telophase II
(Coll., No. 47).
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Observed as a weed in cultivated fields and also on

open places in the forests.

Earlier reports of n = 8 (Sareen and Singh, 1975) and

2n = 16 {Bhatt, 1974) are confirmed in the present investigation.

Coll. Nos. 46, 47, 72 and 88,

t

Karyotype formulae : 2n = 16 = D4+F8+F§+F§=48.12 F,(Figs. 265
and 266),

The complement consists of 2 pairs of chromosomes wifh
nearly median (D-type) and 6 pairs are with nearly submedian
(F-type) centrome;es. Satellites (Fs—type) and secondary
constrictions (FS-type) are observed on 2 pairs of nearly
submedian types of chromosomes. The chromosomes are medium
sized, the length ranges from 3.40 P,to 2.37 P’ with a mean
length of 3.00 H. The karyotype is asymmetrical as the TF% is

34.91.

During meiosis, 8 bivalents at metaphase I\(Fig. 267) and
their equal distribution at anaphase I (Fig. 268) are observed.
However, abnermal orientation of rbivalents: at metaphase 1
(Fié. 269), micronucleii at telophase I (Fig. 270), grouping
of chromosomes at metaphase II (Fig. 271) and formation of 5
nucleii at telophase II (Fig. 273) have been recorded in few
PMCs. 86.53% is the pollen fertility determined for the species.
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AlysicCarpus wallichii Complex

De Candolle (1828) described two species of Alysicarpus

viz. A. styracifolius and A. rugosus having deeply jointed

pods and joints closely transversely rugose, Wight and Arnott

(1834) retained A. styracifolius of de Candolle and described

A. wallichii and A. heyneanus having similar pod characters.
Baker (1876) considered all these species as varieties of
A. rugosus DC,  Sedgwick (1919) retained A. rugosus DC. and

raised all the varieties to the species level,

é. rugosus DC, and A, wallichii Wt. & Arn, are not
conspecific andnhave clear ggographical distribution. A. rugesus
DC. is an African element and the Indian plants are referrable
to A. wallichii amd not to A. rugosus DC. (Sengu Cooke]ﬂ
(Polhill - personal communication dated 12th March, 1976).
Further in his opinion; the different varieties of A. rugoéus
DC. (Sensu Cooke) represent variables within the limits of
A. wallichii Wt. & Arn. The detailed morphological (Fig, 277)
and cytological (Table 93) studies on various populations of
these présented in the thesis, do not lemnd support to bolhill's
contention. Sedgwick's.treatmemt of the complex is, however,

apparently more acceptable. The 3 recognized species within

the complex are A. heyneamus, A, wallichii and A. styracifolius.



Fig. 274. Herbarium of A, Heyneanus,
Fig. 275. Herbarium of A. wallichii.

Fig, 276. Herbarium of A, styracifolius.







Fig. 277. Polygraph key and polygram of different

populations of A, wallichii Complex.
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Key to the species of Alysicarpus wallichii Complex

I. An erect herb, 150-2C0 cm high; branches
uniformly hairy; racemes long with loosely

arranged flowers; pod joints more or less exerted..A. heyneanus

1. An erect or procumbent herb, 50-80 cm highj;- ' *:
‘branches uniformly hairy above; racemes dense’
with compactly arranged flowers, pod joints more

or less included :

2. Branches glabrous, except for alternating
lines of appressed ascending hairs on

successive internodes ....vevvn. Geo et eaosanne LA, wallichii

2., Branches uniformly hairy, conspicuous

below nodes .......... feteresreseeaenetaasans .A.styracifolius

Alysicarpus heyneanus Wt. & Arn., Prodr. 1 : 234, 1834;

Sedgwick, J. Indian Bot. Soc. 1 : 14-18, 1919.

'A. rugoesus var. heyneanus Bak., FBI. 2 : 159, 1876;

Cooke, 1 : 371, 1902;.Gamble, 1 : 239, 1935; Duthei, 1 :
256, 1960; Hains, 1 : 270, 1961; Prain, 1 : 307, 1963,

An erect herb. Stems and branches robust, pubescent.

