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Du,r•ing tne past twenty years a. vast attiO:ltl.'f; of 
. 'J 

plant tUlau�e or o�ga:ns excised. !'rom pi.U'ent bodies. 

tiabe.rland�'s (!).3} tne·o.t;•ies in 1902 on the poat>i.bility 

of proctul:Lng giHlwth. in a.u.cb. isolated tiesues we1•e not 

put into p,ttactiae until some twenty years later, when 

the work o:t' .Kotte (63;64} ar)d Robbins (97,98) was 

· part1all.Y $Ue�e�eful and encouraged tu-rtner researoh 

al· �Ytfjl. tnea•:. ' l i ne"" ' . W' ·II�.J{.$ . 
. . v ·� ot. � •• 

eMi�ed z:'()Ots� anti by Gautneret (43-46), tio1Jeoourt (84-87), 
�it \'�bite (126) on eambial tissue proved that excised 

pl�t matel'ial oould be cultured on a suitable synthetic 

medium. From tnat tiu�, an ever-increasing volume of 

research. work nas _been done on· the culture of plant 

tissue, and the teohn!que has�found,· ap nlication in the . . � � � 
investigation of a vaxvlety of prob�ems in plant pbysio]ogy. 

In 1939, �hi te · ( 126) obtained from the ':item of a 

tobacco nybrid oult�res of callus ti9sue 111'hict1 could be 

maintained indet'l,n1tel.v on � s'te:rile agar meditMI.l of 

kn9w.n composition. Under these cultural conditions 

t.b.e clillus grew but did not differentia·�e into buct.s or 

roots. On otneJ• cultures, nowever, differentiation, 

and the direction of d1tte�ent1ation, could be regulated. 

<;allus cultures in a liquid medium, where they were 
. '� .. 
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was att:Fibuted to a da<Ul'easein oxygen tension(121). 
lndolaeet.ie auid 0� naphtrvlleneaeetic acid add�d in 

arnall a.�nOUint!fl·. to . . cg ul t.u.t .. e medi,a have been +riu.nd. to 

!- . . .. :, : � . 

Larger am9unts innibited also 

eallJUl groWth., but tnis inhibitory effect could be 

overeorne by. increasing the relative concentration of 

sucrose and phosphate in the meditmi. Following this 

. d'iscovery, ttleeffeet of e.df:nine and phosphorylated 

derivatives on .d1fferent1ati-Gn were investigated, and. 

�t was found, using tobacco stem tissue,. that adenine 

1uay 'be as specific toi' budding as is indoleacetic aeid 
. . 

tor rot�ting { 104i• 'l'ne•presence of adenine does not 

prevent' root for.ma.t.ion and development entirely, but 

!t markedlt d$Q�eaeea t�e number of adventitious roots 

ud the amount ot oallu.s f-ormed., wnile nastening the 

deVE.>lopment an(i incJ;*easing the nq;mber of buds. 'l'ne . 

�fteats on tobac�:a) tissue have been confirmed {78,108) 
a.n(l. Sim:iltt.l' :f'fi�,P\llt.sea in pea epicotyls P,ave been 

observed (4.2). 
. 

'JHtet:le resul.ts indicate that tne factors 
. ' . . ! 

1U.t;'l.a.tencing growth. and development may be� numerous, and 

,_ ttuU;� int�raotion very .complex. 
·known .about tbe mode of action o! thes� substances, or 

· about. the oellulal!' SJStems through which they e.xert 

their effect_. I.t would appeal" that not only tt{e. con-
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t_za�t:i.ons of other interacting factors, will determine 

ttt� i!.reetion of .differentiation_ Tile reactive levels 
' 

W�Hll.d se�m to V$liN to some extent even between · species (7} 
. In recen1i 1ea�s, other faotol"B nave been discovered 

wnicn promote the growth of· excised plant tissues, 

note.bly that found in. coconut milk. Coconut milk was 

originally incorpottated 1n a culture medium for bacteria 

( 12) where 1 t.!! was observed almost to double the pro.;.. · 

dt.lcti,on or certaln speo ies. It was later found to be 

beneficial tor tne culture of a va:tiiety of tisaue (5, 
94,9'). and it i'las bee:n used in tne culture of several 

cUcot;yledr.tnou&a enwl',yos, and those of Ginkgo and L.il:ium 

( 117}. 
be es$en t1al to11 tlle growth of very young� eJtolsed 

Dato�a. euuu•yos ( 91 �92), and Oaplin and Steward. ( 23,111) 
[ 

tc:u.uui t-hat :non�#JlfliU.ial tissue ot' tile aarJtot tap root 

oou.l.d be !n&U tQ prolftera'fje cnly if coconut milk was 

aide4 to the medium.· Its action waa apparently only 

to et�mu.late �:towtfi, not to maintain it. Similar 

stimulation of g�owtb by eoeonut milk wsa observed by 

Duhamet on Partneno�1t;,sus (32} and on orown ... gall tissue 

(.33)J by Dunamet ttnd.,Gautneret on Jerusalem artichoke 

( 34) , by Morel and- w.e tmore on monoe otyledon tissue ( 81 ) 
and by ruekell ( 831 on plant virus . tumour tissue. 

W'b.e active p.r-ineipl.e of coconut lllilk has been .tnvesti-
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gated altbougb not yet isolated (76,93), and 1a $tated 
s- .. . 

to be a f�o tor othel' than indoleacetic acid ( 23). A 

ii�.«illar factor P.a� also been found in malt ( 11, 70), in 

1;ta1�1ey seeQ. at the milk. stage, and in other tissues {24, 
Caplin and Steward ( 24) obset"ve a common 

cb&.l"�eteristic in the sources from wt1ici1 tbey obtained 

tile ttcoconu.t ndlk tao tor" in tttneir ab11i ty to grow at 

the expense of, or to be nou.rished by, nuoellar tissue, 

and to store nutrients tor -a.n eventual and very specific 

nutritive function. •• 

Synergism of action of coconut mill': and 2,4 -

dict.Uoropb.enoxyacetic acid was observed in the stimu-

lation o!' g.t'owtn of potato tube.i.-. tissue ( 109). 

a well-t>.nown stirmllatol', especially of cambial tissue, 

but nas l1 ttle or no e.ct·ect on the growttl of potato 

Uo�enut mil'k b7 1 tself nas no power 

to stimulate the gr-owtn. -of suctl t1ss11e ei tner, 'but when 

these two substances ar� added togetb.er to the -culture 

medium tney stimulate gx•owttl to a remarkable extent. 
c 

R.eutn'tly utewa&d a.nd Oaplin ( 110) nave found th.a t tne 

ean be inhibited by extracts of potato periderm tissue 1 

ot onion bulb tissue, and others. The inhibitor would 

seem to be prese.nt' ,in physiologically inactive or storage 

tissue, which suggests tbat tne inhibitor, and/or the 

growth t'aetol' wbi.on 1 t inhibits, may ba part of a more 



�oDe)t€il mecnanis1�i than has hitherto been envisaged. 

Gaplin et al. eug.�est that tbe prevalenae of tne 

i:nbi'b1 tory �f'_feots of such extracts may explain wny 

parenchyma� w�1cn usually oontains the main organic 

nutrients neoessary for growth, -often ·fails to growt 

ei tb.er because it lacks specifio growth factors, or is 

prevented from responding to them by the presence of 

inhibitors. They suggest further that tnts may explain 

the action o:t: 2,.4D� anQ. coconut milk on .potato tuber 

parencnyma, tt1e 2,4D component releasing the po\�to 

tl�sue trom �be control ot the gro�n inh1bitor.and so 

aJ.l.owing "t to respond to t ne growth t'ac to;r a on tained 

in cooonu:t milk. 

In 1937, aonner and English {36) isolated trom 

bean pods a wound hormone wnicb was b.eat-atable and 

water-sol u.b�e. J.et'tief, tnis substance was purified, 

found. to be , ... �csne-1, 10- .-dicarbo�ylio aeid, and named 

t�·aumatic aoid. (16,17,37). Traumatic aoid was capable 

of bringing about re�'ewetl growth aoti vi ty in mature 

paJI!enchymatou� oell.s of the bean pod (17)� inducing 

wound periderm formation in washed discs of the potato 

tuber, partially 1n�1bit1ng tbe germination of tomat o 

seeds (39), and acting aa a growth factor tor many 
algae (90). Davis· (30) in 1949 reported that traumatic 

acid had no effec t  on the wound-healing of sugar maple, 

and considered tnat 1 t may be apeait"io tor tb.e bean pods 
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from Whioh 1t was isolated. 

Almost witnout eJ{oeption, tissue culture experi

rrtents have dealt witb herbaceous or woody dicotyledons 

represent-ing seve-ral families._ Work on monocoty-

ledonoua tissue h.as been for the most part neglected. 

Loo ( 71, 72) and later Gals ton ( 41) successfully ca.ltured ,, 
tissue from the stem apex of Asparagus officinal1$, and 

more recently Morel and �vetmore (81) cultui·ed explants 

from tne underground tuber or a tropical member o1"' the 

Araceae. Kandler ('8) ana Almestrand {1-3) were un-

successful in culturing tne z•oots of several monocoty

ledons,. some or wn1ctl, altnougtl itept alive in v1t&�o, 

did not _proliferate, or did so feebly and tor short 

periods. 

'£ne oll-Jeot of J tne present investigation was to 

$ul\ure excised monocoty�edon tissue in vitro. �o 

tnia end, tissue explant.a from the bulb scale leaves 

of. i.!Ut!m speo��oeum_ were used.. It is well-lmown that 

lily bulb scales, when isolated fl-.orn the parent bulb, 

:readily regenerate 'bulbil.s basally ( 25), and this 

behaviour is made use of by hortioul tui·alists in the 

propagation of this plant. It $eemed likely, tnere-

fore, that tissue excised from the bulb scale leaves 

of L111um speciosum would prove amenable to culture on 

synlinetic media. Wb.en this nad been a uooe ssfully 

acoompl1sned, observations we1•e made on the qualitative 
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effects of the aew:rral growth-regulating substances 

mentioned above on tb.e differentiation of regenerated 

tissue. This was undertaken with a view to ascertaining 

wnetner tb.e effects of th.eae substances on the x•egene

ration of lily tissue were si.rnilar to t nose prev1tn.lsly 

observed bi ot.ber workers on dicotyledon tissue. 

Sino� substances attecting plant growth frequently 

alter plant respiration also, it was deemed advisable 

to oarry out respiratory studies on lily tissue:: under 

the influence of compounds used 1n growth expetiments. 

�1multaneou.sly; oorap�u'able atudiea were carried out w1 t h  

Oiiu,•.trot t1s�\le, i#he:tebJ p.roviding a comparative study of 

\iie�:r effects on monooottledon and on dicot1ledon tissue. 

'fhe wide-spread. occurrence of natural plant growtn

st.tbstanoea, in tb.e light of their physiological activity, 

argues for their haVing some sort of universal role in 

plant metabolism. Since in many 1nstanoes increased 

respiration and. growth !'ates have been correlated with 

hormone concentrations increased to a maximum (beyond) 

which there are toxie effects ) . investigation has 

natur·ally followed into tne question of vthether hormones 

st,1mulate respiration. To date, des pi t.e numerous pa.;pers 

on t bis p.roblem, tnere is surp!l1singly little evidence 

linking �o�mone conoent�ation with stimulation of 

l'espiration• · Prelinix:uiry investigations into tb.e effect 

ot: indoleaoetio aci4 on respiration led to some dU'ference 
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of opinion (13,HL,31 ,113). 'l'here seems now to be 

fairly general agreement that at levels of 1-10 mg ., /1. 
indoleacetie ac.td stiimulates respiration by 1 o ... �5% in 

Avena coleoptile segments and otner tissues (9,1�,26, 

11.5,116). In sonre cases, tlowever, growth was stL11ulated 

w:l. tnout a corresponding inc.t"'ease in respiration ( 14). 
Kelly and A very { 60) fotmd that 214D stimlllated 

respiration in oat coleoptiles by 20% or mo:rte in con

centrations o!' fl?om 1-100 mg. /1., and in pea stems by 

40:� at 0.1 .... 10 mg. /1. Othel' reports indicate similar 

inetreases 1.n oxyger1 uptake in other plants ( 20,105,1 06). 

Oon11$rsely 'l*aylor ( 114) and Hsueh. and l�ou (55) observed 

inhibitions of respiration t b.rough the action of 2 ,4D 

on certain seedlings. 

�;rom such diverse results 1 t is apparent that the 

effects of growth-�egulating substances on respiration 

are as yet not well-defined. Most of the work on 

respiration in recent years has been done us.inf; warbU!'!?. 

micro-respi.c•ometers to rneasure gas-exchanges. The 

teclmique lack.s stanwu•disation, and Audus and Garrard 

( 4) nave r·acen·tly er.i ticised tile non-statistical approach 

to the whole problem. v�i th physiological concentrations 

of auxin, plant respiration, wnich is normally low, is 

increased or depr-essed to_ a very sligtlt extent. Audus 

et al. f1.nu tttat t.he minimal error of gaa estimation 

as.i.ng wat·•bt.u:�g manometers is 10%, a figure wb.ioh is 



Part I 

THE W.tSsU.; CU:L'l'URE OF THE MONOCOTYLEDON 

lt!li�_sJ?!ciosum Thu.n�erg 

t Materials �d :·4e,tqof:}a. 

10 

Tissue used. t:or culture experiments was obtained 

from the ti\llb scale leaves. The bulbs were taken from 

the sama el.one, and .Pl'i or to use were grown out ot' doors 

Bulb seales were separated t'rorn the 

parent bulb by eutting through the point of junction of 

'basal disc and scale wi tn a sharp scalpel. Experimental 
-

explants wex·e tnen obtained from these by borinH out 

pieces 6 mm. in diameter f"rom the extreme base • except 

where otherwise stated. 

A sterilising fluid for these 'tissue pieces was 

prepared by stirring 1.0 g. of calcirnn nypcchlo�ite in 

100 ml. distilled water for five minutes and then filterins 
'· 

Tne excised tissue was soaked in tne filtrate tor fifteen 

minutes before transferring to culture media. 

The media employed in the following experiments were 

based on tt-.at of ��hite (128), witb. additions of aooessory 

growth t'aeto1•s. 

f.lediwn l inCOl'_po.rated:- Nicotinic aoid 
Aneurine HOl 
Pyridoxine 
Sucrose 
Iron 

o. 5 mg./1. 
0.1 mg./1. 
0.1 mg./1 
20 g. /1. 
trace 
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Mediwu II was tasted subsequent to the publication 

in 1951 of Mo:rel and wetmore'e pape,. (81) on the culture 

of tissue f;rom the uny.erground stem of a rnorioootyledon, 

and was prepa.rea, by atl(l.ing to Vfh.i te 's bas.ic rnedi um tt1e 

following eG�np(HUH.1a:

Thiamin� HCl 
tneotin1c Acid 
Ca-d-pantothenate 
Biotin 

1-inosttol 
Pyridoxine 
Folia Aoid 
Sucrose 
Iron 

o. 001 mg./1. 
0.001 mg./1. 
o. 001 mg./1. 
o. 0000125 mg. /1. 
0.1 mg./1. 

0.001 mg./1. 
O� 005 mg. /1. 

20 g./1.' 
Trace. 

On the wnole, -cultures grew rather better on a. solid 

medium than on glass-wool dipping into a 11quit1 one, as 

well as being more. easily llandled 1.n t he t'ormar case, 

and all expe�tments mentioned hereafter deal with media 

gelled 01 the addition of o.6% aga�. 
Tissue oxplants were :,�\l,l<tured- either in tlasks or 

··�{ ��· -· .� 

test-tubes to wbicn t b.e medium. waa introduced by burette. 

Vessels and owrtents were then plugged with non-absorbent 

cotton-wool, ana. a"toolaved at 15 lbs. pressure for 15 to 

ao Jninutes. Aft�u� tissue and vessels had been ateril.1Sed, 

dl sub$Elquent manipulations were carried out 1n a sterile 
. cabinet which was treated in the following manner. 

Prior to use, all walls and benon surfaces were 

washed down witb methylated spirits. The oabinet was 
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th..e.n stoamfil:d tn,oroug.b.ly and th.e steam allowed to settle. 

I.n t nis 't11-ay th{; atmospb.ere was cleared of floating 

When 't'lle atmosphere nad cleared, roothy-

lated spirits were sprayed round the chamber, and after 

another steaming and spraying the cabinet was ready for 

use. Contamination in the many cultures set up in 

th.is cabinet was not more than 10% and usually less. 

E:xplants were introduced into the culture vessels 

by n�ane of forceps· sterilised at 15 lba. pressure for 

15 - 20 minutes. Inoculated teat-tubes or fla$l{S were 

kept in ordinary daylight at laboratory tem.Pet•ature 

unless otherwise stated. 
��sults: 

.L_ cqn.�rtJ.:!* 
. j E1thaJ medium pl"oved to be a satisfactory synthetic 

base for culture�, v;b.ieh grew equally well r'egardless 

Expl.ants were �:ul tu.red at 

j.n\crvala tn:.ttougllout a two-year per1od, and 1 t was 

o'bs.o:rved tb.� t the tlssue snowed a seasonal eapaa 1 ty for 

TABLE 1. -----

SEASONAL RESPONSE OF EXPLANTS OF 
l£111wn SJ2!0 .. �0SO:J9. 

