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1 .

S3j9 osypetslos of %Borbÿi jattŜ eB'ura. the vidvsQ of ^ileh  
< 0̂B onl̂ ' w ttoû , hwro loïie heen objecte o f interest to 
botanists, thongh very l i t t l e  treelse information, either of the 
anatorsji' of the c&gwile or of i t s  neohanieffl hm  he«»» «railahlo.

In an osrl7  roferoooe to the hygroscopic fru its of 
"oBePbz'iRZ&thomur Stelnbriael: in  1880, suggosted that tho
oapoal® vnlvos i>roteet the ooe&s from the ioseictttiae iaflum ee 
of the son; as they ïw a ln  closed esoept shen wotted 1%r i’nin. 
the boss projecting £rom the wall of the ovary end partially  
closing the «^rtnre of each oonportRont i s  llnruFaOfcri.'se IUkî, 
ho regards as as additional device to present the seeds free 
©Boaplng too reafiilj' from the profo«tta,j capsule.

herser oM Oliver (8) in 1895 give two figoreo of tW 
fru its of ?.;eQcr:trianthefym. %c f ij ’St k. ejagian has the five
valved type of capc"ile vâdoh on opening leaves the seeds 
ow pletely exposed. îhe sacesd eapeulc figured r . casdolleamsa 
(GasdoHii E«w » poaeriClesan Him*} feavlag 17 valves Is that of 
vSsr>mtheo nomeridiAam *». S. Br» 1*1 oh foxms the euhjeot of th is  
paper. KBimor merely r«siarhs that the seeds are washed cut by 
the rain.



more T9om% observations Imvs bom moflo by Bergsr ( l j .  
Be sUowed drops of imWr to f a ll  from s  height of ^'.otroa on to 
SB Oÿm ooprolo oM obtsisod a radial distribution of soods of 
BGom. âoîsséâ. (#}, la  »a seoouat of £ . i/gcuâotruag&toll..a3 Serger 
@w@g@8t*& that i t  i s  the weight of the fs llla g  drops of rain 
whioh ejoete the seeds Srm  their ooapertK&ats, m& distributes 
thoa 4a a eiro ls in the earn ooverod by She water aplaohing £rm  
the oa#oule.

Beoeut m rk  by B. 2. Bi'omi iZi led hiu to suggest that 
the structure of the capsule of *.oe«@briaathœun proveate the 
seeds from osoapiag too rapidl;'. la  oaeeo where mm-M'omm wings 
covoriaj the lo eu li are ahseat, the seeds oaa, deubtleee, be 
roaâili waehod out by the raia, siaoe are uaoovezed t*eu the 
eapsule valves axe opeuj where the loeu li ax# ooverel ia  the open 
caifGul©̂  however^the ©soaps of the seeds is  w re d lffieu lt to 
«3®la4a, aad. frowa regards the proble# as being s t i l l  uaaolved, 
although be oonsiders the washing out of the seeds 1%' x^n to bo 
l i lo ly . Ibis view agrees with that of Buter (7} Wio suggests 
that after tM open capsule has teoeme fille d  with water the 
eeoda are torn moÿ frm  the fuaaio'.iH by the fa llin g  drops. On 
account of the flow of the water thxou^i the immx chambers of 
the capsule gome seeds ore washed on to the uppci- side of the open 
fru it, froa whence they are splashed sway by the fa lli%  drops 
of water.
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H. K. îj. Bolas (S) i3 proîJabîy of tlso mim opinion tuai
8. B» Srmm i . e .  that the seeds So not omospo readily, for she 
desoriboo & case Wiere two yeuag p lan# of Saï-aaritix» Bomeridlaao 

B. Br. were found flowering but s t i l l  attoehed to the oopsule; 
the seodo having germinated la  situ  in  the lo e u l i .c a p s u le  e f 
c. .ftoaerldlam ». 3S. &■. hoa been ased la  the prosent 
Investigation of the anatORy snd seed disporsal meoh&alsm.
It is  one of the most oos^lloated types of fru it tmd a oasual 
«notfaination gives the inpreaeioa that i t  is  almost impossible 
for the seeds to eecapo, ezoept by decay o f the capsule *mH: a 
coBditlon which r̂ dght have arisen owing to over epeelalisation . 
Kowevor, a oritioa l examination in  the laboratory, using'carefully 
dividod esperineatal Botbodn, has Wwwn th is capsule to be a 
cost effic ien t mechanise for the dispersal of the seeds ty rain.

*
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II, JJesoriptioa of liant.

Si’O’om*© (4) obmerv&tloaB on the fru its @n& flmmrs of 
%0 8 emtri&athocum lad Ma to sp lit  w  the very large g«ats into 
& mmbor of now gmaere, of wtiich the îsonotypio gwus Garpaathoa 
is  one.

