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INTRODUGCTI ON .

1.PROPAGATION. PURPOSE INLTHE PLANT WORLD. METHODS.
Ay

The power of reproduction is a ghaxs
characteristic possessed by all living corgenisms, It is a
necessity <fo¥ the continuance and multiplication of
species; By this process in the plant world, the earth's .
surface is kept ccvered with vegetation. ©New areas are

encroached upon, the cld areas preserved. In the struggle fortt

- existence, those plants are most widely distributed, which ke

have successfully sclved the problem of the prorzgation of
thelir species.

Tﬁere are twe distihet ﬁoaes of propagation in the
plant world:- 1. sexual, and 2, asexual.

A. Sexual Reproduction is reproducticn ‘of the plant by seed.

@he essehtial.aim is inerease of the individual with no'regarh
to area, The elaborate mechanisms for seed dispersal shew an
adaptation and utilization of such agencies as wind, inscets,
birds, marn,&c, In nature, this mede of reprecduectien is the

more common and those plants that hove highly perfected their

A

seed dispersing mechaniéms, are nost widely distributed e.g.

Compositae, Leguminosae,&c,

BrAsexual /
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Bany of the methods included under Asexual
Propagation in practice arc not convenient for esvexry
piant, ﬂnlyltha@ﬁ methods which give the mos$ rapid
Tesuiks have veen utiliized in comuerce, Sonmercially
éﬁ&agimg,o%hgr methods have not been worth whiles but
they have no rignt Lo he convidered us imporeible, .
Theovestically, a8 will be ghown in the following Paragraghaﬁ
vegetative reproduction 18 4 capseily possessaed not oniy nr”
the plant a8 an individual, bub by avery portion of the
plant. Thgrafare, in practice,; as wiil além be shewng
it is an igrorence of conaiilons that couses ihe failufa

of any portion of any piant to ve raproduced.

Although the fact is scometimes not zenerally
rocognissd, thore ig an unlinmited capacity for vegetative -
regeneration in the plent world. Not only do individusl
Plonts possess Uhis capacity, but even portions, atteched
or severed, o fact which i8 shewn vy a consideration of Lhe
various vegetatlive means of incrsage ia naturs.

A, Habuxe

i

fges:

T™he plant as & whole Lag the power of revroducing

itsel’ vy the production of spaciaiillzed vegetative o
organs |/

(Pigure 1.)
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These orpang are nodifled te s8rve as storags
¥hen, therefore, divigion of the plant,

naturally or accidentally occurs Gthese storage orgnns

become dotached from the planb.

By recson of the

reserve food material contained, 1ife is howeves maing

tained, until the new oeguns (roots, shoots, or both)

necessary to reconstitute 8 new individusl ars formed..

Buch modiried vegetabive crgons arise normelly and arsie
Bulps, buldilg, or buld tubers.

Fleshy isaves .

(modiried vuds )
{(fmodiried isaves)

of'f sets, stolons; shisonss, suckers, runners,

sten tubers, Tleshy stong .

root tubers, fleshy roots

(modiried stons)

(modiried rocts)

Thug it is seen that cvery vegetative porticn of

/ the plant (otem, leaf and root -~ 9ven in exceptionsl

cases parts of the Flower) may become moairied to act

a8 reproductive organgs.

in the construotion of these

reproguetive orgens nature has followed & certsin

prinelple.
the avtachmens $0 the parent piant i siight.

Where there is s reserve store of food,
The

réproduchtive orgun is ensily detached, ond by rocson

of the ressrve food 18 at once abls to support ibself,

3 - EQ
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(e.g: bulbilse, Tleshy leoves),

Where, howsver, there is little store of nomrishment,
the aftachment to the mother plant is much closer, and
the detachment is ususlly evadunl (e.z. stolons, runners,
Ahizones, &c.) 2t It Tollous frowm & congideration of

thic metnod of vegetutive reproduction thet a reserve of

Pood materied (cither in the reproductive organ, or closs at
hend in the parent viant) is a faotor favouring vegstutive
reP?Gﬁuégiaﬁ* This Toctor must therefors be tuken into

aceount in pracstice, { see p )

by [Ihe plant_os o whole, Adventitious orgung formed
for rsproduction, ' '

If the plant doed net MOGily the nornal vegetutive
organs for Lthe purpose of reéproduction, 1% may reproducs
ltseld ?Z% the lormation of adventlitious orgsns, wiich in

contradictinetion to the normal vegetutive orguans, arisse

¥, Thege advontiltious orgnne ars of Ltwo kKindate

BRDROTIGL L

gdventutions shoots L.2. shoots oosurring on roots

gither directly or as the resull of wounding {see p.
adventitious roots i.e, rocts oocurring on shoobs either

directly or as the rpsult of wounding (sse » _

In this methed ¢f ecgexusl vropagaticon, no storage of food
maserie) /

1901,
(1)A£ken, 1906, Dale-18%5;yBuchartre 1875, Nyve 1904,
v8ehting 33 1900. %c.
(i) )



materiel is made, but provizion is nede for reproduction
of the portion by the formation, while still attached to +
the plant, of new organg, wnich after 3a;$%1ng are at once
able t0 Tunction.

The cupacity for vegetative roproduction is an j
important asset to the plant, 1iabls as it 45 to sl forse
of mevhanical injury, Hot only however 4ces e plant
ag¢ 2 whole @@éseﬁ% this power, and provide Jor fulure
detachment by the rormation of modified vegetative
organs, or aQVEnaitiaas organs, but oven portions not
Antanded by nature O propagate, having neither reservs
of focd matorisl, or glrondy formed roots Or shoole.

Buch & portion, hscoming cetnohed oither ertiricisiiy or
naburélly, instend of dyring, 1s ofton found t0 have roi
estoblished itenll by the subsequent Tormation of new
agdventiticus orgunn, The fact that vepsiative regeﬁsragl'
tion in this way does not often occur in nature, is due |
$0 the leck of fovenranle conditions while roots snd shoob
ere being rormed, |
In the caue of u portion which becomes detached arfter
@dvanﬂ&tieus reote aave been formped, the formation of
those '

P T
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these orguns is attended with no difficulty, the store

- of food material and 1ife gonorally being maintained by .

the mother plant. &7 {eee B -

O paacg
In the cuee of the mooiiried vagasativ%‘tao, the store
of food material, {even thoueh &&van%itié&s organs are
not Tormed till after entire or portisl detachnent ) 1is
suiriciont for iife to be meintained, until these new er
orﬁaﬁa'qxa produceds In this cnse, however, ihe
aﬁveéﬁd'ﬁerﬁian has noither & store of focd msteriel,; nor
is 1t already in pospagsion of advﬂntitiﬁu& rocts and
shotts, toerefore the reoproductive energy, while sxisting
is often not abla 10 assert Ltself, owing $o the unfavauri
able conditions under which 1ife is meintained..

I, however, a certsin amount of meisture, and an even

" . temperature be present, reproduction 18 effected ‘and

RV orgong are JTornmod. This is shewn hy.sxﬂmpleﬁ of
debached portions {e.g.branches of willow &c, ) which
give rise ¢ mey orgone in pressnce of moisture:

Tha rhenonencn of itLe sprouting of old stools, after
troes have been cubt down, alsc shew that the portion

remaining arter the severing has taken plues hag the

power under suitsble conditions of regenerating.

when & part of @ planl becones not only wounded,
but entirely soversd in nuture, the peparative enorgy
O reproductive power ls first made evident in the
tormation [/
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formation of heellng tispue terzed calius, From
this callus tissue, the adventliicus Orgens wey arise,
though not necesssriiV. (see p =GE
: Formatiomny \ _
This Tuaet of calluaﬁie als Laken acgount of in practiice.
Baturets method of hoeuling is utiliged in the severing dl
the organ, and conditions are observed which will 1nﬁn3e
Y ealiug formabtion, ; {ged p = i
In practice 4lso adventitious roots and shoote are
induced by mubtilation &6, The POrhion on which these :
adventiticus orgensg are desired, ie either left as in n&i
nature; in connection with the porsnt plant, until they
are formed » (846, lovering, inarcning &c, 999
n&gz_ﬂgam». P 0.) or if she part of the plent is
severed, &ue recompo.pe is given f'op the loss of
nutrition so occasioned, (e,g. cuttings & p /. )a |

It is seen therelors Lhat vegetative meihods employs

ed in practice, are derived dirsctiy from on observation
of the methods occurring in nature, In vegstotive

r&pradu@t&éa7with regard o perts intended vy nature
to propagate, certoin principles ars followsd, It is

only when bhese principies are observed in peectice

that success is possible; in methods inmitating tuose
indicated by naLure.. '
#ith regard to parte not inBendsd by naturs for propai

gation, the innerent tendency $0 reproduce is sxpressed
only undey those conditions whieh nmaintain 1ife,
In /
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In practice therefore, any vard of the plant nok
intended by nature Lo grﬁ?agata-Ee¢g; cuﬁtingﬁ) may be

made to repreoduce, if dus consideration 1s given %o

gonditions which will maintain iife.

Anong the various nethods of vegstative reproduction
the best known are the following. They follow naturally,
from o consideration of the methods enployed bY Nature.

ing vrovagation by stolons, runners, bulbs, tubers, &o. )
the plent is artificislly divided, and new piants obtained
{cp, &, back).

S8ince in nature the conditions that favaur geed Tormation
1e]

are usually antegonistioc/the rormation of vegetaotive reppn;;_i

duetive organg , in proctice the ope can ususliy be pronoted |
by inhibition of the other, ITuxuriance in growth 4s uauaizs
aaaampaniaé DY harrenness. Thess nbsarvﬁtiana rave glven

rise in hortienliure to the yprachtice of chscking 1n sSome

po» 89 to the dsvelorment of the seed, Thus the farmaﬁxen of

vegetative orgong ore induced in arbificiazl ways, such 28,

goarring the centve of bulbs; wounding ths crown of & plant |

eutting /

i
|
|
|
{

pivisicon . In thie mode of vegetative reproduction (includs |
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cutting off terminal heonds,
: ' of feed
These mothods are found, while preventing the formatiom, |

to promcte the production of suckers and olifsets, wnich nay “ﬂ

then be used for the vegebabtive propasgation of the planiy
: +

b.._a; 116 fi'u_{: “ R By fied

ik : ~ -.9%&3.5&¢&%~@}
of 6 plant is p@@&ﬂd down &53 the 80il 1n ?quouslﬁnyai
to induce root formetion, but is not aevaré&.frﬁm the £
plant, untll after thelr formation, Thoe nethod is ea;
only convenient for low growing plonis or brane@ag
thatb can easily vo brought Indo contact with the Eﬁiigé

Mapootisge ¢ The method of |

gpecial form of lseyering, When o branch 1s 00

is resily a

high, or some factor maies 1t inaonveniéﬂt-&r
impogecivie o bring the braﬁsh'ta‘tha gcii, the
301 (Usually danmp poss, domp carth &cl) is cont
vayed tn the bronch,

g is ciso & special

The method of i

form of lavering, Toe pl&nt on its own roots 18|
equivalent to the bronch atizchsd to the parenk
plant in lavering and mercottage, snd the speelal
s0il in this case is g

In this |
cape [ |
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aagse the new Tormotbtion i the ©£al1lus tissue -

not necagearily roots and shoota, Inarching is g
. . .

gleo termed ®grofting by eprrosch® pWhen for sone i

—————

_-—.,/'_H_H_
% . newr §. reaason or snother it ig inconvenient to uvail one:

seif of the whole plant,for iie incresse by any of |

|
B0 the foregoing methods, & part is entirely severed i
I fram the paprent plant and yeproduced in the fbllﬁwii
iNg WaySa %¥hile reproduction by nesurel cuttinge
takes place less frecuently in nature; owing to |

the unfavourable condibions, this zethog from ite
convenience tonds L0 becous the most important in ;

prociice, since due regard csn ve pald O these

eenditlions,

Quisingg - In the method of reproduction dy cuttings,
gome portion of the plant, not intended by nature

to propagete = {root, stem und leaf) is severed,

With the facior of cellus, ond with the neecessary
anwagbnmenaal conditions, thess narts ars &r%ﬁfls%.z
ially induced to grow. Roots or shoots (or both, |
in the csse of leaves and topless atemg cuttings}
must be formed bafore the cutting con be said 46
have strucky .

Grafiing » The nethod of grafting is reaily thal of

~ cuttings on a special 801l =~ beering the sane

relation /




ono mush conclude that ithe capascity ror vsgﬁtaﬁiva-prapaganiéa

/2.

(2.

relation to cuttings aﬁiﬁérching to layaring. Grafting
is the tranaference of & part of 4 plant (scion} to
anotner plant (stock)s 4 callus tissue nust be formed.
to unite scion and atocks (In this cese the seion is
. squivalent to the cubling, he giock &8 the special soil),
Budding. The ?egatativa.mﬁthod of budding is sigo & i
particular form of Erafsing, and thus & special form of |
cuttings The method consists in tﬁa-trﬁnsferrzng‘af-ﬁ 5
single bud of ono plant Lo the stew of anoﬁﬁﬁrg {The i
bud in this case forug the cuining; the stock, a8 in y

gralfting the special soilds

BY & consideration of the neans of vegstative repreduc&iﬁh

in nature; and by the behavious in practiced of such a piant as

pnbang, any pert of which cun be mude Lo regeneraie,

is inherent in 2il plents, and in ail parits of the plant, I&
is in fact as much a characteristic of the organism as is growdh
Th o sxperience and reseanrcnes of horticulturelists and
botanists up to the préesent duy, cun only lead one Lo this
conelusion.. :
In earlier tines it wus thought thot stems were the only B&rkﬁ'
of ths plant which bhore buds on shoir surfaeeilj but later
investigntions /

(1) Lindley 1855.&c.
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investigations have 9rﬁ?éﬁ thnt caventitious roocts and shoots ?
are not confined to any Iﬁ10h¢uf portion of the plant,

Their develapment is latent i not sypressad in every
vegetative part, and depends on conpditions exterlinsic and 1&;-5
trinsic.. Eliher dirsotly or indifacﬁly {i.0. a8 a recult of .
normal vegetative growth, or ag tne roeuit of somd stimuius
such &5 wounding or%gavariﬁg)

- enn give rise to shoots {normal)

roote (adventétious )

Boots con give rise to roots (normal) .;
shoota (adventitious)

Legyes eun give rise w0 roots  (advestitious)
‘ shoots {kdvensitious ).

(a)
This is well sxsmplified in the case of Acanthus mbﬁzan;.

in naturs, through luck of favourabls conditions, tna
powar of regenorution, £hosn t0 boe present vy & ccn&zdarﬂaien A
.Gf the various vegatative a@thﬁdﬁJ&f ineraﬂsa)iﬁ not ﬁlwaya_"i
exerted in all parts of the cams plants In prectice, the £

puppiying of such conditicng hove pade it nﬂﬁu'ﬁlﬁ for all}

vegetative parts of the piant to propaeate 2. 000 EHUE

(1)  Any portion of this plunt will give rice t0 & new
1ndividua1, snd eubtings may be taken off.

1, (nodnl and interncdal pornam} zook and |
geves « (see Figs.)p —— e & |

= A i . N
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tana,.
Yheoreticnily, the drinciple of tue ukhiversal

caprcity for vegeitative rsproduction follows from & study

of the congbruction oFf the plant,  The pleant is a 1iving

organisn composed {(in the riowering plunts ) of root, and Shoot

eng-poaly Expericnce snd investigebion ©f various melandrs
phoses and transibions Tram one orgon te anothed shew that
those orguns are not distinct, and that there is no strict

_ (1)
limit betwyeen them as wo are accustomed GO PLaces The

gifference in extarnal appssrange and interntl structure have

besn evolved a5 s resull of different conditions on purts

with dirfferent functicns, By reversing theseconditions and

funetlong, mata?aﬁhhesea Boy be made Lo ocoUY - €, y rootg
2
inte shoels &C.. i, therefore, reproduction is porsivie
fotona }anb;y(- Showod be poSsibls '
Arnr all parts, the oniy condition being the presenpgs of
undirierentiated cells, or eslis whose destiny is not vet

fixed, in coyrder tpat growth snd subsesusnt differentiation may

TOLLOW, These undifferentisted cells mey slready be present

OF nay bve supplisd in the new Tormation of callug,
¥ow, since the general construction of plants is

the sane, iV Tfollows Luerefore theb the difficulty, In some

cases lnablility, &1 the present doy of mapy planis to rapra;.f

duce themselves, ls not real, but depends on conditions, exp
trinsie [

(1) MeCallum 1905.
(2) Philippi 1901.
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extrinsic and intrineie, The importance of this principle
thed the capability of vegetstive reproduction is inherent in
81l plants, and in «ll paris of the -plana, ls vory greast in o
harﬁiaultura. It acts a9 a stimulus to finding the necessary
condaitions for vogetative propagation by carsful notes of

experiments, Just a8 the baest oOr only conditions for succa?gi

ful culture of plants have only been found by gxporience,

The gensral conditions that are necessary for i
regeneration §in its widest sense., seo p /6.) are those which
are essentinl to the support of life: viz, a certain smount !
of hent, moisture and food maeterial, These conditions have
beendeduced from o consideration of nature's methods of
propagation. Evon the food material con can o & great

extent be dispensed with, sinue life can persist for some

bine ené ?g%_ragan@rﬁtioa Yokes place, even when the plent is |
storving,

In practice all these conditions must be supplied.

8inee the conditions of 1ife wary for each individuel plant,

Lo wiil the conditions of regeneration, @hls_fﬁﬁt has heen i
sometimes neglaetaa; In nany plants it has been found nhat_i
oy a gslection of a shedt of a different age or condition, by |
vy /

(1) See notes on culiure of planis in current garden-
ing periodicals,e.g. Garden, Gardener's Chronicle&e

(2) MeCallum 1905.
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by the cholece of a different season of year, according to

the rest period of the plunt for the insertion of the
auﬁtingﬁ{lland in other ways by adapting the copditions

to the nature of the plant, success has been achlevad ovVen in
aasén which were at first pronounced incapuble of veing !
reproduced vegetatively by means of cutbtings, '

In practice, the vhenomsna of regensration are founﬁ‘
to be promoted by additionsl artilicial conditions, 1.0. by mhl
application of various stimulil.. &n incrense of hest may be
found to aet ss 2 etimulus in regeneration. An excess of
meisture may give the sase result, Other external conditiong
may be used as stimuli, bub the chier stimulus in regeneration
has been found 1o be undoubtedly that of the yound.

While in naturs, reproduction oftsn takes place
dircctly without the intervention of & would stimulys, or &hﬂ
formation of healing tissue, vet it 1s{mgga common even in
nature to rind new rormailons resulting from & wound,  Thum
the wounding, mubilation or entirely severing a part of a
élann has been utilized in practice in order to induce new
formations, The tissue callus, provided by nature to hesl

ﬁhm wound, often acts as & siarting point of differentistion, fi

and subsejusnt root snd shoot Tormations Therefose in piants j

that are slow and obstinate in rooting, artiricield stimuil i

~ have: have besn given vy duttins or paring of the callus, in orc .

opdexr to induce the rurmation of these orguns, {zes arter)
wos [/
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: Kot all plents, however, muke use of this gailius
tissue for the forxmotion of new organs, The amount of celius
formation is usually correlated with the ease of root and
shoot formation, and sccording L0 the presencs Or absence or
preexisting structures, new organe nay or may not ariss from
the callus tissue, Thus in the stem, the pericvcle iz rarely fi
active, Hew organs therofore usually avpsap from the ¢nllus
tissue 1tself'y 1In the ro0t, however, the pericycle ug the
:xapartanb functicn of produding latersi rootle$s. Therafore
under the conditions of gevering the root and tresting as a
cutting, it is not surprising to rind shoots are also dormed by

the pericycls -~ instesd of ariglng alwsys from the colluf,-

In order to study Regensration or Reproduction in all
its aspects, especis.ly its three main features, gnilus, Rook |
and Shool rcrmation, it is desirable $0 Know whab conlrivutions |
have vesn made to the subjoet by various authors, especislly !
Quring recont vears, |

A% the outmet, the torm Regeoneration has led 10 some
confusion among investigators owing to the linited sense iR |
which 1t has been uyssd, It has, however, been gensrally agraed?
among modern writers, such as GSbbel (perhape the greatest
eéxponend on the Bﬁb;m&t)i%glaha, Kaster, Mefellum, Morgan &C,
that the use of the term in ite wider spplication is after all
the |

(1) see bibliograghy under each author.
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ths:ﬁﬁlyipoasible one, since the rhenomena of regeneration

arﬁﬁ%@ elosely intimate with those of ordinary vegetative

gxﬁggh‘ The Tollowing table has been drawn up in order 4o

magyﬁthe term as employsd by the various writers intelligible

ati& gLance

Jote (The subdivicions are necéssarily somewhet arbitrary
te make the mesning clearer, There is really no
hard and fast line vetween the ¥arious processes);

ation in the modern, or wide sense, includes the

goneral phenomsan connected uwith vegetutive parts giving

rise to new tisiue, new organs or parts of organs,

I
(segfﬁg:%el, Kisbs, Kiisted, Morgan &Cy )y
Regenerntion therefore includesiw

1. Regensration (linited sense)

2s Replugement or Bubstitution.

R« Rogtoration a. of orzan

b. Of individual,.

The formation of an organ ‘de novo', exacily rew
sembling in function cnd form the lost part, (This, os pointe
ed out by Hiss Kunfer, limits the use of the term, to the
restoration of embryonic tissue in root and shoot ).

(8ee Nemes, Frunk, Pfeffer, Pranté)

Tue substitution of ancther orgamp, the Pimasolia
of which are already in existence, for the orgen or parg
which [
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which has been lost. Thls may occur in two waysis
i« By the modirication of an organ which takes oOn
ag far as poseible the external appearance and
internal astructure of the lost orgen, The
development 18 ghnormel. {soe Bpiriyent, on
rodt and shool 3.
2i. by the develppment of latent orguns, which would

not ésvelop, bubt rfor the new conditions of severing

or mutilation, The develppment is pormal.
(This is synonymous with vegetstive growth under
abnormal conditions Je

see Yoenbting, Horgem, snd Klobs.

RESL0CLL 0N G NEelrSanlof &1 1

The deveicpment ol an orzan tde novo' at a rlace

o2 in conditions wherse noreally it would not ocour:

The consideration of the term Regeneration, leads

one naturally to consider the questlion of the Qausss of

Rggeneration. This nuch vexed zusstion hes besn dealt
with by the dirferent uwriters, according to the more or
iess 1limited conception they held of Regencration, A
brief sumpary of come of the csusal factors advanced might
ve /[
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be given., (The views given are naturaolly by no means
exhoustive (see literature under each). They only give
an ides of the different lines which have been gollowed).
The causal factor or factors according o
Bretland Fermer is, stlmulus due to chemical and physical

agencioB.

Driesch correlations

goebal portly wound stimulus, pertly Torsative
sturfs, '

Klebs Removal of puart, acting like external
£ conditions
d {against wound stimulus and polarity
a8 causal aptors Je

Kupler forments or ewaymss(theory of formative
gfuffes in altercd form)

Kﬁsﬁar removal of hindrances Lo growih :

Medallum " contrelling influence:of organism acting
glong protoplasmic connegtions.

Morgan vhvaicel differsnces, tension of cell &c,
(against theory of formative stuffs)

Holl form digturbance g stimulusg

Vochring polarity

Wiegney wvound stimilug from dead c8lls,

TR S N
see olso under:~ <King, Hobtlinger, Hokker, Eimkler,
Bache, &¢»

Paking the tarm.g generation

in the wide sonse,
the airfficuvities which arise in the consideration of the
cauges of the phengmencn considered in its limited seonse
disapraar. @ince Regeneration is a characteristic of
the |/




the plant, the causes for lte phonomnena arg the sune af
those which govern growth, Like growth, tha capebilivy
for vegensration is an evidence of the 1ife of the planty
This moy be tormed the Vitalistic Theory &s opposed Lo the
: ghuff theories of Goecbel, Pachas, Kupier &c, OF
more materisiistic theories of Morgam and others, It

comprises the wound stimulus theories of Noll, Wissner,
Pleffer and others,

Soeing that 1ife is neither chenical or physical
despiste the siwnlstion which many scientists would call
&1fa$13;naathars§ill the provlems of Regensration b8 solved

amologous T
in this direction, ILife is an snergy, o forea, Hie
elecirlicity, the couges of whichy scleontifiicully we know
nothing, vut the evidencesof wnich are manifest, CGrowih

is an evidence of 1ife, 80 also 18 Regonor8LioN,

LONLY in ¢he pland isg a bullding up, or construciive

DYCCOEE &

Or ropuralive processy
- Growth is development under normel conditlons.

1 is usualily development under the abnormal
conditions of mutilation or ﬁ@variﬁg, though it
may alipo oceur in normal conditions,.
sinee /

"TTYRGAFERS OF $res, DrIt.Assoes191%

poration is o revuliding, a recomsiructive, reproduetive
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gince growth assorts itself in a certain form
according to conditions, that is to say, the plant adaphks
itself to its environment , {Pilant Ecolosy )y
Rogenoration nlse manifeats itesif in a certain form
ageoprding to cﬂnditiﬁnﬁ.(l) |
Too great an amphasis has ef'ton been loid by inve gtigstors
on the farm‘(a} Yhethor the resulting organ 1s & rood
or ghaoot does not really vatver, since there is no roal
1imit betwesn theus ersnna,(s)

The end of Regeneration is reproduction, which
in itself is ususliy the cospletion of & reparaltive process,
and the form in which the phenomenon manifests itgelsf
depends on conditions,. Since the cupacity Tor Regeneration
is latent in the plant, thess condilione may be normaly
5ﬁnally, nowsver, since the natursl tendency of the pian §
under normal conditicns is to reproduce it:elfl by see&fg
abnornel conditicns sueh as wounding, mutilation or severing
of the vegelative orguns are usually nscessury %o oull
this energy 4nto action, The wound aalmnluetﬁyaannnt
however be said $0 be a eausal factor, It is merely &
stinuius /
fﬂﬁ Previand varmer 1903,

88 pesylls of investigators,

.. 8.8 Klebs, Voohling, Gedbol &0a
_§5l see vackpars 2. k- Iy

i3) see vock par.d p.\
5) see Hettlinges, Kitchen, Kidg, laqu 41qor.
wudtr Hepring, Townsend, Honslow,
Burns, Go@bel, FPieller,
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 3&&5&33$, pronoting Rogeneration, which zay ﬁnd‘aun take

. place without its 2id, It is, however, undcubtedly the
primacy stimuius, glisring o it doss the unetion op |
activity of the whole or papt of the plant. Under the

nﬁw gondéivions, the niont wo L0 #peak has %O reaqjusel
iteeldf. Yow, éwéing that the activity or growth of the
piant is governed by such Tactors gg turgldity, chemical
changes in the 081l &c,, it Tollows that these ars all
minor fuctors, (not primexy factors) in the process of
Regoneration, 211 these fuctors are necessary, but no
a’ane cun be g2id to be the ctuse of Regenerations 7The
changes involved in these factors result from & dlsturbance
of the actifi@y of the plant, which itesell is brought abenb,.
by normal conditions dueing the 1ife of the plant, or .
apnormel conditions of wound and othar stimulil,  Thorefore
thege foctors involved ars in reality gifects. They

_1n tnelr turn act as secondary stimuli, giving rise 0
secondary erfectss

{4 table has been drawn up O make the meuning ciearsr ).

