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INTRODUCTION 

In 1934 the Government started an active campaign 

on the eradiction of Jointed Cactus. 'l'his plant was 

causing considerable damage to the farms and coiDI!lona.ges 

of the ~astern Province, and was_ spreading at an alarm-

in~ rate. The Officer in Charge of ~rcdication, Mr. E. 

du Toit, was stationed at urahamstown which is fairly 

· centrally s~tuated in the infested area. In 1935 Dr • .A. 

Leemann of the Division of Plant Industry made his head­

quarters at Rhodes.~ .. W cJ'"c.. 

~ --

It became evident that a knowledge of the anatomy o~ 

the plant, its conducting system and the movements of the 

stomata might be of use in combating the pest. lt was 

also necessary to lrnow something of the structure and 

"" l"&fi vtWhl ·f')Y of the seed and its germinating capacity. ~o 
previous v1ork of this nature had been done ·on the Jointed 

Cactus,and application was made to the Hotany Dept.of Rhodes 

University College, for some student who had time to make 

such inves tigations. At Dr. Smith's suggestion I under-

took the investigation as a subject for my thesis • 

.N.AME. 

At one time the Jointed Cactus was known as Opuntia 

pusilla (28) and as such was proclaimed a noxious weed in 

the . Uape, the Orange Free State and the 1Tansvaal. Lansdell 

gives her authority as the Agricultural Gazette, N.S. Wales 

April 1911, for determing i t as Opuntia ~urantiaca Gilles1 

r nd as such it has been procla imed a noxious weed in the Uape 

and Natal. 

· The correct authority for OpuntiaAurantiaca is Lindley 

(29). I am indebted to the Department of Agriculture and 
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Forestry for confirmation of this. 1 · According to Britton 

and Rose (2) in their key and description of genera and 

species of the Gactacae, Opuntia &urantiaca is described 

by Lindley in Edward's Botanical Registraf 1833. (jactus 

aurantiacus Lemaire 1868 (2) is usually cite~ as a syn­

onym, but this is Gilles manuscript name first published 

in the Botaaical Register 1833 as a synonym of o.aurantiaca, 

In the Index Kewensis (25) Cactus aurantiaca Gill. in Land. 

He~t.Brit. ~uppl. 11, 652, 1839 is quoted, so ~indley has 

priority. o.aurantiaca extensa Salm Dyck (Pfeiffer ~urn. 

Cact. 147, 1837) is also quoted as a synonym(2). 

In Britton and Rose (2) the following description of 

. u.aurantiaca is given:~ 

~w much branched spreading; stem terete or sub-terete 

1 ·to 2 em thick; joints very fragile, linear, 6 to 8 em long 

1•5 to 2•5 em broad,almost terete at base, dark green shiny; 

areoles somewhat eleva ted, filled with white ·wool; spines 

· 2 or 3 brownish 1 to 3 em long; flowers yellow 2 • 5 em broad 

fruit 2 to 2'•5 em long. '1 

< 

In comparison with this description the ~outh African 

plants are much more robust. They have been Jmown to attain 

a height of 7 or 8 f~et. ~he joints vary a good deal in size 

but are usually thicker, and may be 10 to 20 em or more in 

length. 'l'he spines in the areoles are more numerous, the 

flowers larger and the fruit ver y often bigger. 

respects i ~ conforms to the description given by Hri tto~1 r· r· ,; 

and Rose. 

The popular names for the plant are .Jointed Cactus , ·:=.Li t 'jits-·. 

laktus and 11suurtjies 11
, the later being the name by which 

it is known in the Uitenha.ge district. 

. .. ... 

•• . , 



HISTORY 

The plant is indigenous to Argentina and Uruguay (2) 

although Chili is a locality ~requently quoted in error. 

Apparently the first record of it in ~outh Africa is 

from the Uape Province in 1878 (28) the general opinion 

being that it vms imported as a garden plant. Garden en-

thusiasts are also attributed with its presence in the East-

ern Province. ~ince then it has spread rapidly by vegetat-

ive propagation, being carried by stock and washed down by 

rivers to other parts of the country. lt has been listed 

r as a noxious weed in all four provinces. ln the Eastern 

Cape it is particularly troublesome. 

Schonland (45) in 1924 gave a rough estimate of the 

total infesta tion in the .!!;astern Province as :-

Commonages 14,000 morgen 

:!!'arms 35,000 morgen 

He suggested that the approxima te cost of clearing a f arm 

of 500 morgen would be about £2 per morgen. 

Opuntia aurantiaca has evidently been spread to 

Australia as well. ~here it is classed as one of the 9 

species of Opuntia which are pests. Alexander (1) investi­
/ 

gating the variations of acclimatised species of prick;ry 

pear, f ound no variation in o.aurantiaca, o . vulgaris and 

0. strep_tacantha. So far I ha~e come across no litera ture 

refering to it as a pest in Iouth America. 

!j 
rl 
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~EVIOUS WORK AND REFERENCES • 

. In the literature available I have found no mention 

of anatomical or stomatal work carried out d.n o. aurantiaca, 

with the single exce ption of Bukvie's (4) paper on the 

thylloid blocking of the stomata,where figures for u~ 

aurantiaca are given. 

I shall therefore endeavour to carry out the work on 

a comparative basis, refer.ing to work done on other members 

of the Cactaceae, and Opuntia in particular, where possible. 
----···· 
1'e-t~renc.tt. 

.!:!'or general anatomical/\ to the uac·taceae I have used 

the standard works of Solereder (41) and ~gler Prantl(lb~ 

other incidental references to particular structures were 

found in uhoda1 (9), for which 1 have to thank ~r. A. c. 
Leemann, in ~trasburger t51) and in the older text books 

of deBary (12) and Sacha (44). 

A list· of references is included at t he end of this 

thesis. uomplete refer ence of the works of older authors 

whose papers it was impossible to obtain is not given, but 

reference is made in the text to the books in whi ch extracts 

of their work is given. 

w. F. Ganong(L7) seems to have tried to arouse interest 

in the uactaceae in the later part of the l 8.st century. 

,is paper on nPresent problems in the anatomy morphology 

and biology of the uactaceae •• gives a brief summary of tP,e 

existing knowledge, ~.nd .:points out wha t is still to be done. 

He ~as endeavoured to fill some of thes e gaps himself in his 

work on the embryology and se.edlings of ua ct. ( 18, 19 ) . 
ire 

The works ofd'Hubert 1896,~abishl\19o4,deFraine91() (13) 
l 

supplement this to a small extent,Johnson's study of the 

fruit of o. fulgida 1918 (27) helps to cler r u p the morphology 

of certain parts. ~esent day references a r e not numerous 

and are mainly by uerman botanis ts in pub l ications difficul t 

to obta in in this country. 

uytological work is being done by otockwell (5tJ 

and seems to po i nt to the pos s i b i l i ty of a gen er ic dis­

tinction in the number of the chr omosomes .· 
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There has been no physiological vJOrk done on the 

stomata of O.aurantiaca. Direct reference to the work 

of Shreve (46)1 and Livingstone (30~ on the movements of 

stomata and their influence on transpiration in the cacti, 

was not possible. ~heir chief results are however, briefly 

summarised by .Maximov (37) and Lcftfield (33). It is mainly 
/. I 

on the stomatal work of fsLoyd ( 32) and Lcf.;t·tield ( 33) that 

the observations in this paper have been based. 

OUTLINE OF WORK 

Reference to the index v1ill show the ·general scope of 

the work. Since in· a subject of this nature illustrations 

are necessarily somev1hat numerous, they are enclosed in a 

separate folder,which ~sa it easier to refer to them 

when reading the text. 

'l'he succulent nature of the Jointed Cactus must be 

emphasised.ln this res pect it is eminently suited to those 

parts of South .Africf3.. where. thy \natural veget~.tion is of 
. ~v-J-c.c.f'-"1. : ) 

the succulent type. lt is in these areas that Jointed cac-

tus chiefly occurs. 

'l'he st·ructure of the epidermis, s tomata, hypoderm, 

ground tissue, and of the conducting system is dealt with 

-~detail. They all ·differ to a greater or l ess extent 

from those of normal mesophytic plants. Attention is dravm 

to the numerous tracheids of the vascular system, they are 

apparently a common feature in other uactaceae as v1ell. 

'l'he hydrocytes, which have been termed .t1!acheids by most 

other investigators, are parenchymatons cells with peculiar 

t hickening , and they act as water storage cells. · 'l'hey 

are dealt with in the section on the conducting system 

s ince they occur most fr equently in conjunction with the 

vascular bundles. Their development is given here, since 

except for a pass ing reference in chodat ( 9 ) no recent 

work has been done on them, and in the works of older 

• 
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writers there is some confusion as to their development 

and occurrence. 

Mucilage is th.e outstanding feature of the ple.nt. 
·-·~·· 

The occurrence and distribution of mucilage cells and 

canals is briefly mentioned here, since Dr. Leemann is 

making a thorough investig~tion of the subject. 

The type of secondary thickening differs from that 

of most dicotyledonous stems ~nd is well ada9ted to the 

production of succulent tissue. 

'fhe formation of undergro:und :Jtorage org~ .ns by fall­

en stems and fruit is a feature~i11hich l can find no pre-

vious mention. An account of these str~J ctures, which 

are here termed .tubers, is given. Apparently the fruit 

of Jointed ~actus is unique in being able to pr oduce under-

ground storage structures. They are similar to those pro-

duced by the stem. These tubers contain enormous quan-

tities of starchJand can retain their vitality during 

long ueriods of unfavourable conditions. - . 
.E'ollowing Johnson ( 27 )

1 
the development of the flo'ner 

is given, it is the s·' me as in u.fulgida and leads to the 

same conclusion as to the· morphology of the fr·ui t. This 

is of interest in accounting for the areoles or an llary 

.. / buds which occur on the ovary wall1 and which enable the 

fruit to propagate vegetatively. 
~vu1• ~ The development of the rr·J]t is especially note worthy 

in connec t1 on with embryo formation, n.nd in accounting · 

for the ~ormancy of the seed. This has not been cle2rly 

illustrated before .(Recent work by .Neumann, and Hubert,on 

the ovules of other ~embers of ~actace8 e/has not been pro-

curable, but refer ence is made to the summaries of their 

work given in Biological Abstracts). 
I 

Polembryony in u. aura.ntiaca \$here recorded for the 

f irst time to my knov1ledge. Yroembryo stages and the 

causes of polyembryony have still to be investigated. 

'l'he percentage of germinable seed is very low and germ-

ination tests have necessarily been curtailed ovring to the 



scarcity of seed. G-ermination in the field occurs only 

very rarely, the reR.s on for this is given. Artificial 

germina.tion of seed has not been recorded by other inves t­

gators. 

Stomatal observations, on potted plants and on plants 

growing in the veld at V~tenhage are recorded. ~teadings 

:from Ui tenhage show that the stomata v1ere apparently closed 

over considernble periods as fs.n as mi crosco pic investige.tion 

revealed. 

'l'he present v1ork is not intended as a com~lete account. 

Severa l anatomical points require a closer investigation, 

and a further knov1ledge of the germination of pollen gra ins, 

fertilization and embryo develo pment \'Jill _probably shovr why 

germinable seed is so scarce. 'l'h e question of abscission 

layers and the period, if any , of the format i on of such 

layers has not yet been tackled. 'rh~ __ pre.s ence . or .... absence 

p_t . :wax . r~_q_'D:_~_r:_e_s __ .. ~ . more ex.~_q_~ __ inves_tiga tion. Ob s ervations 

of the stomatal movements of young j'oints ·will probably be 

undertaken. 



·' 

-lj-

.l!lXTERNAL APPEARANCE AND PLANT IIABIT. 

GENERAL APPEARANCE 

As the accompanying photographs (fig 1,2,) show the 

plant is devoid of leaves except in the earliest stages 

of the young shoots (fiJ5a). The green colour of the 
I 

sterns, which are the assimilating organs, is often ma.sk-

ed in the older stems by reddish anthr'ocyanin pigments (54). 
I 

I 

The stems are thick, (2 or 3 em or more) and succulent, and 

are somewhat ctlindrice.l in the young stage but when mature 

are rather flattened. 'l'hey form an artiC1 1.lated system of 

"j ointsn. Each shoot tapers toward the apex and rounds off, 

marking a period of growth , this constitutes a joint which may 

be 10- 20 em or more in length. ~urther shoots are given off 

at the apex, slightly to one side, not as a continuation as 

in ordilil.ary shoots, but as a separate unit as it were. 

Thus the plant gets its characteristic name of 11Jointed Cactus'' 

These joints do not mark the lirrii t of a single year~ gr01vth, 

for a joint which has originated early in the growing season 

may give rise to other joints in the latte~ part of the 

season, while it itf-l e l f continues to gr···w in length and thiclc-

ness · for several ye~rs. 

The joints are covered with round markings, the areoles, 

( ~~~4) which correspond to the nodes of an ordinary stem • . 

In the young shoots the areoles appe[·~r in the axils of the 
'7 

small succulent cylindrical leaves (fig 5a., b). The gase of 

the stem to which the leaf is atta ched :protudes in a swell-

ing or tubercle (fig 5a,b ,) . These tuberc l es become less 

nnd less prominent as the surrounding tissue fills out, and 

finally they lopse their identity entirely, the leaves hav­
r 

ing fallen off, and the areoles, by a process of growth, 

appear in the old turgid joints to be a lmost flat with the 

surface (fig 3a). The morphology of these parts is com-

'mented u non in a l a ter section. 

" 
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The areolas give rise to trichomes, thorns and 

bristles appearing in the order named. 1he trichomes 

are soft white multicillular monosW.honic hairs,occur-

ing in great numbers all over the areola. 1'here may 

be 5 to 6 thorns in an areola, they are usually from 1 

to 2•5 em in length$~,1~)ristles appear later forming a 

cushion on the base of . the thorns, they are rather ye•llow 

and 2 - 3 mm in length. ~urther details of the anatomy 

and morphology will be given later. 1'he question of 

nectaries has not yet been investigated. Although they 

are reported for a large number of Opuntias by Goebel (20) 

Johnson (27) and others, they were not noticeable in this 

case. 

The flower buds are exactly similar in appearance to 

the vegetative buds in the early stages(ti83<)It is only later 

when the reddish sepals appear at the tip that they can be 

distinguished lfig7). The ovary is inferior and is en-

closed by succulent tissue exactly similar in appearance 

in structure to a joint. The outer· wall of this tissue 

is similar to that of a joint. It has areolas which bear 

leaves in the young stages and later thorns, bristles and 

trichomes,as do the areolas of~ vegetative joint (fig7), 
=--· 
and in this respect shows remarkabel difference when com-

pared with the usual type of angios~~ovary. 1'his ovary 

wall may vary in length from 2 to · 3 cm·or more and is 

about 2 ems thick. 1'he perianth members spring from a 

concave receptacle a t the top. 1'he petals (fig 4) 

which are fairly numerous are a pale but brilliant yellow 

~tamens are numerous and there is a thick central style 

all of uniform yel l ow colour. Thus when the perianth 

members f~ll the fruit may easily be mistaken for a small 

vege tative joint (fig Sa). 
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GROWING PERIODS. 

The vegetative buds appear at the areoles 'With the 

first rains of August and September. The young bright 

green joints, from which the leaves soon start to fall 

off, grow rapidly during the spring and early summer 

months. .J:i'lov1er buds arise from the areoles of the old-

er joints about .November, E!ld the flowering period continues 

until March or ~ril. In the latter part of the summer 

the joints may appear wrinkled and shriveled, if they 
/ ...... _j 

. I ~ 

have been several weeks without rain, and ha~~to endure 

high temperature and strong sun. On the second or third 

day after a good shower, however, they become round and 

turgid_, and by the fourth day nev1 vegetv.tion and flower 

buds usually appear. 

HABIT ' 

In open ground the plant forms dense circular clumps 

(fig 1,2). It mingles with the natural bush however and 

becomes inextricablly entangled with it. .Most corbmonly 

it reaches a height of 3 or 4 feet,but has been knovm to 

grow to 7 or 8 feet in height. 'l'he main sterns become 

tough and woody and incree.se in size .(tit ~a.) 

'l'he thorns are provided ''lith barbs ( fig6) so that they 
=--cling to any body which brushes against them. 'l'he joints 

are only loosly atta ched to one another and are very 

easily pulled off and scattered by animal and human agency. 

Any joint which falls to the ground, given suitable mdSt 

conditions, is capable of s ending f~th · roots from the 

lower areoles and shoots from the u pper ones. It is by 

this mode of vegeta tive propagation that . the plant has 

spread so rapidly \fig 3b). The fruit is also capable 
,. 

of root and shoot formation and vegeta tive propagation, 

a mo s t unusual occurrence in comparison vii th the fruit 

of other plE-nts. 

Joints which fall to the ground and become buried, 

lo;ls e thei r photosynthetic powers, grow roots and s hoots, 
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store up large quantities of starch and increase in size 

sonsiderably (fig 35). Since these are stems, which have 

become subterranean by force of circumstance, and have 

become adapted for storage purposes,whilst retaining their 

power to send further roots and shoots , it is proposed to. 

call them "Tubers", since in all essentials they can be com-
. iru'•t 

pared with tubers. In addition to vegetntive joints,/\form-

~ structures similar in appearance, structure and func-

tion. ~Tuit that fall to the ground and become buried do 

not rot away, as with nearly all other types of fruit, but 

they send _., ou.t.'" : roots and shoots from their areoles. 

Starch is stored in large quantities
1

and cork and second-
. . 

ary growth of vascular system, takes place in a ~anner 

exactly similar to ··.that of the subterranean joint, since 

in all particulars of structure,the fruit is the same as 

the joint, except for the ovary cavity and seed within the 

upper portion. In the young stages of secondary growth 

1 t is possible to disting·1.ish whether such a structure is 

formed from a joint or a fruit. The abrupt end to the .-top 

of the fruit is one distinguishing character,and if it be 

cut open,the ovary cavity gives a second distinguishing 

\character. But in the older struct11re where considerable 

secon~ growth has tru{en place, these distinguis~mak~~~ 
become entirely obliterated, and one cannot tell vTh:ther 

the original structure was a fruj_t or a joint. 

For reasons, w· ich are given in the section on second-

ary growth and the formation of underground storage and 

perennating organs, I have decided to term such organs 

whether produced f rom joints of fru it, 11 tubers", disting­

uishing between tpern where necessary, as nj oi nt tubers", ani 

"fruit tubers n. 

~-:The dangers of vegetative propagation are realised, when 

\ it is known,that very small joints 1 ranging in weight from·o8 

gms to 1•5 gms
1 
had taken root and were gro·wing wi thiri 5 

months after being placed on the ground. 
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1'EE AREOLES AND THEm APPENDAGES. 

As stated above the areoles of the joint correspond 

to the nodes of an ordinary stem. In the young joint they 

appear to be r a ised on tubereles (fig 5a,b), but in the 

older joints they are flat or almost flat with the~iderm­

is. ~·ig 10 shows their origin from the growing point. 

