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Introduction

This paper embodying cytological research on 30 species
of Meliaceae is a continuation of earlier studies of SryLes
and Vosa (1971). This project was initiated by Dr. B. T.
Styies at the Commonwealth Forestry Institute, Oxford, in
order to compile chromosome data on a world-wide basis
for an arborescent group comprising some o the best tropi-
cal timbers (see StyLes and Vosa, loc. cit.). Other important
workers on the cytology of Meliaceae include S. and G.
Mancenor (1957, 1958 and 1962), MinFray (1963a, b), MEHRA
and Knosra (1969), Menra and Sareen (1969) and MEeHra et
al. (1972). The latter three cmtributors have concentrated
mainly on Himalayan Meliaceae.

An overall picture of chromosome data on Meliaceae is
portrayed in order to understand the process of speciation
in the family. Thisis one of the most important criteria on
which to base any Programme of forest tree improvement
through induced ploidy changes or mutation breeding.

Material and Methods

Methods involved in these studies were the same as those
cited by Sryies and Vosa (loc. cit.). Root-tip squashes for
examination of mitosis were made from freshly germinated
seeds in petri dishes and also from seedlings raised in a
tropical greenhouse at the University Field Station,
Wytham, Oxford. The root-tips were pre-treated with 0.05
per cent colchicine for four hours and fixed in 1: 3 acetic-
alcohol. The material was stained by the Feulgen method
and the preparations made permanent. Meiotic counts have
been made in three instances where flowering occurred in
the greenhouse. Sources of material along with voucher
records are given in Table 1.

1) Permanent address: Dept.
Chandigarh, India.

of Botany, Panjab University,

Silvae Genetica 24, 2-3 (1975)

In order to study the karyotype several slides were made
of each taxon, the number of which varied with the avail-
ability of material. On average 2-5 plants were examined
per species. Only those slides that showed well-spread
chromosomes with straight or almost straight arms were
used for drawing or for making measurements. Usually the
best metaphase plate was selected for drawing and the
chromosomes were measured with theaid of a stage micro-
meter. The averages of at least five drawings were cal-
culated to the nearest 0.05u to show the karyotypic dif-
ferences in different species.

Attempts have been made to study the morphology of
chromosomes but this is often difficult because of their
small size. In the text the relative size of chromosomes in
the complement is denoted by L =large, M = medium
and S =small; the centromeric position is represented by
m = median, sm = sub-median, st = sub-terminal, and
sc = secondary cosntriction. The average size of the chro-
mosomes iS computed by totalling the individual lengths
and then dividing the sum by the total number o chromo-
somes. Measurements in each case are taken from meta-
phases of five cells. Figures are at a uniform magnification
of 1500 X. The circumscription of taxa and nomenclature
follows that proposed in A Generic Monograph o the
Meliaceae, PennincToN and Sryies (1975).

Observations
Table 1 summarizes cytological data on 33 taxa. This
includes the source of the material and voucher record,
chromosome number, total chromatin length, average chro-
mosome size, habit of the plant and any previous chromo-
some counts.

Subfamily Swietenioideae

Tribe Swietenieae:
Chukrasia A. Juss. (12 species; India to S. China and W.
Malesia).
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Figs. 1—12. — (Magnification X1500). Fig. 1. — Chukrasia tabularis, 2n = 26. Large pair of chromosomes is heteromorphic (see ar-
row). — Fig. 2: Entandrophragma caudatum, 2n = 72. Large pair of chromosomes possess secondary constrictions (see arrow). —

Fig. 3: Soymida febrifuga, 2n = 56. — Fig. 4: Turraea obtusifolia, 2n = 50. — Fig. 5: Cipadessa cinerascens, n = 14. — Fig. 6: Cipa-

dessa cinerascens, 2n = 28, — Fig. 7: Cipadessa baccifera, 2n = 56. — Fig. 8: Ekebergia pterophylla, 2n =50. — PFig. 9: Trichilia

connaroides, 2n = 28. Arrows indicate a pair of chromosomes with secondary contrictions. — Fig. 10: Chisocheton morobeanus,
76 2n = 92, — Fig. 11: Trichilia havanensis, 2n = 92, — Fig. 12: Walsura trifolia, 2n = 28.
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Figs. 13—18. — (Magnification X1500). Fig. 13: Synoum glandulosum, 2n = 84. — Fig. 14: Aglaia sp., 2n = 92. — Fig. 15: Aphana-
mixis polystachya, 2n = c. 150. — Fig. 16: Azadirachta indica, 2n = 28. — Fig. 17: Melia azedarach, 2n = 28. — Fig, 18: Sandori-
cum radiatum, 2n = 28, — Fig. 19: Frequcncy distribution of known haploid numbers in various taxa of Meliaceae.

C. tabularis A. Juss. is an important timber tree. Somatic
counts of 2n = 26 (Figs. 1, 20) from two different prove-
nances are in conformity with previous reports (Table 1).
The chromosome complement is classified as follows (1L
heteromorphic (2.20u) + 3M m (1.80x) + 2M sm (1.65u) +
7S m to sm (0.95u to 0.65u).

Entandrophragma C. DC. (10 or 11 important timber spe-
cies; tropical Africa).