Regeneration I




inherent eaganiny in the plant usualily enlled into

being by primagy stimui ue, savering or w
{in meny plants this copatity 18 expresnad, withous
a stimulus (Popisra), _

(pripary stimulus)

or'pr&vanlsen from

funcriocning.
digturbance of ( genersl gifect)
activity and Tunction acting cs '
of parts - 8 1mu1ng
| oll, Kuster)
~difference in tension {(iorgun)
wohem, and physicol change {(Hpeticnd 7o mer) {specinl
~niitritive natter (6e6bol, &uchs, Kupfar] aefrects)
& engynes firil s

»Polarity chengos (Eiebvs)

Elrst Besults

formation of wmeristem {enilus)

formation of other meristenstic tissus
stimulive to iatent organs (buds)

stimulus to existing organs {root & shoot)

-
-
o~

ﬂﬁpanﬁﬁf‘t Qﬁ * opd 5 Q'

w Amount of enilus » large or small
- Tormation of ne# orguans rom calius
CF New meristem
- Developuent of iutent orguns (bugs)
» Hodiricetion of existing organs t#gg&kjaﬂ@
8hoot ]

The |




The variation in Fin?iia@&ulta in cuttings and
=y . i1 -
parvs of Ltue pionte which have oo of'ten apreared 80 puzzling

ig cuite comprehensible when one considers that Regeneration
s |- fo;_,,
here is oesendi=idy & pepsraitive onroceeg, and that the

results will be conforped or adapiad 1o the lmsediate noed
of the planb, . This 18 by no means o telsological explanatim
as Niss Kupra;"} considers. It is, as. in ecology, tha'
adaptation of the plant o its onvironmant, This reparative
propess is monifested ini- ;
1. The healihg of the wounda {(ses on ealius)
2, ‘the formotion of new, or the development of latent
orgong, which sre necesssry to the completion of the revarat
tive proceass The form of the organ will therafors b8 that
' gFhilch foywss the ranavative process v6st, How since
Sbsorption ond mubrition ere essential Funciions in the
life of tue plant, the iorm of the orgens will be thet which
best Fulfil those functions, This explains why roote are
usually formed first on severed leuves, and why roois 6re
Tirst rormed even on roots, if they are 0ld and unable
to function perfectlys

The fisld of reseorch in the suuject of vegetative
propagation is vo vast, haet an affort to systematise resulis
hos been mede, ond notes, originsl ond otherwise, collected

under {
A £ BN i N . : s -

(1)Kk1ebs 1903, Kister (11)1903., Goebel(11}190%,
(iv) 1903, (vi) 1905 é&c.
(2) Kurfer 1907.



uyhder the following headingdi=
Vegetative Frcga@atian:&ﬁnﬁrally.e@nsiderad,in tihe
Tiowering Plants,
YVegatative Propagation in Particular, by means of
guttings, (Root, Stem und Leaf) in the Plowering
PLENLE 4
By 0 doing, il was Tound that the essentisl phenomena
connected with vegetutive repradmctieﬂ, Quiiug, TO0L,
and ghoob formation, would be considered,  The som
'pheneﬁena pccur in the considerabtion of other vegetative

methods, but not necessarily sll together,

{ceilus ond root fozmation ars the

chilef phononsna, anoot formaticon
need nobt ve considered, since branches

not roots ore usually lavered )y

It was found advisable to subdivide the subject into two

parts.

Part I: dealing mainly with the theory of Vegetative B
Propagation in Dicotvledons, Monocotyledons, and
Conifers,

PartII: containing articles, general and particular
collected mainly from the current gardening
periodicals, on the Prcpagaticn cf the various
plants in cultivation, arranged alphabetically
in their natural orders.

{culius Tormation is the chief phenomenon |




Vegetative provagabtion is important in Dicotyledons
fOr many roasong -~
8+ When seed willl not ripen in this country and muat be
imported, o.g. in many shruobs - Agiming.
. Whea seed tuat is produced 1s not good, 8.8.
¥hen sesd 1¢ §ood, but the resulting plant is not to
be reiled upon for purdity of colour or form,
8.8+ LOboLig Vvars., Dl
b, A8 @ sure method of propagation where plants hybridise
froely amongst themselves, e.g. Clstinesse, 8uch
plants as Qistus and |

aubling Harpatis vars,

)

Holianthopun raised from cub-
tings oro often supericr from tho peint of view of
purity, 1o seedling plants,

True varieties are invarliaebly increased by seed: pro-

pagation by cubbings, &c., is usually employed for

hyvrids, though those oan also be raised from aaaﬁbx%kﬂ

oy /

N ——=

|
4
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by careful selection, when well established, ©.8.
Berberis (by seed); Mavonis {vy cuttivgs), New
pybrid@ are obtained Ifrom seed by Nendel's Law{l).
a. A8 & nethod of contimiing a sport or juvenile beme
- Btage a8 a distinct ?l&ﬁt(z), 2.2, Laburnum Adend,
Gutﬁinga are also mads of the bvest coloured shoots
in order that the resuliling plants ne? also be well
colouraed or varisgated, 6.,g. nany Buphorbiacese
4, For quick rooters, propagation by stem-cuttings is
the general mode of incroass, e.8. Mignius, Yeronies,
ey Vegetative propaeation by mesns of leyering is employed

when the plant is a shy rooter, ond cuttings are

airfrjcult %o sirike, e,g. many shrubs - Chipone

iododondron, Azales, Lagnolla, &c.
£, The meticd of grafting

, is employed for many reasons «

To give & wemkly variety the benefit of a strong
stock.,

For sconomy in valusbhle plants, which may bs used
a8 scions ¢n stocks of less valuable nature,

Tb.ﬁimz?iah or increase the heizht of & plant, and
RS 1+

R

(1) Batescn 1866 and 1870, and cp. recent literature
on Hybridization by seed éuch as Burbankl909.
Blaringhem 1909, Clarkflolo, Green 1910 ete.
also literature on @raft Hybrids (see f. footnote,
(2) ep. alsc Conifer cuttings Chap. IX, page .... .



1o goenerally add to 1ts beauty and Bymmasrvtl).
To aubatituﬁe'cg?iga varieties (particularly in
frult trses N 2) without disturbing the originel
plant . =30
In recent years grefting has been experimentod

with for obtaining hvbrigs(s ),

g Inarohing < or grafting by aporoach ~ is somelimes

more convenient tnanhgrmfning proper. &g the scion
lis half supported by tha stook: by tiis means a

pueh longer dranch way be united than by grafting
and also the plent is drowing nourishment from its

own oot ti1l unlon takes place, &,.,g, valuahle

The navantoges of the pethoed of sesdling inarching.

axo ~
VYaluahle Tor hard-wooded plants,
ginple and inexpensive and cerimin.
Flowering earlier.
Value of plants quickly deternineda, (4)

he Budding: many ornomental trees are nere conveniently

bropagated by budding than by grafh%nas ag a large
S nmunbher of plants ¢an be ohiaingd From A2 92100,
It/ :

(1) ep. next heading (g).
(2) Ixedal9il.
(3) Baur 1909, Heuer 1910, Hildebrand 1908, Hirchel909,

Jost 1907 %1910, Jouin 1900, Nienburg 19810,
Richter 1910,Strassburger 19092, Thumui 1909,

Winkler (v)1207, vi 1908., Wittmack 1910. etc. etc.

(4) oliver 1911.
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It is thus a more economical method, and can

be used with success for more delicate subjects,
B8 Roéés {principeily )i many hard-woodad
I-pl&nts i Plums, Peaches, ¥ectarines, &c, Many
fruit trees are propagated in the West by bud- 5
ding, but in the Zapt, 9.2, Japan, the older
method of grafting is achered to, exeept in
the cases of Peaches and Nectarines'l), ror

which the newer mathod has been adopted,

The peesivility of the metrod of preopagation by i
plem-cuttings in Dicotyledons i2 uniimited. Hearly
every plant tnown in woriiculture may be propagated by !
means of cuttings made from their stems, though the
nethod may not alwvayrg ne the most desirsble one. In
some cases the plant resuiting Trom cuikings are nol 80
8004 fron the gardensrts point of viaw.aa those raised
Tfrom seed, that is Lo say ~

i. They are stunted, ugly or unsymmetrical, e.s.

Sasuaring, y froasig.

Rhe oo omd \ g 5% L I el B L RS S R

Y/ (1) see xean. 'qu.
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2. guttings 4o net flpwer 80 well 88 the veedlings

aithough the cuttings increase eusily, e.g. lyogotis vers,

%, Anmual ond biennial plants sre, with few
exceptions, ©.8. Lobelia, Xiugls, Saintpauiia (leaf-
guttings usual}, raised from seed, and while the possi-
:bil&ﬁy of cuttings to strike in meny other piants doos
exist, secd iz 80 asbundanily produced,, and s casily
obtainabie that preference is naturally given 1o the
gexual mede of repreduction, e.g. Berberis, Plantago,
Uompositas, &a.

by gome pilants, such as Aralis Veiltchii, are poor
rooters(though wost Arellass are eusily incregsed) and
propagution by stem-culbings, undédr the conditions that
are 4% preseal Xncen and practised, 18 a2 slow and tedlious
piaqga@. grafting on common spoecies 13 ths best method
of incresse from & culbivetor's point of view. Diffi-
gulty in-etriking is also found with many shrubs, bdut
in pearly svery cease the Aifficuliy hag been, Or may be
overcone by repeated @xporinent,

in most cages, however, cuttings are much O ve
proferrec, as «

1. The shape can usullly be controlied (o & very
great extent, e,&, Eloggnug edulis, Bixa.
2, Plants get legey ﬂﬂdiéﬁﬂgﬂd &b the foot, ir
cultivated/ ‘
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gultivated from seedlings ond allowed Lo grow on, it
is Tound much petter Lo take frequent cuttings Trom low
symmatricai plants, Particulariy is this the case with
the Acanthads, o.8. scanthus, Apheiandra. (8es alse
¢hapter IV. under Gensra),
3, If c plent is djoscious, Seedlings may often
pe chaneyd the Sepe 86X uay be obiained, enttingﬁﬂrﬁ

therefors more certain, o.g. iincrdics mixia.

#, Outtings are spesdier than seedlings although
gesds may be abundantly produced, e.g, OCrassulacese.
Flowering plante ars obtained from cuttings next season
. ususlly, shile three or four years elapse before the

' gduit stage is rescued From sesd, ©.8. Behiun cpld

3;&_}'G&’jﬁfﬁﬂméfF;mitﬁaf Haturs of gnoots employved.
The kind of cutting thetis emploved varies somewhat

according to the experience of the propagator, but 1is
dependent noinly on sﬁe nature of the plant, énglin'par*
ficular the geason of the year in which it is inserted,
That much of Yhe succass depends on & right cholce of

cutting is shown by the following exomplesi-

mbratum purpuroun is & plant which was for a long
time thought aifficult to strikel2),  gince the young
shoots / '

T R A

(1) ep. Garden vol.XXIV 1883, p.66., alsc vol.XXXVI
1889 p. 22



shoots arse spomewhat pithy, with long intorvals between
the nodes, the cuttings are thus liabvle to damp off -
and 80 it has boen fnﬁnd better by experlence to select
shoots in summer of &a@ium iength, hslf-ripe, for the
purpose of yropaga%ioﬁ***. Pieces of half-rips wood
8180 propagate lmid in & nhorizontal position on cocoamut

fivre in & propagating frame - Temperature 80°.

Ipomosa horsfallis is another 4ifficuii subject for
propagation, veing very slow to root, and with X, batatss
not producing seed easily undsr cultivation, bvut by right
gelection of wood and season, success 18 mnde possivle.
The preceding vear's shoots 1@&&&1&%31? after Tlowering
at the end of Pebruary nave been found sultable for
cuttings'?

_ isgima has sleo veen found difficult %o
propagate, poscibly on account of the slow rooting, and
of the disposition of the young shoots (from which cubm
tinge ars preferably made early in spring'? ) o rias,

Ligy of other plants still considered difficull o
- Propagate/
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propagate from stem-cutiinga, Oae -

Hany othsr Lesumincsas, o.8. Hoves,
Butexia, Kemnedvs, Diliwynis, Jumaces.

Jacaratia dodecspnylia (Passifiorscens ).
_ MM (Anacardiaceas ).

Heritlera laterculiacess ),

Aralis Veitenii {Aveliacess),
(Leguninosae ),

W (Bupnorbiaceas ).

vag (Bisnsrubeas ).

= shimonanthus fragrans (Oalveanthocese ).
/W&, | _ ggm (¥agnoliaceas ),

- ssales (RBricacese ),

g;gg&gg (Bricaceas ).

3 {Proteaceae )
w (Laguminoaaa)
Hoyes {Leguninosas ).
gﬁgna&gi(Praneacaae)(l).
Beeing therefors that the state of the shoot is one

Of the main conditions of success in propagition by means 5

of -a&am—-'-cm.unga-(“. an enauiry into the nature of shoots

commonly employed is necessary.
According/

S

(1) ep. 1list in Van der Heede 1910 also Pari IIA Progat
of Dicots,
(2) Hemsley 1903.



According as cuttings are inseyted in spring, summer
or sutumn theyv may we dlvided into thres groups.

a, Cubtting serk

or oarly susns
cuttings $hat &Gre insoriod in spring ars usually

of immature wood, They are soft in character, and are

. often found %o give successful resulls when older and

hardexr shoois faien as cutbings have resulted in fallure,

0.8, Mahogany, Oashew, Litohd, Lug egina’).
Some plonts reproduce mors easily from grosing

than from ripened wood, 8.8, Nepenghes.

Young cuttings are taken for speedier propuaga-
tion where exposurs to the air is isnjuricus to the plant,
6.8, Iheobyong.

They are also Lo be nrérarraa incquick rooting
‘plants, e.g. Allamende, Ixora, &c,

| The chiel danger in thle Kind of cutting seens
t0 be the tendency to damp or ro% off, Therse is an
abeence of any thickened cuticle or bark, and transpira-
tion is greater than in the cass of hard wood cuttings,
¥hore the vegetation is doymant instead of sctive &s in
8pring, Por nost soft young cuttings & warn moist and
somewhat confined atnosphere geseme Lo be negssasary in
order that regensrsation n&y be &8 Spesdy as possible,
the/




the conditions of heat, 1lleht, and moisture naturally

peing adjusted to the mardinesz of the plant,

activity vefore its rest period bvegins, and augusﬁtl)

may he gaid to be one o1 the best pontns for preopagotion
in the wnole vear., Bome plants will not form meristena-
tie tissue until their tissues are firmar, sé that very
young cuttings which would be lisble to damp or rot off,
¢annot be chosen, Half-ripe cuttings are taken in this
peason for many hordy shrubs, @.g. Veronics,

¢, Suttings

The najority of hardy deciduocus trées and shrubHs
are propagated by cuttings in ausumn'2),  For tnis pur~
pose cuttings are mede of ripened wood, the better 0
Withstana Lhe period of winter. guttings of ripened
wood succeed best with many planis, such as Cagsis,
several Araliaceae, many nurdy shrube such as Lilse,
Frivet. Oalius forms during the winter and acts ms a
temporary root system, @nd rools are formed in the
following spring.

Ag in young and nall ripe cuttinge success 1s
dependent /

(1) ¥r. L. Stewarst, :
{2) ¢p. also Gonifer Stem-Quttings, Chapter IX, p .




I5;

dependent on the nature of ths plant, and L0 a 18rge
.exsent pn the cenditions of soll t@m@aratura(li, As
would be expected, the temperature needed for ﬁarﬁy
plant cuttings iz considerably 1ﬁwér than that neaded
for young toender cutbtings. The ground in aubumn iﬁ
warmer than eir, 80 Lhat the base is ¥Xepl wormer than
@hﬂ apex, & most desirsbles conditions for trees in winter.
Too high o temperature would cause the dormant leal-buds
$0 burst, and the cutting to expend ite energy in trams-
spiration before roots are formed to balance the opera-
tion by ebsorption. The cuttings thevefore are placdd
in sandy soil or merely sand in & cool greennouse, OF
éven outside with some protection kg;aaﬂ if necessary )
for the winter weathor, : el

The varions Xinds of cuttings, (cuttings without
loaves, cuttings with heel, cuttings with slanted cut),
8re considered in V. den Heede's L'Ary du Boutufer 1910,
and ajso the plants which cre commoenly 80 araateaﬁz}alﬁa,
for advantages of lenves being left at the bage of a
outting'3?, x

3*1;*

Changas after insertion

of a stem-cuttiing.

~ The/

o

I

(1) ep. after page
(2) stoepfke 1903, -
(3) Bayley Balfour 1912.



The biclagiéal gignificance of regeneration snd
yegetative propagation, apcrt from its borticultural
iﬂ%arast and impoertancs, is very great to the plant,
1iable as it is to all forms of mechanical injury. Lot
only has the detached porticn the power under sultable
conaitions of regeneratlng itselr, but the Injured plant

from wnich the portion was detached nas the power of
healing itselfl by & loose tigsue Known &9 gallug, and
if necessary, of producing new organs Trom or near Lhis
gallus tissue, The fact that the 1life of & trae, for
oxanple, does not sufler when injured artificlaliy by
pruning, or accidentally by wind, &e., is nainly one to
18 power of voing able to form this protective tissue'd)
{rig. Yo - If it were nobt so, the tres might be ser~
joumly injured by the ettack of fungl, &c. obtaining ap
entrance inte Lhe softer tissues laid bare by the wound
(fig. )

in some cases when & branch is cut off a tree, due
o careless pruning,in 6 seasen when the sap is sctive,
%o impsrfect protecting with tar, the sap exudes, ond in
'_5p1§e of the particl fornation of callus, the tree cons
tinues to bleed. The bloeding mayv conbtinue 1’01 yeurs =
in/

- A - oo

(1) In 4rees the immediate protecticn is given by the
formation of wound gum, For woumd healing in irees
seeHartig 1894, Jeffrey 1906, Krieg 1908, Potter
1908, Schifrhoff 1906, Sorauer (i) 1895 &(11)1909.



A0,

in one case an elm bled, in spite of every effort to

gtop 1L, for six yearscl). There is o more striking
ex&mplaiz) w G180 &n eln « in which bleseding has Coni-

tinued for upwaras of thirty yeurs. Flgurs ahovwes &
tree (aiso sim) in which blecding is continning ($he
exuding sap is shown on the bark), The only effective
romedy 1O stop the bleeding of tress is to recut at the
Proper seascn (%intar)(E}c

The economic value of this tissus thevefore is yery
great o the piant gonerelly, when 1t 1s 1n possession of
both roots and snoots, In the case of suttings, however,
in which the plant has become deprived of some of its
organs, the ccononic value of esllus formation iz even
groeater, The whole of the exposed ticsues would rob
eway were it not for the tenmporary protection of ihe
eallus formed 1ike a cushion in the region of the oul
{(figs. - ). ©On the formation of thls tissus for the
tine being, to a groater or lsss extent hangs the life
of the plent. Some plants that rood easily and quickly
“haye no great need Tor callus formation, and thersfore

produce wut little, e.g. Mimulue Jutens, Lemium sibum,

If, therefore, the vslue of callus t0 ithe plant as

Y
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a complete organism, and in vart, ve great, and if tho
correlation of callus formalhlion and rogensration be
intinate, then & fuller and mors gysbonaiic kKuowledge of

the naturs of calius, e conditions under which 1Y is,

rormed, &nd its reiaticn 1o root and shoot formation, may

ieed to ereater results in the matter of vegetative pro-

pagation by meuns of cutiings, grafting, &e.

'?ha:firét change noticenbis after inserﬁiun at the
vasal end of a ﬁb&mwﬂuﬁ&ing iz trhe fornasion of callius

ﬁlsauaﬂ This 1@ tne general rule in Dic@tyladehu, though

in sowme instaneaa tha gnount of callus fa;maa is 80 smell
as &ﬁ be aimoal nﬁgligiblﬁ, a.g.

?@951&3(1)¢

The external sppearsnco of calins varieg con~
siderebly, 1In the hesling of a trec the regulsr suape
of the lip-like growth towards the centre of the wound

s very aracﬁerisnie (figs. }»  Blight veristions
- paLar, nuwa#ar, which gerxve L0 distinguish the callus
formations of the difrerent trees {(cp. Ash, Holly,
Beech). The extreme variation in the macroscopic
appearance of callus in cuttings is o some sxtent
aeeounted/

e

{M Bee III, 4, » F
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accounted for by the nature of the plant (interaal
ractors )33 tc some extent by the conditions under
'ﬁhieh bﬁa'plﬁﬁz is propagated (external factara}(g).
Thus at ttmes-th@ maag.ﬂf soft callus tissue aprsars
.\gé 8 roundish k¥nob: at other tises as & protuberance
.'dividad up inte smaller oulgrowiis. Invariably,
hosaver, the tissue is sgfm to the touch, and nem-
milated to o greater or less degree owing 4o unequal

growth in various directions.

P o

35 B & 2

o
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4 @& contd.

The external arpearance and development of callus tissue
ware early noticed and descriﬁed by various authers.
Ameng them Meyen G) says "If cuttings are placed in the
grsund in the ordinary way, and the eonds obsarved from
time to time. it will be noticed that a more or less
rapidly developing outgrowth is formed from the inner
cortex. It soon assumes a2 yellowish arpearance, and
increases in size (sometines verﬁ considerably especially
in evergreoens M%&aeoaa, Coniferae) so as to cover the

ond of the cutting with a knebbly, warty, mass which
often breaks up into several outgrowths, and protrudes
beyond the cut edge. This outgrowth is known among
gardeners by the n#mo of 'callus', It consists merely
in an outgrowth of the imner cortical parcnchyma, the
¢ells of which become corky om the exterior, and brown

in colour, and oxhibit a considerable thickening of their
walls,"

To these notés might be added that callus is produced by
any meristematic tissue of the plant, not only by the
inner cortex, ag will be shown more fully in the micro-

8copical examination of callus tissue. (9

(1) Meyen 1839
(2)ep. III A c page 48
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The pith readily takes part in the formation of callus,
and the callus cells may be seen to protrude from the
rest of the tissue, like the cells from the inner cortex.

e.g. Coccoloba, &c.

.The wedge shaped medullary rays characteristic of the

Bignoniaceae produce callus im cuttings which protrudes
with that of the pith and inner cortex.

In order to examine the general mode and appearance of
¢allus formation in Dicotyledons, shoots from 2 number
of woody stove plants were selected, cut in pieces, and
l1aid horizontally on damp fibre in a propagating frame.
it would not have been a fair conmparison, if some of tho

cuttings had been placed in a vertical nosition, others

~ horizontally, as the horizontal position has a certain

effect on the callus formation, (1) The horizontal
\
poaition was here chosen for the purpose of canvena;nca

Many of the specimens simply rotted off, but a number

perds$ted for a considerable periocd, and produced callus

a8t the cut ends. The time under which the specimons
were under observation was fron Janu#rg 4th. to 30th.
1911, The following notes were recorded., (It will be
noticed (») that the notes are very general, and only

() Soe F¥rdwope . 0.
(2.) OF 'i;v.—,-.:—__}_‘r_g____gﬁ ‘5‘ ﬂ’ c. p ufa $r.
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o A Oontd-
indicate the development in the pith, and inm the cortical
region. In a more minute microscopical examination the
13§%§r night be divided into the callus produced from
the cambium, and that from the cortex).

Adoﬁocalymaa nitida - callus in the cuter regiom chiefly

in inner certex: callus from the wedge~shaped
medullary rays, and from the pith.

Aristolochia triceudata - small amount of callus in inner

gortex.

Bombax pentandrun -~ callus from inner cortex and pith.

Brownea coccinea -~ callus formatian in patches in cortical
' tissue: none in pith.

le.  Catalpa guinensis (Pig. ) « callus formation in a

regular ring in cortex: none in pith.
Olusia sp. =~ & ring of callus from cortex and from pith,
Combretun purpureunm -~ callus from inner cortex and pith.
Gmelina hystrix - callus formation from cortical tissue:
| none from pith, which had sunk considerably.

Heritiera macrophylla = ¢allus fermation in patches in

cortical regiont mnone in pith.

Roranteaﬂgginansis &Fig. ©) - beautifully clear calius

from cortexz: none from pith though soft.

Egshirg aguatica (Pig. 9) - large formation of callus in

inner and outer cortex amongst xylam in tha
nedullary rays and from pith.

i

—_——
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Tabernamontana longiflora - callus from cortex: none

from pith.

Tegtona grandis (Pig. ‘T) ~ ¢allus formation somewhat

patchy in inner cortex protruding over xylem:
none from pith,

?;tis voingriana - slight formation of callus in cortex:

rotted off.