The leaf is developed first. ~ome of the tissu~ in the 

axil of the leaf remains meristematic,and this soon gives 

rise to trichomes,and shortly afte~vards the first thorns 

are formed ·from it. When the leaf is left behind by the . 
r'apid growing point, the meristematic tissue increases 

.. ,, . · ~ . 

giving rise to a large number of monosiphonic multicellular 
(f~9) 

trichomes~which mark of~ on the epidermis,the ci~cular area 

of the meristematic zone of the nod~ and so give it the 

name of areole. 

THE LEAF 

The· leaf is 2 to 3 mm in length and terete •. The single 

vein from the leaf trace of the stem continues right up 

almost to the tip~if:o).At the base there are several phloem 
. 

cells and . annular or spiral~y thickened tracheids. The 

~p~loem elements do not continue far up into the leaf, but 

the tracheids continue almos t to the tip. '.rhe remaining 

tissue of the leaf consists of small parenchymato~s assim­

ilating cells
1
and several lA.rge mucilage cells,which are 

specially conspic:_;ous on the dorsal side of the leaf ( figlO) 

A few crystals of calcium oxala te al s o occur. There is no 

conspicuous hypoderm and the epidermal cells are fairly re­

gular with a thin layer of cuticle on their outer walls. 
. . 

The s tomata are fairly large and numereus for so smalla 

leaf
1

and contrary . ~o ~ olereder's (41) remark as to their 

abortive and anoma lous developmentJthey have been seen to 

function like ordinary stomat a. The leaf fall t akes place 

early in the life of a joint. ~he abscission layer (figll) 

is responsible for this, the exposed portion being protect-

ed by cork formation. 



THORNS 

As already stated the soft thin walled hair-like 

trichomes appear first. Very soon afterwards the meris-

tematic tissue gives rise to thorns. Dr. Leemanndrew my 

attention to the fact that the first two thorns to appear 
to be 

.~always e~ually developed,and arise one on either side 

of the leaf. Shortly afterwards a third &6••J•) thorn 

which is bigger than the other two, appears in the centre 

of the areole in the axil of the leaf (fig5a,b) Later) as 

the joint develops,other thorns appear irre~larly placed 

in the areole, so that a well matured joint may have 5 to 

6 thorns to an areole, each thorn from 2~3 em long. 

The.thorns arise from the sub-epi~ermal tissues of 
c.qu~l. 

the areoles. There is a central ffiuLasFmass ~f thick 
. . 

walled fibres filled with air.~Johnson (27) and Solereder 

(47)J The outer cells haver rather thinner walls. ~he 
cells are elongated and arranged end to end in longitudinal 

rows, their walls are always straight. At the top of the 

thorn 1the basts of the cells of the outer laye~ project 

outwards ~nd downwards
1
forming very affective barbs at the 

tip of the thorn (fig6). According to .tmglemann ( 48: )J these 

~arbs are a characteristic which is peculiar to the Opuntias, 

and form a point of difference from other members of 

the order. 

The morphology of thes e thorns has been commented on 

by many observers. Rudolph (45) thought that the thorns 

of O.missouriensis were simply tric4omes; Delbronet (48) 

sugges ted tha t they v1ere transitions between "leaf prickles" 

and trichome pric~s; Gaspari (4$) and Schumann (4$) 

that they were emergencies. While Zuccarini (4S) Kaufmann 

( 48) Goebel ( 20} and Gangong (n) stated tha t they were of 

a foliar nature.' ~ ·Darbishire ( 11) considers that in 

Mammillaria.elongat a a t any rate, the tubercle is the high-

ly develo ped leaf base . The s pines together representing 

the leaf blade , the leaf stalk being absent. According 
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··to Str4sburger the yhorns of the t.:actaceae represent leaf 
I 

primordia·· • ln Qarborescens Goebel ( 20) found all stages 
I 

in transitions,from thorns to leaves. 0uch differences 

could. also be brought about by artificial means. 

In o.aurantiaca the position of the first two thorns 

is very suggestive of that of stipules, whilst the third. 

. thorn appears in the position of a branch and. seems to be 

of more deep seated origin than the other ~wo. 1'here is 

no vascular supply to it however
1

nor could t.:aspani (41) find. 

any vascular connection in the specimens he examined.. !he 

evfd.ence in: this case there~~avour._ .. the theory that the thorns 

are modified. organs of foliar origin. 

BRISTL:ES 

The bristles are the last to appear in the areole • 

. They are about 2 mm long, narrow straight and. rather yellow. 

/ 

Like thefuorn the outer cells at the tip of the bristles pro-

ject outwards and. downwards forming barbs. 1'he bristles are 

of superficial origin,th~ weak connection making them very 

easily ~etachable. ~hey appear first on the abaxial side 

of the areole, increa!3ing in numbers with the age ~f the joint 

~he older areoles are further pro1ected by ee~lt forming 

at the base of the bristles and. thorns (fig 12). 

New shoots arise in the growing season from the meris-

timatic tissue which forms the areole. It is also this 

meristimatic tissue of the areole, both in fruit and joints/ 

which is capable of sending further roots vthen the joint or 

fruit is lying on the ground. ~his process of root and shoo~ 

formation, and the manner and time of formation of the a~­

scission layer at the base of the joints oaking them easily 

d.etachable1 re~uires further investigation • 

The presence of f~i on the thor~,and. tn the areoles, 

has been commented upon by lJabishire (11) for Mammillaria 

elongata. Dark brovrn hypal threads occasionally giving 

( : 

rise to spores of a type s imilar to rusari~ , have been seen-

fre~uently on the thorns and in the areoles of Jointed 

Cactus. The fuftja~ apparently does no harm. The hyphdl 



threads live on the surface of the thorn and do not appear 

to penetre.te the cells. In the very old joints the fu~ · 

is apparently able to get between the ce l ls of the thorn 

which can then easily be broken. 
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ANATO:M:Y OF JOINT 

STAINING METHODS 

The chief difficulty in making sections of the joint 

is the e.t;lorm·ous quanti ties of mucilage which are set free 

immediately a cut is made. lt was found better to work with 

material which had been previously fixed in \;arnoy's fluid 

(8). The stain which gave the most satisfactory results 

was Chodat~s Geneva rted (50) which was recommended by Dr. 

~eemann. The sections were placed~in ~au de Jave{~~mmediate­
ly after cuttin~ and after an hour ir less in this they were 

q"ickly passed t 1-: rough water and then sts.ined and mounted in 

glycerine or glycerine jelly. lt was impossible to cut 

microto*~· sections of any part of tne joint, since the mucilage 
I 

could not all be extracted, and vli th the heat of the embedding · 

oven it lost water and the ti;:;sues .._ de~tra.cted, beside 

the mucilage did not al~ow the wax to penetrate the tisBue 

properLy. 

EPIDERMIS 

In both t11e yoUI..i.g a.ud old joints \fig 15,21, the 

epidermis is somewhat undulating owing to .;he ·varying si:lle 

of t .l.ie epia.erwa.L ue~.i.s·. ill s uri'ace v .Lew 1. i 'ig.l3) tue 

epiuerwal e;e.Ll.s a.L'6 irrt::gu..1.ar in shapt: v·1l iin ro. tner thick 

walls. 

·1'he cuticle of the young epidermis is only a very thin 

layer. lt increases in thickness with the age of the joint 

as a comparison of figs 15-22 will show. The outer wall 

in fig 14-2U is not in sh~ focus,so tha t in these figures 
\ 

the cuticle appears much thinaer than it really is at this 
0 
• stage. 

Wax h~ys been reported to occur on vari ous species of 

Ouuntia by de Bary (12), Solerede~ ( 47), and En~-l~!..~~antl( 16 )> 

where it i s said to occur as a thin continuous covering 

first , later it forms 11Very delicate, angular 1 homogenous 

scales, like the fragments of a delicate skin of wax, also 

found as a rudimentary form of the glaze on 1.many smooth 

shining Eipidermal layers •• . ( 12 ) 



No wax of this nature was noted in o.aurantiaca, nor 

does any sign of it show up in the photographs. lt requires ' 
i.t' 

a more careful investigation with chemi cal tests before tAec 

can be ·definitely stated whether wax is present or not, and 

if it is, in what form. 
I, 

Anthfocyamin pigment occurs in the epddermal cells of 

the joint and fruit (55) giving the parts where it occurs a~a 

dark,dirty pink colour. very often the pigment is more 

conspicuous round the areoles. Usually it is more abundant 

in the old joints,and was very much more noticeable in the 

plants growing in the veld at Uitenhage, '" than,. those cultivat-

ed f or t he purpose of study. lt was also noticed that in 

joints lying on the ground the colouring matter was so abund-

ant as to hide the green appearance of the joint. .t:Sut the 

lov1er unexposed portion, which was resting on the ground, 

was devoid of pigment. 
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, HYPODERM 

In a very young joint (fig 15) the hypoderm appeE>.rs 

as a rissue, just below the epidermis,of 4 or 5 layers of 

irregularly shaped cells, whose walls appear to be slightly 

thicker than those of the epidermal or c~ticalecells. ~he 
....::::--··· .. 

walls rapidly become thicker until finally the whole tissue 

becomes collencbymato•s (fig 21, 22). The cell/lumen is 

small, and very ·thick cell walls are perforated by large,simple 

pits. 'l'hese cells are capable· of increasing in size e.s the 

joints expands, as will be seen if !~g 17 -22 are compared, 

they s.re all of the same magnification. 'l'he cell walls turn 

a pale mauve ' ... •hen tre[•.ted vJ ith i::ichu.ltz's solution, the thick-

ening being evidently a type of cellulose. 'l'he cells retain 

thht nuclei e.nd cytoplasm. 

According to mgler-Prs.ntl .( 16) the eollenchymdlti:Js 

hypoderm is common to 

.r.:_ammillania., where it 

suggested that it may 

not been verified. 

the majority of Gactaceae, except 

ma~r may not accnr. uanong (17) has 

act as a water storage tissue, this has 

l ts chief function however apper-·rs to be 

mechanical, giving ri~iaity to the outer tissues of the joint 

while allowing for exr ansion. ln fact it s eems to be the 

only true mechanical tissue in the joint, until fibres appear, 

which is not until considerably afterwards. 

'l'he cells of the hypodermi s adjt>.cent to t he epidermis 

contain large rose tte crys t als of calcium oxalate { crystn.ls 

insoluble in acetic acid , but grs.dually soluble in sul-

phuric acid ). They can be seen developing in the unthick-

ened cells of the young hy-:-·oderm (fig) ( 17). They becone 

s o large as to distort the epidermal eel~ (fig 21) and occur 

at irregular intervals in a row belovT the epiderm (see fig 32. 

where cork formation is in progress). They shovf through the 

epidermts when seen in surface section ( figl 3 ) and greatly add 

to the difficulties of stomata' obs ervat i ons. 'l'hey might also 

be sn.id to act as mechanical el ements , but v:ho.t their further 

function is, beyond the storage of material , is rather 
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obscure. Ganong (17) suggeststhey have a biological 

significance in preventing insecta, or snails etc. from 

eating into the joint. 

As in other Gactaceae (12) the hypoderm is only 
or 'l.Ub$IO.na,lO.l 

interrupted at the place of the respirationAcavities below 

the stomata. The schizogenous forma tion of this vavity 

or passage can be seefn fig l5. 
' Hy the formation of 

the stomata and the growth of the c~ical cells, it finally 

becomes a passage such as in fig 21. 1'his passage has a lin-

ing layer of cuticle, a feature apparently common in the 

Uactaceae(47), but not ~1own in any other plants as far as 

I can ascertain. 

It is interesting to note the increase ~ossible in the 

circu~erence and thickness of the joint,from increase in the 

size of the cells,as shown by the figs 17-22, which are all 

of the same magnification. The respiratory passage too, 

.widens,with the increase circumfrence of the joint. 'l'he 

width of the passage shown in fig 21 was 1 while that of 

fig 22 was 

References to further changes· in the hypoderm are made 

in the section on · cork formation. 

... 



·STOMATA 

STRUCTURE AND DEVELOPMENT 

According to ~chleiden (47),the Cactaceae have a 

stomataf apparatus characteristic of the entire order. 

In surface view the two rather large guard cells 

of the stoma of the stem of O.aurantiaca,1dd:lit are about 48JU. 

long and 20p.. wide,+ are surrounded by two, sometimes more, 

-- - subsidiary cells, whose walls appear slightly thinner than 

those of the surrounding epidermal cells. (figl4). 

the guard cells contain chlorophyll and~ starch. 

Only 

In transverse . section (fig 14, 21) the stoma shows it-

self to be a transition type, between the usual~icotyledon 

type, and the Helleborus type, refered to by Strasburger (51). 

- · Rhefons (42) does not figure a similar type in his studies 

on stomata, in which the Gactaceae are not mentioned. 

The guard cells have on the whole rather thin walls (fig 21 )J 

the thickening is mos t pronounced on the top outer wall, and 

especially where it joins the walls of the subsidiary cells, 

·-_both on the outer and inner sides. As v1 ith most dicotyle-.. 
donous types it is the dorsal wall which is the thin.Jlest. 

In transverse section the subsidiary cells are rather semi-

circular in shape, their bulging ends projecting slightly 

both above and below the quard cells , whi ch are thus sunk 

slight ly below the surface of the e~iderrnis. 

of the e pidermis forms a uniform layer over the su~diary 

cells and guard cells. 

Below the s toma is the l ong respiratory cavity formed 

by the interrupt j_ on of the hypoderrnis,and someti mes a portion 
/ 

of the cortex (fi g 21)
1 

so that it may be about 7~to 146~ 

in depth1 and in a normally- functioning stoma is usually 17~ 

in dia.m.ter. Vli th further growth of the joint and other 

changes mention below it may become even wider. 

~e. As in other members of the GactaceaeJa layer of 

cuticle covers the s l ightly projec t ing lov1er ends of the 

subsidiary cells 1and forms a lining to the Vlhole of the 

respiratory cavi ty ( fig 21). There is thus a remarkable 
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""~ difference betv1een the stomata1 machtm±sm just described 

and that of most mesophy.tic plants. It is more comparable 

with the stomata of many ~outh African succulents and 

xerophytes, ·where sunken guard cells ,c:tlarge respiratory 

cavities, ~are more common. 

The development of the . stom~which has notJto my 

knowledge, been followed up for any species of the genus 

Opunti4
1
is essentially the same as in most other plants. 

· . .An initial cell is divided by tworapid successive division~ 

into 3 cells,.the middle one, the mother cell, being slightly 

larger than the other two, the subsidi r.>.r y cells. 1'he 

mother cell is soon halved by a third wall, the beginnings 

of which can be seen in fie. 17. :: · · · c. .. -/.r).·.f· 

At this stage a lso the cells of the hypod~rm~immediately 

below the developing stoma, can be~.t. seen to separs.te 

schizogenously, as a result of the expansion caused by the 

stoma. lt'ig 17-20 show successively the furth er development 

of the guard cells, f ormed by the division of the mother cell. 

The dorsal walls become rounded,and project into t he subsidiary 

cells,and thickening starts on the outer and inner walls. 

· 'l'his increases, as the wall between the guard cells develope~ 

and forms two separate walls, which split apart as the guard 

cells round off and push away from each other. .Meanwhile 
t ~ .. --.. ... '(.. 

the contents of the mother cell ~Aalso divided,so that each 
LA 

guard ~ell contain&chlorop~#Sts etc. ~he respiratory cavity 

increases in depth and width with the formation of the stoma, 
v.e."'';' 

though this is not shown .wtf
11

clearly in figs 18-20, where it 

had to remain rather out of focus if the guard cells were t_ 6-t 
shown up clearly. The stomata of the ovary wall are exactly 

similar to those of the joint. 

The stomata of the leaves,which drop off quite early in 

the life of the joint,~re somewhat similar t o those of the 

joint in fig. 20J i.e. the thickening is not so pronounced . as· 

in the fully developed stoma of the joint, the guard cells 

do not project below to such an extent, and the respiratory 

cavity i s small and is more compar able to that of an ordinary 

mesophyt~c leaf, than to the exceptional elongated passage 
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through the hypoderm in the joint. ~he leaf stomata are 

smaller too, being about 31J.L long and 14)"- wide. 

Ac9ording to ~oleredEr (47), the stomata of the leaves 
Op,un4-•~ 

of ~ia are said to be abortive or anomalously developed. 

I have not found this to be the case in 0 aurantiaca, and 

observations show~, that the stomata of the leaves open and 

shut,and are influenced by external conditions
1
as are the 

joint stomata • 

. "'i" 
.VISTRIB;rtYON OF STOJ;lATA. 

deBary (12) considers that 18 stomata per sq ~ as 

found in Cereus Speciosus is a fairly high number, but only 

when comp~red with th,stomata~ frequency of stems. In 

O.aurantiaca the joint stomata occur about 16 to 23 per sq 

mm. The lower number being recorded from joints collected 

at Uitengage. The younger joints have about 23 per sq.mmJ 

and the leaves about 37 per sq mm,~hich is on the low side 

when compared with the numbers given for the majori tyfleave-s. 

de Bary (12) 

The stomata have their long axis parallel to the long 

axis of the joint,· but some slight var jations occur. 

BLOCKING OF RESPIRATORY ·CAVITY 

Bukvic (4) having investigated 14 species covering 6 

genera of the uacta ceae, found that not infrequently the 

stomata were blocked in · a peculiar manner. He found that 

this blocking might start from the subsidiary cells, from 

the mesophyll cells or from both at the same time. Often 

he observed all three instances in the same section, so that 

according to Hukvic there does not seem to be any one 

established mode of blo cking for a particular species. 

He gives figures to show how a cell of the mesophyll, 

may grow up f~om the mesophyll into the s tomB tGlcavity~as 

in uereus bonplandii. This thylloid cell may divide or it m~ 

sufficient in itself to completely bldk the cavity. In other 

cases the thylloid blocking originates from the subsidiary 

cells . 'l'he subsidiary cells grow out below the pore, come 

into contact t and one of them, or both1 grovr down into the 
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respiratory cavity, divide and fill it completely. In 
ReR./ 

O.aurantiAea! for which he,gives a figure, Bukvic says 

the stopping is of this l ~ st type. The subsidiary cells 

grow out towards each other,but they may or may not meet or 

fuse .• In any case they make the opening below the pore 

considerably less,even if they do not actually block it. 

As any interference with the free movement of the 

stomata, or blocking of the sub .... stomatai. cavity, might 

affect the penetration of a liquid, sprayed on the plant 

as a poison for eradicating, special attention was paid to 

the possibility of this occurrence in the Jointed Cactus of 

this country. 

Sections of older joints showed that growth of the 

subsidiary cell had taken place as Bukvic described. If 

it is remembered,when comparing figures 21-22,that they are 

both equally magnified, it will be seen immediatay what 

growth and increase takesplace in an old joint such as the 

one from which fig 22 was taken. JJot only have the subsidiary 

cells grown out beneath the stoma, but they : ~ ave also increas-

ed in width. 1'he outer and· ventral walls of the guard cells 

have become much thicker. ~he cuticle which has thickened 

on the epidermis is also much thicker on the top of the 

. guard cells • The enlargement of the cells of the cortex and 

hypodermis 7whose cellwalls are much thicker than in fig 21, 
('_ d.V\fy 

has widened the respiratory/\considerably, but in spi~e of 

this,the apperture below the stoma and between the subsid­

iary cells is very much les s than that in fig 21. 