2n = 72 (Figs. 2, 21) for E.caudatum (SPRAGUE) SPRAGUE
and E. cylindricum (SpRAGUE) SPRAGUE is in line with the ob-

servations of StyLes and Vosa (loc. cit.). Four morphological-
ly distinguishable types of chromosomes are identified in
the former species (1L sc (3.25x) + 3L nearly sm (2.70u to
2.56u) + 20M nearly m to sm (2.50u to 1.85u) + 12S m to
sm (0.95x to 0.75u).

Cytological studies of 7 species have so far been reported
in the literature. On the basis of 2n == 36, also reported in
E. cylindricum (S. and G. ManGeNor, 1957), the base number
of the genus can be postulated with confidence as x = 18.
These authors also record endoploidy with 2n = 36 and 72

7
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Figs. 20—29. — Idiograms. Fig. 20: Chukrasia tabularis. — (Hetero-

morphic pair indicated) Fig. 21: Entandrophragma caudatum. -—
Fig. 22: Cipadessa baccifera. — Fig. 23: Ekebergia pterophylla. —

Fig. 24: Trichilia connaroides. — Fig. 25: T. emetica. — Fig. 26:
Walsura trifolia. — Fig. 27: Izadirachta indica. — Fig. 28: Melia
azedarach. — Fig. 29: Sandoricum radiatum.
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in E. angolense (WrLw.) C.DC. The remaining species are
thus tetraploid.
Soymida A. Juss. (1 highly-prized timber species; India
and Sri Lanka).

Chromosome counts of 2n = 56 (Fig. 3) for S. febrifuga
A. Juss. coincide with the previous report (Table 1). Three
types of chromosomes are recognised in the complement
(4L nearly m (1.95x to 1.60x) + 14M m to nearly sm (1.30u
to 0.90u) + 10S m (1.00u4 to 0.75u4). x =28 is a high base
number for this monospecific genus. It seems to have
evolved through a lower series such as 14.

Tribe Cedreleae:
Cedrela P. Brownt (7—8 species, nearly all yielding valu-
able timber; American tropics).

Mitotic counts with 2n = 56 were made on three species
of the genus. Chromosomecs are very small in size (1.10x to
0.35¢ in C. fissilis VeiL, 1.50u to 0.55u in C. tonduzii C. DC.
and 2.00u to 0.50u in C. odorata L.). Centromeric position
appears to be median to sub-median.

Cytologically the genus is heterogeneous as x = 25, 27
and 28 have been recorded (sce Styies and Vosa, loc. cit.).
The first two series have been reported in C. angustifolia
Sesse et Mog. while C. odorata L. includes x = 25 and 28.
In our studies of the latter species, four provenances re-
presenting its geographical range are cytologically con-
sistent, implying thereby that the two chromosome races
are not as geographically localized as earlier suggested by
Sryies and Vosa (loc. cit.). The count for C. fissilis confirms
the previous report whereas C. tonduzii is investigated
cytologically here for the first time.

Toona (Enpr.) M. J. Roem. (c. 6 morphologically variable
timber species distributed in tropical Asia, Malesia and
Australia).

Cytological studies have been undertaken for two spe-
cies namely T. ciliata M. J. Roem. and T. serrata (ROYLE)
M. J. Roem., and a variety T. ciliata var. australis (F. von
Mugrr.) C. DC. All of these showed diploid numbers of 2n =
56. The chromosomes are small (1.85u to 0.55u in T. ciliata
and 1.60u to 0.85u in T. serrata). The former is the most
widespread species of the genus and is highly variable in
vegetative and floral characters. Over its distributional
range De Canvorrt (1908) has formed as many as 20 varie-
ties,

Meura et al., loc. cit. have reported three cytotypes (n =
26, 28 and 39) in T. ciliata. Our present somatic count of
2n = 56 agrees with their haploid count of n = 28 from
East Himalayas. This also coincides with similar reports
published by Sineu (1951) and Srtyies and Vosa loc. cit.
(Table 1). Our findings of 2n = 56 for T. serrata differ
from Meura et al. (loc. cit.) who have recorded 2n = 52 in
this species from West Himalayas. These authors have also
reported the low haploid number of n = 12 in East Himala-
van T. microcarpa (C. DC.) Harms and postulated x = 12, 13
and 14 as the base numbers of the genus. However, on check-
ing the voucher material cited by them we find the record of

= 12 was based on mis-identified material. StyLes and
Vosa (loc. cit.) have also hinted at two cytotypes in T. si-
nensis (A. Juss.) M. J. Roem. with 2n = 46 as against 2n =
56 published by MinrraY (1963, a). Thus, the genus is hetero-
geneous cytologically with x = 13 and 14 (28) and 23.

Tribe Xylocarpeae:
Carapa AusL. (c.3 species; Central and S. America and W.
and C. Africa).

Somatic studies for C. guianensis showed 2n = 58 in
agreement with previous reports for this and two other
species (see StyrLes and Vosa loc. cit., MINFRAY, 1963 b). This



excellent timber tree is distributed in Central and North-
ern S. America, from Belize to the Amazon basin. Chromo-
somes are small in size and vary in length from 1.55u to
0.90.

Subfamiliy Melioideae

Tribe Turraeeae:
Turraea L. (c. 70 species, small trees and shrubs; Africa,
Malagasy Republic and Asia).