Sptting 
-

Total No. ot 
ou.ltures 140 

" ...,,......,._.. I No. which 
re genera tedl 1 08 

I Summer Autumn 

664 !�O 
- --

14 21 

Winter 

43 
f-------

r: u I 



Gra;t?h I. 

Seasonal regeneration of e.x.,Plants cultured 

in vitro. 
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'\ � lf't'om. 'rable 1 and Graph I 1 t may be seen that cul turea 

grew best when exeised during the spring o:v autumn months. 

At other times tna tissue remained relatively unreponsl.ve. 

The f'irtirt external sig!l or cellular aoti vi ty is the 

appearance of a sligntly swollen ring on the adaxial 

surface of the tissue disc .about nine weeks after excision. 

�nis was obvi oualy occasioned by internal changea, ant'i 

was observed on sectioning to arise througtl oE'illl.:_divisions 

oaoucring in suo-epiderma� tissue. During the next 

tb.ree 'weeks small prot.uberances became olea1•17 diffe

rentiated trmn the otne�wise uniformly swollen ring, and 

proved to be bud initials. Two or tll.ree of ttlese 

graduallf enlarged 411ring the following "wo weeks, 

appa:rently at tne expense of the othe1• potential buds, 

A snort time afterwards 

loots rrtad;e their appearance at a point basal to the buds, 

�b&se I"Oots, lilte tlle buds, had their origin internally, 

but trom regions more deep-seated than t nose f'rom whion 

the buds differentiated. The vascular system of roots 

and buds was apparently quite distinct from that of the 

parent tissue. Th.e elongating roots curved downwa.ttds 

along the aide of the explant, and finally pushed into 

the agar substra te. Subsequent to the appearance of 

the roots • one or two leaflets elongated from the buds, 

bearing a green lawdna. 

Tnat these regenerated plants were normal was snown 
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b,y separating tibea� t rom the explant when they ··n.a.a 

developed mot•e f'ully and plant.ing them in sand· in pots 

in a glasshouse. 

in a normal 1'asn1on, 

Tb.1s cycle of regeneration is typical o:t' that 

wb.icn takes place wtu:m whole bulb scales ar·e removed 
"' J 

trort:i tuc pa.t·�n t. bulb and allowed to propaga,t,e. In 

tb.� case oi' the explants, however, the various stages 

' 
of swollen r.i.ng formation, bud, root.and leaf develop-

-litent take much longer to complete than in whole scales. 

·�tillcle scales will complete the cycle in 5 - 6 weeks 

after their removal from the bulb, whereas explants 

take 15 - 16 weelc,s to reach the same stage of develop-., 
ment in culture. 

The effect of_l1ght on regene�ation. 

In some . experiments. exr lants wtu•e placed in da.rk 

cupboards in the laboratory, wh.lle corn.rols v1ore left 

in light on laboratory bencnes. 'l�empera·tur-e was not 

controlled in these �xperiment.s. Results., presented 

in Tal:� le 2, snow that regenex•ation is not depend.en t on 

light. 

· T�i,.E_g. 
REGIDt.i�itld'lOti .IN .UlGli'X (L) AND DARKNESS (D) Of! 

lii'JlkANTo EXCISED Nl- A.t.L SEASONS. 
·� 

'rotal lro. 
-· 

No. which 
-· 

of oul tures 

regenerated 

--r;-��. n -� 
64 86 j 
17 .· 28 I 

.. 
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lBL.!!ff.�ct ... ot £he ,.Pr�s�nce. qf p1g.rmmt._on reseneration. 
T he l ily bulb scale posse sse s  a n  ant hocsanin pigment 

<.. 

in s olut i on i n  t ile vao uole of t he epi derw.al cells ot botn 

" 

upper and lower a·ur:t'ac es . I t  was t hougnt that this 

i.rtve s t i .gate t n l :J  pr o:Olem·, t r.e epi de rmi s was s ·tripped from 

$�e 1 sed t i ssue piec e s .  I t  was f'om1d impossible t o  do 

t.n.is wJ. thout also damaging seve ra l  udjac ent layers of 

me sopnyll tissae .  :None o f  the explants so  t re ate d 

regenerated, (Table 3) , but t h i s  may have been due to 

exce s s i ve di srup t i on of the tissue c omplex and not entirely, 

if a t  all , to lack of (_ the pi gmen ted epide rmal layer .  

TABLE 3. 

ft&GEN1�.RA1.�· ION 01<' EXP.LANTS IN THE PR&SilK�.B; 
AND /WSliNOl� OF 'rH.& PIG!!A.5NT.ED EPLDEit-<ilS . 

I I n;pi dez•rrti e I �;iderrni�l I intao t I removed 

�-�� "":. 
I 

94 : I 64 J of c ultures � 
N o . whic h regenerate d I 67 I 0 I � 

Pos 1  tiou · <.in  b ulb soa.le as aff!g_tinv; l'e3geq_�r�i�oa. 
Se vtU'aJ. � .il .. .i:Jel'iwen t.s were c arried out on t i ss ue di s c s  

1 aol a t�d ftom di ffe rent par t s  of the b ulb scale , namely , 

trom ap1Q al , me dian and basal areas. 

in s uo n  exper i.�f;i tS tna.t t here i s  a .de:t' lni te pola.r i.  ty in 

th.e regene ra�i ve c apa.o i ty ot' tnese eo ale s ,  s i nce seat i ons 

from the base almos t always re gene ra ted ,  t hose from t ne 
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IIQ. cldl e  'Vs r y J!�:J.l'el,y di d s o , and apical tissue did not 

HlfiGEttR;RA'l' l ON OF EXPLANTS , .EXC IS!SD IN SPR I NG ,  
l''.R OM Dil''lt'ERENfl' REGI ONS OF' THE BULB SCALE . 

c:=: ::.: : : :.�= . = TAi!:! -

Mi ddle 
l •rotal 1fo. o:f' c ul t ures J 26 '26 

� 
... o. I �t 

wh. la h regenera�e�l_ 0 I 1 

Pos i t i on on b ulb aa af'fec t 1 n a  re genera t i on .  
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Foll owing tne ae expe r iments , i.nvefJ ti ga.ti on was made 

on t he p r ob lem of whe the r  a lateral pola.:r i ·ty ex i s ts 
u 

wi tnin t be whole b ulb . Acc ordingly basal discs were 

exc ised fr om b ulb scales of all phys i ol og i c a l  ages , fr om 

. y ounge r inne r scales to oute r ma t ure sc ale s. liesults 

s nowed t ha t  tbe basal t i s sue of young scales re generates 

as eas i l y  a s  dos s 't hat of rnat ure scal e s .  O f  60 basal 

explan t.s or all pnys i ol ogica.l ages grown in c ul t ure , 57 
regene:t•at�ifi in 1 .5  - 1 6  weeks • 

. �!1 den�� of �r!flSVers� ERlar�t� wi t hin the bulb �£�. 
I t  was also ob served t ha t  n o  mat ter · i n  what poai t i on 

an explant was plaoed on t he e.gar medi um, re generated 

bulbils al ways gre w ou t f r om t he adaxial s urfac e .  In 

one expe r iment several di sc s we re pla ced on medi.a wi th 

- ' t he abaxial s urface downwards , and others wi th the 

adaxial s urface on the eub s trate. In t he l a t te r  c ase , 

re generated b uds forme d on t he si de next t o  tb.e medi u.m 
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. pt.tsh.ed in�t'9 t he agar ·base ; as di d the r oots , and subse

fJJl$nt e longat i on of the leaflets tended to push t he. 

explant upwards , away r r cm the agar s ur�ace.  

II . !re.;::;.,;. a.._· t.;.:;me;;.;; .. .;;.;n;.;;;t .... s .  

Ali t reatment E"txperimen te men t i oned b e l ow we!'e 

carr ied out on explants exc ised in spring months ( Sep

tember/Novembe r ) . s lnce thi s  had been al ready shown a s  

be ing tne 1fime when exc ised t i ss ue grew b e s t  1 n  c ul t ure.  

( a) r.r!'awrwJ•ie ac i d  ( T) trerltm�n t.  

Tra 1;1111.a tie ae�d, o omtrlOflly known as tne " wound hormc:me t', 

i s  preliH:nned t o  ·t;te l>rodu.ced in an; wounde d ti ssue pr i or t o  

callus-:formatiOf• o"Y'er the inj ured surfac e .  l t  was 

thought. t na t.  t b.i.s-.. su.be tano e mi gnt ·oe effect i1'e in promoting 

tne t ox·mati oo of e allua t i s sue in exc ised b u�b sea.le di sc s .  

l t  was i.no orporated i n  the basal me dium a t  a c oncentrat i on 

Exper iments snowed that , in tb.e reac t i ve 

peri od, e xe i sed th isue place d  on a uo h  a medi um produced 

a swollen r ing , after twelve weeks of cult ure , on the· 

adaxial s urfaee of tne t is s ue cli sc. At t he end of a 

furthe r  3-4 week$ two · or t h ree b uds deve l oped ,  and shortly 

afterwax•ds roots , one or two per b ud ,  appeared. Afte r 

21 weeks of eult u.re , t ul l y  devel ope d buds , wi th one or 

two laminate : leave s , and one or two roots per b ud t  had 

differen tiated. 

T ne oyc le of. regenera t i on under the 1n!' l l:ten c e  of T ,  

al though ha_sically tb.e same aa t t1a t of c ontrol t i ss ue ,  
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takes five montbs t o  c omplete , in c on tras t to that of . 

c on tr ols , wb.io h takes 3-lr - 4 mon tna t o  c omple te . The 

presence of T did no� p�mote callus gr owth ; and had a 

slightly de lay i ng effec t  on t he de ve l opment of t he 

s wollen r ing and s ubse quent di fferentiat i on, 0!' 66 

explant& c ulture d  ou media o onta1n ing 1� , 48 regenerated. 
( b )  lndoleaqe t i o  ac id ( 1AA) tt·e�tment.  

-

ln4oleao e t i c  acid was adueu to m�edia at a o onc en-

. tcati on of o. 2 m.g. /1. , and it was ob sez•ved that tb.e 

c o urse of dif'fe.vent ia_t.ion · was modified by 1 ts pre.aenoe.  

� b.e swollen �J.ng made i ts appearanc e at the same time (" 
aa in e ontl'ol t.\ ei:H1� ( i .  e� after 9 weeks) , but later 

a;�owt n fJS.$ qual i t>ati vely di fferen t .  N o  more than one 

bnd de�loped from each piece of t i ssue , b ut as many as 

tlva l ong roots , wi th wel l-de vel ope d r oot-ha i rs ,  we 1•e 

$S soa 1ate d wi th i t. T hese res ults i n dic ate t ha t  the 

addi t 1 on of 1 AA ,  al though not atfec t ing tbe .1n1 t 1 a t i on 

of growtn _ doee i nfluence the di rec t i on of s ubsequent 

di ffe rent i at i on in par tially s up_pres s i ng bud deve l opme nt 

and favour ing r o o' di fferen t i a t i on .  Tne b ulbi l  whic h 

forfned on eac h disc pr oduc e d  one or two leaves , a nd 

gr owttl was vigorous . , · 

1J6 �isaae explants were o ultuz1e d  i n  tb.e se 1AA 

eApe r iments , and 90 regenerated in t bis tasni on . 

( o )  Adenosine t.£ ... :ebo$;elu�te (�P-� tr�atment. 

Tne addi tion ot ATP at a o oa�•nt�ation ot 40 . mg. /l. 
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t o  c ul ture media d i Q.  not al te r t he re genera ti v e .ilJl, t ·tern , 

alt hough. growth andbit'ferent i a t i on we re ratber sl owe r  

t. nan 1h c on tr ol t i s s ue .  T he re was n o  c han ge in t he  

n umbel' of b uds and roots f orme d ,  and t ne plan ts ,  w nioh 

were c omple tely regenerated i n  21 weeks , wex•e vig orous 

and healt hy. 47 out of 60 e.xplan ts regenerated 

c omple tely. 

( 9.) �qnt1L ,qQ,.l.k. {qM.} tz:eatmenl_. 

Or4 at i .:>%  ( v/v) c oncen trat i on b.ad no effec t on 

de'Vel oPJnent , ei t her in s t i mul at ing gro wt n  or in altering 

the pat tern of x:egenez·at i on.  }"ully developed bulbils 

were f o:tmed in 1 6  weeka in vi tro , as was t h.e c ase in 

c on trol t i ss ue. 

( e ) Effec t of t ne c omb inati on •r + 1 .AA . 

66 explant s  were c ul tured on media i n c or porating 

t he se c ompo unds .  Of' the s e  1 9  fai led t o  res pond i n  any 

way , and t he o t he rs produced t he n ormal swol len :r 1ng 

after• nine we eks of cul t ure . 1'he.reaf te r  only ;, explan t s  

f ul ly regene r•ate d ,  whi le al l f ur ther growt h  f.m d  diffe

rentiati on we re s uppressed in the rema i n i n g  t i ssue discs .  

i' ilis  bfltlaviour . 1 s  in direc t c ontrast to t na t, whion occ urs 

in e.x.plant s  grown on media c ontaining these t wo s ubs tanc e s  

separate ly , wne re c omple te differen tiat i on 1 s  ob served. 

1 t would. appear t ha t , al t hougll ne i t ner s ubstanc e prevents 

tbe 1n1 t. iati on or growt n ,  toge ther tb.ey b l o c k  the diff'e

r�ntia t i on Wbicli normally follows swollen-ring pro9-uc t i on. 



( f) Effect of tb.e c dlnb ina t i on ATF + 1AA. 

Tile s-e o ompoWlds added ill o on1b inat1on to e.x.ci secl 
� 

tiss ue led t o  the .Pl'OdUo t i on of f ully reg.eh�n·ated plants 

in 44 out of 66 c ultures. 'I'be remaining 22 :f'ai led. to 

grow. '.fb.e �yele in t b.is c ase t o ok only 1 2  weeks t o  

e omp .Leto, . a1n�e in ex.plants grown on med.1a . c ontaining 

1AA alone $�O h plants appeared after 15-1 6 weeiu� , and 

in ti ssue s grown on media c ontaining ATP alone in 21 

weeks , t bere would appear t o  be s ome interac t i on be tween 

t he two in e onib i�at i on wnic h  results in accelerated 

dU'fe ren tiat i on. ·._ 

( g ) Effect of t he coYJ.binat�on .'r + AT P. 

T ne presence of 1 wi th ATP had an effect on re gene

r•a t i on s imi lar to that observed w i t h  T + 1 AA ,  in t ha t  

al though th.e swollen ring apJ)eared in 9 weelts , n o  fu:rtlle r  

growtb ox· d1ff et•ent i a t 1 on take s place . Ttd.e was snown 

on 66 GAplants , 47 of w ni c n  grew in c ul tu�e , and all 

.responded in t ni s .t'asb.i on , except one , wtlich f ully 

re gene rated. 

{ ll) �ffect of t ne c omb inati on 1' + • .1M + .!-':f.�· 
A simil&l' re s ul t  was ob tained when T was c omb ine d 

wi t h  botu. 1AA MU. A'fP in c ul tu:c·e 1ne d.ia. Tne . numbe r  of 

s�ul ants wniu b �r:ew in vi tr o was r atne r  poorer tb.an in 

snost e�pa:r1.mants , peing 56% o:t' the total numbe r , b ut in 

· �e respon s i ve t i s s ue s  there was no devel opment 
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{ i )  Effect ot .QM egmbined wi th te st. �ubstanc,,!s .  

Cl! , wh.en added to me dia al ong wi t h  the five test

materials ei-ther. sing.ly or in the c ombinati ons dealt 

m 'th ab ove d.! d n ot in any way alter e i  ttler growt h rate , 

cu.• th$ etfeot on developmen t of these s ub s tances al one . 

{ � )  Callus tifiUJ!!!�l turea. 

At no t ime was a callus o ul t ure of l ily b ulb scale 

t i s s ue ob tained. A very small amo unt of undifferentiated 

callus t i s s ue is formed in t he developmen t of the swollen 

r ing , b ut di fferentiat i on oo e urs at a ve r•y e arly sta g e .  

Many at tempts were made t o  induce suc h cal lus · t i ss ue to 

g;r;tow when is olate d t' r om the parent t i ss ue .  I t  was 

e..Jtc ised from wnole b ul b  scales whic t.t had been allowed 

to oall�s no�mally , and fr ont ex.plants whi o l1 we re forming 

t he s wollen r ing in culture , and transrerved to tile 

c ul t ure med!a men t i one d ab ove .  l n  no c ase , however , 

was its o on t 1nu.ed growttl. mainta i ned. 
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Par t 11 

4iEA�vi4Al.. B UGAH AND H ll'ROG.iiN O ONTENT IN Tlilii 
.UU.t..ij SO.AkE .hEAVE� 0�1 L1l.iU1ll spec i o�um T nun. 

Material s  an.d Me thods : 

Dur i ng the per i od wnen ti s s ue c ultures ot l i ly bulb 

sc ale ti ssue we1•e being gr own , estimat i ons of t he level 

ot sugar Wld n1 tx•ogen pre sen t in· the whole b ulb were 

Extrac t i on of sugar and solu�le 
.taitrogen wa re . carr1ed out afte r the me thod of Lpomi a and 

� Sb.ull ( 7 3) . Ab o ut 100 gm. . fresh weignt of l ily bulb 

seales picke d  at random were br oken i n t o  small pieces , 

dropped into boi l i ng 80% e t hyl aleono1 !. and ref l uxe d f or 

one hour • At t he end of t ha t  per i od the contents of 

. the refl ux flask . were f i l te red. T he s ol i d  res i due was 

dr ied a t  11 0°0.  f or a t  leas t 24 nours and subseque n t l y  

used i n  the assay of ins ol uble ni trog�n . . 'l'b.e f i l tr·ate 
' . 

was c oncentrated t o  3-4 ml .  in a b o i l ing wa te r-bat h ,  

· made u,p � o  �00 .cnl. w i  t n  dist illed wa te r and used in t he 

de te rmina t i on o:f.' reduc ing sugar , non-reduc ing s ugar and 

s ol.uble nl trogen e ontent. 

