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(4) E vidence is b ro u g h t fo rw ard  th a t  is n o t inconsisten t w ith  th e  idea th a t  

sa lt ab so rp tio n  by  s to rag e  tissu e  is d ep en d en t on ionic in terchange.

(5) So fa r as i t  provides an  ex p lan a tio n  of how  th e  p erm eab ility  of a p lasm atic  

m em b ran e  m ay  be a lte red , th e  collo id  p rec ip ita tio n  th e o ry  receives su p p o rt 

from  th is  w ork.
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Perforated Ray Cells.

B y  L. Ch a l k , D .P h ., a n d  M. M. Ch a t t a w a y , M.A. (Im perial F o res try  In s titu te ,

O xford).

(Com m unicated by R. S. Troup, F .R .S .— Received February  8, 1933.)

In  certa in  woods, whose ray s  have extensive un iseriate m argins, an  indiv idual 

m arg inal cell m ay  som etim es be m odified, b y  th e  perforation  of its  

side walls, to  connect tw o vessel segm ents on opposite sides of th e  ray . 

This fea tu re  does n o t ap p ea r to  have been previously  described though  i t  is 

b y  no m eans u n co m m o n ; i t  has been observed b y  th e  au th o rs  in  woods of 

m an y  w idely separa ted  families. I t  is lim ited to  woods w ith  p a rticu la r types 

o f ra y  an d  vessel s tru c tu re , b u t its  occurrence seems to  be p rim arily  deter

m ined b y  th e  m anner in  w hich th e  vessels develop.

L arge ra y  cells w hich appeared  to  have scalariform  perforations in  the 

side walls were first observed b y  th e  au th o rs  in  th e  wood of Lacistema aggre- 

gatum (Berg.) R usbv. (Lacistem aceae); exam ination  of m acerated  m aterial, 

fig. 1, has shown th a t  th e  side walls of these cells are exac tly  sim ilar to  the  end 

walls of th e  vessel segm ents, and  though  i t  has n o t been possible to  dem on

s tra te  th e  absence of a m em brane, th e  au th o rs  are convinced from  a  careful
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Perforated Ray Cells. 83

s tu d y  of th e  sections, th a t  these walls are  ac tu a lly  perforated , an d  th a t  each 

form s a link betw een tw o vertical series o f vessel segm ents. The course of 

the vessel is u n u s u a l; in stead  o f con tinu ing  up  an d  dow n betw een th e  rays, 

i t  periodically passes obliquely  th ro u g h  a ray , a n d  continues on th e  o th e r side. 

The ra y  is usually  un iseria te  a t  th e  p o in t a t  w hich i t  is crossed, an d  th e  ray  

cell involved becom es sligh tly  swollen, ra th e r  in  th e  m an n er o f an  oil or m ucilage 

cell b u t w ith o u t visible con ten ts. T he la te ra l walls are  p erfo ra ted , so th a t  th e  

cell resem bles a  very  sh o rt vessel segm ent, an d  p resu m ab ly  functions as such. 

F rom  th e  position  an d  shape o f these cells, how ever, i t  is clear th a t  th e y  have 

been derived from  ra y  in itia ls an d  n o t from  fusiform  initia ls. A tte n tio n  was 

first d raw n to  th is  phenom enon b y  th e  presence o f scalariform  b ars  in  th e

F i g . 1.—Macerated material. a an d  6, ra y  cells  of Lacistema aggregatum R u sb y , sh ow in g  

scalariform  p erforation s ; c, d an d  e, Ptychopetalum anceps O liv ., w ith  s im p le  per

fo ratio n s. ( X  115.)

walls of cells w hich, from  th e ir  shape, ap peared  a t  first s igh t to  be oil or m ucilage 

cells ; sim ple perforations in  such cells are  obviously  m ore easily  overlooked, 

an d  i t  was n o t u n til a special search was m ade th a t  th e y  were found to  be by  

no m eans uncom m on, an d  to  occur in  woods of several d ifferent families.

In  th e  following accoun t of these cells, tw o woods in  w hich th e y  are num erous 

have been selected for descrip tion, Lacistema aggregatum (Berg.) R usby , in  

which th e  perforations are  scalariform , an d  Ptychopetalum anceps Oliv. 

