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ON THE KARYO-SYSTEMATICS OF THE SUB-GENUS
AJAX SPACH OF THE GENUS NARCISSUS L.

A. FERNANDES AND ROSETTE FERNANDES
Institut Botanique de I’Université de Coimbra, Portugal

[Translated from the Freneh into English by Thomas W, Whitaker.]

INTRODUCTION

The history of the taxonomy of the group Ajez Spach of the genus
Nareissus L. has been recorded in a very satisfactory fashion by Pugsley
1933). According to this author, we learn that the number of species
attributed to this group varies a great deal, and that this variation has
been due not only to the different numbers of forms known during a
certain epoch, but also to differences of opinion among authors econcern-
g the delimination of speeific groups. Thus Linné (1753), in the first
edition of the ‘“Species Plantarum,” distinguished only one species.
Later (1762), in the second edition of the same work, he distinguished
two. Salisbury (1812) distinguished 10, Haworth (1831) 29, Herbert
1837) 9, Barr (1884) 8, Baker (1888) one, with 6 sub-species and one
variety, and Jordan (1903) 13. Rugslev (1933) finally established two.
Cytological studies in this eroup have been made by de Mol (1922,
1928), Nagao (1929, 1930, 1933), Fernandes (1931, 1933, 1934), Collins
(1933), Philip (1933, 1934) and Sikka (1940). However, in spite of
these studies, we can state that we do not yvet know the idiograms? of
these species, since the morphology of the chromosomes has not been
studied in detail. Accordingly, having procured material of a ereat
many forms, we have resolved to establish their idiograms with the aim
of illuminating the following two questions: (1) Can the data con-
cerning the number and morphology of the somatic ehromosomes be of
aid in resolving the problem of the delimitation of species?; (2) What
are the processes that have been active in the evolution of this group?
Apart from the forms corresponding to the wild species distingu-
ished by Pugsley (1933), we are also presenting in this study, the re-
sulis of our observations on the cytology of some forms obtained in
~ultivation, whose origin we have tried to clear up.
[Tranzlator's note. According to Sharp, (Introduction to Cytology) idie-
defined as the diagrammasatic representation of a karyotype: Karyotype

'= the chromosome complement characteristic of an individual or group of
allied forms.]
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MATERIALS AND TECHNIQUE

Some plants have been collected in Portngal in the wild state, others
have been furnished by Botanical Gardens, and still others by Maison
Barr & Sons?, Reginald Kaye, Cayeux-LeClere & C.ie. Vilmorin-Andri-
eux & C.e and Fernandes Coimbra, Valardares (Gaia).

The following list indicates the name of the forms®, as well as their
origin :

N. cyclamineus DC. ......cooereereeececsivanemsersnsseenenb€d, left bank of the Fer-
reira River, (fiz. 154) near
Porto.
N. Johnstonii Pugsley ......cvrvvnessscnnnen Fernandes  Coimbra.
N. Johnstonii Pugsley
(N. Queen of Spain) ... Barr & Sons.
N. asturiensis (Jord.) Pugsley ... ..Serra da Estréla.
N. minor L. (MANUS) .evrevresreenresseesisienneennBarr - &  Sons;  Reginald
Kaye.
N. pumilus Salisb. (minor) ..................Barr & Sons.
N. nanus Spach (lobularis) Barr & Sons.
N. hispanicus Gouan (maximus superbus)...Barr & Sons.
N. obvallaris Salish. (ebvallaris) ..................Barr & Sons.
N. portensis Pugsley? (N. Pseudo-Narcis-
sus L. var. concolor in Coutinho, Flora
0f Portugal) .ceccceceeererirninsneseneienssennen . Origin. Uncertain; collected
in the wild and cultivated
in the Coimbra Botanical
Garden.
N. psendo-narcissus L. (Lent Lily) ...........Barr & Sons.
N. pseudo-narcissus L.? .veeeecececinrnnsneeeeneen Lieca do Bailio.
N. Gayi (Hénon) Pugsley
(Princeps Maximus) ........oerviieenn.Bare & Sons,
N. moschatus L. (cernuus) ... ..Barr & Sons.
N. tortuosus Haworth
(N. longiflorus Willd.) ..cccoecervvverecevevneenn Hortus - Botanicus  Petro-
politanus in Leningrad.