Cargsathca ?oaePidi3HA R. £. Bi'. is  a freely flowering 
ennwl w!iioh oeoure on »&n% areas and o'fxltivated lasj^s ©a the 
Gape leniaeala and adjoining aainlf«fc'. '21ie leaves, Wiieh ®i*e 
mostly radical, ore opposite, f i s t ,  and smeewbat smooaleat, 
ihe large (&*5®sb. diameter) lemon-yellow eoloured tM m m  are 
bom on ©reot pedilel® whioh are mueh longer than the leaves, 
but s*i«* become prostrate la  the fruiting otage. 'Zhe green, 
five  lobod perianth {"calyx") sïirroundts rx̂ < supports several rows 
of very amorous aloader lemon-yellow stasiiinodas {"petals"), 
within which era eoveral sows of yellow,©tmens, the outer ataseae 
being filiform  and without anthers. In the centre of the flower 
are 1 0 - 8 0  threadlike pointed »tl/saas, the aaabor being the san® 
m  the asaaber of loeu li in the large WZerior ovary. She staaens 
are at f ir s t  infli%a& to the centre of the flower, sad cover tîxe 
etigï-as. Inter they spread outward.® and expose the la tter . fh® 
©very, which io nuoh bx-oadar tlxaa doop, inoraaeoB considerably 
ia  slae after fe r tilisa tio n  and mturo® to £om a capsule with 
10 to 80 valves, and as many loeu li « The deta ils of the structure 
of tills  fru it w ill be given la ter . iWih loculos contains fi'osi 
5 to 7 B shaped black seeds, with minutely tutaoroulated te ste .



III . Morphology of the fr u it.

6 .

îh© of v&lvoe in tho fru its of Cgrstmthea is  very
varisble, »e om bo eeon fro® the following table whi#, gives the 
figures for 79 fru its that were

Variation to %. of rol^m  of trai%*
m* of if&ivm 10 IX 12 15 14: ID iCyl?

j
18;m

Ho. of fru its with 
ifcl5©T0 Me of valves* 4 19 12 9 19 6 1 ? 1 1

23j© table shows that fm its  with 18 valves are the moot oossaoa, 
but 1& aaâ 13 are also very frequent auobei’S. fhere is  m  
oorrelatlea betweea the slao of the fru it a»a the amber of the 

velvsa.
ihea the fru it is  oatw e asid toy the withered reaaiw  

of the oalyz. are v isib le  roual the outside of the fru it, and 
resaiae of stigBos aro eft©a to be sesa oa the tip s of the valves 
( , la te  I Pig. 1 ). m@ valves do not eorrespoad to can'ois» 
altW u#t they equal tSiees la  aasiber, for saeh rests over a septum 
aysa not over a ieeulus} heiMs tha halves of aaoh valve sr© formed

from adjaesat oorpels.
i'late I f ig . 8 shows? the owe fru it aft ex» i t  has bow  

easaadad in  water. Baoh valve (F ig. 1 C) has opened outwards 
espoaing on i t s  under aid© two fan shaped leo lo  (B) ending in  
long (B). heel is  attached to the top o f a septum
between two loou ll, starting: appronljaately midway botwoe» tiv*



o«atrcsl fijdls of the fm it  md i t s  outey wall, asjd roas tr m  thmics 
outwards along the wtâor side of a valvo for abo$t half i t s  length, 
after which i t  ia  prolonged to fosa a froo «am. îh» two sseols 
of oaoh valve ay® attaohed some dietanee apart, hat their inner 
faces eoîtverg», so that the free eftgas are in oemtaet for piorfe 
of their length ( a g .l )

She seeds are not easily  seen wîî<m the fru it opens, for 
each septum ( l ig . II 1) Is sp lit  vertica lly  and th® halves which 
are of a eartilRflnoua nature, diverge as® so areh over the loeu li 
(M).

She septa are sp lit  to the base towards the centre of the 
fru it, hut only throuj^ ahsnt half tholr height where they join  
the ovary w all. Ae the two Sseels of each paly are attaohod to th® 
two halves of each septum thoyas'C nestssasily #oa@ ftlstano© ep&rt 
at their attached edgos. ( f ig . S) Sh® halves of omoh seytî»  
are jolnod by » bbstow arch ( f ig . I A) Bltaated approximately 
midway between the centre of the fsasit and the ovary w all. In the 
fig'ire an arrow has hoes drawn passing under th is . îhe ercîi ia  
of a homy texture end servos to keep the two felvoo of ewh oepttira 
apart, b o  that they diverge and arch over the lo e u li, 2he 
e la stic ity  of the arch.force# the septa to i*eet above the' loctslus 
(ÏÎ), hut » narrow space is  le f t  towards the centre of tM oapsulo 
(F) and between the bases‘Of th® valves (G). Seede E«y often be 
seen through the fovm r  opeaiîig ( F).
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ÂM t W  looull hAV# m  roofs £) tho seeds m u lû ,

W osgoeed wMn the valves are r#flo%ed (Fto . l)
were It w t 1er the faot that the sp lit  eepta aroh over the loouli

E W. A l# o ü #  there Is  a m rrw  opWL% atovo mob
loouXus {11^ 1 Fi the a|3ortiu*o is  w t wide to allow the
seeds to #8ea#& m leos foroe lo  used, a© om easily he mmm, i t
one to d lsilaoe the meeds with a noodle,

hrotm found that when capsuloe o f oertalu  tppw were 

repeatoiil^ opomd tg w etti% , on eaeh oecaeioii a few seeds f e l l  out 

o f then in to  the eencer to  rdiioh the '̂ were plaeovU K@ eu^ îiOsto 

that lU'Ohahl̂ ’, under nat;n'al w ndltie n s , a t m  seode onlF are 

liberated  oW i ito e  the oapeille opons; th le  he eouBiijssre to  he an 

adaptation to the dry e ito a te  *’for i f  a l l  the seeds were shed at 

ones and the eutsefuent r a to fa ll Izm u ffio lw t to en ello  the 

eeedllBGe to eot&hliGh the:,; %9alyes the effo rt of the plant would 

to wasted for that year*^. (3  *oX* 90 p, 193),
I f  a closed fr .iit  he out vortlo& lly m â  rad ia lly  he tween 