Leaflets large, ovate-oblong to obovate, olrtuse to mucronulate,
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thickly hairy beneath when young; stipules longer than
petioles lanceolaté, acuminate, hairy. Racemes terminal or
Iéaf-épposed, lohg; rachis glabrescent with loosely arranged
flowers, Calyx lobes long, striate,. lanceoiate,subacute{
glabrous excepf for few long hairs at the fip. Ovafy and
style hairy. Pods 3-5, jointed, joints of the pod more or less
exerted, joints black when ripe, broader thén long. Seeds
yellow to reddish brown in colour (Fl. Fr. September -

October) S, 34, €3,
Common along the cultivated fields.

The haploid number n = 8 reported by Sareen and Singh
(1975) is confirmed in the present study. The diploid number

on = 16 determined for the species is the first report.

Coll, No, 34, 68

' S
Karyotype formulae : 2n = 16 = F, +G +H +H

1076 tH, 2=36.20 P,(Figs. 278

and 2790.

The karyotype shows nearly median centromeres (G-type) on
1 pair and nearly submedian (F and H - types) on 7 pairs of |
chromosomes, One pair of nearly submedian chromosomes (H?-type)
are with satellites. The chromosomes in the complement are

medium to short sized. The length raﬁges from 3.01 H,to 1.72 Pos



"Table 84. Measurements of somatic chromosémes of

A. heyneanus Wt, & Arn., (Coll. No. 34).

Chromo- Arm Ratios

some Lengthinp ISRy LR Tyme
1, 2 1.53+1.48=3,01 100,00 0.96 1.03° nm D
3, 4 1.78+0,85=2,63 90,69 0.45 2,21 nsm F
5, 6 1.61#0.93:2.54 ' 84,38 0,57 1.73 nsm F
7, 8 1.53;0.85=2.38 79,06 0,55 1.80 nsm F
9, 10 - 1.36+0.76=2, 12 70.43 0,55 1.80 nsm F
11, 12~ 1.36+0,63=1,99 66.11 0,46 2,15 nsm H
13, 14 1.06+0,68=1.74 57.80 0.64 1.55 mm G
nsm Ho

15, 16 1.13+0,59=1.72 56.14 0,55 1.78




Fig.

Fig.

Fig.

Fig.

Fig.

278,

279,

280.

281.

282,

A. heyneanus

Camera lucida drawing of somatic metaphase

and idiogram.

Photomicrograph of somatic metaphase.

PMC showing 8 bivalents at metaphase I

"

n

(polar view) {Coll. No., 34),

equal distribution at anaphase I

(Coll. No. 68).

univalents (1) at diakinesis

(Coll. No. 34).
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with a mean length of 2,26 oo The karyotype is asymmetrical
as the TF% and L/S are 37.41 and 1.78 respectively.

Meiosis is regular showing 8 bivalents at metaphase I
(Fig. 280). Howéver, some of the PMCs showed univalents at
diakinesis (Fig. 282) and irfegular distribution at anaphase]

(Fig. 281). The pollen fertility determined for the species is 93%.

Alysicarpus wallichii Wt. & Arn., Prodr. 1 : 234, 1834;

Sedgwick, J. Indian Bot. Soc. 1 : 14-18, 1919.

A. rugosus DC,, Prodr. 2 : 353, 1825; EBI. 2 : 159, 1876;

Cooke, 1 : 371, 1902, Gamble, 1 : 239, 1935; Duthei, 1 :
256, 1960; Hains, 1 : 275, 1961; Prain, 1.: 307, 1963.

An erect herb, Stem and branches glabrous except for -
alternating lines of appressed ascending hairs,on successive
internodeé.kLeaves l-foliolate, leaflets ovate-oblong, subacute,
base cordate, hairy on the veins beneath; stipules longer than
petioles, lanceolate, acute, glabreus. Racemes terminal, dense,
in {lowering, more or less elongating in fruwit, rachis glaérousﬁt
Calyx lobes oﬁlong-lanCeolate, glabrescent with scattered hairs.
Ovary glabrous and style hairy. Pods 4-5 jointed, broader than
long, included in the calyx, blackish straw coloured when ripe,
Seeds rgddigh brown in celour (Fl. Fr. September - December).