•rhis growth of the subsidiary cells~ a nd thi skening of 

the cuticle on the guard cells, was found to be very 

common in the old joints, and was first n oted in the wrinkled 

joints collected at Uitenhage after a period of drought and 

beat. ih~ ·• nc...rea.~~ . . . l t is sugges ted that f'i'J m f th~cken1ng ~nterferes 

with the. l'ree movement of the guard cells,and accounts for 

the long periods during which the stomata are s hut 1 as is 

shown in table. 'l'he s n.me procedure seems to t ake pla.ce in 

the s tomata of joints which have fallen to the ground,but 

which have been prevented by adv erse condition from taki.ng 
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root. A similar blocking or narrowing of the respiratory 

cavi ty by the subsidiary cells immediately below the por~ 

he.s been figured by Rhefous for Evenymus ja.ponica ( 42) 

Further reference to the blocking of the respiratory 

cn,vi ty will" be found in the section de2.ling vri th formation 

r5Iff ce~k. 



CORTEX AND GROUND TISSUE 

As fig 15 shows the cortex, which is the assimilating 

tissue, consists of somewhat elong8.ted, regular cells, like 

pallisade tissue. The cells greatly increP..se in size with 

the age of the joint, end by cell division the appearance of 

regular arrangement disappears. The cells become round or 

oval in shape ~nd the intercellular spaces, which are never 

large, become more mumerous. big 15 shows that the pith 

cells are round even in the young joint. 
\ 

As with the 

cortical ~ells, these ce lls increase greatly in size as well 

as new cells being formed by cell divisbn. According to 

Engler ( 16) all tissues ·of the (.;actaceae stem are e. ble to 

assist in the thickening of the stem,because .they remain 

able to divide for quite a long time, besides greatly in-

creasing in bulk themselves. 

Except for ·the narro·w margin of epidermi s and hypoderm, 

and the · sme.ll space occupied by the vascular system, the 

whole of the rest of the stem is occupied by tl~ is larged celled 

1beir size largely depends on turgidity,as their ,, 
walls are very thin and collapse as soon as water"withdrawn. 

As 91~ of the fresh weight of a normal joint is water, it is 

not to be wondered at that the joint presents a very shrunken 

appearance when subject to drought conditions. 

· Cons picu ous pit areas in vrhich there are numerous 

simple pits, are a feature of adjacent walls of the paren-

chymatans cells of both pith and cortex. 

The cells of the outer portion of the cortex, for a depth 

of about 7 or 8 eel~ contain numerous ovoid chla.roplasts, 

distributed along the walls of the cell. In these cells 

there are small quantities of starch . Larger starch grains, 

in much greater quantities,occur in the cells of the pith, 

and are es pecially noticeable in the older joints. 

(.;ALCIUM OXALATE CRYSTALZ. 

According to Solereder (47) crystals of calcium oxalate 

are particularly characteristic of the genus Opuntia, where 
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the form most commonly assumed is that of sts.r shaped cluster 

crystals composed of monoclinic prisims (Lautenbach). 

Fig 9, 51, of longitudinal sections through young 

vegetative and flowe!' buds,show that such crystals occur at 

a very early stage below the grovling point in the cells of 

both cortex and pith. While fig 17 shows their early 

formation in a row in the hypodem cells immediately below 

the epidermis. In the cortex of ~ old joint$and tubers 

the crystals appenr in large quantities around the phloem 
fot'med 

bundle (fig 23 ), and later, when lys igenous canals are ja ea 
outside the main bundles,numerous crys t als are found in the 

• 
mucilage in these canals (figs 30,44). 

MUCILAGE CELLS AND CANALS • 

In view of the fact that Dr. Leemannpf the Division of 

Plant Industry,was making a chemical investigation of the 

mucilage, in connection with finding a suitable polson for 

eradicating~ Jointed uactus, the origin and nature of 

the mucilage is not being trea ted in this thesis. i::iince, 

however, the mucilage is the chief characteristis of both 

the cortex and medulla 1 a brief account of the occurence and 

distribution of the mucilage cells and canals is given here 

for the sake of completeness. 

In Opuntia susquehannensis, according to ~loyd (31~ 
lA.t"er 

the mucilage cells arise first in the meduala,andAin the 

cortex. This is also apparently the ca.se in O. aurantiacea . 

The earliest may be found in the medulla Jdirectly beneath the 

growing potnt 'in both the shoot and flov-1er bud ( fig 9, 51) 

Those first recognisable in the cortex are several mm. behind 

the growing point. They occur in greater abundance beyond 

the region of a ctively 1iE]~W,fJ;.;rag tissue, and seem to arise in 

all regions during the whole period of growth of the joint, 

as is evinced by young mucilage cells being seen near the 
· O.. 

base of tQe joint sev er a l inches long. When young,they can 

only be distinguished by s taining,from the medualary_cells, 

and also by their lack of chloroplasts, from the cotical 

cells. Geneva red was found t o be a useful stain in this 
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connection. The walls of young mucilage cells showed up 

as a rosy pink, the walls of the s 1~rounding cells being 

brick red. 

In older mucilage cells if the materi~ has been fixed 

in alcohol and subsequently passed through water, the mucilage 

swells greatly, as it is capable of a high degree of hydration. 

In swelling it compresses the protoplast into an irregular 

star shaped mass in the centre of the cell, the protoplast 

being connected by strands of pro}>oplasm to pits in the v1all 

at points adjacent to neighbouring cells. 'l'he mucilage in 

such cells can be seen to be lamina ted ov!ing to the varying 

degrees of hyd~ation. If tissue contining young mucilage 

cells be stained ,n i th iodine and dilute sulphuric acid, the 

inner zone of the wa1 1 shows a much deeper blue, almost 

violet, than the outer portion of the wall. ..i::from this Lloyd 

(31) concludes that a t this stageathe inner zone of the wall 

. is in a much more hydrated condition. tle quo tes this fact 

in support of the theory that the mucilage arises by hydrolysis 

of the original cell wall, which shows striking or excessive 

secondary thickening, and not by deposition of additional new 

material on the wa.lls by the plasmaJ or by al tera.tion· .of a 

thick secondRry wal~ 1 theories which have been put f orward by 

various authors. 

The size of the mucilage cell increases to a certain 

extent with the age of the j oint. vrysta ls of calcium 

oxalnte ane sometimes found in the mucilage cells. LLoyd 

says s tarch is also present in amounts usual ly correlated 

with the amounts present in neighbouring cells. In view 

of these facts he assumes tha t the mucilage does not kill 

the protciplasm when compressing it into the centr~ of the 

cell, but t hat the protoplast r emains a live, and the cell 

continues to grow. 

Mucilage cana ls of . l ysigenous origin appe~r to be kno~m 

in a number of species of Opunt~'ia,de Bary (12 ) inves tigated 

them in O.robusta 1 and found tha t "they lie close to the outer 
~ -.o\j 

limit of the phloem ~as Schleiden sta tes i n it.) of the 

bundles of the trace, VJhich are connected into a net, and 

. l 
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follow thml in their longitudinal cours e. " 

Mucilage canals of a similar nature were found in 

connection within the more strongly developed bundles of 

the older joints,and were especially cons picuous in the 

tubers . 

In ' fig 15 severa l large cells adjacent to the phloem of 

the largest bundle, mark the probable origin of a canal. 
. o\d 

Eig 30, which is e. section through an"joint, shows how the 

cavity enlarges and apparently destroys the older phloem cells »j 

as it does s o. .tturther fi gs 40 , 4ib.,44,46, show still fQ.rl~:er 

increase in the size of the canal, and the quantity of 
·l ' . mucilage in it. The increase in the numbers of calcium 

oxalate crystals in the s urrounding tiss',e 1 and in the canal 

itself . is also shown. .lt'ig 41 shows how the neigbouring 

tissues are distorted as the canals increase i n size. 
· ·• : 



.· 
VASCULAR SYSTEM. 

1:he greater :portion of the joint is occupied by the 

larged celled :parenchyma of the cortex and :pith. 'l'he vas-

vUlar bundles are comparatively small1 and occur. in a ring well 

out in the :periphery of the joint,each bundle being separ~ted 

from its neighbours by a broad ray of large celled :paren-

chyma. 

lt'ig 23 is a diagram showing the conducting system of the 

joint.lt agreeo in general :prin~iple with that of most ni-

cotyledon stems. 'l'he leaf trace continues up into the small 

leaf (fig 9,53) which falls off earl~ in the life of the 

joint. 

::>everal small vascular bundles ·pass out fr_om the main 

leaf traces, almost at right angles to the nodes or areoles. 

These strands thicken out and form the connection between 

the vascular system of the parent joint,and that of the young 

shoot. 

The larger vascular bundles send off frequent small 

branches 1 which branch again and ana.s tomi s e with similar 

branches from other main veins, so that there is a finely 

reticulate system . between the bundles (fig23 ). de bary (12) 

compares this system with the reticulations of a leaf, and 

points out thr t it is necessary for equalising the water 

supply in the various p~rts of the photosynthetic system 

According to de Hary (\l),this reticulation in the vascular 

system of the stern, is quite common in succulents \'Ji th s m2.ll 

or rudiment2ry leaves. 'l'here are no cwtical or medullary 

bundles 1 su.ch~occur in s ome genera ( 16), the anatomis ing 

system does not seem to enter t he cortex but keeps to the 

main circumference as main leaf trace bundles. At the base 

of the join~ the vasc~1.lar system is reduced to a bout 7 or 8 

large bundles. 'l'hese pass through t he areole and join up 

with the vascular system of the parent joint. 

,. 
I 
I 



DETAILS OF VASCULAR ELID!ENTS. 

In the vascular bunQle of the young joint the phloem is 

well develo ped figs. 15, 25, 28. 1t consists of elongated 

narrow sieve tubes VJith small sieve ~lates, and eq_ually 

narrow companion cells. 'l'he cell walls are thin. ln the 

young joint the outside of the phloem is bordered by uniform-

erly large,isodir.metric,parenchymatons cells of the cortex 

in which crysta ls of ca lcium oxalate are freq_uent. ln the 

older joints these brea~ down to form mucilage canals out­

side the phloem,~ Ylhi ch follow the same course of the bund­

les. 

'l'he protoxylem elements o.re vessels vri th spiral or 

annular thickenin g . 'l'hey are surrounded by narrov; elonge.ted 

wood parenchyma cells,fig 16, 17. 
~ . 

'l'he metaxylem consists of trache2.e Wl th lignified 

spiral _or annular sometimes thickening, f ig 27 , 28. 

'fRACHEIDS 

The t racheids of the Gact a cea e are mentioned by nearly 

all the authorities on Gactaceae, as a feature more or les s 

common to all members of the family. 

1 t is necessary here to distinguish be t Y•een two tyC~es 

of €lements which he.ve both be -:m termed trD.cheids by the 

older wrtters. 'l'here are, in conjunction with the ve.scular 

bundles, large spindl~ shaped cellsJ with severf.'.l rows of 

s vtral or annular liildfied thickning,which projects far 

into the cell lmnen,figs 28 , 42 . In the young joints these 

occur on the inner side of the vascular bundle n(:xt to the 

protoxylem,and a t fi rs t apper- r to be ~art of the vascular 

bundle. 

Ghodat (9) calls these cells hyd~ocytes or hydrocystsJ 

and compares them with the hydrocytes that occur in the leaves 

r of Sphagnum. 

['io~: 

This is the name by which I shall refer to them 

The term tracheae is used here as ,de Hary (p.l55) defines it 
i .e. a collective term for tre.cheid~ and vessels, especially 
usefully in those cases where it is not certe.inly decided 
whether the~ elements in q_uestion bel ongs to one or the 
other type. 

' > 



here, since they are not part of the vascular system but are 

formed from parenchymatoms cells of the medulla and function 

as water storage elements as will be shown later. 

The habit of using the same terminology for both these 

elements leads to some confusion in interpreting the accounts 

of former writers. l•'igures however help considera.bly to-

wards a clear understandi~g. True tra che5ds are apparently 

common in all the genera. Accordi ng to Darbishire (11) 
.. 

both the protoxylem nnd metaxylem of .Mai!liilill~a.ria,consist 

of spirally or annularly thickened trar.heid!>. de Hary 012) 

s peaks of the reticulated vesse l s of s:pecies of o·,untia 

and also ofe tra cheae with ridge shaped thickening projecting 

far into ~he lumen. 

In Onuntia aurantieac4a true vessels occur in proto­

s.nd metaxylem, but it is difficult to distinguj_sh in many 

cases between vessels and tracheids, as it is not al~·.·ays 

possible to say vihether the 8.djacent walls between tracheids 

of the metaxylem are perforated or not,fig 27, 28. In the old 

joints, and in tu};l;ers' where secondary gro·wth has t aken place, 

the tracheids are more easily distinguished,fig 45 . ::>hart 

spirally thickened tracheids,fig 24, 25, are the elements com-

posing the reticulate netw9r k between the main ~:undles. De 

Bary compares these wi t h the tracheids of the reticula tions 

of many leaves, and points out tha t they perform similar 

functions. 1'he tre.cheids of this reticulation do not appear · 

to be accompaided by any phloem, or other xylem elements. 

Tracheids s..r·c f ou.mi in wany other angiospe~~" de .t5ary 

(pp . 481, 482 ) gives a lis t of s ome :pl ants in which t hey 

occur and compares their length with the length of fibres. 

Hrouland (3} has found t hem i n the Ranunculaceae, in the stems 

and a l so in the vascular supply to t he floral parts of 

Anemone, Clematis, 'l'hal i c*"m, and Isopyrum. He suggests 

that their presenc.e lends addj_ tione.l support to the theory 

of the polypetalous origin of angiospems. cnn Hutchinson's 

classification this would a l s o be t he case for the cactaceae. 

r· -~ 
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J:iYJ)ROCYT. OR HYDROCYSTS. 

Bchleiden (47) was apparently one of the first to refer 

to these peculiar structures in the genus Opuntia. He term-

ed them tracheids. They were later reported to occur in 

various other general of the uataceae e.g. Echinocactus, 

Melocactus, uereus etc. In all cases they were described 
\ I 

as ~racheids with thickening projecting far into the cell 

lumen. 

As indicated above and illustrated in figs 28, 45, they 

I 

I' 
11 

~ 
-~ 
:I 

arelarge spindle shaned cells aboutll#~ef'more long and about !J 

66.)'-in diamter. . ~hey have thin walls like these of the r 
adjacent parenchyma, but are distinguished from them by peclul1ar ! 
thickening of their cell walls. In ste.ges such a s shown in 

fig 28,they have no nucleus or protoplasmic contents. 

van ~eighem (47)was the first to Ques tion their nature . 

He 1iemonstrated a nucleus and cytoplasm in them and held that 

the;57 should be called parenchyma cells. lJe.rbishire ( 11) 

1904,, investigating Marnmillaria elongata., said that "the 

tra,~heids contain no protoplasm as soon as they become lin­

g,/ i :fied. . J:t'requently there can be seen, just inside the 
/ 

cambium, trEJ.cheids whi eh alree .. dy show a large spiral thicken-

ing which does not res pond to ordinary wood stains. ;:;uch 

cells contain cytoplamm and a nucleus 11
• He then suggested 

tha·t van 1'eighem 's observations v1ere made on young tracheids 

whieh caused him to mistake them for possib 1. e parenchyma cells. 

::>ubne q_uent wr i t e rs have continued to call them tra.cheids , at 

times distinguishing them as "barrel tre.cheids". 

In O.aura.ntiaca they rnos.t commonly originate fror1the 

parenchyma cells adjacent to the pro toxylem , ba.'t not in the 

bunClle itself. As the thi ckening on the walls commences 

\ 
the cell contents disa_p _pears, so tha t v.rhen ma ture they do 

not seem to contain either nucleus or cytoplasm. They ma y 

elongate in the course of developrnent, and very occasionally 

adjacent ones have b een knovm to fuse by t he breaking dovm 

of their intervening walls . 'l'he exact nature of the thicken-

ing i s unk.'1own. s orne times it r eacts v• i th :phlorog l u cin, s h ov!ing 

. j 
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lignhmJand in other cases no reacuon takes place. 

In applying the term hydrocyte to these cells I have 

followed Chodat (pl64) who calls them hydrocyt~. He uses 

this term for the water storage cells in the velamen of the 

rerial roots of Orchids, and compares them vri th the hyaline 
'. 

water storage cells of 0phagnum. The term is particularly 

appropriate since they are formed from parenchyma cells, and 

their funct j_ on is evtdently that of storing water. In material 

dehydrated with alcohol,the cell walls of the~e elements fall 
filey a.'~- n,ot"$~ol'fed by ba..nd~ of 
inwf;eC'e /\--,thickening, which are apparently a mechaniaa! 

device for keeping the walls extended,and p.neventing them from 

collapsing ov1ing to t he turgor pressure exerted by the neigh-

bouring cells (Chodat). In O.aurantiaca these cells occur 

in the joint next to the ptotoxylem elements, and are more 

abundantly in the old joints than in ·he young. 1 have found 

them to be particularly abundant in the tubers, es pecially 

towards the end of the tuber • .l«'ig 46 shov:s how numerous they 

are in this position,in the medullary ray parenchyma between 

the vascular bundles. Here they are intermingled with cells 

containing large quantities of starch, but they do not appeer 

to contain starch themselves. 

According to Solereder (47) these cells are absent in 

·some species of Opuntia e.g. O.monacantha and other types 

with flat oval shoots. ln ot her species they may occur 

sparingly in· the articulations betvreen the segments, or in 

the tissues of the . medullary ray, or::;a t the··.margin of the pith__, 

but not in the bundles themselves. A further advance is fo-ynl 

when they become an integral part of the vascular bundles e.g. 

O.tunicate, O.imbricata. 

Uhodat says that these hydrocyt6f may -rorm a water system 

for young elongating organs which have no com ~-licated sys tem 

for transporting water for a greot distance, and that they are 

associated with the primary strands v1hich are the forerunner 

of the veins,and appear where growth and elongation is rapid. 

ln Jointed Cactus this does not seem to be the case since the 

young joints have a very good reticulate vascul ar system, and 

hydrocytes are not a t all s o numerous as in older joints . 

' 
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~ECONDARY GROWTH 

SECONDARY GROWTH OF ATTACHED JOINTS. 

Interfas~icular campium formation takes place early. 

It produces only large celled parenchyma which forms the 

medullary ray tissue. 'l'he interfascicular cambium increr-.ses 

by radis.l division vrhile the fascicular cambium only divides 

tangentially, so that the vascular bundles remain narrow,and 

do not join up to form a ring as in most secondari~y thickened 

Dicotyledon stems. 'l'he increase in the thiyJmess of the 

joint is chiefly due to the large celled parenchymatous tissue 

produced by the interfascicular ca.mbi.um. 