two v^ voo , a lomil'ec Is aeon to  section  (Fto* llD.W.on the f n i i t  

i s  mature the hardened walla o f the carpels separate from tîie central 

mcls oi colm m lla o f the fr u it  (Fla# 1 mod 4) ,  -mid also  to  a ^ r̂oat 
osctent from each other/beo&UB* the septa are s p lit  to th e ir  bases 

to  tho region o f the eolim olla ,

The free folliclo^like tip of each oarpol roots upon the 
oork̂ ' oolmella, and the base of each carpel is eleo to a groat 
o%tont detached frou the corky floor of the every. The placenta 
is eituatW on the floor of the carpel towaxxia the periphery of the 
fruit; and attached to it arc numerous very lon̂  ̂tm a X ‘ul<\^^ often
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twisto® together, some bearing r l #  eseSs, ethsKfimfertllisccl 
wl there® evules. >%» mssff as ? ripe eeede may ©«ear ia  a slagle 
ioo’oJUiB. The fUHioalîU, are so deile&te that tha relatively  
heavy seeâs are eaaily brotei essray» aa& i t  is  Beareely gemsible 
to rtmove a eea® with i t s  fualeulus attaoSioA.

In the toy fru it the heels are bar® an® woody enâ 
oompaotly folded under the elosed valve (Fig. 3 ). %e ereh (A) 
joining tho halves of the septum extends Joist beyond the point 
of attaohnent of the keels.

%@n the fru it i s  wetted the keels absorb water mi& 
expand rapidly. They unfold lik e  a fen, and force tM valve 
apsmrd* and outwards until the fru it is  fu lly  opmi {lla to  I 
Fig. &)• On toying the keels sontraot, sad the vssIvoe close 
again but arc ready to reopen under sutiable conditions.
( ila te  I Fig. 1)
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I

IV, Stxaeture of tho axpai'jâiHg I,o0 le .

An oxgBnûiag keel with it s  mm can bo em iîÿ  iom  otS 
fros tho v&lvo, aad it s  etruoturo eæastslaad after wimtlng la  
water.

tho 2toel Is O1Î0 ooll in tiilckaoss (Fig. 1%) œsopt 
olo%; tho lino of I ts  attaohront to tho valve, s*ero i t  is  several 
co lls  thick (Fig. s i ) .  Til® free o%© Of tho koel is  serrated, 
as the nfirelaai so ils  bavo frea tip s which projsafe irregularly 
( f ig . V). Ia surface view tho keel la seen to he oompesed of 
c e lls , the free surfaces of which are rhomloldal in shape, and 
arranged so that the Kmg ssdle of each cell-foae is  parallel to 
a lia s  jc ia lrc  the point of attaohnent of the keel to the free 
e^argin (?ig.V ). 1§Q/̂  is  m  average length for the longer axis,
the shorter aaio bolag eppro:«li.;afeely 50/"'. the c e lls  therefore 
appear to radiate from a boxal lin e of attaeh&ent and give the 
iaisrosslon of an open f«a,

The free sorfaoos of the ce lls  ore sofaowhat convex, and 
ov@:l%/ sligh tly  lik e  the eeales of a fish , the free tip s of esgdi 
c e ll  being prolonged into a small spinous prooesc (Fig. 7 1 ).

Bach ©fill çfflaposlîsg the keel, in the region in  which 
i t  is  one c e ll in  thioteeas. has tho sh®^ of aa ohlitpe prim , 
with two free rhomboi&al faces (already deoorifced) and four faeee 
in  contact with adjoining c e lls . Tlie la tter  faoos are 
cosapara«lv0l i  tlUn and lig n if ie !  and «11 are densely pitted over
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abO'ut ImXî their w m  {Fie 6 «M 9), thu© faellto ttoa  tW ra#l& 
p&aenge #f w ter frw  ©ell to o e ll, ^éiorom tW t%w *rc0 
rîmihoidal t i^ m n #r# wltiiout #1&8 . to aâ&ltlon to the 
mXlB» ever̂ " #$11 haa a tiJLok ©ecoMw^ of law ltoted

oovwtog it© toner faw , and almoat ow pletel^  
oomXdXn  ̂ the 1mm# Wt i^ith the rematoe of the protoplwt © till 
oee%#ying the oentr© of the m il. The #ueil%^e versr readily 
ImhlWe %mter tliu© owwto^ the e î̂ -aneiea of the keel. It Wemw 
hiue to  w lew  when treated with ehler^sii^ to&io&ting
that i t  1» e f  a eellu loae n atw e.

