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ANTRODUCTION

During the past twenty years s vast aaisuny of
research work has been carried cut on tné_aaltﬁra of
plant tlissuss oy organs excised from parent bodiss.
Haberiandi's (53) theories in 1902 en the possibility
of procuring growbh in such isolated tissues were not
put into practice until some twenty years later, when
the work of Kotte (63,b64) and Robbins (97,98) was
Hgartiaily sucaééﬁfal and encouraged further research
along thess 1inos. Later wﬁfk.by white (123-12%) on
sxcised roots, and by Gautheret (L43-46), Hobecourt (84~87),
ané White (126) on cambial tissue proved that excised
plant material could be cultured on a suitable synthetic
medium, From that time, an ever-increasing volume of
regsaarch work has been done on the culture of plant
tissue, and the teehﬁ%que hastoundsapglication in the
investigation of a faéiety of problems in plant physiclogy,

In 1939, wWhite (125) obtained from the stem of a
tobacco hybrid cultures of callus tissue shicn eculd be
maintainsd 1ndefin1tely'on & sterile agar medium of
xhown composition.  Under these cultﬁral conditions
the callus grew bul did not differentiate inﬁo buds or
roots, n ether‘eultures, however, differentiatioa,
and the direction of differentiation, eould be regulated,
¢allus cultyres_in a liguid medium, where they ﬁgre_

MASSEY AGRICULTURAL COLLEGE
LIBRARY PALKMERSTON NORTH, N.Z.



2

submerged, produced numerous buds, This hehaviéur
was attributed to a decrease in oxygen tension {127).

¢ indolgcetie ascid or aaphtnaleneaeétic acid aééeﬁ in
gsmail sagunts $o ¢ulture media have besn féuﬁd o
prgvent the formation of buds and to%favaur root
differentiation {103). Larger amounts inhibited alao
galing growth, but this inhibitory effect could be
overcome by inereasing the relative coﬁceatration of
gsucrose and phogphate 1n the medium, Following this
discovery, theeffect of adenine and phosphorylated
derivatives on differentiation were investigated, and
i$ was found, using tobacco stem tissue, that adenine
may be as specific for budding as is indoleacetic acic
for rooding (104;. The presence of adenine does not
prevent root formation and development entirely, but
it markedly decreaces the number of adventitious roots
and the amount of callus formed, while haatening the
development and increasing the number of buds. The .
effects on tobaaéo'tissue have been coafirmed (78,108)
and similar responsees ln pea epicotyls have been
observed (42), fn@sa results indieéte that the factors
inluencing growtn‘and development may bé_numerous, and
. theiy interaction very complex. As yet, little is
known about the mode of action of these substances, or
about the cellular systems through whieh they exert

their effect. It would appear that not only the con-
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centyation of speeific compounds, but also the concen-
trations of other interacting factors, will defermine
the direction vaﬁifferentiation. - The reactive levels
would seem to vary %o some extent even between species (7)

-in rscent yeavs, other factors have been discovered
which promote the growih of excised plant tissues,
notably that found in coconut milk., Coconut milk was
originally incorporated In a culture medlum for bacteris
{12) where it was observed almost to double the pro-
Guction of certain speciés. It was later founi to be
beneficial for the culture of a variety of tissue (5,
94,9%), attd it has been used in the culture of several
dicotyledonous embryos, and those of Ginkgo and Lilium
(117). Van Overbeek and his co-workers found it to
be essentisl for the growbth of very young, excised
Datura embryos £$€?92), and Ceplin and Steward (23,111)
found that ﬁ&aaea&bfﬁ; tissue of the carrot tap root
could be mude o p:éifferate only if coconut milk was
added to the modium,- Its action was apparently only
to stimulate growth, not to maintain it. Bimilar
stimeletion of growth by coconut milk waa observed by
Duohamet on Parthenaéiksda (32) and on crovn-gall tissue
(33), by Duhamet and Gautheret on Jerusalem artichoke
(34), by Horel and ¥etmore on monocotyledon tissue (81)
and by Nickell (83%) on plant virus tumour tissue,

The active principle of coconut milk has been investi-
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gated although not yet isolated (76,93), and is siated
Lo be a fuctor obher tham indoleacetic acid (23). A
slmilar facter has also been found in malt (11,70), in
barley secd at the milk stage, and in other tissues (24,
70,76). Gaplin and 8teward (24) observe & comnon
chareoteristic in the scources from whicih they obtained
the "coconul milk factor® in "their ability to grow at
the expense of, or to be nourished by, nucellar tissue,
and to store nutrients for an eventual and very specifie
nutritive function.,®

Synergisam of action of coconut milk and 2,4 -
dichlorophenoxyacetic acid wa8 observed in the stiau-
lation ot growth of potato tuber tissue (109). 2,u4D is
a welli-snown stlaulavor, especially of cambial tissue,
but has little or no effect on the growtnh of potato
parenchyma tissue, vogonut milk by itselfl has no power
to stimulate the growth ef such tissue either, but when
these two substances are added together to the culture
mgdium they stiamdlate growth to a remarkable extent.
Recently dleward and Caplin (110) have found that the
growth-promoting sction of coconut milk on carrot tissue
gant be inhiblted by extracts of potatb periderm tissue,
of onion buldb tissue, and others, The innibitor wouid
scem t o be present in physlologically inactive or storage
tissue, which sugpeste that the inhibitor, and/or the

growth factor which it inhibits, mey be part of a more
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general acchaniss than has hitherto been envissged,
vaplin et al. suggest that the prevalence of the
inaibltory effects of such extracts may explalin why
parenchyma, which usually contains the main organic
nutrients necessary £ or growth, often fails to grow,
el ther becauss it lacks specific growth factors, or is
prevented from responding to them by the presence of
inhibitors. They suggest further that this may explaln
the action of 2,40 and coconut milk on potato tuper
parenchyama, the 2,4l component releasing the peisto
tissue Iroam the control of the growth inhlbitor and so
allowing 1t teo respond to the growth factor contained
in coconut milk, .

in 1937, Bonner and English (36) isolated from
bean pods a wound bormone which was heat-stable and
water~soluble, wWater, this substance was puorified,
founé Lo be i~decene-1,10- dicarboxylic acid, and nawmed
trawuatic acid (16,17,37). Trawnatic acid was capable
of bringing about renewed growth activity in mature
parsnchynatous cells of the bean pod (17), inducing
wound periderm formation in washed dlscs of the potato
tuber, partially inhibiting the germination of tomato
aeeds (3%9), and acting as a growth factor for many
algae (90). Davis'(so) in 1949 reported that traumatic
acid had no effect on t he wound-healing of sugar asple,

and considered that 1t may be epecific for the bean pods



from which 1t was isolated.

Almost without exception, tissue culture experi-
ments have dezlt with herbaceous or woody dicotyledons
representing several families, Work on monocoty-
ledonous tissue hag been for the most part neglected.
Loo (71,72) and later Galston (41) successfully cultured
tissue from the stem apex of Aspafagus officinalis, and
more recently sorel and wetmore (81) cultured explants
from the underground tuber of a itropical member of the
Araceae, Kandler (58) ana Almestrend (1-3) were un-
successful in culturing the roots of several moaocoty-
ledons, some of which, although kept alive in vitro,
did not proliferate, or did sc feebly and for smhori
perious.

The object o the present investigation was to
culture excised monocotyledon tissue in vitro. To
this end, tissue éxplanta from the bulb scale leaves

of Lilium speciosum were used. It is well-known that

1ily bulb scales, when isolated from the parent bulb,
readily regenerate bulbils basally (25), and this
behaviour is made use of by horticulturalists in the
propagation of this plant. It seemed likely, there-
fore, that tissue excised from the bulb scale leaves

of Lilium speciosum would prove amenaovle to culture on

synthetic medisa, when thie had been s uccessfully

acconplisned, cbservations were made on the qualitative



7

effects of the several growth-regulating substances
mentioned above on the differentiation of regenerated
tissue,. This was undertsken with a view to ascertaining
whether the effects of these substances on the regene-
ration of lily tissue were similar to t hose previously
observeu by oither workers on dicotyledon tissus.