N. pseudo-narcissus L. var, bicolor (L.),
in Coutinho, Flora of Portugal ..............Serra da Estréla.
N. pseudo-narcissus L. (double flowered)....Avelar.
N. vellow double Van Sion ... Vilmorin-Andrieux & C.ie
N. trumpet TmpEratrice ... Vilmorin-Andrienx & C.ie

2 We are greatly indebted to Maison Barr & Sons, London, who have fur-
nished us bulbs of the forms we have requested.
/e are extremely thankful to M. H. W. Pugsley, who has communicated
to us the equivalence between the names in the Catalogue of Maison Barr &
Sons, and those species he has established in his monograph,
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N. trumpet Bmperor ..........ccoeeeeenonninen. Cayeux-LeClere & C.ie

B DE S BIRIOT ooliniiinasestoissanssatsisanssssersns Caveux-LeClere & C.ie

N. trumpet, King of the yellows ......ccuureren. Vilmorin-Andrienx & C.ie
EEErampet, Mame de Grafl ... Cayeux-LeClere & C.ie
DR AT rCO) .............coois s iis s iaaiunss s Fernandes Coimbra.

Fig. 154, N. cyclamineus DC, in its classic locality near Porto (bed, left bank
@t the Ferreira River). Dr. A. Rozeira photo,

Our observations have been carried out principally with root meri-
stems. In only one case have we studied the first division of the nucleus
o the pollen grains (N. pseudo-narcissus L. var. eoncolor). and meiosis
Sas been studied in N. hispanicus (Maximus superbus) and N. John-
womii ). For obtaining preparations of root meristems, we have used
Navashin’s fluid, (Brunn’s modification) and staining with gentain
violet.

For the study of meiosis, in the pollen mother cells, we have utilized
two types of preparations:

a) Preparations obtained by fixation with La Cour 2BE and
stained with gentian violet,

(b Preparations obtained by fixation in acetic-aléohol (3 parts
absolute aleohol: 1 part erystalizable acetic-acid) and stained in aceto-
armine. These preparations have been made permanent by employing
the technigue deseribed by La Cour (1937).

AMitosis in the pollen grains has been studied in non-permanent
preparations, obtained by the maceration of anthers in a drop of aceto-
earmine.
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OBSERVATIONS

By examination of the equatorial plates in the cells of the root
meristems we have established the existence of 14 chromosomes in the
following forms: N. eyelaminens DC., N. asturiensis (Jord.) Pugsley,
N. manor L., N. pumilus Salish., N. nanus Spach, N. obvallaris Salisb.,
N. portensis Pugsley ! (N. pseudo-narcissus L. var. eoncolor in Coutinho,
Flora of Portugal . N. pseudo-narcissus L., N. Gayi (Hénon) Pugsley,

F

oncolor (Coutinho, Flora of Port-
ugal). a, Equator: ; on in the pollen grain; the chrom-
osomes are marked by the letters A - G. b, Pro-phase of the same division;
note chromosome G attached to the nucleolus by its satellite, X 2200.

Fig. 155. N

te of

N. moschatus L., N. yvellow double Van Sion, N, double flower of Avelar,
N. trumpet major and N. trumpet. King of
An analysis of metaphase in the first di
pollen mother cells has permitted us to identify
chromosomes (fiz. 155a ) :
A—heterobrachial ¢hromosome 1i;
B—heterobrachial chromosome L :

.\"‘H"“"‘-
on of the nueleus i the
the following 7 types of

(—Chromosome similar to the preceding type, but with the long
arm slightly shorter;

D—Chromosome Lp, resembles the two preceding types but with
the short arm less than half the length of the longer one;

E—Chromosome 1i similar to tvpe A, but the two arms are shorter
and the secondary eonstriction is located near the extremity of
the long arm;

F—Chromosome Lp similar to type D, but short arm not as long; a
submedian constrietion on the arm L has been observed in a
majority of the figures;

G—=Satellited chromosome Pp’. This chromosome is the only
nueleolar one, as indieated in prophase figures, in which this
chromosome and its satellite is found attached to the nucleolus
(fiz. 155b).
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the diploid plates of all the forms mentioned above (Plate 294,
157, 158a and 159a), we have established the existence of 7
f homologues, corresponding to the types deseribed for the pollen
We have never found differences between elements of a pair
night indicate structural hybridity, So that, we can say that all
rms possess the same idiogram, expressed by the general formula:

2n=l4=4:Im—+4:Lp+4:li+ '_':I’]l"

turial plates from the cells of the root meristem. a, b, N. pseudo-
3 ¢, N. Gayi (Hénon) Pugsley. d, N. moschatus L. The
re indicated by the letters A - G. X 3250.

+ meristem of N. minor, we have found, apart from the
nlates (fiz. 158a), some plates having 28 chromosomes
is is a question of mixoploidy, a well known phenomenon,
has already been described by Fernandes (1936) with

< of the genus (N. reflexus Brot.).
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Fig. 157. Equatorial plates from the cells of the root meristem. a, N. pseudo-
narcissus L. (Avelar). b, N. vellow double Van Sion. ¢, N. trumpet major. d, N.
trumpet King of the yellows. The chromosome pairs are indicated by the letters
A-G. X 3250.

