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1,

This piece of work was undertaken as the resultfof cértain
observations made during class work on irregular nutrition.
_This particular specles of Cuscuta was being successfully grown
at the time in Glasgow Botanic Gardens, end my sincerest thanks
are due to Mr. Banks, the Curator of the Gardens, who has'very
kindly allowed me to have abundant meterial at all times during
the past three years, and has also provided me with various
host plante upon which to grow the parasite. He has also
allowed me to make observations on the plants growing in the
Gardens, and to taxe photographe whenever 1 wished. |

During the course of our Summer term's work on the
physiology of nutrition, I had occasion to refer to Plieree'es
work on the parasitiem of various specles of Cuscute (Annals of
Botany, 1893-189y4). This work appears to be the recognised
work on the subject, since it is quoted in 211 the text books.

The most noticeable discrepdncy in the behaviour of
Cuscuta reflexs when compared with the species described hy
Piarce, is that it produces obvious anatomical changes in ite
host in many cases. Pilerce statps:- “the effecte on the host
ére mainly physiological, it rarely, happening that smatesical
changes take place in conseguence of the presence of hauqtoria”.
Now when Cuscuta reflexs is grown on the ordinery greenhouse
geranium (Pelargonium zonale) swellings of the host tiseues,
visible to the naked eye, develop in the regions surrounding

the haustoria. (Figs. 1 & £2). Secondly I could not demonstrate
to/
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2.

to the students of the class an unmistakable example of the
union of the phloem elements of the parasite with the correspond-‘}'
ing elements of the host, and as this epecles is considerably
larger than any described by Pierce, one would expect that such
| connections should be more easily observed.
In this paper, which is intended to be the first of a
series on irregular nutrition, I shall;
$1) describe the formation and penetration of the haustorium,
(2) explain the establishment of intimmte connection with
fhs host,
(3) describe the changes brought about in the host tiesues
by the parssitism and
(4) make some suggestions as to the manmer in which the
paresite obtains its food supply from the host plant.
In its twining around its host the parasite forms two
different kinds of spirals, viz:- Long loose spirals and
short close epirmle (fig. 3). The former serve im reaching
other hoet plants and im carrying the parasite to the periphery
of its hoat, where it can display its flowers to best advantage.
These long loose spirals do not grip the host stems tightly,
nor are they possessed of hasustorie. The short close spirals
grip the host firmly and possess haustoris. _
When & hsustorium is about to be formed, the epidermal cells

of the parasite stem immediately overlying the haustorisl initials
become modified. |






3.

A more or leés circular patch of these cells is re juvenated. The'
cells of this patch grow out towards the host epldermis,as
papillate hair-like outgrowths, (cf.Bower,"Botany of the Living
Plant,page 1y2) their walls become thin, their nuclei increase
greatly in eize, and their protoplasm becomes dense and granular,
This area of altered epidermal cells consists of two distinct
regions. The 66115 of the outer region grow only until they reach
the epidermal cells of the host, to these they apply themselves
, closely,‘so closely in fact that the outer walls of both egpider-
mises seem to fuse. Thie outer region of altered epidermal
cells of the parasite stem is known as the "cushion". (Pierce
"Annels”.1893,page 296). The group of cells in the centre of
this altered area behave differemtly. When they reach the
epidermal cells of the host,they dissolve their way through them
by the help of an enzyme which they secrete. This portimn of the
perasite's epidermal cells constitutes the "prehaustorium".(fig. 4)
(Plerce "Annals".18v3,page 2v5). | |
In order to demonstrate tﬂe behaviour of these altered
epidermal cells, the parasite was induced to form a close spiral
round a stick of pith, which was kept moist by syphoning
& nutrient solution (Knops and cane eugar) through a small
hole down the centre of the stick. (fige. 6 & 6). The spiral
80 formed remained alive for two or three weeks, after
separation from the parefit stem. At the end of this time,
basteriel activity became so pronounced ae to cause the desth

and later the putrifactiom of the spiral. There is no means
of) '
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of keeping such an experimeht sterile. ‘

Underneath this altered area of the epidermis the hauatorium
proper is initiated. By tangential division in the inner | '
regione of the cortei of the Cuscuta stem, there arises a
structure resembling & young root in all respects, except for
the fact that it does not possees a root-cap. (fig. 7).. This
itructure is the hauetorium, which is in fact e modified root,
both from the point of view of its origin {(endogenoue) and of
its functione (anchoring and absorbing). As the young haustorium
~grows, it penetrates the tissues overlying it, and enters the
host, following the path prepered for it by the prehaustorium.

It soon overtakes the prehaustorium and growing through it

pushes its remains on all sides. Thess, along with the remsins
of the disorganieed cortical tissues,(of both parasite and host)
remain as e deeply staining mass ell along the sides of the "shaft"
of the haustorium.(fig. 8). Once inside the host tisesues the
haustorium advances, partly by the force exerted by its growth,
partly by dissolving its way through the host cell-walls. Certain
"hyphae" (Sykea.5Annals of Botany" 1v1l) are developed from

the dermal tissue of the haustorium. (fig. v). They are develop-
6d in groatest numbers at the tip of the haustorium, but they
8180 oecur on the shaft. These hyphse are modified root-hairs
(ef. Bower,"Botany of the Living Plant® page 1wve) (fig. va)

and the fact thet they occur in largest pumbers at the tip, may

be explained by the absence of a root-oap from the modified root
which/ '
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5.

wnich constitutes the haustorium. The hyphae are root-heirs, not
only in reepect of their origin, but also from the point of view
of their structure and their function. Thei'are'thin—walled,
possese large nuclel, and secrete an'enzymé‘which enables them

to dissolve thelr way through the cell walls éf'the'hoét.(figs.
10 & 11). They are also capable of absorbing nutritive materiasls
from the host tissues, for when the‘haustorium is unable .to reach
the vascular tissues of its host the parasite can still grow.

It is the generally accepted belief however that the parasite
haustorium must attach 1tsdlf to the conducting system of ite
‘host. Before considering the menner in which thie connection
" 1a brought about, we shall first of all consider how the parasite
reaches the vascular system of its host. As the haustorium
enters the host certain changes are wrought in the host tissues.
The irritation set up by the entry of the haustorium stimulates
all the cambiel regions in its immediate vieinity to increased
activity., The cork cambium starts.to produce extra layers
of cork all round the shaft of the haustorium. (figs. 12&2%).