The currently studied T. obtusifolia Hocusr. (Fig. 4) and
T. floribunda Hocnst. each with 2n = 50 confirms previous
reports (Table 1). Another interesting series, 2n = 36 has
also been listed by Styies and Vosa (loc. cit.).

T. obtusifolia Hocusr. is a small South African shrub.
Chromosome size ranges from 1.654—0.30u. Constrictions
are not distinct as such but appear to be median to sub-
median.

Meiotic studies have also been made from flowering
material raised in the greenhouse. Twenty five bivalents
were clearly discernible at first metaphase (M-I). The
mean number of rod and ring bivalents per pollen mother
cell was 8 and 17 respectively, and the number of half
chiasma per chromosome 0.96. At first anaphase (A-I) there
is unequal distribution of chromosomes as some of them
have the tendency to lag behind. The further course of
meiosis is normal.

T. floribunda Hocust. is a deciduous shrub or a small
tree, distributed in E. and S. Africa. In strong contrast to
the former species, the chromosomes are relatively large
and vary in length from 3.20ux to 1.00u. Constrictions are
also more prominent as seen in the following types (2L sm
(3.204¢ to 2.80x) + 2L nearly m (2.80u to 2.40x) + 10M sm
to m (2.20x to 1.80z) + 6M m (1.80x to 1.60u) + 5S m to sm
(1.404¢ to 1.00u)).

Tribe Trichilieae:
Cipadessa BiL. (c. 2 species of shrubs or small trees; Indo-
Malayan region).

Observations of n = 28 and 2n = 56 in C. baccifera (Rorn)
Miq. (Figs. 7, 22) and n = 14 (Fig. 5) and 2n = 28 (Fig. 6) in
C. cinerascens (PeLLiGR.) HAND.-Mazz. have shown that spe-
ciation in the genus has taken place through euploidy.
Although the latter has for some time been included as a
variety of C. fruticosa Bi. (= C. baccifera) there are now
cytological reasons for maintaining them as two distinct
species.

Meiotic studies of C. cinerascens showed 14 bivalents at
first metaphase (M-I). Chromosome pairing was normal
and both ring and rod type bivalents were observable. The
mean humber of rod and ring bivalents per pollen mother
cell were 5 and 9 respectively and the number of half
chiasma per chromosome 0.78. Tetrad formation was nor-
mal with 100% well stained pollen.

Somatic studies show 2n = 28 in this species, with mod-
erately large chromosomes varying in length from 3.20x
to 1.60«. Constrictions are median to sub-median. This
observation is in agreement with the results of Sryres and
Vosa (loc. cit.). Besides normal counts, endoploidy with
cells showing 2n = 56 has been observed. Of 50 cells ex-
amined 44 had 2n = 28 and 6 had 2n = 56.

The course of meiosis was also normal in C. baccifera.
Twenty-eight bivalents were clearly visible both in polar
and lateral views. The mcan number of rod and ring bi-
valents was 8.5 and 19.5 respectively, and the number of
half chiasma per chromosome was calculated as 0.85. Tetrad
formation was normal, Mitotic studies revealed the com-
plement as 2L, m (3.30x to 2.90«) + 2L sm (3.00u to 2.80u) +

12M nearly sm to m (2.55« to 1.80x) + 8M nearly m to sm
(2.22u to 1.70u) + 4S m to sm (1.50u to 1.00:)).
Ekebergia Sparrm. (4 tree and shrub species; Africa).

E. capensis SearrMm. with 2n = 46 and E. pterophylla (C.
DC) Horm. with 2n = 50 are studied here. The genus thus
seems to be dibasic with x = 23 and 25.

E. capensis Sparrm. is a medium-sized tree of semi-
evergreen and evergreen forests of E. & S. Africa. Chro-
mosome studies from material of a single provenance show-
ed 2n = 46 in agreement with previous counts (Table 1).
The chromosomes are very small in size and vary in length
from 0.854 to 0.45u. Primary constrictions are not very
distinct.

Cytological studies of E. senegalensis A. Juss. (StyLeEs and
Vosa, unpublished) have also revealed 2n = 46. This spe-
cies which occurs in West Africa and the Congo River
basin may not be specifically distinct from E. capensis
SPARRM.

E. pterophylla (C.DC.) Horm., an isolated species in the
genus, has been found to posses 2n = 50 (Figs. 8, 23). Chro-
mosome size ranges from 1.60x to 0.951 and the comple-
ment can be identified as 1L sm (1.60x) + 1L m (1.40z) +
12M nearly sm to m (1.25« to 0.95/) +11M nearly m to sm
(1.20 to 0.90u).

Trichilia P. BRowNE (c. 60 species in tropical America, and
18 species in Africa).

The two Indo-Malesian and Chinese species of the genus
Heynea Roxo. have now been included in this genus under
section Eutrichilia (BentviLzen, 1961). Somatic studies of
three species in this section are enumerated below.

T. connaroides (W. and A.) Bentv. is a small tree of the
Indo-Malesian region. This species was placed under Hey-
nea Roxs. as H. trijuga Roxg. ex Sivms until BENTVELZEN
(loc. cit.) combined it under the polymorphous genus Tri-
chilia, mainly on anatomical and phytochemical grounds.

