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Ber. Schweiz. Bot. Ges. 86 (3/4), 152-203 (1976)

Contribution to the Cytotaxonomy
and Cytogeography of the Flora of the
Western Himalayas
(with an attempt to compare it with
the Flora of the Alps). Part III.

by K.N. Vasudevan

(Department of Botany,
University of Neuchätel, Switzerland)

In the last part of this series the cytological studies on several families of the
Sympetalae are concluded. l)

Gesneriaceae

The family Gesneriaceae comprises 85 genera and 1100 species (Willis, 1966), and is
distributed in tropical and subtropical regions of both the hemispheres.

Fourteen genera, some of which are monotypic, are restricted to China. Few species of
the genus Streptocarpus have their habitat in South Africa and Madagascar. The monotypic
genus Rhabdothamnus is endemic to New Zealand. Some genera are found growing in
the New World also. Three species of the genus Klugia grow in Southern India and one
species in Mexico.

The family is represented in India (after Hooker, op. cit.) by 129 species, some of which
grow at low and medium altitudes in Himalayas (subtropical and temperate Himalayas).
The number of species of Gesneriaceae is smaller in Western Himalayas than in Eastern
Himalayas. Six species belonging to three different genera are endemic to some mountains
of Europe (Balkan Peninsula, and Pyrenees).

Clarke (in Hooker, 1885) classified the family, on the basis of capsule characters, into
five tribes: Trichosporeae, Didymocarpeae, Leptoboeae, Epithemeae and Eucyrtandreae.
Later Fritsch (1895) made a revision of the classification with some alterations. He divided
the family into two subfamilies, Cyrtandroideae and Gesnerioideae on the basis of flower

l) The publication of this series was made possible by a generous contribution of the
State of Neuchätel (Switzerland).
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characters the flower is hypogynous in the first subfamily, whereas it is more or less
epigynous in the second These two taxa represent two lines of parallel evolution from
nearly actinomorphic flowers to zygomorphic flowers. Each subfamily is again divided
into several tribes The subfamily Cyrtandroideae is predominantly distributed in the
Indomalayan region

Cytological investigations undertaken up to now were mostly confined to chromosome
counts Mam contributors are Sugiura (1939), Thathachar (1942), Rogers (1954), Eberle
(1956), Fussell (1958), Ratter (1963), Ratter and Prentice (1964), Lee (1962a, 1966a, b)
and Contandriopoulos (1966) Most of the earlier chromosome studies have been on material
from different botanical gardens

Our cytological investigations are reported on Table 8

Discussion

Didymocarpus Wall, (syn Roettlera Vahl) of the subfamily Cyrtandroideae,
tribe Didymocarpiae, is a genus consisting of 120 species (Willis, 1966), distributed
in India, Malaya, South China and Madagascar, Australia and tropical Africa
Hooker (1885) has described 40 species from India

D pedicellata Br occurs m subtropical W Himalayas between an altitude
of 800 to 1400 m m damp places Distribution is confined to Kumaon only
Chromosome number at MI is counted as 18 bivalents (Fig 143)

Didissandra Clarke comprises some 33 species, 30 of which are distributed m
India and China, while 3 species are reported from India alone

D. lanuginosa Clarke is met in temperate Himalayas at an altitude of 1200 m
m damp places No species is met in Kashmir. Fig 144 shows 10 bivalents at MI
of meiosis

Chirita Hamm, is a large genus of Gesneraceae comprising 80 species distributed
m Indomalayan regions (Willis, op. cit Three species are described from India
by Hooker (op. cit

C. bifolia Don. Prodr. is collected from Bowah (1600 m) It is common at this
altitude m Kumaon Chromosome counts clearly show 12 bivalents and 4 univalents
at diakmesis of meiosis (Fig 145).

C.pumila Don. Prodr. occurs in subropical Himalayas at an altitudmal range of
500—1800 m in rare localities, as small groups. Four bivalents were counted at MI
of meiosis (Fig. 146).

Platystemma Wall, of the tribe Championieae is a monotypic genus represented
only m the Himalayas. It is a small herb with violet flowers.

P. violoides Wall, is found in Mussoone and Naimtal regions of Kumaon m
abundance on the walls along roadsides. Counting of chromosomes reveals
20 bivalents at MI of meiosis. Secondary association of bivalents seems to be a
feature at this stage (Fig. 147). Later course of meiosis is normal.

Six species of Rhynchoglossum Blume of the tribe Klugieae, are reported from
Indomalaya and Formosa (Willis, 1966).

R.obliquum Blume, is common up to 1500 m m the W. Himalayas Chromosome
number is 18 bivalents at MI (Fig. 148).
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Six species belonging to five genera of Gesneriaceae have been studied in the
present work. The chromosome numbers of five of them were reported for the
first time.

The cytological data of Sugiura (1940) and Thathachar (1942) enabled them
tho assess x 9 as the basic number of the genus Didymocarpus. On this basis,
D.pedicellata (n 18) is on a tetraploid level. The basic number of the genus
Didissandra seems to be x 10 (D. lanuginosa).

Chirita pumila, with n 4, provided the lowest base number of the genus
(cf. Ratter, 1963). C. bifolia (n 14) might have arisen from x 4, or from another
base number probably x 7 which is one of the basic numbers suggested for the
family by Sugiura (1940). In the light of the present work, a review of the
chromosome counts in the genus Chirita clearly indicates that the genus possesses
several basic numbers (x 4, (7), 9) probably starting from the lowest number x 4.
The gametic number 14 does not necessarily come from x 7, but perhaps through
amphidiploidy between 4 and 10.

The high chromosome number n 20 of Platystemma violoides showed a

polyploid origin. The secondary pairing of bivalents at MI in this species may
provide another support to this conclusion.

Rhynchoglossum obliquum with n — 18 also seems to be polyploid on a basic
number 9.

From the literature and from the current data, it may be concluded that
polyploidy played an important role in chromosomal evolution of the 5 genera
of Gesneriaceae currently studied.

The inclusion of the genera Chirita and Didymocarpus as sections of a large
genus, Roettlera, in Fritsch's classification seems to be well supported by the
similarity of their basic chromosome numbers (x 4 and x 9). Besides, in Chirita,
we have species with n 14 and n 17. The few representatives of the family in
Europe are comparatively high polyploids, and Ramonda Serbien (Contandriopoulos,
op. cit.) has the highest somatic number (2n 96) counted hitherto in Gesneriaceae,
after Aeschynanthus ellipticus (Ratter and Prentice, 1969).

Ramonda, Haberlea and Jankaea are paleopolyploid genera. A migration from
Himalayas or China is not likely for the European Gesneriaceae. It seems more
probable that they would derive from a stock of Gesneriaceae already present in
South Europe at the middle Tertiary.

Acanthaceae

The family Acanthaceae including 250 genera and 2500 species (Willis, 1966) is the ninth
largest family of dicotyledonous plants. According to fossil records of Strobilanthes obtained
by Velenovsky and Viniklar (1931), it is believed that the Acanthaceae date back to the
Cretaceous period. This pantropical family has four centers of distribution: Indomalaya
(Strobilanthes and Andrographideae), Brazil (Ruellia), Central America (Aphelandreae and
Odontonema) and Africa (Barleria). In Europe, it is represented by only a few species of the
genus Acanthus, which grow in the Mediterranean region. No species of this family has reached
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Central Europe. About twelve genera are found throughout the Tropics. These include the

two largest genera of the family: Justicia and Ruellia with 325 and 225 species, respectively
(Grant, 1955). Subtropical species are found in Australia, South Africa, China, Japan and the
United States. Nineteen genera have species both in Africa and Asia (Willis, 1949). Nearly
120 genera are monotypic and restricted in range.

Acanthaceae are considered by many botanists to have been derived from the Scrophulariaceae
or stocks ancestral to them. Bessey (1915) placed the family in the Scrophulariales; Wettstein
(1924), Engler and Diels (1936) and Emberger (1960) placed it in the order Tubiflorae and

Bentham and Hooker (1876) and Hutchinson (1948) in the order Personales.
Hooker (1885) reported 49 genera and 250 species under Acanthaceae from British India.

They grow at altitudes which range from plain level to about 2100 m. The members are

predominantly represented at lower altitudes between plain level and 1800 m beyond which

only a few species ascend.
Clarke (in Hooker op. cit.) has divided the family into 5 tribes: Thunbergieae, Nelsonieae,

Ruellieae, Acantheae and Justicieae. Lindau (1895) also using pollen characters in his classification,
distinguished four subfamilies: Nelsonioideae, Mendoncioideae, Thunbergioideae and Acanthoideae,
the last one comprising numerous tribes. Van Tieghem (1908) proposed to group the first three

taxa of Lindau in a separate familiy: Thunbergiaceae, whereas the last one constitutes the

Acanthaceae, sensu stricto. Bremekamp (1938, 1948, 1953) using chiefly characters of the

sporoderm has proposed many changes in the internal taxonomy of the family but he was not
followed by Melchior (1964). An interesting discussion upon these taxonomical problems was
made by Long (1970).

Important contributions with respect to the cytology of this family have been made by

Sugiura (1936a, b, 1939, 1940), Bowden (1940), Narayanan (1951a-d), Rangaswamy (1941),
Mukherjee (1952), Grant (1955), Joseph (1961), Ellis (1962), Miege (1962), Mangenot and

Mangenot (1962), Kaur (1965, 1966), De (1963, 1966), Bhat and Tandon (1967), Verma and

Dhillon (1967), Mehra and Gill (1968), Kaur and Nizam (1970).
Our cytological results are reported on Table 9.

Discussion

Chromosome numbers of 12 species are new reports out of the 31 species of
Acanthaceae belonging to 15 genera presently studied. The lowest chromosome

number observed is n 9 in Strobilanthes dalhousianus and Justicia quinque-
angularis while the highest number is n 42 in Lepidagathis purpuricaulis. Most of
the species investigated so far have rather high chromosome numbers which makes

the assessment of polyploidy difficult. In general, the chromosome size is small,

except in the species of Barleria.
Thunbergia shows 3 basic numbers, x 7, 8 and 9 (Darlington & Wylie, op. cit.).

The present finding of n 14 for T. erecta (a perennial species cultivated in Northern

India) places the taxon fr6IR Haldwani at a tetraploid level on x 7. This report
differs from the previous counts of 2n 52 (Narayanan, 1951), 2n 56 (Grant, 1955)

and 2n 64 (Mangenot and Mangenot, 1962), thereby indicating intraspecific

polyploid and perhaps aneuploid races in the species. The chromosome numbers

of Thunbergia known so far (Bolkhovskikh, op. cit.) suggest that variation in

chromosome number has been important in speciation in this genus.

Hygrophila spinosa and H.polysperma with n 16 agree with the results of
earlier authors (Table 9A) except for Sugiura's report (1940) of 2n 24 for the

former species. Darlington & Wylie (I.e.) suggested x 12, 16 as base numbers
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for Hygrophila while Grant (1955) considered 8 as the probable basic number of
the genus. Grant (1955) states that hygrophila appears to be a natural group
since these chromosome number determinations were representative of both the
Old and New World species". The subsequent observations of De (1966) and of
Miege (1962) have confirmed the somatic number 2n 32. Therefore, it seems
that this genus is a paleopolyploid one with basic number x 8.

Ruellia tuberosa shows intraspecific aneuploidy with 2n 32 (Sugiura, 1936b;
Narayanan, 1951a) and 2n 34 or n 17 (Narayanan, 1951a; Grant, 1955;
Ellis, 1962; De, 1963; and author). Darlington & Wylie (I.e.) suggested x 16, 17,
18 as base numbers for Ruellia. De (1966) regarded 16 as the basic number of
the genus and suggested that numbers 2n 34 and 36 could have arisen through
aneuploid addition of one or two chromosomes, respectively. As all of the 25 species
of Ruellia studied by Grant (1955) have 2n 34, we are inclined to think that 17 is
the basic (secondary) number of this genus and that 2n 32 or 36 represents
exceptional cases of aneuploidy. Ruellia also would be a paleopolyploid genus.

Aechmanthera tomentosa with n 15 confirms the previous finding of Verma &
Dhillon (1967). Since Aechmanthera is a small genus of three species, x 15 may be
the basic chromosome number. This genus is again a paleopolyploid one.

Hemigraphis latebrosa with n 14 is cytologically studied for the first time.
Grant (I.e.) recorded n 14 and 2n 28 for H.drymophila and considered 7 as the
probable basic number of the genus. However, Kaur (1965) has counted 2n 26
in Hemigraphis rupestris, (See Fig. 149 for the present count).

Strobilanthes is a large genus with 250 species (Willis, op. cit.) growing in tropical
Asia and Madagascar. Hooker described about 150 species from India. Most of the
species are shrubs or subshrubs with perennial habit. Many occur gregariously,
forming almost the sole undergrowth in forests. This is one of the rare genera of
Acanthaceae growing up to the alpine regions. For example, S. wallichii Nees grows
up to 3200 m. S. atropurpureus Nees is confined to the Western Himalayas from
Kashmir to Nepal between 1800 and 2300 m.

S. dalhousianus Clarke is a suberect shrub, restricted to the Western Himalayas,
frequent between 1800—2400 m. This species exhibits morphological variation. (')
The comparison between the normal type and a variant is made in Table 9B. Both
the type and his variant have the same gametic number n 9. This genus is
interesting from a cytomorphological angle. Seven, presently studied species show
gametic chromosome numbers 9, 11, 13, 14, 16 and 20, respectively, indicating
the probable role of dysploidy in the evolution of species. Four species (S. atropurpureus

n 16, S.glutinosus n 14, (Figs. 150—153), S.quadrangularis n 11 and
S. wallichii n 20) are chromosomally known for the firstyime. S.alatus with
n 16 agrees with Mehra and Gill's report (1968); S. dalhousianus and S.anisophyllus
showing gametic chromosome numbers 9 and 13, respectively, agree with the counts
of Verma and Dhillon (1967). According to Grant (I.e.) 7 and 10 (5) are probably
the basic numbers from which the polyploid series arose. In the light of the present
results, it seems likely to ascertain the following basic numbers for this genus:
x 6, 7, 8, 9, 10, 11.

(') Picture 6 shows the morphotypes of Strobilanthes dalhousianus.
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Blepharis boerhaaviaefolia with n 14 differs from the chromosome count of
n 13 by Kaur (1966). The genus seems to be polybasic with x 6, 7, 8, 9 (cf. Miege,

1962). (See Fig. 155).
Barleria gibsoni (n 20) is chromosomally studied for (Fig. 154) the first time.

B.prionitis with n 20 supports the chromosome count of this species by De (1966)
but disagrees with the earlier finding of 2n 30 by Narayanan (1951a). Narayanan

(1951a) reported 2n 34, 36, 38 and 40, for varieties of Barleria cristata with
withe, pink, striped and blue flowers, respectively. Reports by other workers on
the same species are n 20 or 2n 40 (Ellis, 1962; De, 1963; Verma & Dhillon,
1967; the present study) and 2n 38 (Grant, I.e.). The chromosome numbers known

in the genus are 2n 30, 34, 36, 38, 40, 42 (cf. De, 1966). This evidently points
out the significant role of aneuploidy in evolution at intra- and interspecific level

within the genus. According to De (1966), 15 could be taken as the basic number

of the genus since 30 is the lowest zygotic number in Barleria. In the present state

of knowledge, it is very difficult to know if the genus Barleria is polybasic
(x 7, 8, 9, 10) or if the numbers differing from 2n 40 are brought about by

fragmentations and fusions.
Three cytotypes are known in Crossandra undulaefolia Salish. infundibuli-

formis Nees.) with n 19 or 2n 38 (Grant. 1955; Ellis, 1962; Verma & Dhillon,
1967; and present study), 2n 20 (Narayanan, 1951a), and 2n 60 (De, 1966).