The secondary tissue of the vascular bundle is chi~fly 

made up Of narrOV/1 elonga ted V!OOd parennhyma Cell s, { fig2 9 l 
o...te 

The lignified elements, whichAspira lly or annularly thickened · 

t rach e ae , occu:r in scattered groups of two or three . The 

phloem (fig 26, 28J is well develo ped ,cons i s ting of narrow 

sieve tubes s.nd companion cells , there are never any bust 

fibres , however. 'l'he primary phloem is dis torted and sometimffi 

broken down by the lys mgenous formation of mucil age canals 

jus t outs i de the bundle, and Vlh ich follOV.J t he COUrSe of the 

bundle throug~~ t he joint, (fig30 ). Crys t als of calcium oxal a .te 

are particularly common a :·cund these can Als. 

I~umerous laree mucil~ge ce 1 ls occur in the cortex, 

~J edul lar-y rt:.ys, and pith .• 

.l:iydrocyt.Sl'l, near the protoxylem, are more nu.r.1erous than 

in the young joints. The extent to vrhich mechanical 

elements o f fib r ous natltre occur i s chie ::'ly dependent on 

whether the j oint pe -·s i s t s on the plant or not . 

like t hat in fig 3a , which persis t and form the main s t ems 

of the plant, bear :Ln:~ the bu rden of :-::rny 1 o.ter" l joint s , 

h :-:.ve fib:fe patches in the va~cular b1.mdl es 1f18 Jtb. 

'rhe form of s econdary thickeni nG occuring in these 

succu.le;nt s tems may be contras t ed with tha t of ·woody stems . 

Ih the f or mer the v s.scular bundles remain i s ola ted. and the 

chief tiss.ue is l arge thinv1 o.lled naren chyma , whi l e in the 

l a tter the v gs culai· , bundles u s u a lly j oin up to form a ring 



the chief tissue being formed of thiclc walled lignified 

elements. 

cORK FORMATION. 

Cork always occurs on parts ex:;Josed by abscission, such 

as the top of the ovP..ry after the abscission of the perianth, 

and in the areoles. 

The place of the epidermis :ts taken by cork in the older 

joints (fig3a), in joints VThich have fallen to the ground 

and in tubers. In such cases cork is formed· by the te,ngen-

tial division of the eptliermal cells, . the cuticnlP.rised outer 

wall of the endiermis being carried up as new layers are form­

ed. According to EukV.ic such cork format ion occurs in 

several Cactaceae. The cork cambium gives rise to a layer 

of typical brick shaped cork cells whose walls give a suberin 

reaction. After this a riarrower layer of dark thick walled 

1 ignifiea cells are formed, then again n lay::r of thin walled 

cork ce l.ls (fig 32). Similar cork formation is recorded by 

!Iemenvmy ( 22) for Carnegia gigan tea. 

Particular intere s t attaches to the method of cork 

formation over the stomata,and the later blodking of the 

s·ubstoma tal cavity. 'l'his agrees to a large extent VIi th the 

description and figures given by Billcvic for D.aurantiaca and 

other members of the cactace~1 e. As previously ste.ted and 

illustrated in fig 22,there is a partial plocking of the sub­

stomatal cavity, in the older joints, by the grov.;ing together 

of the s ubs idiary cells . below the guard cells1~1gU, ~ihen the 

epider mal cells begin to d i v i de,prepar a to r y to cork formation, 

the subsidi ary cells also divide t angentially and form part 

of the cork ca~bium. With cork forma t i on the _guard cells are 

pu shed up with the cuticularised u pper vmll of the epdiermi s , 

see fig 31. SubseQuently one or both of the subs idiary 
I ' . 

cells grow dovm intb the r espi rator y cavity forming thyl lo i d 

cells whi6h completely block the cavity (fig 32 , 33). As 

the joint continues to increas e in c i rcumfer ence with the 

ad.di tion of secondary tissue, the res pirator y cav i ty becomes 

I 
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larger, as a comparison of figs 33, 34,which are of the same 

magnification, will show. It is adequate 1.y filled and blockEd 

however, by the division of the first thylloid cell a s fig 34 

shows. m'n the tubers 4s a conseq_uence of the gre~.t increa.se 

in girth this is _p2.rticnlarly noticeable, and so r:~ etimes the 

thyloses forms q_uite a tissue almost indistinguishable from 

the cortex with which it comes in contact. 

~UBER FORMATION 

Vegetative propagation from fallen joints is the means 

by which the plant has sprend so ra~idly. Tuber forma tion,-f•835, 

apparently only takes place when a joint, which has roots and 

shoots, becomes buried. Conditions of tuber formation might 
\ 

be investigated. Absence of light is an imports.nt factor in 

tuber formation in sene plants. (53). 

There is no mention of the formation of underground 

storage . organs in the two official publications (28, 40) 

of Jointed Cactus as a noxious weed, nor are such structures 

mentioned by Schonland (45), or by Brittbn and Rose (2), which 

are the only other records of Jointed Cactus available. 'rhere 

is no record of such structures occuring in other members of 

th e Cactaceae. In describing the various species of Onuntia
1 

Britton and Ros e speak of tuberous root stocks. In the 

illustrations given for u.chaffey (fig276,voli) it seems as if 

this rootstock was rea l l y a swollen joint, vrhilst fig 175 sug­

gests that in O.mackensensii the fruit nay have t aken part in 

forming the "tuberous root". Other types ~ith large root-

stocks are rare, .Pterocactua tuberous and Vlilcoxia poselgeri 
. 

are the only two adeq_uately illustra ted in Hritton and Rose. 

These structures are being referred to as tubers since, 

they are stems which have become buried and transformed into 

storage organs1~ and are capable of vegetn. tive propagation 

A knoV·Iledge of the s tructure of these tubers is important 
/ 

from the point. of view of eradicatio :·;1 since it is imperative 

that any poison used on the plant sho 1J.l d c i rculate t hrough the 

whole sys tem and kill underground 2.s ''iell as aerial parts. 

.I 
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Tissues from which the tuber is chiefly f ormed are the 

xylem and medullary. ray parenchyma. In most other tubers 

medullary po.renchyma contributes the major portion of· the 
I 

tissue. In Helianthus tuberdus the medullary parenchyma, 

and the xylem and medullary ray parennhyma, are the most 

impor.tant, and the tubers of this plant show the same very 

the 

long narrovr vascular bundles, (as seen in transverse section) 

with lots of xylem parenchyma and a few isolated lignified 

elements, as occur in Jointed Cactus. Figs 39,40, show to 

what an extent the·xylem parenchyma is developed. The bund-

les remain narrow since the fascicular cambium does not in-
1 

crease at all'radially, but the interfascicular cambium does, 

o.nd this gives rise to a very br oad medullary ray of l arge 

thin walled parenchymatous cells and numer 0us mucilage cells. 

The medulla does not seem to increase at all and is often 

distrJrted by pressure from the surrounding tissue. 'l'he cortec 

does not contibute much to tuber formation. 

'l1he lignified elements of the vascular' bundles seem to be 

chiefly spirally and annularly thickened tracheids (fig 42,43) 

though it is not always possibl e to say whether the¥ are t r ue 

tracheids or not. 

Hydrocytes are more common in the tubers than in the 

a.erial joints (fig 44, 45). .In particular they seem to be 

very numerous towards the end of the tuber in the medullary 

ray tissue fig 47. 

The phloem generally is not as well developed as in the 

aerial j oints,and in many cases seems to be partially dis­

organised by the mucilage canal next to it which are mu.ch 

larger than in ~he joint. (see figs 40, 41, 44) Crystals 

of calcium oxalate also occur· in much greater numbers par-

ticular ly in association with the milcilage canD.ls. 

Starch grains in enormous quantities occur i~ the cells 

of the medulla, the medullary r ays , and the corte:: . 

· cork formation which has a l rea((y be en described for the 

aerial joints continues to a grea ter extent in the tubers. 

It may be mentioned here tha t the collenchyMatous thickening 

rd ' +.hP. hv -:1oderm anuar ently undergoes a chc.nge1 it becomes much 
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thinner so that the cell lumen is larger. 

The very peculiar nature of the ovary wall bearing areoles 
~ 

or axillary buds, and being similar in every respect~ the It 

structure of the vegetative joint, will be dealt with in a 

later section. Since the fruit does not rot away when it 

falls to the ground, but persists and sends forth roots and 

shoots from the axillary buds on its walls, and is capable of 
I I 

forming underground storage agans simtlar to the tubers of the [" 

stem when buried, it is necessary to mention it here. 

AXillary buds on the ovary wall are fairly common in the 

I. 

~ 
1~ 

genus Opuntia, and in one or two other genera of the Gactaceae, ~; 
r. . 

but I know of no sim; lar case in any other family. 1'he near-

est approach Johnsen (27) could tind was in Galycanthus,where 

the outer wall of. the cup of the fruit bears the scars of 

many fallen petalomd leaves, but there are no axil,~buds 

above the leaves and thus no possibility of the development 

of secondary flo~ers or s hoots from the wall of the flower 

or fruit. 

Besides O.fulgida in which great masses of fruit occur 

attached to one another, O.rubescens,O.arbuscula and a few 

others are also capable of bearing frui t fro~ the areoles 

or axillary buds oe.~vary wall, but for the axillary buds to 

give roots and shoots seems rare even in the Gactaceae. 

Johnson (27) says that O.fulgida may proliferate vegetr.tively 

by me~ms of its fruit. 'l'his also occurs in 0 .moniliformis, 

O.cholla and possibly one or t\'IO others. In no case however 

is there any clea.r evidence for the formation of undergi·ound 

storage organs or tubers from fruit,as so freq_uently occurs 

in o.aurantiaca,see fig3i. 

At first these may be distinguished from stem tubers . 
' 

' .. 

by their shape, and by the ovary cavity within if they are :.-

cut open. ~ater however it i s imPoss i ble to say wh• ther the 

organ was originally a j oint, or a fruit 1 for the tissues~ their 

di s tribution:: and content;:are exa ctly the s ame as in the joint 

tubers. 
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HOOT. 

The primary root of the seedling does not persist long, 
. 

its place is taken by adventitious roots developed from the 

base of the hy~ocotyl. ~ater adventitious roots arise from 

the stem. The adventitious roots of detached : oints arise 

from the areoles closest to the ground, they s oon acquire 

a thick protecting layer of cork. 

Ac~ording to de .ll'raine(t9) the root of Opuntias is 

typically tetrarch. ln the case of Opuntia 1\ma however 

one series she examined shov1ed
1
at first)aietrarch root which 

changed to a :nentarhh str · ~ cture at a loY!er level. Hert 

remarks apnlrently only a~ply t6 the primary rootJsince she 

deals with the seedling structure only o.nd does not r:1ention 

adventitious roots. 

In O.aurantiaca the ryrimary r oot is ap~~rently tetrarch. 

In all the adventitious roots I have examined there is a 

hexarch strwture, one :z;-oot sho':ling ~1entarch structure. 

·~·/hether the primary root ch~:mges from -tetrat.ch to penterch or 

hexarch at a lower level as in u.tuna is not yet known. 

11he whole matter of the trF.: nsi tion from hypocotyl• to root 

structure, and the for~a tion of adventitious roo ts , re .·,_uires 

further investigation. The adventitious roots in which 

secondary thickening t akes place at an early stage show great 

development of fibrous tissue.~ see fig _... • 'l'll e xylem is com-

posed of annular and spi raLLy;, thickened tra cheP..e and thick 

walled lignified fibres, with occassionaly pitted we:lls. 

The medullary rays .which are about 2 cell thick v1hen seen in 

transverse section~ contain large quanti ties of starch. 1'he 

phloem which occupies a rel.e.tively small portion vrhen compared 

with the xylem, is s imilFr in structure to the phloem in the 

stem, there are appBrently no b~s t fibres. The peri c:,rtle of 

the secondarily thickened a cventi tious root conte.ins stada, 

and occas i onal crystals of calcium oxalate. In the root tip 

prior to secondary thickening,the cortex consists of l arge 

cells v1i t h numerous air spaces, and the commencement of corJt· 

~ .'. 
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formation can be seen in the region of the endodermis. 

The older portio~of the adventitious root are covered with 

a thick layer of cork. 

According to Gannon (6) the cacti are adapted to exist 

with infrequen: ru:tny perio~s. '!'heir superficial wid~ly spread! 

root system rapidly absorbs the water which penetratej the 

surface layers of the soil. In O.au.rantiaca I have never 

found the roots to penetrate·to any considerable depth. '!'hey 

branch considerably but generally keep to the upper layers of 

the soil. 

·, 
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DISCUSS ION. 

A review of the previous section on the anatomy of the 

joint shows several features of interest as applied to pro­

blems of eradication, whjlst other parts have scientific 

value. 

The method of eradication is to spray a poisonous liquid 

on to the plant. The ease and rapidity with vrhich such ·a 

l i ~1id spreads over the surface of the joint and moistens 

it, is largely dependent on the nature of the outermost 

covering of the !roint, which, in cases v1here cork formation 

has not taken rl~ce, is the cuticle of the epidermis. A 

wax covering is 1-:1entioned for several types of uact :=~ceae but 

so far no wax hn.s been detected on this plant. ln the young 

joint the slight irregularities and undulations of the surface 

of the epidermis might account for the difficulty experienced 

in the rap~d mdStening of the surface of the joint. :::J ince 

penetration of poisonous liQuids into the inner tissues takes 

place through the epideJ:'lJis and stomata , the blockfng of the 

substomatal cavities, and t~e a pparent absence of lentice J.s 

in cork tissue is of interes t. 

A diagram of the course of the vascular bund l es shov1s 

that even in young joints the plant is wel.l provided for 

circulation through the x:ylem elements, v1hile the phloem is 

well developed in the main · vascular bundles but does not seem 

to follow the tracheids in the ret i culate sys tem between the 
~; 

l;!und.l: ::ilage cana ls occuring just outs ide t h e vascu l ar bundles, ~ 
~f 
F.~. 
~:; 

seem to partially disorgsnise the phloem vrhen the canal s in-

crease in s i ze as in the older joints and tubers. It 
~ •i 

uncertain to what extent the hydrocyt•s t aJ<:e part in conducticn. ,, 

Of more scientific interes t is the s t ructure of the 

stomata. 'J.lh e long narrow subs toma.ta 1 cavity, or in the 

older terminology, the r espi r a tory cavity, s haid have, 

according to nrown and Escombe, a great effect i n cutting 

down the r a te of transpiration. The lining layer of cuticl~ 

' ; • 
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to these~cavities is of additional interest in considering 

transpiration and t he metl:.ods of water pr (~serv2.tion . 

As is to be expected in a plant of succulent character, 

there are several points of difference from. mesophytic plants, 

among these is the ~eticulate conducting system, the mode of 

sec.ondary thickeni ng, and the special function of cells for the 

storage of water , mucilage,and crystals of calcium oxala.te. 

The formation of underground storage orgs.ns by detached 

· joints is interesting, and it is I>articularl;; remar·kable that 

fruit are capable of forming similar stora&e organs. Ho 

other record of fruit behaving in a similar manner is found. 

The theory that the fruit is a stem,into the upper end of which 

the ovary is submerged,accounts for the possibility of vegetat­

ive propagation a.nd tuber formation by the fruit. 

The mode of tuber formation in most respects follows on 

the lines of secondary growth in the joints. Although j o·in ts 

which fall to the ground soon begin to grow roots and shoots 

they do not seem to form fubers until buried or cut off from 

light b~ decaying vegetation. 



STRUCTURE Alill lJKVELOPMENT OF REPRODUCTIVE ORGANS. 

In investigating the structure of the seed, and the reason 

why germination does not take place in the normal course of 

time, and also in view of the fact of the very low percentage 

of germinable seed per fruit, it became evident th~t, apart from 

the academic interest of the problem, a knowledge of the develop­

ment of the ovule, and the process of fertilization, would help 

considerably in accounting for these peculiarities. 1'he 

following account of the development of the ovule shovrs clearly 

the nature of the hindrance which prevents the embryo from 

germinating. While the structure of the ovule of various species 

of Opuntia.has been described by several authors, as will be 

shown below, their accounts do not give a clear idea of its very 

peculiar nature, nor are there any illustrations of it in the 

papers to which I have had access. ~he illustrations given here, 

if somewhat numerous, at least show clearly how such a structure 

is fqrmed. The question of fertilization and the reason for 

the paucity of germinable seed requi res further investigation. 

The morphology of the flower is included as a po i nt of 

I academic interest, but it also helps to give an adequate reason 

why the fruit is capable of vegetative propaga tion. 

JJEVELOPMENT OF THE FLOi'rER • 

The flov1er bud arises from one of the areoles usually of 

the upper part of the joint. At first it is indistinguishable 
~~ 

from the vegetl' tive ?u~ . later when the sepals are formed and 

assume a reddish colour, the difference is apparent. 

The ovary wa~l possesses areoles, leaves, thorna eta., 

similar to the vegetative joint, (ef fi gs 5a, 7) and these are 

initiated in the same way as in the joint. · 'lhe internal tissues 

of the ovary wall are exactly similar to t hose of the vegetative 

joint~~epidermis, hypoderm, assimilating tis sue of cortex, 

vascular system, and cells containing mucilage and calcium 

exalate. 

. ·' l 

• I 1'1: J .. ]-

! f' I •, 

~ :. 

: t'{f, 
I'~ 
~ !' 

. t 



-~~- ------------------------------------

When the bud is •5 em or slightly more in length, the 

growing point is still convex, although at the base of a cup­

. like depression formed by the more raptdt growth of the outer 

parts of the receptacle. (figs 51, 52) This to be compared 

with the growing point of the vegetative bud. (figs 9, 10). 

As Johnson (28) points out,the order of initiation of the 

floral parts is an acropetal one. ln fig 51 the initials of 

·the sepals and petals can be seen. They are formed in the same 

way as the leaves,only no axillary buds appear at their bases. 

A later stage in the bud development is shown in fig 53 where 

the growing point is now concave. Numerous stamen initials 

appear, and the carpels have grown out, projecting over the 

cavity of the growing point. (~e eaPpole la:D?la gPowa o'l:lt, 

'lhe carpels 

which may ge 5,6 or 7 in number grow together and meet in the 

centre forming a cavity over the arrested growing point. 

~his becomes the ovary cavity. 'l'he lower portion of the carpels 

fuse and grow up to form a thick style (fig48) about 1•5 em 

long , and 3 to 4 mm. in diameter. The tips of the carpels 

Which do not fuse spread out to f orm the arms of t he stigmatic 

surface (fig 49). They are thickly clothed with swollen 

papillae, which exude a sticky yellov1 substance Vlhen the flower 
. . . 

opens.fr&~~·he vascular system of the style ends in a mass of 

tracheids a t the tip of the stigma arm (fig 49 ) .• 

'l'his development i S similar to that of u fulgida as given 

by J'ohnson ( 28). 

The general appearance of the flov1er can be seen from 

fig~b , i t is a pale yellow,with rather an irridescent dazzling 

quality. 1'he specific name "aurantiaca" aludes to the colour 

of the flower. 

The flowering period is from about f4ovember to Apr~l. 

'l'he flowers open in the morning about 9 a .m. and close in the 

afternoon at about 4 or 5p.m . They l ast for 2 or 3 de.ys. 

' 
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ABSCISSION OF PERIANTH PART0. 