From these examples it will be noticed that callus

formation varies very considerably according to the

nature of the plant, though the conditions of heat,

light, and moisture remain the same, and that callus

. is ok the whole more easily produced from the cortical

region, beginning from the cambium than from the pith.

If the conditions are altered, the amount and case of

. callus formation may also vary cven in cuttings of the

same species (.

0 See 1V. 4. p. 4 B p

Hh%ﬁﬁh;;;;1—__‘_h__;
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L%&ﬂhlnterna1 macroscopic a2ppearancasundifferentiatdd callus.

As considerable variations occur in the external appecarance
of ¢allus, so it might be expected that variation would occur
i in the general apnearance of a section across various c°1lus
outgrowihs. A macroscopic section of an ordinary callus
.~ _outgrowth at the bas» of a shoot shews 2 mass of more or less
. unaiff.erentiated tissue surrounding the cut end.(l).
e A cass of forced callus (Anaemacpasgma racemosa) exhibited a

0!

Sﬁ)laminatad or ringed appearance(Figs. rz+) As the illustrations
L‘é w4 t4)
shew, the cut was made =t the inteornode 2-3ing. above the
gwollen node. Callus formed in tho usual way., By c¢onstanily

keeping moist, ard by persistently cutting, the callus was

stimulated to further growth. In cutting the knife carefully

vas thus obtained, The more rogular anpearance of Fig.lffwa.a
algo obtained by subjectien to successive excitations for the
8pace of about two years. The intornal macroscopic sections

: Re
#8180 shew laminations.(Figs.l2f) - ™ns eleanky

sl v e (3.
& SR

followed the outline of the last growth., A laginat:d appearance

(1) cg. III A ¢ Pigs. also Figs in Sorauer 1909, Tittman
1895,
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The microsconical oxamination of callus is of mére interest,

gince wo can learn which 0ld tissues are most active in form-

+tissum
ing the new prntactiw}\ and also in what manner new organs,

viz, reots and shoots are formed. Among the carly investigak -

ators of t'e internal structure of ca2llus was Cruger.(). The

nogt important of his deductions wore utilized by Stoll(y),who

gxamined a large number of cuttings for the purpose of

tracing the structure 2nd develerment of callus, As three

typicsl nlants he took Hibiscus reginas, Passiflora quadrang-

ularis and Giselina 1ittoralis for his obscrvations, partly
g e - 1

on acgount of the clearness of their tissues,; partly on
agcount of their pml‘ific callus procliuction. From his
observations he came to the following Icnnclusinns.

1,' That every tissue of the ~lant excerting true word, bast
#md opidermal cells, is capable of aiding in the constructieon
of callus, the initial and chisf growth being frem the
cambium, "’

This statement hos been confirnsd by all lator investigations.

fs night vo sxpected any undiffersentiatesd tissue capable of

rapid division will at once bocome nmeristematic under given

Sonditions and form callus. If cambium he present, as Stoll

0} Crfil’lé?qr. 1Rbo .

5
f
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aays,‘the initial and chief growth will from this point, But
the.prcganQ of cambium is not neceasary to start callus

formation as will be ssen from the results of Stoll(), Prank(®

¢, and from the roéults of Mias Kurpfer's exreriments with th |
rind and central cylinder of the turnip(3)%Coulter and Chrysleﬁ%ﬁ)
found a8 similar dev-lorment of shoots from isolated cortic:l
repions of Zanmia.). Epideraal cells rarely give rise to

callug, at loast in stem cuttings, though Jostls) asserts

that all cells contzining protorlasm and nuclei, ev-n epi&ermil
cells are capable of forming c2llus,
nP.That the now tissue formed iz a comvplox tiszsus called callus
vhich h2s no similarit> either in the form of c2lls or their
arrangement with the old tissues.!

Bron the manner of the formation of callus it will be readily

geen that the now tissue will Aiff-r in its appearance from th

the 01d: the old tissuss which are permanent and are in
connection with each other form 2 regular vascular systom, and '
sharply divided from it by calls which were primarily exposed

Md withered is the new tissue of c2llus, which is at first ud

undifferentiated.(®., The differonce is due to the meristenatd

B E——————

Stol118%74 .,

Prank 1895

Coulter and Ghrysler 1904,

Jost 1907.

Stoll 1874 Fig X. cp. alsc Pigs,in Sorauer % 1909,
Tittmann. 1895. -
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ngture of callus as compared to that of the old tigsue. In
ghape the c2lls differ; at first brickshaped like cambium ceol
they later assume a polygonal and rounded appearance, due to
pressure from all sidos, Where the pressure is less as in
goft fleshy xerophytes it might be expected that the cdlls
wou'lca) he more ragular in shape, This was found to be the

onse in the examination of plants such as Cotyledon, Crassula

i&‘rﬁ. ' In the development of the callus tissue are formed
neristematic patches.' |

w4, These patches are different according to their activity.
Bither they become psrmanent tissue, as in the case of the
periphery of the callus, and at the ;aéveral rhloem and xylen
bundles, or else they keer their meristemstic activity,and
differentiate cortain layers for the cutting., In the first
¢age they are analogous to the formation of cork in wounds ai
and are to be compared te the phellogen layer. In the second
rlace they sre amalogous to the cambium, and its relation to
Secondary thickoning in Dicotrledons.'

Oallus formation in Dicot. stems is capablile of forming
SeCondary tissuz, by the later development of a cambium which
- Producos as in the stem, xylem to the immer side, phloem teo

the outer as will ba shown more fully later.() It also has tbh
=+ A.A.e b.

ede i’ | ox kA p.

-_‘-‘_‘_-‘_-_-_-_—'_—————_
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ths powsr of forming primary ticsues as in the case of regemer- !

ation of the root-tip(), This power is almost confined to the
root and seldom poc=sessed by the sten.(d).

¥ slhions
he researches of Cruger(d) apdisetory) have given us much
1ntoma’oion, regarding ca"lus formation, but it is from the
nore recent work of Smon(ﬁ) that wo gt a more minute knowledge
of the differentiation of callus tissue. Not only has he
distinguished the cambial ¢allus from the pith and cortical
callug, but he hns studied in detail the developmont of Spoll's
'.'m_eristematic ratches'', shewingthe parts these voricus
noristems plav, -nd by what stages the vasculapr system ofthe

now organ (root or shoot) develored in the callus is finally ca

connected with that of the old stem.

Bis results, chiefly with Populus nigra are briefly the follow=-
ing, Except for a fow points, they may be extonded gemerally.
(allus hy formed by a nlant cuttirng 2t its base or apex, may

be divided according to its origen into €ambial, Pith, or

Oortical callus.

1) Simon (1) 1904,
2) Lopriore 1892 , 1895.
3) Origer 1860,
4 )Simon (ii) 1908,
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g a, Cambial Callys.

The c:llue formed from the cambium is as 211 authors agree,
the‘maat fundamental, The first divisions are paralell to
the wounded surface, so that the first tissue formed is made
up of parallel rows. Development after this is vory quick,

for not only the cambial but the callus cells themselves are

now meristematic, 2nd these divide in all directions, so
that ths cells bhecome larger and more irregular. A fan-

gshaped nass of c¢allus is thus formed over the wound in the

neighbourhood of the cambium . When the callus has reached

a gertoin size, differentiation bezins and varicus tissues

are formed,

Differentiation of cambial callus,

jd Tracheids:~ callus cells bocome thickened and forn
tracheids: théy oceur singly or in groups but not in
any regular continuous.series: a combination of these
groups may ta2ke place by callus cells between them
becoming tracheids, s» that a certain c¢ontinuity occurs.

(gt Swnia p.389)-
ii.8cleorenchymatic caligs- these cells, like the tracheids

occur isolated or connected into groups developed
dircctly from @allus ¢ells, »nd are therefore as varied
in form. Thoy are e:sily distinguished from the trach-
eids, evon when young, and their walls not very thick,

by the charactoristic lanirnation an 4 the presence of

L\ {
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a,ii.contd,

round or oval pits. The older sclerenchyma are easily
| distinguished by their markedly thickened walls, and

QL spoinarrow lumen.(Pig. 27
B 380 (Pig.29)

361 ; :
. Bii.Eho Epidermis of the callus tissue is scarcely to be

gistinguished from the callus cells themselves except

that the cells are somewhat larger and slightly thickened

They are ¢apable of further development, but often die
their contents disappearing. A cork layer is developed
- and the function of the epidermis is taken on by the
5 habm, living cells beneath.them.(Pig. 4)
| B
‘ . iv, The Lenticel and cork formation occurs as in woody sstems
by the formation of a cork c¢ambiun, a row of c2llus ceclls
,ygqu bocoming meristematic te nerform this functinn.(Fig.?D

b.cortical calius.

The callus formed from the cortex cannot rsally be separated
from thé cambial callus, for it is formed simultaneously
with it, Kuster() who is the only author before Simenk)
} vho has worked minutely on the differentiation of callus,
says that the secondary cortex also forms tracheids. Simon(2

~8hews further that numerous tracheids groups occur, which

————

(1) Ruster (iv) 1904,
(2) simon 1902,
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b.contd,
later lay downfor themselves moristems through the activity
of which isolated wood masses are formed. Sclerenchyma
;§b demeloped in the primary cortex, and possibly tracheids
thourh through intermingling of the callus frapjppe two
origing, this cannot definitely be observed. i

¢ |P1th Calius.,

The pith has not such a great capacity for the developdent
of ¢allus as the cambium or cortex.(). But that it can
produc - callius has been cshewn by the vardous investigators,

Stol1l(for Passiflora and Hibiscus) (2), Maule(for Euonymus
ﬁaﬁécans)

mi
might be added Coccoloba, Pachirakqfc. (Bigs.3 94.. kaTafﬁaA»&;_

(3) and Erieg{for Yitis.Vinffera)q). To these

Like the c¢3llus devslopsd from the c¢anmbium, the first few
rows are rogular. Very soon growth bécomes irregular,
that from the outer edges of the pith being the greatest.
Differentiation begins with the aprearance of isolated

. tracheids, o n the perivheries of which are formed new

meristems. The resulting wood elements may exhibit various _

(1) ep. IV, 1 & page

(2) stc11 13874,

(3) Maule 1896.

(4) Krieg 1908,

(5) ep. also 3 A a page 45,
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forms and oricntation. Generally the separated neristens
meet, so that finally a continuous bent woedy portion

is formed, Small vascular strands often anpear im the
pith meristen which bocome comnscted to th§:§essels of
the nith periphoery. Under certain éonditionﬁfa meristen
is formed which rums right across the pith callus, in
gonnection with this continuous weody portion. The
MQristeg divides off xylem towards the centre; by con-
tinued growth bast elements may also occur Lo the outside
but these only seem to be formed when the meristem from
the vith grows into the meristem formed from the cambium, -
the differentiation thereaftoer ﬁecghing the sane asthat

frem the cambial meristem. As in cambial callus,

“‘sslcrenchyma may also be formed in large or small groups

in the pith'cazlua. On the surface of this callus,too,

. under ¢ertain conditions, appear cork or lenticel form—

stions.{). As in corticsl callus, the tendency to form
the lenticel formations ssens tho greater, a rogular
epidermis heing scarcely met with, Differentiation of

S'PVWPM
of tissues in the pith callus is very ~2nd cannot really B

‘separated from that in the callus develeped from the

cambium,

(Dcp.x$v§4% “ﬁ p-
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B, Root formeticn in Steu-cutbings,
a. Develcpment of pre-existing primordia,

b, Fornaltion of entirely new roots. BExternal
AVpAArance.

¢, Origin. .
A, After & verying pericd arfter callus formetion, roots
are formed on the sten-cutting (figs, #1-%31i. The ¥oot
formation is &n evidence of the power of vegetative re~
proauction im the plant (op, Indroduction, par, 3, », 24),
ad is a resuls following on the ne¥ conditions of sever-
ing. Root forpation in B8 stem-cutting tekes place
sither ~ '

&e Q8 & develcpument of pro-existing root primordia

which in normal conditions would not develop.

b a8 the formation of entiraly new roota,

Plants actually mémas o0t primordia on thelr shoots,
bhough in sowe cgses this does occur, as in Salix vimin-
wg, g Vviteldlina, 8, prulnosa, E::Q.(l) 4nere the pri-
'-!iﬁl’ﬁ_ia are Touml. under the cortex slngly on both sgides
Of the sxilisxy bud or in awsbers., These usually remain
latont in the normel vegetation, but develop in cuttings,

The eariy appsarsnce of these adventitions oot primcrdis
in/

e

(1) Goebel (ii) 1905. vol. I sect, 4.



S
inthe case of mu} is tne moelt probavie expisnation
of the eass with which its cubttings develop. In other
woody plants, woore no such primordia oxist, it nsy be
that the developument 13 slower or quilcker sccording to

phe 84a8e and quicknese with which they are fbrmaa.

; 499 rooks. The majority
of stem-cuttings, possessing no root primordia, are
obliged Lo form new roots on baingawem&-f’rm the parent
plant. '

| TThe appearance of ithe bhasal end of a guthlng
is quite characteristic, o that it is possivle in nost
dicotyledenous plants, a8 will be geen fron the 1ilus~
trations (figs. 15-20) §0 tell by the externsl aprearance
of the »octs whebther & piant Loe been raised Iron sesd,
or bty means of & =Zutting, Iu the latlter, callius form@e
tion i present, though sometimes indistinct (in a
nacrogcopic examination )} the basal cut is evident, and
goecondary roots only are present: in a plant raised from
Send, on tne other neud, a dilatinet tap-root 18 visible,
The aiffersnce may ab once be recognised by a comparison

of two specirens of Termi:

L Lifolin,the one
- Teised from seed (£ig. 15), the other from & cutting

(fig. 16). The aifference parsists for Some vears
Afie./

(1) Goebel (1i) veol. II. 1905. page 275.
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{fig. 182 & b ).

. Orig '_ recte. Jacroscorical Examination.
goncerning the origin of roois 3tall gtates that ®the

fazmatien of roots does not sotuslly taks place at une
e&llus itself, but aithsr imnedlately above the out, or
aven in region: above, whleh have no dirsct connection
®itn the gelius frermation”.

This statement is not vholly correst, though
1t is genorally true. gruger found that yools could
'ériﬁa in the callue or dvove iL: VWiesner, Hanssn, Kupfo
nave conflrmed Cruger'e results, and thare is no doubt
that the roobs may vary in tielr crigin, 45 may be seen
rom the tllustrations (figs. 21-31). Sccbiosa plero-
cephaiun (£1g., 10) is sn exanple wheve the root actually
proceeds from the callus tissue. In othexr exemples,
the roots nlsc proceed from the cut surface (figs, 21,
22, 84, &c, ). They are kuown to arise indifferently
ghove or from the callus, but usually they procsed,
especlally the later formed roots, from the region above
the cut surfece und ealius Tormation {figs. 23, 26, %0),

Phe macroscopic sectiona (figa. 19 and 20) show nore
Gisarly the origin of the sdventitious shoots and the
eut ascross the bvase.

Roots that arise




ot the basal snd of a stem-cutting ars adventitious,

sheir origin is endogenetic,

¥hen they erise from the permanent tissue of
the stem above the calius, the gensral rule Tor the
origin of adventitiocus reots in Spermophyte is achered
to, i.e, thoy procesd (with few exceviions) from the
periovcis‘l) like other lateral roots,
But in nany cubttings roots actually procsed
from the eallus tissue., Yo pericyele as euch 1s present,
In the cembiel calius, the origin of the roots
is from the meristematic leyer developed dlrectly Trog
the cambium{al. The formation of the roots from the
calius is thus, sccording to aimantﬁ),&lwayﬁ dependent
on the appearance of the said peristem, which possesces
the sene capabilities as the cambdbiunm, It thus follows
[ that roots cannct arise from the calius farméa by the
primary or secondary coxtex, and they have not been Ob-
served to do so.
The pith calius, under ordinary conditions, is
8180 unublo to produce rocts.
_ If, however, the varts of ihg aﬁem, gcortex,
pith, %o., be isclated, then the resulte will be different
(may

e

V1) ses figs, 68~70: Bcott, 'qo2%-
(2) ase L S—p- &, Q. e S0
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ghown in Roob-Oubttings j: under these new conditions the

pith and cordex may givs rise 1o roots (Kupfer).

0. Shoot formetion in Stem-Cuttings.
@, Novnal development of shoots and latsral buds.
. Abnormel development of pre-existing lateral buds.,

B. Porratiog of entirely new buds,

& Fxternei adpesrance, internal structure, and =4
origin of Xcregoing. |

#, Literatuve,
shoot rormstion is an evidence of growth in the
plant. I% 1s.a.fawzher'éiaga in ite regeneration, as it
occocurs usually (though not always) after the production of

reota.'
Bhoct formation on a sien-cubtting may Soour «

0, When there is no severing of the apicsl ond the |
terminel and lateral buds develop normally {(normal
vegetative growthl.

B, ¥nen the apical end is severed -

b % ¥, the laberal buds develor sbnorrally (vesetative
growth resullbing from stimulus ) oy modifica-
tlon of existing lateral shodts takes plaee.

R
C Or ¥, entirely new shoots ars formed.
A, Por apieal ster-cubltings roots are the only Organs

that require to be reproduced in order that regencration




.

gf'tshe' individuel nay be complete (ses Kupfer, &c. ),

Hew @hools ariss __from ﬁuzds ¥hich are produced &t the
mmng point in the axils of the leaves, in the same way
as on the parent plant. Thers is no dlffersnce here
_.'baﬁwan. the producticn of shoots in the regenerated plant
and normal vegetative growth, Thees normal shoot buds
aps exogenstic in origin (see Gosbel, Scott, Jost, &c.)
'b'. If the apex of tne culbing be severed or prevented
fron functioning {see Gé&bﬁl, Jost, voenting, Kiebs, &c.)
& disturvance of growhit rslations takes prisce,

'N{If Jateral buds exisy, their developnsnt usually
tages place. Their dovelopment difrfers frox that of
ordinary veretative growth, externally in that it is muoch
atrongsr. A bushy nabit can thus be induced in planis
walch would be inclined %o grow tall and seragey. The
time of developnment after severing depends o a large
extent on the nature of the plant. Rith nmany woody
plants - Rubus, Sambucus, &6, - cuttings are made in this
way, the tovs being cut off and the latersl vuds isrft to

develop, The developmant 1s slower in these cases, as

- I most woody plants, than that of the terminal bud: if

4t wore not so, the terminal bud would develop. before

~ Toots were formed, and the cutting would be axhaus?.edu).
e/ '

(1) see 111, ¢, . b
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fhe fact that the aplces ars taken off in opder 1o get
sufficiently ripo wood must also he taken into consideraw
tion.

Gosvel, ﬁ.ie{}a-llurs*n,..idast ang other inveﬁtlgamrau]
have shown Lhat & distincd cerrelation exists hetween
the development of the torminal and latsral buds, 5
fhe terminal bud be gevared or prevented fron functioning
then the lateral buds develop. 1In the same way, if the
apical lateral buds are prevented {rom functioning, the
besal lateral buds develop. Ma&allum( 2) nas ghown that
thess dormant axitliary buds wilil net develop e long as

the growing point remains intact, no matiey how vigorous

and well-nourished the plant mnay Le, or now a&bundant the
¥ajer supply.

Tho phenomsnon is8 therelcre one of quantitative |
oorrelation, the development of the arrested buds .be mg |
due to the sevoranceccr absence of mnctmnm af the : \
torminal ﬂho((;? 3 ‘

The shoots may not only 'r:-.avé been pre~-existing as

. buds, but ss shoots, In the case of the severing of the

-:&Fﬂx‘moaifmatieﬂ of these existing shoots takes place. |
Inf

e

(1) see undsr Pfeffer , Vochting ete,
(2) Mc.Callum. 1905.
((:';3 Driesch 1901. alsc under Goebel various,
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_ Q)
. In an interesting paver Bolrivant has shown that

the reviacenent of an axial shoot by the neasrest lateral

aﬁaos has tended in @ mpdificetion of structure, both
gxternal end internsii. In nis erperinents he cut ory
the @pex of the shoot at verving distances from the &ﬁ%@ﬁ«
:@jy, both transversely and oblicuely. TThe lateral
Sraneh of ravlacerent was Lhen compared éxtarnall? and
internally to & nermal latersl branch on the same level
in a complsate specimen, and also tbcthe main shoot., Anong
the Dicotvisdons from wiigh he ovtained his resulis were
‘Phaseolus muitifiormis, Bieinus compunis, Foba yulgaris,
ILupinmus, Arvtemisin vuigaris, Urtics dioics, Qhanopodium
aibum,

The chief points he arsived at wors:-

pxtarnel modirication took rlace $n the branch of
replacenent -

1. the bronch of replacement changsd directicn,
bent, becare vertical and lengthened.

2+ the dismeter of the branch DeRANG Mors
' coneidevable., '

iPs 4ts lengthening was more rapid,
¥, leaves wore larger ond pors apaced oub.
Internal modification alsc took place.

€d.
1. tho meristons functicnj&nr@ actively in the
modified branch than in the other branches.

2, the diameter of the stele wss relatively
- larger/

'wa 1847




iargor, that of the cortex smaller. This
was que to the greater quantity of fivro~
vascular elementa in the stels, and often
to a larger auantity of pith,

3. the cellular elements in the nodified dbranch
wore larger and stronger.

4, streagihening tissue was sbundant, especially
in the pericyele and of cellsnchyna,

gince by its intarnal structurs and cxternal OpLoal-
anee the modificd Jateral breanch appruachasgﬁare nearly
to the parent axis than to & normel lateral branch, |
Boirivant concludes toat it generates in o large extent
by replocesent or substitution tne portion ﬁé.s-trored of
the main axis.

" The origin of these shoots is, &5 in nornal vege-
tative shoots, exogenekic.
¢ @, Vhere pieges Of herbacecus atem withoul Lho apex,
or picces of aten without buds, l.e., interncdal pleces,
are used for stem-cubttings, the formation of terzingl buds
takes place, These shooits are not pre-existent a-swj?bus.
med be formed de novo., Thess are not normel but advenw
Bivions shoots (see Tig. s

The corigin of adventitiocug shoots wos Observed in

Acantius montana (& rapidly growing species and possessing
- in common with nearly all Acanthads the power of being
8aslly reproduced from cubttings). At the apical end
f&llus tiseue was Tirst formed.
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fhoot formaticn hes been considered, in the fore-
golng paragraph, with regard to stem-cutbtings in parti-
aﬁl&r. In coniﬁgfion éith regea@r&tiﬁn of" the stem in
goneral A migl‘xt‘.nhs; noted - :
1. Regonoration as @ result of wounding the cotyiedons

. lqo
{see Jacobl, &o. ).

398
2, Regoeneration of split stoms (sco Dopriors, &6, ).
: o
¥, Regeneration of tre epicotyl (ses A, ¥, G-l&i'k{,- &G Ju
i J  PRuogey
%, Regensration of the hypocotyl (see Burne, Hedden,

&G4 )a
and otrer points.
Atergture, dee wwded

Boirsvant. ¥etallun,
- Goehel. Plefler.

Jost. Seott.

Ruster. Vochting,

Hegeneration is a vital energy, closely bound up.

¥ith the 1ife nnd growih of the plant.  Conditions have

A moddl'yving influence on the plant expression of this

energy, bul they are not the prisary causes of regoneration.
Uonditions may be either externsl or in

' ) A, /
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&, Jouternal, Among internal conditlons, the three

pain arei-

a,' Q‘atura of the plent: the *personal squation®,
b« pPolarity.

¢, corrslations,

a. Eature of the plaut. The regenerative pover

of the piant is naturally influenced vy the nature of the

{naividual. ¥here growtn is difficult or slow, when the
plant is delicate or in some obstinate to manage (*nifryt
ag they say in gardeners' books ), then the individual wiil
regenerate with diff'iculty, And conversely, whers growth
is rapid, abundant, where vitality is strong, the regsner-
ative vower of the individuel is relatively strongsr.

b. Polarity, or polar tendency is the tendency for
roots to appesy ot the root pole, and shocts at the shoot
poie. lany and far reaching have besn the investigations
on this vexed gubject, but it hés been generally agreed
that polarity is & gensral inherent characteristic, pos-
sessed by all higher plants in greater or less degree.

Véehting and his school assert that polarity
i8 a stoble gquality, though it may be modifisd by such
8xternal conditions as light, moisture, &,

Klebs and his rollowers, on the other hand,
tried to prove by o series of experiments that while there
existe/
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g;gs,as& 8 polar tendency in cuttings, yet *it is highlypro-
 bablo that this polarity is reversible®, Vichting more
recently il%&) disproved x:wbs* results, and such investi-
gatara aa Gosbel (1907 ), Blmn (1908), Y. maum {1910),
ngpaacneg-nmar (1911 ), appear to have strengthened
véchting's position, in tho assertion that polarity is a
stable quaiity in the higher plants.
| _vé’&huns not only asserted the polarity of the
plant or pisces of the plant, but also demonstrated the
ﬁnmrug of the individuel (see also ¥iehe), His asser-
tion that every individual cell possesses & basal and
apical pole would seem likely by the faet that normal

wannplantaﬁa__ results in & true union. Inverse trange

e§or brings about no union of tissue, and
nypertrophy is caused by the sff;sm: of the celis to re~
galn ﬁh&ir original position (see rigs. in Joet ).

The agsumption of the individual polarity of
the call would also seem tO haVe been proved by Ths ox=o
Periments in copulation of callus of Simon (1908), This
investigator found that wnen an apical cmllus was grucied
on to a basal callus or vice verss, union took pluace by
the formation of a complete vascular strand, If on the
contrary two like c&lﬂ were placed together, no union
59915 Place; showing as in the former experiment that 1ike
'ﬁ.ﬂia_ruyy

sy

&
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polarity repels:like, but 1s attracted by polarity of &he.
opposite kind,

Callus formetion is ususlly the Tirst evidence
of regenerative pover. Each of the undifferentiated cells
will, secording to Vdehting's hypothesis, exhibit a polar
tendency, If then,

. _.ﬂ_ :;i ALWAYS

vetween basal and apical emi. ﬂtt.mn(” asserted
that under equal conditions, omilus formation is equal at
both apicel end basal ends of @ cutting, bus Kister'?)
midert3), wuy'*), ge,, ana the more recent researches of |
Sepdacbas-Unlar and Y, Freund, heve shown that &» & geneval |
ruie callus production at the basal end of a culting is '!
greater than at the opical ond. 8imon(5), too, nas com-
fimed these m:mlw and has shown, mgsaver, that the
épical and basal ealli vary under different conditions,
but always in & specific way. Under rormal conditions

differentiation proceeds on diffsrent lines. At the

apical end of a cutting ghoots are aiways produced, never
roots, A% the besal end, roots are produced, and in some
ceses shoots.