De (I.e.) took x 10 as the basic number for the genus and thought that the

origin of the 2n 38 complement came through the loss of one chromosome

from the gametic set at tetraploid level. As Mangenot and Mangenot (1962)
have found 2n 42 in Crossandra flava, the same alternative as in the genus

Barleria (x 7, 9, 10 or an aneuploidy from 2n 40) seems to be applicable to
Crossandra.

Lepidagathis purpuricaulis showing n 42 is reported (Fig. 156) for the first

time. L. cuspidata with n 11 agrees with the report of Verma & Dhillon (1967).

Miege (1962) attributed the basic number x 10 to this genus, because L.anobrya
from Africa possesses 2n 20. Therefore, it seems likely that Lepidagathis
would be polybasic with x (7), 10 and 11, but the somatic number 42 (see

Bolkhovskikh et al.) may also proceed from 2n 40 through aneuploidy.
Out of the five species of the genus/wrfz'cz'a, studied (Figs. 159, 157) cytologically,

the chromosome number of J. diffusa (n 9) and (Fig. 158). J. pubigera (n 14) are

recorded for the first time. For their chromosome numbers, the species J. simplex

(n 18) (*), J. quinqueangularis (n 9) are in line with earlier authors (See Table 9A).
The chromosome number of J. gendarussa differs from that found by other authors

(2n 32, Narayanan, 1951a; 2n 30, Joseph, 1961) but agrees with the count of
Basak (1959). Darlington & Wylie (I.e.) have suggested x 14 as the basic chromosome

number of the genus Justicia, and De (op.cit.) x 12. Grant (1955) and Long (1970)
believed 7, 8, 6 or 9 to be probable basic numbers for this genus.

The discovery of species with 2n 18 allows us to conclude that 9 is one of the basic

numbers of the genus Justicia, the other ones being 6, 7, 8. With regards to the gametic

numbers 13 and 15, they probably originated through amphidiploidy (6+7 and 6 + 9)

and this fact stresses the role of polyploidy in the evolution of this genus.

(*) J. simplex has also a diploid race with n 9 (Pal, 1964 in Bolkhovskikh et at).
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The chromosome number of Adhatoda vasica was found to be n 17 by many
workers (see Table 9A) including the author, but intraspecific polyploidy in this
species was established by Grant (I.e.) who reported 2n 56. According to Grant (I.e.)
x 7 is the basic number of the genus, and A. vasica would be a „tetraploid in
comparison to Justicias with 28 chromosomes". In the view of the author, x 17
is also a basic number for the genus but a secondary one which perhaps came from
9 + 8 through amphidiploidy. This opinion would imply that in a single species,
Adhatoda vasica, the three basic numbers 7, 8 and 9 existing in Justicia are
represented.

Haploid chromosome number 26 iot Rungia parviflora is (Fig. 160) reported for
the first time. The two species cytologically studied earlier show a great difference
in their diploid chromosome numbers: R. repens with 2n 20 (Narayanan, 195 la;
Ellis, 1962) and R. pectinata with 2n 50 (De, 1966). De (1966) has suggested
x 10 as the basic number of the genus. In the light of the results on Dicliptera
(videte infra), a genus from the same tribe, it appears that one basic number of
Rungia is x - 13, besides x 10. As regards the somatic number 2n 50 considered
by De as pentaploid, it could also proceed from 2n 26 through aneuploidy.

Two species of Dicliptera were currently investigated. D. bupleuroides (n 13)
and D. roxburghiana (n 13) show the lowest chromosome number in the genus so
far recorded. In contrast, D.assurgens and D.brachiata having somatic number
2n ca. 80 (Grant, 1955) are representatives of higher polyploids of the genus.
These two species are perhaps hexaploids with 2n 78 6 x 13). Besides x 13,
this genus seems to possess x 10 and x 12 (Bolkhovskikh et al., op. cit.).

Chromosome number of Peristrophe speciosa (n 15) is the first chromosome
report for the species. The gametic chromosome number 15 observed for P. bicaly-
culata agrees with Ahuja (1955) and Verma & Dhillon (1967) but differs from
2n 20 reported by Narayanan (1951a). It is suggested that x 15 may be
considered as one of the basic numbers of the genus Peristrophe, the other ones
being x 10 and perhaps x 7.

Three facts are striking in the karyology of the A can thaceae studied here.
1. Out of fifteen genera, twelve are polybasic; besides, the two genera in which

the basic number is x 15 or x 17, are probably polybasic too, because these
numbers could have arisen secondarily from x 7, 8 and 9 through amphidiploidy.
Grant (1955) has determined the following basic numbers (5), 6, 7, 8, 9, 10 and
11 in the same family. The present observations are entirely in agreement with
Grant's assertion and no gametic chromosome number was discovered which could
not be explaned with such a basis. Most of the genera are built upon 7, 8 and 9
which are considered by Grant as predominant. Such a situation makes the use
of chromosome numbers in the taxonomy and phylogeny of the Acanthaceae
somewhat problematical. Grant thinks that „the frequency of basic chromosome
numbers of 7, 8 and 9, and the extensive range of chromosome morphology
suggest the reticulate nature of the genera and species". It may also be explained
as a case of parallel evolution of the caryotype (Favarger, 1962).

2. The gametic numbers of most of the species hitherto studied in the Acanthaceae
are relatively high. No gametic number lower than x 9 was reported, and many
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Table 9- ACANTHACEAE (A)

Taxa Source and
altitude

Collection
number

Chromosome number
n 2n

Level of
ploidy

Previous report

Subfamily Thunbergioideae
Thunbergia erecta T
Anders +

Subfamily Acanthoideae
A. Contortae

Tribe Hygrophileae
Hygrophila polysperma T
Anders

H.spinosa T. Anders

Tribe Strobilantheae
Hemigraphis latebrosa Nees *

Haldwani, 400 m

Haridwar, 300 m

Pinjore, 400 m

Kasauli Road, 800 m
Kalka

2028

2097

2070

2058

14

16

16

14

4x

4x

4x

4x

2n 52, Narayanan 195 1

2n ca 56, Grant 1955
2n 60, Mangenot & Mangenot

1957
2n 64, Mangenot & Mangenot

1962

2n 32, Grant 1955

2n

2n
n

32, Rangaswamy 1941
Miege 1962
Grant 1955
24, Sugiura 1937, 1940
16, Verma & Dhillon 1967
Mehra & Gill 1968

Aechmanthera tomentosa
Nees

Strobilanthes glutinosus
Nees *

S. quandrangularis Clarke *

S. dalhousianus Clarke

S.amsophyllus T. Anders.

S.alatus Nees

S. wallichii Nees *

S. atropurpureus Nees *

Thogave, 1000 m
Kumaon

Bowali, 1850 m

Didihut, 1500 m
Kumaon

Naimtal, 1900 m

Chandigarh, 300 m

Naimtal, 1900 m

Naimtal, 1900 m

Tangmarg, 2100 m
Kashmir

2048

205 1

2044

2580

2065

2573

2022

4320

n 15, Verma & Dhillon 1967

14

9

13

16

20

16

4x

2x

2x

nx

4x

4x

4x

n 9, Verma & Dhillon 1967

n 13, Verma & Dhillon 1967

n 16, Mehra & Gill 1968

Tribe Ruellieae
Ruellia tuberosa L Dehra Dun, 450 m 2605 17 2n 32, Sugiura 1936

2n 34, Bowden 1940, 1945
2n 32, 34, Narayanan 1951

Grant 1955
Ellis 1962
De 1963

Tribe Barlerieae
Barleria prionitis L.

Barleria cristata L

B.gibsoni Dalz.*

Pinjore, 400 m

Chamoh, 700 m
Kumaon

Chandigarh, 300 m

2098

2027

2064

20

20

20

4x

4x

4x

2n
2n

n -

2n
2n
2n

n

30, Narayanan 1951
40, Raman & Kesavan
20, De 1963

964,1965

34, 36, 38, 40, Narayanan
38, Grant 1955
40, De 1963
20, Ellis 1962
Veripa & Dhillon 1967

951

B Imbricateae
Tribe Acantheae
Blepharis boerhaaviaefolia Pinjore, 400 m 2073
Pers +

Crossandra infundibuhformis Chandigarh, 300 m 2054
Nees

19

4x n 13, Kaur 1966

2n 20, Narayanan 195 1

2n 38, Grant 1955
2n - 60, De 1963

n 30, De 1963
n 19, Ellis 1962

Verma & Dhillon 1967

Lepidagathis cuspidata Nees Naimtal, 1900 m

L purpuricaulis Nees* Jeolikot, 1400 m
Naimtal

2515

2517

11

42

2x

12x

n= 11, Verma & Dhillon 1967

Tribe Justicieae
Justicia gendarussa L Dehra Dun, 450 m 2078 14 4x 2n 28, Basak 1959

2n 30, Joseph 1964
2n 32, Narayanan 1951a

Justicia pubigera Wall.* Chamoh, 700 m
Kumaon

J.quinqueangularis Koen Surajpur, 350 m

2018

2069

14 4x

2x 2n 18, Ahuja & Natarajan 1957
n 9, Verma & Dhillon 1967

J. diffusa Willd *

J simplex D. Don

Adhatoda vasica Nees

Garampani, 1000 m

Garampani, 1000 m

Kathgodam, 500 m

2563

2565

2529

9

18

2x

4x 2n 36, Grant 1955
Ellis 1962

n - 9, Pal 1964
n 18, Verma & Dhillon 1967
n 14, Mehra & Gill 1968

2n 34, Hardas & Joshi 1954
Mukherjee 1952

2n 56, Grant 1955
n 17, Verma & Dhillon 1967

Mehra & Gill 1968

Tribe Odontonemeae
Subtribe Diclipterinae
Peristrophe bicalyculata
(Vahl) Nees

Bageswar, 1400 m 2043 2n 20, Narayanan 1951
2n 30, Verma & Dhillon 1967

n 15, Ahuja 1955

P. speciosa Nees* Kalka, 600 m 2056 15

Rungia parviflora Nees * Hanumanmandir, 1600 m 2025 26

Dichptera roxburghiana Nees Naimtal 1900 m 2511 13

D. bupleuroides Nees Govindghat, 2100 m 2539 13

Naimtal

2x

2x

n 13, Verma & Dhillon 1967

n 13, Verma & Dhillon 1967

* Chromosome number of the species reported for the first time
+ A new chromosome report for the species



Table 9B: Salient morphological features of the morphotypes of Strobilanthes dalhousianus

Characters Normal Variant

Locality and altitude Nainital, 1900 m Nandaprayag, 1400 m

Habitat Shady places Open dry places

Habit Erect, branched Semi-erect, profusely branched

Stem Four-angled, thick, hairy Cylindrical, thin, non-hairy

Leaves Opposite, arrangement with one large
and small leaf on either side

Opposite, arrangement with one large
and small leaf on either side

Length of lamina 18-25 cm 6—10 cm

Breadth of lamina 4—6 cm 1.5-2.0 cm

Inflorescence axis Short Long

Table 9C: Hypothetical basic numbers of different genera of acanthaceae fin brackets)

Probable basic numbers Gametic numbers observed

x (the lowest is underlined)

Thunbergia 7, 8, 9 9, 14, 16, 24, 28, 32

Hygrophila 8 16 (Sugiura: 12)

Ruellia 17 8 + 9) 17 (16?, 18?)

Aechmanthera 15 7 + 8) 15

Hemigraphis (6?), 7, 13 6 + 7) 13, 14

Strobilanthes 6, 7, 8, 9, 10, 11 9, 10, 11, 15, 16, 20

Blepharis 6, 7, 8, 9 12, 13, 15, 17

Barleria (7), (8), 9, 10 (15 7 + 8) 15, 19, 20

Crossandra 7, 9, 10 10, 19, 21, 30

Lepidagathis 6, 7, 10, 11 10, 11, 12, 21, 42

Rungia (6?), (7?), 10, 13 6 + 7) 10, 26

Dicliptera 6, 7, 10, 13 6 + 7) 13, 20, 24

Peristrophe 7, (8), 10, 15 7 + 8) 10, 15,21

Justicia 6, 7, 8, 9 9, 12, 13, 14, 15, 16, 17,

Adhatoda 7, (8), (9), 17 8 + 9) 17, 28



Table 10: PLANTAGINACEAE

Taxa Source and Collection Chromosome number Level of Previous report
altitude number n 2n ploidy

Plantago major L.

Species from the Western Himalayas studied by the author (A)

Ranikhet, 1900 m 2596 18 — 6x

Pahalgam, 2100 m
Kashmir

4221 2x

2n 12, Love & Love 1965a, etc
Cef Bolkhovskikh et al 1969)

P.lanceolata L. Tangmarg, 2100 m
Kashmir

4220 2x 2n 12, 24, 96, McCullagh 1934
2n 12, Mulligan 1961b

(for others, cf
Bolkhovskikh et al 1969)

P. major L.

P. lanceolata L.

P.asiatica L

P. intermedia Gilib

P. media L.

Species from Europe and Asia studied by the author (B)

Neuchätel, Switzerland — — 12

Neuchätel, Switzerland — - 12

East Siberia (Moscow) — — 36
U.S S R.

S. de Peney, Chanee,
N.Grand Bois, Switzerland

Jura Mountains, Neuchätel
Switzerland

12

12

2x

2x

6x

2x

4x

2n 12, McCullagh 1934
2n 24, Fujiwara 1956a

Subramanyan & Kamble 1966
2n 36, Rahn 1966

2n 12, 24, Raba 1954, 1957, 1966
2n - 24, McCullagh 1934 etc.