Mitotic counts of 2n = 28 (Figs. 9, 24) for two provenances
obtained from India agree with observations of MEgHRA
et al., loc. cit. Chromosomes vary in length from 2.80x to
1.151. Primary constrictions are mostly median to sub-
median. A pair of chromosomes with distinct secondary
constrictions is observed. The karyotype can be distin-
guished as 1L sm (2.80«) + 1L sc (2.40:x) + 1L m (2.304) +
5M m (2.251« to 1.954) + 2M sm (1.90y to 1.80x) + 4S m to
sm (1.25z¢ to 1.1074)).

T. emetica VanL is a medium sized tree, widespread in
Africa and often planted for shade. Mitotic counts showed
2n = 50 in accordance with earlier reports (Table 1). The
chromosomes are relatively large and vary in length from
3.00x to 0.90.. Five types are recognized both on the basis
of the relative length of the chromosomes and on the posi-
tion of the centromere i.e., 1L sm (3.00/) 3L nearly m to
nearly sm (2.80: to 2.10) + 8M nearly m (1.90x to 1.80u) +
6M sm (1.951 to 1.80u) + 7S m to nearly sm (1.00; to 0.904)
(Fig. 25).

T. havanensis Jacq. is a shrub or a small tree from Cen-
tral America and the West Indies. The species with 2n =
92 is reported cytologically here for the first time (Fig. 11).
A similar number is also known for caribbean T. odorata
ANDR. in the section Moschoxylum Harwms (S. and G. MANGE-
Not, 1957). StyLes and Vosa (loc. cit.) have reported a diploid
series of x = 23 in the African T. rubescens Ouwv. in section
Apotrichilia Harms. Chromosomes are relatively large in
size and vary in length from 3.20u to 0.854, and can be
distinguished in the following types (5L m (3.20/ to 2.404) +
3L sm (2.80;¢ to 2.50u) + 16M to nearly sm (2.00s to 1.854) +
9M sm (1.85u to 1.354) + 1M st (1.80z¢) + 12S m to sm (1.00u
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to 0.85u)). (See discussion). Cytological studies of Trichilia
so far, and on very few counts, show it to be tribasic with
X = 14, 23 and 25. The first number is known only among
the Asiatic species.

Walsura Roxs. (7 species; Indo-Malesian region).

This genus is taxonomically close to Heynea and Trichilia
and differs mainly in the dehiscence of the fruit (indehis-
cent in Walsura and a dehiscent capsule in Heynea and
Trichilia). The occurrence of wood vessels in the pith of
the twigs of Walsura differentiates it from Trichilia. The
genus also shares some further minor features with Heynea
such as a papillose epidermis on the lower leaf surface.

W. trifolia (A. Juss.) Harwms is a small tree often cultivated
for its medicinal properties. Our mitotic count of 2n = 28
(Figs. 12, 26) agrees with Guosu (1961, 1968) for W. piscidia
Roxs., which is now treated as a synonym of W. trifolia.
Chromosomes are classified into the following types (1L
sm (2.004) + 3L m to nearly sm (1.75u4 to 1.65u) + 8M
nearly m to sm (1.50u to 1.254) + 2S m (1.00x to 0.95u)).

The karyotype of this species is symmetrical and our
observations do not agree in all respects with those of
GHosH (1968). The absence of secondary constrictions in the
long pair of chromosomes in our preparations may be at-
tributed to chromosomal polymorphism. Due to the small
size of chromosomes, classification into medium and long
types is difficult.

The karyomorphology of W. trifolia resembles Heynea
trijuga Roxs. (Trichilia connaroides (W. and A.) Bentv.)
in a number of characteristics such as basic number (n =
14), centromeric position and the occurrence of a long
sub-median pair of chromosomes with secondary con-
strictions (Guosh, loc. cit.). It is deduced, therefore, that
both have evolved from the same stock and structural
alterations in chromosomes must have helped in the diver-
sification of these genera. Their close cytological similarity
indicates wide separation from Trichilia with which Heynea
had now been merged. In our opinion Heynea should, on
cytological grounds at least, be maintained as a genus
distinct from Trichilia.

Tribe Guareeae:
Chisocheton BL. (50 species of trees; Indo-Malesian region):

C. morobeanus Harms with 2n = 92 (Fig. 10) is a new re-
port for the genus. The chromosomes are small in size and
vary in length from 1.65u to 0.55u; constrictions are median
to sub-median. Six pairs are relatively large (1.65x to 0.85u)
and the remaining complement is more or less uniform
(0.65u to 0.55u).

Mitotic studies in another Chisocheton sp. (LAE 46746)
showed 2n = 46. These reports confirm an earlier report
of x = 23 for C. paniculatus Hiern (MeHrA et al., loc. cit.).
C. morobeanus is thus tetraploid and it is envisaged that
this large genus will exhibit considerable interspecific
ploidy.

Dysoxylum BiL. (60 tree species; Indo-Malayan region
extending eastwards to Australia, Papua New Guinea and
Polynesia with one species in New Zealand).