8ince substances affecting plant growth freguently
alter plant respiration also, it was deemed advisable
t0 ¢arry ocut respiratory studies on lily tissue under
the influence of compounds used in growth experiments,
silmultaneously, somparsble studies were carried out with
carrot tissue, therewy providing a cocaparative study of
their effects on monogotyledon and on dicotyledon tissue,

The wide-spread occurrence of natural plant growih-
substances, in the light of their physiolbgical activity,
argues for thelyr having some sort of universal role in
plant metabolism, Bince in many instances increased
respiration and growth rates have been correlated with
hormone concentrations increased to a maximum (beyond)
which there are toxie effects), investigetion has
naturally followed into the question of vwhether hormones
stimulate respiratioa, To date, despite numerous papers
on this problem, there is surprisingly little evidence
linking hormone concentration with stimulation of
respiration. Prelininary investigations into the effect

of indoleacetic acid on respiration led to some difference
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of opinion (13,14,51,113). There seems now to be
fairly general agreement that at levels of 1-10 mg. /1.
indcleacetic acid stimulates respiration by 10-35% in
Avena coleoptiie segments and other tiséues (9,15,28,
115,116). In soue cases, however, growtih was stimulated
without a corresponding increase in respiration (1L).

Kelly ané Avery (60) found that 2,4D stimulated
respiration in oat coleoptiles by 20% or more in con-
centrations of from 1-100 mg. /1., and in pea stemns by
L4om» at 0.1-10 me, /1. Other reports indicate similar
inereases in oxygen uptake in cther plents (20,105,106).
Conversely Taylor (144) and Hsueh and Lou (55) observed
inhibitions of respirstion t hrough the action of 2,4D
on certain seedlingzs,

From such diverse results it is spparent that the
effects of growth-vegulating substances on respiration
are as yet not well-defined. Most of the work on
respiration in recent years has been done using ®warburg
mlero-respgirometera t o measure gas-exchanges, The
technique lacis slLandurdisation, and Audus and Garr&ra
{4) have recenlly eriticised the non-statistical approach
tc¢ the whole problem.‘ with physlologlcel concentrations
of auxin, plant respiration, which is normally low, is
increased or depressed to a very slight extent, Audus
et al, finu that the ainimal error of gas estimation

using varburg manometesrs is 10x, a figure which is
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Part 1
THS TI3sUE CULTURE OF THE MONOCOTYLEDON
Lilium speciosum Thunberg

)\
Materials and iethods,

Tissue used for culture experiments was obtained

Lrow the buib agale leaves, The bulbs were taken from
the same ciong,; aund prior to use were grown out of doors
in soil beds, ttulb scales were separated from the
parent bulb by cutting through the point of Jjunction of
basal disc and scale with a ;harp scalpel. Experimental
explants were then obtained from these by boring out
pieces & mm, in dlameter from the extreme base, except
whefe otherwise stated.

A sterilising fluid for these tissue pleces was
prepared by stirring 10 g. of calcium hypoechlorite in
100 ml. distilled water for five minutes and %hen filtering,
The excised tissue was soaked in the fillirate for fifteen
minutes betfore transferring to culture cedia.

The media employed in the follewing experiments were
based on that of white (128), with additions of accessory

growth factors,

ﬁedium.l incorporateds- HNicotinic acid 0,5 mg./1.
Aneurine HC1l 0.1 mg./1.
Pyridoxine 0.1 mg./1
Sucrose 20 g. /1.

Iron Trace
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Mecddam Il was tested subseguent to the publication
in 1951 of #orel and wetmore's paper (81) on the culture
of tissue froa the u@éergroun& stem of a monocotyledon,
and was prepared &y adaing to White's basic medium the

foliovwing compounisa;-

Thiamine HC1 0.001 mg./1.
Nleotinic Acid 0. 001 mg./1,
Ca-d-pantothenate 0. 001 mg./1.
Bilotin 0. 0000125 mg, /1.
i-inositol 0.1 mg./1.
Pyridoxine 0. 001 mg. /1.
Folic Acid " 0.005 mg./1.
Sucrose 201 @ /he

Iron Trace,

On the whole, cultures grew rather better on & solid
medium than on glass-wool dipping into a liguid one, as
well as being more easily handled in the former case,
and all experiaents mentioned hereafter deasl with media
gelled by the addition of O.6% agar.

Tissue explants were%égltured.either in flaske or
teat~£&bas to which the médium.waa introduced by burette.
Vessels and ¢oantents were then plugged with non-absorbent
cotton~-wool, anu auwtoolaved at 15 lbs, pressure for 15 to
20 minutes, After tissue and vessels had been sterilised,
all subsequent manipulations were carried out in a sterile
ocakinet which was treated in the following manner.

Prior to use, 81l walls and bench surfaces were

washed down with methylated spirits. The cabinet was
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then steamsd thorcughly and the steam allowed to settle,
In this way the atmosphere was cleared of floating
contaminanis, ¥hen the atmosphere had cleared, wmethy-
lated apirits were sprayed round the chamber, and after
another ateaming and spraying the cabinet was ready for
use, Contamination in the many cultures set up in
this cebinet was not more than 104 and usually less,

Explants were introduced into the culture vessels
by meane of forceps sterilised at 15 lbs, pressure for
15 - 20 minutes, Inoculated test-tubes or flasks were
kept in ordinary daylight at laboratory temperaiure
unless otherwlse stated.

HEesults:
1, Coatrols,

Either medium proved to be a sati&factory synthetic
base for cultures, which grew equally well regardless
of which medium was used, Explants were cultured at
intervals threughout a two-year period, and it was
obagrved that the tlssue showed a seasonal capacity for
regeneration,

TABLE 1.

SEASONAL RESPONSE OF EXPLANTS OF
Lilium speciosum,

Spring Summer | Awntumn Winter

Total No., of
cultures 140 664 Lo L3

4]

No. which
regenerated 108 L 21




Graph I.
Beasonal regeneration of explants cultured

in vitro,
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) From Table 1 and Graph I it may be seen that cultures
grew best when excised dQuring the spring or autumn months.
At other times the tlsaue remalined relatively unreponsive,

The first external sign of cellular activity is the
appearance of a slightly swollen ring on the sadaxial
surface of the tissue disc about nine weeks after excision,
This was obviously occasioned by internal changes, and
was observed on sectiening to arise through cell-divisiens
occugring in sub~epidermal tissue., During the next
three weeks asmall protuberances became clearly diffe-
reantiated from the otherwise uniformly swollem ring, and
proved to be bud initials. Two or three of these
gradually enlarged during the following two weeks,
apparentiy at $tse zxpense of the other potential buds,
whiceh did not éevelOp'furtber. A short time afterwards
reoots made thelr appearance at a point basal to the buds,
Those roots, like the buds, had their origin internally,
bat frop regions more deep-seated than those from whioh
phe buds differentiated, The vascular system of roots
and buds was apparently quite distinet from that of the
perent tissue, The elongating roots curved down@ards
along the side of the explant, and finally pushed into
the agar substirate, Subsequent to the appearance of
the roots, one or two leaflets elongated from the buds,
bearing a green lamina,

That these regenerated plants were normal was shown
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by separating thex frow the explant whea they had
developed more fully and planving them in sand in pois
in s glassanocuse, There they grew rather slowly, but
in & normal iasbhion,

This eycle of regeneration is typicai of that
whicn takes place whsn wicle bulb scales are removed
from tune parsii nu;% and allowed to propagate, in
tiee cass ¥4 the ¢xplanis, nowever, the various stages
of swollen ring formalion, bud, root and leaf develop-
sent take wmucih longer to complete than in whole scales.
whole scales will complete the cycle in % - & weeks
after their removal from the bulb; whereas explants
take 15 - 16 weeks to reach the same stage of develop-
ment 1in culture,

The effect of light on regeneration.

In som= experiments, explants were nlaced in darx
cupboards 1n the laboratory, whille conutrols were left
in light on laboratory benches. Temperature was not
controlled in these caperiments, Results, presented
in Table 2, shéw that regeneration is not dependent on
light.

TABLE 2.

REGENSHAT1ION IN LIGMT (L) AND DARKNESS (D) OF
BAPLANTS BXCISED AT ALL SEABONS,

L D

Total e, of cultures oL 86

No. which regenerated 17 ¢ 28
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The effect of tue presence of pigment on regenersastion,

The 1ily bulb scale possesses an anthoc&anin pigment
in solution ia tne vacuole of the epidgrmal cells of boih
upper and lower surfaces, I£ was thduént that this
aight in svae way influence regeneration (LD:, To
investigate this pré%lem, tee eplcdermis was stripped fran
excised tlssue pieces. It was found impossivble to do
tnis without also damaging several adjacent layers of
mesophyll tissue, None of the explants so treated
regenaerated, (Table 3), but this may have been due to
excessive disruption of the tissue complex and not entirely,
if at all, to lack of  the pigmented epldermal layer.