Plate 294, (See opposite page for plate.) Equatorial plates from the cells of
the root meristems. a, N. cyclamineus DC. b, N. pumilus Salisb. c. N. nanus
Spach; note that the G chromosomes carry a “tandem satellite.” d, N. obvallaris
Salisb. e, N. portensis Pugsl.? (N. pseudo-narcissus L. var. concolor). f, N. pseudo-
narcissus L. (Leca do Bailio). The chromosome pairs are indicated by the letters
A -G X 3250.
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Fig. 158. N. minor L. a, Equatorial plate in the diploid cells of the root
meristems. b, Tetraploid plate in another cell of the same root. X 3250.

Fig. 159. N. asturiensis (Jord.) Pugsley. a, Equatorial plate with 14
chromosomes. b, Plate provided with a heterochromatic, supernumerary chrom-
osome (S). X 3250.

Im N. asturiensis we find some plants with 14 chromosomes (fig.
159a) and others with 15 (fiz. 159b). The idiogram of the plants with
14 chromosomes is entirely similar to the previously mentioned forms.
The plants with 15, present, aside from the normal complement, a
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rachial ehromosome, simulating a Pp chromosome with shortened
The interphase nuclens shows a small chromocenter, disclosing
is a question of a supernumerary, heterochromatic chromosome
tvpe of those that Fernandes (1939, 1943) deseribed in N. junei-
and N. bulbocodiwm Li. Collins (1933) reports the existence

160, N. bispanicus Gouan. a, Equatorial plate with 21 chromo-
1 the root meristem cells. X 3250, b, Diakinesis showing 7 triva-

The same showing 6 trivalents, a nucleolar bivalent and a uni-
also nucleolar. X 1050.

wsomes in N, ominor L. and N. pumilus Salisb., and Philp
2 wentions the same number in N. pallidiflorus Pugsley. Our
< indicate that the nermal chromosome complement of N.
suntilies is composed of 14 chromosomes, Accordingly, it
cain that N. pallidiflorus also has 14 chromosomes and that
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the supernumerary elements found by Collins and Philp, are of the same
nature as those we have found in N. asturiensis.

In N. hispanicus, we have found 21 somatie chromosomes, and the
analysis of the plate reveals the existence of three chromosomes each, of
the type distinguished in the haploid complement (fig. 160a). The
chromosome complement is therefore expressed by the formula:

2n=21=6:Lm+6:Lp+6:1i+3:Pp’

Diakinesis and metaphase of the heterotypic division almost always
show 7 trivalents, The almost constant formation of this association
(fig. 160b) indicates that the form studied is autotriploid.

Py

Fig. 161. Equatorial plate from the root meristem cells. a, N. tortuosus
Haw. b, N. trumpet Emperor. Note the presence of three chromosomes each
of the type A - G. X 3250.

Plate 205, (See opposite page for plate.) N. bispamicus Gouan. a, b, ¢,
Anaphases of the heterotypic division showing some lagging. d, Telophase | show-
ing laggards thrown out into the cytoplasm where they become micronucleui. e,
Metaphase of the homotypic division showing 21 chromosomes; this cell produced
2 pollen grains with 21 chromosomes each. [, Telophase I, where such irregularity
is not visible, X approx. 1400.
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Anaphase I (Plate 295a, b, ¢), telophase I (Plate 295d) and the
second division indicate that the irregularities deseribed are character-
istic of autotriploid plants,

Philp (1933, 1934) also finds 21 chromosomes in the type species.
However, in studying the variety propinguus (Herb.) Pugsley, he states

i .\?‘E "
S
2

Fig. 162, N. Jolnstonii Pugsley. a, b, Equatorial plate from the cells of a
root meristem of a plant furnished by Fernandes Coimbra. ¢, The same, in an-
other plant furnished by Maison Barr & Sons. In these figures the letters A - G
indicate the chromosomes of a diploid complement of an Ajax and R the haploid
complement of N. reflexus Brot. X 3250.

Plate 206. (See opposite page for plate.) N. Jobnstonii Pugsley. a, Diakinesis
showing 7 bivalents and 7 univalents. b, Metaphase | also showing 7 bivalents and
7 univalents. ¢ and d, Metaphase | showing a trivalent in each cell. e, End of
anaphase, showing two micronucleui and a bridge, accompanied by a small spherical
fragment. /, Telophase | showing the same irregularities. X approx. 1400.
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that it is a diploid. There is thus in N. hispanicus intraspecific poly-
ploidy, the variety being diploid and the type triploid.