(cf Bolkhovskikh et al 1969)

* Chromosome number of the species reported for the first time



Table IOC: Analysis of cytomorphological characters of P major L from W. Himalayas and Europe

Characters Nainital Lahorkhet Dehra Dun Kedarnath Srinagar Gulmarg Khilanmarg Neuchatel Simplon/Valais
1900 m 2100 m 450 m 3600 m 1650 m 2700 m 3000 m Switzerland Switzerland

Habitat

Growth habit

Plant height cm

Aver no of leaves

Length of petiole cm

Shape of leaves

Shape of leaves

Marshy
clay soil
in shady
places

Length of leaves cm

Breadth of leaves cm

Length of the scape cm

Nature of the spike

Length of spike cm

No. of seeds per capsule

Stomatal size ß

Chromosome (n)

Wet sandy
soil,
exposed
place

Semi-erect Erect

60

18

30-35

Radial,

Radial,
lanceolate,
dark
green

10-15

2.5-3.5

7-8

Laxed

8-10

7-10

34 ß x 24 ß

18

Wet sandy
soil

Erect

50

14

16-20

Radial,

Radial,
green,
lanceolate

11-14.5

2.2-4.8

3-4 5

Laxed

3-4 6

5-10

32 ß x 22 ß

18

60

16

15-25

Light

Light
green,
lanceolate

20-25

3-7

10-14

Laxed

13-18

8-10

32 ß x 22 ß

6

Open,
grassy
ground

Upper
leaves
erect with
prostrate
lower
leaves

6

9

2-3

Light

Light
green,
non hairy
leaf
surface

3-4 5

2-2 8

2-4

Cylindrical

Wet clay
soil,
near
roads

Open
grassy
ground

On grassy Open
meadows, ground
widespread with clay

with large population and sandy
population soil

Ascendent Prostrate Prostrate

40

8

4-7

Bright

Bright
green,
oval
shape
with wavy
margin

10-12

4-6

15-30

Cylindrical

6

10

4-5

Creen, Green,

Green,
ovate,
hairy
surface

3 5

5

0 7-2 0

Green,
ovate,

3-5

2 3-2 5

3-4.5

1 3-3

0.7-2

1-4 8

1.6-3 14-40

7-8 5-7

29juxl8/i 28 ß x 18 ß

6 6

1 6-3.5

8-10

0 7-2

7-9

45

12

10-13

Light

Light
green,

with wavy ovate,
margin undulate

margin

Cylindrical, Short
compact compact

with laxed
flowers

12-14

8-10

20-22

Semi-
compact

12-15

7-9

Roadsid
open
places

Semi-erect Semi-erect

35

15

9-14

Light
green,
ovate,
undulate
margin

8-11

7-8

14-16

Compact

9-11

8-9

31 jU x 20 ju 30 ß x 20 ß



species possess such gametic numbers as 13, 14, 15, 16, 17 suggesting an old

phenomenon of polyploidization. Therefore, some genera, as Ruellia and Aechman-

thera, were regarded by the author as paleopolyploids (Favarger 1961). This fact
is in line with the finding of a high percentage of polyploidy in the tropical
African flora by Mangenot & Mangenot (1962). Moreover, from these high
(secondary) basic numbers, more recent polyploids have arisen which would be

classified by Favarger (op. cit.) as meso- and neo-polyploids. The family Acanthaceae

seems to have already undergone a very long evolution during which ancestral

species with low basic chromosome numbers have disappeared. However, this

evolution is not completed and has been pursued by recent phenomena of
polyploidization (see under 3.).

3. As a survey of the literature points out, intraspecific polyploidy and

aneuploidy are very frequent in the family Acanthaceae. The multiplicity of
chromosome numbers can be partly explained by a misidentification of the species

or by wrong counts, but an important part of this variation is certainly not an

artificial one. Unfortunately, nothing is known about geographical distribution
or ecology of these „chromosome races". It would be very important in the future
to give more attention to these aspects. The presence of such neopolyploids in
a tropical flora is somewhat astonishing. Perhaps it was favoured by the herbaceous

habit of numerous Acanthaceae, by recent or subrecent events such as changes

of climate and migrations, or also by the influence of man.

Plantaginaceae

This small family of Bicarpellatae consists of 3 genera with 270 species (Willis, 1966).
Hooker has described 10 species from India. Hegi (1914) recorded 15 species of Plantaginaceae
from Central Europe. The members are annual or perennial herbs. Many of them have a vast

distribution.
Systematic treatment of the family was first made by Barneoud (1845). Decaisne (1852)

split the genus Plantago into 17 sections. Harms and Reiche (1895) classified the family into
3 genera: Litorella, Plantago and Bougueria. The genus Plantago was split again into 2 subgenera:

Euplantago and Psyllium. The subgenus Euplantago was divided into 11 sections. Pilger (1937)
made a detailed systematic study of the family on the basis of the system adopted by Harms
and Reiche.

Even though cytological investigations have been made by many authors (McCullagh, 1934;
Böcher, 1943; Böcher et al, 1953, 1955; Rahn, 1957; Ono, 1954 and Cartier, 1970), the

great phenotypic variability, a characteristic feature of the members of the family, especially
of the genus Plantago, still remains as an interesting aspect to study. Hence, a detailed
cytomorphological study was undertaken now on two species: Plantago major and P. lanceolata ('),
both growing in abundance in Himalayas and in Europe.

The cytological results of the present investigations are recorded on Table 10.

(') Böcher (1943) has accurately studied the variation and biology of P. lanceolata from
Europe. Hence, detailed study of this species from Europe is not attempted here.
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Plantago major is a highly polymorphous species distributed from circumpolar arctic regions
to Alaska, USA, Europe, Africa, Asia minor, Central Asia, Himalayas, Siberia, Tibet, Mongolia,
China, Manchuria, Korea, Saghal, Kuril, Formosa and Malaysia

Cytological investigations were made on young roots of P major, from seeds collected in
W Himalayas, at various.altitudes and latitudes Meiosis was studied from the flower buds fixed
at Neuchätel and at the Simplon in Switzerland. Chromosome counts were made too on the
seed samples received from 50 different places in Europe It could be observed that in the
whole of Europe (see Table IOC), P major grows as diploid (2n 12) In Himalayas, the
populations studied are diploid m Kashmir and in Mussoorie regions (Fig 161), but those from
Kumaon region umformily revealed a hexaploid chromosome number (Fig 162) Since, both
the chromosomal types possess morphological variation, a comparison was made for different
characters between the two cytotypes collected from different places (Table 10C) In a
previous paper (Favarger et Vasudevan, 1972), it was supposed that the hexaploid plants
from Kumaon belong to P asiatica

A karyotypical study of the somatic complement of a (Fig 166) hexaploid P asiatica
obtained from the Botanical Garden of Moscow and collected in East Asia revealed 11 chromo
some pairs with median centromere, 6 chromosome pairs with submedian centromere and
the remaining 1 pair with subterminal centromere One pair of the chromosomes with
subterminal centromere also possessed a pair of satellites, and one pair of median chromosomes
possessed a secondary constriction The chromosome size in general resembled the size of
chromosomes in diploid (2n 12) P major (Favarger and Vasudevan, 1972) As to the morpho
logy of this Asiatic plant, it was similar to that of the plant collected in Kumaon (see under)

A clear example of cytomixis was observed in an individual (n 6) from Mussoorie
At MI of the meiosis, cytoplasmic connections with chromatin contents were observed
between the PMC's (Fig 163) Some PMC's showed as many as 8 bivalents instead of the
normal number of six, while few others showed one, two or five bivalents in a cell (Fig 163)
At All, lagging chromosomes were not uncommon About 15% pollen sterility was observed
after staining the pollen with acetocarmine The plant with cytomixis also showed a partial
failure in seed setting

P tonceolata Linn is a perennial species which occurs in the W Himalayas from Kashmir
to Kumaon at an altitude between 1500—3400 m It normally grows on open grassy ground
It is very common in Europe

Chromosome number of plants both from Europe and the Himalayas, as determined from
meiosis, is n 6 at MI Morphological variation is found to be prevalent in this species as
in P. major A Table (10C) summarizing the variability of morphological types observed in
different parts including different altitudes in W Himalayas, is given

P. intermedia Gilib collected in Switzerland revealed (Fig 164) a somatic number of 2n 12
Somatic complement consists of 5 pairs of chromosomes with median centromere, and one
pair with submedian centromere Two pairs of the chromosome set possess satellites
The chromosome count of this species is made for the first time (Fig 165)

Discussion

It is interesting to note that m Plantago major sens, lat, all the populations
from Europe, so far examined, are diploids, the nearest allied species, P intermedia
Gilib. (one population studied) is diploid too. In so far as it may be possible to
adopt a definite position m a very confused situation, the Asiatic polyploids
belong to the following taxa
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P. major var. asiatica Decne. P. asiatica L.

Tetraploids and hexaploids in Japan
(besides diploids after McCullagh, 1934)

Hexaploids from East Siberia
(the present author)

Tetraploids from Assam (Eastern Himalayas)
(Subramanyam and Kamble, 1966)

Hexaploids from Kumaon (Western Himalayas)
(the present author)

P. major var. japonica (Fr. et Sav.) O. Ktze P.japonica Franch. et Savat.

Hexaploids in Japan (McCullagh, 1934,
besides diploids, Sinotö, 1925 etc.)

All these polyploids are localized on the borders of the area of P. major sens. lat.

In the present state of knowledge, it is difficult to know if the Western Himalayan
area of the hexaploids is, or is not, connected with that of the East Siberian one,
through Tibet and Mongolia. In a previous paper (Favarger and Vasudevan, 1972),
it was supposed that the hexaploids from Kumaon originated through amphidiploidy
between the diploid P. major from Kashmir and the tetraploid plants from Assam.

This suggestion may be depicted as follows:

6x (n 18) Kumaon, Himalayas
a East Siberia

doubled

3x (n 9) Central Himalayas
'' instable

P. major from W. (n 6) 2x X 4x P. major var. asiatica from
Himalayas and Europe Eastern Himalayas (Assam)

One does not know up to what point the East Siberian populations depend on
the Himalayan hexaploids. In Japan, where diploids are found besides tetraploids
and hexaploids, a similar evolution of the whole complex could have taken
place, perhaps at an earlier time, since the taxaP.japonica and P.asiatica seem
to be more differentiated in this country.

Regular bivalent formation with normal meiosis and 100% pollen fertility
noticed in the hexaploid P. major from Kumaon gives enough evidence to believe
that the „race" is an allohexaploid. Occurrrence of both intraspecific and

interspecific polyploidy in many species of Plantago has already been noticed
by many authors (McCullagh, 1934; Böcher et al., 19.53, 1955; Ono, 1953;
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Gorenflet, 1960 and Cartier, 1970) Extensive geographical distribution covering
a vast area with various ecological mtches may be one of the causes of the successful
establishment of polyploids m the genus. The evolutionary significance of the
cytomixis found m an individual from Mussoone (Himalayas) is worth considering
here Viable pollen grains developed from the aberrant FMC of the plant showing
cytomixis, may probably lead to the polyploid or aneuploid race of the species
This assumption is further supported by the presence of partial seed setting
m the taxon with cytomixis. This individual may be perhaps a hybrid between
a diploid P. major and a diploid P asiatica which would be existing in Central
Himalayas but has not been reported yet

In the collective species P. coronopus L., Gorenflot (1960) believed that the
tetraploid populations, m which meiosis is regular without multivalents, arose from
the doubling of the chromosome sets of hybrids between different microspecies
from the complex. In her excellent paper on the biosystematics of some Plantago
species, Cartier (1970) showed that all the tetraploid populations of P alpina and
P. serpentina are allopolyploids, some coming from interspecific hybrids, the others
from mtraspecific hybrids. In the Oreades section too, the polyploids observed
m West Asia are supposed to have arisen through hybridization between several
diploid subspecies differing m karyotype, followed by doubling of the chromosome
sets. For example, the ssp. saxatilis possesses a satelhtiferous chromosome from
ssp. atrata, and another one from the ssp. spadicea.

In Plantago major sens, lat., the karyotype of the ssp intermedia so far observed,
is not exactly the same as that of P. major ssp. major, and some differences were
observed too m hexaploid P. asiatica from the Far East. Therefore, it is likely that
the polyploids from Japan, East Siberia and the Kumaon Himalayas are segmental
allopolyploids (Stebbms, 1947) although no multivalents were noticed, or genomic
allopolyploids though the apparent differenciation of the two chromosome sets
from the parents is very slight.

A last problem is the taxonomy. The morphological differences on which
Pilger (op. cit.) based his specific separation of P asiatica from P. major, seem to
be rather unimportant Neither m the hexaploids from Kumaon, nor m the plant
from Russian Far East, the bract was really separated from the calix and the
latter stalked. As to the number of seeds per fruit, it varies largely in both
diploids and hexaploids from W. Himalayas, moreover, the average value is a

httle higher m the hexaploids (see Table 10C). On the contrary, the East Siberian
plants have 4—5 seeds per fruit, as indicated by Hara (1956) and by Ohwi (1965)
for Plantago asiatica from Japan. Therefore, it seems more likely that the
hexaploids from the Russian Far East are linked with the Japanese plants.

In the present author's opinion, it would be more convenient to treat P asiatica
as a subspecies from P. major instead of treating it as an independent species

The extensive morphological variability present in both diploid as well as hexaploid

P. major (1) from W Himalayas and their subsequent overlapping make it
difficult to distinguish whether the variation is a genetically controlled or
environmentally adapted phenomenon. This aspect requires an experimental study of
large populations under the same environment.

O Pictures 7 and 8 show morphological variants in the diploid and hexaploid races of P. major.

168



Intraspecific morphological variability is a common phenomenon among
the members of the genus Plantago (P. coronopus, Böcher et al., 1953, 1955,

Gorenflot, 1959; P. maritima, Gregor, 1938; P. media, Rahn, 1957). In the present
investigation, the extent of morphological variation appeared clearly when
individuals of P. major with 3.5 cm and 90 cm height are recorded with a lot
of intermediates in between (see Table 10C). In P.lanceolata, the variation in
plant height is noticed from 11 cm to 50 cm. The other characters mentioned
in the Table (10C) show the range of variation to which each trait is subjected.

The worldwide distribution of some species of Plantago is one of the reasons
for such a great amount of morphological specialization of the genus in the process
of their adaptation to the various climatical, ecological and edaphic conditions.
Table 10C points out that the morphological variation in both P. major and
P. lanceolata takes place even under the same ecological or geographical conditions.
Reduced size of the species at higher altitudes is apparently due to low temperature,
a greater amount of light and probably the constant subjugation to wind at higher
elevation. Though the variation is influenced by environment to a certain extent,
the occurrence of more than one morphotype under similar ecogeographical
conditions evidently suggests a genetical basis for this phenomenon.

The report of an aneuploid race with 2n 13 in P. coronopus by Böcher et al.

(1953) adds sufficient proof to establish that cytological evolution in Plantaginaceae
has arisen through interspecific and intraspecific euploidy coupled with aneuploidy.

III. General Discussion

The present cytological investigation concerns 197 plant species from the
Western Himalayas and 52 species from Europe, especially from the Alps, belonging
to ten families of the Sympetalae (Tubiflorae + Gentianaceae). The chromosome
number of 69 Himalayan species are new reports while 16 numbers differ from those
of the literature. Out of the alpic plants, 5 species were cytologically investigated
for the first time while in Scrophularia canina, a new chromosome number was
discovered (n 12).

The main results were already discussed under each family. The author will
summarize here some data of general interest in two fields i.e., that of cytotaxonomy
and that of cytogeography and history of the flora.
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Part 1. Cytotaxonimical aspects

a) Cytotypes and their taxonomic status

Ever since an intensive cytological examination of Lmnean species has been
undertaken, cytologists have detected many species with more than one chromosome
number. This phenomenon is more frequent m the so-called „collective species",
having a wide geographical distribution and morphological variability About 7%
of the flora of Central Europe consists of such mtraspecific „chromosome races"
(cf. Tischler, 1950), m the last twenty years, this number has greatly increased.
Until now, chromosome counts of Western Himalayan plant species show about
4.6% of „polyplotypes" out of the total number of 570 species for which the
chromosome number is known.

In the present investigation, the author could notice cytotypes in Gentiana
cannata Griseb (n 10, 20), Solanum nigrum L (n 12, 24, 36), Scrophularia
himalensis Royle (n 12, 24), Veronica anagalhs L. (n 18, 27) and Plantago major L
(n 6, 18) growing m W. Himalayas A comparative account of the morphological
features of these chromosome races was given m various Tables in the text.