The aaatomloel etruetnre of theme eellm is  in  e lem en t  
%dLth that deeerihed ?on uuttesnberc (6) Tea? 
rhoaWideum Sato %ok# eW. hj hnher {7; for Jf* liiciw&oforme. 
too fXgm*0B (F%. ê#6#9) of o e ll structure of the keel were made 
f^m fillip  tohihed eells#  end contracted the tism ie i s
thrown into fold# end mdnklem end i t  1® d iffic ta t to diotin^nieh 
todividurJl c e lle . la  a remilt# i t  ia  toj/oaaihle to give 
omp.»&tiV0  maaa:ir0#enta of @1%1# w ile  in tho and to the 
toMhod ooM ition, Wt aome idea of the do&reo of expansion 
he obtained bj comparing the width of fMf a piece of keel tisane 
to the dry and to the tohiW l sta te . f ig . a ilinatrateo the 
ewapwative sizea o f a piece of the tool nounted to (a) water#
(b) %(& alcohol and <o) pwe glycertoo. In the f îMy imbibed 
condition the keel ti»ëm  ia approztoately 4 ttoeo the length of 
the Bm0 piece #&en dry# It can be seen frm  tho figure that 
tooreoBe to also takes place aliwet #ntiiy?ly in. a direotion



IX .

to tbo mwglB of tbo li»ml la  tba best illreotion  
for brlaetae about the opouln® of the caysule valves.

Shch of the two keels io oeg&rotoly %tt«u*ed to the ~
valve by & apeoiallsod oolourlos# 'basal tlsoue Whloh is  several 
c e lls  lE thleJaiass (Fig.9 » ). The koeâ ea lls rostlag upon thi#  
colourless tissue are smaller, with thicker walls mW are darker 
brown In coIO'ît thim the norrial e e lls  of the keel. Soward» the 
apex of tho valve, those aodifieft oeHs of the keel are 
prolonged to form a free awn composed of very elongated c e lls  of 
the same type.

She auporficiftl c e lls  of the basal region are irregularly 
lobeâ and their colourless thlok walls have well marked p its ,
(Fig* 10)I below th is layer, the aore deeply aeated c e lls  are le ss
lobed bat have sim ilar p its (F ig, 11).

rï“!r . 0

■Sis

feist"
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f .  tlw 8004,

thé seed# &re B êh ĵmà mê. mm^rmBùâ with
& mugh very Melat&at $e©ta# .flat© I f ig , 3* i© m  ©Wious
external tn%o& ot the mimoMlo te t the eeeâ hhùm & tubercle m  it® 
stra li^ t margin which mark# th# paint e f  attacW ont o f the 

fimleulua, (?lg, IE ¥).
The o il  oontiaiiiinc mhiyo (Fig 13 *} i® #iirv#4 roxmâ a 

steroîi containing parmol.5ym 3» interpreted by Htiher (?) a© perieperm, 
to aeetion the epMersii# of the ew4 ooiisii^t» of m ils  ©pproztoately 
Oho lo%  by 30o high# v/hose outer w&lle are otrongly eoavex, fh l#  
outer wall of the epiiermal ce ll i#  three layered | ozterimlly there 
i#  a thto ooloui'lee# cutioular skin# thea a dark brmm region  

approzimately 1% thick# while the jUmorDOot yellow lêh brmm layer 
le  alee 1% thleh# The limen of the ce ll is  eompleteiy flU ad  
with a reddieh brow eubetanee,

too e-tbepidermml layer (fig, 14 X) 1@ oonpoeed of 
reot&niguler cello la m o t i o n  long %  lûu high, toeao oolle « #  
empletely filled with email crystal© of oelolun ozalato, The tMrd 
layer ahow# oelle of elMtor sieo mà forfi but their walle ere thiohor 
aa& their oouteata dark brown in oolour,

too wall© of a ll throe toyerm ere etrongly euberised and 
ere unaffected by oonoeatmted «ulphurio acid; their uolour ©hows

/V
them to bo 8tro%lF topreaarmtod with ttsMn,

Aooording to Huber ( 9) the two outer ley ore of th© testa  
are derivod froiü the outer while the third lajg-er Is
derived from th# inner integument,



¥%. Remit#,

A knowledge o f the atrueture o f the fr u it o f 

give© l i t t l e  or m  todl oat lorn m  to tM  mode of seed dioperool. 
la  imtff a more latlmmt# knowledge of th® ^erphology o f the fru it  

of^pletely jm t if le e  ÏÏ* E, Brow*® otatomoat that **they would 
sem  to he opeoially deelgaed to prevent the moû. from eaoeplag^, 
(3 Vol. 90 f# 101) # %p^ftoeate were therefore smde to  

dotermlao whether fa llla g  water drop# would emme e je o tlw  o f the 
wed#.

lba;ertooat I.
A dry espmile wa© f lm l by it#  stalk late & small dish

of paraffin we%# &M drop# of water were allowed to fa ll mi to
i t  from a h e i^ t of l̂ » ?W. The oapaul® valve# opemed, and a# the
drop# otruek the interior of the eapeulo  ̂oeoda were forood out
mâ carried to & diataaoe by the aplmhing water. meh oeod was 
ejected so quickly tîiat i t  m&# not po##ible to to ll whether i t  was 
forced the looulua ttoough s l i t  F (Fig. 1)» or ^diothor the 
teope fa llin g  on tho centre forced tho eeod# out laterally  
tlirourh © lit G. fha drop of water which dieplaee# the seed from 
it#  looulm alee# on eplaehingf oarrles the seed to Bom dietanoe 
fiom tho oapmle. All the weed# {about 36) were diepeiikod 
v/itîtoa 20 mil#, of tho drop® beginning to fa ll , liaoh looulu# 
wa# aftexmrd# explored with the point of a noodle in oider to 
make certain that the eapeule had been oempletoly «p tied  of eeede. 
This ezpertomt eliw# in a simple we$" that drop# of water fa llin g  
a m  a h e i# t  are moot efficien t in  med ejeotion.
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A was opened, by to water, m  toat It#
umû& were m t  dlmpl&eM, sml after the marfwe water had. Worn 
removed, melted met woe run toto #m emtrml deprweiea of the