Narcissus tortuosus and N. trumpet Emperor have also proven to be
triploid. PFigures 161a and 161b show that in this form the haploid
complement is found repeated three times.

In N. Johnstonii, we find 21 c¢hromosomes, either in the material
furnished by Fernandes Coimbra (figs. 162a, 162b), or in that which
was sent by Maison Barr & Sons (fig. 162¢). Our observations confirm
those of Philp (1933, 1934), concerning chromosome number,

From the fact that spiralization is greatly extended, the chromo-
somes at metaphase become so long, that to study their morphology is
difficult. However, we have succeeded in obtaining some plates where
the chromosomes are much shortened, which permitted us to establish
the following chromosome formula:

2n=21=4:ILm+7:Lp+4:1li+1:m+2:PP+3:Pp

An analysis of this formula leads us to the conclusion that N. John-
stonii is not an autotriploid, since in its idiogram., we do not find the
haploid complement represented three times. The presence of 4 chromo-
somes of the type Lm and 4 of the tvpe li shows at once that this
species possess the haploid complement of Ajax repeated two times. In
making this withdrawal in the formula below, of the diploid comple-
ment, there remains a complement cf 7 chromosomes expressed by the
formula :

n=3:Lp+1:m+2:PP+1:Pp

which corresponds exactly to that found in N. reflexus Brot., N. triandrus
L. and N. bulbocodium L. The conclusion is reached therefore, that N.
Johnstonii is a hybrid of a tetraploid form of Ajax and a diploid form,
of either a Ganymedes, or a Corbularia.

A study of meiosis in the pollen mother cells eonfirms this point of
view. Indeed, diakinesis (Plate 296a) show 7 bivalents, corresponding
to the 14 elements of the Ajax complement, and 7 univalents, correspond-
ing to the haploid complement of the other species. The same con-
formation has been observed in metaphase I, when the bivalents are
disposed on an equatorial plane, while the univalents are found, most
frequently, in an irregular fashion, on one part or the other of the
equatorial plane (Plate 296b). Trivalents have been observed several
times (Plate 296¢, d).

Plate 297. (See opposite page for plate.) Equatorial plate in the cells of the
root meristem. a, N. trumpet Impératrice (2n = 22); note the presence of four B
chromosomes. b, N. pseudo-narcissus L. var, bicolor (L) (2n = 28), ¢, N. King
Alfred (Zn = 28). X 3250.
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_Fig. 163. N. Jobnstonii Pugsley. a, Restitution nucleus formed at telophase [.
b, Tetrad showing micronucleui in two of the 4 microspores. X approx. 1450.

As is to be expected meiosis is irregular (Plate 296e, f) and it takes
place in a fashion entirely comparable with that which the authors have
described for N. jonquilloides Willk., a species which is also a hybrid of
a tetraploid form of N. jonguilla 1. and a diploid form of N. gaditanus
Boiss. and Reut.

Restitution nucleni sometimes have been obgerved (fiz. 163a).
These nucleui produce dyads of 21 chromosomes, and the resulting
gametes are able, by fusion to give origin to hexaploids, which are
probably stable and fertile.

In N. trumpet Impératrice, we have found 22 chromosomes (Plate
297a) whose morphology is expressed by the formula:

IM=22=7:Lm+6:Lp+6:i+3:Pp

Accordingly, this horticultural form is shown to be hypertriploid
on account of having a chromosome of the type Lm. A more intensive
analysis indicates that the supernumerary chromosome belongs to type
B (see Plate 297a). This form has originated by means of hybridization
of a diploid gamete, produced by a tetraploid form, with another gamete
of 8 chromosomes (3:Lm+2:Lp+2:1i+1:Pp), formed by the non-dis-
junction of the bivalent Lm in a diploid form.

Other horticultural forms with 22 chromosomes are already known:
Bicolor Victoria (de Mol, 1922 ; Philp, 1934 ), Buttonhole (de Mol, 1922),
Empress (Nagao, 1929, 1933; Philp, 1934), Grandee (Nagao, 1929,
1933), Bicolor Horsfieldii (Philp, 1934) and Vietoria (Sikka, 1940).
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sis has been studied by Nagao (1933) in Grandee and Empress

results indicate that these forms are hypertriploids, like N.
lmpératrice.

F

“"Nﬁ'

»

B

Fig. 164. N. trumpet M.me de .":;’. Equatorial
late in the cells of the root me | g 3l
chromosomes X 3250

cissus psewdo-nareissus i, var bicolor (L) and the hortieultural
‘King Alfred’ show 28 chromosomes in the cells of the root
< The idiogram is represented by the formmula:

28=8:Lm “:|‘[1"' 81+ !:i"||'

< two forms present therefore chromosomes of the haploid com-

A—I3 ]'wfn';l'l:‘t] 4 times. ("I!I~I-=|\ll-’li|.\', it 18 a 11]]1‘.‘-‘”““ of
idy.