!· Est1mat!on of JL�gar oqn tent.  

T ne micro-met hod or Somogyi ( 107 ) was employed in 

t ne q\16Ul"tt1 t.(l t.i v e  a.ssay of b oth reduc ing and non-re due ing 

i' ili S  me thod de pends on pr inc i ple s e imilar t o  

1ihoae of the Fe hl i ng • s  test , but the amount of c upro us 

oxi de :forme d by · the rep.uc ing ac t i on of the .sugar J. s  more 
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acc urately measwred. 

1. R�oggi.ns sggar est.ima t.\!2!!.· 

Tile 1' 1.ltra�e 1t--aa treated direc tly wi tb t he vari ous 

reagents· ol' 't-4e Som.ogy i me thod. 

-�-l!.f!.r!":"�:!!�!!"in,q;_,sugar e s t i ma ti on .  

1 0  ml. o f  the f i l  t 1• a t e  were nydrolyaed b y  b o i l ing 

tor 1 5  minutes Wi tb. 1 ml . of 2N . s ulpnuric ac i d. In 

thi s way n on•redua ing sugar was c onverted to re duc ing 

suga r .  After tne solut i on h.ad c oole d ,  been ne ut:t'al i se d  

wi th 1N s odi um nyd.J.eoxide and made up t o  c on s tant vol ume 

wit h di stilled water , a norma l e st i ma t i on for reduc in g 

sugar was carried out on i t . T he val ue ob ta ined 

expre sse d the t o tal amo unt of reduc ing sugat' i n  t he 

s olution , and by s ub tram t i on t ne amoun t of ru:m-r•e ctuc :tng 

· s ugar in t ne sample wa s ob t.a 1ne d. 

All value s . a1•a expressed as mg. /1 00 g. fresh we i gnt. 

B -· Ni trg�!n)�stimt::tion. 
A ndoro-Kjelda�l apparatus was used for the e s ti-

rna t 1 on of ni t.r o gen. 'to eac h  s ample in the miox:ao-K;leldahl 

flask wer e  a4ti.ed !) ml .  c oncentrated s ulphuric ac i d  an d 

o. �-1 gj� oi' a oatal;yat mi xture , prepa.ved by a ombi n ing 

20 gm. capr ic sul pha te wi t h  80 gm. potass i um s ulphate. 

liii ge at1 on was all owed to take plaoe , a nd t ile c ontents 
I 

t nen transter.red · t o  a measux-ing flask a nd made up t o  

c onstant volume w1 t h  di st illed wate r .  2 ml .  al i quots 

of t h i s  solution were ·pipet ted into e s team-di s t i llat i on 



apparatu.s , 2 rtU.. 40% s odi um nydro.xi de added ( 75 ) , and 

:nitrogen in t he al i quot steam-di stilled into boric ac id 

eol ut ion ( 96 )  as ammon ia. T hi s  so luti on wa s  tnen 

titrated aga inst 0. 1Ii nydroc hl oz•io ac id, and values 

expre ssed as mg. 1/1 00 gm. f're s n  weight. 
!· Sq!ubl!. .ll},l�ggen estima�ion. 
The detePmi na.t i on of s ol uble n i trogen c on tent was 

c a r r ied o u t  on 5 tnl. samples of the extrac t ob tained 

from refluxe d  b ulb scales.  

2 .  lnaolub1.e .ni tros;e:q e s t ima t. i on .  

o • .5 gtu. s.BJnples ot' t he dl.' i ed resi due i'r• oru the b ulb 

scale e�t.va.o t i on wel.�e used in t ne assay of insoluble 

.nitr ogen. 

RiSUlilS • ........ . . 

T ne res ults of 'l; lli a  inve s t i ga t i on are pl ot te d  on 

Graph li.  l t  may be n o t e d  tna t bottl reducing and n on-

l'ed.uo 1ng sugar le vels rise gradually from low val ue s  

d.uring Oc t()bt,U'-Ap:ri l ( wnen plants a r e  flowering and sub

sequently dying-.back)  to a peak las t ing over J uly-September 

( when woung r oots develop and ah.oot-gr owth 1 s  aoti ve) .  
Insol uble n1 tt ogen c oncen trat i on exhibits two peaks 

during tn� year , the f' irs t over Septeniber-No vembe r ( when 
there i a  muc h shoot-growth pr i or to flowe r in g )  , the 

sec ond during March-May { af ter flowering) . 
Fr oru t i ssue c ult ure expe r imen ts • explan ta were found 

to regene rate ove r  the peri ods Sep tember-N overabe r  and 



Graph ll. 
�---_...._... 

S \lga;r ana. ni t r ogen levels ln t ne b ulb scales 
of L.ilium spec i os um T hun. f r om Apl'i l ,  1951 , to 
neeember ,  1 952. 

non-reducing s ugar. 
re duc i ng sugar. insoluble n i trogen. 
soluble nitrogen. 
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l!.tl III  

RESPIRATORY IP'Ji�EOTS OF G1i0¥'RH SUBSTANCES 
ON L ILY BULB SOAL.lt AND CARROT 'l'AP ROOT T ISSUE . 

Introduc t i on .  

I n  the :foll owing investiga t i on on respi tta t. i on ,  tissue 

fr om t ne ear.-.ot tap root and t' rom l i ly b ulb scales was 

used. Tne purpose of tne inve s t i gat i.oo was twof old:  

{ a) t o  tJ.nd out 1f tb.e monoc otyleO.onoua t i s sue gave a 

diffe rent response to growtn-s ubetana e s  from the d1c oty

ledonous t i s s ue ;  and ( b )  t o  tind out i f  t here was a 

c orrelation 11�\ween resp i ra t i on and growtn J,"esponse 

li.ZS.ng t.&lt: �uu�e c bern1oals. 

ox:��en &b$ otpt 1 on was t he c r i terion obse r ve d  in all 

caee a , measured with a Warburg re spi rome te r .  A s urvey 

ot 1 1 tert\tu.:re deal ing with respiratory s t udie s  us ing 

Wa rburg manometers indicates that tnere 1& a great lac k  

of· atandardi sa"t l on ot teo bnl qu� affec ting se veral poin ts 

of procedure. Two of these would seem to t b.e wri ter to 

be of paramount importance , namely t he t i.me of washi n g  

o f  c ut sections • an d  t he fluid used f or suspend i n g  

s e c t i ons i n  warb arg vesse l o .  

In manJ cases , workers a tudsing tne r e spi rat i on of 

t 1 es ue slices do not waa h c u� sec t i ons at all before 

inserting tneru 1l_lt o  the vessels ( 6 , 27 . �9 , 7 7 ) . Ot hers 

nave washed tllem t or intervals varying from a quick rinse 

t o  650 hou rs, It is obvi ous t'rom many experimental 
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re sults where t i s s ue has been was bed f or hou r s , and 

e ven days , pr i or to t he ea t i rna t i on of i ts resp1 r!:di ory 

;r:ate t.r1at suc b.  t rea tmen t nas a profound effeo t. on 

re spirator, ac tivity. lt is indeed rec ognised tnat 

s uc h  pett iods of was hing a� rve to i.narease the subsequent 

reapil'atory rate to an appl•ec i able exten t.  Sc bade et 

al . ( 6 , 1 01 ) ,  working with potat o t i s s �e ,  and Sti les and 

.iient { 1 1 2) wi th var i ous storage tissues , ob se rve ·�hat 

�espiration il1C l'e;,ases wi tn time ot' washin g. I t  has 

also been s t a t e d  tha t rnal ona te s t i mulate s  the re spi rat i on 

of car�ot t issue only aft e r  200 hours ' washing ( 11 8) and 

that potato di sc s had t o  be washed for 1 5-24 hours before 

asc orbic ac i d  extu• ted an i n nibi tory ac t i on on anaerob ic 

carb on di oxi de pr oduc t i on ( 1 22 ) .  
. 

. 

Barrow e t  al . ( 6 ) 

obse rve t hat l ong ��e ri ods of washing probab l y  damage t he 

cell membrane . and ca use t he loss of water-sol uble e o-

enz ymes. I t  wo ul d seem to b e  ab undantly c lear , t he re-

· f ox•e , t ha t  th i s  hab i. t  of long-washi ng 1 s  most o.ndesi rab le 

where normal endogenous resp i ra t i on is t.he di rec t object 
of atlldy. 

The tec hnique foll owed in t t1i s laborat ory involves 
' 

was hing c ut sec t i ons f or 30 min utes under a r unn i ng tap 

betore t ne estimati on of the i r  respi rat ory rate. !J.' he 

purpose of tn1 s snor t was hing pe r i od i s  s olely t o  remove 

t ne con ��n�s of dama ged oe�le and &,y wound s ubs tances 

p.roduoed by t he o ut t ing pr oc e ss. 
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T ne type - of' auspend,ing fluid for t i s sue slices in 

Wa r b urg ve ssels appears also to oe a c ontroversial point • 

.In o ases where e.-.ogeno u.s respirat i on i s  b e ing me as ured 

t i s sue sl ice s  are s uspended in s ugar s ol ution { 9 ,.59 , 60 ,  
77 ) o r  nutriea\ s olut i on { 27 ) . Whe re endogenous 

re spiration. 1 :!i t he ob;)ec t of atlldy , mos t workers have 

used buffer s ol uti ons t o  s upply a mad.iwn of c ons tan t pH. 

Several , howeve r , nave used di s t illed water ( 8 , 54 ,99 , 
i 1 2 , 1 1 9 ) , and recen tly Haply et al . ( 54) , working wi th 

c arr ot t i ssue , and Audua e t  a..l .  ( 4 ) with pea , have s t a ted 

t ba t  tbey used di s t il led wa ter i n  prefe renc e to buffe r , 

�n 1ah they c on s i der affe c t s  re spi rat i on. Tt;ie que s t i on 

would appear to be whe ther i t  i s  be t te r  · t o  have a me d i um 

wi t h  a c onstant pH . b u t  which mi ght ent e r  i n t o  t h.e 

respira tory mec han ism, or a medi um in w h i c r1 t he pH i a  

not regulate d  b u t whi c h  wil l  not re ac t w i  t t1in me tabolic 

systems , and s o  al ter the respi rat ion ra te. 

In tb.e e.xper imen t.s desc r i be d  below , ( wne x•e enuo

genoua respiration is  studied) t is s ue was B l.lspended in 

di s t i lle d water fo:r tv-vo reasons : 

( a) because i t  is believed t na t ,  t he cell being nat u

J•ally b uft'e L'ed, t he pH of t he  exte rnal solut i on wil l  n ot 

affec t int�G.lttnal cel lular ac t i vity ; and 

(b )  bee au�e t he wr i ter agree s wi t h  Hanly et al ( 54) 
' 

tb.at tbe c onst ituent s  of b uffe r soluti ons reac t wi t h  

oell o on ten t s , or bec ome inc orporate d into metabol 1 tes , 



in s ue h  a way as t o  radic ally affect tne rate ot 

:reap1.cation .. 

Mate r ial$ a.nl\l oie t noda. �--�.. -

Tns f�l l tec hn i que em,pl oyed in all t be experiments 

d�s c r ibed bel ow ,  w h.ic h involve tne estimation of oxygen 

�:tptake only , was as follows : -
A t o tal liquid vol ume of 2. 5 ml .  was added to eac h  

Warburg VE:lSS$1� In c ontrol ve ssels . thi s was di st�i-

b uted in the f oll Owt n e  manne r : 

Main c ompa r tmen t 

Centre wel l  : 

2. 2 ml , di s t i lled wate r • 

. o. 3 ml. 2Qfh KOH on f 1 1  te r 
roll s .  

pape r-

and in exper imen tal vessels : 

u� i n  c ompar tment 
Centre well 
Side•arm 

: 1 .  87-1 . 70 ml .  di s t i l led wate:r. 
a O. j ml .  20% KOH as above . 
; 0 • ..33-0. :> ml .  test solut i on. 

Lily sl icea were ob ta ined i'r om :fres n bulb sc ales , 

wn1c h we re o ut transve rsely into sec t i ons o. ; �� t hick 

Carr o t  t i s sue s l ices were 

ob tained t1•om p.t ugs , 6 mm. in diame ter , e xtrac ted f.'r om 

the se�U o.n®ry phloem of tres hly-dug carr o t s. Tnese 

P.luge we re c ut transversely wi t h  a hand-mic r otome into 

slices of o • .5 mm. t hic kness. 

I n  b o t.b. c a t;e s  t he t i s s ue s l ices were transferred 

immedi a tely t o  tap-water in a beake r , whi c h  was then 

c overe d with musl�n and placed unde r  a r un n i ng tap for 

30 minutes.  At t.b.e end of thi s washing per i od the 

slices we re bl o tted · on f i lter paper• and i nser te d  i n t o  
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T t1e  manometers were pl aced in a wa ter bat h mainta i ned 

� � 30�·� + o o�0� •�* -w. . .... · . •· ,; '-' •  ' an d  s haken at 1 08-1 1 2  osc illations 

A£ ter an e quil ibra t i on per i o d  of 30 minute s 

the stopc ocks were c l osed , a nd normal oxygen uptake 

est imated in all vesse l s  for 90-120 minute s prior to 

t i pp1ng.  Manome te 1• s  we re read a t  30 minu te intervals , 

and expe r i men t s  we re c on t inued for 5-6 hours after 

tipping .  l n  all cases the ve ssels we l'e lef t ove rn i ght 

in the bath wi th t he s t opcocks open , and f urthe r  es t. i 

ma t i on ot: oAy gen uptake carried out for 5-6 hours o n  the 

sec ond day. S imilar obsex• va t i ons were made on the 

t hird �f al s o. Contamina t i on ,  mos tly- bac t e r i al , 

occ urred i n  very tew o ase s .  Evidenc e o f  infec t i on lay 

in cloudiness ot' t he s uspending flu i d ,  and in di s inte-

grat i on oi' tne o e.Lla of the t issue sl i o e s. Re sul ts 

f£'om H'lte�teti vesse l s  we re di scarded. 

ft1el:!ent.atton .�f re s ul ta. 

As ie often t he c a se i n  experimen t s  i nvol ving b i o

l ogi cal mater ial , a c on s i de rable amo unt of variab i l i ty 

1n rate of t i s sue re spi rat i on on succe s s i ve days was 

enc oun te red. _'the et.'fec te o f  this we re min imised by 

c omput i n g  the data on a rel a t i ve bae i s. T he oxygen 

uptake of tre ated t i s .eue i s  expressed as a pe rcen taf!.e 

of ·t hat of c omparable c on trol ti ssue . 

Two exper imen ts on l ily anti cax-r ot t i ssue slices 
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were ca:r•riecl out t o  de t e rmine the normal c ourae .of 

oxyge n uptake . Gra ph I I I  i l l us trate s t he se res ul ts .  

Both rates o f'  respi rat i on inc re ase to a m.�x i mum , whic h 

i s  reached in carrot after ab out 20 hour s , and i n  l i ly 

af te r ab out 30 hours.  T he � eafter the r a t e s  ral l 1 

gr·adua l l y  in c a r r· o t  s l i c e s , and mor� ao i• upt ly i n  l i ly .  

S inc e b o t.  b. t i ssue s  are de:t•i ved f r om s t orage organs , 

they nave a relatively ab undant f ood s upply ava ilable , 

and c ontin u e  respi ring f or l ong per i o ds in dis t i l led 

wa ter. T he f ood matel' i als get deplete d in t ime ,  

acc o un t i n g  for the tall in respil:•at i on t owa1•de the end 

ot t he exper bl$ll t.al pe ri od. 

g�. O oe onut mil k  was adde d to vessels tc gi ve a t� nal 

G onc entr at i on of 1 5% ( v/v) af ter t ippin g. T here was an 

i,mmed1ate re sponse in b ot h  l il y  and carr o t  t i s s ue ,  s hov.,-n 

1n increased oxygen uptake , an inc rease whi c h  reac hed a 

maximum on t ile sec ond day and was s t i l l  ve ry prono unc e d.  

o n  t h e  th !Pd (Table 5 ,  Graph IV ) .  

Table 6 illustra tes the stat i s t i c al me thod for 

ob taining t hese , and all fol lowing value s .  ( An  a ppendix 

inc orporat ing all analyse s of var i ance may b e  f ound at 

the end of t he t�xt. ) 



�ra�b. III . .  

Normal endogenous respi rat i on of carrot t ap 
�oot and lily b �lb scale tissue slices , wi th 
standard deviation. 
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T.I\&LE .,i 
RESPlltAT lON .RATE I N  ill S 02/mg. DRY WE IGHT /HR. 