It also produces extra phelloderm which increases the width of the
cortex, to such an extent in some stems that the haustordum

never reaches the vascular bundles at all.(fig. ggb. Both
interfascicular (fig. 1¥) and intrafascicular (fig. 13) cambiums
are stimulated and extra phloem and xylem are produced. The
result is an 1nc£ease in the cross seoctional area of all the
tiesues in the region of the haustorium.(fig. 14). When Cucurbite

maxima is the host an interfascicular cembium is initiated, link-
ing/
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6.

linking up the normally isolated bundles in the region opposite
‘the entering haustorium. (Fig19) | o

Besideé this increase in the activity of already existing
meristems, other meristematic activity becomes menifest. The
parenchymatous ground tissue starts to divide, division walls
sppéaring parallel to the outer surface of thq hsustorium. (fig.
16 & fig. 8). Obviously this cell division is ths pressure
exerted by the increasing bulk'of the haustorium sinoce® the new
cell-walle are laid down at right angles to the direction of
such pressure. | |

This meristematic activity nas two important consequences;
(1). To dbring about the cell division the host plant must
necessarily rush plastic materiesls to these various regions,
“and undoubtedly some of this becomes available to the parasite.
(£). The newly formed cell-walls being thin are easily penetrated
by the modified root-hairs (hyphal cells) produced from the
dermal cells of the haustorium. Thus o medism longitudinal
section through the haustorium shows that its general shape
is governed by these meristematic aetivities on the part of the
host; it reaches its greatesp width in the cortex, the cambium
and the pith of the host. (fig. 16). In these regions its
extre width 1s due to greater development of hyphal cells in
tiese regions. It is significent that &n eseh of these regions
,th” hlphal cells not only meet with least resistance to their

growth but also have at their disposal all the food materiale
they/
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they require for the mutrition of the parasite.

The behaviour of the penetrating haustorium varies with the
_arrangement of the tissues in the host stem. The above des-
cription holids for most herbaceous stems., The later stages in
the progress of the haustoriﬁm through the host tissues, more
especially the actusel establishment of conmection with the
vascular supply, are difficﬁlt to follow in such a stem owinélto
the fact that the vascular ring is practically alwaye uninterrupted.
it wag thereiore neoéssary to find & host in which the vescular
bundles were separate from one another. Gucurbita maxima was
chosen. In this stem the bundles, besides being separated from
one another, are also bicollateral. It therefore seemed that
this host would offer a good opportunity te study the behaviour
of the haustorium towards the phloem of the host.

The distribution of the tissues in the outer regions of the
host stem determines the place of entry of the haustorium, viz-
always between two collenchyma groups of the outer cortex. (fig.
17). This is due to the fact that the prehsustorium more
successfully attacks the thin walled parenchyma celle between the
collenchyma groups and there makes thb.paaaage for the haustorium
proper. Once within the cortex the pressure exerted by the
heustorium causes cell division; this activity ie never sufficlent
to cause any marked hypertrophy in the stem of Cucurbita. There

must however be & rush of food material to the dividing cells and
doubtless/ |
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doubtless the parasite benefits by it.

Midwey across the cortex the haustorium meets an obéé#cie
in the shape of & well defined band of sclerenchyma. When the
haustorium meets this obstacle 1t brings to bear on it sll the
secretory epidermal cells at its distal end. These are large
papillate thin walled cells, with dense protoplasmic contents
and large nuclei. (figs. 18a & 18b). They penetrate the sclerenchyme
layer by enzyme action. The enzymes secreted by these cells
first attack the middle lamellae loosening the eclerenchyma
cells from one anothepr. (fig. 18b). Later they seem to attack the
.lignin in tne cell walls of the sclerenchyms colls for the walls
become so soft that they appear to be easily pushed in by the
advancing haustorium. (fig. 18b). The pressure of the growing
haustorium completes the rupture of this obstruction.

While these secretory'cells of the haustorial tip ase applied
to tho'outside of the sclerenchyma band, and before the iatter
hae been ruptured, certain changes are taking place in the tissues
of the host within thie band. The most noticeable of these is
the initiation of interfascicular cambium between a pair of host
bundles immediately opposite the tip of the haustorium. Fig. 1y
shows that another region of active oell-division has appeared
&t right anglee to this interfascicular cambium and directly in
line with the tip of the advancing haustorium. At thie stage

the intercellular epaces in the oonjunctive perenchyme within the
8clerenchyma/
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sclerenchyma ring and opposite the haustorium; show the presende‘
ﬁithin them of some solution which stains with the usual lignin
steinse., The probable explanation of this is as follows. The
eniymes which aid in bresking dowﬁ the sclerenchyma layer filter
in to tnese interae llular spaces carrying with them in solution
pectic subsetances from the middle lamellee which they have
dissolved, eas well as somé lignin from the cell walls. This
penetrating solution qf lignin and pectin in enzymic fluid acts
as & chemical stimulus upon the cells of the inner cortex,

Cell divisions also occur in the ground tissue within ths ring

of vegeular bundles. Thia ssuses hypertkophy of the tissues of
the pith. The concavities surrounding the fistula on the side of
the entering haustorium are filled in by these cell divieions,

and the cells of the limiting layer, abutting on the fistula, grow
out into the hollow as hairs. (fig. 20).

These regione of camblal activity mark out the path of the
haustorium after it has passed through the sclerenchyma layer.
The new cells formed in the tissues of the host are thin-walled
and have received food materieals for their formation. They
therefore constitute not only the path of least resietance for the
advancing haustorium, but 4lso the region of most abundant food
BuUppPly .

The modified root-hairs arising from the dermal cells of the
haustorium reach their fullest development in the Cucurbita host

only in the interfascicular cambium. They grow'along the inner
region/
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10.

fegion of this cambium by dissolving the cell-walls and thus they

come in contact with the xylem of the host. (fig. 21). THEY

NEVER ATTACH THEMSELVES TO THE PHLOEM EITHER ON'VTEE OUTBIDE OR

ON ?BE INSIDE OF THE BICOLLATERAL BUNDIE. (Jﬁmsahudqlummxs¢hh)
When such a hair has reached a xylem vessel its cells,enlarge

until they completely fill the host cells they have penetrated.

The cells of the hair then become lignified, 1ignification.

beginning in the cell immediately ih contact with the xylem

#essel and proceeding backwards. (fig. 22). ~The result is a string

of tracheids extending from the host xylem back to the haustorium,

Theee tracheids are reticulately thickened. THEY ARE NOT

ACCOMPANIED BY ANY PHLOEM EITHER IN THEIR JOURNEY TEROUBE THE

HOST TISSUES OR WHERE THEY EﬁTER THE HAUSTORIUM. (fig. 23).

The menner in which thickening and lignification tekes place,

viz. from the connéction with the host xylem backwards to the

haustorium, ssems to indicate that the materiels which enable

this change to be wrought have been derived from the xylem of

the host. Serisl sections longitudinally through a héustorium

show such lignified haire stretching from the host xylem to the

haustorium before eny xylem tract hae been established in the

shaft of the haustorium. (fig. 24). The cells of the shaft of the

hauetorium in its central region are differentiated into trach-

eide from the bases of theee lignified hairs backwards, and

similer differentietion forwards from the xylem at the base of

the haustorium completes the xylem connection between host and

Parasite.
*

S didgmm.s o\z‘ﬁwéll’c
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11.

THERE IS NO SIGN OF SIEVE TUBES IN THE HAUSTORIUM.
With regard to this last statement it will be well to examine

the description of the intimste connection between parasite

aend host given
(1) by Peirce "Annals" 18v3.p. 2vv.
(2) by Thoday (Sykes) "Amnals" 1lvll p.p. 682-863.

Peirce states:- " If now a cross‘aedtionfbf the Cuscuta stem

be made through a haustorium we find-in the ceﬁtre the thick
walled lignified cells of the xylem, bounding the xylem on either
side are the cambial layers, and beyondAthese aré the two phloems
consisting of sieve tubes and their companion cells. There is
never at any time a radial structure. The phloems lie right'and
left of the xylem in & trensverse section of the parasite stem'.
After sueh a careful description of the condition éf affaire in
the htustorium he shows late®P in his article ihe drawing reprdduoed
as figure 25. It will be seen that in this figure the two
Phloems come off from the parent stem aBéve and below the xylem
strand instead of lgft and right of 1it.