¢ trumpet Mone de Graff shows 31 chromosomes in the cells
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of the root meristems (fie. 164). The formula indicatine the morphology.
of its chromosomes is the following :

2n=8:Lm+9:Lp 9:1i+5:Pp

M.me de Graff is therefore a hypertetraploid, in the complement of
which. one finds repeated five times, a c¢hromosome of type Lp (D),
another li (A) and another Pp (G). This horticultural form, from this
fact, was produced by hybridization of a tetraploid gamete of the form
(4:Lm+4:LpT4:1i+2:Pp’, that is to say, 2A+2B+2C+2D+2E +2F
+9G) with a gamete of 17 chromosomes (4:Lm+5:Lp-+5:1i+3:Pp’)
that is to say, 3A T2B+20C+3D+2E+2F+3G). produced by a penta-
ploid form. However, pentaploid forms have not been found up to the
present in A jar,

DISCUSSION

In the list given below, where the species are found arranged ac-
cording to the classification of Puesley (1933). we have assembled the
number of chromosome counts which have been made up to the present
in each of these species.

Nection [

1. N. eyelaminens DU, 14 de Mol (1922) ; Collins (1933) ;
Fernandes (1933) - Fernandes
& Fernandes (hic).*

o Johnstont Pugsley 21 Philp (1933, 1934) ; Fernandes
& Fernandes (hie).

o
-

Nectian 11

Series 1 Minores

3. N. asturiensis (Jord.) Pugslev 14 Fernandes  (1931);  Collins
(1933) ;: Fernandes & Fernan-
des (hic ).

15 Fernandes & Fernandes (e ).

4. N. Lagoi Merino

5 N. menor 1, 14 de Mol (1922): Fernandes &
Fernandes (hic).

15 Collins (1933).
6. N. pumilies Salish, 14 Fernandes & Fernandes (hie),
15 Collins (1933).
7. N. nanus Spach 14 de Mol (1922): Philp (1933,
1934) : Fernandes & Fernandes
(Tie).
8. N. parviflorus (Jord) Pugsley
Foiin |'|'.1‘:ll|:~'!f|ln'l".~l note:  “hie” is the Latin eguivalent of “this.”” Thus refer-

ence iz made to the work reported In the present poper]
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Series IT Lutei
9. N. hispanicus Gouan

10.
11.

var. propinguis (Herb.)
Pugsley

N. longispathus Pugsley
N. obrallaris Salish.

12, N. pisanus Pugsley

N. confusus Pugsley

N. portensis  Pugslev? (N.
Pscudo-Nareissus 1. var. con-
color in  Coutinho, Flora of
Portugal.

- N.onevadensis Pugsley

Series 111 Vuleares

i N, pseudo-nareissus 1.

17, N. pallidiflorus Pugsley

N. macrolobus (Jord.)
Puesley

Series IV Nobiles
N. Gayi (Hénon) Pugsley

o N. nobilis Scehultes f.
© N leonensis Pugsley

Series V. Albiflori.
N moschatus 1,
N. alpestris Pugsley

N tortuosus Haw,
N albeseens Pugsley

.. N bicolor 1.7 (N. pseudo-nar-

cissus L. var, bicolor (L.) in
Continho, Flora of Portugal.
N absissus Schultes f,

{ Fernandes
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de Mol (1922); Philp (1933,
1934) ; Fernandes & Fernandes
(hie).

Philp (1933).

Philp (1933, 1934) ; Fernandes
& Fernandes (hie).

Fernandes & Fernandes (hic).

Philp (1933, 1934) ; Fernandes
& Fernandes (hie).
Philp (1933, 1934).

Philp (1933,
(1929, 1933);
Fernandes (hie).

1934); Nagao
Fernandes &

Philp (1933, 1934) ; Fernandes
& Fernandes (hic).

Colling (1933).

Fernandes & Fernandes (hic),
Nagao (1929),

(1933) ; Fernandes

& Fernandes (hie).
de Mol (1922).

Ao analysis of this list shows that we do not possess data on the

ryology of 9 of these species.

