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Fig. 4. Tlie same, in section. R. Rostelluin ; P. Pollinia. 
5. The hame at a later stage, tho pollinia having become recurved into the 

stigma. 
6. A later stage. The stelidia have curved over so as to overlap and press 

tho  pollinia into the stigma. 
7.  Tlic 9an10, sick view. 
8. The same stage, in section. 
9. L ; h r  stage. 

GZ. Disc of pollinia. 
Tho pollen is now entirely plunged in the stigma and is 

almost absorbed. 
10. Flower of (Eceocladcs maculata, Lindl., from the side ; nat. size 
1 I. The mmo, with the pet;ds and E C ~ &  rclnoved ; enlargcd. 
12. Column, showing tho  pollillla fdliiig forward. 
13. Front vicw of rolurnn, with the pollinia still lxmging from the clinan- 

14. Polliiiia, enlarged. 
drium by thc disc, but in contmt with tho stigma. 

On tlic Fertilization of Cattleyn knbinta, var. Mossia, Lindl. 
By II,LRRY eJ.!&fEs VEITCl I ,  F.L.S. 

[Rrad 2nd February, 1888.1 

~ S V E R  since Darwin conclusively showed how the pollinia of 
certain orchids were coriveycd to  thc stigmatic surface by iiisect 
ngency, the subject of orchid-fcrti1izatioii has been of spccial 
aiid eseii growing interest, not only to science through its further 
clueidation by the discovery of many new and interesting facts, 
but also to  horticulture as serving to  cxplain, a t  least in part, 
liow it is tliat 80 many anomalous forms having the appear- 
ance of hybrids have made their way iuto European gmdcns. 
But wliile the observations of Darwin and those who followed 
liini in the same track have been directed chiefly to  the  simple 
act of ~iollinatioa by insect agency, the investigation of the pro- 
cess that follows appears to have received but a limited amount 
of attention. With tho  vicw, thcreforc, of adding, if possible, 
somewhat t o  the snmll stock of information already possessed, and 
also of deducing therefrom some practical rcsults that; may help 
to  guide the operations of thc hybriilist, 1 and m y  assistant, with 
the :lid of an able draughtsman, n ere induced to  undertalrc the 
series of observations I am iiow :\bout to bring under the Society’s 
n o h e .  Our purpose was t o  note the progrcss of the pollen- 
tubes during their course through the conducting-tissues of the 
coluiiiii into the ovary ; t o  tlctccl, if possible, the act of fertiliza- 



RRf: 

%ion of the OVLIICR, mil to  dcterininc the timc that elapscs between 
pollinatioii and that event ; and, firidly, to trace thc devthpment 
of the ovules after fertilization inlo pcrfect seeds. 

'Before giving :I rksumk of our obscrv.vntioiis, it is rieccssary to 
state that we w o r l d  under the serious disadvantage of being 
confined, for  fiucli work, to  3 low microscopic powcr ; that, with 
the excoplion of n, little glycerine, wc used no cheitiical rmgentw 
in preparing mntcrinls for esizmiu:itiou ; arid tlierefore \PI*Y niiaiiy 
details of the miuutc structure of the p r b s  oxniiiincd are 11ecca- 
sarily omitted. It is also neccsmry to prcrnibc that tlrcso obser- 
vations were undcrtaltcn arid m;icir bcforc we becxnc a n w e  of 
the fiLct that the sub jec t  had been partially investigatcd many 
ycars ago by Dr. Hildcbr,Lncl in the Botlulic Gnrden at Bciull, 
the results of whose observations were published in Mohl and 
Schlcchtcndal'o ' Eot:~iiischc Zeitriug ' for October 90 w d  Ro- 
vember 6, 1863. Dr. Hildebraiid there tells us lh:~t, incited l l ~  
Darwin's most iiitcresting researches, he was iriduccd, d u i h g  
tlic winter and spring irlonths of 1863, to unclertalie a series of 
observations 011 soiiic cultivated aiid also on some imtive orcliids3 
with the object of ascertnining the time that elapses betwc.cn the 
pollination of the flower and tho fertilimtiori of the ovule, :m 
investigation tliat :qq)eared to him t o  bc prcgnmt with uncx-. 
pectcd results, seeing that the sexual app:iratus of orchids dift'ws 
so greatly from that of the grcat majority of other Phanerognnis. 
For the results of these investigations I must refer to  the memoirs 
qiiotcd. Much of the ground, therefore, Imvirlg been pre\ioudy 
tr;ivclled over b y  Dr. Hiltlebrand, 1 nm afraid that the airnple 
facts 1 am about to biing bcforc the Society have iiot :tltogether 
the merit of iiovclty to  recommend thein ; yet they may 11rove to 
be of some interest, and servo to  revive the subject of the fertili- 
zation of orcliida, which still ofl'crs a wide field for  investigation. 