As will bve noted from the foregoing paragraphs
the/

O
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the differentiation of callus may be divided in two groups,
| phases:-
1, The formation of tracheids, &c, and shoot formation.
2, The mervistematic activity resulting chierly in wood
and wound tissue formation from the meristem pro-
geeding fron the candbium, From this wound tissue
roots are formed.

A% the apleal pole, the Tirst phase of differen-
tiation is found to predominate, Meristems arve formed to
idéﬁg gxtent but calius formation is preldcminant. 'ﬁ&th the
appearance of the meristem from the cambium, the second
nﬁau of the dii‘fomnti&tion pegins, bput usually does not
proceed further. The meristens ars lrregular and form
soattered vagscular strands.

At the pasal end, while the csllius formation 1s
more reguler, the continuous meristen forms & real wound
fissue, In older specimens the differsnce may not be so
well marked, but the number of thin vasculay strands in
rays out to the periphery distingulishes an splcal calius
(fig. 16). In an older basal callus the outline is more
_mﬁsular(l ’, which macroscopically makes the appearance
"faw gimilar to an apical callus, Put a nicroscopic sec~-
lon of even un old basal callus shows that the irregule-

arities are due not to original calius formation, &s in
Yhe/

-




the epical end, but to new parenchymatous tissue developsd
on top of the old tissue, These new tissues ars graduslly
differsntiated into sumall or larger groups of wood elements,
and the highest point of their development is reached in
the production of shoots., Shoots therefore do not occur
in the ordinary developuent of & basal cutting, but are a
later ymucsion,. _
Thus, according to 8imon, the basal end of a

cutting exnibite =
« 3 relatively lawge callus formatlion, which is pasal in

character (sos page vefors). ,
- fron the differentiation of this callus, root rformation
- oocurs, as the primaxy

- 88 & later or gegondary formation, shoot formation occurs.
The amaal pole of 8 cutting, on the other hand,
sxhibite - ‘ '
~ & smeller callus formation, which is apical in char-
acter,
» from the differentiation of this eallus, shoot formation
tecure &8 a primary function.
= 00t formation rarely or never occurs(l),
In youngseedling cuttings the bassl and apieal
Poles are further distinguished by the formation of a red

Goloration {anthocyan) at the root pole, and the appsarance
ot

B,

(1) Unjess primordia are alrendy present, as in nany of
d& Salices,

— e
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of the green coloration of chlorophyll &t the shoot polelll.

g8ince cémis ions have & modifying influence on the
differentiation of callius, it will at cnce ve gssen that the
gecondary formetion may become prominent, while the primary
fornation be inhivlted,

Thus shoots may Be exhibited and commonly at the
root pole, while roots may ve formed (fhough rarely) at the
ghoot pole. A secnling reverszal of polarity may thus be
obtained.

Voehting, while asserting the polar tendency in
plants, would also have it that 1t 1s the primery cause of
regeneratlon.

Bub an gffeck cannot be said to he &4 gauge and
polarity is undoubtedly, in spite of Tochting's transplan-

tajion experiments and Simeon's grafting sxveriménts, a

4 charagteristic not of the undifferentiated eél:l., but of the

. differentiated cell, It is therefore a result of aiffer-

l mﬁ:&abaon and thereafter acte &s a stimulus in regeneration
(sse table, Introduction).

If polarity ware o eh&metaﬂsiia of the undiffer-
snbiated cell, then division of the cells would he limited
ﬁ 10 two gircctions, the transverse ond longitudinal, in the
forsation of calius, if basal snd apical callus were to
#Mnce & polarity of their own.
| But/

il
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But this is exactly what does not take place,
‘mme cellis at. First vegular, become rapidly irvegular,
owing %o ¢ivision in every direction, espe:ially at the
‘edges,  Therefore gallus tiscue whil
mt be either baaéi or apleal in character.

A8 soon, however, as differontiation begins, the
destiny o tne cells bscomos fixed and polerity beconss
-ﬂ&ﬁﬂﬁﬁ-# |

gimon's fallure to graft like 0alll possibly
depended on the fact that differentiation had alleady begun.
1If nowsver tWo cuttings are grafted togetier the one in sn
&mma pogiticn, tie olner i_n noymal position , before
ealius formatiom in either hm begun, union would be found
ﬁa-lm effecteall) ana the eallus formed to unite the two
would be Partly formed by eachn cutiingt&i,.

Polarity therefors cannct be saild to be synonymous
¥ilh ths reparative energy or regenerative powey which
tauses in the first place tie formation of gsllus, Shough
18 18 one of the chief stimuli in the formation of roots
and shoots, & stimulus which may be, however, considerably
Hodified by other conditions prasent.

G, Qorrslation8. Another modifying internal influ~
Bice is the faet of corvelative growth, The development

of pre~existing primamm or already existing organs will
1odity / ' y

S

(1) ¥r, L.B,Stewart . example of vine, grafting.
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Waify to a considerable extent the formstion of new urgans
{poe also under Shoot and RoOL-Gutiings, pp.’ﬁ:ﬁé’“‘h“

o Zxbernal, The oxternal conditlions affecting the
phencmena of rogeneyation ray be considered under the various
headings of =
1. Atmosphere ~ inciuding &, neas.

b. mietm?
2, Boil or ~ ineluding &, 80lid mediuns,

Wedium -
b. liguid mediums.
Z. Bight. =
W, Gravity.

a. Heat. Heat has been found t0 favour or
induce callus Fopmation, and useally Poot and ‘émm:.-mm&u-
tion. g The greater the heat, the greatsx the callus Torma-
tion ard uneually the speedier the formation of the organs,

The optimum temperature, howsver, davends on the
nature of the pla-mr‘ij The greater production of s:00ts
&img; eﬁgs found not $¢ depend on the greater number of
frimordia woich ere formed, but on their relatively saual

e forred, thev may develop irregularly,
That heat is a stimulus to growth as well as o
- ‘the regenerative power, is shown by en increase in the
 longtn/

development., At & lower temperature, though shoot primordia |

i
|
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iength of the shoots ihat are forped.

In praectice, eoxpericnce has taught that in nost
cages teupersture sonewnatb %m?e that which the plant i1g
paturaelly accustomed to, is the optimum temperaturs for
regeneration,

b, Joleture. Since hsat and molsture are the two
groatont Tactors of growth generally, it 13 to be axpected
that, if the temperature is not lowered, & molst atmosphere
will induce calius, rool, and shoot formation,

gallus formation 1y greatly increasod by noisture

(8imon, Xustewr, Fround, &c, ).

The amount of moisturs induces the formation of
hypephydrisch tissus (see Bimen)., In o saturated atmoe
sphere, tnis tissue is predominent, while that of real
failus is small, Bheot formasion is marked, as also is
poot production (see Simon).

20iid pedivns. The soll in which a plant is

grown has undoubtedly an influsnece on its after development.
Experdence only has teught from an observation of aatural
conditions, and from series of oxperiments, which is the
best goll for any one plent.

In the case of cuttings, it has been found that
Bl 8ffoxds o good goll medium for stem-cubttings until the
bue of rooting.

Other/




-oglftings gxrerimented with are found to decev with greater !
rapldity, owing 10 the greater aifficulsy of di*&ir;aga, than |
4in sand.  Cocoanuf fibre, though spengy in substance, is |
-'éﬁézl apt %o produce decay through bhe amount of water it
oon rold. 5

~ The errecta of limy, clayey and other 80ils on
:mtlngs haﬂa not man gorked out in detail.
Ligquid mediums, i.Yater. Voenting, Kiebs,
.Mﬂ, defallum and others mﬁvs uged water as a4 pedium in

pegeneration exporimcnts.

ugbion generally is m&i&r in water,

though the dbacal is still strongsr then the spical. The
casbium primarily, &nd cortex only @ligntly, and not the
pith take part in tue production of gallius in the water.
fhe want of treanspiration is probebly the real ceuse of the
checking of callus formation in water (see Sinmon),

gtion is favoured by ﬂantmt with water

(gee Xisvs, Vfbcht.s.ng, 8inmon, Tittmann, and Kuster),

e i be itureg. The effect of growing
plants in water cultures, either contalning all ingredients

of With the owission of some, has been noted. (see Jost, &)
¥ith regard to stem-cuttings, there ls much moxe
diffiouity/
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gifficulty in estimating the effect. The cultings, impro-

vided @as they are with ebsorbing crgans, and susceptivle to
ynfavourable conditions, are very apt to decsy,  That the
liguid nedium 1as & maried effect on the rooting is shown
oy & comparison of cubtings of Coleus (see figs, _); ;
placed in acid, alkeii, and full nutrient solutiom,

The experiment was suggested by Riehm's aiperl'-
nente with isclated leaves in various solutions., & con-
gideration of these led to the supposition that guicker
rooting night ve ovtained, even of 4ifficull species, Wy
ouitivating in various solutiors, The experiments for the
"mst pard werse ach a4 success, There are two great objec~
tione to this method of culture -

1, There is a great tendeney for the subhmerged part to
decay in the liguid mediun, '

s When the formualion does cccuy, the roots forned are
very tender - the airficulty therefore of repotting
is very groal. =

Ancther method might be devised, as of watering
with aifferent solutions, instscd of cultivating in a
,:mm medium, which might give the desired result.
' 2. Light, Kuater found that in -ab-.sanée of iight,
Gallue Tormation was greater. Darkness seons also to
fﬂ?ﬂu&‘ root forpation (see Voenting).

8imon/ (o6 -




@imon Tinds no narked change, howsver, in the
gifferentiation of cailus, .

4%, Grayity. VWhen @ cubting is inversed, that is
jhen the force of gravity is acting in opposition to that
of polarity, retardation of callus formation usually taxes
plage (Tittmann), Simon found 8lsc that in inverse posi-
tion, the apical callus was strongly checked, and more
ﬂaﬁv produced. |

The besal callus was on tiue cther hand, stimulated
and was much lorger than the aplosl. Shoots however were
‘only produced in 10 per cent of the cubbings (of Populus
pigra) and not at all in P, eanadensis, therefore shoot
formation in bagal callus is not dependent on gravity,

In anatonicel structure, the apieal ¢aliug shows
00 mérked diffeyence from the normally placed cubbing, vub
{he bagal showe o porked difference, approacking in charw
aeter to the gtructure of the apicsl end, AL the perie-
Pha?v move or less nunerous calius moungell) appaar, from
t8d purface of which shoots are produced, These shoots
are nlways weaker than those ot the apical end.

In Simon's experiments no production of roots
amm, but thege are aleo dependent not on the inverse

or nﬁml positicon of the cutiing, bub on the changes in
the/ ‘
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The subject of the plaee of cuttings is of sufficient
interest « practical and theoreticel - & to be worth atten-
pion. It is « matter only %o be detsradnec by repeated
experinent whether o particuler plant Will strike best cut
| getualiy at the node, just above, just beicw the node, or
anywhere at the interncde, In meny plants which form
1itt1e eallus end are quick rooters, tie mode of cubt ing
nakes 1ittie dirffepence Lo the time of rooting., Soft~
wooded plants ars a8 & rule not greatly arffeated LY the
place of cutting, e.g. Lobellas, feranjums, Pelavg
Agalyphes, &c., for they strike sasily and quickly.

i A pagnicfice and other Melastomads were found to
strive as easily at the internode as at the node,

In practice in the majority of cases cuttings are nade
@t the nodes. 1In a few excentional cases wnere rooting
nas-hoen declarsd aiffiocult cuttings at the iuternode have
heen successful, 8,2. Qlematls, &c.

Ag & general rule, cubbtings at the internode retard
root formation., ‘This wos found to bo the case with
~ internodal ocuttings of Fughsia, yeronies
curious/

s
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/
oupdous fuot is thal in meny plants the natural tendenoy
for cubtings is to form roots only at the node (sec also
rig. 30 (many plants themselves form saventitious roots
also only at the 104es, 8,&. Abg

oral, or to fors roots at
the node Tirst ,: and laber at the internode, no matter now
the cutbings are nade {fig, 36b),

A pusber of cuttings were made of Mimuing _
the node. They struck easily snd gquiekly with little
eallus formutic. guttings of the pase piant cut at the
internode rooted eagily and quieckly @lso, bub oniy from
the nods (fig. 37 ). '

A teleologlical explanabion of the phenomenon might be
ét‘fﬁ;?ﬁﬁ.., that sinece it is the tendency of the majority of .

plants to fowm sdventitious roots at the nodo, this ine

h_ﬂrent tendency ig continued in the cutting, Por example, .

aaventitious roots often ccour in Laviates at the nodes, 80

tmm:anb at tre node first, in.a cutting, is to be

azpscted, snd in fact does ococur (fige. 36a & bl
3@?’&}%??‘” guggests that the greater amount of pare

enchyma and greater vitality of cells at the node may

R0cOuNt for its efficacy i POOL HroOUOLIOR..

- Regeneration would be expected to occcur where Line

tonditions were most favourable; at the node there 18 @

. 8reater/ 2
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greater amount of nutritive matier actually present, and !
4 greotier ci¥eilation of food, therefora root formation ;
first and afterwards shoots will take place nmost endily |
fm the node. :
The following exporiments are suggestod = i
willow cut af node (amﬁ:)
_pmgiu& internode {(vase )
willow noge {apsx) |
pa?:iar node {(basa) 5
 willow -mﬁesmo&e {apex)
pagiaxv node (vass )
sillow interncde (apex)
mgiar internode (apex)
(p, Root and Shoot Formation, [
(op. Simon'e resulys ), |




3¢ (’} ,8

(1 Bondeuto)

Chaptar 1MW

01007 YL EDOY 5 . LEAP CUTTINGS,
|, {ISIORBCAL CONSIDERATIONS: VALUE OF METHOD. |

g.ho..--g:i!e\thod of Yeaf cuttings is of zreat -1.ntiq=1it:r. though it has
M‘g?_‘:ﬁ;gu- practised on a large scale till fairly recently.According
fu.--?ﬁe’h't:i_:n_g,_(i) who gives a short account of the investigzators
I._{}_f'._'.l‘ﬁel_ff regoneraticfron the earliest times, Randimla{/f 1682, nd
| Agr;gnlzﬁ.(!:;;\ (/f seened to have been the first investigaters
in thili'a"'-!lirectinn. Lindle:?too quotss a passage from the trans-
lltion ef Agricola to shew that the fact of leaves propagating
vai-aa modsrn discovery. GCuriously enough,(since they do not
ﬁﬁ#ﬁf?fnquantzj- in the list of nlanis most commonly propagated
| by asans of le=f cuttings ) citrens, 1 lenons, laurels &c. ssem o
e amonp the first »lants that ars recordsd t~ hav: besn  in-
@.'F!ﬁ's'éiﬁin this #ay. Isolated phenomena of adventitious rosntand
.ahn.et-fnmi’i;;i;an on mawé still attached , or ssvered frox the
mmmt ‘913*1'& wors noticed by Thumv:ig (1721) Duh.4u Moncoau(17s58)
“ﬂm (1779) , Mustoel (1781), 1In 1784 for exzample we find the
-“‘an quaint assertisn by Absrcrenbie,(®d "Among the succulent
tfm('ﬂﬂs&hinf of leaves ) eome sor:s neither furnish seed in this
ummm. nor afford any me'ns of propagation by cuckers , offsots,

--’-!M_m for cuttings &c. as frequently prevail in the childing

thos, _
Yo gome others: and which have thick fleshy leaves, cuttings

R —

(1) voechting 1878, 1900.
(2)Lindley 1855 p. 271.
(3) Avercrcombie 1784, p. 151,
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* thereof .', ass i sted by a hotbed, will %a3k: roet and gm:-r.w."

| In 1%'}335“,'1{:1.’15:?% exsminad the cal g formatien ir isolated leaves
of ggg:‘?e;ate. His abnerfratiﬁn of the longthened life!of isolated
'gmﬁiﬂ'{énvw ig wall known (1), Cassini(18°€) and Muntasr (1843)
megtiguted the formation of asdventitous buds on 1o ves of

| Oarﬁwine 'nrstens;s. a phenonenon which Vochting himself exanined

ok
a aa'd;:uh-ie-'-h was workadAin grozter detail more rocently by Riehm(d,

‘ W
i

| pe Candolle (18°7) described end m=ds expericents with regard teo

| sfvontitiona bud formation on detachzd leaves of Bryophyllum

‘ talyeinam, ‘Dutrochet (18%7) similarly inveostigated Ranunculus

bul_hﬂié‘ﬁ.'while Duckortre (18B3) studied the leaves of Lycorersicunm

; u’evas_ffgi'ﬂe and pyriforme, on whick adventiticus buds were formed,
| Yé‘.ﬂhﬁfﬁéﬂlﬁ?ﬁ) himeelf carried out a number of exrariments with

- mgard b0 1eaf rogenerction, chiefly with Baconia Rox and discolor

E!#_g_t_‘_eemi#@n divorsifolium and Cardamine pratensis. The wmore

| Moot work of Regel (1878) Beinling (1883), Lindemuth (1008)
59"'}'1'1(;:;:'90321_0%1nn with leaf rozeneration will be mentiened later.().
: . The velue of this mode of provagation is s$ill perhaps
-““ﬂ-‘?;&imated, o It iz a8 mattor of conunon knowlegse ’ah'at some riants
: °‘-5am Bryophyllumetc. stike from thaoir leaves with m-érvellnus |
“" d rapidity, and the method is commonly em-loved in gardening

ﬁ'.u'\.
by 1>hnts with fleshy or hairy leaves, Such plants as Crass

mhﬁﬁb_sodnm Portulacea SempervivumnGesnaera, thﬂngathis&c&c

i LLLERE propagated from lezf cuttings. Considerable varistions

(1) xnight 1816
Riehm 1205 . '

3) ep. para, I1I p 96. akso parc
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o L2)e -
by oporimentors in the case and rapidity with which plants
N
pogrnorabe themsclves by means of leaf cuttings, but M sUprbANIC
Wa“n shoot and root cuttings~ this difficulty -~ in some

ot ineb1ity~ of th- leaves of certain cpecies to rerreduce
r—-"_"_' 1

ot and shoots, { or having preduced roots t¢ produce shoots)
e

.,M on conditione, exirinsic aw
In 1ate years some exyperimantal work hac bheen done with rogard
ge"th_fg'-n"-_triking of leaf cuttings,() but particularly from the
t_hﬁ!ﬁl&al standpoint, and our practical knowledge is still far
| fron eystuma?.ie, and limited in oxtont. From the herticulturist's
pdﬁt of visw, the fact that 2 leaf plant can be propagated after
la_ehmt;bl_e and difficulty is practicolly ussless, unless csrtain
tnlitisns are found which rendor the propagation by this method

e norg gasy and economical, especially if the plant,can be pro-

Mol otherwise., The nature of the resulting plant is also a

emldmttan from the h@rtieultural voint of view, In the case

o gondag p:.ants struck from leaves are often more synmetrical,

““mm’s and more freely flowering than those raised from seed or

1o ooy cuttings (). In the case of a rare plant, however, it

%‘“! 10 reason that the mothod of leaf propagation, if sure,' even

M algy d difficuls, would bs of valuo on account of its economy.

e ———

(1) see under Beinling 1883,Beusekom 1907, Goebel
1902,1903,1905,1908, Kupfer 1907, Lindemath 1904,
Regel 1878, Riehml905, &c ; :

(2) ¢.¢c.p266 III Ser., vol. XLIX 1911 alsc! L1911p.298,.




.ﬂm 1& or&inary rlants, propaBation by leaf cuttings is an

._mmqnz methad, for not ofly is loua material cut away from the

'Hm plant, but for each successful leafl cutting, a comparitively

_mbnuuber of resulting plantsz are obtained. Another interesting
_'mm the matter of carly flowering from leafcuttings. This
mum discovery was made by Sachs in 1893(). He found that the
mnqlvidaa.l resulting from a leal cutting diffe od ‘according to
.ﬂ'_gr-__regian of the ol1d plant from which it had been taken. FPor
j'ﬁll_&'n'!_e._ a leaf cutting didfercs made from a Begonia in full bloom

ot adventitious bude from which mew flowers wére quickly

b i
hﬂ!ﬂ‘ but on the othor hand, by taking a leaf from a plant that

- s, and Winkler( with Toremia asiatica., The peRiY i ot

' mﬂ“t'm'praetiﬁal inportance, as well as its as it theoretical

b

imnh Hiss Kupfor found too that in the case of Sedum Tortuosum

-._,&hs ¥a dzceovama (%, . The way is epem here for more exper—

ﬂti [or the matter of early flewering is always one of interecst

=

'd
FMM\EMQ the horticulturist.

8.

ey

) Sachs 1892.

%) Goebel 1902 ,1903, 1908,
) Winkler 1903,

4) Xupfer.

] s
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11,PRACTICAL AND THEORSTICAL CONSIDERATIONS.
idfaristion 4in resul ¢t s,
zn.-prwz-iu, only those rlants {vhich reproduce themsalves
'oﬁ.é_iay spd quickly by means of leaf cuttings are propagated
ﬁ}this mathad. The majority of thess ai-a of 2 more or less
haity or succulent nature. flard , 10&%@. or thin papery
. '!}j%av'@,s are unsuitable. Many Dicotyledons plantz not posssssing
"'nﬁe.sulant.leaves are alse capadbl: of reproduction by these
organs but though propagation by this method is possible, other
nsthods are usually nore sreedy and profitables. If 2 séries of
plants are indiscriminatgly selected, .aa in the experinents of
I Shwl 12)
Lindemuth(), to test the poseibility of regemeration in loaves,
the qusstisn af the grezt variation in ressults confronts us.
| Seeing that the conditi-nz of absorption and trans-
piration, carbon 2ssinmulation ~t¢, affect the 1ife and growth
of the »lant, the variation 'm' rosults with leaf cuttings
E Sewne @bent”
rust be accountoed rornby the "personal aﬂ:uatian'.wﬂct only
miet the personal peculiarities of the leaf itself be taken
| into considsration bBut alse the gemeral character of the
 tarent plant,_ The inhoront tendencies in & leaf cutting are
88 strong wintﬁé}ga of n stem cutting( for example, the

lormation of a tuber at the base of a leaf cutting of Gesnera

ear&_inana gajand these tondencies must be taken into account

(1) Lindemth 1903.. (2) Stingl. 1908,
(3) see para, Pig. 11 alsc Doposcheg-Uhlar 1911.
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4 the troatment of a loaf cutting. Por instance, more carc

Ihhwtd‘

"'_13'_1'_109;!-@:1 to be pgivon o the leaves of a snall roeoter than

gg_:-t}zew of a free rooting vlant; and so on. That the peculiar
.-gharaazarmtaca of the lesf which is used for 3 cubbting brars .
'S gmat mfluance on the success of the experiment is obvious.

Satt sggculent loavss 1ike thoss of namy xerophitic plants

ma #ithin themselves & cortain resgrve of food material and

Il.rkttr and t_h‘.esc- aroe consequently not so dependent op external
-uoﬁ'&iuons zmd are moro likely to succeed, Thin leaves on
the centrary, mssess 1ittle water or food mataria'& and owing
to thoir insctivity are slow of forning meristematic tissue,
an&..ar.o thﬁa'moré 1iable.tu decay.:  Hard and leathery leaves
ton, although they péss&aa- a greater povwer of withstanding
decay, are more Iliable to death owing to insux‘-_fmiant

nutrition,

flethod of pustting 4tn the Cuttineg,s

L0,
The efméitiona ugually observed by gardeners are tha‘& the

*laat, not too yvoung nor too o!.d. be takem off with its
petlole entire, laid on cocoanut fibre, moist sand, or sandy
10am, usually face upwards, and the petiole imserted in the
fibre or samd to 2 depth of one third to half an inch,
Mcording to the thickness, length, and texture of the leaf,

ind that both soil and atmosphers should be kept uniformiy

(1) Louden 1878, Lindley 1855, Fuller 190land mecdern
gardening Textbock"
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s sgain obvious that tho leaf must bé rightly sele@ted with
regard to its age, 80 that a maximum amount of stremgth and

"',ra;aam naterial moy coye with the new conditions.The condition

| ol the parent vlant as regards flowering has already boen referred

to.(t)In order to accelesrate the callus formation and consdquont

rnot fornation, it is usual to cut the lzaves transversely across
o nidrib. The flow of material is thus stopped, and a stimulus g
;{im bytha wound to form a healing tissue of cork or callus

M sftervards roots andshoots.(?)

filosnlts with whnle or narts of

the mlant as a gemeral rule has no powsr of

-rei'}la"’e"ing loaves or varts of leaves, If a blade of a leaf be romov

|t the petiole =tlls attached te the parent plant usually dies:

W in the case of Cyclamen porsicuh, if a 1 eaf blede of a young

Mt be cut off ( only in a veung plant is such an experinsnt
fe

N0eossf1) at a ahort distancs from the wound 3 dovelovment of

"i0s takss »1 co on both sides of the petioie, and this pro-

chouﬁn_i-zo-- forn excroscences which both in sutward form and intornal

. 'him“u“-.i must be describad as new leaf bladea.(@‘

(1) ep. para. I page 85.

(2) ep. Intro. also Figs. 1,4,6. also Beusekem 1907
rage 169,

(3) Jost Mo 1907,page 329. R

(4) Hildeprand 1898., Goebell902,page435..1908,page203,

5) Hege]flsfrs. : :



In the same way, by artificial stimu#-.ua , rogeneration of laaves
yag obtained on Aristolochia Sipho €1 ).

0p the other hand, the whole leaf , while still atached to the
plpﬁti, hag the powsr in many gonera of regenmerating itissue, - ‘
ina wound injured vortion and also vosseuses the power of

 forming adventitious buds without any wound stimulus.