8l
S. 69, 70, 71,,89, 90,



120

Commonly observed in open places in forest among grasses,

i

Coll. No. 69.

Karyotype formulae : 2n = 16 = B_+D +FS F

a*t, ~64 18 1 (Figs. 283

N(ﬂ

~and 284),

The karyotype shows 2 pairs of chromosomes with nearly
median (D-type) and 6 pairs with nearly submedian centromeres
(B and F - types). Among the nearly submedian chrompsomes one
pair is with satellites (Fs-type) and another pair/with
secondary constrictions (Fsltype). The chromosomes are long,
medium and short sized, the length varies from 5,18 P/to

3.14 P with a mean length of 4.00 e The karyotype is
asymmetrical as the TF% is 33.31. )

Coll. No, 70.

_ o .
Karyotype formulae : 2n = 16 = D2+Fl4=44.34 F:(Pigs. 285 and
2867,

The chromosomes in.the complement show nearlyczigiﬁge
centromeres (D-type) on 1 pair and nearly submedlanA(F type)
oh & pairs, One Pair of nearly mediah chromosomes (D »type) are
with secondary constrictions on long arms. The chromosomes are
medium sized, the length ranges from 3,23 P,to 2.25>p, with a\
mean length of 2,77 F“'The karyotype is asymmetrical as the
TF% is 34.73.



- Table 85, Measurements of somatic chromosomes of

A, wallichii Wt. & Arn, (Coll, No, 69).

me” " regenang Splative SRS cotre- gy
1, 2 3.65+1.53=5,18 100,00 0.41 2.38 nsm B
3, 4 3,57+l.10=4.67 90.15 0.30 3.24 nsm B
5, 6 2.63%+1.53=4,16 80.30 0.58 1.71 nsm B
7, 8  2.63+1.44=4,07 78.57 0.54 1.82 nsm B

,

9, 10 0.68+1.70+1,27=3.65 70,46 0.53. 1.87 nsm  F°
11, 12 2.55+1,10=3.65 70,46 0,43 2.31 nsm  F°
13, 14 2.04+1,53=3.57 68.91 0.75 1.33 nm D
15, 16  1.95+1.19=3, 14 60.61 0,61 1.63 mm D




Table 86, Measurements of somatic chromosomes of

A, wallichii Wt., & Arn. (Coll. No. 70).

e eotnany e SRR e
1, 2 2,21+1.02=3,23 100,00 0.46 2,17 nsm F
3, 4 1.,96+1.02=2,98 92,26 0.52 1,92 nsm F
5, 6 1.87+1,02=2.89 89.47 0,55 1.83 nsm F

'
7, 8 0.60+0.94+1.28=2.82 87.31 0.83 1,20 rm D>
9, 10 1.96+0,.85=2,81 87,00 0,43 2.31 nsm F
11, 12 1.87+0,94=2,81 87,00 0.50 2.00 nsm F
13, 14 1.53+0.85=2,38 73.68 0.56 1.80 nsm F

15, 16 1.53+0,72=2.25 69.66 0,47 2,13 nsm F




Fig.

Fig.
Fig.
Fig,

Fig.

Fig.

283,

284,
285.
286,

287.

288,

A. wallichii
Camera lucida drawing of somatic metaphase
and idiogram;
Photomicrograph of somatic metaphase.
Camera lucida drawing of somatic metaphase.
Photomicrograph of somatic metaphase.

Camera lucida drawing of somatic metaphase

and idiogram,

Photomicrograph of somatic metaphase.

Contd....
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Coll., Nos. 71, 81.

t

‘ ‘ S .
Karyotype formulae : 2n = 16 = D2+FlO+G4=36.46 FJ(Flgé. 287

and 288).

The karyotyp? consists of 3 pairs of chromosomes with
nearly median (DS~ and G - types) and 5 pairé with nearly
submedian centromeres (F-type). One pair of nearly median
chromosomes (DS —type) are with secondary constrictions on
long arms. The chromosomes in the complement are medium to
short sized, the length ranges from 2,90 H,to 1.79 Por with a
mean length of 2.28 Pu The karyotype is apparently asymmetrical
as the TF% is 36.48.

