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Tlif~ Hybrid between D(qilaIis "]m'~?purea, L. and D. (t,~J~.b?~(/lt(t Mum was 
got by Giirtner (1849) who succeeded ill lnaking the cross reciprocally, 
though be only obtained one plant of D. (IJbl, bifJH,(I, X .'])'tl/)"~)?l'l'ea al:ter re- 
peated a.ttempts. He l'omld both hybrids sterile, and this was also the 
experience of tIaase- Besse, ll ( 1916, 1921 ) an(I Hill (1925). Warren (192~1) 
however describes a hybrid between D. yloxi'mflora, (Turp~,~'ea) and 
D. "lulea" which was partially fertile. H.e obtained back-crosses to both 
parents, and one/~'a plant which died without flowering. The plant de- 
scribed by Warren as D. l,lea was evidently not lulea, and the figures and 
description both indicate that a, mb(qva was the species used. The name 
91o:*;iu'/flora is used horticulturally for many eolour forms of 1)u'rpurea. 
Warren's cross was certainly D. lmr?mrea x D. ambigua. 

There are also in existence horticulturally Digila, lis hybrids offered 
as Lutz hybrids, etc., which are probably back-crossed derivatives of 
l~u,rTurea and ambigva,. 

The chromosome nmnbers of the species in question have been pub- 
lished by Haase-Bessell as 24 in each ease, in agreement with the numbers 
obtained by her in other species of Digitalis. Warren however gives 
eight as the number of his "lvlea" (a'mbigva) and 12 as that of gloxiniJlora. 

In the present research a number of forms of D. pv~Nu~'ea, and D. 
amb(q'ua, as well as the species D. vi'rid~i/lora, have been examined, and 
the haploid number has alwn.ys been found to be 28. This number has 
been confix, med by somatic counts, which are very easy on account of the 
shortness or the chromosomes. 

Haase-Bessell's error in regard to thesetwo species may perlmps be due 
to the occurrence or secondary pairing, which on occasional plates might 
gi~ie the appearance of a lower number of bivalents than 28. Undoubtedly 
Wa.rren's numbers arc also erroneous, as indeed might be expected from 
blle fixatives he used, which, though suitable for chondriosome work, 
penetrate very slowly indeed through anther tissue and cause excessive 
contraction. 

Jom'n. of Gen. x~x 18 
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PART ]. T H E  li[YBI~I])S AND THEIlZ PARENTS.  

BY B. tI. BUXTON. 

The pu.rlmrea l?la, nts used for the crosses were of garden origin. They 
were pm:ple ill eolour, but  it is not certain tha t  they were hmnozygmls 
for the factors affecting cotour, fro' thm'e was a slight variation in t;his 
respect, in the .l,', flowers, though perhal~s not, more th 'm could be ac- 
counted for by fluc|;uation around a mean. The plants were selected as 
typical examples of D. lmrpurc, .  

The ,mbigua plants were raised from seed obtained from the R.It.S. 
({ardens at Wisley, all of which ca.me t;l'lle to type. 

The flowers used for crossing were, emasculat~ed nml protected in 
muslin cages. 

(!ross ]. D. .mbiqua9 :< D. yur']m,rea <2. No seeds germinated. 
Cross 2. D. ?m'rlmre,.9 :,. D. (tmbifj,a d. Fif ty  seedlings raised. 
Two controls. One of each species. Not pollinated. No seeds set. 

The crosses were made in the summer of 192,1, ~he seeds sown n.s soon 
as ripe, and the seedlings kept  fi'om frost until early in Jamtary,  1.q25, 
when 1,hey were ])]anted out in the open. In the summer of 1925 the 
50 hybrid plants made vigorous growth and eight of them flowered, 
though rather lqte, as was to be expected from plant:s barely a year ohl. 