Dilf,lt1El�EHf<.:H;;S tlETV�EEN C ON'THOL AND CM VALUES . 
Oar:r•ot 

�.......,._�le. 02. � increas;- t-' P. 1 �·�d;; 1 . 22!0. 30 96!24 0. 005 

3rd day 9 ._ 29±�.:..�2 _j_ 683±1 6 _ o. 001 

L_, �-T 
I 

1 st day 0. 27!0. 1 9  59!41 0. 02 
2nd day j }. 21 !1 . 07 1 406!1 3.5 0. 00� 
3rd d�� • f. _ 2. 34!o. 37__ 1 �.36! 37 o. 001 

TA.EkE 6 
S'r A� 1ST lCJU. OALC ULAT 1 ON OF E:t-"'ii1EOT OF CM ON 

Q.l¥G�J:l ABSORl-"TIO.N IN CARR<Yf '11 lSSUR • 

.....,......,...,. ---··-·-��---� �� lfo l Llf?• '-�--... -------·----�----

c oou� o_M 
0 .  ,.,. •. . .  __ ,......

. 0 . ul s ,  2/mg. tiry ��� t . /nr . uls. 2/mg. dry wt. /nr . 
-, 

1 a t  day 2nd day 3rd day 1 st day 2nd day 3rd day 
"o.·;ait.:o4 1 e. o4!o. o9J1:29:to. o412:64:!:o. 66 18. 97r.5; 5o f1 o. 34!0.52 
1:84Jo •. :ao_ t 1. e��11� 1 .1. �:t�: 10 ! 2. 51 !o_ . 42 u. e1 :!:1 . Gs l10. 96!1.9�j 

t:: + - - 6• I - I + 
+ ::-� 1 .  o�-o . 08 . 1 .  4 ... o. 1 7  - 2. 32-o. 44 11 . 21 -o. 1 2  1 

____ _.;.__ ' - ---
:An!lYG.l$ of var&'Ylse tor 1 s t da;£: 

Source Sw-ns of Degr-ees Mean 
Squares . of Sq,ual"'e 

F .  P. 

r-------�------��F�r����--------+ 
2. 2204 1 2. 2204 1 6 . 35 I o. oo5-, Treatmen t 

Error 0. 5433 4 0. 1 358 
I T o tal 2. 76 37 5 I ______ , __ ;.....;...._;:;..;. __ .---:;...,.__ -----------

C ontrol mean = 1 .  27 . Treatmen t mean = 2. 49 
Treatmen t diffe:"'�nc e = 1 .  22!j�(�Si = 1 .  22!0. 30 -

. � 1 . �2 X 1 00 o �  % 1.nc..-, e ase = 1 27 = ,;i10 
• 0_ . 30 � 1 00 wi t� s tandard e rE or = �--1 • 27 -- = 24 
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Al thou�h t he gene ral type of respon se i s  the same 

in both oase s , t be oxygen uptakt3 of c arrot tis sue i s  

itto reaaed to a value re la. t i  ve ly greate r  t han tha t of 

· lily t i ss ue .  ove r th.e f i r s t  s ix hou..rs of. treatmen t .  

tb.e inc re ase in oxy gen abs orp t i on in o a.er o t  tissue 

reac hes s i gnificance at t he 5% leve l , and t h.e reaf'ter is  
si gnificant t o  1 �. In l ily t i ssue . P val ues over t ne 

tb.ree-day .Period are 0. 002 , o. 00;? , o. 001 . 1 t woul d 

appe ar fronl t nese f igures t ba t  CM has a more prof ound 

effec t on c arrot ti s s ue ra.spir�ti rul tnan on t na t  of l i l y .  

l! U:.r t l:lermore , t he hi g b  rate obse rve d i n  c arr ot t i ss ue on 

ibe a eo onU. d&$ oi' treatment i s  maint a i ne d  on the t h i rd , 

wt-�le tturt. of l il.Y al 1 c e e  falls on t oe t h i r d  day to 

nearly half et the rate previ o usly exhi bi te d on the sec ond. 

l!'r om  Table 5 1 t is seen that ttie response in both 

tissue s  i s  var iable w1 ehin r a t l:ler wi de 1 1mi ·t s. Al t hough 

t hi s  may in p�rt be due t o  phys iolog i c a l  differenc e  

be tween t he t issues use d  in - the var i ous experi.men ts , 

there i s  aleo the pos s ib il i ty that var i a t i on i n  the 

ac t ive pr inc iple of c oc onut mi lk i tse l f  may b e  responsible. 

The mi l k  use d was autoc lave d  t o  kee p  1 t s t e r ile , and was 

stored in a glass t'lask. E'r om  t ime to time t he s torage 

ve sse l was opened to ob tain aliquo te of the c on tents f or 

experimen ts , and in eao n c ase t he remaining fl ui d  was 

re-stet ilt eed. l t  i s  t ho ugb.t that tne t:'epeated aut o

claving may nave had some effec t on the c onsti t u t i on or 
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the milk wh ic h wo ul d acc oun t  f or t he var•iaO i l l  ty of 

the magn i t ude of 1 t:e effec t on ·tna oxy gen uptake or 

l i ly anu c arr ot ti ssue. 

OM + 2 10 :  .... � 
'l' ne f' inal o onc en t,r•ati on of CM was 1 .5% ,  and of 2 , 4D  

6 mg. /1. f ne increases i n  oxy gen uptake over t hree-

day periods caused by the addi t i on of.' tlle se s ubs tances 

are presentea iu Table 7 and qraph lV. 

!£..illLE 1· -
CM .t 2,£!:0� Reap. rate in ula. 02/mg. dl•y wt� /hr. 

DIVl>'.r.mENGES BETWEE.N COWL'HOLS AND CM+24D VALUES . 

Carr o t  

r; at-day 1 o. 28!o:13 -- 82!38 ·--ro. o1 J 2nd day 1 1 .  _98:!:o. 50 31 9!81 o. 001 
1 3rd day 1_1 . 34:!::o. 1 6  137!1 6 __ o. OO:> 

T he i mli vidual re sponse of t ne t w o  t i s sues i s  i n  
J 

th.i a · ease s omewba.t diffe rent afte 1• th.e f i rst day . 

Dur j,.ng t ne first s ix hours of trea tmen t ,  t he r a te of 

oxy gen uptake in b ot h  t i ssues i s  incre ased, o ut not 

s i gn i f i c antly eo ovex' ·tne CM respon se . OarJ.>ot s l i c e s  

inc rease o..«.y gen a'bsorp·t, i o n  on the sec ond and t hi rd days 

to .l e V@.Ls wn1C li $-re almost double those observed wnen 

'I' ne se c hanges az•e hi ghly s i gn ificant 
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wi t h.  in t reat.Ul.e.n ts , e spec ial ly on t he sec ond day 

( 1?=0. 0001 ) • �l'ne hl g t"l rates .reac b.e d  on the sec ond day 

are maintaineel on the thi t:> d day also. 

L ily t i s s ue ,  s ub sequent to the first day o1' treat-

ment , eAtlibits no ennanc ed rate oi' ab sorpt i on ove r t r.�.e 

'i' hel"i\;; 1� e ven a decrease i n  the level on t he 

t hi .t• d  day , when the abs orpt i on of oxy gen f alls to hal f  

Of t na t  c ons �med - on tne pre vious Jay. 

Q.�i(.-+; . 1 AA : 

In Table 8 , and Graph 1V a.I'e gi ven t he re spira t i on 

rates of c arrot �_and . l il y  t issue s l i c e s  when 1 5?.&  CM and 

0. 2 mg. /1 . 1 AA are added t o  the s ubs t r a t e .  

�LE B .  
C M  + 1 AA RespU rate i n  u ls .  02/mg. dry wt . /hr. 

DIF.r'ERENC'gS BETltlllEN CONTROL A..fiSD CM+1  AA VAJ..U:·�S . 
Car1• o t  

:r ime-r ills 02 :Uiff:T)'Io inc':_ease OVfll' ccntral-i 
1 s t day 1 .  t;>6!o. 74 1 53!7 .3 I . 
2nd day 43. 1)!2o. 28 . 2679!1 260 J 3rd daJ 1 6. 01 !4. 61 I 738!21 2 

._P. _, 0. 02 
0. 02 

-.. 
�� 

o. o� 
,- · :  =· : : ·  �- --

1 st da;vl 0. 37!0. 30 
2nd aay j :.>. o4:t2. 1 .:; · 

60!48 
504!21 3 . 0. 02 

o. 02 1 3rd dayJ !:J�tt 03!1 . 84 l 395!1 40 

lno l�HsS�$ in t ne o ons urnpti .on of oxy gen i n  t he 

pre sence of CM + 1 AA we re observed. I n  c arrot t i s sue 

i'"e s pi t .. at i on was incr eased over tb.a t of the CM re sponse 

on the seQ ond day ( P = o. 02) b ut fell s harply on t lla 



t h.ird t o  a leY�l comparable wi t h.  that of OM at ' the 

.Lll.y l"e Bpiration ; af ter ma intaining i nc reased rate s 

Of oxtgen upta��e s imilar t o  t hose of CM dur ing tbe 

t' irst two days t decreased s l i g htly on the t hi r d  day. 

1 5% CM and 40 tng. /1� AT P increase d  the amount of 
oxygen abso!"bed by l i ly and c arrot t i s s ue slices 

( Table 9 �  Graph IV) �  
�.l:!E 2 

CM + AT:e RespD rate in ula. 02/mg. dry wt . /hr . 
D!l•'t'EEJ.i:.rWr�a Bl��!Wl:1l�i� C ONTROL AND CM + A'11P VAJ ... U �:H .  

Ca.r•x• o t  

'i' ime 

1 "' t , �.,,, + I �- -2 ... ;_:_-+1-r;:..-----�-----�-... ._.., o. 1 2-o. os I ..r- � 
2nd aay �. uo12. 66 380!1 79 I 0. 02 

0. 02 jrd day , •. �..;!1 . 10 I 266!1 1 5  l 
-----------�·.·----------------- ------------�-------------+ 

Wh.i.le !nc reaeine; oxygen uptake t o  an apprec i able 

extent in both t i s sues ( most s ignificantly in carrot) , 
t he rate s of ab sorpt i on c ompared with t ho ee of the CM 

t r$atments were on a l ower level� Carrot ti ssue re sp i -

ration on . the thi rd day -espec ially was markedly re duce� 

T hat of l i l Y  was depressed on the f ir s t  day , subsequent 

rate s be in g c omparable wi th t i1oae due to CM addi t i on. 
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Ad. so4 a t  20 mg. /l. and OM at 15% c oncen trat i on 

inc reased oxygen upt ake in b ot h  tissue s  by t ne pe rc en

tage s  g i ven in Table 1 0  and Graph IV. 

TA S I.."E 10. 
Resp!! rate i n  uls. 02/mg. dry wt. /hr. 

over 1 HJ.e firs� two da,ys , t ne se inorease.d rates of 

ab sorpt ion we :r e  c omparable wi t t1 t nose obtained f rom 

tb.e CM tre a tmen t al one. On t he ttli rd day , oxy gen 

uptake had fal len to a pproxi mate l y  half t ha t  of t i s s ue 

treated w1 t n  CM. 



�apb IV. 
1' 1noreastta in OA:ygen u_ptak.e , . oalc ul&'l&d on 
a dry .we i g n t  basis .. in l ily bulb scale and 
ear rot tap root- tia-su.e . over tQ.ree-day- pe.ri ods.  
1"1'<t$imeata 88 de:scr1beQ. i n  \e.t.t. ln eac n  
case tne s tandard error 1 s  indicated b y  a 
V$"t1aal l 1ne. 

llily bistograma unsb.aded. 
Carrot histogranw ebaded. 
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Pa.t•t IV 
--

1'!ij �¥iVbLF'HCLOGY OF RBGStlERAT ION OF BULB ILS OI�f T l:l.E  
SJALE 1l'�A.f' OJF L i l i um  soec i osu.tn Tb.wj. 

'f n� morpilol ogy or regene rat i on of b ulbi�s wa s 

investi gated on acale leaves detac hed fr om 'b ulbs .  They 

were removed by c utting througt"l the j unct i on of scale 

and basal d.i sc wi tb a s narp scalpel , and we re t hen 

placed in Pe tri disnes on f i l te r  pape r  moi s tened wi t h  

dis t i l led wate r .  T he mo:rpnol ogy of one sample was 

s t udied immedia tely , and \'.-teekly samples of t. ne rema inde r  

ti.l\.e d an d  ain'li larl.v investigated . 

.Basal por t i ons of tile scal e s  wet•e f ixed in t'ormaJ. 1n

a.eet1Q alcob.ol. , and dehydrated by tne etnanol-tertiary 

b utan ol mettlod of J ohansen ( 57 ) .  Transverse a�d l ongi-

t udinal sec tions were made ,  1 4  u. t b.1el:t, and s �aine d  

w i th sa.trauin and e:rJs tal v i olet acc ording t o  t he tanni c.  

ao 1d-.t'etr.l.e 4 iilo1•ide method o1' N or t hern ( 89 ) . 

�ur;_ta • � · ,..,... . 
y�erQ� ,Qbservat i ons . 

Af'ter one week the o ut s urface of the s c ale leaf 

t �.;;:""'d br own , 'b ut tnere was no extern al s i gn of c e l l ular 

prol 1 t'erat i on. After two weeks , a ridge developed 

adaxi ally benin4 t b.e e ut eurtaoe , whi c h  at the end of 

the tni rd week had deve loped protube ranc ea a t  inte rvals 

al on g  i t a length. Sy the end of tbe four t h  week , the se 

protuberances nad devel oped into obvi ous b uds. !\cots 
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appeared,  basal t o  t ne ·b uds , dur ing the fifth week , 

and young le afle ts had e longated fl'Om t he bud by the 

end of t he f'ii'tb week. 

'l'lle scale leaf , at the t i rne  of exc i s i on fr om t he 

bulb , i s  b ounded. b y  an uppe r and lower epidermi s whic h 

Eu�e exac tly s imi lar in nature . T hey possess an a.n tho-

cyanin pigment dissolved in tne cell-sap of the vacuole . 

There ia no pal isade laye r , t b.:e tisaua be tween t he upper 

and l owe r epi de�ud s c ons i s t in g  of thin- walled paren

c hymatous ce lls c ontaining numerous s tarc h gra ins and 

oil globules. Leaf trace s ,  varying in number fr om 4-5 

in inne r scales to 1 0•1 2 in outer scal e s , are embedded 
I 

in t nt a  paeenub.ymatous t:w s ophyll. T he xylem i s  c ompooed 

of o l ongatea ve/::i st;ls wi t n  s piral or re t i c ul a te t hickening, 

and tbe phl oem of t ll in-walle d i so-diame tric c e lls . 

Sec t i ons from one-week- old regene rat ing soales 

1ruUcate tnat �ne drunaged cells of t ile a ut s urface t1ave 

c ollapse d. The damaged area i s  o ut off from intac t  

cells b y  the to�at1 on of suberin along the wal l s  o f  

proximal parenc bymatous cells , while me r i s temat ic 

ac t i  Yt ty has c ommenced in a d jacent inte i•nal cells (Fig. 1 ). 

Cell-di vi s i on s  take place parallel t o  tile cut surface , 

forming a peride rm, a nd al so parallel t o  t ne adaxial 

epi der� s a t  i ts basal end i n  sub-epi de rma l layers up 

to four oells inte rnal t o  t ne epi dermi s. ataro h. di s-

appeaxts t':rom 't b.ose a1•eas e.xnibi ting mer 1 a tematic 
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ac t i vity , pre s ur.mbly because it is used up i n  growth 

and developmen t,. Tne ac t i v i ty of tne roor i s tems g i ve s  

rise t o  t he x• i dge ob se rved externa l ly o n  t ne adaxi a l  

s urf'ace a t  the end of' the sec ond week. S ubsequen tly , 

cell-diVis i ons i a  any plane occ u.r at l oc al i se d  poin ts 

a<.ia.llially , t he da ughter cells at f i r s t  inoreasins l i t tle 

in s i ze before �hey- aga i n  divi de , s o  tna t tt1e o r i ginal 

ce l l -boundal'Y rema ins plainly vi s ible f or s oroo t ime ,  

enc l osing a small group of daugtltei• cells { .F igs. 2 ,  3) . 

1' b.e enlaJ.'gemen� · ot these cells gives rise t o  t he pro

t ube x•art\Je �  oboeJtva d on the adaxial ridge (Fig. 4 ) . .From 

t- hese the pr iit!Ol"dia. of t he f i r s t  leaves devel op., in

creasing more rap i dl y  in si ze and number on the outer 

$1de , so tnat the young leave s c ur ve over the s tem t ip , 

whic h i s  st1ll� elongat ing. ( F i g. 5 ) . A t  ab out t he same 

t ime as the leaf pr imordi a are deve l op ing , roots form 

f rom deeper laye�s of' t is sue ( F i g. 6 ) . They a r i se 
i ndependently from groups of � r i s tematic cells be l ow 

t he bud primordi um , and usually nea r _ a vascular b undle 
( l?ig. 7 ) .  These meriatematic are a s  bec ome organised 

i n to a r oot- tip whic h  pus tle s  thr ough t.he parenc hyma to u s  

c e l l s  and emerge s a t  a poi n t  basal t o  t he bt.t.d. ( r'i gs . 8 , 9 ) . 
T i ss ue between �nese independent b ud and root in i t i a l s  

bec omes mer1stemat1c an d  f orms vas c ular elemen ts whi c h  
l ink tne primordia ( Fig. 8 ) . Although tne fuily-develop:U 

b ulbil i s  entire ly independent of the pa rent seale , i t  
usually remains attac hed t o  i t  ror s omg t i me ,  using up 

t he food re serve s st.ored i n  rnesophyll ti asu.e. 
Walker{ 1 �0) observed a s imilar pattern in toe regem

mtion of llu.i.W.a on tt'tt. soale leaws of two other SlJ'Ciea or .L il.illi-n. 