In another place ("Annals® 1843.p. 298) he points out that
the cambiume between xylem and phloem are one cell wide or at
most twoj and laster he shows a figure with a large indefinite
humber of cells between xylem and phloem. (fig. 26).

With regard to the intimate eomnection of the xylem of the
haustorium with the xylem of the host he states:-

(page 300) " The xylem elements of the haustorium apply themselves
directly/



directly to the xylem elements of the host; that 1s; those celils
of the haustorium (consisting so near 1its apex of central
cylinder mainly with little or no cortex) which come by solution
of the intervening cells of the host into contact with the ducts
quickly differentiate into tracheide".
(page 302) " When the proximity of the bundles of the host makes
it poseible for the haustorium to apply itself to two bundles
the single strand of xylem divides into two near the tip each
of which unites with the xylem of & host bundle®.
~{page 302) "When it unitee with three bundles we have a second
divisgion of the xylem. Since the third bundle with which the
haustorjum unites is small and considerably removed from the
- surface of the stem of the host only & small amount of food is
falon from it and the conducting tissue is weak. The xylem
already bifurcated in order to unite with the two larger outer
bundles sends a feeble strand of tracheids from each of the
adjasent sides of its branches; probadly also two feeble strands
of sieve-tubes and cempanion cells are sent out from the two
Phloems but no callue plates are shown by the aniline blue test".
Thodey (Sykese) states:- (loc. cit.) ® The hyphae of the
central core at the tip of the haustorium develop sometimes as
#ié% tubes in the host pith. Thw Myphae immediately surrounding
the central core become applied to the xylem elements of the
host, The peripheral hyphae of the heaustorium become applied
to the walls of the functional phloem and develop as strings

"
of short sieve tubes. The Author apparently recognises as a

5leve tube any cell with a pitted wall through whose pits slime
strands/
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13'

strandse stretch irrespective of the presence or absence of a
nucleus in the cell A mature sieve element never contains s

nucleus.

" These two de@d;iptiéﬁg are very far from agreeing with one
another, either in regard to the anatomical etructure of the
haustorium or in regard to the establishment of connection
with the host.Peirce seems to suggest that the connections
established with the vascular bundles of the host are foreordained
by the arrangement of these bundles in the host etém;Atfhis is
by no means the case since from a single coil of the parasite
a8 meny ak half a dozen haustoria may enter the host stem, and -
~ of thess no two may make the same comnections with the host
bundles. Thoday (Sykes) on the other hand seems to hint that the
memner in which connection with the host tiesues is established
depends on the arrangement of the tissues in the haustprium.
Feither description can explein such & connection as ig shown
in fig. 27. |

The shaft of the haustorium consists essentially of thin-
walled, NUCLEATED, prosenchymatous cells, their direction of
elongation being parsllel to the long axis of the shaft.(fig.
27). From these ordinary thin-walled living cells the tracheids
&re differentiated. All stages in thickening and lignification
may be observed. It is only when the obhanges in the cell-wall
have been completed that the ocells lose their nuclei. (fig. z8).

?ha,differentiation of tracheids prooeeds from cell to cell along
the/ '
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the axis of the haustorium both from the tracheids at ite base
forwards and from the bases of the lignified hyphal cells (root
hairs) backwards.

If we remember that the xylem 1s a dead tissue and is there-
fore incapable either of branching or of attaching itsélf to the
vessels of the host, but tha£ such connection is established
by the modified living root-haire or hyphae, and that lignificat-
ion of tnese hyphee backwards from their point of contact with
the host vessels establishes the uninterrupted union of the

can eﬁp.lz\'m, Qvery mdnuer a,% *Ylem. Connechion. we v weel,
xylems of host and parasite, we shall avoid—such-a—misteke

That this method of establishing contlnuity between the
Xylem of the host and that of the parasite is not peculiar to
Cuscuta is shown by McLuckie's worﬁ on Loranthue celastroides and
on Notothixos incanus.

With regard to Loranthus he states:- ("Botanical Gazette"
vol, LXXV No. 4, June 1925.p; 388) * In the (host) xylem the
haustorial cells in contact with the veessels differentiate into
short reticulete tracheids, connecting up with those in the main
part of the root by the differentiation of the intervening cells
into tracheids also". |

And again he says:~ (p. 353. loc. cit.)

" The cells of the central core at the base of the haustorium
are meanwhile differentiating into short, reticulately thickened
tracheids charectistic of most of such perasites. Léter, when the

8pexX has reached the vessels of the host snd applied 1tself

to their walls, the haustorial cells in actual contact different-

late into tracheids, those immedietely behind do so also, and 80



‘connection is established between the basal series of the ™~
haustorium and those aplcal tracheids in contact with the water
tiesues of the host".

With regard to Notothixos he states:-("Proc.of the Linn.
goc. N.S.W. XLV11l pt. 4.1v22.p. £674)

* When the haustorial tissue taps & number of vessels of the

host branch, ocertain cells of the peripheral layer differentiate
into short reticulate tracheids which link up with others already
formed in the central simft of the Sucker”.

In neither plant has MacLuckle succeeded in demonstrating

the presence of sieve tubes.

The ehanges Wpemght sbout in the host tissues. .

Certain of these changéa have been mentioned already in
connecticn with the penetration of the haustorium and the
establishment of the vascular continulty between parasite and
host. We have noted that the active cell-division which brings
about these changes results in & flow of plastic material to the
region of the host #m which the parasite's haustorium is embedded
and doubtless much of this plastic material is appropriated by
the parasite. In this appropriation of food material from the
host the active organs concerned are the hyphae or root-hairs which
EM® out from the surface of the haustorium.

When the changes in the host tissues are so extensive as to
tause hypertrophy visible on the exterior of the host, this may
have been brought about in either of two ways.
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16.

(1) In the case of Fuchsia the change in the host is visible in
the form of a rupture of the outer tissueg of the stem,a slit
running ﬁpwards and downwards from the point of entry of the
.haustorium, narrowing as it leaves the haustorium, and ending

3 or 4mm. from the haustorium. This splitting of the outer tissues
is due to an increase in the xylem and in the phloem in the vic-
inity of the haustorium without a corresponding increase in the
tissues outside viz- the cortex and the cork. (figs. 2v & 30).

(2) In the case of geranium no splitting of the outer tissues
takes place, the increase in the cortex and more especially in the
.cork being far more pronounced than that in the vascular tissuses.
In fact the whole of the warty looking structure which is
 developed round the place of entry of the haustorium is the result
of marked activity on the part of the cork-cambium. Not only are
the layers of cork considerably increased in number in consequence
of this activity, but many layers are added to the cortex
(phelloderm). The first formed layer of phelloderm has all

of its cells transformed into sclereids, the next formed layer

may undergo a similar change. Fewer and fewer sclerelds are
produced in succseding layers, but in the radial rows of cells
immediately abutting on the shaft of the haustorium sclereid
formation continues. (fig. 31). un the side of the host stem
5pposite the haustorium cork formation is normal, i.e. the number
of layers of cork produced is much less, and so also with the

Phelloderm. The first formed layer of phelloderm in this region
of/
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of the host stem may contain a single sclereid here and théfe;
these do not occur in the later formed layers. (fig. 32;.