The shedding of perianth and other parts in the genus 

Opuntia is more complicated than in most flo·wers. .Ln 0. Fulgi da 

Johnson ( 28) records the. t, in about 3 days after the flov1er has 

opened, the sepals and peta.ls have v:i thered to a cone of dry 

cri s :1 remains • In O.aurantiaca it is a week or more after the 

flower has closed for the last time that the perianth parts have 

dried out to this extent. 

The perianth ps.rts tfo not fall off separately, but se pals, 

petall;3, stamens and style all wither together into a cone 

att~ch~ to a cup-like base and f all as a whole (fig Sc). In 

this respect it is similar to o fulgida. Johnson (28) describes 

an abscission layer wh~ch forms across the whole receptacle a 

little below the base of the perianth parts. lie points out 

that this layer is. not in a simple t r ansverse plane, but is that 

of an inverted cone. In O.fulgida· this cone is usually perforat-

ed at the apex since the abscission layer comes out aga in a little 

above the base of the style. ·0ometimes however, he says, it 

' may extend across beneath the style which is then cut off, and 

with the other parts, is shed wholesale attached to the cone of 

the receptacle. Although I have not studied this abscission 

layer in o.aurantiaca it is a~parently similar to this last 

case of O.fulgida, since the style is shed with the other perianth 

?arts attached to the receptu.cle. 

The withered remains of the perianth to not fall off 

mmediately the abs cission layer is completed, but remain 

ticking to the top of the ovary for a week or mor e • Hy this 

. me cork formation has covered the whole top portion of the 

ary exposed by the dehiscence of the perianth par ts. fhis 

rk layer rapidly thickens as the frnit matures,and any entrance 

the ovary through the · stylar passage is completely blocked 

.g 8b). 



MORPHOLOGY OF FLOWER. 

(Based on the supposition that the flower of angiosperms 

is a branch benring perian~h members etc., instead of vegetative 

leaves.) The theory that the ovary of Onuntia consists of a 

shorter or longer vegetative joint into the depressed upper end 

of which the ovary is submerged, with stamens and perianth 

members inserted round the margin, was put forward by various 

authors ·working on the <Jactaceae, Zuccarini 1844; Schumann 1894; 

Tourney 1905; Harris 1905 (for full references see Johnson(28)), 

did not adequately support this theory with developmental 

evidence,such as Johnson (28) has now given for O.fulgida. The 

facts will be briefly summarized with referenme to O.aurantiaca. 

As pointed out,the bud of the flower is indistinguishable 

in the early stages from the vegeUtive bud. ~he ovary wall is 

similar to a vegetative joint. It bears areoles, comparable 

with axillary buds, which possess each a leaf similer to those 

borne by the young joint. It also has thorn, bristl es and 

· trichomes similar to thoseGof a vegetative joint,and originating 

in the same manner. In addition,the areoles of the fruit are 

capable of giving rise to new flowers while still on the plant, 

so that fruit bears fruit as in the case of O.fulgida,thou~h not 

quite so prolifically. 'l'he structure of the ttpidermis, 

stomata and hypoderm is exactly similar to th;: t of··· the joint. 
,/ ·. 

The vascular bundles follow the same course in supplying the 

areoles. The cortex is photosynthetic, mucilage cells and 

crystals of calcium oxalate,occur in the s ame tissues as in 

the joint. 

Superficially the shortness of the fruit, and the cr own 

')f . P.eria.nth members, are the sole fea tures which distinguish it 

~rom the joint. As in O.fulgida a series of f r u i ts can easily 

e collected to show how the s tem like portion of the ovary 

all may vary in length, and how the ovary cavity may be restrict­

! to occupying a small porti on at t he top of the fruit. 



As shown and illustrated in the section on tuber 

formation,when the fruit falls to the ground it is capable of 

sending out roots and shoots from any of its areoles. Once 

firmly rooted secondary thickening and cork formation, as was 

shown, takes place so that the ovary cavity is obliterated and 

the Trfruit" grows in size and ultimately becomes indistinq_uishable 

from any tuber similarly formed from a vegetative joint. · 

Lastly in following the history of development of the 

perianth parts and car~els, it is seen that the growing point is 

at first convex,and like tha t of any ordinary stem gives rise to 

leaves and axillary buds·~ With the arresting of the growing 

. point, and the formation of perianth parts, the rate of elongation 

is grently reduced and the ovary cavity is formed by the more 

rppid growth of outer portions. 

In all these cases the similarity to the stem is very 

atriking. The case of vegetative propagation by the fruit, 

as shown in an earlier section, is apparently practically 

confined to the genius Opuntia. 

Further,the formation from a fruit 1 of an organ similar 

in structure a.nd function to the tuber from the vegetative 

joint, shows .that the fruit can be compared not onl y structurall~ 

but also functionally v.' i th a stem. fhis is addi tional 

evidence for Johnson's conclusion that, 11 the present type of 

fruit in Opuntia has arisen from an originally superior ovary 

which has progressively sunk more and oore into the upper ·end 

of the joint b earing it." 



1'HE OVULE. 

According to ~gler Prantl (16) the ovules of Opuntia 

and Nopolea show a remarkable structure. .r.."Xternally they 

show nothing extranrdinary, but in ~ongitudinal section they 

appear to be enclosed in a peculiar envelope, which is to be 

regarded as an extraordinary enlargement of the fold of the 

funicle. · Payer (Engler and .Prantl p.21 p 607) has indicated 

that the ovule describes in its most youthful stage , a 

com:plete spiral before it develops into an anatropus ovule. 

In Peireskia sp ( 16) the ovul es are turned and curved 

against the funicle, _which broadens out in the neighbourhood 

of the micropyle and -envelo pes it as in e. fold. <Zuigha.Jtd l21 ) 

comments on the length of the funicle in ~ercus,and describes 

the ovule as ca~pylotropus "a son micropyle rame·ne presque au 

contact du funicle qui le porte et qui se recourbe sur lui 

comme une bouchep=-le recouvrir 11
• 

In a summary in Biological Abstracts 4 (7-9) 1930 (22, 497) 
' 13 

of a paper by J.A.Huber (~) on the development of flower and 

seed in cacti, the ovule in Opuil.tia, Feireskia and Rhipsalis 

is said to be "campylotropus wi th a long funiculus", and the 

"third integument of O:ountia is interpreted as an enlargement 

of the funicle." Without seeing the original paper, which I 

have not ye t been able to obtain, it is r e. ther difficult to 

comment on the structnres from this description. 

<Zanong's (18) account of the ovule of O.vulgaris agrees 

to a certain extent with tha t of .Payer. He s ays " the ovule of. 

o.vul garis is at firs t amphitropous , but in its development it 

beco~es elongated and bent, a t the same time t urning round in 

such a way that the funictibAs makes a complete turn around it, 

so that finally it stimulates a comp:;rlotro:pe.ns condi tion." 

d'Hubert (18 ) has evidently descr .l bed the development of 

the ovule for several species of Onuntia and o bln± z . io 8 of 

other genera . According to <Zanong his a ccount fits that of 

o.vulgaris fairly well. 

The description of the seed of O. f ul gida by .Johnson ( 28 ) 
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is not very clear, but agrees to a certe.in . extent with that 

of Ganong. 1'he seed has a protective jacket which, "derived 

from the funiculus~ surrounds the seed completely having 

finally closed in above the micropyle". 

The development of the ovule in O.aur~ntiaca has been 

followed from its intiation as a small swelling of tissue on 

the ovary wall see fig 5 &.t • 1'!..,i s grows up and increase in 

length as shown in fig SS , the tip then bends over and small 

swellings arise shovling t he commencement of the nucellus and 

integuments,figSo :~ ~he tip then makes a complete turn so 

that it once more comes to lie in an anatropus uosition with 

reference to the ovary wall,and the funicle completely surroun1 
Q.~ 

the ovuleAshown in fig,~7.Hy this t ime the embryo sac is in 

the full c course of development. This descri ption of the 

development of the ovule in O.auratiaca,confirms that of ~ayer 

016) for other sp. of Onuntia. It a lso moJces t her des-

cri :?tions of Ganong1:~4lit1ff, and Johnson!amore easily understoo_d. 

for later stages, such as t hat shown in fig 6~. illus tra te 

how the ovule m~ght be s s.id to "simulate a :mampylotropous 

condition." 

It seems probable then, that, in the genus Onuntia at 

least,· the peculiarity of the furlicle completely encircJ.ing 

the ovule , which is neither truly ·· orth:ltropous , anatropous 

or campylotro !)Ous, is not uncommon. · 

In Ouuntia aure.ntiaca# tvvo 'OVule initials may s.ri se side ,. .,. 

by side. As .the fun;~les lengthen t hey assume the appenrance 

g iven in fig SS • ~ater th e base of the funi cles fuse tiving 

'the impression that t wo ovules arise by branching of the 

fun icle as i n the fig This fus ed nortion is never v ery 

long however and often does not occur B. t a l l. In t hi s 

connec.tion i t is interesting to recall t he structure. of the 
7 

Gerus as given by ~uignand ( 22 ) . In C.tortuosus in particular 

the principle trunk a f unicle may give rise to about 30 

branches or secondary funicles. each t ermina ted .by an ovule . 

A vascul.ar bundle,a lateral bundl e f rom the vas cular 

bu.i1dle of the placenta , traverses the Vi hoie lengt h of the 

funicle, and ~ ends in the cha laza. just below the nuce llus. 
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At the time of the embryo sac formation the nucellus is 

extremely large, the tip betv1een the embryo sac and the 

micropyle end being 5 or 6 cells dee p . fher e are two in-
~ 

te~ents, the micro_pyle is formed by the inner inte~ent only, 
·, t-~oj~ cU,oue. 

wt'ftel:l ends of vlh ictla!llethick nnd flared out, so that"the outer 
w~\c.\, 

inte{T,ument"forms e. collar round it t fiSS?-S9) This agrees with 

the features menti oned as characteristic of the ~actaceae · 

arid Centrosper~mae by Neumann( 59) ( ex.Biol.Abstracts). 

Th·e inn~r and outer integuments are both made up of two 

distinct layers, agreeing in this vli th those observed in 

Onuntia,Piereskia and Ri nsals species investigated by Huber 

( 2&) . The two layers of the outer integument are each a 

single cell thick, the outer ~ayer persists, ~nd is f ound in 

the seed. The outer layer of the inner integument is a 

single cell thick, but the inner layer is tv1o of three cells 

thick~ this persists as a papery coat covering the embryo. 

1.¥1rlil'iii! Ganong (18) describes the integtunents of O.vulgaris 

as made up of three distinct layerR . 

DEVELOPMENT OF f,1;J3!~YO SAC 

:Material collected during the flo\·Jering season fo r in-

vestiga tion of the development of the ovule, v1as only worked 

over some time l a ter when it was imposs ible to get mo~e 

material to supply the s t ages t hat were found to be missing. 

Thus it has not been possible to folloT;'I out the complete life 

history of the development of the e Ulbryo sac, and subsequent 

effezts of fertil ization. Of the raaterial at - dis posal 

I shall give a description of the mos t outstrillding slides c.nd 

q_uote the findings of other authors on the missing stages. 

According to Neumann (•9) there is one primary 

archesporial cell in' J?eiresrlcia and one cover cell ( Deckselle). 

The cha laza l megaspere develops giving an embryo sac of the 

normal type • 

. H'ig 60 shows the first two nuclei of the embryo sac, 

the result of the first division of the megaspore nucleus. 

At t his stage t he nucel !.us, v1hi ch i s com par a ti ve ly large , is 

only slightly ·curved at the b ;se. Its subsequent growth is 

'i'h P. +.Tnn nA ni 11 A P.a. 



like cells at the top of the nucellus fig 57, 58 are of 

interest, as cSne also the projecting hair-like cells on the 

inner side of the funicle. 

~"igs bl-b3 ar.e sections of ovules from an open flov1er. 

Guignard (2!) says that starch grains in the embryo sac 

indicate the process of fertilaztion since they come fror.1 

the pollen tube. ~tarch s·eems to be present in these sections 

and they are taken to represent a stage in fertilization,+,~&~. 

In fig ol. it would seem that the pollen tube had already dis­

charged its contents,and t~a t the two nuclei mn. and en. 

represent the male and female nuclei about to fuse. The two 

·polar nuclei pn are s·een lower do\''n on the right. According 

to Huber (23) these do not fuse until after fertilization. 

The pollen tube~ can be traced no farther back than the 

nucellus, and · although many sections have been made it is 

not yet certain hov!"t\l~ actually enterz the ovule. lf'ig 63 

shows what look -like the ends of two pollen tubes. '£his 

is a section from a young fruit,and the nuclei of the egg 

have alre2.dy disintegrated as occurs in all similar stages so 

far examined • 

.Later _stages (fig 6/.1 ) only shm-1 the increase grov1th 

of the nucellus and · the :.obliteration of the embryo sac by 

pressure from· the nucellus. At the top of the nucellus 

possible remains of the pollen tubes are alvm.ys present. 

Changes i'n the integuments are also illustrated. 

~rhe single outer layer of the onter integument becomes more 
• 

prominent, whilst the inner layer disintegrates. 'l'he inner 

layer of the in."mcr integument perisi ts and the outer layer 

is' obliterated. s how diagr~:tmma tical ly the 3 chief 

s tages encountered. 
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POSS IBL:E FORM OF E!vffiRYO FORMmrON 

So :far no pro embryos have been found in the material 

examined., nor any stage, betV1een the fertilization described 

and the fully formed embryo, which shov.' s the :possible form of 

embryo :formation. In view of the fact of the very small p~r-

centage of germinable seed (about 1 germinable seed occurs in 

every lJ~ fruit) from fr ,, i t which contains on an average about 

100 ovul es per frui t, it seems that a fair amount of material 

will have to be examined in order to get such stages. 

Heference to literature shows that cases of nucellar 

embryo~~ have been reported for several Opuntia species . 

Ganong (18) gives a full account of embryo formation in 
. 

Opuntia vulgaris. Here adventitious embryos arise f r om 

cells o:1~ the nucellus, near the pollen tube, which seem rich-

er in protoplasmic contents than their neighbours. His . 

f igures shov1 clearly how s evera l emb:-cyos aris e in one ovu.le 

by the 'budding out of cells of the nucellu s. At the time of 

embryo for ma t ion he states thf.\ t there is no sign of an egg 

cell, although before embryo formation he found ovule s in ·all 

stages before and a t the time of fertilization. In ovules 

showing the early s t e.ges of embryo formn.tion from the nucellus 

there regularly lies, in the position of the e£$g cell, a crump­

led mas s of :protoplasm which he concludes to be the remains 

of the dis i ntegrated egg . 

'.L'h is di s integr a tion of the egg corresponds to who.t I 

have seen in my ovm preper a tions but there is no s i gn iJi: Ji{f 

BH:R lLI!Uilfr•iorte bd tbn·e is re sic;n of nucellar emb r yo 

· ·fo rmation • 

.Another case of embryoformation f r om t he nucellus i:ff 

g ivenby Hull ( 2.f) fo r o . Rafintsqui i, whi l st. in younger stages 

nucellar buds were observed in O.ficus indica. , and O. leucantha 

Ernst (1.5) 

The fact that u. aurantiaca is quite commonly polyembryonic 

like o .vulgari s , might l ead one to su ppose tha t nucellar embryo 

formation occurs in t h is case too . 

:Further invest igation of pollina.tion, the germina t ion 

of the J~O llen grain, and embryo forma tion is necessary . 'l'h i s 
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will probably reveal the cause of the very low percentage of 

germinable seed. 

'I' 
J:>OLEMBRYONY 

In Q.aurantiaca there is clear evidence of polyembryony. 

About 24% of the seeds germinated shovred double embryos. 

Polyembryony is Quoted for O.vulgaris by Ganong (18), but 

he says he has seen no other case of it although he has worked 
. 

over some 75 species of the family. According to ~nglemann 

( 18), 0 tortispina showed an instance of tvm embryos in one 
• 

seed, and Braun (18) suggests that the four cotyledons which 

he noticed in O.glaucophylla may indicate a fusion of t wo 

embryos. Other cases of polyembryony occur in O.ficus indica 

and O.Rafinesquii for both of which nucellar embryony has been 

recorded. 

(References on polyembryony are from .K..Schnarf's 

"Embryologie der .Angiospermen 11 and I am indebted to JJr. Metcall 

of the Royal Bota inic Gardens, · KeV/ 1 for the extracts he made 

from this v1ork at Dr. Sr.li th's reQuest.) 
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;:,:!;ED ~ T\nJCTURE. 

The germinable seed is about 4 w~. in l encth and 3 mm 

a t i ts broader end lfi g 6P)69 The outside is covered with 

a _uul py ma.ss of long soft i1r.irs ( fi g 68') wh ich arise from 

the outside of the f unicle. lnterDingled wi ~ h these hairs 

are numerous lr.r Ge ov::.l cells of vn.rying size. .c;ach cell 

has a l e.r c·e nuce ·!.lens , nnd nuJnerous pL: s tids
1 

::>.nd starch gr8 ins 

and muc i l r=.ce . '.t'his pulpy :.;ass i s ve1·y fi ?mly atts.ched to 

the seed .9.nd is better devel oped in gernim~.b le seed the.n in 

sterile seed. (c.f f'& (,~ ci.nd "fo) · 

.!.'he funicJ. e , ":hi~h c oMpletely surrounds the embryo 

(fig 65~~ is comnosed of hard stone cells Dhich n~ke the seed 
• 

v ery diff icu1 t to cut or crQck . 

s tony fu11icle f or:'1S f' . .Loop over the n~j. cropyle , 1:-;tich is not 

freely exposed ~G in o ther seeds . Gerrr~ino.t1on c o·~ld only 

be secuned \'ihen this loo p vves cut 8VH?. y · and. t he rP.dicle ex-

J:lOSed. Thus by its v:ery peculiar struc t ure, a nd becaus e of 

j_ts J-- prd stony nnture , the funic le preven t s the embryo from 

gerli:i nnting . 

the embryo is surrounded by t wo coats 1 the outer one, 

·.::!~ i. ch is formed fro :-:1 the outer layer of the o· ,t er in tegument 

adheres t o the funicle (fiB" 66 ). The inner one, f rom the 

inner layer of the i nner i n te .~·umen t , fo ~,~ms a thin brovm 

papery coverin~ t o the embryo . 

The e!:1br~:o iD lcr c e r! nd '.''ell developed ['.nd completely 

fills the seed excc~t fo? ~ sm~ll portion occupied sometimes 

by the rem~1ns of the nucellus . 'l'he t v10 cotyleclon s are 

l~.r t?:e e.nd bent ro1md i n the f e.shion of t hose of a campylo-

t ronu s e~bryo (fiG 66 ). The r 8c.Ucle is a lso v1ell developed 

and. h :· s a cons ··icuous co._p to the grov1in g ~~oint . J1.ll t he 

cells of the eobryo are clo~ely packed ~i th small globules 

~t ,, 

; . ·I 
I 

. .ll 
· .. / 

·I .. I 
.. j 

·I 
I 5 ~ 

. , .. 
I . ~ 

'•· 
v1hich c;ive a _protein rec.ction v1ith ~. ~illlon 's lte8.gent, and a re · 

I I 

probably r:.leurome e;r !:: ins . ; 1, 

In the case of seed containin.';: mo :·e tho.n one embryo~ the 

se cond embnro i s squeezed Y!i thin the curve of the other one . 
'. 