Other species in which several chromosome races were observed by various
authors m Himalayas or in India as a whole, are for example, Centaurium pulchellum
(Sw.) Druce (n 18, 27, 36), Trichodesma indicum (L.) RBr (n 11, 22 in India),
Convolvulus pluricaulis Choisy (n 18, 2n 36, n 10), Cuscuta reflexa Roxb.
(n 14, 15, 16, 21), Scrophularia variegata Bieb. (n 12, 24), Veronica beccabunga L.
(n 9, 2n 36), Veronica hedenfolia L. (n 9, 18 and 2n 54), Thunbergia erecta
T. Anders, (n 14, 2n 56), Crossandra infundibuliformis Nees (n 19, 2n 20, 60),
Justicia simplex D. Don (n 9, 18) and Adhatoda vasica Nees. (n 17, 2n 56) (')

Interesting enough is the fact that m many species growing m Western Himalayas
and having a large geographical distribution (Europe, Central Asia, and/or America),
the chromosome number found m the Himalayas is not the same as that found by
the present author or other workers in other parts of their area. It is the case for
exemple m Centaurium pulchellum, Asperugo procumbens, Lycopsis arvensis,
Lithospermum arvense, Scrophularia scopolu, Pedicularis oederi, Phryma leptostachya.

The taxonomic position of mtraspecific chromosome races is a much disputed
actual problem. We look into this situation through a simple definition of species
brought forth by Mayr (1940) who considers species as „groups of actually or
potentially interbreeding natural populations which are reproductively isolated
from other such groups". The Swedish taxonomist Nannfeldt (1938) was the pioneer
taxonomist to advocate for specific rank of the chromosome races, he says
„As soon as chromosome races (polyplotypes) are morphologically distinct and
thus, recognizable to the taxonomist, they had better to be recognized as species,
even if the morphological characters are small" Later on, following Nannfeldt,
Love (1951, 1954), Love and Raymond (1957), Valentine and Love (1958)
advocated a specific rank for all the taxa differing in chromosome number.
Love (1952) believes that morphologically indistinguishable polyploids are not in
existence either in North Europe or in other areas as well (cf. Valentine, 1950),
a point on which many disagreed. However, Smith (1933), Smithwhite (1954),

(') But there is a possibility that the polyploid plant studied by Grant comes from Malaysia
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Bocher (1961), De Litardiere (1939) and Gumochet (1942—1943) are among those
who stand against the absolute reliance on the chromosome numbers for taxonomic
divisions. Favarger (1956) expressed the opinion that taxonomic treatment of
chromosome races should not be governed by the single criterion of chromosome
number, but by other morphological characters too. According to him, races
differing m chromosome number may be elevated to the rank of subspecies or
varieties depending on the cases Davis and Heywood (1963) have also disapproved
the idea of ranking diploids and polyploids belonging to a single collective species,
as distinct species, no matter what the degree of morphological differenciation is.

The mtraspecific chromosome races recorded m Gentiana carinata Gnseb.,
though revealing morphological differences (see Table 10) are not significant as

both races are found m Kashmir Himalayas Only after studying the type material
and after comparing it with the morphology of the races, may any speculation
on the taxonomic status of these races be possible. Also, it would be prudent
to assess the reproductive isolation the races possess

The polyploid complex of Solanum nigrum L demonstrates definite morphological
characteristics (differences m growth habit, size of the plant, fruit colour, number
of seeds per fruit, pollen size, stomatal size) which can be used for assessing the

taxonomic status of different cytotypes. The correlation of morphological
characteristics with chromosome number of different races observed m the present
investigation seems to be a sufficient reason to give specific rank to each cytotype.
The hybridization studies between different races by Tandon and Rau (1966)
provided additional evidences for the reproductive isolation existing among
the races

The diploid taxon of Scrophularia himalensis found only in the Kashmir region
of W.Himalayas is geographically isolated from the tetiaploid race growing m
the Kumaon Himalayas. The morphological features noticed m the diploid taxon,
especially the non-branching, tall habit of growth, differ considerably from those
of the tetraploid one with branching nature. A critical comparison of the type
specimen with races studied here, may tell us whether the latter may or may not
be placed in a different taxonomic unit

The tetraploid Veronica anagalhs L is found only in Kashmir while the hexaploid
race is found m Punjab and Kumaon The tetraploid is characterized by more or less

ovate leaves, while the hexaploid possesses ovate-lanceolate leaves

In addition to this, many other characters of taxonomic value (see Table 6C)
show distinct differences between the races. On the basis of these differences,
Khoshoo and Khushu (1966) proposed a subspecific rank for the races. But a

hybridization study between the races and a thorough comparison with the type
material of the species V. anagalhs L. and various closely resembling varieties of
the same, may indicate the exact taxonomic status to be given, it seems to the
present author that a specific rank for the races should be given here as m the

various chromosome races of V.hedenfolia by Fischer (1967).
The diploid race of Plantago major has a wide Eurasiatic distribution, but the

hexaploid race is restricted to Central Himalayas and Eastern Asia. The variability
of morphological characters noticed m the diploid taxon is more or less shared

by the hexaploid also. Hence, a sharp distinction on mophological grounds is
difficult to make between diploid and hexaploid chromosome races of P major.
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The hexaploid P. asiatica L. resembles the diploid P. major m all morphological
features. The present author failed to observe a morphological distinction between
P. major and the material of P. asiatica growing in extreme Siberia. Hence, the
hexaploid taxon may be placed at the subspecific level.

A number of other species listed above, showing two or more chromosome
numbers require a thorough morphological study with the aid of the type specimen
before drawing any conclusion about their taxonomic status.

b) Aneuploidy

Aneuploid chromosome number variation is one of the cytological mechanisms
for the origin of new species, and probably also of many genera. The most extensive
aneuploid series m the plant kingdom is to be found in the genus Carex in which
haploid numbers ranging from n 6ton 56 have been reported and m which
every number from 12 to 43 is represented by one or more species (Stebbms, 1950).
Aneuploid chromosome number variation was observed m a large number of the
genera studied currently. Intraspecific aneuploid races were noticed in Cuscuta
reflexa (n 14, 15, 16). In the light of the present work, previous records indicate
the presence of aneuploid race m Ipomaea coccinea (2n 28, 30), Convovulus
arvensis (2n 48, 50), Barleria cnstata (2n 34, 36, 38, 40), Blepharis boerhaaviae-
folia (2n 26, 28) and Justicia gendarusa (2n 28, 30, 32). If different aneuploid
numbers were noticed by different authors, it is not unlikely to suppose that
in some cases, the discrepancy lies m wrong counts or m mistakes m identification
of the material. However, in a number of well studied species of the European flora,
an aneuploid process of intraspecific differentiation was observed without any
doubt for example m Cardamine pratensis (Lovquist, 1956, Landolt and Urbanska,
1971), Erysimum grex. grandiflorum (Favarger, 1964, 1972) and Carduus defloratus
(Favarger and Kupfer, 1970).

Intragenenc aneuploidy is found to be very prevalent in many genera of the
Scrophulanaceae, Acanthaceae and Verbenaceae, whereas their role is confined
to few genera only in Gentianaceae, Boraginaceae and Solanaceae In the
Scrophulanaceae, the genus Veronica possesses an extensive aneuploid series
(n 7, 8, 9, 14, 18, 20, 21, 23, 26, 27), Scrophularia has n 8, 9, 10, 11, 12, 13,
15, 17, 24, 25, Pedicularis has n 6, 7, 8, and Verbascum has n 15, 16 and 18
In the Acanthaceae, an aneuploid series prevails in the genera Ruellia and Barleria,
the evolution of the species is attributed to this phenomenon (De, 1966) The
present work, revealing a series of haploid numbers m Strobilanthes (n 9, 11, 13,
14, 16, 20) is again a clear indication of intragenenc aneuploidy operating as a
mechanism m the speciation In the Verbenaceae, the species evolution in the genus
Calhcarpa is attributed to aneuploidy by Sharma and Chatterjee (1963) In the
genus Myosotis, gametic numbers vary from n 12, 18, 24, 25, 26, 27, whereas m
Heliotropium, the series shows n 11, 12, 32. In the Gentianaceae, the genera
Gentiana and Swertia make use of aneuploidy for the evolution of new species,
since the Himalayan species studied here and belonging to the former genus has
shown gametic number n 9, 10, 13, whereas the latter demonstrates n 8, 9, 10
and 13. Intragenenc aneuploidy is responsible for species origin in Plantago also,
where the gametic number varies from n 4—6.
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The missing numbers in the aneuploid series might have been non-investigated
ones The variable nature of genera m their response to aneuploidy may be attributed
to genetic factors, but this variability indicates the active stage of evolution to which
these genera are comparatively subjected

The current investigations have brought about new proofs to the fact that many
genera are polybasic To what extent is it possible to affirm that one of these basic

numbers is more primitive than the others remains a question It is likely too that
at the birth of one genus, there is a time of variability for the chromosome number
and that after it, the more favourable and stable chromosome number, and often
several of them are fixed In neighbouring genera, it seems that a parallel evolution
of the karyotype has taken place (Favarger, 1962)

Various causes have been put forth by many workers for the incidence of
aneuploidy Weijer (1952) expressed that aneuploidy results from partial return
to the basic number by the progeny of a tnploid, whereas Tuschnjakova (1929)
attributed the phenomenon to non-disjunction MacMahon (1936) and Richardson
(1933) suggested aneuploidy to be due to fragmentation while Duncan (1945)
stood against this view, suggesting „B" chromosome as the cause of aneuploidy

cj Meiotic abnormalities

The majority of the taxa currently mvestigatet show normal pairing of chromosomes

at diakinesis They undergo regular meiotic segregation and normal pollen
grain formation The disturbed meiotic instances are treated below

1 Desynapsis

Several types of deviations from regular pairing of chromosomes have been

reported in the literature and one of the most interesting is desynapsis The term
desynapsis has often been used when chromosomes pair normally at pachytene
but begin to fall apart at diplotene and commonly remain unpaired at diakinesis
and metaphase I

Depending on the degree of failure m pairing, Prakken (op cit classified
desynapsis into three groups weak, medium strong and complete, on the basis

of percentage of chromosome pairing Although there are several cases of desynapsis
reported m various plants and animal species, only a few of them are known to be

completely desynaptic {Datura, Bergneretal, 1934,Hevea, Ramaer, 1935,
Allium, Levan, 1940, Alopecurus, Johnson, 1944) Desynapsis noticed m Solanum

nigrum (n 24) in the current work, falls m Prakken's medium strong category
But desynapsis noticed m Withama sommfera (n 24) is weak

As stated above, the frequency of bivalent formation was very low at both
diakinesis and MI. Lack of chromosome homology cannot be used to explain the
failure of chromosome pairing since the normal plant showed regular pairing of
chromosomes. Differences in environmental conditions cannot be responsible for
the deviation from the normal pairing since both types of plants were grown under
similar conditions It is possible that desynapsis has a genetic basis, the fact that
one desynaptic plant occurred leads one to suspect the possibility of spontaneous
gene mutation.
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2 Secondary association

The phenomenon of secondary association was first observed by Kuwada (1910)
m Oryza sativa It is believed that the post-synaptic association results from residual
affinity between different chromosomes The real significance as an expression
of ancestral homology of associated bivalents was first realized by Lawrence (1931)
Secondary pairing of bivalents is generally noticed from late diakmesis to Mil
According to Lawrence (op cit it indicates allopolyploidy, and he considers that
the degree of such an association is a measure of the phylogenetic age of the form
concerned

Secondary pairing of chromosomes was reported in many plants Calceolaria
clibrani (Srmath, 1940), Digitalis purpurea (Buxton and Newton, 1928), Verbascum
phoeniceum (Lawrence, 193 1), Angelonia grandiflora (Rghavan and Snmvasan,
1940), Striga (Kumar and Abraham, 1941) and Russelia (Pal, 1961), a Scrophulana-
ceae m which chromosome size is comparatively small which is, according to
Srmath (1940), one of the attributes of a secondary association In all these cases,
secondary pairing has been taken as a criterion of homology of associated bivalents
and has been used to determine the basic chromosome number of the species studied
The pioneer work m this line was that of Nandi (1936) m rice, m which the basic
number is ascertained as 5 on the basis of secondary pairing though the haploid
number is 12

In the present work, secondary association of bivalents was noticed m Russelia
sarmentosa and in R juncea (L) m the Scrophulariaceae and m Platystema violoides
in the Gesneraceae The number of chromosomes and the extent of their associations,
however, have been found to vary from cell to cell m the same anther These
associations do not cause any irregularities in the subsequent stages of meiosis

The concept of secondary association and the interpretations based on it have
been frequently criticized Sax (1931, 1932) could not recognize the secondary
association described by Darlington et al (1930) mPyrus, since it was not realized
m other genera Clausen (1931b) expressed the need for caution m interpreting the
origin of basic chromosome numbers from the secondary association On the
contrary, Catcheside (1937) concluded that it is a real phenomenon and suggested
that Brassica oleracea n 9 is a hyperploid derived from an ancestor with the
haploid number x 6

Various causes have been ascribed for secondary association Unfavourable
temperature and habitats are reported to be two of the causes (cf Kobayashi, 1952)
Thomas and Revell (1946) have demonstrated that heterochromatic regions have
a tendency to associate at meiosis m Cicer arietinum and that this phenomenon
is related to the activity of ribonucleic acid

According to Stebbms (1950, p 362), „secondary association can be considered
as an actual phenomenon which, in many instances, suggests the polyploid nature
of a species or a genus but which may be considerably modified by segmental
interchange, duplication of chromosome segments and other phenomena not at

P) The present author has studied these species cytologically but has not included them in
the Table.
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all related to polyploidy. It is, therefore, not a reliable index of the exact basic

haploid number possessed by the original ancestors of a group". Since the cytological
findings of a large number of species of Scrophulariaceae were not m line with the
basic number x 5 suggested by Raghavan and Snnivasan (I.e.) the writer is of the

opinion that secondary association should not be relied upon for the assessment of
basic number m the absence of evidences from other sources.

3. Cytomixis:

In the course of the present investigation, cytomixis was noticed in Pediculans

megalantha (n 8) and Limnophila roxburghu (n 18) in the Scrophulariaceae and

m Plantago major (n 6) m the Plantaginaceae.
Gates (1911), working with Oenothera gigas, named the phenomenon of extrasion

or passage of chromatin material from the nucleus of one pollen mother cell into
the cytoplasm of adjoining pollen mother cells as „cytomixis". This process was

described as early as 1901, m the pollen mother cells of Crocus vernus (Kornicke),
and the epidermal layers of several other monocotyledons plants (Miche, 1901).

The extrusion of chromatin material may affect a series of cells. Gates (1911)

reported that cytomixis takes place at the same time m all the pollen mother cells

of a given anther in Oenothera gigas and always m the same direction. However,
Kattermann (1933) found that movement was not uniform m direction and the

contents of one cell could often be seen in two or three neighbouring cells. The

phenomenon in Pediculans megalantha and Plantago major was found to take place
between two neighbouring cells with the transfer of a varying amount of chromatin
material. It was noted that the nucleus of the cell undergoing cytomixis may often
remain behind (Gates, 1911) or pass piecemeal into the cytoplasm of the
neighbouring cell (Youngman, 193 1). Though commonly cytomixis was found to occur
from leptotene to metaphase-I (Kihara and Lilienfeld, 1934), cases are also known
where cytomixis occurred at a stage as late as second telophase (Stebbms, 1932).