:- , .  

' 

. . .. ::. 

f ·  . .;( 

L .  S .  of a scale leaf one v•eek CJ.f te� 
exc i s ion c howing periderm forma tio� . � 
Note t:i1e prouinent nu clei and ab sence 
of starch grai n s  i n  �eri s tema t i c 
ti s sue . x6 6 . 
c : collapsed ce lls , s : su beri sed c e ll,- ,  
p : periderrn , m : me s ophyll ti s sue . 

- - · -. -� - ·--:. -� - --... . ::!_ ::> ,  

L . S .  a t
_
a l<; ter ' s t<,.ge , shm"i ng . ear� ·. 

bud mer1 s tem de ve lopm-; n t . x66 - .,, 
d : grou ;1s of daughter c e l l s  1."i thi n the 
pare n t  <::ell , m : me so ph:rll t i E E.u e . JJIII 

I 



4 .  A s cale leaf in  L . S .  � t  � �ore ad van� 
stage of bud de velopnen t . x66 
c : collaps e d  �ells , s : suberi sed c el l s , 
p : p eriderm , rn : me s oph�'ll ti � ; ue , 
b :  bud mer i s  tern . 
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ig. � .  An organi fed bu d in T .  S .  x66 
_ _  a : stem e pex , - l : leo.f pr irnordiur 

.::�_ . 
- ··- ! •  

T . S .  o f  a reeenerating scale 
shov: i ng the reil.a. ti ve posi tions o f  
de vt-. lopm e n t of bud and roo t 
;!le r i ::, ten s . x<iO 
b : bud meri s tern , 

"1". 
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0� ... :£.. - .  - - - -

J��C.;r:.==' .:...·--__:_7..:.... The -root-m-er J. s tern 
Fig . 6 under hig h::o:r r�agni fica tion . 
r : root mer i s tem , v : a  vascular 7bu

·

n

. 

dle 
of the scale lea f .  x?6 -.- _ . 

' -

T-.s . -or a-- re£ener1::Hn[ scc-.le le<-.f 
orghnL .ed roo t ti p .  X 4 :z.. 
r .  t .  : root ti p ,  s :  d i  fferen t i b. ti np: v<..s c  ;lar .� 
5 trCJ.nd s  bt- tl.' e e n_ root tip c-�nd bud . fill' 



The root tip i llu 5trated in Fig . 
ffiJI'e hi ghl)' magni fied . x2l0 
r . t .  : root ti p ,  d . rn . c .  : di s in tegrating 
rner_;ophyll cell s .  / 
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I. NoriDJ!l 1tes_ponse of, �xplan ts to G ul t. �. 
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In many ins tances where tissue t' 1•om dic otyledon ous 

plants , is Cttlt u.z·ad , c e ll-pr ol iferat i on occ urs readi ly , 
·!. 

s ome t imes spontane ous ly , as i n  ar tic hoke ( 65 , endive { 51 ) , 

asparagus { 41 ) ,  and e ar r o t  ( �1 , 52 , 68 , 85 ) , b ut qui te 

often only 1n t h� pre sence of 1ndolyl ace t 1o acid ( 46 , 47 ,  
,i ,6:> , 67 , L1B) . E�a1)lant a  f rom b ulb sc ales of the mono-

cotyledon .t. i l i um apec i osum T nun. have been s hown he 1•e 

to prol ifera te and differenti ate spon t aneously in vitro. 

Due to the fac t  that tl:le amount of c allus f ormed on 

c ult ures was veri! smal l and would n o t  grow when i s ola ted, 

and als o  oecuu.tse d.1tt'e rent1at1 on within the c allus 

appeared at a vevy early stage , observat i on s  have or
nece s s i t y  been or. a qua l i ta t ive rathe r  than a quan t i ta
t i ve na t ure. J .. ily b ulb scales have n o  camb ia.l regi on , 

and cell-prol it'ez•a t i on occ urs f r om parenc hyma tous me s o-

phy l l  oells. The o apac i ty of tb.e se ce l la to asau..'Ue a 
mer 1 s tematio s t a te i s  seasonal , in tha t t i s sue wni o h  nas 
been excised only dur ing apr i.ng and autumn months wi ll 

regene�a te. A s i milar seasonal res ponse nas been 
obse rved in artic hoke t i ssue . ( 65) , w llio n spontane ously 
pr ol ife rated in vi tro only dur i ng pe ri ods wb.an the plant 
was in a vegetati ve c on d:l t i on� I n  t he present work , 

l i l;Y t i Qieu.a ru.us · been ob s e r ve d  to g row and regenerate 

dul• i ng veg<;:tative phase s of gr owt b. of t tle lily plan t , 

i, e .  wnen root and flower-bud differen t ia t i on  was absent. 

:tt i s  of intere st t ha t  i n  al l c ases regenerati on 
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occurred solely from ·basal adaxi al areas ; re gar dle ss 

of the orienta t i on ot• t ne t i ssu.e explant w1 tn .regard 
·. , 

t o  tne sur.t'ace ot• tile o ul tare medi um. Suc h polari ty 

ot d1t'fel'ent1ation has been n o ted !n several t i s sue s -

OaJErot (48} , endive {49) , v111e ( 80) , ana otners ( 49 )  -
' 

ad ha� 'been attr ibuted { 48 , 49)  t o tile leaf-root 

polari sati on of o i r� ulation of indolylacet i c  ac i d ,  1n 

tbe plant.  

I I .  R,e.sJtonse of EXE!�!nta· to  Growth-regulatin� Substances. 

I t  nas been previ ously n o ted ( 65)  that t he physio
logical state of t be t i ssue a t  the t ime of exc i s i on 

de te rmi ne s i ts reac t i on t o  c u l ture o ondi t 1 ons and. t o  

indolylace tic ac id. In t he c ul t ure ot• carr o t  t i s s ue 

t;h:e re appe ars to be some c on f usion ae to the nece sai ty 

of indolylacetio �o i d  for growth ( 51 ,85 ; 46 , 47 , 67 , 68 ) , 

and it w.a:t well ·be tha t  c ontradic tory repo r t s  &.l.."'e t he 

resul t of seasonal pnys1 ol ogioal variat i on .  T he 

addi ti on of 1ndolylac e t io ac id at o. 2 mg. /1 . t o  l i l y  

o u.l ture media · bad n o  effec t o n  the growtth per se of 

l ts presence di d howeve r  influence 

Eutbseqttent d1tferenti at 1 on in promoting root-deve l op-

m&n t .  T td s  e f fect has b een obse r ve d  a l s o  i n · asparagus 

(41 ) ,  <uu•rot ( 22 ,47 ,68) , and other t i s s ue s  ( 26 } , and 

bas been demons t.J.'ated by ·s koog an d h i s  e o-worke rs ( 78 , 

1 04) to i nteraot in tobaao o t i ss ue in a c omplex whi o b  

invol vea a t  lea.at sugar an d  adenine, 
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T t1e ad.di tion of adenosine triphosphate to l i l y  

explan ta did n ot in any way al ter t h e  re gen e ra t i on 

of ct h.e tissue ; 1 t had only a slight delaying ac t i on 

on the process. lt�J h.en a denosine triphos phate was 

added al ong witb 1ndolylace t i c  ac i d ,  however ,  devel op-
' 

me n t  wa s ha stened ove r  tha t  of cont rol t i ssue . It 
wou l d  appear frorn t h i $  that a sys tem inf l uenc i n g  

differen tia t ion s imi lar to t ha t  present in t obacc o 

tissue i s  ac t i ve a l s o  i n  L i l i um spe c i os um e x.plan ts.  

Recen tl,v i t  nas been s ugge s t  tha t s uc h  a sy{i tem a c t s  

tb:oougn nucle ic ac i d  me tabol i sm ( 78) . 
T..rawrat1c ao1d nas been repo.t' 'ted t o  have an 1nn1 bl

tory efteet on the germination of' tomato seeds ( 39 ) ; 
and i n  t his work i t  b.$s been observed to exb.ib 1 t. c e r  ta.in 

1nb.i'b i tory qual ities regarding the di fferentiation of 

lily tis sue. i' b.e 1 nh1 b1 t. 1 on i e  not apparently e.xe r t,ed 

by tr awll3tio ac i d  it.self ( slnce explants gr own in i t s 

pr·e seno � o Qlr.q;>le tely different iate ) but by 1 t s  effec t on 

a gr o·wtn-re gul at1ng meo hani,sm ibvol ving adenos i ne 

trlpb.ospnate and indolylaee tic ao id. Addi ti on of 

trauma.tic ....:-ao id to me di a  o onta.ining .ATP end/or 1 AA  

p:revents c omplete di f'feren t i at i on. T hat it doe s n ot 

inhib i t  cel l-divi s ion i s  appa rent from t he :r ac t  t ha t  

i n  a l l  c ases callus t i s sue f ormed o n  explan t s , but 

dit'feren t i a t i on did not f ol l ow in the ma j ori ty of c ase s .  

C oc on ut m1lk has been shown to con tain a growt h 



44 

fae t or wnictl pl'Otnotes c ell-divi s i on i n  a wi de var iety 

of exc i sed ti ssue , i nc l udin g t bat of cart•ot ( 23) , 
0 ' 

Parthenoc 1 ssus sp. ( 32 ) ,  crown-gall ( 33 ) • art i c hoke (34) t 

vi rus tumour { 83 } , a nd potato parenc hyma ( 1 09 } . !ilo 

s t imulat i on was ob serve d  when thi s subs tanc e was added 

to l i ly t i s sue i n  c ul ture . S te ward an d Caplin ( 1 1  0) 
have f ound. tha t  inhi b i tors of the c oc onut milk fac tox· 

are presen t 1 n  c ex• tain ma t ur·e tissues , suc h as t.he 

s t or age tissue of potato and oni on , and there are otbe r  

indi c ations that the c oc onut mi l k  fac t or ( 1 1  , 24 ,  70 , 76 , 
93) and 1 ts inh1bi tor a ( 76 ) may be �of fairly general 

occ ur rence in plant s .  Cer tain growt n s ubs tances 

appe ar t o  o oun�erae t t he effect of the i n hib i t ors.  

2 ,4D and 0�¥1 ac t .  syne1•g-i s t1o ally in t ne prolife ra t i on 

of potat o pal�ene hyma ( 1 09) , and 1AA par t i ally ove rc ome s  

'Ute l ow &c t ::l. vi ty whi c h  i s  found i n  s ome c oc onut meat 

e.x't rac ts ( 76) . 
M ore l and Vl!e tmore ( 8 1 ) o ul tured t i ssue from a mon o

c otyle don ou& tuber whic h grew vigorously on a me di um 
1 

wn1 c h  inc or porated na phthalene acet 1 c  ac i d  an d CM. In 

t he pre sent work , expe r iments in whi c h  0. 2 mg. /1 . 1 AA 

were a dded to o ul ture me dia along wi th OM. did n ot re s ul t  

in any inc rease in c e l l-pr olifera ti on .  

poss ible e.K.plana t i ons t o r  t tl i s  fai l ure t o  stimulate 

growt t u  ( a) the o oc onut mi lk fac t or i a  no t ac t i ve on 

lily ti &Hnv� ;  and ( b )  t lle fac t or 1 s  px•evented :t'rom 
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exerting 1 ts efte(: t by the presence o·f 1n b.ib1 tors in 

Should the l a t ter al te rna t i ve be correc t ,  

then a o oncen tration of 1 AA of o. 2 mg .  /1. ie not 

suff'io ien tly strong t o  c ounterac t tbe .inhi b i t ory ac t i on. 

1 1 1 .  ,!US�� &n;d Ni trpgen Oont�nt_of the Lilt B ulb 
,telated to C uljy£!l_��SEonse of _E�}2lant�. 

Explant a have been alread,y s nown to extlibi t a 

seas onal reeponiHt 1 n  t ne 1 r  be haviour in cul t u.tte . 

Graph I clearly i ndJ.oates tnat regenerative c apac i ty 

U l  lim:i te d to spring and autumn mon ths , more e-spec ially 

Ex-plan ts obta ine d t' r om b ulbs dur i n g  

win te r ruui aum.-·1wr for the most pai• t  fai l  to proliferate 

An c ul tu.re. 

Graph l i ,  i l l us trating s u ga r  and n i tr ogen levels 

over tthe two•Jear peri od whic h al so a ove r s  the t i s sue 
' 

c ul t ure expe r imen t s ,  c orre lat's in s onJe respe c ts with 

t b.e o ul tural response of expla.n ts. Both reduc ing and 

non-redue ing sngaJ? c on tent s how one peak ye arly. L ow 

leve ls are rec orded t or non-re duc ing sugar c on ten t ove r 

Oc t ober-November , zt i s ing gradually during Decemb e r 

/lpril , and abruptly the.reaf ter to reac h a h.1 sn l e ve l  

ove r A.ugaat. There i s  t hen an equally abrupt dec l ine 

to t he low Oe t obe.r-Novea.iber leve l .  

· Red-ucing & agar . peaks snow a a imi lar , b u t  &li gntly 

delayed, o urve to t b.ose o:t non-re duo ing s ugai' , al t nough 

on a m.uo n l ower le v$1.  

Ins oluole n1 tJ>ogen c ontent of the bulb nas two peaks 
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ye arly , t. tlose peaks c o r·  responding wi tt'l t he peri ods 

wb.en · explant$ lH� gene r a te , namely Marc b.-May and Septemuer-

�e tween the se pel'i ous , insol uble nitrogen 

o on tent i s  low. 

I t  would appear , t herefore , t h.at.  tne abili ty of 

expl ants to grow 1n c ul t ure is di rec tly c orrelated w1 th 

ins ol tlb.l.� n.1 t�ogen e on tent of the b ulb at the time of 

lt  i s  of note , however , t hat the 

wit hin l imits , wi tb. l ow levels of non-reduc ing s ugar , 

and it iG possible t hat not on1 y nigh i ns oluble 

ni trogen c once�trat i on , but also a relati ons hip between 

hi gh ins oluble nitr ogen and l ow n on .... redue ing sugar 

c oncentra t i on plays s ome part in infl uenc ing the 

behavi our or explants 1n· cul ture. 

IV . Qqmparativ� re s:ei.t:atQr.l. Reap£!!.!,� of _Lif.,¥ and 
Carr ot T i s sue S l ic e s .  

Stiles and Den t ( 1 1 2 ) nave obse t·ved t ha t  t.he r e spi 

rat i on et: bee troo t ,  carrot and potato disc s , af ter 

silort prel iminary wa. sning pe r � ods , s ·tarts at a l ow 

leve l , gvadu.allJ increas ing t o  reao b a ma1iauun after 

about twent1 hours. T hey give rea s ons tor c onc ludi n g  

t b.at tis saea inside a b ulky storage or gan are under a 

v�ry low o:.ayg'Cn and ni gh carbon dioxide tens i on. B o t h  

e ondi ti.on a lo\-�' re spi r a t i on .rate. VVh.en exposed, 

t1ssu� disoa a re t he n  i n  a fl i gb oxy gen-law c az·bon 

41 o�i de envi ronrr�nt , and i t  i a  to be e�pec ted that 
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t ne re 1s a r i se in respi rat i on rate. Tbat this rise 

i s  gradual i s  probably due t o  tne rao t  tha t  raeta.bolic 

e hanges are acc ofn.plianed gradually. SubaeqQent. fall 

in t ne rate ()f l'espi vati on is most l ikely due t o  

depletion of s ubet rate. 

Gt"aph I l l  il lus trate s t be t ime-increase obtaine d 

here in t ne oxygen uptake of carr ot and l i l y  t i ssue 

slices. Both a re derive d  f r om storage or gans , and 

it is l i.kel t  that ttle reasons g i ven by S t iles and Dent 

aoc mm t tor th i S  curve .  Sub s i di ary cause s mi �ht be 

temperature c hange , mec hanic a l  handl ing . and leac hi ng 

out of inhib i tors ( 129 � 1 30 ) .  
'!'fiat c oc onu·t mi lk has a marke d ef't'ect on t he endo

genous o:r..ygen uptake ot' botn lily and carrot ·t i s s ue i s  

obvi ol.lS from t be figure s pre sen ted i n  Table 5 �  1 t  

has been sugge sted t o  the wr i  t.er t ha t  these increases 

in oxy.gen uptake may be due to sugars pz•esent in t he 

mi lk. Prelimina ry exper iments · on lily t i s sue , howe ver , 

indicate t.uat ove r  t ile firs t six hours of appl ic a ti on 

tnez·e 1s no Ellttect on oxygen uptake by 2% and 5% suc r ose 

sol ut i ons.. I t  would appear fr otn this that t b.e en hanced 

�ate of' oxygen absorpti on , obse rved over a s imi lar per i od 

Wit h  c oc onut m.ilk i s  n ot caused by sugara. Resp irat i on 

�ates on t he sec ond and thi rd days in l ily tis sue 

s upplied wi th suerose s how increases up t o . but n o t  

·excee ding , 4�. It is possib le th.at thi s proport " 
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of increase in uptake caused by c oc onut mil k.  on the 
(' 

aeo on d  and thi rd day s or expe riment i s  due t o  s u:gars , 

but t lli s  does n ot by any me an s  aac ot�nt for the ma j or 

part of t b.e oxvgen abs orbed Wlder these o ondi t i ons 

!able 5) . I t  woul d seem t ha t  another fac t or , or 

fac tors presen t in c oc on ut mi lk produc e  the acce lerated 

rates of oxygen uptake in t he t i ssues und.e r inve s t i -

gat i on. 