The  sub.jc~;t selr.ctcd for  our ob,ject WAY the wcll-known CYaftZeya 
Zdintn, var. Bossict', Lincll., because we could command a good 
ninny plants for iiivc stig:dion, aiid beciiusc also in this Uuftlcyu 
thc oolurnn mid its parts are anioiig the largest to bc fouud iu 
thc Orchidcm; wc hoped that  the probability of our bciiig 
able to prosecute our search with somc chaiicc o f  obtaining results 
would thence bc> tlic greater. Thc chief chi~mcteristics of tlic 
coliunn of' :L C Y n t t Z ( : l / c b  of the lnhirrtn group are sulkcicntly fmiilinr 
to  itiost, botanists. The toluniin of one O F  the irienibcrs of tlw 
groiip, x p p w i t l y  of tlic ~ ~ 1 1 1 1 :  thiit forrns our pi eseiit sub,ject, 



\ ' P r o \  OF CLi'~'Fl , l~eYA T < A  I i I A T A .  :$!I7 

is well represcnted in Darwin's ' F e r l  ilizstion of' Orchids ' id 
p. lcil, whcre also some striictural cletitils im-L given. I n  tlrc 
series of drawings made for illiistra- 
tion, fig. 1 represents the froiit view of 
tlie colu mu and ovsry of Ctc/fl(yn M i -  
atn, var. Jfossice, two tliirds natural 
size, a few daj s after tho expansion of' 

Fig. 2. 

P 

A 

l?lg 1. 

the flower. From the ape7 or top of A 

the pollitiary apparatus t o  the base of --R 

the ovary it is about 3 inches long; S 

although sliown upriglit in the fguw', 
i L  slightly a r c h  forward fi-oin below 
t h e  stigma to  tlie apex, the part so bcrit 
is thciico par:illcl with the Iabelluin, 
wliich is, in  f:tct, apl~ressed to it, arid 
enfolds it with its sidn lobes, a circuoi- 
stance that iinmeiisely faci1it:etes tlie 
jiolliuation of the stigma by iiiscct 
:~gcncy. Tlie stigmatic cavity is srpa- 
rated from the arithcr by rz tongue- 
Ylraped rostelluin ; the stigmatic sur- 
face is coated with a thick 1 : ~ p  of 
transparent viscid inatter which liolcls 
t h o  pollinia wheu applictl to it with 
csxtraordinary teiiacity. The pollinia 
:we four in number, each polliiiium, or 
pollen-maw as we are Inore accustoined 
to  call it, is a waxy flJttencd disk, 
neither strictly oval nor strictly circular, but soinetliing between 
the two, or nearly the shape of an artist's palette, and is furnished 
wit li  a scmitransparciit ribbon-like caudicl c, which is also covered 
\\ ith iiumcrous pollen-grains. Tlie ovary is cylindric, and is 
traverscd Ion~itudiually by tliree equidistant sunk lines. Pig. 2 
rcprcseiits a lorigiludiual swtioti of the column and ovary, o ~ i e  
i'ourtlr larger tliaii natural size, in  which the positions of' t B c h  