Coll, Nos. 89 and 90,

Karyotype formulae. : 2n = 16 = D8+F6+F§=44.52 P,(Pigs. 289

and 290).

The karyotype includes equal number of chromosomes with
nearly median (D-type) and nearly submedian centromeres
(F-type). One pair of nearly submedian chromosomes (Ps—type)
are with satellites. The chromosomes in the complement are
medium sized, the length ranges from 3.40 P to 2,20 p, with
mean length of 2.78 P. The karyotype is asymmetrical as the
TF% is 34.77.



Table 87. Measurements of somatic chromosomes of

A. wallichii Wt. & Arn, (Coll., No. 71).

Chromo- . Arm Raties
. Rel ative ==——====22 Centro-
some Length in R Type
pair = ! length 1 mere
1

1, 2 0.60+0,94+1.36=2.90 10,00 0.88 1.13 rm  D°
3, 4 1.87+0,77=2,64 91,03 0,41 2.43 nsm F
5, 6 1.53+0,85=2.38 82,07 0,56 1.80 nsm F
7, 8 1.62+0,68=2.30 79.31 0.42 2.38 nsm F
9, 10 1,36+0,77=2,13 73.45 0,57 1.77- nsm F
11, 12 1.36+0,77=2,13 73.45 0,57 1.77 nsm F

13, 14 1.19+0,77=1.96 67.59 0,65 1.55 nm G

15, 16 1,11+0,.68=1.79 61.72 0.61 1,63 nm G




Table 88, Measurements of somatic chromosomes of

A. wallichii Wt. & Arn, (Coll. No. 89).

Chromo-

T W T
1, 2 2.55+0,85=3,40, 100,00 0.44 3,00 nsm F
3, 4  2.04+1,02=3.06 90.00 0.44 3,00 nsm F
5 6 1.87+1.19=3,06 90.00 0.50 2.00  nsm F
7, 8 1.78+1.12=2,90 85.20 0.63 1.57 nsm F
9, 10  1.61+1.02=2,63 77.35 0.62 1.58 m D

11, 12 1.70+0.85=2.55 75.00 0.63 1.57 nsm FS

!
13, 14 1.70+0,76=2.46 72.35 0.50 2.00 nsm F

15, 16 1.2740,93=2.20 64,70 0,73 1,36 nsm F




A, wallichii Contd.....

Fig. 289. Camera lucida drawing of somatic metaphase
and idiogram.

Fig. 290. Photomicrograph of somatic metaphase.

Fig. 291. PMC showing 8 bivalents at diakinesis
(Coll., No. 69).

Fig. 292, " " 8 bivalents at metaphase I
(Coll. No, 71).

Contd......






A. wallichii Contd.....

Fig. 293. PMC showing non-congressional bivalents
metaphase I (Coll. No. 89).

Fig. 294, " " anaphase I (Coll. No. 81).

Fig. 295. PMCs showing cytomixis at telophase I.

Fig. 296. PMC showing abnormal orientation of chromosomes

at metaphase II (Coll. Ne. 70).

Fig. 297. " " ' pon-synchronised movement at

anaphase II (Coll. No. 70).
Fig. 298. " " telophase II (Coll. No. 89).

Fig, 299. " " micronucleii at telophase Il

(Coll. No. 89),

Fig. 300. " " 5 groups of chromosomes at

telophase II (Coll. No. 89),
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The populations collected from different localities showed
morphological similarities and karyotypic differences (Table 90),

indicating the presence of cytotypes in the species,

During meiosis 8 bivalents are observed at diakinesis,
metaphase I and their equal distribution at anaphase I (Figs.
291, 292 and 294), Some of the abnormalities like non-congre-
ssional bivalent at metaphase I (Fig. 293), cytomixis at
anaphase I (Fig, 295), abnormal orientation of chromosomes at
metaphase II (Fig. 296), non-synchronised movement at anaphase
IT (Fig. 297), micronucleii and formation of 5 groups of
chromosomes at telophase II (Figs. 299 and 300} are recorded.
However, these abnormalities did not affect the pollen
fertility, as they occur in low percentage. The pollen

fertility determined for the species is 89%.