D. binecteriferum Hook.f. is an important timber tree
in the Eastern Himalayas, Khasi Hills and Western Penin-
sula of India and in Sri Lanka. The count of 2n = 80 for
this species agrees with earlier observations of MEenra et al.
(loc. cit.). Chromosome size varies from 1.40x to 0.50u.
Menra et al. (loc. cit.) have suggested x = 10 as the base
number of the genus, a figure which is based on their
haploid report of n = 10 for D. pallens Hiern. The present
species as such is therefore octoploid. However, in D. pachy-
phyllum Hemsi. and D. spectabile (Forst.f.) Hook.f., 2n =
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84 has been listed (StyLes and Vosa, loc. cit.). Accordingly,
the genus is at least dibasic with x = 10 and 42. The latter
series seems to have evolved from an antique stock with a
base number of 14 (7). The genus, however, is a large one
and further studies are required.

Synoum A. Juss. (2 species; Australia).

S. glandulosum A. Juss. with 2n = 84 (Fig. 13) repre-
sents the first cytological count for this genus of small
trees. Two provenances have been studied. Chromosomes
vary in length from 1.60u to 0.65u, and primary constric-
tions are median to sub-median. Six pairs are relatively
larger than the remainder (1.60u to 1.25u).

Tribe Aglaieae:
Aphanamixis BL. (4—5 species; Indo-Malesia).

A. polystachya (WaLL) PAarkeRr; a commercial timber spe-
cies of India is morphologically extremely variable. Cyto-
logically the species is also very interesting. Both diploid
(n = 18; Mkeura et al., loc. cit.) and tetraploid (4n + 2: 2n =
76; MiNFrAaY, 1963 a; StyLes and Vosa, loc. cit.) races are re-
ported in the species. The present report of 2n = c. 150 (Fig.
15) seems to be at an octoploid level.

The chromosomes are again extremely small and do not
show any appreciable variation in size in the complement
(0.704 to 0.60u). Constrictions are mostly median; however,
sub-median types are also encountered.

Aglaia Lour. (100 woody species; Indo-Malesia, Australia,
Malanesia and Polynesia).

In the present studies the somatic count of 2n = 92 (Fig.
14) for Aglaia sp. differs from earlier reports of two species
based on x = 20 (Menra et al., loc. cit.). Chromosomes vary
in length from 0.90x to 0.60u. Centromeres are not distinct.

Cytologically the Aglaieae is the most neglected tribe in
the family. The available chromosomal data on Aglaia so
far suggest it is dibasic with x = 20 and 46. Perhaps, as in
other Meliaceae, 46 is a chromosome duplication of x = 23.
Among species of Aphanamixis, where chromosomes have
been examined only for A. polystachya, is euploidy seen
at diploid, tetraploid (4n + 2) and octaploid (8n) levels.
Lansium, another genus in the tribe, shows cytological af-
finities with Aphanamixis as the haploid number of n = 72
for L. domesticum Corgr. could have evolved at octoploid
level from a diploid stock of x = 18, a number which is still
preserved in Aphanamixis.

Tribe Melieae:
Azadirachta A. Juss. (2 tree species; Indo-Malesian re-
gion).

The present studies in A. indica A. Juss. were under-
taken to examine the previously reported discrepancy in
chromosome numbers for this species, (n = 14 or 2n = 28;
Patunak and SiNGH, 1949; MukHERJEE, 1952; DeEsumuxkH, 1959;
MEenra et al., loc. cit.) and 2n = 30; S. and G. MaNGenor, 1958;
StyLes and Vosa, loc. cit.) (Table 1). The material for the
present study was obtained from Nigeria (where the tree is
introduced) and from India. Our studies showed very
clearly 28 chromosomes in metaphase plates from both
provenances (Figs. 16, 27). However, one pair of chromoso-
mes is larger than the remaining pairs in the complement.
It is very likely that the earlier report of 2n = 30 might
have arisen as a consequence of the breakage of this larger
pair. Chromosome size varies in length from 1.60u to 0.55u.
Both median and sub-median types of chromosomes are
identified as 1L sm (1.60u) + 3L m to sm (1.25x to 1.00u) +
4M nearly sm (0.75u to 0.70u) + 6S m to sm (0.60u to 0.50u).

Melia L. (c. 6 poorly defined, woody species; old world
tropics and subtropics):
M. azedarach L. is a native of India and is widely planted.



The tree is extremely variable in its growth habit, but a
diploid chromosome number of 2n = 28 (Figs. 17, 28) has
been consistently recorded in the literature and our present
studies from two provenances support this. The chromoso-
mes have both median and sub-median constrictions and
vary in length from 1.45u to 0.50u. The four types identified
in the complement are: 2L sm (1.45x to 1.40u) + 3M sm
(1.15x to 0.95x) + 3M m (0.95u to 0.80u) + 6S nearly m to
sm 0.60u to 0.35x).

M. composita WiLip. is a tree of the Eastern Himalayas
and our record of 2n = 28 for the species is in agreement
with earlier reports (Table 1). Chromosomes are small
(1.00« to 0.40u), and the primary constrictions, which are
not very distinct, seem to be median to sub-median. One
pair is relatively larger (1.00u4) and the remaining pairs
range from 0.80ux to 0.40u.

The karyomorphology of M. ? dubia Cav. was also studied
to compare it cytologically with the previous species (with
which it has been merged). Constrictions are again obscure
due to the small size of chromosomes, the latter varying in
length from 0.95u to 0.30u, but size differences overlap, as
in M. composita. Except for a large sub-median pair, the
rest are small with mostly median to nearly sub-median
constrictions. Thus, karyologically the two species do not
exhibit any appreciable differences.