(Olacacese), in  w hich th e y  are  simple. The sim ple perforations in  Ptychopet

alum are shown in fig. 1, c, d and*e ; th e  cells are d raw n  from  slides of m acerated  

m aterial, an d  th e  tw o perforations can  be seen on th e  opposite walls of th e  

cells.
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Fig. 2 shows outline draw ings of tw o pieces o f tissue from  m acera ted  m aterial. 

The position  o f a p erfo ra ted  ra y  cell re la tive to  ad jacen t vessel segm ents in 

Lacistema is show n in  A. A vessel segm ent a lies over some ra y  cells, th e  ray  

is passed  th ro u g h , a n d  th e  v ertica l course o f th e  vessel is co n tin u ed  b y  th e  

segm ent a' on th e  o th e r side o f th e  r a y ; th e  ra y  cell b shows tw o scalariform  

perfo ra tions coinciding w ith  those o f th e  vessel segm ents a an d  a . Fig. 2, B, 

show s a  sim ilar piece o f tissue from  Ptychopetalum ; th e  vessel segm ent a lies

^  L- Chalk and M. M. C h attaw ay.

F i g . 2.—Macerated material. G roups of un sep arated  ra y  cells  an d v esse l segm en ts :

A , Lacistema aggregatum R u s b y ; B , Ptychopetalum anceps O liv. (a) vesse l segm en t, 

(b) perforated  ra y  ce ll, (c) ord in ary ra y  ce lls. ( X 75 .)

u n d er some ra y  cells c, an d  a t  b th e re  is a  ra y  cell w ith  tw o sim ple perforations ; 

th e  p erfo ra tion  seen a t  th e  lower focus o f th e  m icroscope (shown w ith  a d o tted  

line) coincides w ith  th a t  o f th e  underly ing  vessel segm ent.

In  m acera ted  m ateria l in  w hich th e  ind iv idual elem ents have n o t been com 

p le te ly  separa ted , i t  is o ften  possible to  observe th e  p erfo ra ted  ra y  cell in 

position  betw een th e  tw o vessel segm ents, b u t  in  longitudinal sections, one or 

o th e r of th e  vessel segm ents is u sually  m issing, an d  consequently  th e  tru e  

n a tu re  o f th e  phenom enon m ay  easily be overlooked.

In  cross-sections th e  perforations are  n o t conspicuous b u t are easily d istin 

guished if  a  search is m ade for them . Fig. 3 illu stra tes cross sections th rough  

th e  wood of Lacistema (A) an d  Ptychopetalum (B ); th e  ends of tw o segm ents of
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Perforated Ray Cells. 85

the  sam e vessel can  be seen sep ara ted  b y  a  p erfo ra ted  ra y  cell. In  fig. 3, A, 

bars o f th e  scalariform  p erfo ra tions an d  in  B, th e  rim s of th e  sim ple perfo ra

tions are visible. In  b o th  draw ings i t  is clear th a t  th e  p e rfo ra ted  ra y  cells 

are m uch larger rad ia lly  th a n  th e  n o rm al ra y  cells, b u t  are  on ly  sligh tly  w ider 

tangen tia lly .

The change in  th e  course o f a vessel from  one side o f a  ra y  to  th e  o ther, an d  

th e  linking u p  o f th e  la te ra lly  d isp laced  vessel segm ents b y  a  cell o f th e  ray , 

are m ost clearly  seen in  ta n g en tia l section, a n d  are  illu s tra ted  in  fig. 4, B. 

Fig. 4, A, shows a  sim ilar la te ra l d isp lacem en t o f th e  vessel segm ents in  

Lacistema, b u t  only  one vessel segm ent an d  one perfo ra tio n  in to  th e  ra y  cell

F i g . 3.—Transverse section. A , Lacistema aggregatum R u sb y  ( X 1 3 0 );  B , Ptychopetalum 

anceps O liv. ( x 150).

can be s e e n ; on th e  o th e r side o f th e  ra y  th e  section  passes th ro u g h  a  cell 

of th e  vasicentric w ood p aren ch y m a an d  n o t th ro u g h  th e  vessel itself.