The first four plants to flower were pollinated artificially among them- 
selves, until about one-half of the flowers had been so treated. At this 
stage the foxgloves in the garden and vicinity were all over, so t, he muslin 
was taken off', and the remaining flowers allowed to pollinate normally. 
Two plants did not flower till all the foxgloves were over, so they were 
not  protected but  allowed to pollinate normally. 

Some of the capsules Mter pollination quicldy turned brown and 
shrivelled, and were found to be completely empty.  (}ther capsules 
swelled a little and produced only mimlte seeds, little more than dust: 
none of which germinated. 

Severq.l eq, psules on one plant, and a few on anoldmr plant, set a few 
well-formed seeds intermediate in size between the larger ambigua and 
the smaller lmrpurea seeds. 

From these seeds about 200 Fo plants were obtained which will be 
dealt with later. 

By the end of the summer of 1926, 4:' I,', phmts in MI had flowered, 
of which only two showed some degree of fertility, though t~ few of the 
others set occasional s tray seeds here grad i, here. 
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Remar/,'s on lhe Characters o]' the F 1. 

]. T]w leaves (see Texl;-fig. I). 
A simple reel;hod o1! comp,~ring ~he lea, yes is ~;o l;~ke ~ phyllie index 

on the same principle as t;he cephalic inde• ot: the a,nl:hropologists 
breadt;lt  x 100  

- index. 
leugl~h 

.-I 6' B 

'J'e• 1. II,oset, le h'a.ves of (.-I) D. ]nt~?ntrert , (1t) D. amb[r/ua, and 
(U) D. pnrpurea • D. ambiffua(• nhoub ~t). 

Worked oul~ in l~his wa.y the leaves of the rosette give a,pproxhnaJMy 
on the average 

Phyllie index D. 7m, rp~rect 41 
Phyllic index l"t b,:qbrids 2S 
Phyllie ' index D. ambigua 19 

18-2 
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In oflmr words the leaves o [D .  pm'pwrea a.re comparatively bro,~d, those 
of D. a, vtbigur,, narrow, and tile /~'l intermediate. Ill D. "pu'rlrurea, the 
la.mim~ is narrowed ~d)ruptly into a long petiole. The leaf of D. ambigua 
is sessile, broadest towards the middle and gradually a t tenuate  towa.rds 
both ends. The leaves of the hybrid are shortly stalked and int,ermedi~te 
in shape. The margins of the D. ira,rim,tea, le, q.ves are crenate, those o[ 
D. a'mb@,a, have distinct but  fine serrat,ions, the F z leaves are inter- 
mediate  (el. 'l:exg-fig. 1). 

2. The flowers. 

A. Co/o~.r. The purl)h; eolour of D. l)wrp'urea (Plat,e X]X,  fig. 1) is 
due go an anthocya.nin which dissolves out in wa.ter. The spots on tim lip 
are due to eonem~tration o[ the anthocyanin in d u m p s  of cells, leaving 
the surrounding cells without  any pigment,, and the spots al?pear as deep 
purple on a white g,:ound. The yellow o[D.  a.mbig,ua, flowers (Plate XIX,  
lig. 2) is a plastid pigment, insoluble in water. There are no spots, but, the 
lip shows a network of darker brownish pigment among the veins. The 
flowers of the F t hybrids (Plate XIX,  fig. 3) are pink, the shade o1~ pink 
varying slightly in different ])lants, but  in all of them is an undertone 
of yellow. There are spots on the lip as in lm,rpwrea, but  the spots are less 
numerous and nmeh smaller. Sometimes there are graces of the network of 
ambigtm,, but  llOt on all the flowers. On examiningthe spots with a pocket 
lens or under a low power of the microscope, they are found to be due, 
as in ]m,rlm'rea, to a concentration o[ anthoeyanin in a group of cells sur- 
roumled by a zone of cells Without anthocyanin, bu t  the cells in the outer 
zone are yellow on account of plastid pigment; the general effect being 
one of pink on a yellow ground instead of pink or purple on a white 
ground, as in the normal p~,~'p~.re~,. 