In some host stems , in transverse section, a distinct cambium

is seen to have been initiated in the cortex on either side of

the haustorium. This cambial layer»is distinét from any previously
existing cambium. It occurs between the cambial ring of the

stele and the cork cambium. The result of its activity:'is the
production of radial rows of parenchymatous cells which add to

the width of the cortex., (fig. 33).

The result of such increase in the various tissues of ihe
host, in the region invaded by the parasite haustorium, is that
contact with the conducting strands of the host may fail to be
established. In those thicker stoms of geranium, such as those
shown in figs. 2 & 34, where the warty hyperihaphiea are pro-
nounged, the haustorium never reaches the vessels of the host.
Nevertheless, the parasite grows healthily. In such instances
the haustorium behaves more after the manner of a normal roof.

Its root~hairs (hyphae) develop in a tissue (the cortex)

which contains all the food materials necessary for the nutrition
of the parasite. Thease they absorb, and pass on into the parasite
stem. The haustorium behaves like an ordinary root, embedded in
the 8011, but whereas the latter absorbs only water with mineral
8alts in solution, the former may abaérb, not only these, but

alao Plastic materials from the living cells of its host's cortex.

Whether it does absorb rlastic materials or not, we gshall discuss
Iater,
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The remarkable activity of the phellogen in geranium may
be an attempt to exclude the haustorium (cf. McLuckie on
Loranthus celastroides "Bot. Gazette" lyzb‘p, %67). The attempt
is coertainly successful in so far as the haustorium is prevented
from reaching the conducting system of the host: it is unsuccess-
ful in that it does not prevent tho parasite becoming established
upon the host or its growing vigoreously.

The general increase in the various tissues of the host
stem in the region of the invading haustorium pressnts an
1mportant feature in the case 6f woody host plants viz. the
manner of maintaining connection between the conducting elements
+ of host and parasits. If,when the haustorium hae reached and |
connected up with, the host?s xylem cylinder, all the host
tiessues outside the point of connection increase radially ome
of three things might be expected to happen;-

(1) The shaft of the haustorium may lengthen “pari passu" with
the radial increase in the host tissues and so maintain the
parasite's connections, both lateral and apical, with the host.
() The 1ateral connections being established by living hyphae
(root-hairs) may be maintained by intercalary growth of these
‘hyphae.:

(3) The commections with the host may be broken down.

The growing region of the haustorium is situated at 1ts
8pex as 1s the case in a normal root (Peirce "Annals" 1893,

P. 2v4 and p. 304). Therefore it would appear that unless the
root-hairs/
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root~hairs which arise from the sides of the shaff»of ﬁﬁé
haustorium can gdapt themselves by interoalary growth to the
changing position of the host tissues in which they_afe,embedded
their connections must be broken. The &pex of the haustorium

is in contact with the wood of the host and direct communication
between host and parasite xXylems has been established through a
strand of tracheids. 0bviously this strand of traéheids (which'
are dead elements)»cahnot lengthen to keep pace with the grow-
ing host tissues. Rupture of the Xylem connection is prevented
by the dddition ;o the distal end of the tracheid strand pf
elements from the apical growing region of the haustorium,

A living pérenohyma cell alongside the terminal tracheid of the
haustorium is differentiated into a tracneid and so the xylem
connection is maintained. Fig. 35 shows the breakdown of the
lateral attachments of the haustorium in such & woody stem.

The diagrams on the opposite page show the manner in which the

Xxylem connection between parasite and host is maintained.

Observationas on the problem of the parasite's

natrition.

We have seen that Cuscuta reflexa never makes a definite
aieve-tube connection with the paloem of its host, nor does it
Poesess gleve-tubes in its haustoria. Its carbo-hydrate supply
must thefefora be elaborated by means of the smell amount of
green colouring matter present in ite tissues or it must receive

it from 1ts host through some channel other than a normal phloem.
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The plant bears no leaves; its outer surface is covered by
a diatinct,'though thip; cﬁticle; neither this species nor any
other species.of the Cuscutaceas is possessed of stomata, (Ad,
Chatin, Anatomie compéree»des Vegetaux, Plantes parasites, Parisg
18v2). Therefore it would appear that, although it does possess
a small amount of green colouring matter in its cortical cells,
this cannot functionate in the elaboration of carbo-hydrate,since
vthe necessary supply of carbon-dioxide is probably unobtainable by
these cortieal cells. One is forced then to consider the possis
bility of its obtaining its carbo-hydrate from its host. In those
cases in which the haE&iPrium does not reach the conducting
- strands of the host épage '3? the nacéssary carbo»hydrate may be
| obtained from the living cells of thne host's cortex by means of
the root-hairs (hyphae) developed from the dermal tissue of the
haustorium,

In those cases where a definite connection is established
- with the vascular bundlos of the host ﬁhe parasite obtains its
- Water and mineral supply from the host's xylem. While its carbo-
hydrate may be derived from the same source or from living host
.%ells by means of its unlignified hyphaefoot-hairs), The fact
that a root-hair (hypha) when it comes in contact with a xylem
vessel becomes lignified at its distal end, 1.e. the part in
tontact with the vessel, and that lignification proceeds back-
¥erds along its length, seems to suggest that the materials

Necessary for lignification {ligno-celluloses) may have been
Obtained/ °
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obtained from the sap carried in the wood vessel,

With a view to determining whether carbo-hydrate was obtained
from the host's xylem, an attempt was made to grow Cuscuta upon
wood alone, A stem of willow had all ite tissues outside of the

cambium removed by peeling. The parasite formed a close spiral
| around the peeled stem. After a time its comnection with the
parent parasite stem was severed. The part twined around the
wood continued to grow, and it was prevented from grasping any
~othe® nutritious host by being provided with non-nutritious
supports in the form of ordinary gardener's stakes. This plant
grew, but whether its growth was due to the using up of the
plastic materials in the withering basal part of its stem

(Peirce “Annals® 1894 p. 68) or to the fact that it recelved
these materials from the wood of the willow was doubtful.
Attemptes to grow Cuscuta upon peeled stems of Fuchsia were also
successful, These experiments do not prove that the plastic
materials travel in the host wood aincé it may be that the green
Colouring matter, though small in amount, '1s capable of supplying
the carbo-hydrate necessary for the parasite's growth. A plece
of Cuscuta which had gripped a peeled stem was enclosed in a
light tight box (fig. gi). At the end of a fortnignt flower
b“dllhad developed from the parasite stem. In this experiment
the green colouring matter, which is regarded by most authorities
8 insuffieient for the plant's requirements even when exposed

to sunlight, is altogether prevented from functioning. Therefore
8ince/
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since the parasite was able to grow under such conditions one
might conclude that it had recelved the necessary carbo-hydrate
supply from the wood of its host. Examination of the haustoria
of such plants shows that they differ very markxedly from normal
haustoria.