TABLE 3.

REGENLRAT 104 OF EXPLANTS IN THE PRESSHIL
AWD ADSENCE OF THE PIGHENTED BPIDER4IS,

Bpidermis | Epldermis

intact removed
Total o, of cultures 94 ol
Ho. which regenerated 67 0

Position on bulb scale as affecting regeneration.
Jevelral sapserisents were carried out on ti&éue discs
isolated frowu Gifferent paris of the bulb s8cale, namely,
f£rom apical, median and basal areas. It was observed
iq such experiments that there is a definite polarity in
the regenerative capacity of these scales, since sestions

from the base almost always regenerated, those from the
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middie very rsrely did so, and apical tissue did not
at any tiwe pruliferate (Table 4Lj.
TABLE 4,

HEGENERATION OF EXPLANTS, EXCISED IN BFRING,
FRUMG DIFFERENT REGIONS OF THE BULB SCALE.

A
Apex Middle Base
Total lic. of cultures 26 26 ok
Mo, which regencrated 0 I 1 67

Position on bulb as affecting reeeneration.

Following these experiments, investigation wus made
on the problem of whether a lateral polarity exists
within the whole bulb, Accordingly basal discs were
excised from bulb scales of all physiclogical ages, froum
younger 1laner scales to outer mature scales, Hesults
showed that tlhebasal tissue of young scales regenerates
as easily as does that of mature scales, Of 60 basal
explants of sll physiocloglcal ages grown in culture, 57
regenerabed in 15 - 16 weeks,

Syldence of Transverse polarity within the bulb scale,

It wae also observed that no matter in what position
an explant was placed on the sgar medium, regenerated
bulblls always grew cut from the adaxial surface. In
one experiment several Glscs were placed on media with
the abaxial surface downwards, and others with the
adaxial surface on the substrate, In the latter case,

regenerated buds formed on the side next to the medium
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pushed into the agar base, as did the roots, and subse-

guent elongation of the leaflets tended to push the
explant upwards, away from the agar surface,
Treatments. LS

All treatment experiments mentioned below were
carried out on exnlanis excised in spring months (Sep-
tember/November), since this had been already shown as
being the time when excised tiasue grew vest 1in culbure,

(&) Trawnatvic meid (T) treatment.

Troumatic acld, commonly known as the "wound hormone',
is presuned (o be produced la any wounded tissue prior teo
callus-formation over the injured surface., It was
thought that this subs tance might be effective in promoting
the formatian of callus tissue in excised bulb scale discs.
it was ingorporsated in the basal medium at a concentration
of 20 mg, /1. Expefiments showed that, in the reactive
period, exclsed tissue placed on such a medium produced
& swollen ring, after twslve weeks of culture, on the
adaxial surface of the tissue disc, At the end of a
further 3-4 weeks two or three buds developed, and shortly
afterwards roots, one or two per bud, appeared. After
21 weeks of culture, fully developed buds, with one or
two laminate leaves, and one or two roots per bud, had
differentiated.

The eycle of reganeration under the infliuence of T,

although basically the same as that of contrel tissue,
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takes five months to complete, in contrast te that of
controls, whish takes 33 - 4 months tc complete. The
presence of T did not p®emote callus growth, ané had a
slightly delaying effect on the development of the
swollen ring and subeeguent differentiation, of 0o
explants cultured on meaia containing T, L8 regenerated,

(b) Indoleacetic acid (144) treatment.

Indoleacetlc acid was addea to media at a concen-
tration of 0,2 mg./l;, and it was observed that the
course of diiferentiation was modified by its presence,
The swollen ring made its appearance at the same time
as in control tiseue (i1.e. after 9 weeks), but later
growth was gualitatively daifferent. No mere than one
brd developed from each plece of tissue, but as msny as
£ive leng roote, with well-developed root-halre, were
associated with 1t. These results indicate that the
addition of 144, although not affecting the initistion
of growth, does influence the direction of subsequent
differentiation in partially suppressing bud development
and favouring root differentiation, The bulbll which
formed on each disc produced one or twe leaves, and
growth was vigorous.

150 tissue explants were cultured in these 1AA
experimenis, and 90 regenerated in this fashiou,

(c) Adenosine triphosphate (ATP) treatment.
The addition of ATP et a coneentration of LO mg./l.
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to culture media did nct alter the regenerativemttern,
although growth andWifferentiation were ratiher slower
than in control tissue, There was no change in the
nuinber of buds and roots formed, and the plants, winich
were completely regenerated in 21 weeks, were vigorous
and healtay. 47 out of 60 explants regenerated
completely.

() Coconut milk (Gi§) treatment.

e

Ci ab 192 (Vv/v) concentration had no effect on
deovelopnient, either in stimulating growthh or in altering
the pattern of regeneration. Fully developed bulbils
ware formed in 16 weeks in vitro, as was the case in
centrol tissue,

(e) Effect of the combination T + 1AA.

66 explants were cultured on media incorperating
these compounds, 0f these 19 falled to respond in sny
way, and the others produced the normal swollen r ing
after nine weeks of culture. Thereafter only 5 explants
fully regenerated, while all further growth and diffe-
rentiation were suppressed in the remaining tissue discs,
Tnis behaviour is 1n airect contrast to that wialch occurs
in explantas grown on media containing these two subatances
separately, where complete differentiation 1la observed.
it would appear that, although neither substance pravents
the indltiatioa of growth, together they block the diffe-

ventiation which normally follows swollen-ring productiion,
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(£) Effect of the cHhbination ATP + 14A.

These compounds added in combination to excised
tissue led to the production of fully regeneraited plants
in 44 out of 86 cultures, The remaining 22 failled to
grow. The ¢yele in t his case took only 12 weeks to
complete, dinse ln explants greown on media contalning
14A alone such plants appeared after 15-16 weeks, and
in tiszues grown on media containing ATP alone in 21
sgeks, there would appear to be some interaction between
the two in combinatlion which results in accelerated
differentiation,

{g) Bffect of the combination T + ATP.

The presence of T with ATP had an effect on regene-
ration similar to that observed with T + 1AA, in that
although the swollen ring appeared in 9 weeks, no further
growth or differentiation takes place. This was shown
on 66 eaplents, 47 of whica grew in culture, and all
responded in t his fashion, escepl one, which fully
regenerated,

(k) Bffect of the combination T + 14A & ATP.

A similer result was obtained when T was combincd
with bota 13A ane ATP in culture media, The number of
exglants whichu grew in vitro was rather poorer than in
jaosl experlments, being 6% of the total number, but in

"we responsive tissues there was no development

“ormation of the swollen ring,
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(1) BEffect of Cil combined with test substances.

C#k, when aaded tc media along with the five test
asteriales eiiher singly or in the combinatione desalt
with above did not in any way alter either growth rate,
oy the effect on development of these subsiances alone.
{3) Callus tissue cultures.

At no time was a callus culture of 1lily bulb sczale
tigsue obtsined, A& very small amount of undifferentiated
callus tissue is formed in the development of the swollen
ring. but differéntiation ccecurs at a very early atage.
Many attempts were made to induce such callus tissue to
grow when isolated from the parent tissue, It was
excised from whole bulb scales whichi had been allowed
to callus normally, and from explants which were forming
the swollen ring in culture, and transferred to the
culture media mentioned above, in ne case, however,

was its continued growth maintained,
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Part 11
B ADUHAL BUGAR AND NITROUGENR CONTERT IN THb
BUnbk SCALE LEAVLS OF Lilium speciosum Thun.

Materials and kethods:

Durineg the period when tissue cultures of 1lily bulb
8cale tissue were being grown, estimations oif the level
of sugar and nitrogen present in the whole bulb were
made at intervals. Extraction of sugar and socluble
nitrogen were carried out after the method of Leomis and
Shull (73). About 100 gm. fresh weight of 1lily bulb
scales picked at random were broken into small pieces,
dropped into boiling 80% ethyl alcohol: and refluxed for
one hour, At the end of that period the contents of
‘the reflux flask were filtered. The solld residue was
dried at 1109, for at least 24 hours and subsequently
used in the assay of insoluble pitrcgﬁn.< The filtrate
wes concentiratea to %-4 ml. in a boiling water-bath,
made up o 500 ml. witn distilled water and used in the
determination of reducing sugar, non-reducing sugar and

soluble nitrogen content.

A, Estimation of sugsar content.