A very distinctive feature in the ambig~m, flowers is the presence of two 
reddish brown spots ou the outer sm'faee o1! the upper lip near its ba.se. 
In the hybrid these spots a,re usually clearly marked, though in many of 
the flowers they are absent, or only graces of them can be detected. The 
presence of these spots may be taken as a certain indication of an a ml~q~,a, 
st,rain, as there is no sign of them in p,r flowers. 

B. Nhape of the .flowers. The flowers of D. 'pwrlru,rea are longer 
than those of a,mbT[qva,, but  relatively na.rrower, and the hybrid is inter- 
mediate, being somewhat shorter t,han ]mrl)wrea., but  even broader 
than a, mbig't,a. Enough measurements have not, yet, been made for 
tmouraey, but  if a flora.1 imlex is taken, it will be found a])proxintately 
as fo l lows  : 
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l,ungLh [h'e,~uiLh Index 
(urn.) (urn.) 

l~u.rlmrC~t -1.75 2.00 d 0 
+.1 mbiglu~, 3.00 I .S0 60 
Fj H ybt'ids "1"25 2"dO 56 

The flowers of tim hybrid I;hen are sontewhaL sllor~er ~tltul ishose o{ 
,))wr'ptrrca., l)tL6 (;]lore is tt n l a l ' kcd  inct 'e~se iH b r e a d t h .  T h e  length is 
m e a s u r e d  f ron l  t h e  base  ot: t h e  co ro l l a  l;o t h e  tip e l  bite u p p e r  lip, a n d  

bite breadbh across bite upper lip aL {+he l)oint where it separai~es from 
the lower. 

In +uldition to blte cross of which particulars have been given, awe 
ogller c rosses  h a v e  been  l l l ade :  

D. "p'+rrpu.rea. (yellow var. Sutton's  s~rain) "< amb+~qt+a. 
D. lru.rp+vrea (whi~e vat. no spots) ",: ,mb iq+,~. 

Only a few plants have been raised from Umse crosses, and those tha|; 
llowcred h~vc proved so far to be sterile, so nothing ful'Umr ]t-~s been done 
wilfll Umln. The leaves (as one would expect) are intermediate and re- 
semble the Je~ of the cross (lesc~}ibed in detail, bug it is rather surprising 
t)o find tha t  in each case the flowers have a pink tinge. A specimen from 
each of these two crosses is figured on ]?late XIX,  figs. 5 and 6. 

The F 2 Ge,neration. 

As already mentioned about 200 seedlings were raised; approxi- 
mately 110 from controlled pollination (one plant), and 90 from open 
pollination (two plants). 

Of the seedlings raised from controlled pollination 96 reached the 
flowering stage. There was no apparent segregation, the leaves being 
intermediate and resembling those of the lt~ throughout. The flowers 
also resembled those of t h e / ~  plants, thougl+ they were distinctly larger, 
running go about 5 era. hi length by 3 era. in breadth (Plate XIX,  fig. 4). 
Of 58 which flowered in the second year after sowing, ~t4 (about 75 per 
cent.) set+ some well filled capsules, while the remaining 1~I (about 25 per 
cent.) were either sterile or very nearly so. 

Besides this definite F., generation there were tile 90 seedlings raised 
from /e~ plants exposed go open pollination, of which 72 reached the 
tlowering stage. Here again segregation was not evident, though a bout~ 
h/~l~ of the plants showed some tendency go revert to the lnvrpu,rea, type 
o1: leaf, which however did not become noticeable until the second year. 
The flowers on the other hand showed no such rcw+rsion, and were in- 
distinguishable from those of the controlled pollination. 

With regard go ferLility not; a single one of these plants was found with 



274  D i g i t a l i s  hybrids  

rely well filled capsules, though a number, perhal)S 25-30 per cent., set 
:t little seed in more or less shrivelled ones. In view of the chromosomal 
differences fmmd between these plants and those o[ the definite 1,'~ 
generation (el. p. 276) ig may be assumed provisionally that  they resulted 
from a back-cross wi~h D. purpurea, although it is diilleult l;o raider- 
stand how this can have occurred. 