Cri tic i sm may be leve l led a t _ t he lengt h of t he 

individual respiratory expe r- iments de s c r ibed here , due 

to t oe pos eib il it;v of bacterial infec t i on occ urr ing 

in t he tis sue slices during tuis l on g  per i od. Aa has 

been ment ioned elsewnere , detec tion of bac te r i al 

infec ti on lay 1n cloudiness of tne s uspen ding fl ui d,  

and in l o s s  of fi rmne ss of t ne t i aaue di sc s• In every 

c ase where e 1  ttle r  or both of t ne ee cri te:ria we re 

observed, re$ul �s wore di scarded. Neve r t hele ss , the 

O'bJeo ·u.on way still be raised that bac te rial int'ec �ion 

ooul d nave been i ntra-cel lular and n ot de tec table by 

tne o Fiter i a  menti oned above. In view of this , &he 

re-s ul ts of the first s ix hours only of any expe r imen t  

a re absolutely val 1-d. T he l ater reaul ts are pre sented 

and discussed her� also , bea r i ng in m1 nd t he re.t;;e rvat i on 

t hat they may have been i nfec ted. 

In the exper iments i n  wh ic h growth-regulating 

subs tance s were supplied al on g  Wi t h  coc onut mi lk ,  there 
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!.t! one notable di f:ference in the effects on carrot 

and l i ly t i s sue ,  t hat of OM + 2, _ 4D. In i tially ,  in 

both t i saues �· t�epe is an increase i n  oxygen uptake of 

20- 30� ove r  that obt-a ine d wit h  coconut mi lk al one . 

T h i s  s t imulat i on i s  tha t whic h mi g h t  be expec ted ( 60 )  

wi t h  2 . 4D a l one a t  t b.e c oncen trat i on use d ,  and c oul d 

poss 1  bly be a<ldi t.i ve to tna t caused by o oc on ut mi lk. 

On tne sec ond and th.ird da,ys after � ppl ioa t i on cal" I' o t  

t i s sue ab&c�pa oAy gen t o  an e ven gre a ter degree ( �00-

600%) , wb.ile l ily t i s s ue respi rat i on falls bf ab out 

Hr;b. l t i s  known 't na t t he e ffect of 2 ,  4D on tissue 

me taboli sm is to a<:cele1•ate stax•c b hydrolysis and t he 

ut i l i sa t i on ot sugars . I t  may ·be , t.heref o�e , tha t  

a a.rr o li  tiliUH\e $l1 o e s  nave a grea ter c arbob.ydrate 

�ese rvc than tnose of l i ly ,  wnic n get deplet-ed ear l y  

an d  re s\tl t i n  a dec rease d level o f  oxygen uptake 

t hr ougn starva t i on. The more abundant reserve s  of 

the c al'r o t  would enable respi ratory met ab ol i sm t o  

c on t inue i n  t his t i s s ue at a nighe r  leve l  t hrough tile 

inc reased availab 1 l 1 ty of respi l•atory s ubs tpate . 

In general , both l i ly and carrot t i s s ue reac t i n  

a s i mi la r  manner t o  t he remaining exper imental 

eol u  t. i ons. OM + 1 AA increases oxygen upta&e ove r t he 

O.a& et :t ee t ,  wni le b o ·tn CM + ATP and OM + Adso4 dec r e a se 

oxy gen aba orpt�on. T ne .fac t tnat 1 AA inc r·easea oJLy gen 

u.pt ak.e i s  not. surpx• 1 s 1ng , b u.t tt1e 1 n h i b 1  tory eft'ec t o1' 
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both OM + A'fP anttt OM + AdSo4 relata ve to tbe CM 

re sponse. i s  ratb..er unexpec ted. 

s trongly inhib i t ory on the thi rd d.a.y of expl\<ll' imen -t ; 
c 

wh.i·le Cl + ATP i s  intlib�1 tory- i n  l i ly _ t i as ue cvei' the 

en� 1 .r& e�pe.t•im.en tal per i od. Tbe more s tr ongly 

inQ.ibi ti ve ,p:roperti�s of tne o omb.ination CM + ATP may 

be a t trib uted to tbe pre sence of ribose. 

moleo ule ts c ompose d of adenine , rib ose and three 

pnospnate radio le s ,  and it is likely tbat tne rib ose 

element wou.l!J. tH� readi ly spl i t  from tne molec ule. 

lU:l)ose at :re.J;s.ti vely low e ona entrat i on 1a strongly 

1nbi b1 tor;� to gr owt h ,  anci 1 t is w1 tnin the bounds ot 

)..'H)s .ai'b_ili ty , t heref ore , th
L
at the pre senc e of ribose 

�a·uses ATP to e4011t  tbe depressing effec t on oxygen 

uptake. I t  i a  n ot l1keli: that adenine i s  th.e 1 n hib i -

t ory f'ac t_or J since AdSo4 nas -n o  s uc h  marke d effec t .  

I t  may be c oncl ude d from all t hese respi rat ory 

re e ul ts , then , t hat the monoco ·tyledon and die otyledon 

t i ssue s  reac t in a s imi lar manner to t he tes t  ma te1• ials 

s uppl ied . al,tb.ough t o  a diffel .. ent d.egree , and bave 

s imi lar l.*4.'H3p1 l1at o r y  mec hani sms . 

,_ ___ _ 



51 

1 .  Ex.planta from t he b ulb scales of k���um �P�9A.QS4!J'! 
Thun. nave been c ult ured in vitro . wnere t hey 

.Pl'ol i ferated and di ffe rentiated t o  regeneJta. te n e w  

pl.an ts in 1 !)-1 6 weeks . 

2. T ile  regenerative capao 1 ty of suo h ex.pla.nt s  nas been 

S tlown tQ be seasonal and of a .loc al i sed nature. 

Apgarently 1 t is c orrelated. al so wi t h  t ne ve ge tat i ve 

s ta te of th,e pl an t  and w1t n  insoluble ni trogen 

o ontent ot' the b ul.b sc ale tissue at the time of 

e.4c 1 s1on, 

}. .in.tiolyl.acetie. ac i d  at 0. 2 mg. /l . c oncentrat i on 

pr<:unQt$d root di:f:t'eren tiation and re duced bud 

differentiat ion in c ultu.red e.x.plants. 

4. Adenosine �r ipb.ospb.ate at 40 mg. /1. c oncentra t i on 

di d not alter the nor mal pattern of regenera t i on ,  

b u t  d�Played i ts c omplet i on f r om 1 5-1 6 weeks to 

21 weeks. 

5.  Adenos ine tripnosphate and indolyla.oe t1o ac id 

added s i multane o usly to cult ure me dia r@sulted i n  

t ne c omple �e re genera t i on of ne w plan t a in 1 2  weeKs , 

. t Q.us naste.n1ng t be process over tb.a t occ urr ing in 

o ontrol tissue.  

6.  �raumatio ac id at 2 0  mg. /l . c onc entr a t i on did n o t  

influenc e re gene rati on i n  explan ts. 

7 . Traumatic ac i d  . in t b.e presence of indoltlac etic 
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ac id and/or adenosine triphosphate did n o t  pt>cvent 

cell-prol iferati on t but blocked d1ffe·rent 1 a. t i  on . 

8. OocQnut mi lk. was ineffec tive in s timulat i ng oell

prolife i>at i on. 

9. Oqgen upt ake in carr ot and l ily ti asue sl ices 

increases wi t n  t in.te to a ma�im.um, reac hed i n  o a1•r o t  

after 20 ilours and in l i ly after }0 hou rs , t he re-

The gradual ri se is poss ibly 

oa.use\1, e.i thel' by c hanging oxygen and c arbon di oxi de 

tGns i r.m s  or leac hi ng ou t of 1nhibi t ors , and tbe 

decline t o  gradual depletion of aubstrate. 

1 0. Tile effeo t cm oxygen uptake i n  lily and carrot 

t i ssue of c oc on�t mi lk, and of' c oc onut mi lk c omb ine d 

wi t h  eel'tid.n growth- regulati ng substances , i s  

essent i ally simi l a r  • from whic h 1 t i s  c onclude d 

th.a t  both tb.e mon ocotyledon and di c otyledon t i ssues 

have s imilar re spiratory mechanisms. 
1 1 .  Mo:rphol ogioally , regenera t i on or new pl&.rjts fr om 

bulb so ale t1asu.e · taitea place from mea o!1hyll t i s s ue , 

bQds a.tt1sing from more superti c i al layers , and l' oots 

f rom deeper layers , usually ne ar a vasc ular 'b undle .  
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APPENDI X  

ANALYSES O F  VAR IANCE : 

CM Treatment OM 1 5� ( �v) 

CARROT · ·  · · · · 

· 1 st day :  I s�u;ce of 
Varianc e 

! . 

I Trea:tmen t 

Error 

Total 

2nd day : -
; _  

Treatment 
' -.. . . 

Error .. � , .. •::. 

Total 
-

3rd day :  � 

Treatment 

Er.ror 
. . . .  . . 

Total 

.. 

Sums ot 
Squar�s 

2 . 2204 

0� 5433 

2 . 7637 

24 9 �  8731 

30 - 961 5 

2 80 . 8346 

' 

86. 3971 
·. 

b .  2006 

86 . 5977  

I"..egrees o.f 
· Freedom 

. . 

1 

4 

5 

1 

4 

5 

1 

2 

3 

I 

Mean 
Square 

2 .  2204 

·o . 1 358 

·
. ' 

249. 8731 

. .... ·7 •  7404 

' .  

86 . 3971 

0 . 1 003 

F. � 
J 
! 

1 6. 35 I 0 �  005 I 

32 . 28 o .  001 . 

; 

860 . 39 0. 001 

. . . 



I 

CM Treatment : OM 1 5% ('v )  

· ..
.
. Source -of' · J 
Va�i�n<!�. 

. .. 

T,rea.tment 

Error 

Total 

2 nd day : 
.. . 

Treatment 

Error 

Tota:I 

3rd day � 
. ·� •. ·, : . .  � 

Treatment 

Error 

Total 

· Sums ·of 
Squares 

-

0 .  2 1. ()O ; 

1 .  051 9  . 

1 . 2679 

2 5 . 7 924 

22 . 9060 

48 . 6984 

B .  2 1 34 :_ 

o. 8029 · . 

9 - 01 6 3 

: • ,1 ' 
� � . 

-

. .. 
Degre·e a  

Freedom 

1 

1 0  

1 1  

I 1 
I 

8 

9 

1 

4 

5 

of 

I I 

I 

Page gJ;il. 

Mean 
Square 

- ' 

0. 21 6 0  

0 . 1 052 

' ·.·' 

25. 7924 

2 . 8633 

8 ._ 2 1 34 

0. 2007 

. .  

.
. 

. ' 

- · 
F .  

2 . 05 

9 - 01 

4 0 . 92 . 

I 
P. 

0. 02 

I 
I .I 

! I o.  oos 

. . 

I 
0 . 001 

I 



J 
OARROT 

1 st dt:iy : . 

Source or 
va r iance 

'· . - -� . .  

.. - · : 
Treatment 

Error 
� � 

Total 
" 

. 2nd - day : 

� .-: .. 
.. ' 

Trea tment 
. .  ·, . 

Error 
_:. 

: To t a l  
, . . .. 

. �rei -day : 

I Treatment 

Error 

I To tal 

I 

sums ··· of 
Squares 

-� - ·  -

5 - 7630 

4 - 44.33 
' 

1 o. 2 06
_
3 

1 1 69 . 8284 

. �: 56 . 6699 

1 326 . 498 _3 

.. . 

27 7 - 2225 

66 . 01 85 

· 343 . 241 o_ 

·DegreeS. 
of 

'Freedom 

1 

6 

7 

1 
' 

6 

7 

1 

2 

3 

Page i5.5· 

·
·

Me an . I 
Squ are I 

5 - 76 30 

o .  7406 

1 1 69 . 8284 

2 6 . 1 1 1 7  

. . .  

277- 2225 

3 3 . 0093 

. . . 

- .  

F .  

7 . 78 

,. 

.. 

44 � 80 

. .  

83. 98 

I 

P. 
- . 

0. 005 

. .  

o .  0001 

-

6.� 
J 
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CM+24D Treatment : CM 1 5% (v/v); 2 , 4D 6mgo /l .  

1 s t day : 

I ' 

Sour c e  of 
Varianc e · 

� 

Treatment 
-

Error 
I ·. 

L�t al I 
2nd day : 

I I I Treatment I . .  

Er ro r  I 
I 

T o t a l  

Sums of 
Squares 

. . .  

Oo 1 568 
Oo 1 932 

0. 3'500 

' .. 

I 
! 

7 0 801 2 1 
.3 .  o2 o1 I 

. .  

1 0. 821 9 1 

Degrees of Me an 
''· Freedom Square 

, , 
.. 

1 0. 1 568 

6 Oo 0322 

7 .. . I 

' ' 1 7 0 801.2 

6 I 0. 50�5 
7 

F • . Po I 
4 o 87 Oo 01 

I I 

1 5 o 49 0. 001 

I . .. I 
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. V . 
CM+1 AA Treatment : CM 1 5� ( /v ), 1 AA 0. 2 mg .  /1 . 

CARROT 

' 

Source of I sums of · nesre.ee; or ! : :�;��e I , var1anc.e ·
.-

�. , , .. . ,dquares Fr�edqm ' 
) 

Treatment 2 .. 43�9. 
Er�.or 1 . 0874 

Total 3. 521 0 
.. 

2nd day : 

Treatment ·1 859 . 7657 

Error I To tal 

3rd day : 

;:: · 823. 0272 
; 
t ;· 

I 26a2 . 1�29 

. ··· · · . .  

1 

2 

3 

1 

2 

3 
- I 
. j 

.. 

2 . 4 336 . ' 

0 . 54 37 

9 1 1 . 51 36 
I I · 

F . 

4 - 48 

·Treatment 2 56 . 4803 

42 � 4628 

1 · fs6, 4803 1 2 . oa 

Error 

P. 

. o ; o2 

o. 01 
I 

2 I 2 1 • 2 314 1 ' . ' 

+--T_. o_t_a_- 1_. _ __,1_._2_9_8_._9_4_3_1_-+-__ 3 ____ 1...___
· -·--11----+-l , -.-.......-� 
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CM+1 AA '!.'rea tment : CM 1 5% ( � )  J 1 AA O. 2 mg . /1 . 

1 s t day : 

,. 

Tre atment .b �  1 407 

Error 0 � 1 832 

To't'al 0 � 3239 ' 

-

.. 

2 nd day : 

. Treatment 30 . 4521 

Error . 9 �  0796 ' I Total 39 - 531 7 I I 
' ' I . . 

3rd day : 

. .  

Treatment 24 . 2 5 57 

Error I 6 . 7 6 52 

Total I 31 . 0209 

. .  I DeFgr�ed. s of 
ree om 

. ' :. ·: ..;- . � . .  ., � 

1 

2 

I 3 

. .  . 1 

I 2 
I 

I 3 
-

1 . .  

2 
I 

I 3 
I 

I I 

I I I I I 

Me an 
Square · 

I 
·p.  I P. 

0. 1 4 07, 1 • 54 . a' .  02 
0. ()91 6 

30 . 4521 . 6.  71 . 0. 02 

4. 5398 • ,  .. 

- I I 

24. 2557 7 - 1 7  0 . 02 

. � �  3826 
. . 

. . 

I I 
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CM+ATP ' Treatment : CM 15%, ATP 20mg. /l .  

CARRO'l:' 

1 st day 
I I Source o f  I Sums of 

Var ianc e  Squares 

Tre � tment 1 . 1 881 

�-:rror 0 � 3490 

To tal I 1 . ,..·371 ? . 

2nd day 

:::::ment��::�:: I 
To tal I 1 57 . 1 953 1 
3rd day 

Treatment 

Error 

. Total 

I . 

35.  820� 1 
4 .  as12 I 

40. 6775 

- I Degrees of Mea n 
Fre edom Square 

I 

1 1 • 1 881 

2 0 . 1 745 

3 

1 I 1 54 . 2564 

2 1 . 469 5 I 3 

1 I 35 . 8203, 

2 2 . 4286 
3 

F .  P .  

6 . 81 0. 02 

I 

104. 97 o .  001 

1 1; .  751 o. 01 1 
I I 
I I 
l _l 
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CM+ATP Trea tment CM 1 5%, ATP. 20mg . /l .  

1 s t day 
� 

So urc e  o f  
Va r iance 

.. 

Treatment 

Erro r · ·· 

T o t al 

2nd day 

Tre a t ment 

Error 

'l'ot a l  

3rd day 
. .  

Trea.t_m� nt 

Error 

Total 

I I - I Sums o f  f.Jegrees o f I Mean ' I 
Squares Freedom · · Square · F .  P. 

I .o .  01 33 2 . 22 0 . 01 33 . . . - . . 1 -

0 . 01 2 0 2 o;oo6o 

I 0. 0243 3 . I . I i 

I - . :1 
I 32 . 092 3 : I 1 -r;2.0923 1 4· S3 0 . 02 1 
I
. 1 4 .  1 6 36 

- �� -

4 6 . 2559 
. 

1 5 . 4057 I 
I 

5 . 7752 I 
21 . 1 809 . I 

2 

.3 

1 

2 

3 

I 7 . 08 1 8 I I . 

I _j _ _.,�--_j 
I 

1 5 . !�0.57 5 · 34 I 
I 
I 

2 . 8876 I I 
o .  02. 