In such abnormal haustoria iat least in the few examined
so far) development appears to have proceeded only so far as
the formation of the "prehaustorium". The cells of the "cushion"
. are closely applied to the surface of tue wood, in some cases
causing an inward bulging of the outer walls of the wood vessels.
The "prehaustoriunm® has penetrated to a depth of some six or
eight cells from the surface usually along a medullary ray.
Whether such an attachment 1s sufficient to enable the parasite
to withdraw the necessary nutrigment for itse needs I should hesitate
to say and I prefer to leave the consideration of this guestion
(viz. the growth of the parasite upon wood alone) until I have
had an opportunity of examining many more cases than so far I
heve had time for.

Since as we have noted the stem of Cuscuta possesses no
stomata, and is covered with a definite cuticle, and since its
shape is such that it exposes to the air an exceedingly small
amount of surface in proportion to its bulk, its transpiratory
dctivity must be feeble. How then does it convey the necessary
Plastic materials to its growing apex? une can easily reverse
the direction of flow of the sap in this plant (cf. Dixon "The

3 ' .
Transpiration Stream" luz4 p. 59). Fig. 3{ shows a stem of
Cuscuta /
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Cuscuta which has gripped the petiole of -a geranium leaf. The Geradl
dirsction of its growth énd of the flow éf its sap is indicated
by the arrow. It was severed at the points "A" and “B% (the bud
"C" continued to develqp). Its supply offfood materials must
have come from the host petiole and must havé been carried in a
direction exactly opposite to the.normal. If we suppose(see
Dixon "The Transpiration Stream"'l9z4; P. 73) thaf the wood of
the parasite stem is "a specislised reservoir of liquid food-
stuffs”,and that movement of this'sap is towards a sink,created
by loés of water (transpiration) from a particular region, then
it 18 a necessary corollary of such a theory that the solutes
(including carbo-hydrates) will move in this solution to make
good loss created by thelr excessive consumption at any point.
The developing apices of the branech “C" will withdraw carbo-
hydrates from the "reservoir of liguid food-stuffs" and con-

- sequently there will be a movement of the food-stuffs (by

diffusion) in the stem "A" "B" in the direction opposed to the
normal asap flow,
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A. The Haustorium of Cassytha sp.
B. The Haustorium of Lathresa ¢landestine L.
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A ehort.‘ note_on the Haustorium of Cassytha.

The material for thls examination was collected in Australis

\i‘by Professor Bower to whom I am indebted for ites use.

| The material so far examined is all parasitic on itself. UyUnddr
1 :bueh c.ircumstances I find that one of the entwined stems devslops
__;huuatoria. This observation is directly opposed to that of Chatin
4 m, as far ag I have been able to determine, seems to be the only
vlfinvostigator who has published any work on this genus. (Ad. Chatin,
“.g"'Anutomie Comparde des Végdteaux, Plantes parisites 1892. P. 36 and
f’l'P. 40). He holds that when this parasite coils its stems around one
f ;Cmother‘no haustorias are formed although a normal "cushion" is
fovmed holding the stems together., He also states that this
;»;f‘-ptresito shows an aversion to living on species which are closely
v?raluted to 1t. In the material which I have examined both stems
':~Pl‘odude a "cushion" by modification of their epidermal cells over
%jthﬁ reglon of contact, and one of the stems sends what appears to
Abe o normal haustorium into the tissues of the other.

| Sections across the stem of this plant show a very striking
':fjiipoculiarity of the phloem. All of the sleve tubee amd companion
‘%'.'09115 have disintegrated leaving a hollow tube running lengthwise

f”‘mugh the stem. Their broken down remains line the inner side of

ﬁtm“ tube. These appear in sections as a darkly stainlng mass,
%(A' Tig. 1) on the inside of what Chatin calls the lacunae (loc.
1 ',Mt')' These lacunae are bounded on the outer half of their

Jiiromtoronce by a well derined band of bast fibres (B. fig. 1),
Athogg .
‘ ’
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'ose bast. fibres owing to their resistant -na,tur'e have undergone
disintegration. o
According to Chatin this disappearance of the phloem ané the
jonsequent formation of lacunae are characteristic of all the

‘} pecies of the genus except C. triflora where a normal phloem is
;-md only in the young condition. The other tissues of the stem
!'l normel, The epidermis 1s protected by a well developed cuticle
| 8 is interrupted by numerous stomata. ‘ The cortex consists of
170 or 8ix layers of ordinary parenchyma cells with a well developed
rating system. Its cells contain some f;w chloroplasts. The
_‘.‘qume,‘ varying in number according to the thickness of the stem,
[v.ll'e distributed at regular intervals in a circle within tile cortex,
;:"On' their inner sides they abut directly (without the intervention

] of & cambium) upon the xylem which forme a continuous ring around

3 lth pith. The protoxylem groups are half as numerous as the

f _phloem groups (lacunae) Fig. 1.

The base of the haustorium is situated betwesen a pair of
}:‘;‘M&e- It seems therefore to be root-like in its nature. The cell
W_diﬂaions by means of which it seems to have been initiated spread
9 either side of its bawe between the lacunae and the wood as

| fop 8 the second lacune on either side of the base., This cambium
Whloh thug appears between the phloem groups and the xylem on the
‘htuatorial side of the parasite stem adds no new functional phloem
t° the ineides of the four disintegrated phloems, nor does any

¥ | Phloem leave the stele and enter the haustorium. The tissues of the

ihluetorium /
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gustorium occupying the space between the crushed cortical cells

i ix. fig. 1) of the parasite stem consist of elongated parenchyma
cllls those towards the centre having been lignified and r‘sticulate-—‘
iy thickened 1ink up with the xylem of the parent stem. Nowhers
throughout the length of the haustorium could I distingu'ish a
5?llightest trace of phloem. The condition of.affairs in the shaft

i iaﬁd in the base of the hsustorium is represented in fig. 2. The
;v’enly specialised tissue of the haustorium is the strand of
_‘:Mticulately thickened tracheids linking up with the xylem of the
mpara.sita stem at (A) fig. 2. At the distal end of the haustorium
itho strand of tracheids makes a similar connection with the xylem
Of the host stem. This astrand of tracheids may be several cells
},f:wide in the shaft of the haustorium, All the other cells which

f 'GBO'Gmpany the tracheids in the base, the ghaft and the apex of the
fhluntorium are ordinary thin-walled nucleated parenchyma cells,
§'longated somewhat in the direction of the length of the haustorium,

f Hirom the appearance of the tracheids (their general shape etc.,)

M would conclude that they had arisen from ordinary thin-walled,
'_u"-ng parenchyma cells, such as those which accompany them, by
}“ticulate thickening and lignification of their walls.

The haustorium of Caseytha in its fully developed condition
Msembles that of Cuscuta. The connection between host and parasite
h % xylem-xylem connection through a strand of tracheids. This
"?uld indicate that the only materials absorbed by the parasite from

¢l
| '8 host are those carried in the xylem viz. water and dissolved
Rhaltg/ |
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fits (plastic material?). In the language of the text-books
{'-ssyvth& is merely a "water parasite". 1In this parasite (cf.
Puscuta) the cortical cells contain a small amount of chlorophyll.