The tribe Melieae is invariably based on x = 14 as seen
in Azadirachta and Melia. This is one of the low series
which is also found among a few more genera which are
exclusively distributed in the old world tropics.
Tribe Sandoriceae:

Sandoricum Cav. (3—5 rather variable species;
Malesian region to Papua New Guinea).

Our somatic studies for S. radiatum Kinc with 2n = 28
(Figs. 18, 29) differ from the earlier reports of 2n = 16, 32
(Tixier, 1958) and n = 11, 22 (Ramirez, 1961) for S. indicum
Cav. and S. koetjape (Burm f.) MErr. respectively. However
the taxonomy of this genus at the species level is very con-
fused. The karyotype is asymmetrical as most of the chro-
mosomes possess secondary constrictions. These are studied
in the following types: 2L sc (1.40x to 1.20u) + 4M sc (1.10u
to 1.00x) + 2M m (1.00u to 0.90x) + 4S sc (0.60x to 0.50u) +
2S m to sm (0.60x to 0.45u). (See below).

Indo-

Discussion

Range of Chromosome Numbers and their Evolution

The Meliaceae is highly unusual among woody plant
families because it shows extreme polymorphism of chro-
mosome numbers. To date about one tenth of all species
have been investigated cytologically, and chromosome
numbers so far range from n = 8 (2n = 16), Sandoricum
indicum) to 2n = c. 360 (Trichilia dregeana) (StyLes and
Vosa, loc. cit.). This latter count is perhaps the highest
number yet met with among hardwoods. Other high counts
are Turraeanthus africanus (2n = c. 280; Srtyies and Vosa,
loc. cit.), Aphanamixis polystachya (2n = c. 150; present re-
port) and Lansium domesticum (n = 72; Bernarpo and
Ramirez, 1959). Polyploid series are by no means a rare
phenomenon in the group, being apparent in at least
Chisocheton and Dysoxylum. Intra-specific chromosome
races occur within Swietenia and Aphanamixis.

The frequency distribution of species with different
gametic numbers is shown in the graph (Fig. 9). Species
with more than one number are included as separate taxa.
Examination of this graph suggests polymodal chromoso-
mal evolution in the family. The maximum peak is at 25
which is high. Other represented series also seen are x =

14, 23, 28 and 36. The remaining series are either dibasic
polyploids, polyploid drops, or polyploid jumps. The aver-
age haploid number of chromosomes per species among the
Meliaceae investigated has been estimated to be n = 27.
This is in wide constrast to n = 16.07 and n = 15.99 in
tropical dicotyledons and all angiosperms respectively as
estimated by Grant (1963).

A base number of x = 14 or its multiples such as 28, 42
or even higher ploidy levels in the family represent the
vestiges of an archaic stock of x = 7, which has been con-
sidered by many workers in the field as one of the original
base numbers of angiosperms (DARLINGTON, 1956; HAIr, 1966;
SteBBINS, 1971). Among the Meliaceae, the gene pool of the
14 series may be of autoploid origin coupled with inter-
racial hybridization. Our observations of endoploidy in
Cipadessa cinerascens (2n = 28, 56) support this contention.
The apparent rarity of x = 14 in the family and its occur-
rence among those genera which are either monospecific
or which contain only a few poorly defined species with
their centre of distribution restricted to the tropics of the
old world further strengthens this view.’) Extensive hy-
bridization accompanied by introgression may have oc-
curred in these groups perhaps leading to the reticulate
variation patterns of morphological traits and the complex
interrelationships of the various taxa which are now en-
countered. The problems of generic delimitation in the
family are already well known (PenniNcTON and StyLes loc.
cit.).

Menra et al. (1972) have proposed x =7 as the basic
number for Meliaceae and derived other numbers through
aneuploidy at various ploidy levels. However, our observa-
tions based on the cytology of the very important timber
genus Swietenia?) indicate a probable dibasic origin of the
family. In S. mahagoni (L.) Jace we have found a surpris-
ingly large euploid series of numbers on x =6 (2n = 12,
18, 24, 36, 42, 48, 54, 60 and 108) among cultivated (planta-
tion) trees from the Fiji Islands. However, StyLes and Vosa
loc. cit. working on material from the natural range of the
genus report 2n = 48 (S. mahagoni), 2n = 54 (S. macrophyl-
la KiNnG) and 2n = 56) (S. humilis Zucc.). On the basis of
2n = 56 in the latter species the role of x = 7 along with x =
6, as discussed above, is understandable. Recently, SAReeN
and Kumar:r (1973) have reported n = 28 in S. mahagoni,
thereby further supporting a dibasic mode of speciation in
the genus. Toona, another timber genus, also seems to have
passed through a similar ditypic basic mode. Menra et al.
(loc. cit.) having reported it tribasic with x =13 (n = 26 in
T. ciliata, n = 39 in T. ciliata var. pillistaminea C.DC.) and
x = 14 (n = 28 in T. ciliata).