However, by the fact that all of the

series established by Pugsley (1933), possess representatives which have
heen stndied. we can state that probably all of the species, with the ex-
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ception of N. Johustonii, have the same fundamental chromosome com-
plement, represented by the formula:

b=T7=2:Im+2:Ip+21i+1:Pp

Apart from N. Johnstonii, N, hispunicus, N. tortuosus and probably
N. bicolor, all the other species are diploids with 14 ¢hromosomes. From
the fact that their idiosrams are similar. their karvology does not con-
tribute any data which would permit us to separate these species. In
considering even the most distinet forms, N. eyclaminens and N. astuii-
cnsis, we can state that their separation is not possible,

With respeet to N. hispanicus, we have established in this species
diploid forms (the var. propinguas) and autotriploids (the type). Here
we have intraspecific polyploidy and triploidy which does not permit
the effective separation of these forms as distinet species.

With respeet to N, forfuosus and N. bicolor, we have studied only a
few examples. We can asssume that diploids also exist in these species.
Accordingly, we can for the moment consider that triploidy and tetra-
ploidy permit us to separate them.

Tu summary. we can say that the sub-genus Ajax, appears to be a
homogenous group. where the Jordonian species established by Pugsley
(1933 ) belong to the same karyotype; there is some polyploidy ; bnt we
know that it is not sufficient to permit the separation of the species. The
karyology is found to be in accord with the ideas of Baker (1888), who
considered this group constituted a single, very polymorphice, Linnéan
species,

With regard to N. Johnstonii, Hevvigues (1887) has been the first
to suggest that this form coild be a hybrid. Barr (1888) considered
this plant originated by erossing of N, pseudo-nareissus and N. triandrus
albus (N. reflexus Brot.). Peter R, Barr (1929) showed that in harmony
with the opinion of his father, the plants eomeerned either were found
by someone in Spain, or were those received by A, W. Tait from Portu-
gal (in the vicinity of Porto). In his catalocue of 1937, Barr also con-
sidered N, Queen of Spain as a hybrid of N. pseudo-narcissus and N.
triandrus albys. Jacob and Calvert (1929} also considered N. Johnstonii
as a hybrid of Ajez and a triendrus. Bowles (1934 is of the same
opinion, and has substantiated it with the statement that *“*similar forms
have been raised frequently in gardens by crossing N friandrus with a
vellow Ajax.”’

Baker (1888) did not attribute its origin to hvbridization and
considered it as a variety of N, pseudo-narcissus. Pugsley (1933) did
not believe either in the hybridity of N. Johnstonii. In fact, he said,
“1f N. Jolnstonit is a triandrus hybrid, it is remarkable that it uniform-
Iy possesses the equal stamens with linear, sub-basifixed anthers of an
Ajar: and if a bulboeodium eross some curvature of the stamens and
style would be expected, The lack of these peculiarities tends to show
that no triandrus ov bulbocodium element is present, as does also the
relatively broad and flat foliage: and these features seem to outweigh
the somewhat friandrus-like corona, and the narrvow perianth-tube and
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secments recalling bulbocodium. Moreover, at least in French gcardens,
the plant produces fully developed capsules and might perfect seeds
mnder favorable conditions. Amnother fact that tells against hybridity
s the plant’s abundance. For nearly forty vears it must have been
llected annually for export in eonsiderable quantity, for wild bulbs
wwe been almost continnously on sale since the early nineties, in some
ars being offered by the thousand. It is difficult to believe that a
Narcissus of hybrid could have multiplied to such an extent and re-
ained so uniform. The “*Queen of Spain’’ is thervefore treated as an
Ajax, and, in view of its very distinet features, has been raised to
specific rank.”” (Pugsley, 1933, pe. 38-39).
As we have noted, the karvological data, sugeested from all evi-
‘e, that N. Johnstonii is a hybrid of a tetraploid form of an Ajar
1 a diploid form of a Ganymedes or a Bulbocodiwm (these two eroups
ssess similar complements, as Fernandes, 1935. 19360, has shown).
data of external morphology—{lowers more or less inclined, segments
¢ the perianth reflexed. form of the corona, tube of the perianth ““more
rrowly funnelshaped than in the ofher species of Ajax,”” (Pugsley,
. color of the flower, the exceptional existence of two flowers, efe.—
at once, that the dipleid pareut is N. reflerus Brot. We are
efore in accord with the point of view of IHenriques, Barr. P. R.
v Jacob, Calvert and Bowles.

However, the areuments of Pugsley, which speak against the idea

nsidering N. Johnstonii as a hybrid, are quite justified. How can

explain the faets mentioned by this author? TIn our opinion, the
mation is to be found in the fact that N. Johustanii is not a hybrid
swo diploid forms, bat a hybrid of a tetraploid form of Ajor and a

id one of N. reflerus Brot. Given this constitution, a greater pre-

nance of the Ajor parent is to be expected. Thus it is explained

the leaves can be velatively large and flat, that the stamens are
with linear, sub-basifixed anthers,

The fact that N. Johnstonii can, especially in French gardens, pro-

apsules with fertile seed. is explained thus:—the diploid com-
nt of the Ajar pavent forms 7 bivalents, which disjoin regularly.
mivalents of the N. reflexus ave frequently eliminated in the
coplasm and gametes with the Ajer complement can be formed.
“otilization of these gametes produces fertile seed.  This seed evidently
lnces some Ajar and it should he interesting to study plants ob-

=1 by germination of this seed.