The micro-method of Somogyli (107) was employed in
the quantitative assay of both reducing and non-reducing
sugars, Tais method depends on principles similar to
those of the Fehling's test, but the amount of cuprous

oxide formed by the reducing action of the sugar is more
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accurately measured,
1. Heducing sugar estimation.
Tue filirate was treated directly with the various
reagents ©f #he Somogyi methnod,

2. Non=-reducing sugar estimetion.

16 ml, of the filtrate were hydrolysed by beiling
for 15 minutes with 1 ml. of 2N sulphuric acid, In
thls way non-reducing sugar was converted to re&aeing
sugar, After tha solution had cooled, been neutralised
with 1N sodiuvum hydroxide snd made up to constant volume
with distilled water, a normal estimation for reducing
sugar was carrieé out on it. The value obtainzsa
expressed the toial amount of reducing sugar in the
solution, and by subtraction the amount of nean-reducing
" sugear in the sample was obtained,

All values are expressed as mg./100 g. fresh weight.

B, HNitrogen lstimation.

A micro-fjeldahl apparatus was used for the esti-
mation of nitrogen, To each sample in the milcro-Kjeldahl
flask were adasd H ml., concentrated sulphuric acid énd
0. 5-1 giny, of & catalyst mizture, prepared by combining
29 gm, cupric sulphate with 80 gm. potessium sulphate,
Digestion was allowsd to take place, and the contents
then transferred to a measuring flask and made up to
constant volume with distilled water, 2 mi, aliquots

of this solution were pipetted into s steam-distillation
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apparatus, 2 ml., 40% sodium aydroxide added (75), end
nitrogen in the aliquol steam-distilled into boric acld
goluticn (96) as ammonia. This solution was then
titrated against 0.1N hydrochloric acid, and values
expreased as mg, N/100 gm. fresnh weight.

1. Soluble nitrogen estimation.

= e

The determination of soluble nitrogen content was
carried out on 5 ml, samples of the extract obtained
from refluxed bulb scales,

2. Insoluble nitrogen estimation.

0.5 gm. samples of the dried residue irow the bulb
scale extraction were used in the assay of insoluble
nitrogen,

RESULTS,

The resulte of this investigation are plotied on
Graph II. it may be noted that both reducing and non-
reducing eugsar levels rise gradually from low values
during Uctober-April (when plants are flowering and sub-
sgquently dying-back) to a peak lasting over July-September
{when young roots develop and shoot-growth is active).

Insoluble nitrogen concentration exhibits two peaks
during the year, the first over September-Hovember (when
there is much shoot-growth prior to flowering), the
second during March-May (after flowering).

From tissue culture experi&ents, explants were found

t0 regenerate over the periode Beptember-November and



Graph Ll

Sugar ang nitrogen levels 1n the bulb scales
of Lilium speciosumnn Thun., from April, 1951, to
December, 13952,

non-reducing sugar,
----- reducing sugar.
cee-n--ee 1nsoluble nitrogen.
mees  801luble nitrogen,
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Part_ III

RESPIRATORY BFPECTS OF GROWTH SUBSTARCES
ON LILY BULB SCALE AND CARRO? TAP ROOT TISSUE.

Introduction,

In the following investigation on respiration, tissue
from the carrot tap roet and from lily bulb s8cales was
used, The purpose of the investigation was twofold:
{(a) to find eut if the monocotyledonous tissue gave a
different response to growth-substances from the dicoty-
ledonous tissue; and (b) to find out if there was a
correlation between respiration end growth response
using the same chemicals.,

Oxygen absorption was the criterion ohserved in all
¢apes, measured with & Warburg respirometer. A survey
of literature dealing with respiratory studies using
warburg manometers indicates that there is s great lack
of standardisation of technique affecting several points
of procedure, Two of these would seem to the writer to
be of paramount importance, namely the time of washing
of cut sections, and the fluid used for suspending
sections in ¥Warburg vessels,

in many casges, workers studying the respiration of
tissue mlices do not wash cut sections at all before
inserting them into the vessels (6,27,59,77). Others
have washed them for intervals varying from a quick rinse

to 650 hours. It is obvious from many experimental
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resulta where tissue has been washed for hours, and

even days, prior to tae estimation of its respiratory
rate that such trsabuent has a profound effsct on
respiratory activitvy, it 1s indeeu recognised that

such periods of washing serve to increase the subseguent
regpiratory rate to an appreciable extent, Schade et
al. (6,101), working with potato tissue, and Btiles and
bent (112) wita various storage tissues, observe bthat
respiration incersases witna time of washing. It has

alsc been stated that malonate stimulates tihe respiration
of carrot tissue only after 200 hours' washing (118) and
that potato discs had to be washed for 15-24 hours before
ascorbic acid exerted an inhibitory action on anaerobic
carbon dioxide production.(122). Barrow et al. (&)
observe that long ﬁeriéds of washing probably damage the
cell membrane and cause the loss of water-scluble co-
enzymss, It would seem to be abundantly clear, thers-
fore, that ithis habit of long-washing is most undesirable
where normnal endogenous respliration is the Girect object
of study.

The tecnnique fellowed in tnls laboratory involves
wasning cul sections for 30 minutes under a running tap
before the estimation of their respiratory rate, The
purpose of tials short washing period is solely to remove
the contents of Gqamaged cells and any wound substances

producea by the cutting process.
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The type of suspending fluid for tissue slices in
Warburg vessals appears also to pve a controversial point,
In cases where exogenous respiratien is being measured
tissue slices are suspendsd in sugar solution (9,59,60,
77) or nutrieat solution (27). $hnere endogenous
respiration 15 ths object of study, most workers have
aged buffer solutions to supply a medium of constant pH.
8everal, however, have used distilled water (8,54,99,
112,119), ani recently Hanly et al, (54), working with
carrot tissue, and Audus et al. {(4) with pea, have stated
that they used distilled water in preference to buffer,
which they consider affects respiration., The question
would appear to be whether it is vetter to have 8 medium
with a constant pH, but which might enter into the
respiratory mechanism, or a medium in whici the pH is
not regulated but which wili not react withian metabollic
systems, and so altier the respiration rate,

In the experiments described below, (where endo-
genous respiration is studied) tissue was suspended in
distilled water for two reasons:

(a) because it is believed that, the cell being natu-
rally buffered, the pH of the external solution will not
affect internal cellular activity; and

(b) mecause the writer mgrees witn Hanly et al (54)
that the constituents of buffer solutions react with

¢ell contents, or become incorporated into metabolites,
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in such a way as to radically affect the rate of
respiration.

dgaterials ang ssthodas,

The full technique employed in all the experiments
degcribed below, which involve the estimation of oxygen
uptake only, was as follows:-

A total liguid volume of 2.5 mi. was added to each
¥arburg vessel, In control vessels, this was distri-
buted in the following manner:

Maln compartment s 2.2 ml, distilled water,

Centre well 0.3 ml. 20% KOH on filter paper
rolls,

(2]

and in experimental vessels:

Main compariment : 1.87-1.70 ml. éistilled water.
uentre well : 0.5 mi. 20% KUH as above,
Side-~arm 3 0.33%5-0.5 ml., test solution.

Lily slices were obtained froan fresh bulb scales,
whleh were cut transversely into sections 0,5 mmn, thick
with a hand-microtoue, Carrot tissue slices were
obtainsd frowm plugs, O mm. in diameter, extracted from
the secuadary phloem of freshly-dug carrots. These
flugs were cut transversely with a hand-microtome into
gllces of 0,5 mm, thickness,

In both cases the tissus slices were transferred
immediately tc tap-water in a beaker, which was then
covered with musiin and placed under a running tap for
30 minutes, At the end of this washing period the

sllices were blotied on filter paper and inserted into



30

The manometers were placed in a water bath msintained
at 30%. ¥ 0,05°%., end shaken at 108-112 oscillations
per minute, After an equilibration period of 30 minutes
the stopcocks were closed, and normal oxygen uptake
2atimated in 8ll vessels for 90-120 minutes prior to
tipping. Manomsters were read at 30 minute intervals,
and experiments were continued for 5-5 hours after
tipping. In all cases the vessels were Leflt overnight
in the bath with the stopcocks open, and further esti-
mation of oxygen uptake carried out for -6 huurs on the
second day. vimilar observations were made on &the
third day slso, Contamination, mostliy bacterial,
oceurred in very few cases, #vidence of infection lay
in c¢loudiness of the suspending fluid, and in disinte-
gration oi the cells of the tissue slices. Results
froun infecteu vessels were discarded,

Presentation of resultls.