Bumble Bees visite(l the F l flowers in large nmnbcrs, and i~ (loes not 
seem possible that  there was any cross pollillation except among the 
hybrids themselves, since grea.t; care was taken to ent down any belated 
foxglove flowers. There were certainly none wii)hin half a mile or more 
of the hybrids after removal of the muslin. 

An Fa generation of about  80 l)lani;s has been raised ]'2'o111 the F 2 

individua]s, but  as only a Jew have hitherto llowered a detailed descril)- 
lion mus~. be ])ostponed, as must  also that  of certain haole-crosses which 
have been made. 

PART II. CYTOLOGY. 

BY W. C. F. NEWTON. 

Material was fixed in modified Flemming solution: 

14 c.c. ] per cent. Chromic acid; 
,I c.c. 2 per cent. Osmium tetroxidc;  

�9 5 c.c. Glacial acetic acid; 
16 c.c. W,~ter, 

also in Zenker's fluid or Carnoy's fluid (2 rain.) followed by modified 
Flemmhlg, a method for which I am indebted to Dr Kihara. 

Digitalis purpu,rea. Root-t ip counts gave 56 chromosomes showing 
little difference in size. The reduction divisions show 28 bivalents 
(Plate XX,  fig. ]). Often a small number of bivalents are secondarily 
associated in pairs as shown by Ishikawa (19] 1) in Dahlia, and more 
recently described in detail by Darlington (1928) in P,ru, nus. 

Digilalis amb@~a. The somatic number was 56, the haploid nmnber 
28 (Plate XX,  fig. 3). Again a certain amount  of secondary pairing was 
to be observed.  

The F 1 Hybrid. The somat ic  number  was determined  as 56 (Plate X X ,  

fig. 2). 
The reductiou divisiou. Ill dialdnesis a small number  of paired chromo- 

somes is always to be seen, but  the number is inconstant  rangfllg be- 
tween five and twelve. I t  is impossible to determine whether the members 
of these pairs are derived from the same or different species. 
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The first; meiotic division is exceedingly irregular. A maximum of 
i I-I 2 bivalents divide, the remainder are distributed over the spindle in 
~he most irregular manner (]?late XX, fig. d). Frequently ~he whole o[ 
l)he chromosomes are included in a single "rest~iia,tion" nucleus (Plate 

Tcxl,-fig.  2. Dit~gr~un of tam production of diploid g,~mctcs in F 1 hybrid between 
D. "pttrpurca L. ~uld D. ambiffua Murr. 

XX, figs. 5 and 6) at the end of this "division," but every stags between 
this and an approxim~tely equal distribution of the chromosomes be- 
tween two daughter nuclei is to be seen. 

In the former case the second division is regular am[ the pseudo- 
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reduct,ion results in bhc fornmtion of dya(ls insl~e~d of tet,rads. In tile 
lat,t,er ca.ses there tm~,y be mnnerotts or only two spindles forntcd in the 
second division, and the number of Sl)Ores produced ma.y be as few as two 
or as many as eleven. Dyads arisc, in t,wo ways, (I) from faihm, of the 
first, division, leading to tthe incorporation of the whoh, of the chromo- 
seines in one interplm, sc nucleus (Plate XX, ligs. 5-7), (2) from coml)ina- 
tion of two second-division p]at,es (l'hfl;c XX, fig. 9). The lal;t;er method is 
rarer, and as the union follows on t,wo irregula.r divisions the chance of 
obt,aining a spore wit,h tthe full 56 chromosomes is much lessened. The 
mlivalents have not been observed tie divide act the first, division. 