But the phenomenon observed m the present material is almost restricted at MI.
In many cases, the diminution of chromosome number has been attributed

to cytomixis. Yamashita (1937) considered nuclear migration to be the cause of
a group of cells with reduced chromosome numbers in Triticum. Kihara and

Lilienfeld (1934) believed that pollen mother cellls with reduced chromosome
number might have arisen as a result of cytomixis. They also suggested the

probable role of cytomixis m polyploidy. The observation of few PMC's with
less chromosome number or little chromatin material in the present material,
especially m Plantago major, agrees with the previous observations.

In Pediculans megalantha and Plantago major, the cell wall may be defective
and may possess narrow connections through which chromosome material passes.

Since cytomixis can bring about variation in chromosome numbers m the

gametes, the possibility that cytomixis might have played a role m the production
of aneuploid plants cannot be ruled out. The intraspecific polyploidy (n 18)

noticed in Plantago major has probably evolved through the help of cytomixis
in the remote past.
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Part 2. Cytogeographical aspects

An attempt to compare the alpine flora of the Western Himalayas with the
orophilous flora of the Alps

Since the works of Hagerup (1931) and Tischler (1935), statistics of polyploids
have been carried out on the flora of rather numerous parts of the world, especially
m Europe and North America (Love, 1949, Reese, 1958) and in tropical Africa
(Mangenot and Mangenot, 1962) It seemed interesting to us to establish the
percentage of polyploid taxa in the samples of the flora of the Western Himalayas
that we have been studying (Table 11) The percentage of polyploids obtained
is low (37 1%) However, this result is unreliable for the following reasons
first of all, the statistics concern only the ten families of gamopetalous Sokolovs-
kaya and Strelkova (1938) have insisted on the necessity of working especially
on the Graminaceae because of the importance of their sociological characteristics
On the other hand, and though we have mainly prospected the upper levels of
vegetation, our collections have also included plants of the tropical, subtropical
and montane (or mediterranean) levels That is the reason why we have presented
another set of statistics which seems to us more representative, that is, based on
the whole lot of species with ecological optimum above 3300 m of altitude
(alpine and subalpine levels including the level of the high mountains forests)
which are the genuine orophilous plants after Favarger (1972) We have listed all

Table 11

W Himalayas

No of species
cytologically
studied

Diploids Polyploids %of
polyploidy

Gentianaceae 22 18 4 18 2

Convolvulaceae 15 11 4 26 7

Boraginaceae 26 21 5 19 2

Verbenaceae 7 4 3 42 9

Solanaceae 27 19 8 29 6

Scrophulanacea e 59 37 22 37 3

Orobanchaceae 2 - 2 100 0

Gesneriaceae 6 2 4 66 7

Acanthaceae 31 11 20 64 5

Plantaginaceae 2 1 1 50 0

Total 197 124 73 37 1
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the orophilous species growing in the Western Himalayas whose chromosome
numbers have been determined, most often by Mehra and his students and by
other Indian workers (including our own results). This represents an amount of
191 taxa distributed m 31 families.

Among the orophilous plants of the Western Himalayas, there are 44% of
polyploids and 56%c of diploids.

Other statistics dealing with the 570 species of the flora of the W. Himalayas
(known chromosome number), growing above 1800 m, that is, m what is called
the temperate and alpme Himalayas (Hooker, op. cit.), have given us the same
relative proportions of diploids and polyploids.

The difference between the first statistics and the following ones seems to
show that in the ten gamopetalous families studied by the author, the percentage
of polyploids is lower than m the whole flora. However, m the two families of
Acanthaceae and Gesneriaceae, the percentage of polyploidy is relatively high
(see p. 187)

So the orophilous flora of the Western Himalayas and probably all the

extropical flora of this chain is characterized by a percentage of polyploids rather
low, of about 44%

However, it must be added that only about 1/3 of these floras was hitherto
cytologically studied.

The orophilous flora from several other mountainous ranges m Asia was

mvestigated by Sokolovskaya and Strelkova (1938) with the following results

Pamir Altai Caucasus

Number of species studied 150 200 164
% of polyploids 85% 65% 50 5%

Our own results on the W. Himalayan flora mostly differ from those obtained
from the Pamir range which lies not very far north, and also from those of the Altai
mountains, however, they come near the results from the Caucasus range, though
they are still lower than the latter.

To explain the relatively low percentage of polyploids m the Western Himalayas,
some authors will perhaps put forward the rather low latitude of this chain
(30°— 35°N.). As a matter of fact, Sokolovskaya (') has shown in East Asia a

south-north gradient of increasing polyploidy rather similar to that observed m
Europe by Tischler, Löve and Reese (op. cit.)

Pnmorye Konakian
Territory Sakhaline Kamchatka Land

Number of species studied 218 156 160 119
% of polyploidy 44.1% 51.5% 58.7% 58.3%

(') I960, 1963, 1966.
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However, as far as mountainous ranges are concerned, the influence of the
latitude will be corrected by altitude and many other factors, so that the relation
of polyploidy with latitude will be defeated.

The „climatic" explanation will be partly correct because the ecological
conditions to which the orophilous plants are submitted m Pamir are very severe,
much more than in the Western Himalayas.

As early as 1954, Miege, discussing the distribution of the polyploid species
from the genus Dioscorea m tropical Africa and m south Europe, and Favarger (1954)
about the nival flora of the Alps, have pointed out that the Hagerup-Tischler's
explanation did not apply either to the tropical regions or to the high mountains
floras.

In this connection, an important proof has been given by Mangenot and Mangenot
(1962) who showed that the flora of the high forests of Western Africa numbered
85—90% of polyploids.

To explain the low percentage of polyploids in the orophilous flora of Caucasus,
Sokolovskaya and Strelkova (1940) have put forward a historical geobotamcal
explanation. Thus, when the question of polyploidy deals with historical geobotany,
it is necessary to change the method of percentage of polyploids, for, as Favarger
showed it (1961), polyploids considered with a historical outlook do not all have
the same value. Therefore, the above author has proposed the method which he
has called: „spectrum of relative oldness of a flora" in which he perceives old
elements, palcopolyploids + diploids; elements of a middle age: mesopolyploids,
and young elements: neopolyploids + taxa having differentiated „chromosome races"
on the same territory.

Thanks to this method, Favarger has compared the nival flora of the Alps to
that of S.W. Greenland. Johnson and Packer (1967) used it to analyze the flora of
a particular region of Alaska.

The next table allows us to compare the spectrum of relative oldness of the
orophilous flora between the W.Himalayas and the Swiss Alps (Table 12). Though,
the proportion of species cytologically studied is still low m the Himalayas
(27% to 29%), we think that we are able to conclude from the comparison that
the orophilous flora of W. Himalayas is richer in old elements than the flora of the
Alps, and is at the same time poorer in elements (Mj of a middle age and in recent
elements (N + Rj.

After its present composition, the orophilous flora of the W. Himalays does
not show any genetical affinities with the tropical or subtropical flora of the lower
levels.

After the geologists, at the time of the upheavel of the Himalayas, the Indian
peninsula has separated from the chains in process of upheavel by the whole extent
of the Tethys. The contact between the peninsular tropical flora and the true
Himalayan flora took place only at the Pliocene, even at the Pleistocene (Legris,
p. 420) and, at that time, the orophilous plants had already differentiated.
However, it is most probable that at the time of the orogemc movements, the flora
of low Himalayan countries, in the North as well as on the beaches of the Tethys,
was a subtropical flora. Still, at the Pleistocene, the flora of the Valley of Kashmir
studied by Puri (op. cit.) was partly composed of tropical genera. As Scharfetter
(1929) has shown, some genera of this arcto-tertiary flora have been able to adapt
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Table 12

Orophilous flora
of the Western
Himalayas
(above 3300 m)

Number of species (after
Hooker's flora for the Himalayas) 651

Number of species cytologically known 184 (')

Paleopolyploids (P) 12%

Diploids (D) 54 3%

Mesopolyploids (M)

Neopolyploids (N) 4 4%

„Chromosome races" (R) 4 9%

66 3%

24 4%

9 3%

Flora of the nival level
of the east part
of the Swiss Alps
(after Favarger 1961)

220

204

3 9%

53 >

5 4%

56 9%

30 9%

12 2%

(') The difference between this number and the number 191 reported (p 000) and included
m the statistics of the rough percentage of polyploids is due to the fact that in the last

calculation, we have added to the diploid species the diploid races of the species presenting
such a differentiation

N B The results obtained on all the species (570) growing above 1800 m (temperate and

alpine Himalayas) are very similar
P + D 68 9%

M 22 5%

N + R 8 6%

to the conditions of high mountains, for ex Wulfema amherstiana (Himalayas)
and W carinthiaca (Alps) and the Rhododendrons Others have gone through more
important genetical modifications and have produced the numerous species of
Primula, Saxifraga, Androsace, Gentiana which are found m the Alps as well as in
the Himalayas. The southern branch of the arctotertiary flora related to the
Mediterranean flora and even to the African flora which produced numerous
orophytes m the Alps does not seem to have produced many Himalayan orophytes
The only ones which might be quoted are Rubia tibetica, Jurinea spec Nepeta spec
It is possible that the establishment of the Mediterranean group in the Kashmir
valley is not very ancient Pun (op cit thinks that m the valley of Kashmir,
climatic changes happened, m the direction of more xenc conditions, as the

beginning of the Pleistocene which involved the destruction of the tropical flora
of Liddarmarg.

In conclusion, the author believes that the orophilous flora of the Western

Himalayas was differentiated at the Tertiary, from elements of the arcto-tertiary
flora (mainly from the boreal and asiatic branch) which produced psychrophilous
species, and that this phenomenon took place through gradual speciation
(without polyploidization). The same has happened m the Alps too, but from
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other stocks and in a different manner, so that there are nowadays, few similarities
between the orophilous floras of the Alps and of the Western Himalayas, at the
specific level.

After a first provisional estimation, the orophilous flora of the W. Himalayas
includes about 650 species. It is likely that about 200 species were described since
the publication of Hooker's flora, which gives a total of ca. 850 species, a number
which can be compared with that published by Favarger (1972) for the Alps,
i.e. 1049 species, though it is smaller. From these 650 species, only 88 (i.e., 13.5%)
are also growing in the Alps. As Engler (1879) has already noted, all the orophilous
species common to the Alps and to the Himalayas, are met m Siberia too, or m
the Arctic region.

The family Gentianaceae gives a good example of the independent differentiation
of orophytes in the Alps and m the W. Himalayas (Table 13).

It can be seen that m the W. Himalayas, there are many species of Swertia
(a single species m the Alps). No representative of the genera Jaeschkea not Halenia
is known m Europe The distribution of the Gentiana spec into the different tribes
is very different too m the Alps and in our country. A single species, Pleurogyne
cannthiaca is common to both chains (')

In the genusPedicularis, the sections Siphonanthae and Ortorrynchae including
about 15 species m the W. Himalayas are not represented m the Alps where ten
species of Rhyncholophae are growing, whereas only two are met in the W Himalayas.

From the previous considerations, it would be likely to conclude that the
orophilous flora of the W. Himalayas is of the same date as the flora of the Alps.
Now, how can this greater richness m old forms be explained9

Two main reasons can be put forward
1. The Himalayan flora was certainly much less disturbed by the Quaternary

glaciations than the flora of the Alps.

2. Besides the orophytes, differentiated on the spot from arctotertiary ancestors,
the Western Himalayas received several orophytes from the neighbouring ranges
of mountains, i.e. those of Central Asia and chiefly from the Western Chinese
mountains (through the Eastern Himalayas). The importance of this chain as link
will never be too estimated. It is well known that in the Chinese and Japanese
regions, the arcto-tertiary flora was much better preserved. These exchanges took
place without long migrations, because the W. Himalayas were not far from the
centers of origin of these taxa.

On the contrary, it seems likely that some genera of the alpic flora such as
Primula section Auricula, Androsace section Aretia, many species of Gentiana
have originated in Central Asia and have undergone, at the end of the Tertiary,
very long migrations from their centers to Europe during which they became
polyploids (Kress, 1963).

This explanation agrees entirely with that proposed by Sokolovskaya and
Strelkova for the Caucasian orophilous flora. Interesting enough, the present work

Gentiana tenella of the Alps seems to be replaced in the W Himalayas by G.duthiei.
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Table 13

Number of species in each genus

W. Himalayas Alps

36 38

15 1

4 1

1 -
2

Number of species of each section of the genus Gentiana

W. Himalayas Alps

Subgenus Gentiana
Section Coelanthe — 5

Pneumonanthe — 2

Frigida 5 2

Aptera 3 1

Isomeria 2 0

Chondrophylla 17 1

Thylacites — 4

Cyclostigma — 9

Subgenus Gentianella
Section Crossopetalum 2 1

A marella 5 11

Arctophila 1 —

Comastoma 1 2

gives some examples suggesting a rather recent migration of taxa from Central
Asia to Europe: Lycopsis arvensis, Asperugo procumbens, Solanum nigrum,
Veronica grex hederifolia, in which the Himalayan taxa are diploids, whereas
the corresponding taxa from Central Europe (including alpic region) are higher
polyploids. However, we must say that in three other cases: Plantago asiatica-major,
Pedicularis oederi, Scrophularia scopolii ('), the Himalayan populations, or parts

(J) The case of Scrophularia scopolii must be verified.

Genus Gentiana
(incl. Gentianella)

Swertia

Pleurogyne

Halenia

Jaeschkea
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of them, are polyploid, but it does not imply that these plants were coming from
Europe (for the case of Plantago, see Favarger and Vasudevan, 1972)

To conclude, the author cannot agree with Legris' assertion (op cit p 444),
when he says about the orophilous flora from W. Himalayas „le froid et l'mtensite
des radiations ultraviolettes sont les causes de nombreuses mutations et d'un
pourcentage eleve de polyploides et d'hybndes Ces caracteristiques d'une flore
jeune expliquent que l'Himalaya ait pu jouer le role d'un centre de dispersion vers
les regions temperees" The flora of the W Himalayas is poorer m polyploids than
the Alps and it has preserved a greater number of ancient taxa

Summary

In the present paper, a series of cytological studies on numerous species
from Western Himalayas and Europe belonging to several families of Sympetalae
is concluded Some chromosome numbers were determined for the first time,
others differed from earlier determinations Intraspecific polyploidy was
observed m Plantago major (n =6, 18) m populations from W Himalayas
The mtragenenc cytological evolution of all genera studied was tentatively
explained and new basic numbers (x) have been suggested for many genera
(see discussion of the families)

A special note is made on the role played by aneuploidy in evolution Various
meiotic abnormalities like desynapsis, secondary association and cytomixis are
discussed

An analysis of the extent of polyploidy in the ten families of the current
investigation showed 37% polyploidy m Western Himalayas It is significant to note
that the tropical families Gesneriaceae and Acanthaceae possessed a higher percentage
of polyploidy Separate statistics of orophilous plants of Western Himalayas showed
44% polyploids and 56% diploids A comparison of polyploidy m the flora of the
alpine level of the eastern part of the Swiss Alps and m the orophilous flora of
the Western Himalayas, on the basis of „polyploid spectrum" of Favarger, proved
that the orophilous flora of Western Himalayas is richer m old elements and
poorer m elements of middle age (M) and m recent elements (N+R) This difference
is attributed by the author to the weaker influence of quarternary glaciations m
the Himalayas and to exchanges, without long migrations, with the flora of Western
Chinese mountains through the Eastern Himalayas
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Zusammenfassung

Cytotaxonomische und cytogeographische Untersuchungen an Pflanzen
aus dem Himalaya im Vergleich zu verwandten Pflanzen aus den Alpen.
Teil III.