anther, rostellum, and stigma are shown by the letters P, A, 
and S respectively ; there is o duct or canal le,zdiug from tho 
htigma to  the ovary, down which the pollen-tubes pass. This 
canal in transverse section has tlie forni of W-shaped c u r w  
c,\teiidiug through the central piwt of the column where i t  i q  

thlckcat, 2 % ~  showu in fig. 4 ; it  is filled throrighoul " d l i  con- 
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ducting-tissue which is of a wry  loose consistency, and f o r m d  of 
greatly c101igate~I cells generally ovcr!appiug a t  their ciids. Tllc 
narrow slit at N (fig. 2) shows the nectrwy that penctratc.~ inLo 
the ovary, and in which honcy is frecly secreted ; OV is 1110 inimn- 
turc ovary, of which, for the purpose of showing the plirts inore 
distinctly,an enlarged transvcrsc Fig 3 
section is givcn in fig. 3, whcm it 
i a  plainly shownto consist of t  hrec 
diviijions or lobes, f rom each of 
1% hich, where t h y  approach at 
tire ccntrc, springs a placeiita. 
Each placciita at this early stnge 
c.onsisi,s of two tliirlcrnecl platos 
with their cdges turiied t o w a d s  
cnch othcr, and ialnrost rriccting, 
mid tliencc almost enclosing a 
~~L1i".1*ir1lgular space ; ihe rudi- 
iiieiitary ovules, or rather thc 
p p i l l a  tlznt arc subsequeiitly dcvelopcd into OL U ~ C H ,  arc plau~d 
along the  projecting angles of tlicse platcs. We shall scc that 
tliis position of parts of the ovary is considerably modified as the 
process uf iertiliz&xi gous on. Fig. 4 ehowij a similar cnlnrge- 
iiicnt of the column in transvcrse section. Rthough only eight 
tinics enlarged, it inclicates suficiently tho plcrcnchyinatous iissuc 
of the column and the position or tlic Gbro-vascular bundIcs. 

Pig. 1- 

We w e  iiow iii u positioii to  t r : u  tho proccss u i  f(~r~iIizi~i,ioii 
from tlic tiitic of pulliLiatioii to  thc iniprcgiiation of thc ovulos. On 
tlic 1st of Jnw, 1885, forty-live flowcra of plaiits of tlic silnie age 
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of Cattlep labiata, Tar. Mossicc, mere selected for pollination : the 
flowers were divided into three equal sets of fifteen each, of which 
one set was fertilized with tlieir own pollen ; a second set with the 
pollen of different flowers but  of the same variety ; the third set was 
fertilieed with the pollen of flowers of a, diEerent species (&&a 
p z q ~ ~ u r u t u ,  Lindl.), t l ic whole of the pollinia being applicti in 
every case. The object of so varyiiig the circumstances was to 
ascertain whethcr the fertilization of the ovules and subsequent 
ripening of the seed would bc in atiy way differently influenced 
or affccted thereby. ?Ve shall see in the sequel that no material 
differences were ob.ervable, or at le:lst, when any were noticed, 
they were of too trivial n nature to  be taken into account. a t  
the time the operation was performed the weather M as fine and 
bright, and continued so for severitl days afterwards. Two days 
a€tcrw;ards the flowers were examined, and one from each group 
was cut. The floral segments hid already become flaccid, and 
showed signs of rapidly withering. Under the usual cultural 
treatment, tl-ic flowers of a Cattleya of thc lubiata group retain 
their freshness aftw expansion for  upwards of three weeks, and 
cven a month in cloudy weatlier ; helice the effect, of pollination 
on the floral segments is here made perceptible within a few 
hours. The polliuia in each case were found to  be in conrse of 
disintegration, forming, with the viscid secretion from the stigma, 
a gelatinous mass tliat quite filled u 1 ~  the  stigmatic cavity. On 
examination under the xiicroscope, Fig. 6. 
it wat8 found in all three cases 
that the pollinin were breaking up 
into groups, Sellerally of four gra- 
nules, from some of which short 
tubes had already protruded ; in the 
case, however, of the flower fertilized 
with the pollen of Lelia pzcqvuuruta 
only a few such groups could be de- 
tected, and from these thc tubes had 
but  just started. In fig. 6 four of 
thesc groups of granuleu, with thcir 
tubes, arc represcnted, a8 seen under 
ihe highest power at our disposal, that 
is, magd ied  170 times. 