14,
fru it, arauud end a&eve tW eelto..ieito* Fig. i .  toto hm the 
effect of etoeing theee epentoge. of the fe iiie le e  (#} which are 
directed toward® the eentw o£ the fru it.

to  thie eapmtle 9 eeede timo v isib le lodged
at toe outer op«i^*ge of the follieXee Mslym the fr%%it wee fi%»et 
opwmd, wfjien the opem ow^ul# w&a put under the fa llin g  water 
d*'ope theoe-9 eeedo v/er̂  immdiateiy eplaehed out, Wt although the 
e^eri%##t coii^imod 20 mtoe. m  other seed# were rmoved.
On removal of too wo%, however, eeode immediately hegea to ooee 
out mad too oapoul# w%# ooapletely em#ty to Bt mtoo* from the time 
that the izmor apeutogo to the fo llio lee  had toon freed. toi» 
rooult todioated tW t toe &eede wrmmlly oee&pe toward# the ©entre 
of toe oopeulo, mà a further mperimemt therefore devimd to 
prove th is.
.A;:- ' %P#ri4:üOnt... I l l  .

A small alrolo of trampw^emt eelluloid ww out to for© 
a oovor fitting ezcatly toe oenii'al depreeeiou of a fru it. ■ 
cover wac held lu plmoo, over the deproesiau# 1% a pto p&aotog 
through ita centre and toaertel to the oelumella# i mall piece 
of eoaitoc wejf m w  applied, to prévaut the celluloid cover im m  

slipptoj down too pto. The cover %fm adjwte^ m  that 
euffioieat room wm le ft  tor  too Goods to eroape- free their omr̂ âc
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into oup-Xito centre of the fru it tlvmui^ the oXite at 
i t  prevented the ejected seede from Wing carried ewey $pX&9hl%% 
water dropB.

-,, -: A oupeuXe treated in  tb ie rnmrn̂ r wae placed mdcx the 

dripping water'# After three mimitec the cover wee removed end 
many ejected ©code wore foimd lodged mmlomcath It#

These exporimente (II  mâ. I l l)  lead to the oomXmim 
that the see do are forced out through the s l it s  opening towards 
the contre of the fruit# A X&a%e drop, fa llin g  with erne force 
into the XoOiUmue ihrovk^ the opening G (Fig# D^dtlves th# seeds 
through the v&Xve l̂ike aperture F ejecie them towmds the . 
centre of the oapeale.

|7 .
The height from #%ich the drops f e l l  varied te  order 

to see ’C ither there was & lim iting height Wlow which the energy 
of tho fa llin g  drop was insufficient to hiding cut the seeds. i.e*  
to force tW.1% through the elastic valve-^llke aportm'O i# Ho exact 
lifâit was fotmd, for drops falli^ig from only •fe# could eject om 
or two seeds from a capsule. It ia obvious  ̂however, that there 
may be a few seeds loosely placed n e»  th<* ope%ln,gs of the fo llic le s  
and these would need far le ss mer^y to disperse thw than tîiose 
more firm # lodged at tho base of the oomparWents# for each 
height a few seeds were displaced but only when the drop# fell free 
a height of 1*9W or more ww the /nechanism really effective#
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With drops fa llin g  fraa thlo h e i# t  4 eemde were shot to & &àmtmoo 
of over to . ^ith drop# fa llin g  fro# Bm. the furtho&t êietm oe 
a eood wm observed to travel wm *#&%. It iu teterestlns to note 
hero that Berger (1) when allowing drop© to f e l l  tmm a height of 
2m. obtained a radial ü e tr iw tio a  of *W, mA îlubtr obtained a 
diatriW tion of over 1 metre, but tW:$e dêeta-jwem were obtained 
with other types of fru its .

Diaeootion of the oepmile #iioh had Warn %®e4 for tW 
aWvo test# showed Z eeeda s t i l l  lodged at the bnees of the foU lcles- 
It is  probable that in mature Z or 3 eeede in each esg^ule may fa il  
to be ejeeted by rain In nmeh tW eafie way. They my he so ti# itly  
lodged at the base of the deep fo llic le#  that tho falli^!g rain hae 
Ineaffieiw it oner# to Love thm . irobably It was eomds #uoh as 
th&BO that gave r ite  to the two plrmt# that iSoluo (E) fowiA flowering 
but s t i l l  attaohod by tW ir icoots to a oapsnlo. Althowih this may 
happen ae an exceptiom^the experiwnts already deaerihed EWw tw t  
toe fru it of Oar^anthea I'omoridiana i% ata eastraodinmrily effeotivo  
#ecluu'ii#s4 for oeod diopereal.
■"-■'■.•<'■ m#oe experiments f&too disprove too ilea  that only on© 

or two ©eedo are dimpèrmed each ttoo the o # eu le  opens, as 

H# S. Brmm (3) suggested. Rwps fa llin g  at toe rat© &f 30 a 
minute w ill open a oapm l̂e mui diapers© a l l  it© seeds Ui fO mina, 
so thint a heavy to%Mer#te%% could aeoemplèsh tM« in  a much 
shorter ti%©. It ia obvious that a fin e or drissly  rain w ill he 

in effeotivo , for although i t  w ill cause the capsule to open i t  w ill  
not neoeoe&rily diaper#© it© #eo4&.
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tmi drapa af m tm  4ir@otly Oîi
to <m@ of these ospsules w ill  bring about it© opening, # 

oaturatod atnoophore even wWm malntalwd for 3 or 4 hours, h&o . 
toon okWu «porteontaXly to be unable to bring aboat mg opening, 