Diese Arbeit bildet den Schluss einer Serie cytologischer Untersuchungen an

zahlreichen Arten sympetaler Familien aus dem westlichen Himalaya und aus den

Alpen. Manche Chromosomenzahlen wurden erstmals bestimmt; andere waren

von früheren Bestimmungen verschieden. Intraspezifische Polyploidie wurde

bei Plantago major n 6, 18) aus dem westlichen Himalaya beobachtet.
Die intragenerische cytologische Entwicklung der untersuchten Gattungen wird
diskutiert und für mehrere Gattungen werden neue Grundzahlen (x) vorgeschlagen

(siehe Diskussion der Familien). Die Bedeutung der Aneuploidie für die Entwicklung
wird untersucht; verschiedene Abnormitäten der Meiose (Desynapsis, sekundäre

Assoziation, Cytomixis) werden diskutiert.
Die untersuchten Arten aus zehn Familien ergaben einen Polyploidiegrad

von 37% für den westlichen Himalaya. In den tropischen Familien der Gesneriaceae

und Acanthaceae war der Polyploidiegrad besonders hoch. Unter den orophilen
Arten des westlichen Himalayas fanden sich 44% polyploide und 56% diploide.
Ein Vergleich der Polyploidie in der Flora der alpinen Stufe der östlichen
Schweizer Alpen und in der orophilen Flora des westlichen Himalayas auf der

Grundlage des „polyploiden Spektrums" von Favarger zeigt, dass der westliche

Himalaya reicher an alten Florenelementen und ärmer an jüngeren Florenelementen
ist. Dieser Unterschied zu den Verhältnissen in den Alpen wird dem geringeren
Einfluss der quarternären Vergletscherungen im Himalaya und den Beziehungen

zu den Bergen Westchinas zugeschrieben.
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Fig 140 Orobanche epithymum D C. n 19 MI
Fig 141 Orobanche alba Stephan n 19 MI
Fig 142 Orobanche kashminca Clarke n 19 MI
Fig 143 Didymocarpus pedicellata Br n 18 MI (1600 x)
Fig 144 Didissandra lanuginosa Clarke n 10 MI
Fig 145 Chirita bifolia D Don n 14 Diakinesis
Fig 146 Chirita pumila D Don n 4 Late Diakinesis
Fig 147 Platystemma violoides Wall n 20 MI, secondary association of bivalents

are noticed
Fig 148 Rhynchoglossum obliquum Blume n 18 MI
Fig 149 Hemigraphis latebrosa Nees n 14 (1600 x)

Fig 150 Strobilanthes glutinosus Nees n 14 MI
Fig 151 Strobilanthes quandrangularis Clarke n II AI
Fig. 152 Strobilanthes wallichi Nees n 20 MI
Fig 153 Strobilanthes atropurpureus Nees n 16 MI
Fig 154 Barleria gibsoni Dalz n 20 AI
Fig 155 Blepharis boerhaaviaefolia Pers n 14 All (1600 x)

Fig 156 Lepidagathis purpuricaulis Nees n - 42 MI
Fig 157 Justicia gendarussa L n 14 AI
Fig 158 Justicia pubigera Wall n 14 MI
Fig 159 Justicia diffusa Willd n 9 Late Diakinesis
Fig 160 Rungia parviflora Nees n 26 AI
Fig 161 Plantago major L n 6 MI
Fig 162 Plantago major L n 18 MI
Fig 163 Plantago major L n 6, showing cytomixis Note a PMC with one bivalent
Fig 164 Plantago intermedia Gilib 2n 12 showing two pairs of satellites
Fig 165 Plantago intermedia Gilib 2n 12 ldiogram
Fig 166 Plantago asiatica L 2n 36 ldiogram

Fig 167 Cytological races of Gentiana carinata Griseb (n 10, 20)
Fig 168 Cytological races of Solanum nigrum L (n 12, 24, 36)
Fig 169 Cytological races of Scrophularia himalensis Royle (n 12, 24)
Fig 170 Cytological races of Veronica anagallis L (n 18, 27)
Fig 171 Varieties among the tetraploid race of Veronica anagallis L
Fig 172 Morphotypes of Strobilanthes dalhousianus Clarke
Fig 173 Morphological races among the diploid race of Plantago major L (n 6)
Fig 174 Morphological races among the hexaploid race of Plantago major L (n 18)

Fig 175 Cactus vegetation in subtropical Western Himalayas (Rampur m Siwalik) 1000 m
Fig 176 Quercus incana forest in Mussoorie Hills (1900 m)
Fig 177 Betula utihs and Abies spectabilis growing in the subalpine zone of W Himalayas

(In Garhwal 2700-3000 m)
Fig 178 Pinusgerardiana growing in the inner dry zone of W Himalayas at 2000 m

(Sutlej valley behind Simla)
Fig 179 Picea exelsa in Kashmir (3000 m)
Fig 180 Cedrus deodara in Kumaon region of W Himalayas

Fig 181 Abies spectabilis and Acer species in Kashmir
Fig. 182 Abies pindrow forest in Gulmarg (2700-3000 m) in Kashmir
Fig 183 Timberline in Kumaon (3600 m)
Fig 184 Alpine Juniperous meadows in Kashmir (3500 m)
Fig. 185 Awalley in Ladakh, the dry cold desert of W Himalayas

Upperslopes of mountains are nearly barren and herbaceous vegetation
is found along the river banks

184





186





188



189



190





192





194



Bibliography

Antevs E. 1929. Maps of the pleistocene glaciation. Bull. Geol. Soc. America 40, 631 — 720.
Avdulov N.P. 1931. Karyo-systematische Untersuchungen der Familie Gramineen.

Bull. Appl. Bot Genet. PI. Breed., Suppl. 43, 1—428
Aymonin G.G R.K. Gupta. 1965. Etudes sur les formations vegetales et leur succession

altitudinale dans les principaux massifs du „system alpine" occidental Essai de comparaison
avec l'Himalaya. Adansonia. 5, I, 49—94

Barneoud F.M. 1845. Monographie generale de la famille des Plantaginacees. Paris. 1 — 52.
Beck G. 1890. Monographie der Gattung Orobanche. Bibl. bot Heft 19.
Beck G.M. 1930. Orobanchaceae In A. Engler. Das Pflanzenreich. 4 — 261, 1 — 348.
Belling J., A.F. Blakeslee. 1923. The reduction division in haploid, diploid, triploid and

tetraploid Daturas. Proc. Nat. Acad. Sei. 9, 106 — 111.
Bentham G. 1846. Scrophulariaceae in de Candolle Prodromus 10, 186 — 586

— J.D. Hooker. 1873 — 1876. Genera Plantarum. 2, 832 — 865.
Bergner A.D., J L. Cartledge., A.F. Blakellee. 1934. Chromosome behaviour due to a gene

which prevents metaphase pairing in Datura Cytologia. 6, 19—37.
Bessey C.E. 1915. The phylogenetic taxonomy of flowering plants. Ann Miss. Bot. Gard.

2, 109-164.
Bhaduri P.N. 1945. Artificially raised autotetraploid Solanum nigrum L. and the species

problem in the genus Solanum. Proc. 32nd Ind. Sei. Congr. Abst. 39
— 1951. Interrelationship of non tuberous species of Solanum with some considerations

on the origin of brinjal. Ind. Jour. Genet. II, 75 — 82.
Blaise S. 1970. Revision biosystematique de quelques taxons du genre Myosotis L

These a la Faculte des Sciences d'Orsay Universite de Paris.
— 1972. Problemes taxonomiques poses par l'homogeneite apparente du genre Myosotis.

Candollea. 27/1, 65-81.
Bocher T.W 1943. Studies on variation and biology in Plantago lanceolata L

Da. Bot. Arkiv. II, 1 — 18.
— 196 la. The developement of cytotaxonomy since Darwin's time. In P.J. Wanstall (ed)

Darwin Centenary (BSBI conference Report, 6), 26—43.
Bolkhovskikh Z., V. Grif., T. Matvejeva., O. Zakharyeva. 1969. Chromosome numbers of

flowering plants. Academy of sciences of the USSR. V.L. Komarov Botanical Institute.
Edited by AN. A. Fedorov

Bonati G. 1918. Le genre Pedicularis morphologie, classification, distribution-geographique,
evolution et hybridation. These in Univ., Nancy. 1-168.

Bowden W.M. 1940. Diploidy, polyploidy and winter hardiness relationship in the flowering
plants. Amer J. Bot. 27, 357-371

Bremekamp C.E.B. 1938. Notes on the Acanthaceae of Surinam. Ree. Trav. Bot. Neerl.
35, 130—171. (includes key to genera and spp. based on pollen characters).

— 1948. Notes on the Acanthaceae of Java. Verh. Nederl. Akad. Wet. Afd. Natuurk. 45(2), 1 — 78
(Discussion on generic problems in Justicia, Thunbergia, Hygrophila, Asystasia, Dichptera.)

— 1953. The delimitation of the Acanthaceae. Proc. Nederl. Akad. Wet. C. 56, 533—546.
Briquet J. 1897. Verbenaceae in Die Natürlichen Pflanzenfamilien of Engler A. and Prantl K

Teil 4, 132-182.
Britton D.M. 1951. Cytogenetic studies on the Boraginaceae. Brittonia. 7(4), 233 — 266.
Carlbom Curt. 1969. Evolutionary relationships in the genus Scrophularia L Hereditas.

61, 287-301.
Cartier D. 1970. Etude biosystematique de quelques especes du genre Plantago (Tourn.) L.

sections Coronopus D.C. et Oreades Decne.). These presentee ä la Faculte des Sciences d'Orsay
Universite de Paris.

Catcheside D.G. 1937. Secondary pairing in Brassica oleracea. Cytologia. Fujn Jubil. Vol,
366-378.

Charlesworth J.K. 1957. The Quarternary Era. Vol 2, 720—725.
Chatterji D. 1939. Studies on endemic flora of India and Burma. Jour. Boy. Asiatic. Soc.

Bengal. Science. 5, 19—67.

195



Chaudhuri P R. 1967 Chromosome numbers of some members of the family Boraginaceae.
Sei and Cult. 33, 447-448.

Chennaveeriah M.S D.G. Krinappa. 1966. A cytogeographical account of Solanums of South
India. Journal of Karnatak University Science. II, 154—162

196 5 vide (cf. Chennaveeriah and Krishnappa 1966).
Choisy J.D. 1841 De convolvulaceis dissertatio tertia, complectens cuscuta hucusque

cognitorum methodicam enumerationem et descnptionem Mem Soc Phys Nat. Geneva
9, 262-288.

Clarke C.B. 1885. In Hooker's Flora of British India Vol 4 London
Contandnopoulos J. 1966. Contribution a l'etude caryologique des Gesnereacees d'Europe

et de leur germination 91st Congres de Societes Savantes, Rennes. 3, 271—280
Cooper D.C. 1952. The transfer of deoxyribose nucleic acid from the tapetum to microsporocytes

at the onset of meiosis. American Naturlst. 86, 219—229.
Darlington C.D. 1956. Chromosome Botany. G. Allen and Unwm, London.

— A A. Moffett. 1930. Primary and secondary chromosome balance in Pyrus Jour Genet.
22, 129-151.

— A.P. Wyhe. 1955 Chromosome Atlas of Flowering Plants G Allen and Unwin London.
Davis P.H., V H Heywood 1963. Principles of Angiosperm Taxonomy. Edinburgh
De A. 1963. Cyto and histo genetical studies in the family Acanthaceae Report of the Bose

Institute, 1962-1963, 65-66
— 1966 Cytological, Anatomical and Palynological studies as an aid in tracing affinity

and phylogeny in the family Acanthaceae. I. Cytological Studies. Trans. Bose. Res. Inst
29(4), 139-175

Decaisne J. 1852. Plantaginaceae in De Candolle, Prodromus systematis naturalis regni
vegetabilis XIII. I, 693-737

Des Moulins C 1853 Etudes organiques sur les Cuscutes. Compte-rendu de la XIX session
(Toulouse) du Congres Scientifique de France. 2, 1—80

Duncan R E. 1945. Production of variable aneuploid numbers of chromosomes within
the root tips of Paphiopedilum wardu Amer. Jour Bot. 32, 8, 506—509

Ellison W. 1936a Meiosis and fertility in certain British vanties of cultivated Potato (Solanum
tuberosum) Genetica 18,217-254.

— 1936b Synapsis and sterility in a Solanum hybrid Jour Genet. 32, 437—478.
Emberger L. 1968. Les plantes Fossiles dans leurs rapports avec les vegetaux vivants. Paris
Engelmann G. 1842. A monography of the North American Cuscutineae. 43, 333 — 345.
Engler A. 1879. Versuch einer Entwicklungsgeschichte der Pflanzenwelt Leipzig

— L. Diels. 1936. Syllabus der Pflanzenfamilien. I—XLII, 1—419.
— Gilg. E. 1924. Syllabus der Pflanzenfamilien. Berlin
— K. Prantl. 1895. Die natürlichen Pflanzenfamilien IV 2 und 3 Abteilung

Faruqi S.A. 1961. Cytological studies in Hehotropium from West Pakistan. Caryologia.
14, 313-347.