This implies, therefore, that in the initial stages, chromo-
somal evolution of the Meliaceae has taken place through
the somatic doubling of 6 and 7, or through alloploid com-
bination, perhaps accompanied by the elimination of chro-
mosomes. Very likely, in the absence of x = 9 in any cyto-
logically known species of the group, x = 18 orits multiples
36 and 72 have evolved as a consequence of secondary
ploidy from x = 6. The probable evolution of a more or less
continuous series such as x =19 to 20, 22 to 29 with a
maximum peak at 25 and another moderate peak at 23
presents an interesting situation. The emergence of such

?) At the time of going to press we have observed 2n = c. 144 for
the Brazilian Cabralea glaberrima A. Juss.

3) Recently material of Australian Owenia vernicosa F. voN MUELL.
has been shown to be diploid with 2n = 28.

4 Cytological studies on Swietenia form the basis of a separate
report.
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high base numbers can be explained either through aneu-
ploidy or amphiploidy at X; and X, levels. According to
StesBins (1938, 1947, 1950, 1971) the moderately high base
numbers (x = 11—16), as well as still higher ones (x = 19
etc.) in many woody families are of secondary derivation
and are the results of amphiploidy in the early history of
the angiosperms. Grant (1971) suggests that ascending
aneuploidy has occurred in many groups of forest trees
and shrubs as high diploid number is a means of maxi-
mising the generation of recombinational variability, and
favourable ecological conditions in stable forest commu-
nities have exposed woody species to selection for aneuploid
increases. DARLINGTON’S (1956) views are contrary to this.
According to him, in long-lived shrubs and trees, genomic
functioning is so delicately balanced in these species that
changes in chromosome number by deletion or duplication
could upset this balance and act adversely. Asuton (1962),
however, considers that tropical forests provide a diversity
of habitats in which opportunities for the colonization of
new forms occur. This would encourage the establishment
of polyploid forms.

Although the theories produced so far to explain these
high base numbers are conflicting there seems little doubt
to us that the present-day high numbers of chromosomes in
many tropical tree genera and some whole tribes and
families are of polyploid origin derived through amphi-
ploidy from extinct diploid ancestors. In the Meliaceae
which are mostly distributed in the rain forests and various
other types of forest of the old and new world tropics,
chromosomal evolution of the odd numbers seems to have
followed this path. Thus, x = 25, which so far forms the
core of the family is represented in 22 species in 10 genera.
The majority of these genera appear to have passed through
two or more cycles of ploidy, a situation also observed in
Bombacaceae (S. and G. ManceNor, 1962).

Chromosome size and morphology

Chromosomes are generally small to very small in size
in the family and appear to have median to sub-median
constrictions. In certain genera this small size makes their
identification difficult. However, all the species discussed
in the text, appear to have a * symmetrical karyotype
which is considered to be a primitive feature. It is only in
Trichilia havanensis that asymmetry is marked with a single
sub-terminal pair of chromosomes. The species is tetraploid
(2n = 92) based on x = 23 which is the number also re-
ported for T. odorata, MinrrAY (1963 a). This indicates, there-
fore, that in the genus Trichilia in the series of x = 23 at
tetraploid level, species delimitation has taken place through
chromosomal alterations. A chromosomal aberration is met
in Chukrasia tabularis where the large-sized pair is hetero-
brachial. This polymorphism in chromosome morphology
could also be due to structural changes such as deletion or
duplication. Both primary and secondary constrictions
among the species currently studied are reported in Entan-
drophragma caudatum, Trichilia connaroides, Walsura tri-
folia and Sandoricum radiatum. The occurrence of one pair
of chromosomes with both primary and secondary constric-
tions in Trichilia connaroides and Walsura trifolia suggests
their origin from a common parental stock and which is
supported by their close morphological similarity. The x =
14 series in Sandoricum radiatum, with secondary constric-
tions in as many as 10 pairs, has diversified a great deal
from the similar primitive base number met within the
tribe Melieae.
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In view of the high chromosome numbers cited in earlier
papers on the Meliaceae and also in numerous accounts on
other tropical woody species, DarLINGTON’S (1937) and SteB-
BIN’S (1938, 1950) suggestion that small chromosomes and
less frequent polyploidy among tree genera are due to the
small size of cambial initials appears to be unsupported by
our studies. Meura (loc. cit.) has postulated that the small
size of the chromosomes and polyploidy in hardwoods may
be due to chromosomal saturation in relation to the amount
of cytoplasm available. We do not wish to pursue this point
until we have accumulated more data on chromosome num-
ber and size, cell size, DNA content, and specific gravity of
the wood.
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Summary

Karyological studies on 33 taxa belonging to 19 genera
in the Meliaceae were undertaken. The genus Synoum with
2n = 84 for S. glandulosum has been recorded for the first
time., Cedrela tonduzii (2n =56), Toona ciliata var. australis
(2n = 56), Ekebergia pterophylla (2n = 50), Trichilia hava-
nensis (2n = 92), Chisocheton morobeanus (2n = 92) and
Sandoricum radiatum (2n = 28) are the first chromosome
counts for these species. Azadirachta indica had been
established as monobasic with x = 14. The genera Aglaia,
with x = 20 and X = 46 and Ekebergia, x =23 and x = 25
have been discovered to be dibasic. A new chromosome
count for Aphanamixis polystachya with 2n = ¢. 150 at 8x
ploidy level has been added to the already known diploid
and tetraploid numbers. Interspecific ploidy based on x =
23 was scen in Chisocheton. Endoploidy at the tetraploid
level (2n = 4x = 56) was observed in Cipadessa cinerascens
(2n = 28). The chromosomes are generally small in size but
are relatively larger in the tribes Trichilieae and Turraeeae,
where shrubs rather than large trees occur. Karyotypic
analysis of Trichilia connaroides suggests affinities with
Walsura trifolia and supports the retention of the generic
status for Asian species of the genus Trichilia now placed
in Heynea. A ditypic mode of speciation from x = 6 and 7
has been postulated for the family as euploids built on
these antique numbers exist in the group. Polymorphism
of chromosome numbers in the family is attributed to
amphiploidy and species hybridization.