, Regeneration of Tound Tissue,
k| ._,__,___.—-———""‘_'-_'__"‘——'-"'___-—-______——‘_._.

~ In p series of investigations on the leaves of flowering plahta

f Preundiich (2) found that in Dicotpledonsz, regeneration ef—zeurd—

' of wound tismsue was commor, Tha pageneration was not depondent
on 1e:f venation.(c». Honocotyladons 'J«,(a.s he 144 2t first |
thought in a eompﬁriaon of Honocotvliedons and Dicotyledons)but £ :
is » general characteristic of Dicotyledous plants. Thyere

is obviously hers a conmnection between the powerc of raganeratinjj

loaf tissue and leaf fall in Honocotviedons and Dicotyledons |

In Dicotylodons as is well knewn the leaf prepares a specinl

lagor (absciss layer ) fob the coming keucgfa'.il of the leaf. In

Honocets, however no such layer is formed and leaf fall is

ususlly pradusl, caused by the rotting of one or successive

layors of tissue. Thus a graster activity of the leaf soens

, (;.%-!Le&vittk..!. g et
\:-'auadnﬂh.ﬂf.wo_q ;




uervin.ﬁt the 13t , nd, or 3rd cu"dt.n‘| the wound recaction setsg ip

s }'L'O(_,

to ba the naturs of the ~iawi Dicotyledonous ~lant as gompared

with the Monocotyledsn and must be taken inte account in the

congideration of regencration results (cp. Monocotyledonous

_ g
leavegr= also on conditions inte’ama_.l Chapter I,: par, 4).

froundlich has alse sBewn that if the midrid be severed, or the

at the hasal ond. The apical ond gives little or no rsaction.
The intenmity of the reaction is 2lways dependent on the

strongth of the hewe.

{t.fornation of ndventitious buds on leaves.

there are many Dicotyledonsus plants that exhibit the power

| of regeneration in their leaves by formihg buds without asny

w .
| wunding, Regel and others give a lipst of such of such

Mants, among which Cardamine, pratensis




q

pis

0,Crntds
St

and. ﬂth&!‘ species, Nasturtium, Bryophyllum ¢alyginum are typical

e:amplaa. Such plants that have the powar of forming buds
\fbu.e.:_‘r.U)

duping their normal 1ifs, Wakker() has put inte one group, while
those plants that enly rroduce buds afger separation fron the

| papgﬁt niant form another group, zuch as Peveromnias, some

‘-Fcanditinns be

A

f«-smurab?-e, members of the first grour will also be included in
UUDEM.-...[J“) Hen

the sacond. as Rmhmg}‘omd in his experiments with Cardanmine

(ragsulas, Gesneracsae &¢. It is obvious that
b L e bl ki

pratangis, which produced rootc and shoois casily when it was

sevired from the plant, The pradisposition to regenerate

whii'ﬁ'fbn the rlant was connleted by the detachod leaf. Wakker
tﬁfthemore atates that in the {irst group buds can only be
formsd in distinct positiens, and %f thasq be removed no ad-
ventitiong buds are renmoved. Mips Huprt\rm'?!'xsprove& this state~

ment in one exam~le, Loptaxis Menziesii,in which new buds were

formed after a period of four to five months after the old ones
~ bhad been removed. Thero seens to ‘be however sone misconcoption
| toncerning the normal bdudsproduced in the leaf axil, and ad-

vsntitiauu buds such az occur in Begonia phyllomanica . These

bﬁ&a Wakkem)states occur on the stems and on the leaf stalks,

. ®d oven on tho b1 ades, though these only in a meristematic

Wite independent of the lsaves.,

(1) voechting 1878,
(2) wakker 1887.
(3) Riehm 1905. .
(4) Ruprer 1907.




_ :'6, potaghed Leaves.

Mthough 8 1leaf or part of a leaf while still attached to the
alant may have difficulty im tho majority of cases in reproducin
| - the lost pari, this is not the case , as might be expascted, with
I-:!.:e;ves or parts of leaves that have boen detached from the

parent stem. The conditions of sustonance and growth are
sntirely chamged (1). Prom his experiments with Cardomine ﬁrat
pratensis Riehm (®) found th:t roots and shoots could be r:.';maa
ovor 31l the surface, over the nerves of syen very small pieces
of the of the leaf. Vachting (3) and others (4) have aiso

made sxperimonts with dotachdd leaves. Among the results

obtainsd at the present are briefly the following;~

Entire lpaves of a great number of Dicotyzaﬂans_mganerate

segily . (see list p. 10) in otlers less sasily. Callus z2nd ros-|

mo0ts are first fornel, followed by fermabion of shoots, The . |
roots are most nlentiful on the under side of the petiole and

ot surface ‘but occur alsc on the urper. Callus root, and shoot

b (l)gp,:b Dy 2l .
-(&)r?én‘ht ing (g .rg
-,'Kutzfsr,' \'t-lo,.e-) g
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fgmﬂion are called forth by extrs transverse cuts in the
famina. The callus formad is greatcst in quantity at the
passof the leaf. The root formation is usually on the under

of ‘the leaf, the shoot formation on the uprer.

Part of a lenf,

Patioles, The isolated petiole of most Dicotyledonous loaves
has been found under the conditions of severing to gxert
1ittle or no power of regenoration, ?-:hd tendency isg
vory great, ams_. ths part usually‘_aﬂcaumbs befors new
organe can be formed, Ronts however been formed on
isaver of Beronis in the experimentd of Vochting (1),
alvays 2t the basal end, Hren shoots were obtainasd ,also
at the basal end befsre entire decompesitisn eccurred.
Vochtings results shew thorefore that regeneratinn of

the isolated peticle may occur un deor suitable conditions.

Bitire Lamina, Miss Kupforfound that when the petiole of a

- 8388 of the ontire zovered leaf by oxtra transverse cuts

(¥oehting, {0, 18Y8
g e Qe 190+

leaf is largely or entirsly cub away, roots form addtionall
or entirely form the undsrside of the lamina e.g., Begonia |

Peneromia, Iresing. Boots may be callad forth as im the ¢



Ty -

in the 1amiﬁa, and by longitudinal cuts 2.g« Euvhorbia
.E}ﬁﬁllﬂiﬂ VYochting found that the carability of raogenors
tion in a lamina with no petiole was expressed in an

| éqml meagsure hy isolated varts of the lamina, The

_ regeneration was always greatest at the base, (1).

. Reots appeared usually on the under side, sheots on the up
upper, at the basal end of the leaf. Various experinents

' maimiy with loaves of Begonias and Peperomiss wore nmade

| & - e
. to confirm Vochting's results. It was found thatj-

Bass of the Lamina. nraduced roots plentifully a2t the

petiolar ond; shrots were also formed at the Juncilis

- of the nerves,
;W. Produced roots and chodts
| in the same way, the regensration being grestertoward
the base., -
Tip or apex. Igolated Bips 1ike isclated petioler rarely

give good results, decay setting in before new organs
are can bs formed., The difficulty of root éna shoot

formation is much groater than ot the base of the leaf

~ In practice, and in the vlants solectes as exanvles (see
Pige ) the phonomenen is o-» of regeneration of the
individual since [the netinle being usually saversd above

e A S O e R ;

(1). Cp. Proundiich. U F 1qeq.

— = e —————
——— e — S
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m axi}. ) no shoot or root vorimerdia are preexistent; and now
-gf'gga'é must bo forned. If however the leafl is datached with
b‘uﬁf_ 53@5.11 sdhering, (1) the regemsration rrocess has already
begn ;g._iven 3 start, and roots onipeed to be formed. Provagation
ig corrernondinkly spesdicr, Since to make a leal culbing

__ ._gi_@-_jﬁ__z.mﬁl s5i11 emdhoring, a portion of tho stem is often gut

| wi\th _:.;t,th_aleaf gutting becomes practical’y a stem cutting, and

| m@y@ develmak in the same way , (2).

| g%u Rupfor £. (907 -
“\;Ti Clhap. I. - § 3,




(10).

. 8 %.

-.ux. (HANGES TAKTNG PLACE IN THE REGENERAZION OF A LEAR.

HRGBQEGGPI CAL AND HICROSCOPICAL EXAMINATION,

A8 in t}‘e gtem, there may be said to he threa stagas in the
-vregansraﬁion of a Dicotyledonous leaf. The formation of
_jh » healing tissue~ either cork or callus.

B, roots. and
el ——

g, shoots,

Heallus Pornation.

Qh& first change when the leaf has beer separated fromthe

ﬁ;arent rlant 2nd 1214 on a suiteble, is the formation of a
. healing tissue a2t the base of the petiols, end at any cut

?ﬁ'-:\"l&)surrace. (. (Pigs..D ’sually this tissue is “Callus”
hut in man:,r- casas e.g, Poneromia &c¢. (D a cork tissue(Wund-
fotd il vestden

cork) is merely formed as in lMenocots.

Uemraring the internal structure of a lasf »netiole or nid-

vib to that of the stem (§) it will be seen that the bundles

are ¢lssed, asnd typicelly Yonegetylodonous in type (P, and
- that the potontialiiy for callus formation lieec not in the

tambium, for this is absent, but in the meristematic cells

of pith end leaf r-ponchyma, The majority of Dicot. stem

Cittings de »roduce o callue tissue a2t the basa: almost

Wariably Monocots do not(s) but ingtead, the cells becone

(1) ep. chap., I. para. III.A.
(2) Beiniling 1883, Taf. IV &V.
(3). ep. chap. I para III. o
(4) scott 1902, pare 66.

{(5) cp ghap. V.

-
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corky and brown (o The fact that the majority oi: leaves
ﬁw&u‘ce callﬁ%ziﬁlikgua Dicot. cutting rather tham a mere cork
tornation 1ike s Monocot. stem cutting, in spite of the absence
-a:j___eambium, mnust be taken into conaideration with their somo-

- ‘what altered function whon separated from the parent plant.

| Por the time being, until roots and shoots are formed, thoy
.it!_ﬁ' to their own function that of a2 stem. This statement may
be correlated with the fact that cecondary thickening some- -
t,imefa occurrs in isolated leaves, a phenomenon which has
.-,;'}n:ttraeted the notice of many investigators @. The 1life of
the leaf, which under the ::.ot'nY conditions of separation and
*.phemg in heat and moisture, iz often maintained for a con-
I",'siderahle veriod beyond its normal duration; is thus able to
1'59'. plromu_gedé for a still greater lemgth of time. When roots
=_apd.lsheots are quickly and easily formed as in Begonia, the
;.=;aamt.;_.a1-_ characteristics of the stem are not necessary, nor
:"'in- fact a-i'e they defined. :
- !hb phbnmenon of callus fomation L?ﬁav@a genaralis, might

i i'_-_:iﬁiua_-{_lpe Jattributed t» the foct that it ocours 28 usually as a f{'

haaté'fcs'r "brigin for the roots and shoots. Roots appear at sho

ﬁut burfac:’z of 1saf stalk 2nd lamina only (as in the case of

P

e 5 |
%ﬂmia(‘s) ) or on the lenf surface genarally (). [inMepecots.

) ¢cp. Chap. V.para.

%) Fadeiet, Goebel 1907 Kno ght 1816, Kupfer 1907 ete,
) Beimling 1883, _

) Riehm 1905.




where healing occurs by cork formaticn cnly, as in Pepercmiaiiz)

the exposed cells die., Active division takes place in the exp~

1
2.

ppgedliving cells above the dead loyer, especially the lear}i
pith ‘and parenchyma. The epidermis for the most part remains

| unchanged.

lhen callus formation doces occur, there may be various centre
of activity, beginning from the pith until the whole cut

surface is covered(R) . Callus formation may occur from the
epidermal cells outwards themselves (4). Regel (5) seems hdw-;\._
ever to be disinciined to cecall the tissue formed in this

way eallus, just because the epidermal cells take part in its
formation. Butl » there seems nc reason why epidermal cells 4
though not‘i‘talﬁ.ng rart in the formation of callus in the stemn,
(6)should not de so in the leaf,

As In stem cuttings, the amount of callus formaticn is

variable (Figs,1%2,6&7.) The quantity depends cn conditions Q]

Bxiernal and internal, the nature and inherent vtendencies
l\

of the plant, and/

D —ehep—r :
(2) Beinling, 1es3 |

(3) Kupfer S ! o

(‘1')J08‘t. .D.329 vla

(5) Regel lgmg 7’

(6). Chap, T .pars.

by
=
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BBRoot FPormation .

; 3-8
‘ronts are produced, (Figs.) In tle generality of caces, thes

ondoponetic.

‘and is intimately connected with its powar of forming roots and

shéotsf 1f with Kuster () all cataplasus of a psrenchymatal

chiracter resulting from wound etimuli are termed “Callus "

then the intumesconces Beusskom () has cxarined on leaves of

Gnetum Gnemon come algo under this categery: and ﬁhnaa'ﬁé has
rroved also to occur only in heat and moisture, tke two nost

faveurable facters in ¢allusg fermation, (3). ;

A microsgonic:l sactier a¢ross tho base of the peticle of a

rogenerating leaf shews the same appearsnco &s that of 2 stem

6iltting- &i £

Aftor the formation of callus, at the end of a varying period,

roots arise only frem the cut surface. Their origin follows

‘the rule for all adventitious roots, i.e. the origin is

The pseude root hairs (Pseudowurzelhaare ) or trichomes

produced in many snecies of Begonia must be distinguished fpon |
tr@?iwots: These ware observed and doscribed by Regel (9
gnd shown by him to roally form part of the callus develop-

nent: their eripgin is exogenetic, zrising as outgrowths from

—_—

the epidarwis in t%2 neighdourhoed of the cut surf ce

(1) xister 19086.

(2) Beusekom 1907,

(3) ‘ep. chap.I para.....-

(4) See alsc Pigs. in Tittmannl895, ScrauBrloog.
6%) em< Chewps Regel 1378,



(00.

(14).

a8 1_;511. as on the petiole and on the cut laminza. Their is
function is merely that of amchering, as in the %incssa(').
m\'ol.qo pssudorocothairs (Pig. ) are however not charascteristic
of .Iil- leavaé in regeneration, and are net to be found in
Beneromia. (3
Beinling () in his minute oxamination of the origin of advent-
jtiour roots on lecal cuttings of Feoperomia, came to the

| fol'lniiag cenclusions with rogard tc the formaticn of these

. organs iz; that gsnuse The origin of the reoots are always endo-
genatic, the plerone is at first diffefentiated from the
.”'Ba:stbial layer, whicl has been fermod in the vascular bundle,

~ the periblem and dernatogen from the succeeding divisions of th
"'plﬂamme. ihe roots are almost invariably f£ind their waj to th
é-;i;eri_ﬁr by the cut surface, not through the epidermis, Nor-

_ ally the oripin of adventitious roots is from the pericycle(d

Where this laver 4ods not exist, as in the case of leaf cutting
ther take their erigin in the cambial layer which ia formed

in the vaseular bundles for the purpose.
el L

(1) Goebel 1905 ii. page 264.
(2) Beinling 1883.
(3) Van Tiegheim and Doulict.
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.III;Eicﬁnt&a
: Regol has aloo proved that the origin of adventitious

roots in loaf cuttings are endogenous, arising fopom the
canbiun “eveloped in the vascular bundle. Wakker (P)
¢onfirng the zndog-noug origin of adventitious roots arig

ariging on detached leaves.

0.8Hoo0t Pormation

After some time in most succulents, shhots are produced.

(see Pigs. )These zdventitious shoots on leaf cutbings

} are exogonetic in origin wherpever possible,. Thay ara
1 not nreexieting structures on leaves, but are formed in &

outer leafl narenchyma immediately below the surface and

 {(V)Reger. 1878, .
(#)en. also Gnobel 11,274, lqos.




(02 .
|,Contd. gq)»{a:: o
| apd independently of the vascular(l).Wakker, also confirmas the
szogenous origin for advéntitious buds, According to Reyel()
;poté'ﬁp-atsrahauf@n seens to claim an endogenetic origia for the

a;l}.o"a'titihus bud on detached leaves of Begonia coriasea, a statemen

;_,hgeh'm face of his genersl evamination of the phenomonen in

| or‘r'aganemticn in Begonias, Regel is very nuch inclined to doubt.

Agmly' endogonatic origin has been proved rzcently by Van Beuackon
() in the case above mentioned, of adventitious buds arisingvon

the i‘eaves of Gnetan Gnomop L. The whole romati-cm in this ine-

gtance- the intudmescence resulting naturally frd’rﬁ the wound of the
ingect Aspidiotus Dictyospermi. lorg. and artific iy froml- very
amall younds - the yellow colouration of the leaf :!;1*{:. af_ui t%.lhe
in-te-rnal digturbances in the leaf, with the ulﬁimata farﬁaﬁ"-isn of b

| buds rmm a meristem in which the epidsrmal cells do not t‘.ka

| ion1@@ Carner &5 Berge £) confirm the exogenetic origin of shasta

on 153‘!@5 .

I\ ;
-Jarm 2 varying period ( in Beinling's experiments the old
| Pereromiag leaves lasted a year, m.%"t the new shoots attaehed,)\

oS
| Ea
| the new plant cuts itself by a cork layer, as in the fornagion ‘:

part. must howevar be regardied as a axcaﬂtiﬂral nccn?r‘ance. %%|

1) Beinling 1883.

2) Wakker 188Y7.

3) Regel 1878 foctncte.
4) Beusekem 1907,
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 of an abscigs layer layer in leaf fall from the parent

planﬁgna is nourished by adventitious roots of its oD

- arising from the base of tho now stem, and thus rogen-

eration of the new individual is completed,  Thus no

gtructural communication is formed bsiween the nev choots

and-tha old 1eaf. Rebingon (1) who examined adventitia

buds formed naturally on Drosera rotundifolia, alse
found no vascular connection bstween them and the parent

‘plant. E2n (DY

an compared with that of root formation ; Theoretic:sl

al
sIIInD.Gc Bifficnlsy o©f Bhost Poranstiae
|
|

Congidarations

1t is a well known fact that »ractically any leal if ig

is saparated from the parent plant, and 1laid on a suitable

;madium. will form roots, some leavses deing this with the

_greatost sase, but frem the sxperiments that have so far

hoon out carrisd eut with regard te leef cuttings there

__g2omB an universal agreenmsnt as to the difficulty of shoot

(1) Robinsen 1908,
(2) Dixon 1901.




|

-:_gpgaies of Hoya, hella &c. are propagated by moans of

posseasing peculiarities which are guite distingctivs.

/0.

q;IIISB;Gontﬁ.
= 'tqrmation, as comparad te toot formation, Ficus olastia

Camsllizz, Hoya carnesa ¢ are exam»les of -lants which

produce roots easily on their leafl cuttings , but form
no bud excert aftcor a congiderable periogd, It is

iaterbsting te note in this connection that while other

theoir lewves quits casily, and while Hoya carnosa posszesg !

es in gommen with many other Ascleriads (Ceropegia,

tapelia, Zylophors ) a thick fleshy leaf, fron the

apposrance and txture of which ragemeration would seen

‘likely, yet this speciez is the more cbstimate in rooting

(1), If the iniernal structurz of an organ, as well asz
other conditions bears sone rolation Lo its raganerati;é
powor (7), then the leaf of Hoya carnosa should differ

in its structure from the majority of éaciepiads. This

vas found by examinatior to be the case, Hoya carnosa

De Vesaues (3) has shewn thét the tynical Asclepiad leafl

as exemrlified by Coronegia, Stapelia, Cryptostogia §¢ af~> -

diffars in 1ittle or no réswect from the Crugiferocug %tyPve

(1) Lindley 1855 ete.
@@Yyep, Ghap. I. para, IV.
(3) Vesque 1885.
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1ﬁ:aa1 the species studied,iho petiole exhibited a singdk

I‘E ;:§$wshapad bundls with little or ne mechanical fibres

Ryfpfasent.. Sometimes small lateral bundles are to bs
found, Mechanical elemenﬁs ars equally rare in the.
‘medinn nerve. These characteristics wore conlirmad,
~and are shewn in a transverse saction of a leaf of

Gorevegia , (Fig., ). A transverse section of Hoyas

e e

‘pella is almost idemtical. A transvorss section of the
J'iaaf of Hoya carnosa petiole {Fig. ) on.the other
&asﬁahews the vrossnce of marked pﬁtchcs of sclerenchynma
lirragularlg scatterad in the meso-hyll. These patches
‘ars very numsrous in the viecimity of the bundle butl soms~
whzt diminish towards tﬁﬁ neriphery of the section. A

transverse of thz lamina shows the median bundle sur-

rounded by these sclercnchyma [ibres accompanied by
“numbers of crystals, The sclerenchyma elements gradualy

::“',415g§paar tovards the tiv of the leaf. OCur EKnowledge

48 limited in this diremtisn, but it wuould sconm a
"fflikaly conclusion that the presence of sclerenchyma offe¥S

@ hipdrance to some extant to shoot formation.

s
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| Por the 3difficulty of shoot formation ag compared with
root fornmation most clearly exhibited in leaf cuttings,
many various suggestions have offered. (1). Goobsl
offers as a suggestion the absence of budforming matorial
in the leaf, HargahQQQSQﬁts here as in other rogener—

ation rhenonena thatav@n tho idea of food astuffs fails

| to exnlain some of the simrlest vhencmena, and whil eit

~ need nqt be denied, that under un cosrtain conditions, the
prosence of or accurulation of food material may nroduce
certain definite reosults, yot such food stuffs seem to
rlay a very snborﬁinata part as compared with other

intarnnl or innate factors.

1t cannot be too sirongly urged that regeneration 1lke 1if

or growth does not donend on ong factor alene, external o

internal, but that the caracity for rogeneratlon in a

piant is bhindered or incroased by a c-mbhination of factom
Acting and interacting wiith one anothor, th.

In the leaf, even more than in the stem or root, food

1 stuffs seenm to nlay an important part in regeneration-~
. stuff Y 1

(1) ep. also Intro. para V page - Regeneraticn Thecries.
(2) Goebel 1907.

(3) Morgan. 1901.

(4) Mc.Callum. 1905,
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and this iv not surprising, oince it is the fuvstion of

@- -;iiﬁém@rk of rhoteosgnthenin and tramspirstion » Horgen (O
G"'* '§§mlt$ that the prosence of & fond =aferial in largar
| ar smaller cusntilies nay detorsin 2 the potentialisty

{' of 8 svecial rart, One m&g&; rragged dbubt Litdle further
| and assort that shost feormstion in the leal devendy bartn
] .iy'ﬁﬁﬁﬁ the suantidy and zuality of the food aaterial
% "@fﬁaént te bo ubilizsed is the formatioa of Lthe bad, while
% kaaﬁ farmataan'aapanaé to a pgrestsr sutsnt upon the

) uﬁiﬁtﬁt@. with 1itile regard Lo the food materinl,

:_ Fhie would seen 3 1iRely suzgesiiosn sindgd usnder gonditiom
ih of Yoot and welicture, if the tilant 48 »laged in Water orn
Ey  on danp mess sdventitious reots are devsiopsi rathor
;H ;than adeandisd us #hﬂeta... Rishn's investigstions (2

‘h  §1th rogard $o tha develepmant of roeta and shasis on
Qardomine yratemsis @som leo Lo bagr the statementithnd

. the develovmant of huida 32 devendsnt &5 2 graat ontont

| S T .
_en the nuadity amd ~uaatity of food nateriel prossnt

'-.K:'f-hﬁi.&_:f sunsmary of bis reseits, which ars most interonting

I __'-i‘t_‘*fn_- wordh sxtonding to other leevos, 2re as fnllows;=

| J ()ergan, 1qot - ,(gos.
'“ - J®Riske. (o0
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D.ontde -

‘_ gith single solutions such as RaCl, K3 P04 &¢g. shoot formation

takes rlace first, root rroduction being greater the woauker

th-l.!. golution.

| Js;‘:_ar.~P3°‘U&M Fol sl amhm cila femia bang - greak.

_Bith alkaline solutions a marked difference was noticed between
voot formation and shoot formatien., Root formation was normal
put shoot formation was hindored.

,.,;I-ﬁ'augar salqtions (@ane anﬁ Grave ) regoneration rhenonona

| yore very s nmilar to that in wator.

.In nized solutions (KRO3 & MgS04 NaCl KKO3Z Mp504 &c.)

e

gshoot formation occérrad hut no roots were formed.

. In acid solutions, shoots were formed but no roots.

The follow ng conclusions were therafere razached. Root form-

ation is sup r ssed when leaves are irnersed in acid solutions,

Shoot formation on the other hand is suppressed op very serious
hiﬁ_ﬁered when the isolated are undsr the effect of weak poisons
ar:-.anaua, or if the cell complex at the forking oi‘ a aerve

| hag been injured, (1), Rishn() shows that the cell complex is all

ways -pi‘&'aent where t adventitious shoots are preduced (). When [

these advemtitious buds are nroducsd while the leaf is Attached

t&fho;nanggﬁ then the cell com-lex iz alse to ba found betwee |

|_tto forks of dividing merves. If on the other hand, advengitious

(1) Vochting. 18%78.
(2) Riehm 1905.

e e e e =T

i L
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wuds are produced only after aa{atian from the \p&fﬁﬁﬁ*ﬁlant
ghen the cell comnlex is »roduced by the divisién of several
golls on the perivhery of the wounded surface .

If Riehn's resulte with QEggggggg_ngggggggs can be axtended
to other leaves then a solution bo the difficulty of sh-ot-

% fermatiaﬁ might b2 fnund. I may be that the leaf has not

* gufficient acid food which seems more favourable to shoot

formation, and that this consequently must be supplied in
a;éome form. By repsatedl exporiment the optimum concentration o
‘acid solution (mixed or otherwise ) could therfore be asger-

tained for the particular plant.,




Yl SIS
ﬂdsm oF PLANTS CG?:'EMGNI:YA!\.T THE PRESERT DAY BY MEANS OF THEIR

ﬂﬂ;ﬂﬂiﬂ'ing is a list of »lants commonly provagated at the presenl
day bglgéans of cuttinge made from their leaves. (rhs_.liﬁtl 6n1y
1uﬂ$ﬂ9? those species that are increoaged by this method in
practice, For s fuller 1list of plants from which it is possidble

to ohtain new planté, but whieh are more intaeresting fron a
theerstical standpoddt than a practical one, ses unier I{fr;al &«_c.)_

i this writer points out in the Bogoniaceae Crassulaceas and

Gesneraceac propagation by leaf cuttings is characteristic of the
orders and is possible for nearly every member. In oRther orders

a3 yot only isolated nlints ‘are prrovagated by this method,

Bagoniaceas. Begonias, especially the varicties
Gleire de lorraine
Winter cheer
Mra Heal.
Ensign,
Gloire d4¢ sceatx.
All Rex varieties.