TWO days Inter we again exainincd 
iL h w c r  from each S&. 'I'hc oolunius were foulid to filig1itl.y 
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had reached thc apcx of the placenta. The flowcrs in the threc 
sets were now equally advanccd; and from this tiine up to 
the conclusion of the observations scarcely any perceptible dif- 
ference in condition was noticeable between them. From these 
and the previous observations, i t  now became very evident t h i r t  
the time which must elapse between the pollination of tlie flowrer 
and tlie impi-cgnation o i  the ovules H o d d  bc considcrably longer 
than we anticipated. 

It is now time to  turn to  the ovary itsclf, and to  take note of 
the changes that took place there from thc time of pollirmtioii 
till the iinpregnntion of the ovules. The very m- 
diinentary state of these a t  the epoch of tho ex- 
pansion of the flowers has been already mcntionod. 
Pig. 7 shows transverse sections, natural size, i n  
three different nad successive stages of devclop- 
inent-(A) shortly after the expniisiori of the flower 
and before pollination : (13) a f'ortoight after polli- 
nation ; the change of form tha t  had taken place 
i n  this short intcrval is very striking ; the outline 
had changed from circular t o  triangular ; the sirnplc 
sunk lines of the earlier stage had widened into 
wedge-shaped clefts, dividing the wliolc into three 
H ell-marked carpeilary lobes: ench lobe has attained 
i ~ u  almost triangular form bp the enlargement of the placentti, 
inid by the tliicl~enirrg of tlie walls of the ovary itself : (C) shams 
the further devclopmcrit about a 
nionth after pollination ; the 
placenta and rudirncntary ovules 
had tlicri begnu to  assume a m o w  
definite form, although no sign3 
of iinpregiiation of the latter 
could be detected. On the day 
the last-mentioned section u a x  , 
iiiadc the pollen-tuhos werc 
found to  lravc eiitered tho ovary, 
and wcrc IjLishing downivartfs 
along tho sides of' the placentas 
airioiig tho ovules. Tho condi- 
tioil of the ovules themselves 
at thc mine date is representrd in fig. 8, wlirrc~ aii enln,rgecl 
view o f  it, minute ,sectictn is given ; it is there showu tliat thcy 

Fig. 7. 

- 
L- 

Fig. 8. 
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are grouped in clusters of no vcry definite form and outline; 
~ a c h  ovulc has tho appearance of a single eel1 of ovoid forni, but 
so minute are they a t  this stage, that no differentiation of parts 
could be made out  alidcr the low power t o  which we were rc- 
btrictcd, although a faint reticulation was observable in some of 
the most advanced ; but this may haw been an optical effect. It 
was, however, evident that the actual iniprcpmtion of the ovules 
by the pollcn-tubes, wliicli we mere anxious to detcct, was y e t  
remote, or a t  least it mas apparent fhat tliat event would not 
imniediately occur. In fact ,  we 'wcre up to this time simply 
groping our way to\$ a d s  trying to ascertain what we hoped would 
prove to  bc f~ most interesting scientific f x t ,  but with the road 
to  wlrich we werc very iuipcrfectly acquainted indeed. 