Favarger C 1949 Contribution ä l'etude caryologique et biologique des Gentianacees I.
Bull. Soc Bot suisse, 59, 62 — 86

— 1952. Contribution ä l'etude caryologique et biologique des Gentianacees II
Ibid 62, 244-257

— 1953. Notes de caryologie alpine II Bull Soc neuchätel Sei nat 76,133-169
— 1954 Sur le pourcentage de polyploides dans la flore de l'etage nival des Alpes suisses

VIII th Intern bot Congr Paris Sect 9-10,51-56
— 1956. A propos des „Races Chromosomiques" Arch Jul. Klaus Stift 31, Heft 3/4, 277 —285
— 1960 Etude cytologique du Cicendia fihformis et du Microcala pusilla (Gentianacees)

Bull Soc. Bot Fr 107, 94—98.
— 1961. Sur l'emploi des nombres de chromosomes en geographie botanique historique

Ber Geobot. Inst. Rubel 32, 119—146
— 1962 Contribution de la biosystematique a l'etude des flores alpine et jurassienne Rev Cyt

et Biol. veg 25, 397-410.
— 1962. Polyploides et histoire de la flore alpine Sonderabdruck aus den Mitteilungen

der Naturforschenden Gesellschaft in Bern Neue Folge 19
— 1962b. L'evolution parallele du caryotype. Rev. Cytol et Biol Veg 25 (3—4), 277—287

196



— 1964 Recherches cytotaxonomiques sur quelques Erysimum Bull Soc Bot Suisse 74,5—40
— 1965 Notes de caryologie alpine IV Bull Soc neuchätel Sei nat 88,5—60
— 1972 In Schaer et al „Guide du Naturallste dans les Alpes" Publ 1972
— J Contandriopoulos 1961 Essai sur l'endemisme Bull Soc Bot Suisse 71,384—408
— P Kupfer 1970 Dysploidie et chromosomes surnumeraires dans l'esece collective Carduus

deßoratus L agg Bull Soc Bot Suisse 80, 269—288
— K N Vasudevan 1972 Etude cytologique et morphologique des population de Plantago major L

et de Plantago lanceolata L de 1'Himalaya occidental Comparison avec des plantes de Suisse

Bull Soc neuchätel Sei nat 95, 63 — 74
Fernald M L 1929 Some relationship of floras of Northern hemisphere Internl Congr PI Sei

Ithaca Proc 2, 1484 — 1507
— 1950 — Gray's Manual of Botany 1156—1157

Finn W 1937 Vergleichende Embryologie und Karyologie einiger Cuscuta Arten Journal de

l'institut botanique de l'Academie des sciences de la RSS d'Ukraine 12(20), 83 — 107

— Safijovska L D 1934 Zur Embryologie und Karyologie der Gattung Cuscuta Bull Jard

Bot Kew 16,51—66
Fischer J 1920 Zur Entwicklungsgeschichte und Morphologie der Veronicablute Zeitschr

Bot 12, 113-161
Fischer M 1967 Beitrage zur Cytotaxonomie der Veronica hederifoha Gruppe (Scrophulariaceae)

Osterr Bot Zeitschr 114,189 — 233
— 1969 Einige Chromosomenzahlen aus den Gattungen Veronica, Pseudolysimachion,

Paederota, Wulfenia und Lagotis (Scrophulariaceae) Osterr Bot Zeitschr 116,430
— 1970 Zur Cytotaxonomie der Verwandtschaftsgruppe um Veronica orientahs Mill, emend

Ait in der Türkei Osterr Bot Zeitschr 118,131 — 161

Fogelberg S O 1938 The cytology of Cuscuta Bull Torrey Bot Club 65(9), 631—646
Furnkranz D 1965 Einige Chromosomenzahlen von Pflanzen aus den österreichischen Alpen

Osterr Bot Zeitschr 112(3), 42 1 — 423
Gates R R 1911 Pollen formation in Oenothera gigas
Gilg E 1895 Gentianaceae in Engler and Prantl, Die natürlichen Pflanzenfamilien IV

2, 50-108
Gillett J M 1957 A revision of the North American species of Gentianella Moench Ann Mo

Bot Gard 44, 195-269
Goodspeed T H P Avery 1939 Trisomie and other types in Nicotiana sylvestris

Jour Genet 38,381 — 458
Gorenflot R R 1960 La polyploidie chez Plantago coronopus L Rev Cyto et Biol Veget

22(2), 77-108
Grant A G 1924 A monograph of the genus Mimulus Ann Mo Bot Gard 11,99—388
Grant W F 1955 A cytogenetic study in the Acanthaceae Brittonia 8, 121 — 149

Grau J 1968a Cytotaxonomische Bearbeitung,Myosotis L III Die Annullensippen
Mitt Bot München Band VII, 17—100

— 1970 Cytotaxonomische Bearbeitung der Gattung Myosotis L IV Ergänzende Studien

Mitt Bot München Band VIII, 127—136
— 1971 Cytologische Untersuchungen an Boraginaceae II Mitt Bot München

Band IX, 177-194
Gray A 1846 Anology between the flora of Japan and that of United States Amer Jour

Sei Arts 52, 135-136
— 1860 Illustrations of Botany of Japan in its relation to that of Central and Northern Asia,

Europe and North America Amer Acad Arts and Sei Proc 4,131 — 135

Gregor J W 1938 Experimental taxonomy II Initial population differentiation of
Plantago maritima L of Britain. New Phytol 37, 15—49

Guinochet M 1942—43 Recherches de taxonomie experimental sur la flore des Alpes et de

la region mediterraneenne occidentale I Rev Cyt et Cytophys Veg 6, 209—220
Gundersen A 1950 Families of Dicotyledons Waltham Mass

Gupta R K 1962 Flore et vegetation comparees des chaines de montagnes des Himalayas
aux Pyrenees These Fac Sei Univ Toulouse

— 1972 Boreal and Arcto-Alpine elements in the flora of Western Himalaya Vegetatio
24 (1 and 3), 159-175

197



Gurke M. 1897. Boraginaceae: m Engler A. and Prantl K., Die naturlichen Pflanzenfamilien
4(3a), 71-131.

Hagerup O. 1932. Über Polyploidie in Beziehung zu Klima, Ökologie und Phylogeme.
Hereditas. 16, 19-40.

Hambler D.J. 1954. Cytology of Scrophulariaceae and Orobanchaceae. Nature. 174, 838.
Hara H. 1939. Some notes on the botanical relation between North America and Eastern Asia.

Rhodora. 41, 385-392.
— 1952 Contributions to the study of variations in the Japanese plants closely related to

those of Europe and North America. Part I. Journ. Fac. Sei. Univ. Tokyo Sect III
Bot. 6, 29-96.

— 1956. Contribution to the study of variations in the Japanese plants closely related to
those of Europe or North America. Part II. Journ. Fac Sei. Univ. Tokyo Sect III
Bot. 6, 343-391.

— 1972. Corresponding taxa in North America, Japan and Himalayas In Taxonomy,
Phytogeopraphy and Evolution. Edited by D H. Valentine.

Harms., Reiche. 1895. Plantaginaceae in Die natürlichen Pflanzenfamilien of Engler A. and
Prantl K. IV. Teil. 3. Abteilung.

Hause H.D. 1909. Studies in the North-American Convolvulaceae. V. Quamocht
Bull. Torr. Bot. Club. 36, 595-603.

Hegi G. 1913-1927. Illustrierte Flora von Mittel-Europa.
Hermann F. 1956. Flora von Nord- und Mittel-Europa.
Hooker J D. 1897. Preface to Volume VII (page 7) of Flora of British India.

— 1885. Flora of British India. Vol. IV.
Hu H.H. 1935. Comparison of the ligneous flora of China and Eastern North-America.

Bull. Chinese. Bot. Soc I, 79-97.
Hulten E. 1928. On the American component in the flora of eastern Siberia Svensk. Bot.

Tidskr. 22, 220-229.
Hutchinson J. 1926. The families of flowering plants. I. London.

— 1948. British flowering plants. I—VIII. 1-374.
Iltis H.H. The genus Gentianopsis (Gentianaceae) transfers and phytogeographic comments

Sida. 2(2), 129-154.
Janaki Ammal E.K. 1932. Chromosome studies mNicandra physoloides. Cellule. 41, 89-110.
Johnes A. 1964. Chromosome numbers in the genus Ipomoea. Jour. Heridity 55(5), 216—220.
Johnson H. 1944. Meiotic aberrations and sterility in Alopecurus myosuroides Huds.

Hereditas. 30, 469-566.
Johnson A.W., J.G. Packer. 1967. Distribution ecology and cytology of the Ogotoruk Greek

Flora and the History of Beringia. The Bering Land Bridge. Edited by Davied M.Hopkins.
California.

1968. Chromosome numbers in the flora of Ogoturuk Greek, N.W. Alaska. Bot. Notiser
121, 403-456.

Johnston I.M. 1924b. Studies in the Boraginaceae. III. The Old World genera of the Boraginoideae.
Contr. Gray Herb. 73, 42-78.

Jones G.N. 1950. Flora of Illinois. 2nd. Ed. Am. Midi. Natural. Monograph 5.
Joseph J. 1961. Cytological studies in some Acantahceae species. Report of the Bose Institute,

1960-61, p. 84.
Kattermann G. 1933. Ein Beitrag zur Frage der Dualität der Bestandteile des Bastardkernes.

Planta. 18, 75 1-785.
Kaur J., J. Nizam. 1970. Karyotype analysis of some members of Acanthaceae. The Nucleus.

XIII, I., 23-28.
Keck D.D. 1932-1945. Studies on Penstemon I. Amer. Midi. Nat. 33, 128-206. (last Publ).
Khoshoo T.N., C.L. Khushu. 1966. Biosystematics of Indian plants. II. The problem of

Centaurium pulchellum complex. Proc. Ind. Acad. Sei. Sect. B 63 (3), 152-160.
1966. Biosystematics of Indian plants. III. Veronica anagallis complex. Pro. Ind. Acad.

Sei. LXIII, 5, Sect B, 251-257.
— S.R. Tandon. 1963. Cytological, morphological and pollination studies on some Himalayan

species of Swertia. Caryologia. 16. 2, 541-552.

198



Kihara H F Lilienfeld 1934 Kerneinwanderung und Bildung syndiploider Pollenmutterzellen
bei dem FI Bastard Triticum aegilopoid.es X Aegilops squarrosa Japan Jour Genet 10,1—28

Kormcke M 1901 Uber Ortsveranderung von Zellkernen Sitzber Niederrhein
Ges Natur Heilk (Bonn) I, 14—25

Kress A 1963 Zytotaxonomische Untersuchungen an den Primeln der Sektion Auricula Pax

Osterreichische Botanische Zeitschrift Band 110 Heft I, 53—102
Krishnappa D G 1968 Meiotic behaviour in non tuberferous species of Solanum

La Cellula 67(2) 163-173
Kupfer P 1968 Nouvelles prospections caryologiques dans la flore orophile des Pyrenees et de

la Sierra Nevada Bull Soc neuchätel Sei nat 91,87—104
— C Favarger 1967 Premieres prospections caryologiques dans la flore orophile de Pyrenees

et de la Sierra Nevada Compt Rend Acad Sei (Paris), 264, 21, 2463 —2465
Kuwada Y 1910 Cytological study of Oryza sativa L Bot Mag (Tokyo) XXIV 267
Landolt E K Urbanska 1971 Zytotaxonomische Untersuchungen an Cardamine pratensis LSI

im Bereich der Schweizer Alpen und des Jura Ber Dtsch Bot Ges Bd 84 H 11,683—690
Lawrence G H M 1951 Taxonomy of Vascular Plants I—XIII, 1—823
Lawrence WJC 1931 The secondary association of chromosomes Cytologia 4,352—384
Legris P 1963 La vegetation de Finde Ecologie et Flore Travaux du Laboratoire Forestier

de Toulouse
Levan A K Fredga A A Sandberg 1964 Nomenclature for centromeric position on chromosomes

Herditas 52 201-220
Li Hui Lin 1948 A revision of the genus Pedicularis in China Part I Proc Acad Nat Sei Phila

10, 205-378
— 1952 Floristic relationship between eastern Asia and eastern North America Transct Amer

Phil Soc N S 42 113-124
Limpricht W 1924 Studien über die Gattung Pedicularis Repertorium Specierum novarum

regm vegetablis XXI 5 Nr 556/560,162 — 265
Lindau G 1895 Acanthaceae in Engler A and Prantl K Die natürlichen Pflanzenfamilien

IV 3b 274-354
Lindsey A A 1938 Anatomical evidence for Menyanthaceae Amer Journ Bot 25,480—485
Litardiere De M R 1939 Sur les caracteres chromosomiques et la systematique des Poa du

groupe du P annwa L Rev Cytol et Cytophys Veget 4,1 81—85
— R Maire 1924 Contribution a l'etude de la flore du Grand Alps Mem Soc Sei nat Maroc

4, P 17

Long W i970 The genera of Acanthaceae in the Southeastern United States Jour Arnold
Arbort 51(3), 257-309

Love A 195 1 Taxonomical evaluation of Polyploids Caryologia 3,263—284
— 1954a Cytotaxonomical evaluation of corresponding taxa Vegetatio 5—6,212—224
— 1960 A Reiteration Taxonomy and Chromosomes Sonderdruck aus Feddes Repertorium

Band 63 Heft 2, Seite 192-206
Love D 1953 Cytotaxonomical remarks on the Gentianaceae Hereditas 39,225 — 235
Love A D Love 1949 The geobotanical significance of polyploidy I Polyploidy and latitude

Portug Acta Biol(A) RB Goldschmidt Volume 272 — 352
1961 Chromosome numbers of central and north european plant species Opera Botanica

Volume 5

M Raymond 1957 Cytotaxonomy of Carex section Capillans Can Jour Bot 35,
715-761

Madhavadian P 1968 Chromosome numbers in South Indian Solanaceae Caryologia 21(4),
343-347

Maheshwari P 1950 An Introduction to the embryology of Angiosperms McGrew Hill
Malik C P I S Grover 1968 Cytological relationship in Convolvulus pleuncauhs Genetica

39(2), 250-256
Mangenot S M Mangenot 1962 Enquete sur les nombres chromosomiques dans une collection

d'especes tropicales Rev Cytol Biol veg 25,411—447
Mayr E 1940 Speciation phenomena in birds Amer Nat 74,249—278
McCullagh D 1934 Chromosome and chromosome morphology in Plantaginaceae Genetica

XVI, 1-44

199



Mehra P.N., L.S. Gill. 1968. I.O.P.B, chromosome number reports. Taxon. 17(2).
Melchior H. 1964. Acanthaceae: in Engler's Syllabus der Pflanzenfamihen. Ed. 12(2), 456-460.
Merxmuller H. 1952. Untersuchungen zur Sippengliederung und Arealbildung in den Alpen.

Munich.
— 1962. Alpenflora. Carl Hanser Verlag. München.
— 1970. Provocation of Biosystematics. Taxon. 19(2), 140-145.
— J. Grau. 1963 Chromosomenzahlen aus der Gattung Myosotis L. Sonderabdruck aus den

Berichten der Deutschen Botanischen Gesellschaft. Bd. LXXVI, Heft I, S. 23-29.
1969. Dysploidie bei Pulmonaria. Rev. Roum. Biol Botanique. Tome 14(1), 57-63.

Meusel H., R. Schubert. 1971. Beitrage zur Pflanzengeographie des Westhimalayas. I. Teil:
Die Arealtypen. Flora. Bd. 160, S. 137-194.

1971. Beitrage zur Pflanzengeographie des Westhimalayas. II. Teil. Die Waldgesellschaften.
Flora. Bd. 160, S. 373-432.

1971. Beitrage zur Pflanzengeographie des Westhimalayas. III. Teil Die pflanzengeographische
Stellung und Gliederung des Westhimalayas. Flora. Bd 160, S. 573-606.

Miege J. 1954. Nombres chromosomiques et repartition geographique de quelques plantes tropicales
et equatoriales. Rev. Cyt. et Biol. veg. 15, 312-348.

— 1962. Quatrieme liste de nombres chromosomiques d'especes d'Afnque Occidentale.
Rev. Cyt. et Biol. veg. 24. 3-4, 149-164.

Miehe H. 1901. Über die Wanderung des pflanzlichen Zellkernes. Flora 88, 105 — 142.
Mulay B.N., M. Jaisingani. Chromosome numbers of some species of Cordia (Abstr) Proc 32nd

Ind. Sei. Congr. Nagapur. 49
Muntzing A. 1933. Studies in meiosis in diploid and triploid Solanum tuberosum L.

Hereditas. 17, 223-245
Murbeck S. 1925. Monographie der Gattung Celsia. Acta. Univ. Lund. n.s. 22-1, p. 239

— 1933. Monographie der Gattung Verbascum. Acta. Univ. Lund. n.s. 29(2), p 630.
Murin A. and Vachova A. 1970. In Index of Chromosome Numbers of Slovakian Flora (part I).