(rassulaceas. Bryophyllum calycinun

pinnatun
grenatum,
Crassula
Cotyiedon,
Echeveria,
Sedun,

Sempervivus,

ﬁ_ﬁmiaue&o. Gloxinia varieties.
Achimenos.,
Columnea.
Chirirta sinengis
Aeschynanthus, ﬂm Wder  Srelong w

Lovtandra. bicolor. "Pu
Saintpaulia. < EQ' %‘“’”\&9 Kefeo on_ s
de - Ti#&}duh g.bimﬁﬁ,
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1,P08BIBILITY OF DICOTYLEDONOUS ROOTS 20 PORM SHOOTS,

a,ﬁ@ots uttsched to the parent -iant.

Unﬁer nornal conditions, the majority of Svermo“hyta do not
bear-bud.ﬂ on their mnt*'_ The gstem was formerly as ¢

'rogarde*‘t as t's only organ which bors buds, but as has been

‘inﬂicate‘f") this power of bud formation is by no means con-

__._;.‘%géi"a-_ed-tn ona marticular part of the plant. As Beijerinck®

|huds may occur on roots without provious wounding, as dis-

il '.tinguisr.au from ¢allus buds, or thoss ariging as a rasuli of

82 ~ weunding, in a very great number of Dicotylodons. (B)From his ™

,.:-:};_'étn__inthigatinns, Beijerinck han extended the list of asauch

| piants,civen by older invostigators such as Warming, Irmisch,
Fi,_t_tmc}.'(@}, fia has shevn that normal shoot buds ars to be
fmmd on th: roots of manbers of Cupuliferae, Myricacsae,
'-“:'ﬁ"-:__-.'U-'r'tic'_aee-w, Salicicaceas and a number of isolated plants in

Basturtium, Anemone &c., In

this power of ghoot formation is habituale.g. inp

!_33- "tm@a,
%, Chastnuta, Porlars, Alders, The voung saplings rrund

i '_B-_ﬁﬁth-ar troe owing their nrigin tn this characteristic.
J880 Intro. by 2. b.3. Oimr":r-
sijorinek. 18<(.

86 naBhs b

e lxt. uMer Beijermck.mz(a

Ihag sheym in his exiensive parver on the subject, adventitious

.:_b




1.

mhe producti-n of adventitious shoots on roots appsars to he
2 subsidiary function of many plants, but in sone cases, as

for instance in the Podostemaceas, it has boconme the chief

function. &. That the roots, at loast of some of the species.

(9) ars also chlorophylious and asainulating, fe's faet whick

. Ronts of goriah

Vo

iy reeult from the vower in this order 48

45 gennra, such =23 Pelargonium Raduluwn have beasn found Lo produce
" --5"bq~£{s'; whon rot-bound(§). |

_aéa'grailﬂ sraaking, imwevar thé ro ar of forming shonds

ig exhibitod in tho root while still attaghed to the parcnt
-Tlﬂnt only when it hasg been injured in sonme way AR G5 _'.a'.‘ha
tact that most of the common woads nultinly oo rapidly is

sgenaration of their roots, as well

'“i

fis to the gro oat mpovar of
4z that of the root Wbock D). The racts  of nany Conposites
'-._'ejsv,e's.ially saen to vogssess this povwer in a ronarkabie &‘egree.
In Cardamine pratonsis for exanple, the roois +hen cut into
: Ijii:iﬁci.iaa noar the surface by the plough sand uyp muitiplicd
'.mm In Leontodon taraxscum she fleshy tar-roch algo

";m&a&m its vitality and rrm‘luces new steoms when injured.

lliwaaa. eﬂmtm & B aﬂrﬂu{m qos. T Moo

(Oikuntor, fqo7,
(B) enuivalent to *reparstive shoots' sae Wittrock, IS To
(ﬁ].ﬁacmrine. 2




s

- goorsoncra hispdpica, Chilcorium intMbus, Taraxacum officinale

are also capable of 2asily producing now steoms from thoir ‘
!
|

stems ampuitated roote, In Docks, 28pecially in Rumex

dhtu-a_ifoiins and acebtosella any bit of the fleshy root is

" _ganable of regenoration, In Flantagn lancoolata too, the -s&g—

tanroot = is fleshy and fuil of vitality.

:‘B,a,igjerinck-' nentions the fornmation of eallus buds furthermore

in Fryngiun canregirs and cthor Unbellifaras, Many itrees

-

\gnek as Cratoezus and others also boar buds -on their roots wha

injuraed. In Wittrock's list of reparative shoots formsd as B

_the resu s of wounding of the roots, such nisznts as Gontaurss

goabiosa, Arrimonia Hu-atoria, Cranhs maritina Zoke are given.

| h,_ﬁseﬁma ﬁn&a.

| Yany Dicotylednnous roots that do not not nermally produce
_sh_r_r_nt buds, while attachsf to the narent plant, may however, |

.-l?-fe_j '-;i!.mu-.c-:fd to do se, by sovaring , and subjecting 1o environm |

Mta" conditionsas cuttings. { Some confusion has arisen

g ﬁ‘mhg wri.t :re here, as in Honocotylaodons {(1). owing to the
I.--@:ﬂﬁsa ugage of the word 'root® with reoforence to cuttings,
'lh&n' rhisones e.g. 'rimroses &c, subterranean branchesec.g.

torns Cyclamens, asnd Subers 2.5, Fobpate have been im-lied.

) (1]' 8e® napgo, 0344:; T
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: :
These are not trus roots, but stem nodeficatiens, which bear
.ﬁﬁds_in 2 regular mﬁnner Just 1ike the aerial stems. Roots
- hewever when they do hear-buds ; bear then irrepularly.
5-ffrﬁe root cuttings 2re a n-re inmportant mode of propagation
in Dicotyledons, than ik lonocotyledens, whero the T iiaonsing
ﬁtem effocts the same purpose . It is a curious fact that ng
_neng vlonts particularly shrubs, which are slow or difficult
ty Pnawagﬁte by maang of stem cuttinge , astrike with compare
itive ease from cuttings mede from the roots. It might seem
f?em the freaguent occurrence of this phenomenon, that a
~ﬁ?finitn relation such 2s that which exists between the
farmation of seed , and the formation of vegotative organs, ()

w -,
880 oxixts between the bud foggtion by the stem and that

b

' L]
of the nont, (2, Many shrube such as Calvcanthus Olad '
of th T Many shrubs k Calvcenthus Oladrashd

i
ix, Ailanthus (3), incrsase readily from cuttinge made of

piecss of their rontg, and propagation by this methoed has

“becone the common one,

(1}.0'}'). INLEPro. N q-ﬁ
}@@Pg alto Kny, |e 1o,01-
e v 94, 19
. (8), 20 notes under each gonus part, II. p.
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PRACZICAL CONSIDRRATIONS. Advantages and disadvantages of

_the method. nature of the resuliing nlant ; temperafuroedc.

ﬁ~4_ fig a method of »ropapation, root cuttings arg not greatly

-wfijin favour amonkorticulturiets, and are ususzily emnloyed

as & 15 & resort, Bouvardias (1) usod a¥ one time to be

u;{ @nopagateﬁ a great deal from root cuttings, which strike fra
_@%ealy, but the more modern meothod is by stem cuttings thoup
:;ihoﬁe nust be chosmapn with cars. In many cases ¢.g.Arnebial
'-rés;% cuttings are the usual nodes .as the shoots suitable

B fnr ston enttings are vreducsd ir no vory great numbor;

It_hé.-same. accurs in Cerhaelis, where ront cuttings are alseo

_f-gﬁa*lnyc-i with success,

Fron the horticulturist’s point of view, the end in

proragation is not nerely 1‘0 incroase ths plant, but to get

as the resuit, he best plant vossible, From tho point of

| | viow of ecmnamy,'ﬂﬂmt cuttings are nnt perhaps s6 econonical

88 loafouttings. In the caze of 2 rare »lant, such as

§§&§tié~&adacaphy31a. a cultivator might hesitate to mhkhk
ings of the rrote, fer fear of killing his specinen, and
itry laaf or stem cuttinga , if thease »2re avallable

hany cuantity. But on the other hand, the method of root

'¢ 9ee note under foulardizs. partil. o.

——— e
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;;ﬁtg&ngsare a mers eeanam;cal method than increcse dbystenm cg

fiﬁgs, if the recsult bo consifored, since while sach sten
; £ﬁ$tiﬂ$ vill only give ome resulting rlamk, (1) sach root ngy
may im gut into moderately small pieces, oach piece producig

; anw nlant.
“:yﬁa;rgaulting plent does not differ nmetsrially in nmost cases
fron that raic:d from a stem cutting, sxcert in the mimt ofs

ampanuista for gxannle

: I_I_-ﬁ'_;'ﬁ?_e'. & root gutting of Spatkodis
it _-g;-m 2 plant oarlier thanm a cutbting of the stem does. !n
I ather casss the rasulting 2%ast nay b producing later.
In the cane of sucker planks, howevsr a plant raised Ar‘c:;z“
| raetw is often superior to that raised £row the sucker ,e.g.
in Ragnharry , Blackberry, and tha Currants (7). & plang
.‘e':é_nsuntlf,-r reoroduced feom suckers coft-n intensifies the
'._a_uékorlika habit and gencrally ﬁegcneratea.(ﬂn analognus
_-idég.éim-ratinn ocours with »lants provagated by neans of singd
.;"I.__.__f.}g_;e-a!_.-e leaves instoad of whole bulbe ) ().

Inths caso of plants with fibrous roots, e.g. Bpscris &,

i ﬁﬁéi@ﬁ&ﬂﬁtibility of the method of root cuttings is obvious
l&in all cases of pl:m'ﬁz; with thick fleshy root:o , ag  in
'-'ij]':-,eg. Cha», 1, Stem Cuttings. L

! [t ﬂo seo Fullor. _:aln[‘_
(3 see Chon, V. Lenf cuttings. Homocots..
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Genecio, Lactuca, Clerodendron, &¢. the method is possible

pnd indeed may often prove o be the most advantageous,

dpvicges/for the reduction of transpira fion are not available.
a point in favour of reoot cuttings.Por root

roots nay be buried n the 50il and thus suffsr

rpuinn is still contznuxng._ steﬁknd leal euttings,
}Nﬁpmﬂether-hand, have for the time bsinpg, no means of
gbéar;tien, and are aleo,; in consequonce of Ltheir exposed
§£?£gﬁas. in dangor of sxcessive transrdration and resulting

death, and thus nzed @ hi-hsr tomporature than 4o roet cutti

A 1+ & 3 oo 4 .
Rﬁﬂt- gubtinge nmay D2 5 patural node of vegstative propagat

m@tggs are n;;flm slways artificinl  The conditions a in each
,pn$a must therefore be very differsnt.

i?é@pagatian by root cuttings ig %0 be-rscéﬁm@nﬁea for many

Igérennials. The method is found to be quicker than inaraaﬁ&.

ﬁ&;ﬁgﬁé; anﬁ ra@uiras no great skill on tho part of the
 §%$tar. ff the cutbtings are inperted in January, @ good
Gﬁ?ﬂ of plants will be ready by June. ~ Ths mods ef imgroase

;s 8p¢ciztlv to he rocemmanda?d for Japanose Anemones,

ﬂaillaréia hcanthggl_ﬁpypg;um_&g,_(1)._

. G.c. £4,1,85,.V01, ZRI1I1I.p,213. (888,
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3. THEORETLCAL COBSIDERATIONS.

For sxamination of the changes taking rlace in a root cutting

ﬁitgr insertion, Spathedia camranulata, (Bignoniacesas) which
,ig'gaaily increased by cuttings made from the roots was

obsarved.

';,.‘_c}-’a_._ 2bas s Forumastiosn

fﬁ%-fhoﬁgh g0 auch work has been dons with regard to the form-ﬁ
ation and difforentistion of callus in stonm cuttings (1)

lgllittle detailsd work has been done with regard to root

'-'ﬁutfihgs in particular. Gosbal (£) and Vochiing (3) ave

ﬂerbawq among the ghief investigators in this dirz2etion.
The cambium ig , as in shoots, ths main origin of the

callun formation (4)s In Spathedia caampanulats the

¢8llus was formed v ry quickly after a fow days. (Pig. )
The contral partion of the root seems to take no part dn th
fornation of the tissus, With regard to the function of
¢a’lus formation ir reot cuttings , Rochinger (B) states
that -galius tissue, a8 in stem cuttings (€) in addition

o (Dep, Chap. 1. 3. A,

{iz:et (2)4&033}@_. Vordsws

 83) Yechting. voovewe.
(4)0p, Chap. I.43 A

J K(8).Rechinger. go,,
{81:0p, Chap, 1.
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4o its function of healing the wound, snd thus protecting the

i

c

plant from Loo great a itranspiration, alco forms a necessary
transition tigsus between the rermanent ¢221 tissuo of the
_.é;_ﬁ_phnt tn the newly formod tigsue of the new organs.  As

,in sben cuttinge, olso callus tissue in root cuttings may
;_bgr;am agginulating and develep chleorophyl 3. Y )< The
-jahen}:r;emn harpons 7articularly when the roots re exyossd
-'té\i'-i'g:ht. and cu"tivated in a moisture saturated atmosphers

: .ié_gffor- examnle in Taraxacum officinazle, =nd Armoracia rustica

I.':_-i';hﬁ function may disapzoer, ¥hen nevw roots and shoots apnear,

sar it may bo retainsd, as in Armoracia. Callus formad in
S poat cuttings nay a5 in Conifers (2) mass into a resting

g o 4 ; 3
Satare, baconing am Rechinger puts it, a resting calluys.

Oallus formotion aftor praceod ng Lo sone extont decomes

= in these instancss covered with

5

peridern,; and remaing
doenant, until a fursher stimulue cauees it te form new orgsn
. &2 in Bots vulgaris, ilsdicago sstiva, The c¢allus colls

il '@Etj,_em contaun nutritive mattor for the nourishment of the

'-';.':50"‘ ﬂr‘g&ns e.g. the c2llus in root cuttinge of Armoracia rust
r"i’;.ﬁna emmtama muck =tarch, “hile that of Bote vulgaris conts

"ﬂlﬁi& sugar,

'ﬁ)—"@hiﬂ wag a’lam' obzarved in the forsol callus of Anacnapaeg -
na racemasa, see Chap. 1.
_tmm , f!.::.
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pifferentistion of callus .

" ghe callus forms? in roct cuttings differe in no respect from
tﬁ?ﬁ pﬁoduced in atém cuttings. 1t is at first undiffer-
Eﬁtiateﬂ, Later 25 in gha stem, (1) variocus ¢entras of _
iiﬁﬂﬁrentiatinn apre v, »ntil finally new organs are produced
#é in etem cuttings, the amount »f callus formel at the cut

Hﬁéhda of a root cutting is variable boing mainly dopendent

 on conditions of meisture and heat.

Lenticel expansion,
‘P60 be noticed with the callus formatior in reot cuttings ic

the marked nctivity of the ¢elle in the vicinity of the

lenticels, Under the influence of haoat znd nmoicsture, those
eslls divide notively and form small lirlike 7vrojections
arounf the orening of the lenticel, thus onlarging the gpaceo
cocunied by them and cansing them Lo he very soticeabla. (7).
Those lenticels, =& will be seen, sorve 3¢ outlets for the
gsgondary roots., (Pig. )s» Ip se e plants c.g. Picus
E&éiﬁéﬁ&_th? ;entiéel gxoension i chewn nuch more clearly

than in otheres.g.5mathodia as the whitich colour of the

'ﬁﬂﬂarsed lenticel stamds out in strong contrast to the darker

Golpdr of the root.The origin of the roots from the lenticcls
has also boen noticod for stem cuttings (3.)

- (Men, chan, 1. &.3.
(2).800 Para.
(B).s0s pa. b




/22

iziﬂﬁﬂt.?orm@_‘t AR

vmhting[)stat.,, that in o »lant, differont parts tend to
give rlaa to unlike structurss with considorable more ease

than to 1 ke structurses., IHiss Kupfer (») found ; however,

“that ‘mscondary roots ariss nors gensrally and more nuickly tha
_Jshoots, evon in root cuttings, When shoots wera formad in th

“‘anscies ghe inveutigate?, she found that the apresrance of

roots antedated that of sheote by 23 considerable 'period.

; j!ﬁbl&amxaritive tine of root and shoot formation was therefors

Ennteﬁ n the =lants under cbservation for callus formation,

= £
{T«!ﬁ far was ohservad; thors seemed to bé?ﬁefiniﬁe rila; somo—

"§t1mes the shoots arrearsd first e.g. Kennvies rrogtrata, somgl-

n nbganaratinn pheponena, root fornatiocn on Root cuttings

I &y No further sevoring of ther poot takes rlace.

ZIf the root is small, it might bs used az a cutting,

5i“ith“3t any further ¢tting. This is rarely, hewever ,

1 e
. ~jg@aﬁa in npractice, as th& reots used for prepagation are

' f9$89ﬁt1a’1y large thick and flachy (4), and for economy

?..Vﬂchflng. Il e .
: )'Kuhf@r. 190" - '
3).¢p. Shoot Pormation on Stem Cuttings. Chap, I, 3. C,

) zce vara. . b.lﬁl

.
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Laack root is cut into several niece:, I1f a whels robt
.bdwever ig usal, the producticn of nsvw roots is identical w
with that of a root attached %o Lthe plant, in ordinary

- vegatetive growth, Latzral ftoois are produced, most

-
[

abundantly at the root »0le. Their origin is endogenstbic

fron the Ehe norityclie.

b.Further severing of the root takes rlice,

At tle tivi— HMuch vwork has boen done with ragard go-the'
rageneration of the roct tip, while the rnat.is still
in connoction with the viant, (1), but iittle in
regard to the regdneration of the tir ip a root cuttin
The capability of the roet is hovever the same.
Regeseration of the toot takes rlace, but more slowly
owing te the more difficult conditione under which the

rrnt is rleraed. According to tho place of section,

jLE

o

wkich may be made al actively growing tissue or
further back st alrssdy differentinted tissue,)
regenoration of now tissue will take place, or the

~ forn tion of now roota.(2,

(1) see Goebel 1907,1908%c, Lopriore 1892, 1896,
~ Warner 1908, Nemec 1905, Simon 1908 &c.
(2) Nemec 1905, Gcebel 1907 &c.
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the »not cutting is cut into piecesny-.

This treatment of 3 root cutting, is as indicated(1), .
| ) '

L4 4
L S

fha uzual wmods of procedurs in mragti

L]

‘Entirely new roots sre found to forn at the basal pole
though if the primordia of latzral reots are alresdy in
existence on the pisece,; thess naturally take preferenco
-in the natter of time. The origin of these navw roots

may bo eitter shove the callus ;, where their arigin is

fron the nericyele, or they may arigse frop the cut ond,

fron She callus tissuwe (2)s The origin is alze ondogonetlC
Thoupgh not dnvsetigeted ‘n detall, the differsutiastion
of the callus tissue previous %o roobl and shosol fornatio

ig probably identigal with that described by Simon(3)for

roat and gsheat formation in 4 sitem cutting.

The effect of sovering the main font, and leaving the lateral
peots intacton the »lant, theugh not strictly a2 question of
 root cuttinge, in et comnmacted sufficiently with the whole

. 8ibject of Regeneration, te bo considered, Beirivant (F).hae

~ thown that when the main root of a wlaont is ssvered, the noarest
ral ract or rostlots becone considsrably modified in structu
W4 appearancs . The lateral roots in genoral develop largely (s

| In pirticular one or iwe lataral rrots develon considerably

5”9 sbaye -ara. 3. B.F Y gy ep. Suian 1qowr
L e W) Benwent, gy
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andtaka en the a:a aracter of the axis, They la2agthen, thicken,
and branch , arnd even decone tuberous in character.
Intemally, these lateral ronts of renlacement agpproach morse
pasrly to the mother root, than to ‘he lateral roots. The
n.ulmi.)lar of the vascular bundles is usually gre-ter in the
\arinciml root than in the luteral rocts, It wag observed that
H aftar severing of the main root, the number of vasasgular bumnea
in these lateral roots »f renlacement became greater than =--&-n
the nﬁrma?. lateradl roots. In these nodified roots, too, the
.v-ésémla were larger, and more numerous than in the lateral
roots- the central ¢ylinder; “he secondary tissues formed waore
largsr in charaetef and more abundant. It would be interosting
to obsorve if the rolation is the same, between the new secondar
roots érn&uc@ﬁ! at the base of a niece of a2 root used asa cuttin
and the lateral reotlets existing on the reot, as Boirivant
hes shewn exista betwsen the lateral and modified lateral roots
attached te the nlant.
If on the ather hand, the main root is sllowed to romain, but
. the lateral pont sevoro?, a medification of the main root
rosulting from the fisturbance of acs\vity (1) takes. The
root was found to longthen much more rapidly than a carmsnomdm cx

‘-.‘_\__________—__‘___._._._.______

() ss0 Intro. m. Bl. b
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princiral root possessing lateral rootleta. It attempted to

forn fresh latoral roots and the rosulting number of these roots

warg ofton in oxcese of those in the contrnl plant.
Thus injuring had a stimalatinﬁaff‘mt both on Lhe development of

the existing roots and the formtion of now roots. (1).

'Intemall:& the structure of the main root was also rmodified, It

gas found to pessess a much greater lignification of tissae than

yag prosent in the main root of the contrel nlant.

I 0!

ehnot Pormation.

In sone ~lanis f,cy_rnls, Acanthus &c. ) advertiticus shoots
are produced first, befors a—econﬁary iateral roots are forned.
This seens to occur whon the root cutting is cemparaitively youn
and soft. In the ¢c282 of 0ld roots, young lateral tootsare

first formed to carry on the work of absorption, of which the

0ld hard root is incamnable.
Origin of roots.

3 Prom tho callus tissue itgelfl.
Where the shoote ariss directly fronm tho callus tissue, their

origin is quite normally exogenetic, as in stem cuttingsz. (2)

b Othorwise than from the callus tissus,

- Where shoots arise on roots otherwiss than from the callus

(1).2aeaup. ob. Wtrn. KU b2y
(2). & m;{;"\; E;E&*Ean |
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tissue,their origin is not definite, as is usually the case

' dith rosts (1), but veries according to the nature and age

" of the root gutting emrloyed. In old woedy pleces, e.g.in

s'pat.hmii;{j;t_ would be exrected that the origin would bde
ondogsnotic., Goebel{2) states that adventitious shoots
arige as endogenetic structurss at the ﬁaaitian where the
pornal lateral roots may 2rise, and froguently their'rasitian

baars some rolation to that of the lateral reootlets, as in

The normal origin of shoots on stems and on leaves is

@

- grogenotic, but the prs&énca of the actively functioning

naricyelie, 2cts in roots as a considorably modifyirg influenc
The pericycie, which is the normal origin of lateral roots
becoros 2lso the origin of shoots. 2recul (3) has worked

sut the origin of rootbuds on woody plants, such as Haclura

suriantiaca, Adilanthus glandulesa and othors, and shewn then

to be énﬂogsnatic. But the origin of roots iz not always 50.
Phey may srise independonily in %the medmllary rays of Pyrus

__Japonica, Rubus and others, In Aristolochia clematatis tho

shoots are developed from the deeper layers of the cortex (4)

(1) ep., chap. I. para. 3 B,
(2) Goebel, 1905 etc,

(3) Trecul, 1847,
(4) Goevel 1.c.
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| 4 CONDIZIONS AFPECTING CALLUS, ROOT AND SHOOZ EORMATION IN

A ROOT CUTTING,

Phe conditions, externsl and internal eaffecting the
_phanﬁmena of regeneraticn act in the same way in a root
gutting as in the case of a stem cutting (1), An ingrease
of temporature, moisture &c. usually act as stimuli,

Witk regard to Polarity, one pnint'aeeﬁé worthy of notice.
¥hile shoet and ront formatien take place at the shoei and
'rnab pole and is retarded by the inverse position, develon=-
nenttakes place in the —ajority ef cases nmost naickly in the
horizontal positien in roet cuttins. (see Pigs. of Spathodia
1f the point de considered, this might be expected, asth he
rosition is the natural one for roots. Efteor descending ver
'vsrticslly for a short distance into the earth, the roots spr
grraad horizentally, in order to earry out the functien of
fizxation and putrition more completely,

In the exneriments which were being carried out with reot
cuttings, another interesting po#nt was observed, 1% has

~ bien shewn th=t im = stem cubt ng, the age of the shoot chnso

{3)sep. Chap. | 1’13?@.4. AdD.




' on the resulting nlant, If a young root were chosen (as

young root cutting, the leaves that eventuslly appear on

montans, while those that z2re formed on the sheoot o f an

older root cutting are morelike the leaves of a mature plant.

| s S e L L o

129

e,

ig to a large extont rosnonsible for the sugcess in éropagati
In 8 1e2af cutting, morscover thechoice of the leaf will
influence the resulting niant,., (1). ‘n the same way,

the age of a root cutting was found to have a marked effect
in Acanthus montana ) the resulting plant in more backward
and aﬂnfoaches nearsr the seedling stage, than if an old

root cutting wore chosen. It is $0 be noticed that iﬁﬁtha

the shooet are more similar to the secdleaves of Acanthus

The difference irn Acanthus nonitana is easily recognized, |

owing to the nrickly naturs of the mature leavas,

-
¥

Y
1, Fo 0 =g s VAFEIEL G2 RS0 © R

o Ao et o T

para., 2 v. S6.



| 5, LIST OP PLANTS COMUONLY PROPAGATED BY MRAWS OF ROOT CURLINGS.