; 
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Besi~es seeds conte.ining embryos two other types of 

seed occur in the fruit. One is a thin flat papery seed 

with hardly any surrounding mass of hairs end mucilage cells 

(fig 70). 

The second type has a hard stony funicle similar to 

the.t of germinable seed, but it is smaller and flatter and 

the mass of tissue sur~ounding it is not so plentiful and 

succulent as that of seed containing embryos. lnside this 

second type of seed is a flat papery object evidently the re-

mains of the integuments and nucellus. Wi th a little prac-

tise it soon becomes possible, on cutting open the fruit, to 

distinguish immed-iately between the ~erminable seed and the 

other two types. 'l'he pulpy mass surrounding the former is 

more abundant and has a translucent appe?.rance .(e.-\- ~"l e,s ... 10) 
~ 

. -
Germinable seed occurs very r~rely, and ·wben it does there are 

usually only one or two in a fruit, which as an ovary, con-. 

t ains about a hundred ovules. l•'or the most pQrt the fruit 

contains sterile seed of the t wo types mentioned above, some-

times one type nredominating and sometimes the other. 

It is impossible to tell from external appe '"' r nnce whether the · 

fruit conta ins germinable seed or not. 'l'he following table 

gives some idea of the uro9ortion of germinable seed to 

frui t. 

1"'" ~ \..€.. '!. . 
.Place of Time of No . of No. of ~erm-
Uollection Collection fruit inable f1mi t 

seed -Uitenhage ..t!'eb. and April 780 111 

Uitenhage July 1074 66 

Uitenhage September 1476 66 

Uitenhage October 81 3 

Middle Drift ( .Albe J August 1657 2 
Total 5068 848 

As this table shows germinable seed was found with much more 

regu.lari ty in fruit from Ui tenhage than in fri.i.i t fr.om the 

Middle Drift area. The average amount of germinable s eed 

in fruit from Uitenhage is about one seed to every 14 fruit, 

' · 
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which is extremely low considering that each ovary contains 

from 80 to 200 ovules. 

The seed takes some time to mature and the fruit of 

b~bruary flowers can only be collected about July. During 

this time the fruit first sv?ells slightly. and assu:1es a dark 

red colour,~later it becomes ~rinkled. 
'. 

~ER!fiNATION TESTS. 

The second type of seed vii th the hard seed coat and 

papery inner tissue was at first mistaken for germiJDable 

seed. ~he first germination tests were made on this seed 

from fruit collected at 1.:iddle Drift. Of some 2,000 seed 

tested for ge~mination, after v~rious treatments, it is not 

necess~ry to make further mention, except to comment· on the 

lack of good seed in fruit from this area. (see table~, 

only 2 good seed in 1657 fruit). 

Later, when fruit collected at Ui tenhage we.s examined, 

the true see~ containing a well developed embryo. was 

immediately noted. Owing to the fact that only a few hun-

dred seed could be got after the labour of col ' ecting and 

examing several thousand fruit, the germination tests were 

someWhat limited. 

'l'est I. Four lots of 25 seeds each were treated as follows. 

~ot 1. H2 so4 and cut seed coat. 

~ot 2 . 

Lot 3. 

The seeds were treated with a 50% solution of sul­

phuric acid for 15 minutes, washed, and the pulp~ 

outer coat removed. 'l'he micropyle end of the hard 

funicle was then cut so as to expose the radicle. 

Hz so4 

Treated wi th 59% H2 so4 for 15 minutes, the pulpy 

mass removed and the seeds well washed (Spaeth 48) 

Boiling Wa ter. 

The pulpy mass removed and the seeds kept in 9UIC 

water for 3 mins. 
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Lot 4. ~o treatment, pulpy mass not removed. 

Seeds were placed on filter paper on small petri dishes with 

strips of filter paper dipping down into water in larger petri 

dishes. 'l'hese were kept in an oven 24 "li. Thus all seeds 

v1ere eq_ually supplied with water, and conditions .of humidity, 

oxygen supply and heat in ·the oven remained fairly uniform 

(see Rules for Seed Tes ting 43). 

The following table gives the results of 'l'es t I. 

Table li 'l'es t I. 

Lot. No. No.Set. 'llREA T;·.-L.fi.;NT GK~EI~A'i'lO~ · AFTE.'R DAYS %TU'l'i..L 
li-ERM · 

1 2 3 4 5 6 7 8 

1 21 .t:i2S04 and 2 1 6 43fo 
coa t cut 

2 25 H2S04 

3 25 90·C water 

4 25 .NO treatment 

Of the 21 seed set in .Lot i. 9 germinated , 3 of these had 

double embryos. The test was allov1ed to continue for 37 

days but no further germination took place. After this 

period the seeds of 2,:3 ,4, were used again j_n Test 2 . 

'l'able Test 2. 

Lot.~o. No.Set TREA Ti:.IEN T GERMINATION AFTER DAYS %TOTAL 
G1!."RM . 

L 2 ' 3 4 5 6 

2 18 Seed coat 2 3 3 3 2 72% 
cut 

3 18 Held in flam~ 
for 8secs 

4 ~o treatment 

Again only those with s eed coat cut, so as to expose radicle , 

germinated. Out of the 13 which germinated 2 g~ve double 

embryos , both of them "':v':i.;-gorous and strong . 
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vlearly dormancy in this case is secured by the third 

method mentioned by C.r oc. \{e r ( 10) nmechanical resistance to 

the expansion of the embryo snd see~ contents by enclosing 

structuresn. The embryo, nhich is well developed, is 

aurrounded by the hard, storiy funicle which forms a loop 

across the micropyle, which the embryo seems inca_pable of 

breaking throuc,h without the interference of some external 

influence. 

Lansdell (28) carried out some germination tests on 

the jointed cactu~. ~eeds were sown, without p~evious trent-

ment, on moist blotting paper in sawdust a.nd in soil~in tiuly 

and August 1920. 300 seeds were tes ted but no germination 

took place as recorded in results published in 1923. uhe 

does not say however whether the embryos were still alive 

after this period. 

~~idently this mechanical obstruct i on by the funicle is 

the dnly cause of dormancy, for as the germination tests above 

indicate, within 24 hours of the funicle being removed, and 

bn being supnlied vri th moisture etc, t he embryo showed signs 

of germi:mating. 

uERMINATION. 

As shovm above the seeds could only be induced to ger-

minate when the part of the funicle covering the micropyle was 

removed. How germination t akes place in nature is difficult 

to imagine, as .tbe funicle is so hard and stony that it 

would t 2.ke a considerable time before it rotted away., P- nd it 

is uncerts. i n VIhether the embryo could r etain its vitality 

during this time • 

\lhen artifically germinated the rad:Lcle emerges and is 

q_uickly f ollowed by the hypoctyl . There is a tuft of hairs 

at the juncture of the rsdicl e and hy:-,ocotyl (fig 71). 

When there are two embryos , one usually emerges bef ore the 

other, so that there is usually one seedling further developed 

and stronger than the other ( f i g ~a). Figures 72 -7$t show 
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various stages in the growth of the seedlings. The seed-

coat is usually carried up on the tip of one of the co tyle-

dons. This s t~.ge is reached within 3 or 4 d!:'.ys c-f the com-

mencement of germination. uometimes· the cotyledons emerge 

quite freely, a.nd at ot};el~ ti:::es they do n ot seem abJ.e to 

emerge e.t f'll, so th~t the t .. ·o cot~rtedons. r.re held ··:ithin the 

seed coat end the seedling eventually dies. 'l'h:i.s 1.'Tas noticed 

by Ganong (19) in other t ypes of Ga ctaceae seedlings. 

1'he hypocotyl. is long and fairly thick o.nd at an ef'..rly 

stage mucilaee cells ~ake their appe~r~nce. 'l'he two cotyle-

dons are large,flat and succulent and in this respect corres-

pond to Ganong's (19) Platopuntiae group as ty~ified by 

o.vulgaris. The primary root does not pe~st long, its 

place is soon taken by adventitious roots fro~ the hy~ocotyl. 

The P,lurnule or f:D3t shoot only makes its appear2.nce a 

month or more after germination . . lt'ieure 74 shows t hat it is 

exactly like a small globul~r joint. It has areoles with 

rudiment:·ry l eaves, fine thnrns ana_ trichomes . 

DISCUSSION. 

Results of the investigation of the seed and fruit show 

that the possibility of the plant spreading r apidly from seeds 

is very remote since the percentage of germinable seed is very 

low, and the exit of the embryo is blocked by the hard stony 

funj. cle so that ge:r.mina tion can only take ple.ce very r arely 

in nature. In eradicating the plant however, the fruit must 

not be neglected since vegetative pro~ag~tion is very common 

from fallen fruit. The q_ues tion of how long the er1bryo re-

tains its vitality is not yet answerable ::>eedlings should 
' be easily recognisable in the veld by their l arge flat cotyle-

dons which are usually green on top and reddish below. 

The development of the flower and the morphology of its 

part s shows very clearly that the ovc.ry wall can be consider-

ed ~ a transformed stem . The rel a t ively pr,mitive position 
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assigned to the uactaceae in a scheme of the evolu tion of 

An,io'~~such as Hutchinsorlca,is supported b? this evidence. 

The ·develo pment o.nd structure of the ovule is full of 

interest in comparison nith the more normal tyoes of ovule • 

.A:9parently the very long funicle completel y surrounding the 

ovule is a feature common to other s ~~ecies of the genus 

Opuntia, but does not seem to occur in other genera of the 

cactaceae, or in any other plant f amily. '.'!hl?.t .the f'unc tion 

of such a structure is, is obscure, s ince it compli cates the 

passage of the pollen tubes to the ovule and u l ti:,mt ely 

prevents the embryo from g erminat ing. It mi6ht indirectly 

account for the scarcity of germinable seed. 

The absence of all proembryo stages makes it i mpossible 

to say whe t her t he embryo originates f r om the fusion of the 
,;.,~t 

egg and pollen nucleus, as~majority of angiosperms , or 

wl1 ether it is ·of nucellar ori gin, as is usua lly the case in 

s pec i es of Opuntia shovTing polyembryony • How far the pollen 

. tube and its contents are res ponsible for the embryo funr.J.a tion, 

canno t b e said until t~·! e course of the pollen tube has been 

· foilo,:red up. 
I 

Seedling ana tomy requires a closer investiga tion . 

de Fraine's study on the trans ition :phenomena in the seedlings 

of cactaceae 013), shows up s ome interesting poss ibilities . 
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GENERAL PHYSIOLOGY. 

In connec tion vli th the stomatal abservations which 

follow it is as well to give a few facts on the water con-

tent and water loss of joints, and t o note the period and 

manner of grow-th. 

WATER CONTENT AND WATER LOSS OF JOINTS. 

The water content of a young but \~'!ell developed joint 

is approximately 917& of the fresh weight. J oints dried in 

an oven at 4o·c for 8 hours da ily took roughly 21 days dry-

ing before constant weight was reached·. .Loss of water under 

these conditions is therefore very s low. 

Loss of water under natural conditions is even s lower. 

A set of joints, knocked off from the plant and allowed to 

lie on the ground, as occurs in nature in vege.ta tive propa-

Bation, were weighed a t interva ls with re sults whovm in 

Table III 

Table rn 

Period elapsed after 
joints 1mocJced off 
parent plant . 

1st day 

2nd day 

3rd day 

4 th day 

14th day 

4&th day 

() 

2 hrs · 

6hrs 

26 hrs · 

30 hrs 

50 hrs 

Yo'ung Joint Old Joint. 
Weight ner cent Weight ner cen 
grm.s . grms 

7•4524 100 45 · 4168 100 

7. 4201 99·56 45•3000 99•74 

7• 3536 98·67 45•1208 99·34 

7·3368 98.49 . 45 ·1092 99•32 

7•2872 97·78 1 4!•8300 98•71 
I 

7• 0800 95· 00 ! 44•5550 . 98 .10 
' 

7.0214 94.21 ; 44.5008 97.98 

6.9290 9 2 • 8 7 :· 43 • 53 52 95.87 
: 

6 . 5216 87. 90 41.4248 91.21 

The loss is at first compBra t ively r apid , but it becomes 

proportionately less and less. On the 46th day after the 

commencement of the experiment t he ·yoUng joint had lost 

appr oxima.tely .J.6of its .. original Y!eight, v1hils t the old joint 

h ad only lost l/12th of its original weight. 
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areoles on the lower surface,and soon the new plant was in 

a flourishing condition. The young joint also sent out 

roots and shoots a little later. oimilar results were 

obtained by Mac Dougal and 0palding for Opuntia. 

From the above facts_ it is seen that separate joints 

are considerably resistnnt to water loss,and vegetative 

propagation is easily accomplished. The danger of very 

small joints,as a source of vegetative propagation, is evident 

from the fact that very small young joints, ra.nging in weight 
'1.~ 

from .08 gms,~which were left on undisturbed ground 

in April, had taken root and were growing vigorously by 

September. 

GROWTH. 

Vigorous growth starts with the first rains of August 

and September,when numerous young shoots appear in the 

are6les. These grow rapidly during ·the early spring and 

summer months. 

A large tuber which had been stored for about a month 

or more was planted on the 26/6/35. By the 16/8/35, after 

heavy rain numerous vegeta tive buds had appeared. 'l'he 

following rough readings were made o~ the g~owth in length 

and thickness 'of some of the young joints. 

Table I. 

DATE JOINT NO. I 2 3 & 
LENtiTH J5I.A.M. LENGTH DIAM . LENGTH :DIAM. LENGTH DIAJvi. 

m.m.m.m. m.m. m.m. m.m. m.m. m.m. m.m. 

26/8/35 35 10 18 9 8 6 5 5 

27/8®35" 39 10 21 9 10 7 6 5 

28/8/35 40 10 21 10 10 7 6 54' 

29/8/35 40 10 21 10 11 7 6 5 - 8 

18/9/35 77 15 55 14 44 8 25 7 

10/10/35 139 19 94 20 101 15 58 12 

TOTAL IN 
45 DAYS 104 9 76 11 93 9 53 7 

Thus in the specimens under sonsideration there was a maxim~ 
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li'ig is a photograph of the tuber from which the 

measurements were taken. lt had put forth 19 new joints 

during the 2 months of during ·which it was under observation. 

J!'ig is the same plant and shows the increase growth during 

a year. 

During the summer months the joints may appear wrinkled 
:sf..J.l. 

and shriv~led after several weeks without rain (see fig ) 

On the second or third day after a good shower however they 

become round and turgid, and by the fourth day new vegetative 

and floVTer buds have apper:~red. (1•he plant ~. apparently 

draws on its wat~r reserves during the drought, but as soon 

as rain falls it is able to make a rapid recovery~and even 

to put forth a new crop of shoots within a few days of re-
J C,.}- t1~ W{- lr'- 7. >'ivc.,tJ,~£;' rf ~.,.(..~ ,f <vy 

1~.'•:f~ ,,~ t ~(. .£f.. J "! '# ( ~'"? 
covery. . t:; .1.t-;.,...,.."·f.,(.A·-t:~ · • · 

The Onuntias examined by MacDougal and · Shreve~)showed 

similar form alterations in response to rainfall. ln the 

species mentioned however,bud formation seems to occur only 

month or more after .the rains, and then during a second period 

{
/ ? c-A' [............. .4-.~ 

of expansion. As a result of experiments on hydration and 

growth MacDougall (~~) comes to the conclusion that :-

"the flattened stems of Opuntia yield ample evidence that the 

fluctuations in growth show a direct relatiqn to the hydration 

capaci ty of the growing cell masses, and that as a morphologic-

ally comple~ member or organ approaches maturity, the fully 

developed tissues show a varying wa ter capacity different in 

many respects from that of the embryonic cell-masses.". 

'In a later paper l\lacDougal and ::>breve ( 

for the daily growth of Opuntia j oints. ) 

? 
I v;! t J-

[J : k 

~ 

) give a progre.mme 

,, 
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~TOMATAL OBSERVATIONS. 

APPARATUS FOR RECORDING PHYSICAL CONDITIONS . OF ENVIRONMENT. ., · 

d.i 
RAINFALL .

1 
., !:~1:. i 

r. ( ~. •·t 
· /4vw~ .. tje. : 

Records of rainfall are those taken from the nearest " "'-......A·~· ~ ;~;: ,j 
' ~ ::' ., 

meterological station which we.s never more than 2 miles '.i' i :; 
l!t ' 

distant from the place of observation. lt is of interest 

to note the average yearly rainfall of the three areas in 

which stomatal observations were made,or from which fruit 

was collected • 

Mean Mean Percent. ..l:'ercent 
AniiUal .Annual >:>ummer \hnter 
Rainfall No.of rain;y Hainfall Rainfa:n. 

aa;ys. 

Alice (Middle 
Drift Area) • 22 ins 73 66 34 

u-rahamstown 28 ins 89 61 39 

Uitenhage 17 ins 6U 54 46 

LIGHT 

Of the available instruments for recording light in-

tens ity the most reliable and best stanae.rdisea results wei:e 

given by the ~aer-Hecht Dauerphotometer, this instrument is 

also compact ana easy to handle when doing field work. 

~der-He}t Ghloris Photometer ..l:'aper was used and e.n exposure .. 
of 2 minutes given . tlence it was possible to record the 

light intensity of practically the moment of stripping and 

fixing the stomata. By means of the table supplied with 

L the instrument re :;;,ding.:1Ifer
1
e translated in t erms of rel ative (\,..w t .... _.(/t1.. ~.I-.{. 

light intensity~which c;;J, easily be t ransformed into absolute 

·readings in Bunsen Roscoe units. owing to an oversight shor .t . 

exposures to record early morning and evening light were not 

made which a ccounts for the absence of s uch reaC ings in the 

tables gi Ve,J:l • 
~­'-·,_ 
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TEMPERATURE 

~ 
For the first observations and results given in tables~ 

. and 1.\ temperatur~ was recorded by swinging a thermometer in 

the air. ¥or later observations a ~tevenson ~creen was pro-

cured on loan.and temperature readings were made from a max 

and min. thermometer kept in tne screen. 

HUMIDITY ~ .. . ~ 
The humidity readings of ·table JSI were made from a _ 

wet and dry bullS thermometer kept in the ~tevenson Screen • 

. Readings -are given as Degrees of Relative Humidity . 

..I!.'V APORA T I ON 

Several types of atmometer were tried including the 
·, 

volumetric type-~ figured by Maximov (3?) and the weighing 

type suggested by ~ivingston. None of the se were sensitive 

enought'
1 

to give the small readings necessary if evapor~?. tion 
i 

/ 

of the moment was to be recorded. · On Dr. Leemann's advice 

the apparatus shown in figure below was constructed . 

·: 

Q... ~\'Tlorn ere r 
c. t.o..~ 'l\(U'~ \u.he. 

.... --------· R 

(
---... 

_l-· - ct. 
. ( 
:.. ... 