êom aaloulatlono have been m.%do In Gommotloa with the 
above ezportoeato. In the laboratory drops of *E#om. radios 
fanning from a height of 196 oa. were e ffective  for aeed diepereal. 
% meow of these data the lim iting veXooity of a drop of th is  

e lse  was oalo ilatod, mû alec it® velocity after falM̂ %g tw o u #  
th© dlstmaoo 178e: .̂ Kerne© knawiug th# mwo ezWL velocity  of a drop 

whito had been shown experimoatalXy to b# effectiv e  for seed 

diaperc^il, the tocp .bringing about the ^mo
e ffe c t , whm traveXllU{:i at i t s  lim iting velocity  was calculated.
(on the asmmptloh that the energy of the drop is  tho determining 
factor in the ejection of the eoede). Actually the viscosity of 
the a ir  is  eo ©aaXl that i t  i s  imXlkely t te t  lugr drops attM n their  

lim iting velocity  before reaching the earhh. Goma##itly the 
amalleot drop which weuld be effective far seed diepereal is  larger 
than that calculated.



The data were v m â  i n  the

^ limit 1 %  velocity of expérimental di%. 
r «" rWluB of expt. drop  ̂ *269 oas# 
m «* mm# of * «  ̂» *yùX5 gyo.
g.w aceoloration due to gravity « 082

vS ̂- vlsooAlty of air  ̂181 % 10
y  ̂ 01:9tance fç.5lIon by axpt* drop - 170 <aas.
V «• velocity attalBcd by œyt'drop after falling distanceof 17h # 1.
a « radius of staalloct drop CApubls of producing, seme result

•̂ hcr. fslliû : at its limiting velooity,
i>Ui3S of drop of raûi-i.B K 

î̂ /vi= limiting velocity of Ircy \\ c:C radius H 
yo “ dcfmity of water 

<5̂ ̂  m  ̂ ♦* air
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forrmla aipllcd to the lteitl.%
velocity of tho exycrtecntal drop, in eo 4ol% mw
takem m  unity so that

z.

ÎÎ ' " 6 0 ^  K  'iC '*
T 'TTr^:~~ix^à

A&t  ̂is  vory n̂ iiOll we rmy get the velocity of tha 
(11*0%)® by

2) ? %;©
V

A %ô *e fo%Tiuto tohlr̂ v. vl80o$ltz-' IntG-Aecowt le

R£  ̂ Rog i  4 &r  ̂
y ^

v/hore <£_ « % *■ V

u@(l\iOod on the &ee%%:tloa that the n̂a»B o f tM /U'Opf" Ir ttic 

BMW# in  üiOtXon I . e .  ;saa a% l#otl%  the aa«o of tM  alr owrlod  

alo% with tho lro%.;.



il 3  S 2 
v»-

006719 - 1  ̂ ^

V
,  2
X Vo

V "'::C6 7 1 3  % 0 7 2 6 0

V f\ne» '"

which ùc:Tom with tho roc,ait oh6e,.Li#& nlth formula 2) wki tearoforo 

G;iOtr; tlmt the vioccoity of the d r  is  A m%;llgiblo factor whon 
:'odto; with such a short clGt&aoo#

Tl̂ on 3loco,

- | 7 7 . g | ^ j ^

/ /
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i§ ) divide m in  drape lata tho 3
folXowimg o X m m a ^

t i m  r a iB  •OlBD oi;# r a d lu a

moûiim ” *15  ̂ ^
heavy  *3  ̂ f

Aesordiag to tom oalo Xatlon ;%&&© above *0644 omg. radii# 
is th© 80all@»t ©too drop that will bo #ffeotive. Comparing the 
effective otee of m l n  drop, found by c&loul&tiwg with the ahove 
figure® we find that it nooorda with, the r«ada
previously ^ m m l ^  that ftee or rrJut tall be Inoffeatlve^
for although it will oauoo t W  capsule to op#i it will not mooGearlly 
diapez'sa its umûs3^, tlxna rain if falling frors a great

o r  *^hoavy^ r a i n  f a l l i n g  o n ly  & o h o r t  4i.g tm w e  w i l l  b r in g  

a b o u t o jo ü t io n  o f  th »  ©eods t r o n  th #  o a p # \ 'lw .