_&cacia' {Leguminosae).(2).
: grandis, pubsscons, ruichella,

P?c;ﬁealypha; (Buphorbiacess ).

““ffﬁaanthus (&canthacens ).
S arboreus noiliz and varieties especially m.latlfclxus,

n. longifoléus,, n.spinosissinug,

seaﬁthopﬁnax; { )
' Quirncusfeliun variegatum &cC.

Achillea;(Comrositas ).

Aitanthus ;(Bimarudezs ).
giandelosa,

Anchusz; (Borapineae ),
italica,

inemone; {Ranunculacsag ).
: janonica. slpina, sulphurea, pulsatilla &c.

Antidesms; (Buphorbiacess ).
8P

Araling(Araliscene ).
Janoniga 2c.

&ristalochiav(Arista&aehiaaaae %
Gonldizona.

;hﬁrhehia:(ﬁnragina%@ Y.
& achioties.

(1).s00 notes unior sach genus in parit 11.'General Kote on
the nransgation of Dicot. Orders.
Rota:~The list here given only ingludes plants coammmonly
nropagated by root cuttinps, See alse lists of

Beijerinck &c.
gl -




gqc?arias;(A%clm“iaﬁaceaﬁ Yo
Corniti,(Kerner and Cliver, )

Blﬁﬂﬁhi&‘(ﬁiﬁﬂﬁhi&”@%@ 35
venusts.(G.79.4.82,,6,R24.2,98,)
radicans (G.18.12,080.)

Bouvardiag;(Ruhiacear ).

Z'Broﬂnea;(Laguminaaaa s

. Caragana:(Legunikcsas ).
s arboroscens,

Carvasf )
 Cagsia:(leguninosae ).

fatalpa;(Bignoniacene )i
guinensis,

Cephaelis;(Rubiaceas ).
ipecacuanha, i

Cephalotus; (Saxifragaceas ).

Cladrastis;(Leguninosas.)
AMUronsis.,

Clematis; (Ranunculaceas )

(loredendron; (Vorbenacess )
fallax, fragrans, trichotomun.

Comnozitae; e.g. Scprasnera, Lactuca &c. _!

'@srenilla fLe#uminosaa 3 : ;
g]auca. !

Cranbe; (Cruciferan),

Oroton; (Buphorbizcess ).




\Gydonia; (Rosacene)
. janonica,

| Gymlla- (Cyrilleas).
c;yt;isua; {Leguminosae).

paie; (Thymeliaceae )
cobinifelin,

Dinorehanthus; ( )
Dienga; (Dreossraceas),
Poronicun:{Conmositas ).
Drosara;(Droszraceas).
.._:..s-egh\inapa :Commositas)
i _Bryngiun; (Conponitae ).
i _:-ku_p;har%air (Eupherbiscene).

Patsia: (Arazlincoae).

japonica,papyrifera,.(gee Aralia),

.336311%11"1 ia: (Colnosgitas)

Groyia;(3apindacene)
futherianddil,

\ Gmnacladus: fL@gumnmaa)
' “’“r*a*lm&“s.

HBalegia: (Bhvracaze).

alium;sen Helianthus.
tlianthus; (Colrositae)

. felleboris: (Ranunculaceas)

| flernannia:{ Sterculiacess)




Bip orhae; { (Bleagnaceac).
rhamnm:lnm

Hyww;eum- (Byperic¢ineas)
adnressun, ealycinun,

Idesiay (Bixinosa).
= polycarpa.

L

faborosa; (Solanacensl,
' 1ntﬂ«r{fo“1a.

_"_,;}'eg’-._gg;;mum +{0leacean).

pepidium; (Cruciforae).
" - Aatifoliun,

':*";_.'_,_"34“13 (wcrﬁ hularinsie).
nallida, geniatasfolia, vulgaris.

'__fydee;;'{? uninosas).

)

Haﬂlura,f,ﬁrtla aceae).
anrantiaca,tinctoria.

-?ﬁﬁ_ﬁgnnia; {Garaniace 8).
iobata.

Morisia; (Cruciferas).
hg*ogea.

Harunhea {(Tornatroeniacsss).
guin@nsiu.

Rahax i{Araliaceas).,

1S plumatam.

J“U.;- A

| Dapaver;{Pavavorasaze),

I bracteatur, orientals and Bastern varicties,

I\ lasaitiora: (Pascifieraceas).

._._P?@iﬁ?%ia_;,( Scronhularinesa).

/33.
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pelargonium; {Gornaiaceoae)

petrasa; (Yarbonangeas)
palubilis.
“1unbam'(. lunhigineasi,

Faenia (Ranungulacean).
wrul*n.

primuia: (pinud

LUG05Ee ).
uiis rubra niena.

_-Puleat 13122 (Ranunculeacon

=
brmtaa‘ra. Bee &namm pulsatilla,
Rosa; (Rosacone &Y
; pspccially lanatiil

i Bogos.
Rhus: ( Anacardisc 2ag)
- 9altx;(Salicinoan, )

Sanbucus; (0lsaceas).
pbuius.

goolvaug: {Comrositas),
e grandifiorus.
l =

scorgonara;{Conpogitae).
'_ his‘:ﬁanic By

femacio; {Connoaitng)
yulcher,

; :"3:_3_193;_&11'?_&'_1"-:1 ia:{Bleagnaceac).
~ argentes.

Sophora; (Leguninosae)

a2lonacuracidas,

| Spathodina;{Bignoniacona)
_ 'ca_,m.f-razml aba.

%a.isiea 1{Plumbagineac).
ﬂaltardi i, nrofusa.




in: (Oomvositas). (Borasinese).

Bignoniacese).
e neis.radicans.

inium; { Amarantaocoas) .
anglesii.
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MOHCCOT 18, STEY CUTTINGS,

1s INPORTANOE of VEGETATIVE MEYHODS in GENERAL.

The vegetative or asexual mode of propagation is

perhaps of grsater importance in the ¥onocotviedons

than even in ihe Dicotyledons, It is important for

the greater seéurity and rapldity of result whieh it
offers &5 compared to propagation oy aeed(lj, but the
nebhod becomss of greater lmporfencs, since when goed
ig not obtalnablie, oOr produced with diffieulty, it
becones the only satisfactory node of increase,

Ircraase by seed ig of course the only nethod when
vbrids are wished, e.g. Orehids, Irisea, %¢., for the
propagation of annueds such as Graminese, &o.; end it
is usualily more convenient ror water planta, 6.8
Hydrocharicacese, &o,

When however it is considersd that the majority
0f Monocotyledonous plants repvresented 1n'hvrtzcﬁlﬁuma
are either characterised by the posssession of bulbg

(Amaryllidese, Lildscese, &¢,) ov creeping rhizometous

§§6ﬁs:(lridﬁaa, &c, ) or eise are uprizsht tropical

L™ (3%

see Introduction and Chapter I, P. & & F. Ag .
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plants cultivated chiefly for their folioge (Palms,
Agoves, Bromeliiads) and rarely flowering or sesding
in cultivstion, it will be sesn st once that vegeta~
tive rropagation is the characteristic mode of increase,
In the plants characterised by bulbe, corms, and
fleshy rhizomes, the method of asexuml propagation by
the utilization of these modified vegetative orgens is
cbyious, the mors so since ﬂséa is raveiy set. A

gefinlts relation exigts between the Tformation of seed
{1}

 &na that of reproductive vegetative organs T . Par-

ticularly does ﬁhiﬁ appaar-tc be the cage in Monow
cotyledons, Geabeltg) says ¥iany Monocotyledons
never set ssed bocsuse their vogetative reproductive
organe, for instance, bulbs and corms under ground,

exercise 4 stronger inTlusnce upon the plastie

' neterials than do the ovules af'fer fertilization has

taken plece, e.8. Lilly

i )
» Saffzon 0zoous ', and others

- the ssexual nothod of Ppropagaticn has completely

taken/

Intro. and chap, I. P2, 1p28.
Goebel 1905. '

Nye 1904, and Pope 1906,
Dandenc 1907.

Henslew 19023.

— — — —
(SR Al
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taken the place of propegation by seed, In such
phloous plants, even 1T ssed wers obtainable, raﬁraw
duction by the reserve organs would bs preferable on
account af'tha reletive rapldity of development.

In the ¢ose of troplcal orpemental plaﬁﬁs, seads
st be imocorted {as in ¢he Palms ), or when obtainable,
they are slow of growth (as 4in the Aroids), Thus
the utilization of the thieck sprasding rhisones, or
_the sarizl stems (in the uprleht growing specles) is
usuallysthe mors practicsblo Bode of increass,
ﬁhila the method of éuttlﬂgﬁ of stems, or nodifica-
tione of stems ig largely used in MHonccotviesons, the

other methods auch a8 grafliil

8 £
&0, are 13ttins enployed, In 21l these melhods, the
pert: plaved by eelius, or healing tissue, is impor-
tant to effect a union, or Lo induce formation of new
organs, The ohayactoristic @ifferences in structurs
between Monocotyledons and Dicotyviedons, thé avsencs
of cambiuvm in the stem, which is usually the impetus
40 callus formetion, the slower growih of Bost Hono-
-@ctylaﬁ@na comparod to Dicotyledons, moake thess obthar
methods unsuiteble {(oxcept for m.emamﬁ.(l)), ¥hile

ke

~ sclentirically/

n species can bhe sasily grafted.




gsoientifically possible, as in Dicotyledons, thoge
methods which are most convenient sre those which

have become fthe most often enplovad.

The stem in the Monocotylisdons seems peculiarly
suitanle for roproduction, since it is usually present
in & wodified forkm as an underground poriion.

It moy ve either a fleshy xhizome, 48 in Iris,
many Draceenas, &C., Or & persnnial rhisome of definit

growth such as characterise Sedges, Grasseg, Maram
Grass, &,
The stem nay alsd be modified as -
4 gogm - as in the Orccus ond Gladiolus,
in which the stem Lo the swollen portion: or
A bulb - &8 in Lily, Onion, &ec.,
in winich fhe glten is short, and the swollen
rortion is due to the arrangsmsnt of fleshy leoves
overliapping ona snolher.
in meny tropical spsclss an upright aerial siem
ig characteristic ag in Oannas, Marantas, Dracaengs,

&, A5 In ttoss vlonts charocterised by a rhisone,

ihe asriael stenm ls often soft instead of woody, and
ney/
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may be used as cutiings for the incraase of the pisnte
¥henever the modified stem ig prepent however it is
psed in preference te the upright cerial stem, 88 DPrO-
dueing quicker resulte.

Tha advantags ol the'ﬁathod of sten—-cutiings has
already bean indicated. It is quick and suve, and
often the only availsvle method of increase, In
practice the eonditions observed in the treatment of
thege sten-cuttings (both normal and wmodified) are
yary similer to those in the freatment of vieces of
stem and root Tor oculttings in Dicotyviedons (which see ),
the temporature, nolsture, &c., hoing naturally

adjusted to the nature of the plant,

3, THRORETIOAL CONDITIONS. -

ghen-cutolng,
In order Lo chserve the change in regoroeyation
taking place afber the insertion of & Honocolyledonous

slen~culting, notes wore mede on the development of:

a8 might be teken in a Dilcotyledoncus pland ),
insertes vertically, .8 Agparsgus




solentifically possible, as in Dicotyledons, those
methods which are wmost convenient are those which

have become fhe most often ouploved.

The stem in thﬁ‘ﬁanaeﬁtyladnna geems pecullarly
suitavle for roproduction, since it is usually present
in a podified Torm as an underground portion.

It mey be either a4 Il

many Dracsenas, &c., Or & pereniial rhizome of ds8f]
growth such as characterise Sedges, Grasscs, Maram
Grass, &c.
The stenm nmay &lso bo modified as -
4 goxm ~ as in the Orocus ond Gladiolus,
in which the stem Lo the swollen portion; or
A pulb - &8 in Lily, Onion, &e6.,
in wiieh the sten is short, and $he swollen
portion is due to the arrangenent of fleshy leaves
overliapping one another.

In mony trovical speciss agn uprignt serial stem

i8 gharacteristic as in Cannas, Morantas, Dracaenas,

&, A in thoss plonts charocterised by a rhisome,

‘the merdel sten is often soft instead of woody, and
. mey/
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rul® in ¥onocotviedons.

After a short period, the bud ot the lowest
node generally dovelops, bhegoming gwollen snd the
senle leaves {xabtaphyils) at ite base sre spiit.

sually the buds 8t two or three nodes above
simnltaneously devslop. The development of

ttesc orrested buds is due to the disturbonce of
the whole vital setivity brought about by severing
from the parent plagt, 8nd by plaeing in con-
ditions of heat and ﬁuimpuratl}. Usually the
mode of development iz the followingi~ THO DPOw-
tuhernnces appesr at the bhass of the bud {(rfig.,. )
Thege are the firat tvo adventitiouns roots., They
develop very rapidly, t e one glightly in advancse
of the othor, UTauslly: they appear immediately
under oach kataphyvil a3 in £18. put they may
vath appear under the same katephyll (fieg. ).
At tho apesx of bud, bhres growing points are to

be distinguished even with the nakea eye {rie. )k

- Tns central opne of these develops leavwing the '
. other two at ite bape. Thereufter development
48 1n the ordinary way'Z), In ibs turn the bud
N at/
T —— o e I

(1) pPfeffer 1903.
(2) Evans 1909.
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at the bage 0 the new shoot is daveloped and

adventiitious roots arise as before on the under

gide and & spoot on ths uprer, In this way'a
rhizome g produced exactly asg in the development
ef tus aaadling(l} e nain stem of the new plant
baing tnose produced freom adventitious shoots and
net the origingl stem from whivh the cutiing was
made., In quiteo a developed plant of Asparogus
grovn from g cutting, the new suoots deveioped fron
aaventitious buds and the withersed original stem
or stons sre usually distinetly discernibvle.

Do Interesting points whnich clearly naxk off
£ Monduoixledoaaue stope-cutting fron g8 Dicotvliew
donous step-cutting thus nrisﬂ(a) -

2. donocotyledonons cuttings as 8 general rule
proguce 1litile or no callus. {see excep~-
tions pe Je

D, The stem~culting doss not persisth as the main
gbem of the plant, but the new shems are
formed in succession from adventitious buds,
1, 7o correlate these rasﬁlta distinguishing

thie Monocovyledonous cutting from that of a

Dicotyledonous/

(1) Evens

ans (qg»q-
P, aﬁapmr . &3 B BrC.
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. Dicotylisdonous one must Tirst note the essential

difference in the structure of the ster in the
two groups, As is seon in the microscopical
exanination 6r-aallua_%lssue(l) the cambium is
the most active factor in the formation although
other parenchyvmatous tissue may take part, In
a Monocotyledonous stem the vasculer bundies are
eiosed and there is no cambium., Mopeover the
raet that a thick-walled pericvele is usually
pregent and undifferentiated cells occur only in
patches in the pith, and $0 @& small extent in the
cortex, may also account or the absence of callus
foymation. Dracaena and Yucea, in ¥hich incpease
in thickmoss does take place owing to the formation
of 3ucaésaive layers of cambium in Sthe fundemental
tissue from which the vasoular bundles are developed,
also form calius, though not 1ﬂvar1an1yt3){fiﬁ. Y
2, The new plant procesds from an adventi- v
tious bud and the Origlnal stem-cubting aias'awayﬁ
Comparéng also the rigures (figs. } showing
the macroscopic appearance of callus in a Dicotyle-
donous stem-~cutting, the original stem thers perw
sists as the main sten of therew plant, snd the
aovelapmsnn/

T
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’" .. development of new buds gives risse in the ordinary
i i ‘way to secondary branches. In & tyrical Mono- ?
\ | cotylsdonous stem-cutting, on tre other hand, the
|j II :
|

ngin shoot is laveral, not teyminal, If the
ferminal germination is compared with the beh&iianr
of the cuttings in each group 1t will be nﬂtieﬁd
‘that the development of the lateral shoot in the
case of the Monocotyledon and the persistence of
the main shoot in the cese of the Dicotyledon, is
really a preservation of inherited tendenciest
In the Monocolyledonous smbryo the plumule is
~lateral while 4t is terminal in the Dicotyledon,
B, 1t was found that the development of root and
Il | snoot in a wonocotyiedonous stem modification used
[ ' 88 & cutting was reslly identical with that in a
true sten~cutting. Quttings of the rhizome of
Dracaena sp, were selectsd as examples for the
f{ exanination, and pleces of thelr rhizome laid in a
l' horizontal position on cocoanut fibre in stove
tenperature until development began, The adventi-
Il tious buds developed as in the Asparagus series’:’
EL obtaining nourishment from the rhigome, which does

: | {1)@¢ P 143 o
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not usually heal the cut surface by any caliuns
tissuell) vut graqually withers away when the new
8hoot and sdaventitious roots are fully developed,
While the development of the buds at the albternate
nodes seens to be regular, the TooLs are produced
irregularly, sonetines instead of an adventitious
bud at the node, or opposite the bud &t the some
node, or not at the node &t all, but indifferentiy
at eny part of the steml®),  the reguiarity of

bud dovelopment 1s shown in @ figure of Branaeha,
the irresularity of reot production in g porsicn

of stem of Dieffenbachia. Drocaens and Othey
apical genera may be propagated also from eploal
gten~cuttings.

To be noticed in comparison with @ Dicotyledonous
cutting is the development of pre-szisting shoot prie
mordia to the exclusion of new shoot Tormation, even in

the sbsence of the apex, (op. Dicotyledonous shoot«
eutting with severed apex). This phenomenon wes Cbe
served even in pieces of aserisl steas {(op. Dracaena sp. )
the apex of which was severed, énd inserted Vertically .
in the propagating frame, Mo new shoots appearsa from
the/
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the apex, the new .asin axis veing formed from &
' development of the bude aiveady existent {ep. jcanthus
montapa). The lateral inherited tendency of shoot
formation is thus shown Im the aon-development of new
ghoots,

The development of an apical sten-cutbting thus

réeally diffsrs in no garzed respect from the development

of & cutbing mede of & rhigsone oy modified stem,

It saswed of interest however L0 compare the time
or development of roots &nd shoolf in an apical stenms
gutting to that in a rhigome, For this purpose pleces
of true sten and of rhnisoms weres selected and placed
under the same conditions of heat and moisture in the
propagating frome and thelr comparative development
notad -

8. in autunmn or sarly winter.

by in spring.

For the purpose of comparison Dracasna sp,
was teken. The rhizome in this specles is character~
ized by a brpillient red colour, the true epical stem
portion is white covered with the green leaves. @he
Antermeaiate portion between rhigome and true stem 1s
LUEE




half red half white, becoming more the one colour or

the other as 1t approaches the rhizome or aplceal end,

1. Pleces of phizone wers cut up and laid horigone
tally in tho propagating frame (800), October 20th,
Hovembar 16th the huds were well developod, bat

there were no

. at the time of examination,
and no development of callus.,

&, Pleces of intermediate portion were subjectsd to
the sane conditionse. As figure = shows, the buds
towards the rhisomne end were well developed, ihe

- bude at the sten end were peorly developed, bulb
. petter than on the apical portion {(ep. fig. ' L

By Tiue aprical portiong covered with the gheathing
leaves were also cuf up and placed in the fibre,
aetohéw 20th. In all the pieces exanined (Uovguber

20th J»a hud near the apex of the piece had doveloped,

but very siightly compared 0 the bude on the

rhigome pieces, At the root end a root was invari-

ably sbout o appear, or hud already appenved
{rig. b

The cuttings wers examined on April 19th and examined

May 15th.
1/
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- In the piecas of rhizome a bug was found to bhe
well developed ab the aplical portion, while rootis
were formed in some cases at the vase {see fig. ).

2, In the intersediate portions the bud developed
was found to be as large ag that in the rhizone
portion and a oot ¢r roots were found %o be
formed at the base. In one case a distinct
developmeni of callus covered the besal end,

D The apicul portions were inserted vertically.
Buds were also found to be woll developed, Roots
were not found to be well developed, In one
case where well developed roots appeared at the
DESO From the cub SUrface and shove {rig. ) no
development ©f shoois had taken pLace,

Prom a compariscon of the twe ssts of experiments
with true sten snd rhizome subtings, 1t is 10 be noticed
that -

a, in sutumn the rh&memé is the more active in the
development of buds, This was 0 be expscted,
gince the store of food material in the plant in
the rhizome is greater than in the aplical portion
at a4 season when growth is inactive,

by in spring there is little difference between the
size/ |
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Blze of buds produced on rhizome and apical pore

tion, In spring when grovth recommences, the
gap moves with greater vigour. The strean of
pisstic materials must therefore move from the
rhigome up to the stem t0 supply the conaitions
of growth,

callus Tormation may take place, though usually
there is no formation of calius - as is typlcsd

. of Monocotyledons, The callus formation is never

in very great quantity, vut is very marked, us it
gives the cut end = rounded appearance, In the
cases where no gallus is formed decay of the softer |
$issues sets in, nnd the cut end presents the
appearance of a bundle of fibry threads,

The conditions for the formation of calius
and its non~formation in Dracasna have, however,
not veen investiguted.
In 811 the ax%arimen&a dealing with Monocotyledonow:

stems, cuttings were made of stoms and stem modifiea-

b;ans with buds or ‘eyes' already exdésting, The re~

sulting deovelopment 1s therefors not *regonerationt in
the limitea sensell) since roots ave the only new
organs produced, Honoeotyledonoug stem pieces without

buas/

(1) see Introduetion table. F.gg,




J(l¥
/42) o6 Boott.- 1407

—

2.

buds seom to poseses, as far as experiments up 0 nNOV have

proved, 1ittle or no power of regeneration{l) anc ave
therefore uszeless in practice, Theoretlically, however,
there ia no peason why regeneration of budlesse pileces
phould not take place in the Monocotyledon as well es
in the Dicotyledon if the conditions under which life
could be maintained were known, As it is, a Monocoty-
iedonouns piant veing usually charscterised by s glower
growth and & less vitality (ses lesves) ~ it @sually
guccuszbs bvefore reproduction tekes place,

B. The micruscopical examination of adventitious
8hoots in the regeneration of Monocoitvledonous stem and

U orhizome~cubtings show thal the origin of these organs

is quite regular, and does not differ from their origin
on the parent plant, The alxaaﬁy.&xasﬁins buds, which
vere Grogenous in origin develop, At the base of these
buds adventitious roots are developed quite normelly
from the pericyciel®), gometimes mdaventitious roots
are developed not only from the bud but from the old
gter or rhizone (cp, Root~cuttings - Dicotyledons
Ohapter IIX,

éhis appears only %0 beé the case in an old stem~
cutting/

Rupfer, B, 1907.
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cuttings, or in a rhizome placed in a horizontal posie-
tion, not in an apical or verticul cutbting as in
Asparasus and Bamboo (gee figs.

The forpation of bude exogenetically at the vege-
tative point is the normal procecure{ll),  After their
formation, the buds exist as latent organs until conw
ditions such as govering from the parent plant and
placing in conditions of heat and moisture causes them
to develop, The roots on the other hond Areé not Prow
existing organs., They are endogenatic in origin like

1ateral roots'?? vut may appesr at any pert of the stem

{sec figs, 98

Hotes on culture and propagatlion, general and per-
ticular, have been coliected in Honocotyledonous Orders

with references and bibvliography. Specisl notes on

the propagation of the following species are given (sse

Pert II, B, Notes on the Propogation of Monocotyledons )=

(1) Goebel 1905.
() Seott, 1902,
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Inportance éf method of increass in practice.

In ¥onocotyledons &g in Dicotyledons natura'
has formed a provision for reproduction in 1s:ves by
the production of leaf-huds, These leaf-buds sre
found in such plants as Suculigo orchidioss, Melaxig
paludosa, Aetherurus ternatus and others(l),

The Monocotyledonous jleaf however as an orgen,
.unlaas modified for the storage of food, shows 1llttle
aptitude for regeneration. This is characteristic of
the sé§§E§ - for vegetative reproduction takes place in
the Monocotyiedons rather by the modilfication and
development of already existing organs than the forne-
tion of new organs {cp. slgo stem)., (This is especi-
&lly true of shoots, since adventitlous rocts are easily
formed, )

That the Monocotyledonous leaf has & weuk
vitality/

(1) see Beijerinok. lge( .
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vitality which will inhibit its powers of reganeratiﬁn,
is shown by its relastion to lear-fail, The leafl is
inactive and sinply rots away, The Dicotyliedonous
leaf-fail, on the other hand, is provided for by the
preparation of a specisl abscies laver, Morsover,
whenever a Dicotyledonous leal has been wounded, without
severing from the plant, the vascular tissue s0 injured
has the power of rogenerakion, Freundlich in nis paper
on th& power of regeneration in leaves, tried oxperi-

ments with Mopocolyliedconous plants such as Potamogeton

He made cuts across veins of their leaves, bul no affart,
exéﬂpt the silghtest on the part of Zea Mays by the forma=
tion of a few tracheids, wes made to regenerate thse tissue
injured by the wound, A8 he hud th&in@ﬂ pogitive
results with the lsaves of Biea@yladcnﬁ GWﬁ%eﬁ—e?——P~——4,

- b6 thought that the venation of the ieaves might have

some relation to their power of regeneration. He there-
fore teook plants with a leaf similaer in appearance Lo

thet of Dicotyledons for his experiments, e,g, Philpden-
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the three {irst mentioned apecies are like a Honocotviedon
in that few of the nerves end Liindly - o meshwork of
interlacing veine are cherecteristic., Dioscores is more
like a Dicotyledonous ieaf, bhoth in appearance and in the
fact that some of the vyeins end blin§1Y: but most similar
to & Dicotyledonous leal 1is g;ggLﬂggg;ggug_whieh_pasaeaﬁas
a8 thick midrib and many free ends t0 thé nerves., These
leavyes were treated in the same way, as wers the others,
but no success Tollowasd, Bince howaver positive regenera~
tion resulis were ebﬁainad'en ieaves of Plantago, &
Dicotyledonous plant with Monocotyledonous venation, the
gaubhor concludaod that the venation of the leal wes not &
factor in regeneration, but that the character or nature

of the leaf was, (Op, stem-cuttings, Chapter I.)