: 19 chlorophyll may gquite well functionate in the elaboration of

garbo-hydrate since unlike Cuscuta this plant is possessed of
fstomata and a well developed aerating system. The chlorophyll

v tontaining tissue is here capable of acquiring the necessary carbon-

}A!onde for photosynthesis. If however Professor Dixon be correct
b his suggestion that the plastic materials are transported in the
jlem this parasite may receive more than merely water and mineral
#lts through the simple strand of tracheids which links up its

Ism with that of its host,




The haustorium of Lathrasa clandestine,L.
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The Haus-tor‘ium of I.athraea clandestina.

The haustoria of this holoparasite are devéloped in large

mwbers upon the roots of its hosts. They are hemispher'.ical swell-
f-‘%.’mgs which terminate roqtléts, or occur as lateral outgrowths upon
':mtlets (fig. 1l.ct, C.'hatin Anatomie Comparéde des Ve‘g‘e'téjaux,,Plantes
pmeites P 90). Viewed macroscopically they appear to sit upon

J :the host root and to fit closely to 1t. Seotions through the

~': fhmltorium show that the part in contect with the host root is conical
_far funnel ahaped. and that 1ts apex penetrates to the host WOOD. The
conical or funnel shaped part of the haﬁstorium seems to have made 1its
.’%W through the ouyer tissues of the host root chiefly by pressure,
iflince 1£ is always separated from the uninjured host tissues by a well
_'f‘:‘marked layer of compressed cells of the cortex and outer tissues of
wits host. Thls layer of compressed host cells is of considerable
ﬂﬂdth, stains deeply in mioroscopic preparations, and IS NOWHERE
PENRTRATED BY ANY PART UF THE PARASITE HAUSTORIUM, except where

f :&t the extreme apex of the cone of the hausturium connectimn is
?’,‘osta.blished with the WOOD of the host. (cf. Bowman "Trans. Linn.

g e vol. XV1.1833 p. 40E}. At this point ome or two cells of the
 baustorium actually enter the host wood and from tnis point a single
;%jatrund of tracheide runs straight through the haustorium to link

:up *ith the conducting strands of the parasite root. (fig.z)

;;,_Th“e tracheids are reticulately thickened, lignified cells,

: '°°mm“ni¢&ting in many instapnces with one another through the solution
°r their end walls. Except for this strand of tracheids the

' Mustorun consists of nothing but parenchymetous cells. Those

'mediately abutting on the tracheids are in no way different from

the ot
: hers.(fig. 3). THERE IS NO TRACE OF PHLUEM.



[ $vhud



e

The Haustorium of Lathraea appears to be an annual organ in -

the sense that it never persists for longer than a single year.

Jovmen (loc.clt. pp. 407 and 408) has collected a certain amount

'iof evidence in support of this view but I thiqk'an observation which
;ho mekes earlier oﬁ in lhié werx (p. 40f) '.a.nd which he does not use
:‘;t’o support the §iéw is by f.a'r the wéighti'e?st argument in its favour
iviz. the haustorium pene‘t'rates',’"t.o va.riou;s depthe into the

{ tlburnum but never into the »45011& woc;dy fibrgﬁ"'. In all the material
[ 1have examined the tip of the funnel shaped part of the haustorium,
‘:1.9. the part which is: :[ntimateiy cOnnected’ with the wood is never
sunk deeper than the current year's gfowth of wood.

. The surfaces of the host roots aiways show Innumerable scars
Indicating the attachments of haustoria which have perished. These
:aca.ra are never deeper then the current year's wood. A section

: Ethrough such a soar shows that the exposed surface of the host's
"tis‘sues has been covered by a protecting layer of wound cork

i(cf. Bowmen loc. cit. p. 408 and fig. 8). 'In further support of
;thia vlew one finde that the haustoria are more numerous in Spring

" {(April) than in winter (XNovember). (N.B. I have not yet hed an
3°pportun1ty of examihlng haustoria collected in Winter and do not

| :“th'u’efore know if they differ in any respect from those collected

10 Spring) .

Here we have a holoparasite whose haustorium like that of so
.:‘;;“ny (a11%) root parssites has no trace of phloem(Benson "Annals"
";_1910 P. 672, ¥no true phloem occurs in the haustoria of any so

] f,f"' desorived root parasite®). The parasite must therefore trans-

'k;kmt ALL its fuod materiale through the strand of tracheids. Ve

1. _
vhalrl 88e that the parenchymatous cells which constitute the bulk
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_of_thé haustq_riﬁin ‘are not adapted to aid to any é;reat extent in

/
/

i{.guch Itrénspo’r.'} The name "Pnloeotracheids" has been suggested for
such trachgxé: to eignify that they do the work of both phloem

;nd xyle /(B‘enson loc. cit.).l There is no need to coin & new name
;; ?or thyse tracheids since we shall see that they perform the same

. :
grork as do the xylem vessels of the host root.

The Nutrition of Lathraeas clandestina.

1 ‘Ihe food materials transported through the haustorium are
‘ 'épbv.iously carried in the etrand of tracheids. The parenchyma cells
T:Which accompany the tracheids are not even elongated In any very

i ima'rked ,degree in the direction.of transport (figs. 2 & 3). In

lny study of the nutriment of this parssite the region which

'; f:»;l;e'quires gpecial consideration is the surface of contact between
\lihnuatorium and host. On the haustorial side of this surface the

, ;fparen‘chyma cells are elongated parallel to the surface. One would
E 'not therefore suspect such cells of playing any impor:tant part in
 the removal of meterial from the host. On the host side of the
:‘lurface there lies a mass of compressed cells of the bark and
i:-\°°rtex of the host. This layer of compressed cells is NEVER
:penetrated' by any outgrowth f‘roﬁl the haustorium. The apex of the
tonical part of tle haustorium comes in contaclt with the wood and
_Ah-"e the distal end of the tracheid strand is prolonged into the
*tiesues of the wood. Ve see then that the only part of the surface
'f contact at which the haustorium connects up with uninjured host

;ti"ﬂu% 1s at thie point in the wood. The cells of the haustorium
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yhich bring about the actual junction with the host must he.ve_q.ox'ié
60 when they were living thin-walled. cells, otherwise one cannbt
foxplain the manner in which the wood vessels.of the host alongside
pf these cells are crushed (fig, 4.X.) or the ﬁay in which the tip
gof the strand of tracheids fits so exactly into the ‘spa.ce which it

fsccupies (figs. 4 & 5 and cf. fig. 8).

Bowman (loc. cit.) anows thie point of contact with the wood

h the illustration reproduced as fig. 7, though he does not stiress
tho point in his description. Benson (loe. cit.) also neglects the
%{?point in her description of Thesium, although she too shows &
;fldx'awing (fig. 8) which brings out the game point. Chatin (loc.
z‘cit.) p. 91 describes the parenchymatous tissue of the haustorium

88 covering over the “vascular cone®. The most important point in |
" the consideration of this haustorium (far more important than its

f‘ structure) is this point of union with the undamaged tissue of the
 lost W0OP combined with the fact tnat the compressed host tissues

_-: tutwith the wood are NEVER penetrated by t'he haustorium. Benson
(}00. cit.) suggests that the haustorium has consumed the wedge

: o host tiesue which previously occupied the place which is later

] filled by the conlcal pert of the haustorium. She regards the
héuetorium as a “filter" which strains the food materials passing
through it from the host to the parasite. There is no need for such
a Suggestion. Arguing from the structure of the haustorium and its
§ Sonnection with the host, we may conclude that the parasite withdraws

{ trom its hoet the ma.terials carried in the host wood.