The p erfo ra ted  ra y  cells are  m o st conspicuous, an d  th e  deta ils  o f th e  p e rfo ra 

tions m ost easily seen, on th e  rad ia l section, b u t th e  ta n g en tia l d isp lacem ent 

of th e  vessel segm ents usually  p rev en ts  th e  inclusion o f b o th  segm ents in  th e  

sam e rad ia l section, an d  th e  co n tin u a tio n  o f th e  vessel on th e  opposite side of 

th e  ra y  is consequently  seldom  e v id e n t; i t  is, how ever, o ften  possible to  see 

both  perforations in  th e  ra y  cell, fig. 5D.

The perforations of th e  ra y  cells are  scalariform  w here th e  end  w alls o f th e  

vessels have exclusively scalariform  or m ixed scalariform  an d  sim ple p e r

forations ; w here th e  vessel perforations are simple, those o f th e  ra y  cells are
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86 L. C halk and M. M. C h attaw ay .

usually  also sim ple, b u t m ay  occasionally be scalariform . In  b o th  cases th e  

scalariform  perforations in th e  ra y  cells show a m arked  tendency  to  irregularity , 

of th e  ty p e  show n in fig. 6. This ty p e  of perfo ra tion  is p articu la rly  com m on in 

association w ith  vessels w ith  sim ple perforations, for exam ple, in  th e  Rubiacese 

an d  some of th e  Euphorbiacese.

A  B

F i g . 4.— Tangential section. A , Lacistema aggregatum R u sb y  ; B , Ptychopetalum anceps 

O liv . ( X  3 0 0 .)

P erfo ra ted  ra y  cells have been  found  in  th e  following woods

Apocynacese ................... Funtumia africana S ta p f .f

Gonioma kamassi E . Mey.

*Odontadenia speciosa B e n th .f  

* Taberncemontana citrifolia L .f

,, grandiflora J a c q .f

Araliacese ......................  Meryta sonchifolia L inden  an d  A n d re .f

C alycanthaceae..................  *Calycanthus floridus L .f

Caprifoliaceae ..................  Lonicera sp .f

* P erfo ra ted  ray cells  ex trem ely  com m on, 

f  C orrelated  w ith  herbarium  m aterial.
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Perforated Ray Cells. 87

Fig . 5 .—Radial section. A  a n d  C, Lacistema aggregatum R u sb y  ; B  an d D , Ptychopetalum 

anceps O liv. (A  and B , x 150 ; C a n d  D , x 3 0 0 .)
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88 L. Chalk and  M. M. C h attaw ay.

F i g . 6 .—Radial section. Irregular p erforations  in to  ray  cells , in  Antidesma 

(E uph orbiacese). ( X  150 .)

C elas tracea e ....................... Gassine capensis L. var. colpoon D.C.

„  crocea (T hunb) 0 .  K un tze .*

Celastrus sp.

f Elceodendron australe V ent.

Euonymus europceus L .*

Gymnosporia buxifolia Szysz.*

Pleurostylia vngktii W ig h t and  A rn.

E u p h o rb iaceae ................... Antidesma sp.

Aporosa villosa Bail!.*

„ vittosula K u rtz .*  

f Blachia umbellata Baill. 

f  Hemicyelia gardneri Thw aites.

Microdesmis pubereula H ook.*  

t Necepsia afzelii P ra in .*

F lac o u rtiae eao ..................  Erythrospermum phytolaecoides G ardn.

Kiggelaria africana L.

„  s p .

f  Ophiobotrys zenkeri Gilg.*

Ryania speeiosa V ahl.*

Xybsm a longifoUum Clos.*

* Correlated w ith  herbarium  m aterial, 

f  P erforated  ray cells ex trem ely  com m on.
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Perforated Ray Cells. 89

Lacistemaceae

Malpighiaceae 

Olacaceae . . .

Passifloraceae 

Rubiaceae .

* Lacistema aggregatum (Berg.) R u sb y .f

* „  pedicellatum S ta n d l.f

* „  nema M acb r.f

* „  rosediscum M acb r.f

Byrsonima crassifolia H .B . a n d  K .f

Coula edulis B a ill.f  

Heisteria macrophylla O e rs t.f  

Minquartia guianensis A u b l.f  

*Ptychopetalum anceps O liv .f 

*Strombosia javanica B lum e. 