As is often the case in experiments involving bio-
loglcal material, a considerable amount 6f variability
in rate of tissue respiration on successive days was
encountered, The effects of this were minimised by
computling the data on a relative baelis, The oxygen
uptake of treated tissue is expressed as a percentage
of that of comparable control tiessue,

RESULTS,

Two experiments on lily and carrot tissue slices
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were carried out to determine the normal course of
oxygen uptake, Graph III illustirates these results,
Both rates of respiration increase to a maximum, which
is reached in carrot after about 20 hcurs, and in lily
after about %9 hours, Thereafter the catesa fall,
graaually 1a carrol slices, and more sbruptly in 1ily.

Since botn tissues are derived from storage organs,
they have a relatiiely abundant food supply avallable,
and continue respiring for long periods in distilled
water, The food materials get depleted in time,
accounting for the feall in resplration towards the end
of the experisental period,
Gii. Coconut milk was added to vessels to give a final
eoncentration of 15% (Y/v) after tipping. There was an
lomediate responée in both 1lily and carrot tissue, shown
in increased oxygen uptake, an increase which reached a
maximun on the second dsy and was still very pronounced
on the third (¥able 5, Graph 1IV),

Table 6 illustrates the statistical method for
obtaining these, and all followine values. (An appendiz
incorporating all analyses of variance may be found at

the end of the text.)



Graph III.

Normal endogenous respiration of carrot tap
root and lily bulb scale tissue slices, with
standard deviation.
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RESPIRATION KATE IN uls C2/mg. DRY WEIGHT /HR.
DIFFERENCES BETWELY CONTROL AND CHM VALUES.

Carrot

T1ime uls, 92, % increase P,

18t day 1.22%0, 30 9632l 0. 805

2nd day | 12.90%2, 27 7254428 0. 01

3rd day g, 29%Q, 22 583%15 0. G

Lily

15t day 0. 27%0. 19 59341 0. 02

2nd day 3.2131,. 07 L0635 0. 005

3rd day 2. 3420, 37 236X37 0. 001

TABLE 6
STAT IS8T ICAL CALCULAT ION OF EFFECT OF CM ON
OXLGsN ABSORFTION If CARKGT TISSUR.
Control Ci
ulg.aafﬁg. éry wi,/hr, uls.oz/mg. ary wt./hr,
13t Gay 2nd day 3rd day 1st day 2nd day 3rd day
0.92%9, 04| 2.040.09 | 1.29%0, 04 | 2. 64%0,66[18.97%5. 50 |10. 340,52
1.84%0,20! 1.83%0.11 | 1.42%0.10 | 2.51%0.42]13.81%1. 68 [10.96%1.50 |
1.06%0,081 1.46%0,17 2, 3230, 4111, 27%0. 12
Analysis of variance for 1st day:
Source Sums of Degreces Mean P, P.
8 . © I
quares Siik o Al Square

Treatment | 2, 220l 1 22204 | 16.35 | 0.005 |

Brror 0.5433 L 0.1358

Total 2.7637 | 5

Control mean = 1,27 Treatment mean = 2,49

Treaument difference = 1.22%¢ﬁ5%§§§l
1,22 X 100 _ a6
1.2 =
l Q. 50 x
% 2T

% ilncrease =

with standard error = 1

= 1, 2220, 50

= 24
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Although the general type of response is the same
in both cases, the oxygen uptake cof carrot tissue is
increased to a value relatively greater than that of
1lily tissuse. Over the first six hours of tresatment,
the lncrease in oxygen absormption in carrot tiasue
reaches significance at the 5% level, and therecafter is
significant to 1%. In lily tissue, P values over ithe
three-aay period are Q,002, 0,005, 0.001. It would
appear from these figures that Cid hsas a& more profound
effect on carrot tissue respiration than on that of lily.
Furthermore, the nlgh rate observed in carrot tissue on
the secona day of treatment is maintained on the third,
wisile tinat of 11ly slices falls on the third day to
nearly half « the rate pre#iously exhiblted on the second.

¥rom Table 5 1t is seen that the response in both
tissues is variable within rather wide limits. Although
this may in part be due to pﬁyaiological difference
between the tissues used in- the various experiments,
there is also the prossibility that variation in the
active principle of coccnut milk itself may be reaponsible,
The milk used was autoclaved to keep it sterile, snd was
stored in a glase flask,. From time to tims the storage
vessel was opened to obtain aliquote of the contents for
experiments, and in each case the remaining flulid was
re-sterilised, it 48 thought that the repeated auto-

claving may beave had soms effect on the constitution of
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the milk which would smccount for the variapility of
the magnitude of ite effect on the oxygen upitake of
lily snu carrct tissue.
CH + 2,4D:

The final concentration of Cd was 15k, and of 2,40
& mg./1. The lncreases in oxypen uptake over three-
day periods caused by the adaition of these substances
are presented im lavle 7 and Graph 1V,

Cik + 2,44, Resp, rate in uls, Oz/mg. dry wt,/hr,
DIFFERENCNS DETWESH CO3THOLS AND CM+24D VALUES,

carrot
Time uls Yz DAfT, % incresse over controls P. .
18t day | 4.70%0.64 125%L5 0. 005
2nd aay | 24,1813, 614 13362499 0. 0001
3rd day | 16.65%5, 75 12202123 0. 005
Lily
18t day| O.28%0,13% 82%38 Fo. o
2nd day | 1.98%0. 50 319%a1 0. GO1
3rd day | 1.3420.15 13718 0. 005

The individual response of the two tissues is in
thig case sauewhat different after the first day.
uring the first six hours of treatment, the rate of
oxygen uptake in both tissues is increased, but not
significantly so ovexr the CM response, Carrot slices
incresse osygen absorption on the sscond and third days
to levels whaivu are almost double those observed when

Gii alone is added, These changes are highly significant
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within treatments, eapeciaily on the seconu day
{ P=0. 0001, The high rates reached on the second day
are maintained on the third day also.

ibily tissue, subsequent to tne [irst day of treat-
qsent, exiiiwils no enhanced rate of absorption over the
C#& rate, inere ls even a decresse ia the level on the
third day, when the absorption of oaygen falls tc half
of that eonauéed on the previous day.
Gl + 14A:

In Table & and Graph IV are given the respiration
rates of carrot and lily tissue slices when 15% CM and
0.2 mg./1. 1AA are added to the substrate,

TABLE 8.
CM + 1AA Kespll rate in uls, 02/m8. dry wt,/hr,
DIFFBRENCES pETWREN COUTRUOL AND CM+1AA VALULS,

Carrot
Time | ule 2 LAFF. | % increase over control P,
18t aay| 1,56%0.74 153273 0. 02
2nd day|i3. 13320, 28 2679%1260 0. 02
3rd day|16. 0134, 61 738%212 0. 01
Lily
1st day| 0.37%0.30 6048 0. 02
2na day| b.04%2,13 s04¥213 0. 02
sra day] o.08%1, 84 3952140 0. 02

lncrsages Lo bthe consumption of oxygen in the
presence of CHd + 1AA were obaerved, In carrot tissue

respiration was increased over that of the CM response

on the second day (P = 0.02) but fell sharply on the
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third to a level comparsble with that of G at the
same tlue,

Lily respirstion, after maintaining increased rates

of oxypen upiake similar to those of CH during the

.first two days, decreased slightly on the third day.
Gk + ATP:

15% C# and 4O mg./1l. ATP incressed the amount of
oxygen absorbed by lily and carrot tlssue slices

(Table 9, Grapn IV),

TABLE 9
O + ATP ReapB rate in uls. O2/mg. dry wt,/ar,
DIFPBRENCES OETWREN CONTROL AHD CM + ATP VALULZS.

Carrot
Time uls 02 Diif. | % increase over control P,
18t day 1.09%0, 42 68%26 0, 02
2nd day | 12,4224, 21 618%60 0. 001
3rd day 5, 9951, 56 281273 0. 04

Lily '
18t cay | 0.12%0,08 23215 -
2nd asy 5. 0612, 66 380%¥179 0. 02
sra day He5 551, 7O 266%115 0. 02

R

wiile incrensing oxygen uplake to an appreciable
extent in both tissues {(most significantly in carrot),
the retes of absorption compared with t hose of the CM
treatments werse on a lower level, Carrot tissue respi-
ration on the third day especially was markedly reduced.
That of 1lily was depressed on the first day, subsequent

rates being comparable with those due to CM addition,



CH + Awﬁuz

Ad Se“ at 20 mg./L. and Ci¥ at 15% concentration
inoreased oxygen uptake in both tissues by the percen-

ﬁages given in Table 10 and Graph IV.