'• · - .. . 



.. 
CARROT 

() 
· · 1 s t day · · ·· .. . .. · 

. . 

Source of I Sums · of 

. P�e . 6! . 

. . . 

I Degree s of 1 I . 
. I 

· varianc e  : 1  -squares Freedom · I 
.Mean I Square ; F. p. 

Treatme nt 

Error 

. Tot al . 

2nd day 

Treatme nt 

Error 

� Tot al 

· 3rd day 

Trea tment 

Error 

'l'otal .. . - . 

. .  1 . 651 3 I 
0 . 3662 . .  

2 .  01 75 . 

1 96 . 5604
-r-

1 o .  5757 1 207 . 1 361 

' 

44 . •  422 3 

0. 71 52 
. 45 - 1 375 

M 

1 
2 

3 

1 

2 

3 . 

-

1 
2 
3 

I 
I 

I 

1 .  651 3 

0. 1 831 

-

1 96 .  5604 

5 ·  2 8 7 9 · 

-

l..j.4 . 422 3 

0 . "3576 

I .. . . . ·

·I I 

. : I o .  01 9 . �2 1 
I 
I l 

37 - 1 7  0 . 005 

�-
1 24 .  22 1 o. 001 

. - .. I . • I 



CM +Ad so4 Treatment : GM 1 5% (�v) ;  AdSo4 20 mg . /1 . 

1 s t day 

j . so
'
uT'ce of Sums of' 

Va r iance Squares 

Treatment I 0 . 1 1 2 3 

0 � 041 4 Error . . . : :  

Total. .0 . 1 537 

2nd day 

I 'frea tment ! 40. 8 3 21 

I I 1 Error . 2 .  71 09 

1 T o t al 4 3 . 54 30 

3rd day 

. I 
Treatment' 1 .  5 1 2 9  

F.!rror 0 . 1 9 36 

Total 1 .  7065 
I 

· ' 

Degrees of" 
Fre edom 

1 

I 2 

I : ') 3 . 
I 

1 

2 

3 

1 

2 
.. 

3 

I 

I 

. · ·, 

-

Mean ' 

Square F. P. 

0. 1- 1 2 3 . 5 - 4 3 0 . 02 

. .  
0. 0207 

. ' l_l _ _i 
. ' 

40 . 8 32 1 30. 1 2  o . oos 

1 .  3555 

. . 
. . � 

1 .  51 29 1 5 . 6 3 o .  01 

0. 0968 
. 

I 

I 



· REFERENCES 

' •' • • . ·, .- !. 

1 .  Al me s trand , A .  · Stud ies on the growth o f  i so l a t ed 

2 .  

4 .  Audus , I . . J .  &i. 

A .  Garrard . 

ro ots o f  b arley a nd o at s . 

Phys iol . Pl ant . 2 :  372-8 7 .  1 94 9 .  - . 
·-

Further s tudies on t he growt h of 
- . 

iso lated roo t s  of b a r l ey and oa t s .  
\. -· 

Pl ant . 
. . 

3 :  2 05-24 .  1 950.  -

Growt h :fac t o r  requirement s of i s o l a t ed 

wheat root s . 
O·L.- o' , '  : ,  •• • 

Phys iol . · Pl ant . 1:  293- 99 .  1 950 .  

�t-lid i e s  o n  . the growth and res pirat i o n  · '  
o :f  r o o t s . I .  The effects o f  s t  imu-

l a t or y  and inhib i t o ry c oncentrat i ons 

o:f r�r indo l yl ac e t ie a c :td on root sec-

.t ions of P i  sum s a t  i vum .  

Jour . Exp. Bot . !f.: 330-48 ·. 1'953 � 
··, Development in s t er i l e  cul t ure o :f  s t em 

. . 
t i ps and sub ja cent reg ions o f  Tro pae -

. . 
olum ma jus t .  and o f  Lupinus albus L .  

Arne r .  Jour . · ''Bot . 2.2: 301 -1 8 .  1 946 . 

. : .  

6 .  Barren, E .  s .  G . , G.  K. K.  L ink , R .  M .  Kl e i n and B .  E .  Miehe l . 

1 .  Be al , J . M .  

. �,- . 
. . . ' 

The metabol i sm of potato s l i c es . 
. . 

Arch .  Biochem. 2 8 :  377'-98 . 1 950.  
" 

H i s t o l ogical res ponses o:f 3 spec i e s  

o f  L i l ium t o  indol eace-t ic ac id . 

Bo t . Gaz .  2i: 881 - 91 1 . 1 9 38 . 



8 .  Benne t -Cl ark ,  T. 'A: , \?ater rel ations of' pl ant c el l s . 

& D. Bexon. III � The re spirat ion o:f plasmo l ysed 

· t i s sue s\ · 

New ' Phyt'. �:· 65:..92 . 

9 .  Berge r J . ,. · P. Smi th : ilnd G� S. Avery � 

1 0. Be r ry L .  J.  

The iniluenc e o :f  auxin on re spira t ion 

o :f  the Avena · c·o l eo pt i l e .  

Ame r .  Jour. Bot . · }2: 601 -604 .  1 946 . 

The influe nc e · of' oxygen t ens i on on the 

respi ra t o ry ' ·rate - in d i f:fererit s egment s  

of on i on root s : · 

Jou: i< · Oel i .  and ·comp� · Phys io·l .  

22 =  41 -66 .- 1 949 

1 1 . Blake s l e e ,  A .  F . , .l and s .  Sa tinar:. 

1 2 .  Blauve l t  L .  

1 3 . B onner , J. 

New :·hybrids f'rom : incompa t ibl'e .. c ro s s e s  

. tri ' na tura . through cul ture or e x& is e d  

embryos 
'
on mal t  med i S: . 

Sc i e nc e .  ·_22 : · 331 . 1 944 . 

The use or non-cooke d ,· non�s teril i s e d  

eoc·onut 'mi l k  a s  a n  add i t 1 onal nut r i ent 

subs taric e in - ·Cilll t'ure media � 

Jour . Lab . and c l' in .  Med �-
I ·:' ; 

1 93 9 -

The a c t i on o'f the . plant growth hormone . 

Jour . Gen .' · · Phys'ioi . 11/ 6 3-76 .' 1 933. 



1 4 .  Bonner , J . . · -

1 5 . 

1 6 . '' 

1 7 . 

The growth and respirat ion or t he 

Avena coleopt ile • . ,
'

. -

Jour .- Gen . Phys iol • g_Q: 1 -1 1 . 1 93 6 .  

Relat ions of respirat ion .· and growth 
u in · the Av�na - c o leoPt ile . 

Ame.r .  Jour . ·,_ sot • .l§.: 429-36 � 1 949 - · 

and J. Engl i sh ,  Jnr . 

Purific at ion o f  trauma t in , . a · pla nt . 

wound hormone . 

Se ience � · . .§§.: · . 352-5 3.  1 9  37 . 

and ,r. Engl i s h ,  · Jnr • . 

· A "  chem1 cal and physical s tudy of' 

traumat in, a pl a:rit - wound hormone . 

·Pl£mt phys 1ol .· 1.2 :  331 -4.8 . 1 938 . 

1 8 .  Boswel l ,  J. G .  Metabol ic syst ems in the �root " or 

1 9. " 

-. . . . 

2 0 .  Brown , J . W. 

Bra s s i ca napus : L • . 

Ann . Bot • · 1 4· : 521  -4 3 • · .1 9 50. - . 

and · -G. c .  · . .  Wh.1 t ing . 

. - ·· · ;  

A s tudy of' t,_he po lyphenol oxida s e  

sys t em o f  pota t o t ubers . · 

Anp • . · :Bot . · .  £:  : 847- 6 3 .  1- 938. 

Ef'fe c t  o f  2 , 4;aJchloro pheno:xyacet ic 

ac id , on the water - rel a t i ons ; t he · · 

accumul at ion and - · d istr.ibut ion of 

sol id mat t er, an:d th.e res :J>i�a't ion o :f  

bean pl ant s .  

Bot .  Gaz .  1 07 :  332-43 .  1 946 . 



· Page 66 . 

21 . Brown.� R .- . a nd J. F. Sut el if:fe . 

2 2 . Buva t ,  R .  ,) 

The e ffec t s  of sugars and - .po.t a s s iu.•·n � 

o n  extens ion growth i n  the r o o t . 

Jour . ·Exp. _Bo t .  1.: - 88-1- 1 3. - · 1 94 9 �  

Sur 1 ' '  o r i g i ne doub l e  des ra c ine s ne e s  

dans �l es c ul ture s in v itro d e  l iber --
de c aro t t e  s ous ! ' influence de l ' h e -

t eroaux ine � Com-p • -� re .n d .  Acad, Sc i .  

( Par i s ) . gjg :  - 808-1 0 .' · 1 941 � 

2 3 .  Ca pl i n ,  S. :M .  and F. c .  St eward .- - .. _ . .  

Effec t o f  c oc onut milk on th e grow t h  

o f  expl a nts from - carrot r o ot . . .  _ 

Sc ience . · .,tQ§.: 655-.57 .- 1 948 . -

24 . Capl i n ,  s .  M .  and " F. c .  St eward . , - · .  

2 5 .  Chouar d ,  P. 

2 6 . tl 

Inve s t iga t. iom� · on growt h  and me t ab o 

l i sm o f  pl ant c el l s . - IV. Evid enc e  o n · 

t h e . role· ,_ o f  the c oc o nut�milk fac t or · 

in d evel op;l!ent . 

Ann . Bot . �: 491 -5 04 .  1 95 2 . 

Types de deve l o ppement de 1 ' a ppa r e i l  

vege t at if · ohe z l e a  Sc il l e es . -' �� · 

Ann � Se i �  -Nat •  x.· Bot � 1:1 : 1 -31 -32 3 .  1 9 31 .  

Sur l e  rol e ' d e s  auxine s  dans l ! organo

genese des pl ant es - Va. s cu l a i re s .  · -

Bul l .  Soc . Bo t .  :F'rance .  ·§.2_ :  ' 546;..55 - 1 938 . 



Page 6�.  

27. Chr i s t iansen ,. G .  s. , and K. V. · 'I'h imann . 

The me t abo l i sm · o r  s t em t i s sue during 

growth and i t s i nhib i t ion• 

IL. Re s pira t ion and ·etrer-solub l e  

mat er ial . 

Ar c h .  Biochem. · 26 : 24 8-5 9 .  1 95 0 .  

28 . Commo ner, B . , a n d  K .  V. Thimann. · · > 

on the rei at i on· betweei:f growt h and 

respira t i o n  1.n the Avena · c oleo pt il e . 

Jour . Gen .  Phys iol . �: - 279-96 . 1 941 . 

29.  Dav ie .s ,  · W . , G .  A. Atk ins a nd F. C �  B .  Huds on • . 

30.  Dav is E.  A. 

The effe c t s  o f  as c o rb i c - a c id and. 

c erta in indo l� deriva t ives on t he 

r egene rat ion · a rid germina t ion of pl ant s . 

Ann . B6 t . , N. S ; 1 i 329� 5 2 .  1 937 · 

Effe c t s  of seve ral - pl ant growth regu l a -

tors on · wound · heal ing o f  s ugar mapl e . 

Bot . Ga z .  1 1 1 : 69-77 · 1 949 . 

31 . DuBuy , H . G . , arid R . A .  O l s o n .  

32 • Dtlhame t , L .  

'Phe r e l a t ion between. ; res pira t i on ,  

prot opl a smic -s treaming and .�.auxin trans 

pO.rt : · in the Avena . c o :i eo pt il e ,  using a 
pal arogra ph i c ·  microrespi r ome t e r .  

Amer �  Jour . Bot . 27 : 401 -1 3 . 1 940.  

Ac t ion du l a i t  d e  eoco sur ·l a · cro i s -

s aric e des t i s §us d e  Parth�noc i s SU!;3 

t r i cuspida t a  cult ives in ;·�itro .-· 
Coznp. rend . So c � B i o l . .( Par r s ) .  



33� Duha111e t , L .  

34 . 

. Page . 68.  

Ac t ion du la it (,de c oeo sur . la croi s-

·s.a.nce des , t is sus de crown-ga:J., l  d e  

s c orsonere cul t  ives . in vi tro . . , 

Comp. rend . Acad .. Sc i .  (Paris ) . - \ 

_ 230 : . 770-71 . 1 950.  

and R .  eT . Gautheret . 

St�ucture, a.nato�ique de . .  .fr,agments d e  

tupercul es d e  Topinambour cul t ives en 

presence de . � a it de coc o . 

Cornp • . r end . Soc • . Biol • . ( Pari s ) .  

1 .9,50. 

3 5 .  li..'bert s ,  .F. s . , R . H .  f,urris and A .  J. R ike r !  

'l'he ef':fe c t s . o f  indol e-3-ac e t  i c  a c id 

and c ommon organic a c ids o n  t he r�s- .. 

pirat i on of s l i c e s  .from .toma t o  .stem 

E:tfld crown-gall t is sue . 

Amer. .Tour • . , Bot � � : . 61 8-2 1 • 1 951 . 

36 . Engl ish, J . , jr . ·. and J. Bonner . 

The wound hormone s of pl ant s • 

·Jou r .  · Biol . · Chem. 1 2 1 : 791 -.99·. 1 937 . 
' 

37 · Engl ish J. , jr . , (T. Bonner ·and A . J. Haagen-: Smit .  · · 

Structure and s ynthe s is ,of a . . plant . 

wound hor,mone � 

. f : · .Sc ienc e .  2Q :  32 9 .  1 939 • 

38 . Engl ish J . , jr . ,  J .  Bonner and A. J • . Haagen-..Smit • 

. \Voull;d hormones in plant.s . . I I . . I sola-. 

t i on of a crys ta l l ine a ct ive sub st ance . 

Froc . Natl . Acad . Sc i .  £2: 323- 29 . 1 939.  



Page .· ,6 9 .  

39 . Engl i sh J. , jr . , J .  Bonner and A. J.  Haagen- Smi t � . 

Wound hormone s in pl ant s .  IV. Struc-

ture and synthes i s of a t raumat in. 

Jour . Amer .  Chem. Soc .  6 1 : 34 34-36 . 1 939 . 

40. Er.mo l a eva , E. Ya . and 0 .  A .  Shcheglova . 

Antho cyan ins a nd pl ant devel op,."llent . 

Dokl ady Akad . Nauk.  S. S . S . R .  

6 0 : 901 -903 . 1 94 8 .  

( Ch em. Ab str . � :  2 7 9d . 1 949 . )  

41 . Ga l s t on , A . W. On t h e  phys iol ogy o f  r o o t  init iat ion 

in exc i sed a s paragus s t em t ips . 

Ame r .  Jour . Bot . _i2 :  281 - 87 . 1 94 8 . 

42 . and M . E .  Hand . 

Adenine as a growth factor for e t io l a -

t e d  pe a s ,  and i t s  rel at ion t o  the t he r-

mal inact iva t ion o f  growth . 

A�ch . B i oc hem. 22 : 4- 34 . 1 94 9 . 

4 3 .  Gauthere t ,  R • •  T. Fouvel l es recherche s sur l a  cul ture 

44 . u 

4 5 -

du t i s su camb ial . Comp . rend . Aca d .  

Sc i .  ( Pa r is ) .  205 : 572-74 · 1 937 . 
> 

Sur l e  requ ipage des cul ture s de t is su 

c amb ial de Sa l ix Capraea . C omp . rend . 

Acad . Sc i .  ( Par i s ) .  206 : 1 25 - 27 . 1 9 38 . 

Recherc he s sur l a  cul ture de :fragments 

de tub ercul e s  de carot t e . Comp. rend . 

Ac a d .  Sc i .  ( Paris ) .  206 : 457-5 9 .  1 938 . 



5'age rG . 

4 6 .  Gauthere.�,  R�_ J.  Sur la poss ib i� ite de r��l is e .� l a  

cu� tu r e  indefin i e  g e  t is sus de tub er-

47. " 

48 . If 

4 9 .  lt 

50. ft 

51 . 11 -. 

52 . If 

cul e s  de ca ro t t e • .  _ Co�p . }:'end . Acad . . . . 
Se 1 .  ( Paris ) .  208 : 1 1 8-20. 1 Q39 • . . 
A c t ion de l ' a c ide in9.?1� -a c e t iqu e  sur 

l e s t is sus du tub ercule de caro t� e .  

Comp . Rend . So c .  B io l . 

12Q: 7-9. 1 939. 

R e c herc h e s  s_ur l a  J)ol a r it'e des t t s sus 

du b1b e rcul e du caro t t e . 

Co,mp . r_end . _ Aca d .  Sc i .  ( Pa r .i s ) • 

. 
21.1 :  1.5"71 8 ., 1 94 0 .  

H e cherches exner iment a l e s  _ sur l a  
' - · - . 

. . 
pql a r i t e  d e s  t i s su� de. l a  rac ine d 1 e n

d i ve .  Gomp . rend Acad. Sc i .  ( Paris ) .  

21 3 :  37- 3 9 ·  1 941 . 

B e c herqhes s ur l a  po la ri t e d e s  t i s su G  

vege t a u x .  Rev .  Cyt o l . e t  Cyt o phys i o l . . ' . . . 
Veg .  7 :  · 4 5-21 7 .  1 944 . 

Sur l e s  beso i ns e n  hetero-a ux i ne des 
cul tur�s d e _ t i s su s  d e  quel que s vege tau:X . : • ' - t • •  . .  ' - ' 

Oomp. re!}d� Soc . B i,ol . 1-4t : · 6 27-2� • . 