Androsiphonia adesnostegia S ta p f .f

Antirrhoea bourbonica Gmel.

Bertiera guianensis A ubl. f  

„  racemosa K . Schum .

*Canthium ventosum (L.) S. M oore. 

Calycophyllum candidissimum D.C.

„  spruceanum (B en th .) K . Schum . 

*Corynanthe pachyceras K . S ch u m .f 

Diplospora viridiflora D.C.

Gardenia coronaria B u c h .f  

„  latifolia Soland.

„  sessilifiora W a ll.f  

Guettardia foliacea S ta n d l.f  

*Heinsia pulchella K . Schum . 

lam a parviflora V ahl.

Luculia gratissima S w eet.f 

Mitragyna parviflora K o rth .

Pentagonia macrophylla B en th .

*Posoqueria latifolia R oem  an d  S ch u lt.f  

*Psychotria grandis S w .f 

Randia sp .f

*Rondeletia buddleioides B e n th .f  

„  cooperi S ta n d l.f  

Rudgea thyrsiflora D onn. S m ith .f  

Sickingia sp .f

* P erforated  ra y  ce lls  ex trem ely  com m on , 

t  C orrelared w ith  herbarium  m ateria l.

VOL. C X III.— B . H
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Rubiaceae— (c o n td .) .......... *Vangueria griseum R idl.

Vangueriopsis discolor R o b y n s .f  

Warscewicszia coccinea K lo tz sch .f  

S a m y d a c e a e ......................  Casearia dinklagei G ilg .f

L. C halk and  M. M. C h attaw ay .

„  prcecox Gris.

! „  sylvestris S w .f

Homalium smythei H u tc h , an d  D a lz .f

Saxifragaceae ................... Ribes glaciate W all.

S taphyleaceae ..................  *Turpinia pomifera D.C.

Symplocaceae ................... Symplocos spicata R o x b .f

Violaceae .......... ................ Amphirrhox longifolia S p ren g .f

* P erfo ra ted  ra y  ce lls  e x tr e m ely  co m m o n , 

t  C orrela ted  w ith  h erb ariu m  m a teria l.

This lis t covers a  considerable range o f fam ilies, w hich are  w idely separa ted  

phy logenetically , a n d  th e  w oods them selves ex h ib it a  corresponding  d iv e rs ity  

o f s tru c tu re . E v en  in  a  single species th e re  m ay  be g rea t differences in  th e  

n u m b er o f p e rfo ra ted  ra y  cells in  d ifferen t specim ens, w hich suggests th a t  th e  

occurrence o f th is  phenom enon  is d u e  n o t so m uch  to  co n s tan t anatom ical 

fea tu res  ch arac te ris tic  o f th e  species, b u t  ra th e r  to  m ore variab le  characters  

such as th e  o rien ta tio n  o f th e  cam bial in itia ls  a n d  d au g h te r cells.

A ssum ing th e  sim ultaneous fo rm atio n  o f tw o vessel segm ents on opposite 

sides o f a ray , i t  is co m p ara tiv e ly  easy  to  v isualize th e  perfo ra tion  o f th e  ra y  

cell to  connec t th em , b u t  i t  is ex trem ely  difficult to  explain  w hy th e  vessel 

segm ents should  be  so placed . P ries tley  (1932) has recen tly  show n th a t  in 

ce rta in  trees th e  d ifferen tia tion  o f th e  vessels, proceeds dow nw ards, an d  i t  

w ould appear, therefore, th a t  th e  developm en t o f an y  und ifferen tia ted  cell in to  

a  vessel segm ent depends on th e  presence o f a vessel segm ent above. I f  th e  

end  w all o f th e  low est d ifferen tia ted  vessel segm ent happens to  be contiguous 

w ith  a  ra y  cell, i t  is possible th a t  a  p erfo ra tion  will be form ed in to  th e  ray  cell, 

an d  th a t  th is  cell will, in  tu rn , form  a p erfo ra tion  on th e  opposite wall, and  so 

lead  to  th e  d ifferen tia tion  of a fu rth e r  vessel segm ent on th e  opposite side o f 

th e  ray .