Lathraea clandestina is a holoparasite absolutely inca.pable
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éﬂ‘elaborating carbo~hydrate by means of its underground,white,
jﬁﬁshy scale-leaves. Itvis in unintqrruptéd contact with ites host
%&ﬂy where the distal end of its strand of tracheids is immefsed in
@m host wdod. Therefore all of its food materiél ,water,mineral
églts and plastic substances mugt be derived'from the wood of its
gwst and trensported through the strand of tracheilds in 1its haustorium.
%ﬂ.of these food materisle must be carried in the sap of the host
iood. The concentration of wood sap seems riever to be greater than
% (V.Dixon “The Transpiration Stream* lvz4 F. §7). In order there-
Emw that the parasite may acquire a sufflclency of plastic material
iyory large volume of this weak solution must be pessed through

giatiesuea. This is probably effected by the glards(hydathodes;

Etuw by these glands. This would‘account for the fact that in a
‘ifyeeason when the soil elsewhere 1is crumbiy end powdery or hard
::&ﬂbaked that in which Lathraea is growing is saturated with water
,1}f.Groom "Annals of Botany' 187 p. 385 et seq.,also Darwin

g;ﬁm ¥ovements of Plants® p. 8B foptnote-



DISCUSSION.

The foregoing observations on the three parasites,Cuscuta,Cassytha,

:fas a carbohydrate-conducting tissue.

Cuscuta is generally regarded as peing dependsnt on its host

for more than its water supply alone.Its feeble development of
};"‘-onlorophyll is deemed totally insufficient to supply its carbo-
hydrate requirement.The presence of an uninterrupted cuticle over
all of ite surface exposed to the air and the total absence of

l stomata render it extremely difficult for what chlorophyll there
is in its tissues to obtain the necessary carbon-dioxide for the
-photoéynthesis of carwvo-hydrate.Ve wduld expect then,that if the
particular function of the phloem be.the transport of carbo-hydrate,
the haustorium of this parasite would make a very definite comnect-
lon with the phloem of its hosts.No such definite connection is

; established.Certainly hyphae grow out from the surface of its
heustorium into the phloem of the host,provided the distance
iiﬁepa.rating the two be not too great.These hyphae are no different
from the hyphae which grow through the other tissues of the host,
| ®ither in the nature and amount of their growth,or in their histo-
; logical structure.In fact such hyphae are generally less strongly
developed than those which enter the cortex,the cambium,or the

, Pith of the host.Their connection with the phloem elements (if

&ny special connection Lg“established ?)is short-lived in those

; | host stems,whose width from the stelar cambium to the epidermis

. IR increased in congequence of the irritation set up by the

: Pt’esence/



'fpresence of the haustorium.The materials which such hyphae as penQ
_ etrate the phloem,absorb,can be obtained from. any living tissue
e‘of the host plant.Those other hyphae which penetrate the cortex,
.?the cambium and the pith of the host amé better developed and
f;more numerous than the hyphae which enter the phloem.£This fact
TELis evident even in the figures of tnose.authprities who 1ay‘par—
,;ticular stress on the phloem connections of hoét and parasiteZ
-E/We see then,
§ (1)that the host phloem exerts no pronounced atbraction upon the
;ijabsorbing hyphae of the haustorium,such as we should expect it to
?Edo,were the phloem capable of supplying any outstanding need of
;E%the pérasite;
| (2)that those absorbing hyphae which do meke their way into the
| host phloem undergo no structural modification;
' (3)that thoee hyphae display no specialised mode of attachment to
i the phloem elements of the host;
It:(4)that what connection there is with the host phloem may bﬁ
}lzcontinually ruptured,without the parasite's suffering a;gjtzl
'i donvenience.- .
In the haustorium itself we find no trace of a phloem.The two
;1 duthorities whom we have mentioned as insisting that it is pres-
?; ent are not even agreed as to where it is,one holding that it is
3 situated peripherally and distributed radially round the haustor-
fi‘hmhthe other that it never is radially distributed and that it
s separated from the periphery by a distinct cortex.

The stem of Cuscuta is certainly possessed of phloem,distrib-

Uted ag in a normal herbaceous dicotyledon.

Ve /



We conclude then from our examination of Cuscuta,that the host
phloem does not transport an& food material of which‘the parasite
stands in any dire need,nor do such materials,as the parasite may
withdraw from the host phloem,require the establiéhment in the

haustorium of any specialised tissue for their removal.

Our study of the anatomy of the stem of Caséytha.strengthens
the view that,as far as transport'df material is concerned,the
phloem is of no importance.This plant manages to fransport all
the materlials that have to be carried in its‘stem;in spite of the
fact that all of its phloem has ceased not only to function but
eVen'to‘exiet,Although;as the resulf of haustorial formation,
a distinct cambium is iniated to the inside of certain of the
lacunae (which previously were occupied by phloem) no fresh funct-
ionel phloem is derived from this cambium.No phloem is present in
‘the haustorium,and all of the materials withdrawn by the haustorium
(end these may include carbo-hydrate) are carried to thé parasite's
stem despite this want. |
‘Even though the chlorophyll present in the cortical tissue of
Cassytha ggii!elaborate all the carbo-hydrate which the parasite
requires,this must be transported from the cortex where it is
| formed by other channels than the phloem.The presence of stomata
in the epidermis,and of intercellular air-spaces in the cortek
‘ render it probable that at least some of the parasite's carbo-

F hYdrate’is elaborated by its own efforts.The probable path of

transport of this material we shall consider later.




The efficacy of the phloem as a tissue specially designed for
the conduction of plastic materials is completely negatived by.
our study of Lathraea.In this plant too there is no trace of
phloem in ite haustorisa.(This absence of phloem is characteristic
of the haustoria of all root parasites,and may probably‘be the
case in stem parasites as well.)The most outstanding feature of
the haustorium of this plant is the fact that it never forms any
attachment with the phloem of its host.As a matter of fact no
‘part of the haustorium even so much as comes in contact with the
host phloem.In our consideration of this parasite we are not
troubled with the question of what proportion of its carbo-hydrase
is elaborated by the parasite itself.Lathtasa is more wholly de-
pendent on its host for ite plastic material than it is for its
-water and mineral supply,since its own roots may to some extent
satisfy this latter want;but ite leaves,owing to their undergroudd
development and to their total non-possession of the faintest trace
éf chlorophyll,cannot in the slightest degree céngribute to the
former want.Obviously the parasite's requirements in respect of
carbo~-hydrate are satisfied from other sources than the phloem
of its host,and further its carbo-hydrate supply is transported
through-a woody tissue,viz.the strand of tracheids in its haust-

orlum,this being the only conducting channel possessed by that

organ,
Our ohsevvalions ndicale

or that the phloem does
not transport the plastic materials required by the various tis-

Sues and organs of the plant.Obviously such a highly organlsed
tissue /



tissue performs some specialvand important function,but it is
paslier to enunciate what it does not do than to postulate what
it may do.Professor Dixon ("The Transpiration Stream") has sug-
gested that the phloem may be a special reservoir in which are
contained certain enzymes whose special function is to maintain
the sap travelling in the xylem in a state in which iéftransport
is made possible.If such be the case then lts function in those
haustoria which we havé consldered is probably taken over by
‘some other ticsue. |

The haustorium of a parasitic plant is not a highly specialilsed
structure from the point of view of its anatomical organisétion.
There is no marked devglopment of a speclalised tissue to meet
each of the various demands made upon it.The main functions which
the haustorium is called upon to perform are,attachment,penetration,
solution of host tissues,absorption of food materials from the
~host,and the transport of these into the parasite stem.
The first of these is performed by the epidermal cells of the
:parasite stem.These cells'undergo only very slight structural
i_modification to adapt them to their new role.The second function
;‘Ofthe haustorium ie performed by a combination of growth and of
| solution of host tissue.The solution of the host tissue is carried
i out by the dermal cells of the haustorium.These may be specially
modified for this particular purpose,but modification is only
carried so far asg alte?ation in size and shape,and in thelr manner
of growthstheir walls and their contente undergo no visible change.