TABLE 10.
CM AdSo), Resp® rate in uls. OQ/mg. dry wt./hr,
DIFFRIENCES BETWEEN CONTROL AND TREATMENT VALUSS.
Carrot
Time bifference % increase over control ¥.
18t day | 1.29%0.42 8026 0.01
2nd day |14. 0222, 30 6982114 0. 005
3rd day | 6.67%0.60 313328 0. 001
Lily
18t day | 0.34%0.14 6l4=26 0.02
2nd day | 6.39%1,16 429278 0, 005
3rd day | 1.23%0, 31 83124 0. 04

Over tue first two days, these lncreased rates of

absorption were ccomparable with those obtained from

the CH treatment alone.

O the thira day, oxygen

upltake had fallen to approximately helf that of tissue

treated with CU.




Graph IV.

% increases in oxygen uptake, calculatsd on

a dry welght basis, in 1lily bulb scale and
carrot tap root tissue over three-day periods.
Treatments as described in text. In each
gase tLhe standard error is indicated by a
vertical 1ine,

Lily kistogrems unshaded.
Carrot hilstograms shaded,
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Part IV

TiE woiPUCLOGE OF RBOGENERATIOR OF BULBILS ON THRE
GUALE LEAF OF Lilium speciosum Thun,

&%teria;ﬁ aﬂnd %ethﬂds.

The morphology of regenerstion of bulbils was
investigated on acale leaves detached from bulbs, They
were removed by cutting through the junction of scale
and basal disc with a sharp scalpel, and were then
placed in Petrl dishes on filter paper moistened with
distilled water, The morpohology of one sample was
atudied immedlately, and weekly samples of G(he reaalincer
fised and similarly investigated,

Bagal portions of the scales were fixed ia formalin-
acetic aleobol, and dehydrated by the ethanol-tertiary
butanol metheod of Johansen (57). Transverse and longi-
tudinal sections werse made, 14 u, thilck, snd stained
with safranin and erystal violet according to the tannie
asid-ferric ouloride method of Northern (89).

Lxternal Cbservations,

After one week the cut surface of the scale leaf
tuinad brown, but there was no external sign of cellular
proliferation. After two weeks, a ridge developed
adaxially behind the cut surface, which at the end of
the third week had dsveloped protuberances at intervals

along its length. By the end of the fourth week, these

protuberances had developed intoc obvione buds, Roots
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appeared, basal to the buds, during the fifth week,
and young leaflets had elongated from the bud by the
end of the fifth week.

Internal observations.

The scale leaf, at the time of exclslon from thse
bulb, is bounded by an upper and lower epidermis which
are exactly similar in nature. They possesg an antho-~
cyanin plgment dissolved in the cell-sap of the vacuole.
There is no palisade layer, the tissue between the upper
 and lower epiderais consisting of thin-walled paren-
chymatous cells ccntaining numerous starch grains and
cll globules, Leafl traces, varying in number from 45
in inner scales to 10-12 in outer scales, are embedded
in this parenchymsious mesophyll. The xylem 18 composxd
of cloagatad Vessels with spiral or reticulate thickening,
and the phloem of thin-walled iso-diametric cells,

Seetions from one-week-old regenerating scales
indlcate thet the damaged cells of the cut surface have
eollapsed, The damaged area is cut off from intact
cells by the formetion of suberin along the walls of
proximal parenchymatcus cells, while meristematic
activity has commenced in adjacent internal cells (Fig.1).
Cell-divisioneg take place parallel te the cut surface,
foraming a periderm, and also parallel to the adaxial
epidermis at its basal end in sub-epidermal layers up
to four cells internal to the epidermis. 8tarch dis-

appears from t hose areas exhibiting meristematic
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activity, presumably because it is used up in growth
and development, The activity of the meristems glves
rise tc the ridge observed externally on the adaiial
surface at the end of the second week, Subseguently,
cell-divisions ia any plane occur at localissd points
adaxially, the daughter cells at first incressing lLittle
in size before they again divide, so that the original
cell-boundary remains plainly visible for some time,
enclosing a amall group of daughter cells (Figs.2,3).
The ealargement of these cells gives rise to the pro-
tuberanses &b@erved on the adaxial ridge (Fig.4). From
thege the priamordia of the first leaves develop, in-
ereasing more rapidly in sige and number on the outer
slde, so that the young leaves curve over the stem tip,
which is still elongating. (Fig.5). At sbout the same
time as the leaf primordia are developing, roots form
from deeper layers of tissue (Fig.6). They arise

independently from groupe of meristematic cells below
the bud primordlum, and usually near a vascular bundile
(P1g.7). These meristematic areas become organised
into a root-tip which pushes through the parenchymatous
cells and emerges at & poiant basal to the bud (Figs.8,9).
Tissue bestween these independent bud and root initials
becomes meristematlic and forms vascular elemeniks which
link the primordia (Fig.8). Although the fully-developed
bulbil is entirely independent of the parent scale, it
usually remains attached to 1t for somes time, using up
the food reserves atored in mesophyll tissue,

walker(120) observed a similar pattern in the regene-
ration of puiblils on the scale leaves of two other species of Lilium
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DIBCUSS 10N

I. Normal Reépcnse of Explants to Culture,

In smny instances where btissue from dicotyledonous
plants. is eulfured, cell-proliferation cccurs readily,
sometimes spontancously, as in artichoke (65, endive (»1) ,
asparagus (41j), and carrot (51,52,68,85), but quite
often ealy ia %he presence of indolylacetic acid (L6,47,
51,65,07,58), Faplants from bulb scales of the mono-
egotyledon Lilium speciosum Thun., have been shown here
$0 proliferate and differentiate spontaneously in vitro.
Due to the fact that the amount of callus formed on
cultures was very small and would not grow when 1solated,
and also because differentiation within the callus
appeared at a very early stage, observations have of
necessity been of a gqualitative rather than a quantita-
tive nature. Lily bulb scales have no cagbial region,
and cell-prciiferation occurs from parenchyratous mneso-
ohyll cells, The capacity of these cells $0 assums a
meristemstiv state 18 seasonal, in that tissue which has
been exclsed only during spring and autuman months will
regenerate, A similar seasonsal response nas been
observed in artlichoke tissue (6H), which spontanecusly
proliferated in vitro only during periods when the plant

was In a vegetative condition. In the present work,
lily tissue aus been observed to grow and regenerate
quring vagsietive phases of growih of the lily plant,
i.e. when roét anéd flower-bud differentiation was absent.

it is of interest that in all cases regeneration
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occecurred solely frdm'basal adaxial aress, regardless
of the orientation of the tissue egplant with regard
to the surlfagce of the culture medium, Such polarity
of differentiaticn has been noted in several tissues -
Carrot (48), endive(49), vine (80}, and others (49) -
and has been attridbuted (48,49) to the leaf-root
polarisation of eirculation of indolylscetic acid, in
the plant,

I1. Response of Explants to Growth-regulating Substances,

It has veen previously noted (65) that the physio-
logical state of the tisane at the time of excision
determines its reaction to culture conditions and to
indolylacetic acid. In the culture of carrot tissue
there appeara Lo be scine confusion_aa to the necessity
of indelylacetic acid for growth (51,85; u6,47,67,88),
and it may well be that contradictory reports are the
result of seasonal physlological variaticn. The
addition of indolylacetic acid at 0,2 mg./l. to 1lily
culture media had no effect on the growith per se of
1ily explants, Its presence did however influence
suwbsequent differentiation in promoting root-develop-
sent, This effect has been observed also in asparagus
(41), carrot (22,47,68), and other tissues (26), and
has been demonstrated by Skoog and his co-workers (78,
104) to interact in tobacco tissue in a complex which

involves at least sugar and adenine.



L3

The adaiticon of adenosine triphosphate to lily
explants did not in any way alter the regeneration
of the tissue; 1t had only a sligat delaying action
on the process, %hen adenosine triphosphate was
added along with 1lndolylacetic acid, however, develop-
ment wag hastened over that of control tissue, It
would appear from this that a system influencing
differentiation similar tc that present in tobacco
tissue 1a active alsc in Lilium speciosum explants,
Recently it has been suggest that such a systes acts
through nucleic acid metabolism (78).