- - -t 

A white bulb Livingston atmometer vri th a restvoir was 

attached to a horizontally placed capillary tube supported 

by a wooden platform. Between the atmomter and the tube ,. 
P' y 

a second rese1oir with a t ap was inserted. 'l'he tube and 
1•1.. :: 1 

• ..::.1 · . I ' s econo .- .'' ,•· · 
) ' 

rese.yoir were protected i n a wooden box with air vents in the 
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portable and could be left outside dh the place of obser-

vation. When not in use the tube was filled with water 

and the end stopped with rubber tube and holder. The tap 

of the resevoir R2 was left open so that evaporation from 

the atmometer was provided for from this source. 
y 

·rn order to take ' a reading the resevoir tap was turned 

off and the stop removed from the end of the tube . 1'he water 

was then dravm through the tube by evapora tion from the atmom-

eter,and the rate of its passage measured a long a centimetre 

rule placed alongisde the tube could be recorded V!i th a stop 

watch. The rule was placed alongside a portion of 20 em. 

marked off on the tube ~o that the rate of eva.pore.tion would 

always be measured over the same volume. 1'he tube was care-

fully chosen for its eveness of bore. In order to ascertain 

the volume of the 20 em. through ·which readings were taken, 

this part of t he tube was filled as accurately as possible 

with clean m~ury. 'l'he mercury column was measured then the 

mercury ran out and weighed and hence the volume of the tube 

calculated. 

column of mercury 20.4 em long weighed 2.6062 gms at 21°C 
t l 

spefic gravity of mercury a t 21t 13.5439 

.Wolume occupied by column of mercury 20.0cm long -

2.6062 
13.5439 

X 20.0 
m 

Since·the volume of vmter alters with the cgange in 

temperature, the tempera ture of the capillary tube was t aken 

for each reading, and all readings refered to 2lfu according 

to the formula. 

' 
¥, ( 1 3t 3F t) 

where v~ 'is the require~ volume 

v1 the lrnown volume at 21° C 
. of 1.o11.ter 

~ the coefficient of expansionAin cm311' 

t the difference in tempera ture. 

; 
. ~ .' \ ~: ~ 
) ~ ·. · 

l
<'t. . 
'j•: 

J., ' 
'I ', 
r/: · .. 
.\ .. t 
v .. · ... ' 

~ '.Q 

~1.·. . " >: ' ,, ' 
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This volume reduced to milligrams, mulUplied by the 

atmometer coeffecient and divided by the time it took to 

evaporate, gave the rate of evaporation in mg/minute. The 

readings given may be considered accurate for the first 

decimal place. 

METHODS. 

Observation of stomatal movements is particularly 

difficult on account of the nature of the epidermal tissues 

of the. plant, a full a~:ount of which is given in the section 

on anatomy. 1'he crysta.ls of calcium oxalate , in the hypoderm, 

which cannot be separated from the epiderm in stripping, show 

through and greatly mar the cleo.r definition of the cell walls. 

The stomata are slightly sunk and the subsidiary cells project 

over them,so that it is very difficult to distinguish the 

walls of the guard cells clearly. In or,der to overcome these 

difficulties the following methods .were considered or tried. 

(i) Microscopic observation in situ is impossible on account - - --
of the thickness of the joints. 

·( ii) The xylol, benzol, alcohol injection method L .rAolis ch1 

did not give any satisfactory resuJts as it was impossibleto!. 
a.".>cet-t"n.i.ll 
~whether the liquid disappeared through evaporation or 

because of 9enetration. ~or was it possible to get any 

results if there was any mdsture on the epidermis. 

(iii) Darwin's porometer method was tried but found impractic­

able dn account of the rounded surface of the joints, 

which did not permit the glass chamber to be fixed in 

an air tight manner. 

(iv) Str~ing the epidermis and fixing,by plunging it 

immediately into absolute alcohol, Lku~has been one of 

the mos t successful methods for stomatal observations on 

this pl ant. This method has been extensively tested 

by .Lloyd, Laftfield and oinetS,o..nc\ htl~ ?"oved uery re. ho..b\e, 
-There are many disadvantages however. 'l'he cuticle and 

hypodermal tissue become very brittle in a lcohol and t he 

strip is apt t o curl1 sa that the cover glass does no t lie .. ~·. 
'• I . ' 
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~lat and it is di~ficult to focus on such an object. 

( v). . Para~fin Method. Miss L. Britten drew my attention 

to the fact that liquid paraffin is ased for a mount-

ing medium for tissues used in experiments dealing 

with the osmotic pressure of cells, where it is absolut­

ly necessary that the cells should reta in their natural 

turgor. ~he suggested ~hat I might find it useful in 
lt't) 

connection with stomatal observations. ~etl!est~gives 

the results of a series of tests using the paraffin 

method for studying suction pressure in p~ant cells. 

According to her results the cells retained their 

original turgor for several hours, when in para~fin. 

In the present instance the epidermis was stri ')ped and 

plunged into liquid paraffin, a process occupying a 

. ~ew seconds, and then examined undftr the m,jcroscope while 
o/1· . 

mounted in liquid parr.@.ifin. 'J.'ests showed that the 

stomata in this medium were the same 6 hours after 

stripping as at the moment of stripping. .i:!.iXtensive 

comparisons were made vii th strips of epidermis from 

the same plant,and taken at the same time, but fixed 

with alcohol. In every c:::.se the resul ts agreed 

closely. Most of the results given in tebles JiP 
and table ~were done in duplicate with th:ese ~ 
two methods and the results agreed perfectly. ll'l.ore-

over ,paraffi?- _ a~ a moun;ting m~_~ium h~s~)several ad­
' ,- · .{ J.. f1v~ 1.<ol /.;. "'-~(...,· , ;,~ "-v('., 1. ~ ( ( J• .f 

t .J ·Y'1~antages over alcohol. ln the firs t ·place t he e :-::-.j_ 

epidermis s trips rema in soft and pliable when mounted 

in paraffin,so tha t when a cover gl ass is placed on 

the top it lies a~solutely f l a t,als o there is no 

necess ity to worry about the prepar a tion drying out, 

as i s often the cas e with a l cohol. A third advant age, 

which was of grea t importance in th i s cas e , is tha t 

.. 
. ;·+ 
, ,~ ., 
' ' . . i : . ' 

..;-lr· 
1:· I 

1
,1 i 

: ,,,.' 
, · I 

. I I 

:1 ; 

J:·~ .. 
·~ . 

paraffin is an excellently clear mounting medium for i;·;· ·· 
i . . .r. 

I t was found that measurement~ 1t?.'·;: microscopic examina tion. 

of the pore and width of t he guard cells , by which t he 

state of the stomata i s recorded , could be made much 

~~~ . . . 
(i ;; ~I ,' 

!.;f. 
!;~ >:·· 
; it .. :' 



(vi) Collodium Method (38).A thin layer of collodium paint-

ed over the epiderm and afterwards removed,as a strip, 

VThen dry, was quite satisfactory for showing the distri­

bution of the stomata and the number 9er sq. mm~ but 

it did not give a clear enough impression,or show 

distinct1y,whether the stomata were -open or closed, 

nor coulQ any accurate measurements be made. 

Of the above methods the pare-ffin meth~d was chiefly 

used, the· alcohol method being usually used as well as a check, 

since this is apparently the first time liquid paraffin has 

been u'sed as e. medium for observing stomatal apertures . 'l'he 

advantages of the strip method maybe briefly enumerated . 

(.i) microsco CJic observation revea]$ 'the actual degree of 

opening,which can then be measured with a micrometer we piere 

scale. j 

( ii) The stomata. a.re hever all of the same degree of opening 
~ ,J 

at the same moment , (as is pointed out by ~oftfield ·(33). 

By mieroscopic examination of a strip of epidermis,approximate-

ly 400 stomata can be viev1ed in quick succession,and me::.sure­

ments made of the maxim~h~inimum, as well as the average 

degree of opening. As most results were done in duplica te 

vlith the paraffin and alcohol methods,about 800 stomata were 
1 

reviewed for eabh reading. The measurement given is tha t of 

the width of the stoma fro n the outer wall of one guard cell to 
w·,th 

the onter.wall of the other,asuw17 ltPJ comments on the general 

state of the stomata. 

•l' 

OBSERVATIONS AND RESULTS 

IUb.::>l!;H VATIONS AT GRAHAHSTO':TN, JUNE. 

Refer"ing to the rainfall t a.ble g iven previ ously, it vlill 

b e seen that urahamstovm has the highes t average r 2.infall of 

the three areas mentioned. Mists are prevalent during the 

spring and r.rinter months . 'l'he potted :pl ants f r om VThich obser­

vations were made were kept in a s pot sheltered from winds and 

early morni~g sun . 



Table :JC.gives the stomata l read ings taken hourly over 

a _period of 24 hours, June 9th-1Uth. All readings were done 

in duplicate the alcohol method on l y being used. .t<ig o( is 

a graph of the s ame readings in v;hi ch the maximum a.nd. minimum 

dimensions of the stomata are plotted , whereas in Table z_ 

average dimensions are given. The graph illustrates the f a ct 

that the stomata are never all of the s r.me degree of o -pening 

at any one period. The dimension given is the vlidth of the 

stoma from the outer wall of one guard_ cell to the ou ter wall 

the other guard cell. 1'!:· is measurement V.'?..s e c..sier to t n.ke th:n 

tha t of the por~ Rnd gives a good ide~ of the v~riation of the 

stoma as ·well a.s the degl~ee of o}en:i ng of the pore. 

1'emperntn:-e nnd humidity :ti,-:-11res 11.uo ted i n the table were 

obtained fro m t he covernoent n eterologica1 s ~ation situated 
. 1 I ·' 

about i mile e:way. · ~ 

A discussion of these a nd other re~ults ~ill be Given a t 

t h e end of the s ec t ion. 

II. OBSERVATIONS AT GRAHAJ..:STO',VN OCTOBER 1935 

In October when weather was wo,rmer a nu.."llber of ref'.dings 

v1ere made. Typical results are g iven in Table -:lO: For the 

sak~ of comparison, simultaneous res dines 1.'-Jere made of the 

condi tions of the stomata in :::>pelcboom ( Portula caria afra) 

and Lucerne species. 
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Graph of Maximum and Mini mum ,of Stomata, J·une 9th - lOth. 

TABLE~ HOURLY STOll.ATAL OBSERVATIONS 4.30 -p:m . June9 t h-3. 30~!!2 
June lOt • 

Da te Time State of Average : Temperature Rel. Rema.rks 
Stomata Width of Max , Uin Hum-

Stomata Fo Fo . i di ty 
June 
9th 4.30p.m Some shut , 22 t::loudy 

others slight . 
open breeze 

5.3op~ m .Open 32 

6.3up.m Open 30 

7.3up.m Open 30 Calm 
dev1y 

8.3up.m Open 30 

9.3up.m Wide 
· open 34 68 . 6 46. 2 77.8 

lu. 30p . m Open 30 • ~ J 

C / · ..... . ~ I 

' . 

shut 
\ ~ . ) 

11 . 3up .m Some 
. r ·, .. others 

open 22 Cold, 
calm 

I<iidnigh t 
12. 3 ~.; ll· m Open 26 

June 
lOth 1. 3ua .m · Open 26 

2 . 3u. , Dpen 26 Slight 
breeze 

3 . 3 0 Open 28 

4 . 3u Open 26 ;::>lie;ht. 
breeze 

I 

·;· ··. 
1[ •f' 
I 1•' ~ 
I~ :·· 
I ' !· , " 
f . 
' ' . 
' :·' 

I 

, I .~1 

r' -' .. ~ 
) J : 

~:,h~ 
t-1:::· 
hi::;, 
~ : .. 
~~:--·" · , , ... . , ... 
1 J. 



i .iJa te 

: June 
lOth 

Time 

5.30u .m 

6.30 

7.30 

8.30 

9.30 

10.30 

-72-

;:,tate of 
;:,tomo.t2. 

Open 

Some shut 
others 

I 
I 

o:pen 
i 
; Vfide open 

Wide open 

' Wide open 

Open 

Average 'l'er.l'~ ZJ,~r.. ture : Rel. 
·.t i nth of .Max Jain · Hum-

~:> torn2.ta _t.·o .1!'0 
. idi ty 

26 

22 

34 

34 

34 

26 

11.30 ~;pen 30 8.5 . 45.4 84.8 .tirigh t r:; . 

Midday 
12.30 Open 

1.30p.m 
I Open 

2.30 Open 

3.30 Some shut 
others 
o~en 

30 
. 30 

26 

22 

cool 
Windy 
close 

Over­
Cast 

'l'AJ3LE ..][ Hourly Stono.tal Observations, 4.30 June 9th -3.30 June lOth. 

The above graph and figures show that at no time during the 24 

hours period were the stomata all closed. rcriods of greates 

··( ; opening oc~urpd r~oughly from 8.30 to 10.30 p.~. and from 

7.30 to 9.30. a.m. 

:•. " .. . 



~ABLE l[I 

Date 

Oth october 

.'3th October 

2nd October 

5th October 

8th October 

Time 

9 a.m. 
10 a.m. 

Temperature 

', 8--D u- F. 
I 7rJ 

1 2 noon · 1 7ff 
2 p.m. 7rf> 
9 a.m. 

10 a.m. 
3 p.m. 

11 a.m. 

3 p .m. 

5 p.m. 

7 a.m. 
9 a.m. 
5 p.m. 

11 a.m. 
3 p.m. 
6 p.m. 

10 p.m. 

5cP 
6cP 
6<9 

JOINTED CACTUS 

Average 
State o:f 
stomata 

Shut 
Shut 

Shut 
Shut 

Shut 
Shut 
Shut 

Shut 

Slightly open 

Slightly open 

Slightly onen 
Shut 
Slightly open 

Shut 
Shut 
Wide open 
Shut 

Dimen­
sions. 

22_,.i.(-
22;«-

22~ 
2~ 

23_,tt-
22_.fo' 
22~ 

21)"-

25~ 

24;«-

24;-t-
2tu. 
24;tt. 

21M--
21,u.. 
34~ 
2tu' 

PORTULACARIA AFRA 

Average 
State o:f 
stomata 

Shut 
Shut 

Shut 
Shut 

Shut 
Shut 
Slightly open 

Open 

Wide open 

Wide open 

Open 
Open 
Open 

Slightly open 
Shut 
Shut 
Shut 

Dimen­
sions. 

16~ 
16)-v 

16~ 
17?-' 

17~'v 
17,;<-v 
20~ 

15~ 

1~ 

21-W 
I 

LUCERNE 

Average 
state of 
stomata 

I 
I 
I Open 

Open 

Open 
Slightly shut 

I Almost shut 
; Almost shut 

Almost shut 
I 
; .Qpen 

Open 

Slight closure 

Open 
Open 
Open 

Open 
Open 
Slightly open 
Shut 

Dimen­
sions REMARKS. 

15,tt-- Cloudy, close 
15~: Windy, getting 

cooler 
15~ 
1l.J;,u,.. : 

13_.M.- Hot wind 
13..,..u.. Hot wind 
1~ Breeze cooler 

20~ i Cloudy, sudden 
\ rain, 

2QM.- : foll. by sun- 1 
I I 

i shine •• 
15/"- : Cool, windy, 

cloudy 

15,.,.u- Cool, surmy. 
1 5,.u. Windy, cloudy. 
1 5/u. Windy, cloudy. 

1 ~u. : Rain. 
1 ~ 

1 

Clear after rain 
1~ 

1 Sun set 
1~ ! 

lh 
l9 Oc..tobe r- connnu.~d 



!\BLR·n JOINTED CACTUS Continued .'\.Verage 
State of' Dimen-

:~.te. Time. T.etfl:perature. Stomata. sions. 

1th October 7 a.m. 50°F. Open 29,.u.. 

9 a.m. 75 
0 

Shut 21JV 

12 noon 80° Shut 22,P--

2 p.m. 77° Shut 21~ 

4 p.m. 60° Wide open 32~ 

6 p.m. 5t0 

-- -. --~ ~ ..... ·- - -~---

~~ - a. .. • .:_ -. -·-

PORTUh~CARIA AFRA 
Average 

state of' Dimen-
Stomata sions. 

Open 19~ 

Slightly open 19p.-
/ 

1: Shut . 15~ 

Shut 15~ 

Open 21~ 

LUCERNE 
Average 

state of' 
stomata. 

Open 

Open 

Nearly shut 

Nearly shut 

Nearly shut 

Dimen-
sions. 

15~ 

15 p. 

13~ 

13~ 

13~ 

REMARKS 

Dew still on 
leaves. 

Dew gone. 

Hot wind. 

Windy. 

Thick clouds 
coming up. 

Heavy shower 
rain made i 
impossible 
to talce 
r eadings. 
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Analysis of these and other readings nade during October 

show that the stomata of the Jointed Cr> ctus "re usually open 

in the early hours of the morning, but closedsoon after sunris~ 

and remain closed 'till 4 or 5 or clock in the afternoon • 

.Low temperatu:r-es and hir;h hl.li!lidity would a:ppet=lr to cause them 

t o open earlier in the afternoon ,· about 3 o'clock, but this 

is very variable and depends to a large extent on the climatic 

conditions. Under such circumstances closure appe ~".rs to' take 

place again between 9 and 10 at night. 

: ll1'.':5)1reervations at Ui ten": age, February 4th to 21st, 1936 
. . 

A Stevenson Screen with meterological instruments , and~n 

ammometer, were se t up about 100 yds from the plants under ob-

servation. 

1'he first set of stomatal observations at Ui tenhage were 

made on the day following an extremely hot day when tern perature 

Later observations, as records of tempera ture and 

humidity in 'l'able 'J:II show, were mad,.,. e under milder conditions 

and over a period of 5 days of intermitttnt rain, a total of 

.87 inches having fallen. Hence a fairly wide r e.nge of summer 

conditions were experienced by t he plants d~~ing the time of 

observation. 'l'he effect of this weP.ther vras very noticeable 

in the condition of the plants. During the hot ~eriod, prior 

to the rain, the joints were very shrunken and wrink:}.ed , but 

after two days of intermitt~nt showers these joints had become 

turgid so that the epidermis was no longer cast into folds. 

On the fourth day of . dr:.mp we r. ther numer ous vegetative and fruit 

buds had appeared. A remarkable feo.ture sh ovred up by the re-

cords obtained, is that for long per iods the stoma t a are shut 

a s far as can be a s certe.i ned by microsco :p ic examins.tion, 

though,.... the·r:(i~ mua.t . be .a s l j ght ·"i:iiffusion of gP..sles ·th:r_ough the 
" / 

/ 

pre,.sumably very narrow-- aperture. 
'·· ... · ......... . 



A.BLE llii. 

/2/36. 'l 
[idnight. \ 
1/2/36. J 

§ 
-~ 
~ 
\ 
~ 

11 p.m. 
12 

1 a.m. 
2 a.m. 
3 a.m. 
4 a.m. 
5 a.m. 

~ 6 
~ a.m. 

--

j; 

l 9 
10 

a.m. 
a.m. 

5 p.m. 
6 p.m. 
7 p.m. 
8 p.m. 
9 p.m. 

: -- . -,. -·· ·. - ~--~ .-

A SERIES OF OBSERVATIONS, MADE ON PLANTS· GROWING IN VELD AT 
UITEl.'iHAGE, CO~RELATING ST01•.iATAL MOVEMEl~T WITH CHANGES IN PHYSICAL CONDITIONS. 

Shut 
Shut 
Shut 
Shut 
Shnt 
shut·. 
Slightly 

open 
3.07 Slightly 

open 
77.70 Shut 
77.70 Shut 

50.81 Shut 
Shut 
Shut 
Shut 
Shut 

24 
27 
24-27 
24-27 
24-27 
24-27 
24-29 

24-29 

22 
22 

24 
27 
22-24 
22-24 
24 

Temperature 

Max. Min. 

53.5 
51 
49 
47 
46 
45 
44 

44 

70 
75 

72.5 
71 
66.5 
65 
63 

54 
51 
50 
47·5 
47 
46 
44.5 

44.5 

71 
76 

73.5 
71.5 
66 
66 
65.5 

80 
86 
86 
93 
91.2 
92 
90 

92 

50.6 
46 

51 
50.7 
59-7 
63 
72 

, I 

18.24 
40.74 

52.84 

32.99 
17-56 

RIDIIARKS. 

WEATHER. STATE OF PLANTS. 

Clear, calm 

Sun up at 
6.5 a.m. 

Hot, sultry. 

Windy 

Joints shrivelled. 
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ABLE ~II. continued. A SERIES OF OBSERVATIONS, ltiADE ON PLANTS GROWING IN VELD AT 

UITENHAGE, CORRELATING STOMATAL i~fOVEiiEN'r WITH CHAl{GES IN PHYSICAL COND~TIONS. 

aS 
-+-.3 

~ aS 
d) -+-.3 ~E 
> ·.-f 00 
•n CD -+-.3 

~ ate ~ 
+.3+.31=l d>CJ) 
aS ,.q d) -+-.3 - ri b0-+-.3 aS d) 
d> ·rl l=l +.3..C: 
P::l-lH CJ)-+-.3 

0/2/36 7 p·.m. Shut 
1/2/36 9 a.m. . 77.70 Shut 

2 p.m. 102.8 Shut 
5 p.m. 29.04 Shut 
6 p.m. Shut 
8 p.m. Shut 

10 p.m. Shut 
:idnight 12 Shut 
2/2/36 8 a.m. 33.42 Shut 
lidday 12 136.2 Shut 

3 p.m. 118.4 Shut 
8 p .m. Shut 

i dnight 12 Shut 
3/2/36 2 a.m. Shut 

4 a.m. Shut 
6 a.m. Shut 
8 a.m. 102.8 Slightly 

open 
2 p.m. Shut 
8 p.m. - Shut 

CDaSCD TEMPERATURE 
l=l -+-.3 l=l 
OctlO 

·rl S H w·o 0 
l=l -+-.3 ·rl 
d)CJ)'-5! E .--. 
·n <H l=l 
qo-n 

Max. ~· 

24 69 69.5 
22 80 81 
22 79 80 
24 75 76.5 
24 
24 
24 

72 73.5 
67 68 
67 68 

24 67 68 
24 66 67.5 
24 76 77 

24 80 81.5 
24 71 72.5 
24 65 66 
24 63 64 
24 62 62 
24 60.5 60.5 
24-29 67 67 

24 80 80 
24 70 70 

78 
56 
75 
94 

100 
100 

88 
83 
85.5 
89 

63 
83 

. 94 
! 97 

94 
97 
85.5 

56 
71 

19.58 
40.35 
39.01 
24.70 
17.08 

6.44 
25.22 

33.80 

Not 
taken 

34.92 
17.27 

REMARKS • 

WEATHER. STATE OF PLANTS. 

cool breeze after Joints shrivelled. 
Hot d, Max.93~ 

Rain star ted 6.35p.m. 
. o6» fallen b~ 8.30 

a.m. 1 2/2/36 

Cloudy, slight breeze 
Cloudy., sultry, no 
wind · 
Very sultry •. 

Quite heavy dew, 
No breeze. 
cool, damp. 
Cool, sun up 6.ooa.m. 
Hot, cloudy 

Hot, few clouds. 
Warm nightt 

14th Februar~, 1936. - continued. 



A SERIES OF OBSERVATIONS, MADE Ol'f PLANTS GRO';HNG IN VELD AT 'ABLE ltii. continued. 
UITENHAGE, CORRELATING STOMATAL MOVEMENT WITH CHANGES IN PHYSICAL CONDITIONS. 

>ate 

4/2/36 

8/2/36 

9/2/36 

idday 

- _L ___ ---- - o - •• 

10 a.m, 
3 p.m. 
8 p.m. 

3 p.m. 
5 -p.m. -· 

6 p.m. 

8 p.m. 

8 a.m. 

10 a.m. 

12 
2 p.m. 
4 p.m. 
6 p.m. 

8 p.m. 

! 

157.0 
157 .o 

136.2 
29.04 

. 4.07 

12.05 

89.33 

102.8 
118.4 
33-42 
4.07 

Shut 
Shut 
Shut 

Shut 
Slightly 
open 
Slightly 
open 
Slightly 
open 

Some 
Slight 
open 
Few 
slightly 
open 

Shut 
Shut 
Shut 
Slightly 

24 
24 
24 

24 

24.29 

27-29 

29 

24-29 

24-27 

24 
24 
24 

\· TEMPERATURE . 

•
1 

· Max. I Min. 
, - 1-
, oF. oF. 

80 80 
82 83 
70 71.5 

72 7?-

67.5 68 

66.5 67 

66 66.5 

64.75 ' 64.5 

70.5 ; 71 
I 
: 

74· 75 : 75 
78.5 79 
74-5 75 

open 24-29 71.5 i 72 

67 40.68 
42 66.54 
73 8.72 

69 42.33 

65.5 20.11 

73.5 16.87 

73 6.80 

99.4 

88.5 5.97 

75·3 
60.5 

19.39 
34.19 

78 22.74 

80.5 
Slightly I 
open , 24-29 70 \ 70 88 4.16 

··;·- :..~.:-,,~ ---~-~--.:L:-.'~;1 ;;~ ;~~:r.~~-.--.:~.,.~~ -.-·_;:--..._-lv'.~~,-~-.'~F3:'>.::~':-;_.~~:~~:.-.::~-~7:~7-"f<:·: : ;~~:-::~~.£~-~-~-~-:-:-~=-~-- -~--~~-~=:~- r -:~ _, 

REMARKS 

WEATHER. STATE OF PLANTS. 

Very hot ) 
Hot, slight breeze)Max. 

-H0t )89~ 
• 7o'' Rain from 15th - 18th. 
Windy, few clouds Joints fat and 

Turgid 
cool breeze 

Cool ·breeze 

Cool - close 
.08 11 rain overnight 

r~Ust over everything 

Mist lifted, slight 
breeze 

Windy, close, cloudy 
Cloudy, windy 

Cloudtj, calm 

Cloudy • 

• 01
11 

rain overnight~-. ~-'·. __ '""·· ....... _J 
-::. • _ _ ~ - • -- - - ----.• - - · .r . - • ~- ---=- _:...~- ":-!.!-:.:.:... 



'ABLE SEII. continued. A SERIES OF OBSERVATIONS 1 !JIADE ON PLANTS GROWING IN VELD AT 
UI TENHAGE, CORRELATING STOMATAL MOVElilENT WITH CHANGES I N PHYSICAL CONDITIONS. 

aS . :~ - ~ - .. . - -·- - - - · ; ·- ~--- - ·····-·-· ·:······ . . -- . . . ~ . 

r +l rD aS Ill · 0 
~ aS I=! +l I=! TEMPERATURE ..-IQ) 

Q) +l ~s 0~0 Q)~ +l+l REMARKS. > ·r-i 0 0 ·rl H >+l CHaS::1 
•rl f/.1 +l woo 

~· ' Min. •r-i ·r-i . OHP 
+l+ll=! Q)Cf.) I=! +l ·rl +lrd . 0 .,.; WEATHER. STATE OF PLANTS. >ate Time aS ,q Q) +l Q)Cf.)'S! . ~j G> A S 
rl bO-l-l cdQ) s ...... 

+l "aS6a G>·rl s:: -1-l,.C: ·r-i ~ I=! oF. oF. aS> 
P::t-lH Cf.)-1-l ~o...; p::~ ~r.:tS 

~0/2/36 .8 a.m. 33.42 Some 
slightly. 
open 24-29 69.5 70 97 Misty Manz new vegeta-

tive and fruit 
'6u<i a-p:eearing. 

10 a.m. 118.4 Sh'J.t 24 78 79 75 17.30 Cloudy, hot Iidday 12 238.3 . Shut 24 88 88.5 52 44. 78 Hot, slight wind . 2 p.m. 207.0 Shut 24 87.5 88 56. 5 67.38 4 p.m. 67 .LJ.6 Shut 24 84.5 85 60.5 45.01 8 p.m. 3 54 Some 
slightly 
open 2L~-29 78 78.5 74 15.90 

.. 

/2/36 Windy. iAax 91 Of. 8 a.m. 89.33 Shut 24 74 74.5 61 43.62 Windy 10 a.m. 1SB.o Shut 21J. 76 76.5 52 61.07 dday 12 207.0 Shut !lot, windy 
2-2-24 75.5 76 56. 5 72.09 2 p.m. 136.2 Shut 22-24 72 

Windy 
4 p.m. 136.2 73 57 53.04 Windy Shut 22-24 69. 75 70 65 40.24 Cooler, windy. 6 p.m. 33.42 Shut 22-24 68 68.5 66 



'r, . 

A study of Table III shov1s that of the hourly readings 

made from .l!'ebruary 4th, 11 p.m. to .l!'ebruary 6th, 6 .a.m., the 

stomata were only seen open, very slightly1 ~1ice, i.e. at 

' . ... 
l.i 
I 
'·' r 
J:rl. 
.\, 
' :: ,, ) 
I : 

I .. 
I •, 

5 a.m. s.nd 6 a.m. , \'lhile by 9a .m. there was no sign of opening. · . :· 
Maximum temperature the previous day had been l03°F, minimum 

twt- ((, 
during the time of observation was 44°.1!'.) BUt degree of 

humidity and .ra.te of evaporation fairly high. The condition 

of the plants has als o to 'be 'th.t<.en into considera tion, as 

these observations were made towards the end of :.:>,mmer, when 

the plants had been subject to fairly severe conditions. 

The rainfall for January was only .85 inches. 

Another. period from 9 a.m. 11/2/36 to 8 p.m. 13/2/36 

passed without the stomata being seen o pen once. .l.iuring 

this period a maximum of 88° .1!', minimum 60°F and .06" rain 

with hit;h degree of humidity v1as recorded. 

Vuring the 16th and 17th., .77" of rain fell. On the 

18th the joints were much improved incondition, all of them 

be~ng quite turgid. b~om the 18th to 20th., .10" of rain 

J fell, making .87" in al l since the 16th .l!'ebruary, which is 

greater by .02 11 than the rainfall for the whole of J·anuary. 

It is interesting to note tha t with these more favourable 

conditions t he stomata were seen open f r om 5 p.m. to 8 p.m. 

on the 18th; from 8-10 a.m. and 6-8 p.m. on the 19th; and 

at 8 a.m. and 8 p.m. on the · 20th. At all other times they 

appeared to be shut. 

It may be noted that these periods of opening correspond 

roughly to the periods of gre~test opening as observed a t 

Graha.mstown during June and October. 

' 

I• I .. 

.w· 
I! I 

, .,·jo 
·.I 
·.1· 
'".1 

, I 

I•,Li 
It. I:. 
'I 
~~~ ' 
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DISCUSSION 