Such cells contain enzymes which enable them to perform their
work, /



work.It is highly probable that they contain a large assortment
of enzymes,for they are capable of dissolving their way through
various types of cell wall.The same cells which perform this
function of solution of host tissue are the cells which are
called upon to perform the function of absorption.In many cases
{e.g.when connection with the conducting elements of the host
f.ails to be established) they are the sole organs of absorption ¥
possesged by the haustorium.The only other organs,and these are
the most highly specialised organs possessed by the haustorium,
which take part in the absorption of food materials from the

host are the tracheids when they establish definite connection
“with vthe host wood.The tracheids are the only organs specially
set apart for the last of the functions devolving upon the haust-
j_orium namely that of transport.

Wie see then that the di;rision of labour in the haustorium has
not resulted to any marked degree in the elaboration of a special
: tissue for each particular function.All of the tissues are of the
- nature of "general purposes” tissues,and of the lot the living
Parenchymatous cells which constitute the great bulk of the
- haustorium (including its dermal system) are capable of undertak-
| ing practically any job.Cen these parenchyma cells then not unc}erlﬂ(ﬁ.
the work which Professor Dixon has suggested is the particular
- Tole of the phloem? There is no scarcity of enzymes in the FH¥g¢n
; haustorium.The activity of these enzymes is most marked in the
A York of the dermal cells,but this does not necessarily mean that

 these are the only cells in which they occur in quantity.The sup-
- Ply/




ply of enzymes to the dermal cells must be continuous,and must

be by way of the ordinary parenchyma cells forming the body of

the haustorium.Therefore it is probable that the enzymes,required
to keep the sap,tfavelling in the tracheids of the haustorium,

In a state which will allow of rapid and easy movement,may be
present in the ordinary living parenchyma ceils lying alongside

the tracheids.It is significant that the nuclei of these cells

are generally closeiy adpressed to the wall of the cell which
abuts upon the tracheid.(v.Cuscute,fig.23.& Cassytha,fig.3.)
According to Haberlandt ("Physiological Plant Anatomy".p.30.et segq.)
the nucleus of a cell takes up its pbsition in the cell always

at the spot where some particular work is being performed.It

would appear then that the parenchyms cells alongside the tracheids
have something to do with the work of the tracheids,and it is

possible that they take the place of phloem.

B <

Since we have definitely decided that the phloem is not a o
channel of transport of plastic materials,we must therefore exam-
Ine the possibility of the xylem doing all the work of transport-
ing all materials,since it is the only other tissue which by its
structure is capable of performing any such work.

The haustorium of Cuscuta developes hyphae in all the tissues
of its host.These hyphae are absorbing organs and may acquire
the necessary carbo-hydrate required by the parasite from ordin-
ary living cells éf its host.The experiments in which Cuscuta

has bemn grown upon wood alone are not in a sufficiently advanced

state/



state to enable us to reach a definite conclusion regarding the
materials carried in the host wood.The fact that the parasite
lives in such circumstances even when its chlorophyll is pre-~
vented from functioning suggests a possibility of the host's
xylem being the path of transit of carbo-hydrate as well as of
water.The fact that a hypha of the haustorium is lignified‘from
its distal end backwards when once it has established connection
with a wood-vessel of the host,seems to suggest that the ligno-
cellulose (carbo-hydrato) employed in the altering and thicken-
ing of its walls has come from the sap in the host wood-vessel.
The hyphae developed from the dermal tissue of the haustorium
are capable of aissolﬁing the lignified walls of xylem vessels,
but a hypha& which establishes connection with a vessel of its
host never attacks the wall of the vessel it attaches itself to.
Therefore the ligno-cellulose employed in transforming the cells
- of such a hypha into tracheids is not obtained from the wall of
the vessel to which it is attached.The woody trachsids in the
shaft of the haustorium constitute the only specialised con-
ducting tissue possessed by that organ.In the haustorium of
Cuscuta the xylem is probably concernedvin the transport of

plastic materials as well as water.

In the case of Cassytha a similar state of affairs exists in
the haustorium,the woody tracheid strand,the xylem,carrying all
of the materials desrived from the host.In the stem of this paras-

ite the total absence of phloem makes it necessary that the xylem
should /



should conduct plastic material as well as water,at any rate if
the plastic material is to be moved at any speed,osmotic trans-
fer of such substances through the living tissues of the cortex
or the pith being an exceedingly slow process.

We have already consideréd the possibility of carbo-hydrate
elaboration in the cortex of this stem,and in this connection
we note that theyf xylem is produced out into the spaces between(f@nyffi
pairs of lacunae,i.e. it 1s in contact with the cortex,and 1is
thus in a position to collect the carbo-hydrate formed in the
cortex and to transport it to the regions where it may be requir-
ed.Undoubssdly the xylem in the stem of Cassytha is the channel

of transport of carbo-hydrate.

Our study of Lathraea furnishes us with the most conclusive
evidence in favour of regarding the xylem as the tissue in which
plastic materials as well as water and mineral substances are
transported.The haustorium of this parasite has only one tissue
by which the materials withdrawn from its host can be transport-
to the parasite root,that is the strand of woody tracheids
which traverées the axls of its parenchymatous bulk,in other
words the xylem of the haustorium.The amount of conduction which
might be performed by the parenchyma cells of the haustorium
must be so small as to be entirely negligible.

This péraéite is not attacned to,is not even in contact with,
&Ny undamaged tissue of its host except the wood.It must there-

fore since it is a holoparasite receive all of its organic food-

materinl/



material from its host's wood.Before it can do so it is necess-
ary that the host wood should be carrying these materials along

with the water and mineral matter in its sap.

The study of these parasites shows that the PHLUEM SHOULD NOT
BE REGARDED AS A TISSUE SPECIALLY CONCERNED IN THE TRANSPORT OF
PLASTIC MATERIALS.

Su ggesf/é;

It also shews= that the phloem probably does not contain these
materials in any greatér quantity than any other tissue.

THE TRANSPORT OF ANY MATERIAL,NO MATTER WHAT ITS NATURE,PROVIDED
IT CAN BE RENDERED SOLUBLE IN THE WOOD-SAP,AND KEPT IN SUCH A STATE,

IS THE WORK OF THE XYLEM.
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