Our next examination was made fifty-five days after pollina- 
tion ; but, to our surprise, although the pollen-tubes had pene- 
traied the ovary in countless numbers, and had cornpletcly 
cholrcd up the c a d  leading from the stigmatic chamber to  it, 
so that thcy had there taken the form of a bundle of fibres, 
iiiinutc as arc tlic iIiclividuals coinposing it, and could be pullcd 
away bodily in a coherent string, no actual impregnation of the 
ovulcs could bc detected; the tubes lay along tlie sides of the 
placentas and among the ovules, arid l i d  rcached as far as tlic 
bottom of the ovary. Moreover, a11 this while, and for sonie 
wcelrs afterwards, thc swiinier weather was, for our  climate, 
vcry favourabie for tlie devclopnicnt of the impregnated flowers, 
tho number of bright clear days bciiig rather above the average. 
W e  waitcd 17 days longer before nialiing a furtlier cxainina- 
t ion; we then fonnd that the ovules werc not, only enlarged, 
but wcrc also undergoing a change in form-a fact that induced 
us to believe that the long sought-for event was at hand, and we 
accordingly inade a furtlicr evainiriation three days later, but no 
~~erceptible advance could bc detected. We tliorcfore desistctl 
from further trial for another fortnigbt, that, is till 90 days after 
pollination, wlicn, at lcngtli we were able t o  undersl arid with 
tolcrablc ccrtaiuty tiic process by I\ Iiicli tlie iinprcgiiation of' thc 
ovules is cffccted, and to  get an idea ofthe spacc of timc rcquircd 
for its aeconiplishincnt. 

Ir1 
fig. 9 are reprcsciitcd, two tliirtls natural size, two transverse 
wctions of the ovitry-D 55 (lays aiid E 72 days after tl-ic pol- 
liiiatiori of tlic flonrr ; iii jig 10 :L t i : i i i h \ ~ ~ ' s e  section 90 d,lys 

MR. 11. J. TIEITCIT ON ' r m  

This mill be best understood by reierenec to the diagrams. 
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after p,ollination, also two thirds natural size : these, with the 
drawings in fig. 7 ,  form a series. The development of the ovules 

Fig. 9. 

theiiiselves is represented at fivc tiiffwent stages in fig. 12, and 
four later in fig. 13, all greatly enlargcd, thus :- 
A, the ovuIe rudiment before ptrlliaatioii. 
3, ,, ,, 30 days after the pollination of tlic Ilowx. 
c, 3 7  1 ,  55 17 f 1, 

I), > 7  7, 66 >, ,, ,, 
3, ,, ,, 7 2  > >  3 ,  , 
F, >, ,, 75 5 ,  I ,  ,, 
0, ,, 7 ,  90 ,> >, ,, 
11, 5 ,  ,, 120 > >  2 ,, 
I, 3 ,  ,) 150 >, >, 1 ,  

Fig. I 1  

The series A-F simply sliows thc developnient of thc rudiment 
nio the perfectly anatropous ovule; it is at this stage tliat 
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impreguation takes place. Thoh the pollen-tubes tllen come into 
contact with the true apex of the ovules is certain, but this was 

Fig. 1'3. Fig. 13. 

all we could detect. 111 no case could wc find that the tube4 
actually penetrated the ovules ; nor could we detect any embryo- 
sac or other diEcrcritiatioii of parts in the ovule itself under tlic 
low power we were constrained to  use, and owing to tlic mi- 
nuteness of the ovules even at  tliis stage; but our failure to 
discover these parts by no means excludes the supposition of 
their existence, either in the forin iu which they OCCUI' in otlier 
rnouocotyledonous plants, or in some modification of that 
form. 

Tho pollen-tubes push dosn 
into the ovary in countless uumbers, and make their way aloug 
the placentas and among the protubcrmces of i t  that bear the 
groups of ovules in thc manner shown in fig. 11. Tile form of 
the ovule at tliis stage may be regarded as nearly cylindric, bcing 
slightly contracted at tlie apex. It will be noticed that this forin 
difrers considerably from the elongated spincllc-shapcd mature 
seed ; aiid having still some materials left, we were desirous of 
observing one or two interinediule stages of the devclopineiit of 
tlie former into the latter; we therefore cut one of thc reinaining 
capsules about four months after the pollination of tEirt flower, aud 
found the supposed iiiipregnated ovules had attaiued the forin 
represented by I1 in fig. 13. As this sliowcd but a very slow 
development, we wailed another month before examining another 