F,, plants ,,rid bac/,:-cxosscs. The progeny of the 1~'1 hybrids examined 
included a re,tuber resulting from n,~t,ural see([ .~s well ~,s those from con- 
t,rolled pollinattions. Those from artificial sclf-fertilisat,ion had 111-112 
chromosomes, with i~hc exception of one plantt which had about 102. Tim 
naturally pollinatted pla.nts ex~unined had, wit,hou~ except,ion, 8,1 ('hromo- 
seines. The nmnbers examined were t,en 17: plants and eight, from natun~l 
pollinations. 

In the plants wi~h 112 chromosomes the divisions were as a rule 
regular, though occasional univalent,s h'~ve been seen in all plants ex- 
amined, and the aggregaLion of bivalcnts into groups of t,wo, ttllrec and 
four is not, uncommon (Plate XX, tig. l 1). 

In t,he triploid plants there are usually 2S bivalents, but, slighttly 
larger lmmbers, indicating the presence of aut,osyndesis in the eomple- 
mentt of one of the parent, species, have also been seen. The t,riploid plantts 
examined, assuming them to have been back-crosses urit,h purpwrea, 
had probably two set,s of purpttrea, and one of ambi,qua chromosomes. The 
bchaviour in t,riploids will be described fiflly when reciprocal back-crosses 
from artificial pollinat,ion are available. 

])Iscussm,x. 

Itt is clear t,hat, tthe great majorit,y of t,he viable spores formed by the 
1~'~ hybrid contain the unreduced umuber of chromosomes, but, t,he 
presence of 1~' 2 plants wit,h a reduced number ot: chromosomes, 102 in the 
one count,cd, shows t,hat t,he absence of a certain number of chromosomes 
does not, necessarily lead to non-viability of the spore. Moreover, there 
seems to be little doubt that, t,hese unrcduced spores are formed as a 
result, of the failure of t,he first, division wit,h t,he ultimate formation of 
dyads instead of t,etrads, a method indicated by Federley in Pygaera 
(I 913) and since by Rosenbcrg (192(;), ](a.rpechenko (1927) and etchers. 

I t  is possible that  the modilication of this process involving a partial 
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reduction followed by ~ union of the anaphasic groups el the second 
division also plays a part  in the production of fertile spores, especially 
those witl, rather less than 56 chromosomes. 

No syndiploid nuclei have been observed, nor any area.s with doubled 
chromosome number. The irregula.r distribution of thc fertile seeds ow~r 
the plant is however somewlmt ~Lgainst rega.rding the formation of fertile 
spores as lmrely a, mat ter  of chance. Some 1~' 1 plants have not as yet pro- 
duced a.ny seeds, and on the fertile ones several ct~psules contain no seeds 
while others have eight, nine, or more. The seeds are not however as a 
rule aggregated in a mass, suggesting a strip of tetraploid somatic tissue, 
but  a.re separated by in[ertile ovules. The hypothesis tha t  in the egg the 
formation of a restitution nucleus is t!avoured or hindered by conditions 
at  the t ime of reduction is most in agreement with the observed distribu- 
tion of fertile seeds. Resti tut ion nucM have been found in every If'~ plant 
of which the pollen has been examined. There are however many more 
cases in which two or three chromosomes ,~re excluded than those in 
which all are included in a single plate. 

The absence or rari ty of tetraploids in the seedlings resulting t'rom 
n-~tural pollination as well as the frequent l)roduetion of trip]oids under 
these conditions by the F~ shows tha t  the tetraploid pollen is unable to 
compete with the diploid pollen, tha t  there is in fact very marked 
selective fertilisation. 

~UMMARY. 

A number of hybrids between Digitalis l~U,rlJu,rea ? and D. amb't~qua c~ 
were obtained. Two plants among the hybrids showed a low degree of 
fertility. From the others no seeds were obtained. 

The F 2 gener-~tion differed from tile/~1 principally in size, but  there 
was no segregation of the parental  characters. About 75 per cent. were 
highly fertile. 