Traumatic acld nas been reported to have an iInhibi-
tory effect on the germination orf tomaio seeds (39),
and in Yt his work it has been observed to exhibit certiain
inhibitory qualities regarding the differentiation of
lily tissue, The inhibltion is not a&pparently exertied
by traumatic scid liself (since explante grown in its
sresenus completely differentiate) but by its effect on
a growth-regulating mechanism involving adenosine
triphosphate and indolylacetic aeid, Addition of
traumatic acid to medla containing ATP and/or 1AA
prevents complete differentiation, That it does not
inhibit cell-division is aspparent from the fact that
in all cases callus tissue formed on explants, but
differentiation 4id not follow in the majority of cases,

Coconut milk has been shown to centain a growth
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factor which promotes cell-dlvision in a wide variety
of excised tissue, including that of carrot {23),
Parthenocissus s2, (32), crowm-gall {33), artichcke (3L},
virus tumour (83), and potato parenchyma (109). No
stimulation was observed when this subsatance was added
to 1ily tissue in culture. Steward and Caplin (110)
have found that inhibitors of the cosonut nili factor
are present in certain mature tissues, such as the
Storage tissus of potato anu onion, and there are other
indications that the coconut milik factor (11,24,70,76,
93) and its inhibitors (76) may be of fairly general
occurrence in plants, Certain growth substances
appear to counteract the effect of the inhibltors,
2,40 and v act synergisticaily in the proliferation
of potato parenchyms (109), and 1AA partially overcomes
the low aetivity which 1s found in some coconut mest
extracts (75).

¥Morel and wetmore (81) cultured tissue from a mono-
cotyledonous tuber which grew vigorously on a medium
which incorporated naphthaleneacetic acid and CH. In
the present work, experiments in which 0.2 mg./1. 1AA
were added to culture medla along with C¥ did not result
in any increase in cell-proliferatdon, There are two
possible explanations for this failure to stimulate
growth: (a) the coconut milk factor is not active on

lily tissue; &and (b, the factor is prevented from
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exerting its effect by the presence of inhibitoers in
the tissue. Shoulé the latter alternative be correct,

then a cencentration of 1AA of 0.2 aw./l. ie not

sufficiently strong to counteract the inhibitory action.

JII. Sugar and Nitrogen Content of the Lily pulb
related to Gultural sesponse of Lixplanis,

Explanis have been already shown 10 exhibit a

seasonal response in thelr behaviocur in culture.

Graph 1 clearly indlcates that regenerative capacity

is limited to spring and autumn monihs, more egpecially
to the former, Lxplants obtained from bulbs during
winter and summcy for the most part fail to proliferate
in culture,

Graph II, illustrating sugar and nitrogen levels
over the two-year perlod which also covers the tissue
culture experiments, cor}elates in s ome respecis with
the cultursl response of explants, Both reducing and
non-reducing sugar content show one peak yearly. Low
levels are recorded for non-reducing sugar conteni over
October-November, rising gradually during December-
April, and'abruptly thereafter to reach a high level
over August, Ihere is then an egually abrupt decline
tc the low October-~Novenber lsvel,

Redueing sugar peaks show a simlilar, but slightly
delayed, curve to those of non-reducing sugar, although
on & much lower level,

Insoluble nitrogen content of the bulb has two peaks
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yearly, those pesks corresponding withh the perlods
when explanis regenerste, namely warch-May and Septemver-~
November, petween these periods, insoluble nitrogen
content is low,

It wouid gppear, therefore, that the ability of
explants to grow in culture ie directly corrslated with
insolublie nlswrogen content of the bulb at the time of
exeision of tissue, It is of note, however, that the
high recorded levels of insoluble nitrogen correspond,
within limits, with low levels of non-reducing sugar,
and it ls possible that not only high insocluble
nitrogen c¢onceatration, but also a relationship between
high 1nsoluble nitrogen and low non-reducing sugar
concentration plays some part in influencing the

behaviour of explants in culture.

IV. Comparative respiratory Response of Lily and
Garrot Tissue Slices.

8tiles and Dent (112) have observed that the respi-
ration of beetroot; carrot and potato discs, after
senort preliminary washing periods, starts at a low
level, gradually incrsasing to reach a maximum after
about twenty hours, They give reasons for concluding
that tissues inside a bulky storage organ are under a
very low eaygen and nigh carbon dioxide tension, Both
conditioca a lovw respiration rate. when exposed,
tissue discs are then in a high oxygen-low carbon

dloxide environient, and it is to be expected that
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there is a rise in respira;icn rate, That this rise
is gradual is probably due to the fact that metabolic
changes are aaaomglisneﬂ gradually. Subsegugent fall
in the rate ol reepliration is most likely due to
depletion of substrate,

Graph I1i illustrates the time~increase obtained
here in the oxygen uptake of carrot.and lily tissue
slices, Both are derived from storage organs, and
it is likely that the reasons given by Stiles and Dent
account for this eurve, Supsidiary causes might be
temperature change, mechanical handling. and leaching
out of inhibitors {(12%, 130).

That coconut milk has a marked effect on the endo-
genous oiygen uplase of both lily and carrot tissue is
obvious from the figures presented in Table 5, it
has besn supggested to the writer that these incrcases
in oxygen uptake cay be due to sugers present in the
milk. Preliminary experimente on lily tissue, however,

indicate that over tie first six hours of application

there is no efiect on oxygen uptake by 2% and 5% sucrose

solutions, it would appear from this that the enhanced

vate of oxygen absorption observed over a similar period

with coconut milk is not caused by sugars, HRespiration

rates on the second and third days in lily tissue
supplied with sucrose show increases up to, but not

exceeding, LO%, It is possible that this proport’
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of ineresse in uptake caused by coconut milk on the
gecond and third day§>cf experiment is due to sugars,
but this does not by any means account for the major
part of the oxygen sbsorbed under these sonditions
Table 5). It would seem that asnother factof, or
factors present in coconut milk produce the accelerated
rates of oxygen uptake in the tissues under investi-
eation,

Criticism may be levelled at the length of the
individual respiratory experiments describved here, due
to tiie possibility of bacterlal infection occurring
in the tissue slices during thie long period. AB ha3s
been mentloned elsewhsrs, detection of bacterlal
infection lay in cloudiness of the suspending fluid,
and in loss of firmness of the tlssue discs, in every
case where eilther or both of these criteria were
obuerved, resulis were discarded. Nevertheless, the
objection may still be raised that bacterial infection
tould have been intra-cellular and not detectable by
the criteria mentioned above. In view of this, the
regults of the first six hours only of any experiment
are absolutely valid, The later results are presented
and discussed here also, bearing in mind the reservation
that they may have been infected.

In the experiments in which growth-regulating

substances were supplied along with coconut wmilk, there
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i3 one notable difference in the effects on carrot
and 1ily tissue, that of OM + 2, UD, Initially, in
both tissues, there is an increase in oxygen uptake of
20-30% over that obtained with coconut milk alone,
This stimulation is that which might be expected (50)
with 2,4D alone at the concentration used, and could
possibly be additive Ge that caused by coconut milk,
On the second and third days after application carrotv
tissue absorbs oiygen to an even greaier uegree (500-
600%), while lily tissue respiration falls by about
10k, It is known that the effect of 2,40 on tissue
metabolism 1s %o accelerate starch hydrolysis and the
utilisation of sugars. It may be, therefore, that
sarrot tissue slices have & greater carbohydrate
reserve than those of lily, which get depleted early
and result in a decreased level of oxygen uptake
through starvation. The wmore abundant reserves of
the carrot would enable respiratory metabolism to
continue in this tissue at a higher level through the
increased availlability of respiratory substrate,

In general, both lily and carrot tissue react in
a similar manner to the reinaining experimesntal
golutions, Cd + 1AA increases oxygen upltaige over the
Cid effect, while both CH + ATP and Cd + AdSeh decrease
cxygen absorption. The fact that 1AA increases oxygen

uptake is not surprising, but the inuibitory effect of
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both CH + ATP and Ol + AdSou relative to the‘cm
responseé 1a rather unexpected. CHd + AdSoh is
strongly inhibitory on the third day of experiment,
while CM + ATP is innibiéory in lily tissue over the
entire experimental period. The more strongly
inhibid%ive properties of the coxbination C¥ + ATP may
be attributed tc the presence of ribose, The ATP
molecule is composed of adenine, ribose and three
phosphate radicles, and 1t is likely that the ribose
clement wouly be readily eplit from the molecule,
KEbose at relatively low coancentration is strongly
iabibitory to growth, and it is within the bounds of
possibility, therefore, that the presence of ribose
¢auses ATP to exsert the depressing effect on oxygen
uptakae, It is not likely that adenine 1s the inhibi-
tory factor, since AdSou has no such marked effect,

It may be concluded from all these resplratory
resgults, then, that the monocotyledon and dicotyledon
tissues react in & similar manner to the test materials
supplied, although to a different degrse, anu have

simlilar respiratory niechanisms,

- e o e 2
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BUMMARY

EBxplants from the bulb scales of Lilium speciosum

“hun, have been cultured in vitro, where they
proliferated and differentiated to rsgencrate new
plants in 15-10 weeks,

The regeneralive capacity of such explants has been
showl tc be seasonal and of a localised nature,
Apparently 1t 1s correlated also with the vegetative
state of the plant and with insoluble nitrogen
content of the bulb scale tissue at the time of
exoi&i@ﬂ.

indolylacetic woild &t 0.2 mg./l. coneentration
praaoted root differentiation and reduced bud
differentiation in cultured explants.