But to returii t o  observed facts. 
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capsule ; by this time tlie ovules, or sceds as we should perhaps 
now call them, had become elongntcd in one direction and con- 
triictccl in tho other, as shown by 1 in fig. 1 3 .  A group of ovulcs 

times, is shown in fig. 14. It 
was now clear that the im- 
pregnated ovules had attained 
their initure form and size, 
although, from our experi- 
ence in hybridizing orchids, 
we were surc the sced would 
not be ripe for some months 
to  coine. As tho days a t  
this period of our iiivcstiga- 
tion wcre getting short arid 
cold, and artificial heat alone 
had to be dcpcnded on to 
maintain the plants in health, 
we desisted from furthcr 
examination ; arid the few remaining capsules were lefl on the 
plants t o  maturc their seeds or to fall, as the case might be, the 
latter being quite a conimon occurrence under thc artificial con- 
ditions tropical orchids are cultivated in this country. When I 
say fall, the expression is not literally correct ; the peduncle 
shrivels and withers, and the capsulc dchisces before thc con- 
tained seeds arc maturc, a cause due probably more to  the murky 
condition of the atmosphere of London during the winter months 
than t o  any other I can suggest. Ir, happcued in the present 
instance that two of the remaining capsules failed in this way to  
mature their seed, and split early in March ; the contcnts were 
examined, but showed nothing more than the shrivelling that 
would naturally be expected under the circumstances. The re- 
maining two matured their wed and dehisced towards the  end of 
May, or about tn-clve months after pollination. A nurriber of 
thc seeds were examiucd with the aid of the microscope ; about 
one half were found to be plump; they may therefore be 
assumed to have been good; the other half consisted of mere 
dust and slirivelled ovules. The question a t  once suggested 
itself, €Iad these apparently abortive ovules ever been impreg- 
nated by tho pollen-tubes? I think not ; for on the same dqy 
the ovules were found in the  condition represented in fig. 14, and 

at this stage, inagiiified 45 P1g. 14. 
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where numbcrlcss pollen-tubes mere observed in i h e  position 
tlicrc shown ; in  another section iiiadc froiii the  same capsulc 110 

tubes could bc detected, althouqh the ovules had enlarged in the 
same way. 

F r o m  the foregoing series of observations, we are cnabled to 
drduce tho followiiig general stnteincrits :- 

1'11c> impregnation of the ovules of Cilttleyn lnbinta, var. Jlossice, 
iliider glass in the clirnate of London takes place fi-om 7 5  to 90 
days after tlic pollination of the flowcr, the length of tiiuc being 
doubtless infl ucnccd by thc stntc of' the n u t h e r  duritig the 
interval, aiid especially by tho amount of direct sunlight the plaiits 
rccrive ; the more direct suiiliglrt, thc shorter tlic intcrvd,  atid 
vier versci. 

A proportion of the ovules only are fertilized ; but how great 
that proportion is it is iiot possible to  determine with eerlnirity ; 
it is never probably rnucli loss thnu on(! h d f  ; iL probably v:trics 
from a little less to  a little ~i iorc  tliiin otie half. I t  iu ccrt:iin 
also that of tho seeds wliicli arc apparently mature arid good, i l  
greater or less proportion of them fuiled t o  germinate untler 
artificial coiidi tions. 

It tdres a h a t  twelve months, uuder the same conditiniis, to 
eff'cct the iiiaturatioii o f  the capsulcs ; it  being highly probable 
that during khc wintcr n-~ontlis, vvhcii thc tcniptmturc in whicli 
1 he plants are lccpt is coinparativtly low, and the amoutit of direct 
sunlight arid sun-heat is at the minimum, there is a cessiition of 
grou th which is renewed as the suiniiicr months are approached. 

I n  bringing nry notes to  a close, pcriiiit nie to  say t h t  I have 
siiiiply cndcavourctl t o  bring before the Society at least sonic ofthc 
pllcnorncna that occur in the l'crtilizalioii of orchids, which, so far 
as I ain aware, hnve not  previously been observed ; and if in so 
doiiig I havc added ever so little to our knomledge of tlic woii- 
derful processes by which Nature cKcctv the reproduction O F  
these reinarlrablc plants, 1 shall fecl ainply repaid for the t i i i i c b  

given to  the investigation. 