J. Majovsky and coworkers. Acta. F.R.N. Umv Comen Botamca. XVI
Nandi H.K. 1936. The Chromosome morphology, secondary association, and origin of

cultivated rice. Jour. Genet. 33, 315-336.
Nannfeldt J.A. 1938. Poa maroccana Nannf n.sp and P. rivulorum Maire & Travut, two more

tetraploids of sect. Ochlopoa A & Gr and some additional notes on Ochlopoa Svensk Bot
Tidskr. 32, 295-321.

Narayanan C.R. 195 la. Somatic Chromosomes in the Acanthaceae Jour. Madras Univ.
21 (B), p. 220.

— 195 1c. Note on Chromosome fragmentation in meiosis of Barleria prionitis Jour. Madras
Univ. 21 (B), 236.

Nordenstam B., Nilsson O. 1969 Taxonomy and distribution of Veronica hederifolia s. lat
(Scrophulariaceae) in Scandinavia. Bot Notiser. Vol. 122, 233-247

Ohwi J. 1965. Flora of Japan. 1066pp, Washington.
Oinuma T. 1949. Cytological studies in the genus with special reference to the caryotypes.

Jap. Jour Genet. 24, 182 — 189.
Olah Von L. 1938. Cytogenetische Untersuchungen in der Gattung Solanum sect Tuberarium.

III. S. Commersonia Dnn. und einige seiner Bastarde Z. Indukt. Abstamm Vererb.lehre.
74, 228-241.

Ono R. 1953. The Chromosome studies on Plantago japomea forma polystachia. Jap. Jour.
Genetics. 28, 4, 129-131.

Ozenda P. 1966. Perspectives nouvelles pour I'etude phytogeographique des Alpes du sud.
Doc. Carte veget. Alpes. 4, 1 — 198.

Paddock E.F. 1942. Natural and experimental polyploids in Solanum douglasii. Amer. Jour.
Bot. 26, 727.

— 1943. The backcross transmission of an inversion in an interspecific hybrid of Solanum.
Genetica. 28, 85 (Abst.).

Pal P.K. 195 7. Chromosome numbers in the genus Heliotropium Linn. Current Science.
Vol. 26, 218.

Pennel F.W. 1943. Scrophulariaceae of Western Himalayas. Monograph No 5. Acad. Nat. Sei.
Phild. (original qot seen).

200



Peter A. 1897. Convolvulaceae. In Engler and Prantl. Die naturlichen Pflanzenfamihen
IV(3a), 1-40, 375-377.

Pfeiffer M. 1846. Recherches sur les Cuscutacees. Ann. des Sei. Nat. Ser. 3, 5, 83 — 89.
Pilger R. 1937. Plantaginaceae m Engler, Das Pflanzenreich (IV.269). Heft 102), 1—466, Leipzig.
Prain D. 1890. The species of Pedicularis of the Indian Empire and its frontiers. Ann. Roy. Bot.

Garden Calcutta. 3, 1 — 196.
Prakken R. 1943. Studies of asynapsis in rye. Hereditas. 29, 475—495.
Puri G.S. 1971. Indian Forest Ecology. Vol. I & II. Oxford Book Company. New Delhi &

Calcutta, India.
Quezel P. 1957. Peuplement vegetal des hautes montagnes de l'Afrique du Nord. Encyclop.

Biogeogr. et Ecol. 10, 1—445.
Raghavan T.S., Srinivasan V.K. 1941 Morphological and cytological studies in the Scrophulariaceae

Proc. Indian Acad. Sei. Sect. B., 13, 1, 24 — 32.
Rai U.K. 1960. Cytogenetical studies in Solanum melongena L. II. Chiasmata frequency. Cytologia.

24, 272-283.
Ramprakash R. & Viswanath Chatterjee. 1953. Cytological study of Solanum macranthum

Cur. Sei. 22, 84-85.
Rao N.S. 1947. Secondary association is noticed among the bivalents in all the Cells of I Carnea.

Curr Sei 16, 156.
Reese G. 1953. Ergänzende Mitteilungen über die Chromosomenzahlen mitteleuropäischer

Gefasspflanzen II Ber. Deutsch. Bot. Ges 66,1,66 — 74
— 1958. Polyploidie und Verbreitung Zeitsch fur Bot. 46, 339 —354.

Riedl H 1967 Boraginaceae in Flora Iranica. No. 48/15 edited by Rechinger.
Rompp H 1931 Die Verwandtschafts Verhaltnisse in der Gattung Veronica Repertorium

specierum novarum regni Vegetabilis. Berlin
Rork C.L. 1946. A Cytotaxonomic investigation of the genus Gentiana and related genera.

Cornell. Univ. Abstr. Theses. 1945, 180—183.
— 1949 Cytological studies in the Gentianaceae. Amer Jour Bot. 36, 9, 687—703.

Scharfetter 1929. „Über die Entstehung der Alpenflora" Bot. Jahrb 62,524 — 544.
Schroter C. 1926 Das Pflanzenleben der Alpen. Zurich
Sharma A K. 1956a. A new Concept of a means of speciation in Plants. Caryologia. 9, 93—130.

— Chatterji A K 1957. A cytological investigation of some Convolvulaceae as an aid in
understanding their lines of evolution. Phyton (Buenos Aires). 9, 143 — 157.

— & Mukhopadhyay S. 1963b. Cytotaxonomic investigations with the aid of an improved
method on the family Verbenacea with special reference to the lines of evolution. Genetics

58, 3, 358-386
— Datta PC. 1958. Cytological investigations on the genusIpomoea and its importance in

the study of phylogeny. Nucleus. 1,1, 89—122.
Shaw R.J. 1962. The biosystematics of Scrophularia in Western North America. Aliso.

5, 147-178.
Sinoto J. 1925. Notes on the histology of a giant and ordinary form of Plantago Bot. Mag.

(Tokyo). 38, 462, 159-168.
Skahnska M. 1952. Cytological studies in Gentiana species from Tatra and Pieniny Mts. Bull.

Int. Acad. Polon. Sei. Lettr. 3 BI(195 1), 1 19 — 136.
Small J.K. 1933. Manual of the southeastern flora. The author. New York.
Smith H. 1936. Handel-Mazzetti. Symb. Sinic. 7, 950—988. Wien
Smith W.W. 1933. Some aspects of the bearing of cytology on taxonomy. Proc. Linn. Soc.

London. 145, 151 — 181.
Smith-White S. 1954. Chromosome numbers in the Boronieae (Rutaceae) and their bearing

on the evolutionary development of the tribe in the Australian flora. Austral. J. Bot.
2, 287-303.

Sokolovskaya A.P. 1960. Geograficheskoye rasprostraneny pohploidnykh vidov rasteny
(issledovanie flory o. Skhalina). Vest. Keningr. gos. Univ. 21. Ser. Biol. vyp. 4, 42 — 58.

— 1963. Geographical distribution of polyploidy in plants. Investigation of the flora of the
Kamchatka peninsula Vest. Leningrad Univ. No. 15, 38—52.

— 1966. Geograficheskoye rasprostranenie pohploidnykh vidov rasteniy (issledovanie flory
Primorskogo kraya). Vest. Leningr. gos. Univ. 27. Ser. Biol. vyp. 3, 92—106.

201



Strelkova O S 1938 Polyploidy in the high mountain regions of Pamir and Altai
CR Dokl Acad Sei URSS 21,68-71

- Strelkova O S 1940 Karyological investigations of the alpine flora of the mam Caucasus
range and the problem of geographical distribution of polyploids Dokl Akad Nauk
SSSR 29, 415-418

Soo R von 1926-1927 Systematische Monographie der Gattung Melampyrum I Fedde
Repert spec Nov 23, 159-176, 1926 II op cit 385-397, 1927 III op cit 24,
124-193, 1927

Soria V J Heiser C B 1961 A statistical study of relationships of certain species of the
Solanum nigrum Complex Economic Botany 15, 245-255

Sprague E F 1962 Pollination and evolution m Pedicularis (Scrophulariacea) Aliso 5,181 — 209
Srinath K V 1934 Life history of Herpestis monneira Current Sei 3, No 6,257—258- 1940 Morphological and cytological studies in the genus Calceolaria Part II Meiosis in

diploid and aneuploid Calceolaria Cytologia 10,467—491
Stebbins (Jr) G L 1932 Cytology of Antennaria II Parthenogenese species Bot Gaz

94, 322-345
— 1947 Types of polyploids their classification and significance Adv Genetics 1,403 — 429
— 1950 Variation and evolution in plants Columbia University Press New York
- 1959b Genes, chromosomes and evolution In WB Turrill (ed Vistas in Botany 258-290- Paddock E F 1949 The Solanum nigrum complex in pacific N America Madrona

10, 70-81
Stiefelhagen H 1910 Systematische und pflanzen geographische Studien zur Kenntnis der

Gattung Scrophularia Vorarbeiten zu einer Monographie Bot Jahrb 44 406-496
Strey M 1931 Karyologische Studien an Boraginoideae Planta 14,682 — 730
Sugiura T 1939b Studies on the Chromosome numbers in higher plants III Cytologia

10, 1-2, 205-212
— 1940a Studies on the Chromosome numbers in higher plants IV Cytologia 10,324—333
— 1940b Studies on the Chromosome numbers in higher plants V Cytologia 10,3,363—370

Swaminathan M S 1949 Cytotaxonomical studies in the genus Solanum Unpublished
thesis submitted in partial fulfilment for the requirement of Associateship of I A R I
New Delhi

Tandon S L Rao G R 1964 Cytogenetical investigation to the mechanism of evolution in
hexaploid Solanum nigrum L Nature Lond 201,1348-49

1966a Interrelationship within the Solanum nigrum Complex Ind Jr of Genet and
PI Breeding Vol 2b, No 2, 130-141

1966b Genome analysis in Solanum nigrum L Journ of Cytol and Genet I 41—45
Thathachar T 1942 Studies in Gesneriaceae, gametogenesis and embryogeny in Didymocarpus

tomentosa Wt Jour Indian Bot Soc 21,3—4, 185—193
Thomas PT Revell S A 1946 Secondary association and heterochromatic attraction

I Cicer arietmum Ann Bot NS 10,159—165
Tieghem P van 1908 Structure du pistil et de l'ovule du fruit et de la graine des Acanthacees

Ann Sei Nat. Bot IX 7, 1-24
Tischler G 1934 Die Bedeutung der Polyploidie fur die Verbreitung der Angiospermen,

erläutert an den Arten Schleswig Holsteins, mit Ausblicken auf andere Florengebiete
Bot Jahrb 67, 1-36

- 1950 Die Chromosomenzahlen der Gefasspflanzen Mitteleuropas 263pp La Haye
-1951 Handbuch der Pflanzenanatomie II 1 040 Gebrüder Borntraeger Berlin Nikolassee

Tjio J H Levan A 1950 The use of oxyquinoline in chromosome analysis Ann Estacion
Exper Aula Die 2,21-64

Toyokumi H 1961 Separation de Comastoma genre nouveau, d'avec Gentianella Bot Mag
Tokyo 74, 198

— 1962 Further remarks to the genus Comastoma Acta phytotax Geobot 20,136-138- 1963 Conspectus Gentianacearum Japonicarum Journ Fac Sei Hokk Univ Ser 57(4)
137-259.

— 1965 Facts and speculations relating on the phylogeny of Gentiana sensu lato and related
genera Systema gentianinarum Novissimum

202



Tsoong Puchiu. 1956. A new system for the genusPedicularis. Acta phytotaxonomica Sinica.
Vol. V. No. 1, 41-73. Vol. V. No. 4, 231-278.

Tuschnjakova M. 1929a. Embryologische und Zytologische Beobachtungen über Listera ovata
(Orchidaceae). Planta. 7, 29—44.

Un. 1930. Haploid in Morning Glory. Jap. Journ. Genet. 6, 203 — 204.
Vaarama A., Hnrsalmi H. 1967. Chromosome studies on some old world species of the genus

Scrophularia. Hereditas. 58, 331—358.
Valdes B. 1969. Taxonomia experimental del genero Linaria. III. Cariologia de algunas especies

dt Linaria Cymbalaria y Chaenorrhinum. Bol. R. Soc. Espanola Hist. Nat. (Biol.). 66, 243—256.
Valentine D.H. 1950. The experimental taxonomy of two species of Viola. New Phytol.

49, 193-212.
— Love A. 1958. Taxonomic and biosystematic categories. Brittonia, Vol. 10, No. 4, 153—166

Velenovsky J Viniklar L. 1931. New contributions to the Cretaceous flora of Bohemia.
3. Biol. Abstr. 5, 234, No 2413.

Verma S.C Dhillon S.S. 1967. IOPB. Chromosome number reports. Taxon. Vol. 16 (3)
Viano J. 1971. Contribution a l'etude caryosystematique du genre Linaria. Caryologia. Vol. 24,

No 2, 183-201.
Vijaya Bai K., Magoon M.L., Krishnan R. 1969. Cytological and morphological studies of

diploid and tetraploid species of Ipomoea biloba. Jap. Jour. Genet. Vol 44, No. 5, 329—338.
Wada Z. 1966. Chromosome numbers in Gentianacea. Chromosome Information Service. No. 7.

Wanscher J.H. 1934. The basic chromosome numbers of higher plants. New Phytol.
33, 101-126.

Wettstein R.V. 1895. Scrophulariacea in. Die natürlichen Pflanzenfamilien of Engler and

Prantl, 39—107 Leipzig
— 1935. Handbuch der systematischen Botanik. Leipzig und Wien

Willis J.C. 1949. The birth and spread of plants. Boissiera. 8, I—X, 1 — 561.
— 1966. A dictionary of the flowering plants and ferns. Cambridge.

Yamashita K. 1937. Über eine diplotetraploide Chimäre bei Triticum. Cytologia, Fuji Jub.
Vol. I, 62-69.

Yeo P.F. 1956. Hybridization between diploid and tetraploid species of Euphrasia.
Watsonia. 3, 5, 253-269.

— 1968. The evolutionary significance of the speciation of Euphrasia in Europe. Evolution.
22, 736-747.

Yuncker T.G. 1921. Revision of the North American and West Indian species of Cuscuta.
Illinois Biol. Monogr. 6, N. 2, 3, 1 — 141.

— 1932. The genus Cuscuta. Mem. Torrey Bot. Club. 18, No. 2, 109—33 1.

Zeltner L. 1961. Contribution ä l'etude cytologique des genres Blackstonia Huds. et Centaurium
Hill (Gentianacees). Bull. Soc. Bot. suisse. 71, 17—24.

— 1962. Deuxieme contribution a l'etude cytologique des genres Blackstonia Huds. et
Centaurium Hill (Gentianacees). Bull. Soc. neuchätel. Sei. nat. 85, 83—95.

— 1970. Recherches de Biosystematique sur les genres Blackstonia Huds. et Centaurium Hill.
(Gentianacees). Bull. Soc. neuchätel. Sei. nat. 93. 1 — 164.

K.N. Vasudevan
Valcat Estate, Suntikoppa
Coorg District, Mysore, India

203


	Contribution to the Cytotaxonomy and Cytogeography of the Flora of the Western Himalayas (with an attempt to compare it with the Flora of the Alps). Part III