Among o th e r  caOb^orteoRt® d e s ig n e d  to  th% w  l i g h t  on tîm  

a a tu r o  o f  th e  v a lv e  c ieo h o a im  wore oone in . w hloh t h e  r a t e  o f  

nove^Aont o f  tW  v a lv o #  wm o tu d iM . f a r  t h i s  p ia p o e e  OApsule& 

w ere o a t  up mid p o r t é w »  o f  oarpt^lo  m d  a tta c h e d , v o lv e  am i k e e l s  

o sed  m p m m te ly . a  fiaso oapilXtisry p o im tw  woe a t to o h e d  to

th e  t i p  o f  & v a lv e  a;id torn t i m m u  f i x e d  above & p r o t r a c t o r  by m em # 

o f  & p in  i n s e r t e d  t h r e a p  th e  baae o f  th o  was n eed  to

p re v e n t  th e  v a lv e  from, ©lippin^^ r-omid on th o  p i n .  % e  d ry  viiJve 

wee mTWi&od eo t lm t  th e  g ln e e  p o in te r  l a y  a lo n g  th o  o“ l in o *



th0 %hm o a w w i vplth vg^ter %%h&n t t e  k w l  e%3pAm<̂ 6

mW. rot&teê th# v&lve m  tim t the ^m&ml %v@%' the aqale

'\mtil i t  0#:e t e  re@t e^i^i'osdnmtely over the l l w ,

., valve# were fewW. te move lOO*"; &itho%a*̂  vt&zlatlene

mWve or Wlow tM » v&lve oeam’ireid. 

s&e d letaaee  whioh the paiiitei^ waved mw ev#r^

h a lf  lim ite#  am& ias th i»  tiw  ra tee fo r  valvoe were

eor##redf Volve# fr m  tîw ew:̂ e âjp&rtle were fo;izWL ter behw e 1##^' . 

Xi^e marner» m t <tiffor<moei.- were foxW. 1% the o f  vaXvee

frozA d lf f e r m t  ear&..'Las, & gMer&l v;4e tho rote o f  ;i;ov%ent

imoreaee# im t i l  axa a^pro%l;;atelj vertlorj. la  reaohcd$

a fte r  «rhloh & r̂ol%*aX sXbvttê  o ff  oô -̂ Q m t i l  abo%t 1V&>.
A fter thlm poi^t the m to  i s  o ften  so alow an to  W alraoat 

imperoojb :itXa,

flio ra te  o f  moTomeat w&e fcm d  to  i:aere&ae with r i s e  

o f  tenperatw e# M g 14 ehow  a a;raph i l lu c tr a t i i ig  tW  

lohaviour o f  the aoRO valve ikt d lfforau t te:s;peratureé'* ' -At 1D#%*G. 

the valve took 16 %i%Ë to  move thro:i#t loô--, while at 3? 0 th e  t i w  

t&lwm W6@ m ilj s in e . At ai%h tm^oratm'oa the ra te  la  not 

QXù̂' hi^hor ta t la  w r e  vsil̂ ox̂ p than a t lower t<x:i/sraWrea; a  

graph o f  the foraer ehowo a s^mth ataep a%.rvo$ while a'^.irva o f  

the la t te r  i«  v erj Irro^ptXar ae w ell a&a Xoi% irooh f la t t e r  (Tl^:.14)



lerhapa tM  mat atrliUAg m&uXt ef #&1# laveatigatiaa
le  the ^ï'aotloal Oemümtratlen o f the oxtm&t to whloh the oaproXo 
of wsri>ni:st^^ in f itte d  for a type o f aeed dloperoal hro'o^ii atout 
Ig fa lliits  ridLu* Alcoet a ll p iw iow  wrlterc have ooiamwted 

thô K&.#amer in waleh the aeoda am mwlowd ty the oarpole,
!W, ham a olow tmi #i&dua% empt^loig of the oapeule %
nuaoe^lY^ or eve:i liberation of wo&o ty decay of the
oap0Ul# i#H , If i t  iM lîOrn In Hind that tiio plant 1# am 
It w ill be readily m m  that euoh a #low mode of diwyereal would 
not W favowratlo# fko plant, roprementod only by good# dw ine the 
dry C#e mwt toko fu ll advantage.of the rcli%; winter

for it© v&aet&tiva roiwduotive activ ities; and 
8%ffiGi@3& swA for the ooatimwktioa of the speoles %uat be formed 
before the toy eeasozi cigala e^pro&ohe::. As the onpr̂ U-e natures 
th3 pedmwle beeenes i,reatrAte the aroad fla t base of the
oapeule to r#at 'Ŵ',oa the r̂o-uü-i, the eepsule velvet- thiw belag 
ilroet@4 * % ually the ortpsule rouatrua in tM© position,
attaehsd to Ihe withered rea&lae of the pweat pl%At, mid i t  is  
omly thus that I t cm  function properly# I f the capsules beo&ne 

detached tW  blown about by the wind, msay of thera would se ttle  
with the upper portion of tha oapeule towards the c o il, to  which 

owe the Bce&G oAuld not eoo^pe# r»or?aalXy, however, the fir s t  
rainstoMs find the cspsulos s t i l l  favorably orientated, with 
their broad firnly bedded on the so il, sad their valvee
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d i r e c te d  to w e rto  the- c lo u d a , t o  Wzi#^ '\T^' o f  t h e -

dmps xiill ooipletely thsfe. to -a fw  tttouMa*
Im this positicqi the vil-ïole em r# of the falling drops 

1# available for &ce& the o&p&ule& b&l%& && & firm
base Û0 m% &iv& wry l€Oor:o toouẐ ed ov#: by th  ̂ loroç of 
Impwt, m# they etsad .every ol-am-e of tfom&iap oomplololy 
OBpty id & few &inut%a.
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/. The GwpantWa t r a i t  turn from 10 to B0 carpels, 10 and 
13 Wtog the most frequoat mmWro.