The extraordinary abundance of plants can be explained by assum-
hat N Johnstonii possesses a great capacity to multiply vegetatively.
wse of N, jonquilloides, which as we have shown, possess a consti-
“o o comparable to that of N. Johastonii, is entirely worthy of being

ciod with this fact. Narcissus jonguilloides Willk. never develops,
~+ n onr cultures, fertile seed. In spite of this, it multiplies vege-

“ o+ m a truly extraordinary fashion, since some pots which have
o woted with bulbs were found completely filled in several years.
wone the plants colleeted by Johnston and A. W. Tait in the
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vicinity of Pérto, Henriques (1887) found one to which he gave the
name N, Taiti and which he considered, in harmony with its external
morphological characters, to be a hybrid of N. pseudo-narcissus and N.
reflerus Brot, (N. ealathinus 1..). In mentioning this plant, Pugsley
(1933) says that the exeeptional solitary flower figured by Henrigues
resembles N. Johnstonii. Ilowever, he noted that the segments of the
perianth are not reflexed and that the stamens are nnequal. It would
have been interesting to study this plant. Is it a question of a true N.
Johnstonii or a hybrid between the diploid forms of N. pseudo-naicissus
and N. reflezus?  According to the characters of external morphology,
which shows a greater predominauce of the characters of N. reflexus
than those of N. Johnstonii, the second hypothesis seems very probable.
Unfortunately, in spite of our efforts we have not suceeeded in procur-
ing this plant.

According to the data of Tait (1886), N. psendo-narcissus is present
in the same locality in the vieinity of Pérto, in two forms, one of which
is more robust than the other. Tt is probable that the large, high form
is tetraploid and the other diploid. Given these facts, that N. reflecus
Brot. arowing with these forms of N. pseudo-narcissus and that the two
speeies are able to flower simultaneonsly, it seems probable that the two
hybrids, N. Taiti and N. Johnstonii, have originated in the neighborhood
of Porto, by crossing, respectively, the diploid and tetraploid forms of
N. pseudo-narcissus with diploid forms of N. reflexus.

From the fact that a great majority of these species possess similar
idiograms, constituted of 14 ehramosomes, we can say that the evolution
of Ajox in the wild state has taken place particularly by single gene
mutations, er aceompanicd by struetural alterations which do not
effect the morphology of the chromosomes in such a fashion that they arve
evident by comparison of somatic plates. Polyploidy has also played
its role, but its importance, from the point of view of the formation of
new species, cannot yet be estimated. Tetraploidy and hybridization
have been responsible for the differentiation of N. Johastonii.

Very numerous forms of Ajax arve obtained in enlture, However,
we only know the karyology of the forms mentioned in the following
list
N. yellow double Van Sion 14 de Mol (1922, 1928): Fernandes &

(Telamonius plenns). Fernandes (hie).

N. trumpet major 14 Philip (1934) ; Fernandes &
Fernandes (hic).

N. trumpet King of the 14 Fernandes & Fernandes (hic).

Yellows

N. Henry Irving 14 Philp (1934).

Victoria 14 Nagao (1929).

Vietoria 22 Nikka (1940).

Golden Spur 21 de Mol (1922).

Golden Spur 30 Nagao (1929).

N. trumpet Emperor 21 Nagao (1933); Fernandes &

Fernandes (hic).
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[icolor Vietoria 22  de Mol (1922); Philp (1934).

Buttonhole 22 de Mol (1922).

Ewmpress 22  Nagao (1929, 1933); Philp (1934).

Crrandee 22  Nagao (1929, 1930, 1933).

V. hicolor THorsfieldii 22  Philp (1934).

V. frumpet Impératrice 22 Fernandes & Fernandes (hic).

King Alfred 28 de Mol (1922); Nagao (1929, 1933):
Sikka (1940) ; Fernandes & Fernandes
(hic).

Van Waveren’s Giant 28 de Mol (1922).

Olvmpia 28 Nagao (1929, 1933).

xd

trumpet Mome de Graff 31 Fernandes & Fernandes (hic).