The chromosome numbers of the parent  species and of the/~1 hybrid 
are 28 (n) and 56 (2 n) in each ease. In the F 2 hybrid (artificial pollina- 
tion) the numbers arc 56-112, while all plants obtained from open polli- 
nation of the I~' 1 are triplokl (84-2 n) and sterile. 

The viable spores of the F 1 result from the failure of the reduction 
divisioff and the formation el resti tution nuclei. 

Digita.lis lmrlmrea, x amb~iq~m, is an additional example of a constanl; 
intermediate hybrid resulting from chromosome doubling. 
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EXPLANATION OF P L A T E S  X I X  A N D  X X .  

PI,A'r~ XIX. 

Fig. 1. Digihdis ]~o'pnrea L. 
Fig. 2. D. twnbigua Murr. 
Fig. 3. D. }mrlmrca ".< .mbitlHa I'u 
Fig. ,l. D. pttrpttrcct ;< etmbifltta },'... 

In each case beside Lhe tlower is shown t.he, immr mtrface, o[ bite lower pctMs a.nd l,he 
markings on bhe Lhroab. 

Fig. 5. I). lJt~t'7~ttrctt (yellow) "-: 1). rtn!biylttt. 
.Fig. {i. ]). ]mrlmrect (white) "..: D. r 

For Lhe original drawings of Lids plate we are indebbcd to M:r A. g. Wise o1' bhc P~.II.S. 
Wisley Gardens. 
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I h,,vr l,; X X .  

l:i~. I. D . /mr / , - ' e ,  I,. ~'dehq~hase 1; p~dh'n nml,her cell, 2S hivalen! e, hrum~momfls, x ;ItiOtl. 
J:ig. :2. ]L ]mrlmr~'a :< a,16 i~ l ,a  ] , ' ,  smmtt.ie mel.aphase in] roobl, ip; 5(i chromosomes. :< 3(i00. 
Fig. 3. ] ) .  ambi : l ,~ t  ~Murr. ~'kdaphnse I; pollen m~d,her ceil, 28 hivalenl, ehromosemes. 

x 3 in00 .  

Fig. 4. J). /mrlmre~l >: amMgaa Yv  ~h'ht]dmse-amqdmse in pulR'n mcd, her cell, shmving 
disl, rilnIl, ion of e]mmmsmnes l,hroughtml, l,he .spindl~;. l:ifl,y-fom' can be disl, inguished. 
x 3 t iO0 .  

Fig. 5. J"v l{esi, il, ut, ion ]meleus in int, c'rldmse I . .Al l  l,lm chromosomes  ane included in nu 
single dumh-hell-sha.t~ed mlcleus. :: 2!,~00. 

Fig. (L 1@ l{esbii, ut, ion mwleus of same  st,age as Ji'ig. 5. Tim nn*.eleus is si, rongl.y lobed. 
x 2200. 

Figs. 7 and 8. /: I. 2,.d,iaeenl, pollen mcd,hr cells, l:i~. 7 shows l,lm single pllu~o resulbing 
from ~l, single resbit, ut,i,m mwleus ;  Fig. S bhree plai, es result ing f rom o, distribut, i ,n  of 
the ehrcmlosomes in t.he, tin'st division into s Int'ge groups  alt,:t lu small  ollc. :< 2200. 

l:'ig. !l. l: I. [Jnitcd spindles in anaphasc  of second division in pollen monitor coll. x 3600. 
Fig. 10. '+l'ebvads aml dyads in l : l  pollen. >: 1400. 
Fig. I I. J:,,. D .  Imrpurec t  x ambi f / lu l .  Fi[l,y-si.~ bivalenls; seeonda.ry assoeiabion is shown 

by several bivMent,s, x 3(i(]t). 
Fig. 12. 1,'~. ;d.ei,~phase plates el: second division in pollen moi, lnec cells. • 3el00. 

All figures drtLwn wit, h an AIJbd c~unenL ltteida ai, s tage level, 1.5 ram. Zeiss ~l)oclnrom,'t{,ic 
objective,  N.A.  1.3. 
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