A lthough th e  woods in  w hich th is  phenom enon occurs are from  such widely 

d is trib u ted  fam ilies an d  exh ib it such a range o f s tru c tu re , i t  is ev ident th a t  

th e y  m u s t have some com m on featu res w hich are  associated w ith  th e  occurrence 

of perfo ra ted  ra y  cells ; such featu res are to  be found in th e  rays and  vessels.
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Perforated Ray Cells. 91

The rays are alw ays high an d  have un iseria te  m arg ins o f m an y  cells, an d  i t  is 

am ongst these m arginal cells th a t  th e  p erfo ra tions usu a lly  occur ; in  only  tw o 

woods were p erfo ra ted  ra y  cells observed in  m u ltise ria te  p a r ts  of th e  ray , 

fig. 7. In  th e  woods in  w hich th e  p erfo ra ted  ra y  cells a re  m o st num erous th e  

rays range from  1 to  10 m m . h igh  an d  a re  m o stly  h igher th a n  3 m m . ; w here 

th e  p erfo ra ted  ra y  cells a re  less num erous th e  ray s  a re  usu a lly  ra th e r  lower. 

The vessels are  m ostly  sm all to  v e ry  sm all, th e  ta n g e n tia l d iam ete r o f th e  

largest vessels rang ing  from  50 (x to  100 jx. In  a  few w oods th e  m ax im u m  

d iam eter of th e  vessels w as as h igh  as 

130 ;x. The end walls o f all th e  vessels 

are m arked ly  oblique. T he m arg inal cells 

of th e  ray s  are  o ften  ex trem ely  high, u p  

to  240 [x, b u t i t  is no ticeab le  th a t  th e y  

are d is tin c tly  sh o rte r in  th e  w oods w here 

perfo ra ted  ra y  cells are  less num erous. I t  

w ould appear, therefore, th a t  th e  fac to r 

of im portance  in  determ in ing  th e  fre

quency of p erfo ra ted  ra y  cells is n o t th e  

ac tu a l dim ensions o f th e  m arg inal ra y  

cells or o f th e  vessels, b u t  th e ir  re la tiv e  

proportions ; in  all th e  w oods i t  is possible 

to  find ra y  cells w hich are  h igher th a n  

th e  tan g en tia l d iam ete r o f th e  la rgest 

vessels.

These fea tu res are  n o t confined to  an y

p articu la r system atic  group, w hich m ay  F i g . 7 .— Tangential section. V esse l seg-

explain th e  occurrence o f th e  phenom enon m en ts sep a ra ted  b y  tw o  perforated

am ongst such diverse famiHes. T he some- ray cells in zenkeri
i , , .  . ,  . G ilg. (F lacourtiaceae). ( x  250 .)

w h at sporadic occurrence w ith in  th e

families is less easily explained. T hough absence o f perfo ra ted  ra y  cells from  

m any  of th e  genera and  species can be accoun ted  for on anatom ical grounds 

th e ir absence from  others can n o t be so explained, an d  i t  w ould ap p ear th a t  

there  m u st be some o th er factor, w hich has so fa r n o t been observed, which 

determ ines th e  perforation  o f th e  ra y  cells.

I t  is difficult to  show  an y  phylogenetic connection  betw een th e  fam ilies in 

which th is  phenom enon occurs, b u t  i t  is suggestive th a t  m ost of th e  woods (47 

ou t of 62 genera) belong to  th e  C elastrales an d  its  offshoots, as suggested b y  

H utchinson (1926).
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Summary.

(1) A n u n u su a l ty p e  o f ra y  cell w as firs t observed in  Lacistema aggregatum, 

th e  side w alls being  p e rfo ra ted  an d  connecting  tw o vertica l series of vessel 

segm ents on opposite sides o f a  ray . S im ilar cells w ere subsequen tly  observed 

in  74 species from  17 fam ilies.

(2) T he an a to m y  o f these woods is discussed in  re la tio n  to  th e  occurrence 

o f th is  ty p e  o f cell.

R E F E R E N C E S .

H u tch in so n  (1926). “ T h e F a m ilies  o f F lo w erin g  P la n ts , I .  D ic o ty le d o n s .”

P r ie s tle y  (1 932). 6 N a tu r e ,’ v o l. 130, p . 494 .

Perforated Ray Cells.
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