An analysis of this list shows that 5 forms arve diploids, 2 triploids,
Lvpertriploids with 2n=22, 3 tetraploids and 2 hypertetraploids. This

lata reveals therefore that polyploidy alone, and polyploidy associated
with polysomy have played an important role in the differentiation of
borticultural forms,

Bowles (1934) states that the form Emperor has been produced by

wans of hyvbridization of N. bicolor and N. pseudo-narcissus. Assuming

hat the first species is a tetraploid and second a diploid, the chromo-

-

ane number, 2n=21, is in accord with this supposition,
rom the faet that he did not succeed in identifying the existence
I similar haploid ehromosome complements in the idiogram of King
rthur and also based on the morphology of the satellited chromosome

ikka, (1940) was led to the conelusion that his form is an allotetraploid.
e observations, on the contrary, show that the complement of King

['red possesses exactly 4 ehromosomes each of the 7 types A—G iden-
fed in the haploid complement, even as far as concerns the satellited
romosomes.  King Alfred should therefore be considered as an auto-

~tranloid, this is in accord with the observations of Nagao (1933), who

wed a very frequent formation of tetravalents during the reduction
visions, The figures observed by Sikka (1940), have been produced
- interesting translocations in the nucleogenio regions and, from this
. they cannot be nsed to show the existence of diploid complements
two different species rennited in the idiogram of King Alfred.

Sikka (1940) expresses the supposition that King Alfred must have
vinated by fertilization of a non-reduced female gamete of the form

“wperor with a haploid gamete of N, hispanicus var. maximus (N.

o1 ). This hypothesis is not in harmony with the facts, since N.
cpanicus (N. major) is a triploid like Emperor. It is therefore, most
bable that King Alfred has originated by fertilization of two non-

~dueed gametes produced by a diploid form of N. hispanicus, such as

variety propinguus.
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SUMMARY AND CONCLUSIONS

With the exception of N. Johnstenii, all the species established by
Pugsley (1933) in the sub-genus Ajox present the same fundamental
c¢hromosome complement, expressed by the formula n=7=2:Lm
+2:Lp+2:1i+1:Pp’. Of 18 of these species, 14 are shown to be
diploids, and one, N. hispanicus, is shown to be constituted of diploid
and triploid forms. N. terfwosus is shown to be a triploid, and N.
bicolor tetraploid. However, we have not established that these last
two. species do not have diploid forms.

The appearance in N. asturiensis, N. minor, N. pumilus and N. pal-
lidiflorus of plants with 15 somatic eliromosomes should be attributed
in these species, to supernumerary, heterochromatic chromosomes of
the type of those which have been found in N. juncifolius Liag. and
N. bulbocodium 1.

Nareissus Johnstonii possesses an idiogram represented by the form-
ula:

n=21=4:Lm+7:Lp+4di+1:lm+2:PP+3:Pp
This formula corresponds exactly to the addition of a diploid com-
plement of Ajar with a haploid complement of N. reflexus Brot.

Ajax 2n=4:Lm+4:Lp+4:1i+ 2:Pp
N. reflexus n= 3:Lip~+ 1:im+2:PP+1:Pp

3n=4:Lm~+7:Lpt4:li+1:lm+2:PP+3:Pp

By the fact that N. Taiti Henriq. presents some characters of N.
reflezws in a more manifest degree than N. Johnstonil, we have sug-
cested that this hybrid originated by means of crossing two diploid
forms of N. Pseudo-Narceissus L. and N. reflerus Brot.

The karyological data, except perhaps for N. fortuosus and N. bicolor,
does not furnish any elements which would permit us to separate the
Jordonian species established by Puegsley (1933). The fact that all
the species possess the same karyotype is in harmony with the ideas
of Baker (1888), who considered the group to be a single, very poly-
morphie, linnean species. The most distinet species. N. cyclamineus
and N. asturiensis cannot be distinguished from the others. from a
karvological point of view.

The principal role in the evolution of the group in the wild state has
been played by gene mutation, alone or accompanied by struetural
alterations not modifying in a visible fashion the chromosome com-
plement. Polyploidy has also played a role, however its importance
cannot vet be estimated, because of the fact that we have not been
able to effectuate an intensive study of N, tortuosus and N. bicolor,
and some speeies (9) yvet remain to be investigated.

A list of the ehromosome numbers of horticultural forms studied up
to the present is given. This list indicates that the origin of some
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forms can be attributed to gene mutation, but the principal role has
been played by polyploidy alone, or polyploidy associated with
polvsomy.

= The karyological data is found to be in accord with the question of
considering the form Emperor (2n=21) as having originated hy
fertilization of N. bieolor (2n=28) with N. pscudo-narcissus
{(2n=14).

o King Alfred should be considered an autotetraploid form and M.ne
de Graff could have been produced by fertilization of a tetraploid
form with a pentaploid one,
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