Key words: Meliaceae, karyological studies, chromosome numbers
of 33 taxa.

Zusammenfassung

An 33 Taxa von 19 Gattungen aus der Familie der Melia-
ceen wurden karyologische Untersuchungen durchgefiihrt.
Zum ersten Mal wurde der Chromosomensatz fir Synoum
glandulosum mit 2n = 84 ermittelt, weiterhin fir Cedrela
tonduzii mit 2n = 56, Toona ciliata var. australis mit 2n =
56, Ekebergia pterophylla mit 2n = 50, Trichilia havanensis
mit 2n = 92 und Sandoricum radiatum mit 2n = 28. Fir
Azadirachta indica stellte sich die Grundzahl mit x = 14
heraus. Bei den Gattungen Aglaia und Ekebergia konnten
je zwei Grundzahlen mit x = 20 und x = 46 (Aglaia-Arten)
sowie mit x = 23 und x = 25 (Ekebergia-Arten) gefunden
werden. Eine erneute Auszidhlung erbrachte flir Aphana-
mixis polystachya einen Chromosomensatz von 2n = c. 150
(oktoploid). Interspezifische Polyploidie auf der Basis x =
23 wurde bei Chisocheton beobachtet, Endopolyploidie



(tetraploid, 2n = 4x = 56) bei Cipadassa cinerascens (2n =
28). Die Chromosomen sind im allgemeinen klein, etwas
groBer bei den mehr strauchartigen Trichilieae und Tur-
raeeae.
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Notes

40. Deutsche Pflanzenschutztagung

Vom 6. bis 10. Oktober findet in Oldenburg die 40. Deut-
sche Pflanzenschutztagung statt. Veranstalter sind die Bio-
logische Bundesanstalt fiir Land- und Forstwirtschaft, der
Pflanzenschutzdienst der Linder und die Deutsche Phyto-
medizinische Gesellschaft. Anfragen sind zu richten an:
Biologische Bundesanstalt fiir Land- und Forstwirtschaft
D-33 Braunschweig, Messeweg 11/12.

Arbeitsgemeinschaft fiir Forstgenetik und Forstpflanzen-
ziichtung

In der Zeit vom 16.—19. September 1975 tagte in Schma-
lenbeck die Arbeitsgemeinschaft fiir Forstgenetik und
Forstpflanzenziichtung. Neben den Berichten tiiber die For-
schungsarbeiten der Mitglieder fand eine offene Sitzung
der Arbeitsgruppen ,Bliihstimulation* und ,Richtlinien
forstliches Vermehrungsgut“ statt. Einen Schwerpunkt

bildeten Vortridge zum Thema ,Salz- und Immissionsresi-
stenz als Ziele forstlicher Ziichtung®.

Autor-Berichtigung
Erratum: Ferer, P. P. and BryanT, R. L. 1974. Genetic Dif-
ferences Between American and Chinese Ailan-
thus Seedlings. Silvae Genetica 23 (5): 144—148.

During manuscript preparation errors were made in assighing
significance levels between country means of Table 2. Correct
significance levels are as follows:

Root, **; Stem, .*; Rachis, NS; Leaf, NS; Total, *; Area, N&;
Height, **; Diameter, NS; Area per leaflet, **; Root Ratio, **;
Stem Ratio, **; Rachis Ratio, NS; Leaf Ration, *; Shoot/Root,
*k

The errors necessitate some wording changes in the text. The
authors will supply text corrections upon receipt of manuscript
reprint request.

The authors regret the errors and assume full responsibility for
them. Peter P. FErer

Referate

AnoNymus: The Thai-Danish Pine Project 1969—1974.

This report presents first results of forestry improvement re-
search in Thailand in relation to this project of mutual interest
of the Thai and Danish governments. With its clear objectives
and its implementation on programming basis this project certain-
ly will be of importance also to neighbouring countries of similar
environmental conditions.

Beside of a description of the field research areas and details
of nursery experiments with the species in question — preliminary

results with the following species are presented: Abies religiosa,
Cupressus lusitanica, C. macrocarpa, Pinus brutia, P. caribaea var.
hondurensis, P. Kesiya, P. merkusii, P. nigra, P. ooccarpa, P.
pseudostrobus, and P. tenuifolia. According to the site of the
plantation Pinus caribaea, P. ooccarpa, P. Kesiya, and P. tenui-
folia seem promising species for the country. — Particularly P.
ooccarpa reacts favourably to soil cultivation, but only for C.
lusitanica intensive establishment with fertilizing, discing, weed-
ing and other treatments proved more profitable than the nun-
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