Adencsine triphosphate at 40 mg./l. soncentration
did not alter the normal pattern of regencration,
but delayed 1ts completion from 15-16 weeks %o

21 weeks,

Adenosine triphosphate and indolylacetic acid

added simultaneously to culture media resulted in
the complete regeneration of new piantse ian 12 weeks,
thwus hastening the process over ithat oceurring in
control tissue,

Traumatic acid at 20 mg./1l. concentration did not
influence regeneratien in explantis,

Traumatic acid in the presence of indolylacetic
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acid and/or adenosine triphosphate did nol prevent
cell-prelifératicm, but blockeéd differentiation,
Coconut milk was lneffective in stimulating cell-
proliferation,
Czygen aptake in carrot and lily tissue slices
inereases with time to a maximum, reached in carrot
after 20 nours and in lily after %0 hours, there-
after falling off, The gradual rise 1is possibly
caused ¢l ther by changing oxygen and carbon dioxide
tengiong or leaching out of iniklbitors, and the
deeline to gradusl depletion of substrate,
The effect on oxygen uptake in 1ily and carrot
tissue of coconut milk, and of coconut milk combined
with certain growth-regulating substances, is
essentially similar, from which it 1s corcluded
that both the monocotyledon and dicotyledon tissues
have similar respiratory mechanisms,
Horphologically, regeneration of new plente from
bulb scale tissue takes place from mesophyll tissue,
buds arising from more superficial layers, and roots

from deeper layers, usually near a vascular bundle,

- — . -
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APPENDIX

_ Page 53.

ANALYSES OF VARIANCE:

: CH 15% (V)

CARROT

18t day:

Source of | Sums of Degrees of | Mean F. P.
Variance Squares Freedom Square

Treatment 2.2204 1 2.2204 16.35 0.005
Error 0.5433 L 0.13%58

Total 2.7637 5

2nd day:

Treatment | 249.8731 1 249.87%1 32,28 0.001
Error 30.9615 L ], AN,

Total 280.8346 |

3rd day:

Treatment 86. 3971 1 86.3971 860.3%9 | 0.001
Error 0.2006 2 0.1003

Total 86.5977 3




CM_Treatment : CM 15% (V/v)

Page 54.

LILY

1st dayé

Source of | Sums of | Degrees of|Mean

Variance Squares Freedom Square F. P.
Treatment 0.2160 1 0.2160 2.05 0.02
Error 1.0519 10 0.1052

Total 1.2679 ™

2nd day:

Treatment | 25.7924 1 25.7924 9.01 0.005
Error 22.9060 8 2.863%3

Total 48.6984 9

3rd day:

Treatment 8.2134 1 8.2134 4L0.92 - 0.001
Error 0.8029 L 0.2007

Total 9.0163 5




gM+2hD Treatment :

Page /55.

oM 15% (Y~); 2,4D 6mg, /1.

CARROT
18t aay:
Source of | Sums of Degrees | Mean
Variance | Squares of Square F. P.
IS Freedom
Treatment 5.7630 1 5.7630| 7.78 | 0.005
Error L.4433 6 0. 7406
Total 10.2063 7
- .2nd - gay:
Treatment | 1169. 8284 1 1169.8284 | L4L4.80 | 0.0001
Error 156.6699 6 26.1117
Total 1326.&983 7
3fd day:
Treatment 277.2225 1 277.2225| 83%.98 0. 005
Error 66.0185 2 33%.0093
Total 343%.2410 3




CM+24D Treatment :

Page 56..

o 15% (A); 2,4D 6mg./1.

LILY

18t day:

Source of Sums of Degrees of Xean

Variance Squares ‘Freedom Square F. P.
Treatment 0.1568 1 0.1568 | 4.87 | 0.01
Error 0.193%2 6 0.0322

Total 0. 3500 7

2nd day:

Treatment 7.8012 1 7.8012 15.49| 0.001
Error 3.0207 6 0.503%5

Total 10.8219 7

3rd day:

Treatment 1.7956 1 1.7956 72.70| 0.005
Error 0.0493 2 0.0247

Total 1.8449 3
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CM+1AA Treatment: oM 15% (Vv), 144 0.2 mg./1.

CARROT
18t day
~ Source of Sums of 'Degrees of Mean
Variance .Squares Freedom Square F. P.
Treatment 2.4336 1 2.4336| 4.48] 0.02
Error 1.0874 2 0. 5437
Total 3.5210 3
2nd day:
Treatment | 1859.7657 1 1859.7657| 4.52{ 0.02
Error 823.6272 2 911.5136
Total 2682.7929 3
3rd day:
Treatment | 256.4803 1 256.480%(12.08| 0.01
Error h2.4628 2 21.231Y4
Total 5,

298.9431
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CM+1AA Treatment : C# 157 (%), 144 0.2 mg./1.

LIRY. 7

1st day:

Source of Sums of Degrees of Mean

Variance Squares Freedom Square | F. P.
Treatment 0.1407 1 0.1407| 1.54] 0.02
Error 0.1832 2 0.0916

Total 0.3239 3

2nd day:

Treatment 30.4521 1 30.4521| 6.71] 0.02
Error 9.0796 2 L.53%98

Total 39.5317 3

3rd day:

Treatment 24.2557 1 2L4.2557| 7.17]0.02
Error 6.7652 2 3.3826

Total 31.0209 3
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CM+ATP Treatment: CM 15%, ATP 20mg./1.

CARROT

1st day

Source of Sums of Degrees of Mean

Varlance Squares Freedom Square F. P.
Treatment 1.1881 1 1.1881| 6.81 |0.02
Error 0. 3430 2 D.17L5

Total 1.5371 3

2nd day

Treatment 154.2564 1 154.2564| 104.97| 0. 0O
Erpor 2.5%39 2 1.4695

Total 15?.1553 3

3rd day

Treatment 35.8203% 1 35.82C3% 44.75 0. M
Error L.8572 2 2.4286

Total LO.6775 3




CH+ATP Treatment :

- Page 6Q.

oM 15%, ATP 20mg./1.

LILY
1st day
Source of Sums of | Degrees ofi ean
Variance Squares Freedom ‘| Square F. P.
Treatment 0.0133 1 0.,0135. 1.2 a2e -
Error - 0.0120 2 0.0060
Total 0.90243 3
2nd day
Treatment 32.0923 . 32.0923 | 4.53 | 0.02
Error 14.1636 2 7.0818
Total L6.2559 %
3rd day
 Treatment 15.4057 1 15.4057 | 5.34 | 0.02
Error 5.7752 2 2.8876
Total 21.1809 3
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gli+AdSo), Treatment : OM 15% (Jv); Adso, 20 mg./1.

CARROT

1st day

Source of Sﬁms of LCegrees of Mean

Variance Squares - PFreedom- Square -P. P.
Treatment 1.6513 1 1.6513 9.02; 0.01
Error 0. 3662 - B 0.1831

Total 2+0175 3

2nd day

Treatment | 196.5604 1 196.5604 | 37.17|0.005
Error 10.5757 £ 5.2879

Total 207.1361 ..

3rd day

Treatment Lh. 4223 1 L4223 |124.22] 0. 001
Error 0.7152 2 0.3576

Total 1 45.1375 3




Page 62.

CM+AdSo, Treatment : GM 15% (Vv); AdSoh 20 mg./1.

LILY

1st day

Source of | Sums of Degrees of Mean

Yariance Squares Freedon Square F. p.
Treatment | 0.1123 1 0.1123 | 5.43 | 0.02
Error. 0.0414 2 0.0207

Total P.A53%57 %3

2nd day

Treatment | 4C. 83%21 1 LO.8%21 30.12 0.005
Error 2. 7109 2 1.3%555

Total L3%.5430 3

3rd Aday

mreatment | 1.5129 1 1.5129]15.63 | 0.01
Frror 0.193%6 2 0.0968

Total 1.7065 ' 3
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