When leaves become detached, naturally or arti-
ficially, the conditions of 1ife hsecome changed, and the
stimulus of the wound mat be sufficient to call forth the
power of yegeneration under the new conditions. Ordinary
Monocotyledonous follage leaves however possess 1littls or
no reserve of food material, 8 low vitality, and little or
noe power of healing tissue. All these bave been shown
80 be conditions inhibiting regensration (see Chapter I,
Introduction ).

The /
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The phenomenon of regeneration in ¥onocotyladon-
pus foliage leaves is therefore rarely found in nature,
and can with difficuity be induced in practice.

To demonstrate the possibility of regeneration
in Monocotyledonous folizge leaves, ax#eriﬂﬁmta were

tried with leaves of Dracaens, Dioscorsa, and others,

The leuves were detached and inserted under the same con-
ditions of heat and moisture ag the leaves of the Dicotyw
ledons, 6.8. Begonia, &C. The lecves paraiatéd fof gone
weeke without withering but no roots waré formed, and
finally the lsaves faded.

: B%inaﬁ‘l) tried 1e§f~auﬁtingm of plants in the
following Hnnﬂcuayladanbu& ordersi~ Alismacene, Amary-
1lidncens, Dioscorideae, Haemadoraceas, Hydrocharidaceae,
graminese, Iridaceas. Liliascese, Orehidacess, and Ponte~
deriacess. VWith the exception of the Liliacese and the
Haemadoreacess all the leaves that were inserted as
cuttings withered without rooting, some very quiokiy,
 afferva few days only &8 in Galanthus nivelis (Awaryllid-
acese ) and Zea Mays,.(Gramineme), others remsined fresh
for a longer period. _ .

' He had the greatest success however with foliage
leaves of" lLilgscase, &a,
Roots/

(1) i908.
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/ Roots were obtained arter iwelveg days and after nine

woeks o number of 1ittls bulbs appeered on the MOrPho=
logically upper side at tho base of the leaf, in the
immediate neighdourhood of the cut surface over a nerve
{cp. Ohapter II,)  Bie experiments with Hyacinthug
grieptaiis, with H, cendicens and A
showed that splitting the lsal reduced its power of

regenoration, and alse that old leaves or small parts
or leaves produced rocts only, withering barore'ﬁulbé
| were able $0 be reproduced,

8o far therefore a8 sxpsriments have gone up
to the present, the possibility of lsaves to regenerate
in the ¥Monocotyrledons is very iimited, This iz $0 be
expected Trom the greater 4ifficultiss 0 be contended
with, The results of 8tingl and others working in the

same direction are imporiant however because they show
that nmonocotrledonous leaves dc pPosssss Lhe power of
rogeneration, and the fect that up $0 Lne present mono-
cotyledonous follage leaves have not been found to
regenerate is due to an ignorance of those conditions
that would ertificislly induce yegeneration, The
nethod is interesting theoretically, and offers field
experiment, but under the pregsnt conditions is not

practicable since it is slow: also a ready means of

vegetative/
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vegetative increase is usually at hand, by division of
the plant, or by cuttings of the rhizomatous stem,

It 1a*§%aelluxnﬂﬁn fact in horticulture, how-
ever, that the leaves of the Bowstring Hemp (Sangeviera
eylindrica) tronted as cuttings will easily give new
planys. stingiu§hawad that leaves of this and also of
8. guincnsis made coplous roots and shools,

¥ention must be mode oo of the unigue case

of Zamioculcas Logdigesil.  Like gonclobus, this plant
is an exceptional Aeroid, possessing deciduous ariioulats
: T

learlets - These leaflets are thick in texture, and fall
away separately from the rachis. Professor Engler (1)
mentions that Mr., Hild of Kiel University <first observed
the development of'these fallen leaflets. At the end of
the petiole little swellings appeared, developing into
bulvets. Pubt into the ground, these bulbets formed tLwo
buds and rootlets around and beneath them. The vuds
first develop some scaly leaves which are succeeded by a
pinﬁate leaf bearing one pair of leaflets, S8oon after
this mode of reproduction was made use of at Kew, and

is the reason for the rapid distribution of the plant.(2)

<?b(a) Engler, 1380.
(&R Stingl 1908. =
(33 g.0. vol. XIV. 28.9.80, and 18:8.80;
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The leafist in question ic not fieshy bvut rather shiny
aﬁd deathery 1o00kKing like a lourel leaf, Rageneration
in this plant is ell the more uniuvue since it contains

no perceptivle store of food muterial (ep, Dicotyladonous

lesves )-‘n

The power of regeneration in Monogotvledonous

¥

leaves is confined mainly to modified leaves acting as

reserve orguns, Theso leaves are usually the scale
leaves Of & bulb, are soft and fleshy, and c¢ontain reé~
serve food mataerial, conditions which are favourable to
@aintaining the 1ife of the leaf while the procgss of
reproduction is belng carried on. In pragtice the
utiligation of modified scaleo loaves is & common mode of
increase especially among the Liligdeas. The single

goals leaf of the lily rapraéuaes as eﬁaily ag does the

whole reproductive vegetalive orgen the bulb, and pay bve
practised For nearly every 8pBcies, 6.8. L. myrisefolium,
by s¢ale leaves has 1ﬂﬁg'baen practised by Dutch bulb

The method of increase

growers with Hyeeinthus, It 1s sald hcwévsr.ta possess
one disadvantage, and that ig that dsgenerasion of the
¥holé buldb formed ocours if the method is continued
suceessively year after year. The advantage of economy
on/
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on the olther hand ig obvious,

The changes that cocur after the insertion of &
dstached Honocotyledenous lsafl bear 8 grsater similaridy
t0 the nomel development of the plant than in the

Dicotyledons (cp. also Bonocotyledonous stem-cutting),

8. In the ardlnafw-fﬁliaaa isal when regeneration
does occur, in bulbous plants, the development of the
- bulb takes place in Lhe sauc way as thot in a modified
leaf (see 6), 1In the exceptional omse of Zamioculoess

i1, developnent is different, An inoressing
knob of callus is Tormed at the basal snd of the leaf,
fwmm which roots and shoots are produced exmctly as in
the Dicotyledons (see I'igures 1s

b, The development of roots and shoots and the
formation of the new bulb on 8 modified scule leafl used
&8 & cutting proceeds in very much the saue way as the
normei development of the dBuib, roois and shoots from
the seed, It will be remembered that in & 1ily, the
development from the seed was shortly as follows:~ The
cotyledon wae deyveloped und was of the nature of a follar
leaf; 4its base became bulbous: the upper follage
portion died off: from @ 81it §n tho base the first leaf
. appeared/
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appearsd: 1ts bege oo héhame pulboug: & bud in its
axll formed the next Toliege leaf’ Iin the awil of the
pacond leaf’ $he bud Q?'the third leaf appesred, snd 50
Ons = :

The primary'raoﬁ that was first formed ea?iy
dieh, ite place being taken by pdventitious roots
developed at the vase of the buldb Tormed by tha fleshy

_bases of the overlapping leaves (seo Duchartre, Scots,

Eyans on development ), The changes in the rogeneration
of a scale leal closely follow this deVﬂlﬁymam%i Scales

nu;m wore taken as examples,
fhe dﬂ?@lﬁpﬁanb gtoarted from the e&g& of the
0ld leaf with the exogenous formation of the Tirst leaf

{instead of its formption from Lhe base of the cotyledon, .

the old lesf here actéﬁtha part of the cotviedon). %The
leaf is bulbous in character; in its axil anbiher leafl
is Tormed which in ite turn vears an axillary leaf and
80 on. TR
Adventibious roots only appear al the base of
the bulb se formed. 'Thus the asppearance {(when detached

from the old leaf) is exactly that of & seedling after
‘the cotyledon and primery root have died off., It is

noticeable, too, that in & lealf-cutting, the adventitious
roote are contractile. The contr&caiﬁﬁ of the laner

corhex/
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cortex causes the wrinkles on the thick upper portion
(A ;
of the root (se=—Soott), This character is to provids

for tha Arawing down of the buld into the ground,
The microacopical sections show noe features
other than those deaefibad by authors in the normal

< -
developusnt (see—Puchartys

Bomares volunijiis {(ILiliacsas),
ritilic -‘-%a_ (ni1tacess ).
Cagteria (Liliscese),
Haworthis (Liliacece ).
Hippecgtrum (Ziliaceas ),

Byseinthus (Lilieceas ),
Liitun (Liliscese ),

nithogalue (ILiliacense ),

8ee dotails of propagation under each in orders
4n Part II. (cp. Index. Chepter IV), GENWRAL WOTHS
OX PROPAGATION OF MONOCOPYLEDONOUS ORDERS,

(1) scott, 1902.
(2) Duchartre 1875. Evans 1909, Scott 1903.
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4. Bince Beljerinck wrots his paper on *Root-shoots
and adventitious Roote*, many instances have been re-
corded of Monocotyledons belng able o be reproduced,
elther naturally or artificially from their roots.

In nature the phenomenon of shoots beinz produced
by ths roots lis not uncommon, and serves ss o nods of
-increass, The Orchids, many of which posses fleshy
roots, seem particularly fitted for reproduction in this
way, Among ordinary Orchide, & Hall has shown, sesd-
iings are difficult to find, Possibly because the plants

have adapted themselves for vegotative means of 1ncreasa(13._

Adrethusa, fulopogon, Migcrostylis rroduce bulbs, & modi-
fication of the stem, but in others the reots are speci-
allized for increase, ©.g. Hapensris: & system of long

branching roots occur a8 In POg

gernug. Root-shoots &re also 0 be found in FElaxis
pajudoss (a plant that also incresses itself vegetatively
by the formation of lear-buas(2)),

and other species. Adventitious shoots have also been
noted/

'(1} ¢p. Introduction, Fiw .
{2) see Lear-cuttings. p.155,




noted to arise on the aeriasl roots of PREG1as

‘gebiiertana(l), also on roots of Erybhroniug smericamum,

Gosbel too has noted and lnvestigated shoote arising

from roots in Anthurium Jonzifolium,

In practice the method of increassing Monccotyledons

from their roots is rare, From the vaﬁy'nature of the
roots in mest plants of this family it would nét be ex-
pected that propagation could be affected by means of
these organs: the primary root is early lost and re-
placed by adventitious rcots(é) wnieh are ususlily thin
and fibrous, in contrast to ﬁne typical tap root of the
Dicotyledons.

In gardening handbooks and in notes on propagation,
the worﬂufraotﬂ iz of'ten used whers the rhizome Or under-
ground stem 1s impiled, The rhizome ig a true stem as
its structure indicates and llke the stem it beurs true
latent buds whleh may give rise to new shoots if the
occcagion requires, The ﬁa&a of propagation from these
rhigomes has already been discussed in zne propagation
of Monocotyliedons from cuttings of Bsama and stem modi-~
rications(3),

But &1l true roots in Monocotyledons are not

necessarily/

gee Ducha?i®e, scoil’

! see reforencesin qe&;erincklesb
see Stem-cuttings. &aa?ivf
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necessarily thin and fiorous. Meny li&a-bha Orehids 3
possess thick fieshy roots., The plaﬁts-tﬁat produce |
buds on their roods ﬁabur&lly may be vropagated from :rj
- cutbings made of their roots. Buch has been found to |
be the case With Neotiiz, Spiranthes vars, &c. Pope(l)

recommende the propagation of Phgleenopsis Stuartiana
from root-cuttings as a quicker nethod of abtmining 8
plant than from seed. Root-cuttings of Phalaenovsis
gohilleriong 40 not develop so quickly,

phenomenon of aalzga Tormation in monocotyledonous root-
puttings seews to be non-axistent.

B. Root Rormation. - Roots are formed adventitiously
after the formation of the new shoota, in the usual way

{see development of roots in 18aves ).

_ mation, ~ The new ghoots that are formed
on roots may be ordinary feliar shoots (Apthurium,
Pogonium, &c.), or modified to form bulbs, &c. (8cilla,
&QC, )

Shoot formation may toke place ©n & rools

cutting in two waysg -




vw Aot None
ghoot formatien,hwhich nevey takes place in

the ordinary woy in the Dicotviedons (see Shoot forma-
t;en), is not uncommon in the Monocotyledons. The two

best known examples are Zeobtis

¥hile Irvmisch hos shown that the shoots of

the former are deveiopsd underground and rarely attain
to a flowering stage, Goebel nas noted that in Antburiom

J ' the shoots on the roolts are produced nesr the surface
and form strong branched pianta. An anatonmical exsming-
tion of the plant in quesstion showed that the tip of the

root passed dirsctiy into that of the stem, the collateral
| structure of the stem being formed from a combination

of the varicus parts of the root vasculur systen,
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The conifers are naturally slow growing trees,

They will thorefcre reproduce themselves slowlyy .

The vegetuaiive nouns of incrsase in nature is very

limited, Vory occusionally, out In enough instances

to shew that the power of pegeneratiun does exilet, shools

are found springing from olé stocls (sse Stem cuttingls.

or shoot buds are produced on rosts {(root cubtings )

The foct is however of 1ittle or no use in arboriculture,
I subjected to injumy, the vavicus organs

snew n prester power of reseneration (sse undsy stem and

oot ), The natural mode of increase smong the conifers

is however by s2ed, ond it is to thic method of reproducy

tion thet naturzl woods and Torosts of conifers owe

(1)

theie crigin and deveiopuonba

4s in other classes of plants, bolh
sexual Gnd asexial methods of propagntion ars enployed
in practice suongst the Oonifers. 8ince artificlal
methods are deduced fvom nsturel mothods, the sexual
has becone whe most importont mode of increase,. In

A

(1) see Porsatry Toxt Bﬂﬂkﬁiggiﬂﬁﬁtt vesbter, ﬁmnqn%}&a;
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pome <8sss, as in Aples, Pinus, Picesn (seo notes under

[ jf

each) 4% is the cnly satigfeciory ons, In the ¢ ase

of new and rare varioties, or when ssed connot ve

easily procured, or is very slow in germinating,

vegetative propagation by mesns of gul

wnd &

g ig resorted 0.

as. Loyering is o method of vegetuiive propugution

Ba

%~Fﬁ1&ar-laot

raroly capried out in Conifers since erect
plants are not to be obbainad by this means,

Picen may be lncrenced by luyers, &nd he

methed hes been employed ror Junipep varleties,

grofting is olso an unsatisfactory method,

a8 the tendency i8 o produce & latersl rather
than & terminei shoot, Unless carefully
perfornmed, it i8 not & method usually recom:
pendeds The oporatlion is perfornod sarly

in Spring or about the middle of Augusi,.

¥or @ detailea seischion of stocks ese (1)

and (2}, It may be mentioned that the

conmon variatics ars usually uvsed as Lhe

stock ror the particular voristy, thus
duniperus /

i A« WBboter l%qL




Juniporus comsunis ror ths Junipers,
 bawgonisha TYor the Oypredses, Psi

for the Hemloock Pirs &o.

ce Quttings., Althoush the value of the method of
increngse by meang of cuttings is not o great as

that by seed, still it is8 ihe nost antisfsctory of

Lhe vegetative mothods, und the cormon Bode Of Pro=
pogation for comuon and dworf verieties, 0.8 Zhuva,
duniparus Cupressus &c, (sse notes under each), The
possinility of pbtem cultings %0 ﬁﬁriﬁﬁ'iﬁ.ﬁﬁﬂifﬁwﬂ
is not o0 limited as it is gensrally suppcsad 1o be

(888 under stem oubiings e

Geemewitings ¢of Conifors should ne chosen f'rom
the exposed branches oy thess are found to strike more
easlly than shoots from the 153&& and zhaded purts, whioh
are oph to damp off, 88 are cled succuldnt portions of
leeding shoots and brench tips. The length of the cuttings
ar¢ recounonded L0 be from J to 6 imches of the current
year's frowth, preforably with a portion of still riper
wood or 2 heel attacheds ATter clesning the base of the
cutiings orf ieaves, unlece Lhese are senielike, with &

- sharp knife, they are inserted into the ground or pans
| iﬁ praparaa'soil of nearly suuel proportions of sharp
. sand |/
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@and, pent and losm. Pure send moy also be usad, It is
proferred bY panyy 30 wes In this scil thav the specimens
in the 111ustrat1gns Were grown, The cultings should be
pregaed fimmly 4n the sand, over the surface of which a
14ttle silver sond s gprinkied, and then moistenod lightly
i % i 1neartﬁﬂ.aarly ¥hat calius may fomm before winter, and

&7 in the spring, while the roots are forming, the cutiings
are shleldsd from t?e,ﬁir@et.ray& of the sun, they will give
Isu&cassfﬁl faaultﬂwlx' guttings are made us&ally,ffqg
f“=$arﬁina1 ghoots, In dwars varisties or conifers with no

markstl 1aterality of growth, lateral shoots may be used

goually as well., In obher coses, Lo terninsl shooteis
the only cutting thet #ill give a euccessful posult (see
under copditions ). i 5

In nature the power of Sonifers to heal wounds _
ﬂ gavsed by unjuring or severing of their orguns,; is exnrﬁssﬁﬁ$”_
| in d different woy to tcab of Dicotyledononsg plant®.. If

& bronch of & Conifer for exampie ve cul off, the wound may
~.ha covered Lo some extent by the charecteristic 1ip 1ixe

wound is coverad with & lurge ouwhaew Of rezin, In some
existing /

| e e e wmrsirea s
- {1) see A.D,vevster
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exiating Conifers resin cunals are present 48 a normal L
Tfeature in the woody axls of the cons, a8 in Abics
to the wood, But in otners{e.g. Abies balssmea, Lequols

L3
nadn, as well as & result of injury ;‘

gsemperoirres Qodrus atlontica) it is interesting $0 note
as Jaffraycl}ﬁaﬂ poivted out the resin eanals do not appeap
aven in the reproductive axis, exceph as the result of !
injury. The fgauiog giganica, resin canuals though oecurrys
ing only a# the result of injury in ths older wood, are ° :ﬁ
found normaily in the first annual ring of bronches which |
beap the cones, male and fepals, as well as in the woody
axis of the female cone, '

Thus resin formation 0 & large extent tukes .
the place of, snd obscures the fsf?gaion of sallus in
nature in the cone~bearing plants. Resin fermlseon
is also & hindrance o propagﬁtiaﬁg(')

gallus is Tormed after a period varying from a
Tow weeks to some months, aiffering somewhat sceording to |
the lateness of the season in which the cultings are ine
sorted and persists during the winter, ?1?@ i+ Shows
& specinen of gg ns inserted in August 1909
and exsmined Oetober 12%h 1910, The basal end of the

1) ep. Anatomy of Conifers, see also Hartig 1894, Soraue
1909,

Jeffrey 1906, .

(3)Bayley Balfour 1912,1913.
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knoh cutting is covered with a knob of cnllus tissue, bud
no roots had npreaved,

The formation of callus may be correiated with
the sten etéucture of a Conifer, As the presence of
cambulm and consscuent secondary growth is very similap
to that of a dicot, stem, it would be expected that $he

eallus and root formation would also be very sinilsy, This

is found to be the cese, Oallus tissus is formed from the
copbuim, dortex and pith and the external appearance is
very similar to that of & Dicot, The callus formed in &
een&f&y“é%sm-eusting goon, however, becomes hard woody and
dark in colour, owing partly L0 the simultansous farmatién
of resin and aleo a protective periderm, and passes into
the resting stagﬁ‘& for the winter, The illustrations
{figs, 1+4) shew exsmpies of ounllus formation 1ntggn1fara!

In his investigations of cailus formation, 8toll  obeerved

3 and  Ihuye

is and found no variation from the Dicot.tyre

A microscopical section giso shews no marked
differences from that of & Dlcoi, cubiing: Similar
cantres of wood and bast are formed in the loose tissud
of ¢allus cells, whioh is formed first from the cambium
and then from the cortex until a 1arga-pr9ﬁruding nogs 18
formed, There is ususlly little eallus Tormation from
the_/ -

& Rechinger 18q¢ .
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the central portion of the stem as pith and meristomatic
©8ll8 are in small smounb. ' '

Hormally the power in conifers to produce
adventitious roots is limited, Vhen, however, o shoot
18 severed, roois are Tormed with greater or less Aiffis
culty secording to conditions (see arter ), 1In the
cuttings under observation, the roots apreared in spring,
or after a period after imscrtion varying {rom some weeks
t0 six months, The origin of these roois iB invarisbly
from the eallus knob develioped at the bage of the cuttings
and is normally endegonstic,

Root formation tuies place easily on the dwaef
varieties of Conifers, such as Juniperus TIuye &c. bus
With exceedingly great difficulty on other such, as Ablos,
| Miss Kupfor obtsined & single root on

apiecsl cuttings of & thres vear old plant of the sape

pine, & single root wus aguin ovtuined, The result is

"C“i%-.

interesting, s it shwews & tendency in this pine to form

only ong root from the eallus produced as a result of
injury. . Roots have not veen recorded to have bsen
formed in D gylwostri@ cuttings till recently, however,
when [

tl) Ruplfer. Regsnayab
{Clb"? <




when ro€§% ware ovbtuined in the ﬁ,ﬁ,&,&&inhurghﬁen & stem: e
cutting o '

In nature, the occurrences of atool, shoots is
rarely found in Conifers, IU is said to ocour cccasionally
in young sﬁaeimen?agf the Larch, &nd in three nsocdied
specios of Pinus. Ususlly, however, &8s im Monccots
shoot Tormation occurs as the result of development of
preexisting prinordis, ratier thon the fornation ol new
organs . In an apleal sten cutiing of a Conifer, new
shouvts ars formed from terminal ond latersl buds in the
erdinary nennep of cevelopuent, somatines hefore rools are
formed, (sce rig, of Becuaim),  Outtings deprived of

their stem apsx, have not been exanined for the deveslopment

of new shoots primordia, It would seen probavle that in
such stenwcuttings, development and subse uent modirication
of the latersl bud would teke place, as 1t dces on the
entire plant, instesd of the Tormation of a naw termineld
buﬂf ’; Bodrivant in his study of replacemont shoois

hag coniirmed thi&*tg)
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In horticulture, the development of the teraminal

vud in Oonifers 18 naturally always simed st in order 10
obtain symmetrical pisnts, It is for this resson that only
gpical cuttlngs are teken in the ﬁagar&ﬁy of cnsess 1% the
apices were removed, and culbings made of piscen of the stem
the lateral tendency (Lateralitat) which 1s clwoys strong |
in vegetative propogation in tha lonifers, would be 1naana&ﬂia¢,i7
For this reasszon goedling planis arse preverable on ﬁhﬁlwhnie,
In some gonera, where propagation is erfecteod by cuttingsy |
the development m{ the Lerninul bud is foreed by continual

gare and prunlng.'l)

Ap in the Dicotylodon and contrasting with the

- monﬂcatyaeéan.zt is to be poticed that it is the original

uutting that porsists ns the main stem, even when lateral

branches are formed, the roots being produced Irom the bASE

of the original cutting, not from the buse of the new budy

This foct cun again be accounted far.%3tha persistonce of w

jnherent tendencies, o5 in the Conifer seedliing the plumule :

48 terminal $he cotyledons not 1ess and USUALiYy nore then $%0,

(1) Vochting 1884, 1904. Goebel 1907, Beijerinck 1886. on L
Lateritat.
(2) ep. Dicot. and Monccot, Stem cuttings chaps. I and 1IV.




Avies

Aetinostrobus
Agathis
Arsucaria
Athrotaxis
Biota
Peliitris
Cedrus

gephalotaxus

' ghanascyparis

Cryptonsria
Gunninghania
Gupressug
Daopydiam
Fitzyrova
Gingko
Gyptostrobus

- Juniporus

E@tﬁlaeria
Lerix
Livogodpus

Phyllocladus

Pinus
Podocarpus
Prunnopits
Peeudolorix
Pseudoisuga
Retinospora
gaxegolhes
gotadopits
gaquois
Taxodium
Taxus

Thuye

Thuyopais




.raunﬂ on the Conifers.

|€6. -

The reduction of the leafl surfuace, snd the atrnnﬁura

of the leaf itself clearly indicetes the xerophytie _%
hawit of the Uoniferne, It goes without éﬁying* 3nar§§i
fore, that these leaves genarally small in size (ex@&ﬁi
sone specier e,g.Podoearpus noriifelis &c) and hard iﬁi 
texture, are unsuited Tor the propagation of the plan{i
{aco under Dicot. loaves Chape2)s It would b&laxpeaﬁéﬁ-
thet, if separated from the plant, they would soom
wither, under ordinary conditione, To sseertain ﬁhai!
cupsbility of regensration aomne experinents might ve i
carried out with the Oonifer leaves, For this ﬁarpaéé

Axng orpus &o ' might be chosen on account of
the comparitively large size of their lesves, No

investigation nas vet tuken place.

. Lol o
Eaiaa&mﬁu&,at&taa in his study on root buds snad

a&v&ntitinua ghoots trat normally no root buds are

ghoots aprsar, Few gthiey genera have been 1nvaatiaa$ad;
For [/

() Perjeinet (8¢t




Por six yvears M.Newnann tried $0 srow Aroucsrie

from root cubttings witbout success, but eveniually obtained

rocts and shoots on Areucabis Cunninghas e attrivuted

his failure o the faet that the sutiinge wers closely

covered with glass nnd that the condequent humidity of the
atuospner® had coused them to perish, His opinion, ~wee
that all Conifers may be propugated Trom root cuttings is
not however generally entertained:  Sven if this were the

gase (and the inavility to regenernte has boen shewn ¢ be

depondent on conditions at present unknown) (see Introduce

tion and Ohopeds ) the method is neithey practicable nor
economicals For from the experience of Mr L,Stowart
who has obtained planis from root cuttings of Podocarpy

and Pinue sylvestrif, only wesk or knaried specimensy

are prodiced aud these only arter & protracied yeriod er~'
six months or more, The method, if not of horticuliural
value, is nevertheless interesting from the bottnical
point of view and is worbhy of examination.
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