Alysicarpus styracifolius DC,, Prodr, 2 : 353, 1825; Wt. & Arn.

Prodr., 1 : 234, 1834; Sedgwick, J. Indian Bot. Soc. 1 :
14-18, 1919.

A. rugosus var. styracifolius Bak., FBI. 2 : 159, 1876; Cooke,
1 : 371, 1902; Gamble, 1 : 239, 1935; Duthei, 1 : 257,
1960; Hains, 1 : 275%, 1961; Prain, 1 : 307, 1963,

A procumbent herb. Stem and branches pubescent, conspi-

cuously more hairy below the nodes. Leaves l-foliolate,
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leaflets ovate-oblong, subacute to obtuse,mucronulate, base
cordate, glabrous above and thickly hairy on the veins
beneath; stipules longer, lanceolate, ciliate on the margins,
Racemes terminal or leaf-opposed, short, very compact, rachis
thickly covered with long white hairs. Calyx lobes lanceolate,
glabrous on the back, plumose-ciliated along the margins.
Ovary tip and style base hairy. Pods more or less included in
the calyx except for one joint, joints blackish straw coloured
when ripe. Seeds rgddish brown in colour (Fl. Fr. November -

December) S. 40, 41, 42.

Very common, in cultivated fields and among grasses in

open places.

The chromosome numbers n = 8 and 2n = 16 determined for
the species are the first reports. All the three collections

studied showed similar karyotypes,
Coll. Nos. 40, 41, 42.

. S , '
Karyotype formulae : 2n = 16 = 82+F10+F2+62=48.46 f;(FlgS.

301 and 302).

The karyotype consists of nearly median centromeres
(G-type) on 1 pair and nearly submedian {B and F - types) on
7 pairs of chromosomes., One pair of nearly submedian chromosomes

(F-type) are with satellites. The chromosomes in the complement



"

Table 90, Measurements of somatic chromosomes of

A. ‘styracifolius DC. (Coll. No. 40).

Chromo- Arm Ratios

some Length inp  PPLNHE TR T R, pere T Type
1, 2 3,14+0,93=4,07 100,00 0,30 3.38 nsm B
3, 4 2.55+1.36=3.91 96,07 0.53 1.88 ’nsm F
5, 6 2.55+0,93=3.48 85.50 0,36 2,74 nsm F
7, 8 2.21+1.62=3.23 - 79.36 0.46 2.17 nsm F>
9, 10 2.12+1,10=3,22 71.12 0,52 1.93 nsm F
11, 12 1.44+0,85=2,29 56,27 0,59 1.69 nsm F
13, 14 - 1.36+0,68=2.04 50,12 0,30 2,00 nsm F

15, 16 1.19+0,80=1,99 48.89 0,67 1.49 nm G




Fig. 301.

Fig. 302.

Fig, 303.

Fig, 304.

Fig. 305.

Fig. 306.

Fig. 307.

A. styracifolius

Camera lucida drawing of somatic metaphase

and idieogram.

Photomicrograph of somatic metaphase.

PMC showing 8 bivalents at diakinesis

L

"

"

"

(Coll. No. 40},

association of bivalents at

metaphase I (Coll., No, 41).

equal distribution at anaphase I

(Coll. No. 40).

grouping of chromosomes at

‘metaphase II (Coll. No. 42).

laggard at anaphase I1
(Coll. No. 41},
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range in their length from 4,07 F,to 1.9% p, with a mean

i
length of 2.91 Vu The karyotype is asymmetrical as the TF%
and L/S are 31.65 and 2.05 respectively.

Meiosis is nermal showing 8 bivalents at diakinesis
and metaphase I (Figs. 303 and 304). Some of the PMCg show
precocious movement at anmaphase I (Fig. 305), association of
chromosomes at metaphase II (Fig, 306) and laggard at
anaphase II (Fig. 307). The pollen fertility determined for

the species is 89%.
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