>•,

/. fho vaivoa the oarpols in n&mhor tod are over the
eapta, mot over the loouli.

v/. th€i septa are split, the halves diverging and so 

r&ofla# thé io o u li, wo that the aeeüa are almoat Iwrlelhle whom 
the Valves are opô i#

Iwo are le fi*  0.;O betwow eaah pair of valves,
and one towar̂ la the omxt̂ i-fel «odLs of the frail# :%3̂ ri3omlo % 

show 'Uml the sovde o%oaî  by the latter apertwo ô Ay#

vT the seohe la & eapoiale ere M ahily clisporood in .

a short time (10 to 20 mimktm) % fa llin g  raim toope, wmtrary 

to prevloiw muppocltiom#

/  Ea&lal uistributiom of aoede* to atout 1 metre from 

the ORpoule, is ommod % drops of w&tm ai,p&o%iwitely the si so 

of the drope dw l%  heavy r*%in#
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/. A calculation hm \mm made to the &l%a ©f the
w & Ilw t r&la drop Im mtw© aap&ble of efflolem t ejootloa*
fhla WM found to he a drop of *06 m.* Wtlim, wd. eorroaponda to 
*:aedlim  ̂ mlm to mat w o . Mm rain fall©  to eject seedo, Wt 
eausess the oapoulo to open. The eapoulo romai» closed la  damp 
a ir .

<f. Each oaf s'i.4 0  valYo has % hygrooooplG keel# oompoBod of 
mwllago contatotoA: co lic , which ImMbo water readily and thus 
hrtog atout the rapid opening of the valve. The time reaul»4' for 
the coîftpleto oponins df the valves dooreaoed with rise of 
toK^peraturo.

 ̂ -the rate of opentoc of the valve InoreaaeS œ t i l  the 
valve Is half opon, beyond thin the rate decroaceo tm til the fu lly  
opened ooa&itioa la  attained#

The material w ed for th is  Investigation %o oolleoted  
by one of the authors from 3tollmibosch Mato, South Africa, in  

Womber, 1930.

In mneln&imi we wish to thank Prof# «. Wlloon, o f  

Bedjdtod College, for hie help with the a&thoaatle&l section.
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^cqohldtlleho ';atw8u#uut(';eit ry .;îe»«5brlmitW:iW
pa#Mi0trmoatc-llirù larger. J, Oeeells
4.urlivh 70j IvEü,

10* d1SM:ïïlBl:Ki'*i ih>w elnlgo i^AChtgehausc, die tore Semen imXolge
von r%%l&:xec.. u. Icnteeh hot. M. 1, lOOE.
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Fi-» X { %
Burface view of «n cpm fru it toowlng two vmlvea#

A. îiorny arch wliloh toeya tlxo iwc halvea of the wpt%$n âpnrt.
B* HygrOTOcplc We%.
G# T&lv©*
P. Awa.
3*. $paù8 betwcrni the # o  halves of # e p iit  meptxm#
f* 3p%co above iou u iw , tw&riW the ew tra of %tm oo#$̂ 'WLo, through

which the eeed^ are ejected#
0* Sp&oê above loeuto# bcWma the b&aem of to# valve®.
B# *̂"' wWre wpt& are together aWv# toe le^ulue.
i* Gmitral colam#

f&agwitlfA mM iùn  o f open fruit#

J . "^"^ÿuhioulue.
Bed*

Xr. S#pt%.
M. tooulue*

t .:s.  ̂ V.
VertieeO. mà radial eectiom tiwmdh olomo# fruit,, ohowtog 
a loou lw  Hm  ©eetion*
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¥«rtleal aad 3?aÆlal seotiosa tKrwi# optas fsuit

...I

Burfaw r im  of ce lls  of hygreeaoylc keel In the AOly 
expaMed oostdition.#

ri:> r i .  ( X 2 0 0Ï .
Verticî*! 88#tiGB of a ©ell of a fully koel -
shot/tos the pitted wallo# {the cell contents a m  o.̂ xltted).

Horisontal ecotion of keel#

K. a ita  In tfeo v#rtlo#l wall#,
H# WGoUstod mucilage,

A ûjJOSIîJLE-ZLJ.'
©utXino ârm in i^Q of the e&AO piece of Wei tieoue i n

a) water
b) alcohol .

c) pure glyeerinc#
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T# ù* o f # VfAve to toow tw  of tw  k##l^.

14. .'pooialieed oolowleo# booal 
ü. 0î valve#

StirfMO^vicw of bas'A tlùcuo o f W ol showlz% the 
Irre^ulm'ly lob#d and wM  Kiarlgod p it#.

— L.EA£sbl*
VertloAl section ttoôu,::hf tlm apeoi&lleed WKal l im m  
of the W ei.

Furfac# r im  o f cood oWwtog Ite  rough te sta .

?. TuborcXo whioîi ioar3:e tho potot of attaoWont ot tho funtouiue.

VortieeJL oooticm throu^i tho oeod.

3. T esta ,

'■ ♦ Lurvod OT.;br%ro# 
u
V. Starch oontalnltit-: paronciiyna.
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....

Beoti&n 0.t testa* 

w# %idôrmis 0f testa»
X* $ub-spl6emlB T'Wae ùoH# cw taln ©ryetal# of calelum iamatote.
t* TMrA layer of t*8t&,

Graph Of the rate nf movem#it ot  the ea@s# vclvo at 
aj l&'&^a. %) BT̂ G,

/'tote- I

CXooeâ fru it.

mwi*
O pm fruit.

Fto# I I I .
Seeda»
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