THe peculiar anomaly in the respiration of cacti, first 

noted by £ivingston (30) was the subject of f1~ther invest­

gation ~y ~hreve (~6) who made 80me observ~tions on the 

movements of Opuntia versicolor in connection vri th it. 

In O.versicolor she found that · rrunder typical conditions 

the stomata begin to close soon after sunrise and they appet:...r 

to be completely closed by noon. 'rhey begin to open at 5 to 

6 o'clock in the evening and continue to open throughout the 

night., the maximum size occuring between 3 and 6 a.m. " 

Loftfield ~33) commenting upon this state~ent says that it 

~pplies almost word tor word to the behaviour of the alfalfa 

stomata under conditions of low water content, high temperature 

continuous brilliant sunshine, and very dry air. These being 

the habitual conditions under which the species of Opuntia 

under considerQtion livest~oftfield suggests that it has 

adapted itself,and such movements have become typical of its . 

s tomata. 

In the cas e of Opuntia aurantiaca table X shows that a t 

no period during the 24 hours of observation v1ere all the 

stomata of any particular portion of the epi dermis seen to be 

shut, but that the period of greatest opening occurred in the 

morning from 8 tG 10 a.m.,and in the evening from 7 to 9 p.m~ 

this during the winter month of July, the maximum tem~erature 

during the period of observation being 68° 1!' and relative 

humidity 77.8. 

Observations in October during t he gr owing season show 

that the stomata are usually open in the early hours of the 

morning but close soon aft er sunrise , to open ag.., i n at about 

4 or 5 i n the afternoon. ~urther information is ne cess e.ry 

on the ~ues tion of ni ght opening. The period of opening 

in the morning . :"(ttrrespon~ with the period of maximum opening 

fo r o.versicoler. 
"tno•e or 

Comparing these results with~the fleshy leaved 
I • 

1'artulacar1a afra, a.nd the then leaved mes o:phytic type such 

' I 
I 

'· , 

' I 

! ., 
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as ~ucerne,it will be seen that ~artuclacaria afra shows 

results between the Jointed Cactus and ~ucerne, agreeing 

sometimes more closely VTi th the Jointed Cactus than with the 

Lucerne. The results given for ~ucerne eorrespond in general 

with those given by ~oftfield for alfalfa, as i~ is b1own in 

·America, ~hat is in common with most mesophytes the stomata 

remain open during the day under normal conditions. As 

conditions become less favo'.1rable midday closure appears, 

see table ~I Oct. lOth , Oct 18th. According to Loftfield, 

with increas ingly unfavourable conditions complete closure 

occurs,and becomes prolonged until stomata are closed all 

day. With the appe~rance of day closure,ni0ht opening occurs 

and increas es with increase of day closure, showing that the 

' stomata of these pl~nts are capable. of changing their normal 

movements and adapting themselves to the Tigors of external 

conditions. 

In some respects the movements of the Jointed Cactus 
) 

stomata may be compared vii th ~oftfields third grou_p which 

contains a large number of1fleshy-leaved plants. In particular 

it may be compa.red with the cowbeet where the stomata, under 

te.vourable conditions, are wide open dnring the day and close 

very little •at ni ~;ht , this ag;r:-eeing in some respects v1i th 

results in table ~. As conditions gro,n less f avour0.ble 

the stomata of the cow beet only open widely an hour after 

sunrise.and close gradually and completely d~ring the fore-

noon or even before morning is over. In the Jointed Cactus 

opening occurs in the .. early hours of the morning , closure 

starts soon after sunrise and continues until late afternoon 

v1hen they start to open again. Table YII shovTs that, under 

conditions of high temperature and li&ht intensity,and after 

a prolonged period without rain,but under dondition of high 

humidity, s ee t able lii Feb. 11th-13th, ~he stomata are to 

all appenrE'.nce shut during this period, onl y opening s lightly 

at 8 a.m at t he end of the period. ':lhile on the 18th and 

19th Feb, after • 78 i nch rain e.nd ,under mor e favourable 

conditi on,the periods of open ing approa ch mor e 

the5e recorded in t able ~I. 

!' 

'! 

I 
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These stomatal readings give some idea of the adaptabili~.~ 

of the plant to external condition and the methods used in / .:. 

resisting drought. Attention is once more drawn to the / 
·' / 

nature of the stomata .in older joints, the thickened cuticle 

of _the. guard cells, and the growth of the subsidiary cells, 

which causes them to project below the guard cells into the 

respira.tory cavity and cause partial if not complete blockage 

of the air pore. How far this is t:tffected by drought con-

dition and how far by age of the joint is not yet aertain. 

lts interferenrewi th the opening and closing of the stor.~ata 

and the checking of transpiration,is of obvious importance 

to the plant. Yurther observations of such joints, and 

of the movements of stomata of v ery young joints during 

the growing season, are necessary • 

' 'I 

~i· 
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SUMMARY. 

1. An illustrated account o~ Jointed Cactus (Opuntia 
aurantiaca, Lindley) is given. Points which have direct 
bearing on problems o~ eradication are discussed at the 
end o~ each section, and are·summarised below. 

2. The terminology and morphology o~ the external parts 
are brie~ly dealt with. 

3. Anatomical details of the epidermis, hypodermis stomata, 
ground tissue and vascular system are given. Of particular 
interest are the mucilage canals and cells, the numerous 
calcium oxalate crystals and the hydrocyts. 

4. A brie~ account o~ secondary thickening in the joints 
shows how secondary growth in the ~allen joints takes place, 
and how these are capable, when buried, 0~ ~orming large 
storage organs or tubers. 

5. Vegetative propagation is dealt,with, it is the 
meristematic tissue in the areoles which is responsible ~or 
new growth. It is important to note that the ~ruit are 
capable o~ vegetative propagation,and also form underground 
storage organs. 

6. The root system and root anatomy is brie~ly commented 
upon. 

7. Development and structure o~ the ~loral parts is given 
and the homology between ~lower and vegetative shoots dis­
cussed. 

8. Development and structure o~ the ovule are described. 
The exceptionally long ~nicle which completely surrounds 
the ovule, and which later -forms a hard stony coat round t.he 
embryo, is o~ particular importance in accounting ~or 
the delay in germinati~~ 

9. Seeds containing embryos are very rare, roughly about 
1 in every 1,400 ovules develops an embryo. Polyembryony 
is ~airly -frequent. 

10. Germination tests are given. Seeds would only germinate 
when the · hard, stony ~unicle covering the microp~le had 
been removed. 

11. A ~ew facts dealing with the physiology o-f the plants 
are given. 

12. The results o~ stomatal observations on cultivated and 
wiLd plants are tabulated and discussed. Methods o~ 
observation including a new use o~ liquid para-f~in are given. 

~oints of Interest in Problems o~ Eradication. 

1. Vegetative propagation from very small joints, ~rom 
portions (with areoles} of joints, from -fruit, tubers and 
bits o~ tubers is possible. Such parts can retain their 
vitality for a long time, there-fore all parts must be 
destroyed in order to prevent -fresh in-fection. 

-----
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2. · In'f"ection +'rom seed is rare · but possible. Germinable ~eed 
occurs very rarely, about 1 seed in every 14 +'ruit . The 
structure o-f-' the seed is such that germination can be delayed 
inde+'initely. Seedlings can be recognised by the .two large 
+'leshy cotyledons which are reddish underneath. 

3. Blocking o+'· the stomata and cork -f'orma tion must be 
reckoned with when considering the penetration o~ the sur-f'ace 
by poisonous liquids. 

4. The conducting system is illustrated, the reticulate 
system o-f' tracheids is noteworthy. In older joints and 
in tubers the phloem seems to be seriously inter~ered with 
by the lysigenous -f-'ormation o-f-' mucilage canals. 

... 
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