'
.
. . . . . , '  · . I /1 947-

Nouve l l es· re cherches sur l e·s b e s o ins 

nut r it ifs des cul tures de t i ssu s  de 

caro t t e .  · · Comp. rend . soc . · :B i o l  � 

.1.!!41 . 1 72-7'3 .  1 950 . 



Page q � . 

53 .  Hab-eriandt G .  Kul t u�vers�che mi t i s oi ierte n P:fla n-

z e nzel "l e n .  Sitzb er .  Akad . Wi.ss . 

:VJ:i e n .  , Ma th.. -na t-ux.·:.v_, . · Kla s se . 

11.1.: . 6 9-92 . 1 902 • 

. . . r· ·54 . Eanl y ,  V. �, . , K. S .  · F:o?:an and J .  s .  'l'urner . 

Ma l ori�te a�� i c � r ro t  root r� � pi�a t ion. 

Aust .  Jour . Sc i
·
� ·· R�s- � ' ��  64- 9.5 . '  1 9 52 . 

. i 
5 5 .  Hsueh�  Y. t .  a nd c . H. Lou .  

Effe c t s  o f  2 � 4-n' on seed germina t ion 

and� resp'irat ion � 

s� ienc � .  1 05 :  . 283-85 ; · 1947 . 
�56. Hus s e in ,  A. A. Res p i rat i on in t h e  · o range . A study 

o f'  sys tem...q res'pons ib l e ' for oxyge n  

u pt ake . Jour . B i o l . Chem. 

ill : 201 -1 1 . 1 944 .  

5 7 .  Johansen , D. A. Pl an t  t.'Ii c rot echn.iq�e � McGraw-E i l l 

publ i cat ion.  

58. Kandl e r ,  0 .  Ve rsQche zur Kul tur isol ierten Ffl an-

zengew eb e s  i n  v i t ro . 

Pl ant a .  1§.: 564 - 8 5 .· 1 950 . 

59.  Ke l ly ,  s .  
.. ·; ·, . ... 

The reia t i ons h i p  between respi ra t ion 

and wa t e r  uptake in the oa t col e o pt il e .  

Arner .  J'our . Bo t . 34 : 521 -26 . 1 947 � -

6 0 .  " and G .  8 �  
· Avery . · The · e .ffe.c t of 2 , 4 -d ichi. oro� 

. . . .. . 
pbe noxya c e t ic a c id and other phys i o -

l og i c a l ly ac t ive sub s t ances o n  res pira

t ion . Affier.  Jour.  Bot . �: 421 -26 . 1 949 .  



6 1  • .Kl e in , R • M. 

Page ';t2 • 
. .: · _ 

Nit rogen and pho s phorus :frac t ions , 
c 

r e s p i ra t ion , a nd _s t ruc tl,lre .o:f normal 
. ··. . . · ·. · . 

: '·" 
·

. ; ,_ - . . . 

a nd c r own-gal l  t i ssues of' t oma t o .  
:_ . � . . ; 

Pl ant f'Pys iol ._ £1. :  335-54 · 1 952 . 

6 2 .  de Ko ck, P. c . , and R . f. Hunt e r . 

63 .  Ko t t e , '!f. 

64 .  " 

- A germina t ion _ inh ib it o r  �rom suga r 

b e e t . Na t ure •. 1 66 :  440-4 1 . 1 95 0 .  
�- : - - . 

Wur?e lmer i s tem in Geweb ekul tur . 

Ber . . deut . botan. Ge s . 40 : 2 6 9.,-72 . _1 9 22 . 
.. . :· ' .  ' ' ;. - · - ' : . ' · ;  

Kul turversuche mit i s o l i e rten Wurz e l -

s p i t z en .  B e i t r . a l g . Botan . 

' 2 : 41  3"'7 34 .  1 922_. 

6 5 .  Kul e s cha , z . , and R . J .  Gauthe ret . 

6 6 .  Lat ie s ,  G. G .  

6 7 .  Levine , M .  

68. tf 

Sur . l e s  var ia t i ons de pro l i ferat ion 

des t i s �us d� Topinambou r .  C omp. rend . 

So c .  B io l . 1 41 : 61 -63 .  1 '47 . - . 

The r o l e  o f  pyruvat e  in t he a naerob ic 

res pi rat ion of barl ey roo t s .  

AJ:'c h .  B i o c hem. 20 : 284-99 . 1 949 · 

Differ�nt i a t i on o f  c a rrot roo t  t i s sue 

grown in vit ro . Bul l . Tor rey Bot . 

Club . ?&. : 321 -28 � 1 94 7 .  
The growth of' normal pl a �t t issue in 

v i t ro as a ffec t e d  by chemical ca rc i no -
r 

ge n s  a nd pl ant growth sub s t anc e s . 

! �  The cul �ure of th� d a ��ot · t a p-ro o t  

��rist em. .�er . Jm�r . Bot . 

n: 445-58 � 1 9so . 



Page ' ll3 · 

69 .  L ink , G. K. K. , a nd D. R. Goddard . · 

Stud ies o n  the metabol i sm o f  pl ant . 

ne opl ayms . 1 .  Oxygen uptake o f  tomato · 

c rown-gal L  t i s sues . 

Bht . Gaz .  1 1  3 :  1 85-90. 1 951 .• , - ·. 
-

7 0 .• Loewenberg �  J .• R . ; and F .  Skoog . 

Pine t i s sue cul tur�.s . 

Phys iol . Plant .• .2_ :  3 3-36 . 1 952 . 

71 . Loo ,  Sh ih-We i . Cul t ivat io n  of exc i s e d  s t em t ips of 

a sparagus in vit ro . 

Ame r .  Jour . Bot . • · ,;g: 1 3-1 7 .. ' 1 945 . 

7 2 . tt Furt her e xperimen t s  on the cul t ure of 

e x c i s ed a s paragus - s t em t ips in v i tro . 

Ame r .  Jour . Bot . 22 :  1 56-59·  1 946 . 

7 3 .  L o omi s ,  w. E .  a nd A . F .  Shul l .  

Me thods , in Pl ant Phys i ol ogy .  

Mc.Graw -H il l .  

74 . !.ums den , D. V. , and N .  �'7 .  Stuart . 

75 . . · Markham , R.  

Pro�aga t ion of �a s t e r  Lil ie � ha s t e ne d  

b y  scal ing , the bulbs . 
,-

Fl or i s t s ' _ Rev. �: 1 3�·1 4 . 1 941 . 

A s t e a m  d i s t i l l at ion a p pa ra t us s u i t -
. . ; -

a�l e  f o r  mi c ro-�je ldahl a na: ys is . _ 

B i o che� . Jour . '6 : 790-9 1 . 1 94 2 .  

76 . �auney J ., ¥ . , W .  S ,  H il1ma n ,  c .  Mil l e r ,  ¥ ·  _ Sko_()g , 
R .  A. Cl ayt on and F. M. St rong . - · 

B io-as say� pur i f ic a t ion and propert i es 
' 

. 

o f  a growth fac t or from coconut . 

• 4""\ - - -



77 - Mich el , B . E .  Effect s o f  indo l e a � e t ic �@ id upoh 

growth and res pi ra t ion of k i dney b e an. 

Bo t .  Ga z .  1 1 2 :  4 1 8-36 . 1 95L . -
78 . Mil ler , c . , and F .  Skoog . 

Che.:nical c o ntrol o f  bud format ion in 

t ob a c c o  stem segments . 

A.."Tler. Jour . Bot . !i.Q: · 768�73 . 1 95 3 � 
79.  Mitchel l , J. E. , R . H .  Rurris and . A. J. R ike� �  

8 0 .  Morel , G. 

Inh ib it i on of res pira t ion i n  plant 

t i s sues by callus-st imulat ing· s ub

s t anc es and rel a t e d . rihemi6al� . 

Amer.  Jou r Bot . �: 3 6 8-78 . 1 94 9 .  

Sur l e  devel oppement ' de ' t issus d e  

v igne cul t ive s · in v i tro • . Comp . r end. 

Soc . Biol . � :  6 2 .  1 944. 

81 � Morel , G. , and R . H . We tmore .  

T i s su e  cul ture of mo noc otyl edons . 

Amer. �Tour . Bot .. 2§.: 1 38-40.  1 951 . 

8 2 . Newcuuib , E .  H .  Tobacco cal lus respirat ion and i t s 

res pon s e  t o  2 , 4-d ini t ro phenol . , 
Ame r .  Jour . Bot . 21 :  264-71 . 1 95 0. 

8 3 .  Nickel l ,  L .  G .  Effect of c o c onut rnilk o n  t he growth 

in v itro of pla n·t · v irus t UB\our t i s sue . 

B·o t
·
. Gaz • .!_g: 225�28 . 1' 95 0  • 

84 . Nooecourt , P. 
. ' 1 ._, 

• 
I 

Cul tures en serie de t is sus vegetaux 

sur mii i e ll  art if ic ial .· · domp. Rend . 

Acad . Sc i .  ( Paris ) . 2 05 :  52 1 -23 . 1 937 . 



Page 7-5 . ' 

85 . Nobe court , P. Sur l es prol ifera t ions s pontanees ·  d.e 

fragments de tub ercul es de ·caro t t e  e t  

l eur cul ture sur mil i eu s.ynthet ique . 

Bul l . Soc . Bot . France .  85 : t t32-8 8 . 1 938 . 

86 ,. 

87 . 

88 . 
. H 

SUr la perennit e e t  l ' augmentat ion de 

volume des cul tures . de tissus :veget�u�. 

,Comp .  rend . Soc . . Bio1 . 1 30 : ,1 2.70-71 . 1 939 . 

Synthe se de l a  v i t amine B dans des 

cul tures de t is sus veget aux . ·. · 

Comp. rend . Soc . B iol . , Lyons . 

- ill'! . 5 30-3.? .  1 940 . 

Sur l e s  f'a c t eurs de - cro isea.nce neces

sa'r;r:,es aux. cul tures de t i s sus d e  car o t t e  

Comp • . rend . Aca d .  Sc i .  ( Paris ) .  

2 1 5 :  376-78 . 1 94 2 � . 

8 9 .  No rthern , H . T .  H i s t o l ogical appl i c a t i on of' tann i c  a c id 

and fe�ric chlor ide . 

St a i n'  'fe c h .  11: 2 3 . 1 9 36 . 

90.  van Ove rb e e k ,  J .  Tra uma t ic ac i d  and th iamine as 

grow t h  fac t ors fo r alga e .  Proc • . Na t l . 

Acad . S c i .  26 ; 441 -43 .  1 94 0 .  

91 . Mar ie E .  Gonkl in and A . F .  El ake s l ee .  

fac t o rs in c o c o nut mil k  e s s ent ial for 

growt h  and devel opment of' very young . _ · 

Datura �rnb :ryos . 

Sc ienc e .  2.£: . 350.  1 941 � 



Page 7 � .  

92 . van Overbeek, J . ,  Marie  E. :O::>nkl i n  and A . F . . Bl akesl ee .  

jul t ivat ion in vi tro of s:nal l ' Da tura 

embryos . Ame r . Sour . Bot . 

93 .  n 

94 . Picado , c .  

9 5 ·  
tt 

96 . Prince,  A . L .  

£2.: .. 4 7 2 .  1 94 2 • 

R .  S i u , and A • •  r .  Ha agen- Smit . 

Fa c t o rs af'fe c t ing : the growth of 'Datura · 

emb ryos in vi t r O  . . Amer • .Jour . · Bo t . 

21. ;  �), ·; Q·�®:, ; 1 944 . . 

El aqua de c oc o c o:mo medio de cul t ivo . 

Bol . O f' i c . San i taria Panallle r .  

gj_ : . 960-65 . . 1 942 . 

' · . El a q ua de c oco como me d i o  de cul t i vo . 

Arch.  · Ha s p. R o s a l e s  . .22_ : ' 33- 38 . 1 943 .  · · 

De t ermi na t i on of total n i t roge n ,  

ammo n i. a , n itra t e s and n it r i t e s  i n  s o il s .  

So i l  Sc ienc e .  22: 47 . 1 94 5 .  

97 - · Robb ins , W . J. Cul t i vat ion of e xc ised root t i ps and 

s t em t i ps under s t e r i l e  c ond i t io ns . 

Bet . Ga z .  1} :  376 -90. · 1 922 . 

9 8 .  Rob b ins , W .  J .  l'�f'f'e et o:f aut o l ysed yeast and pept one 

on growth of exc i s e d  corn robt t i ps i n  

t he d a rk.  Bot .  Ga z . � : 59-79 . 1 92 2 . 

9 9 .  Rob ertson, R . N . , a nd M . J. Wilk ins . 

Stu d i e s  in t he metab ol i sm of· plant cel l s  

VI I The quant i t at ive rel at io n  be twe e n  

s a l t· a c cumul at ion a nd sal t · re s pirat ion. 

Aust . Jour . Sc i .  Re s .  �: 1 7-37 . 1 948.  



Page ?"f .  
1 00 .  R ob .inson, E .  s . , and J. M. Nelson. 

The tyl"o s ine-tyro s in a s �  react ion and 

a erob ic pl ant res p ira tion� 

Arc h. Blo c hem. �: 1 1 1 -1 7 . < 1.. 9h4 ·  

1 01 . Scbade , A .  L . , L .  Eergmann and A .  /B.v.er . 

1 02 .  11 

1 03 .  Sko og , F .  

1 04 .  tf 

st ud i e s  o n  t he resPi ra_t ion of the 

wh i t e  pot a t o .  r .  Pre l iminary inves t i 

ga t i on pf t he endogenous re s pi ra t ion 

o f  pot a t o  s� ices a nd c a t e chol o x i da se 

a c t ivity . Arc h .  Biochem. 

1 8 :  8 5-96 . 1 94 8 .  

and H .  Levy . 

St ud i e s  o n  the respirat ion o f'  the wh i t e  

po t a t o . I I I .  Changes i n  t he. t e rmina l 

o x ida s e  pa t t e rn o f  Po t a t o  t is sue 

a s s o c i a t e d  w ith t ime o f  sus pens ion i n  

wat er . A:c-ch . Biochem.  

20 : 21 1 -1 9 .  1 94·9 .  

Growth and o rgan-forma t i o n  i n  tobacc o  

t is sue cul ture s .  Ame r. Jour . Bot . 

1!.. : 1 9-24 . 1 94-4 • 

and Cheng Tsu i .  

Chemic a l  c on t r o l  of growt h and bud 

forma t ion in t ob ac co s t em segment s and 

c a l lus cul tures in v i tro . 

Ame r .  Jour . Bo t .  2.2,: 782-87 . 1 948 . 



105 . Smi th ; F. G.  

1 06 .  

1 07 . Somogyi ,  M .  

Page 78 . 

The e ffec t o f  2 , 4-dichloro phenoxyacet ic 

ac i d  on the res pira t o ry me tab o l ism of 

b ean s t em t is su e .  

Plant ·Phys . £2: 7 0-83 . 1 948 . ·  

c .  IJ O Ramner and R .  F �  earl son� 

Ghar� e s  in food res e rve s and re s pira 

t ory capa c i ty of b ind-weed t is sue s 

: :<a c c ompariying herb ic idal a c t  i o n  of 

2;  4 -d i c h l  oro phenoxya cet ic ·a c id . 

Pl a nt I'hys � 2 2 : 58-6 5 .  1 947 � 

A new reagent for t he det ermi nat i o n  of 

suga rs . Jour . P iol . Chem. 

· 1 6 0 :  61 -68 � 1 945 - .. 

1 08 .  St e rl ing , c .  H i s t oge ne s is Tn t oba c c o · s t em segment s 

cul tured i n  v i t r o  . ... 

Amer . · Jou r .  not . ir !  464 . 1 95 0 .  

1 09 . Stewa rd, F. c . , and S . M .  ca pl in. 

A ·t i s s u e  cul t :.tre f'rom po t a t o  tuber ; 

The synerg i e t ic a c t i o n  of 2 , 4D and of 

c o c on ut mi l k .  

Sc i enc e . · ill: 5 1 8-2 0 .  1 951 . 

1 1  o. St eward , F .  c . , a nd s. M. Capl in . 

I nve s t igat io ns on growth and rue t ab b l :.. 

i s m  of pibant c el l s .· · · I I L  Evidence for 

growth inh ib it o rs in certain mat u re . 

t i s sue s . · · Ann . Bot ; .1§.: 1477-89 .  1 95 2 .  



Page 79r . 

1 1 1 . St eward , F. f'! . , and s .  M . l]a pl in. and F .  K. M il l ar . 

Invest iga t i o n s  on growth and me tab o l ism . 

o f  pl ant c el l s .  I .  New t echn i que s 

:ro r t he invest igat ion of me t ab o l i sm, 

· nut r i t ion and growth in undiffer en

t i a t ed c el l s .  

Ann . B o t . 1£: 57-77 - 1 95 2 .  

1 1 2 . St i l es , w. , and K� W. Dent . 

R e s earches on pl a nt re s p irat ion . 

VI . The re s p i ra t i on in a i r  and i n  

n it rogen o f  t h in sl i c e s o f  s t orage 

t i s sues . Ann . B o t . 1 1 : 1 - 34 - 1 94 7 .  

1 1 3 . Sweeney , B. M. C o n d i t i o ns a ffe c t l ng t h e  a c c e l e ra t i on 

o f  prot o pl a smi c s t r e a ming by aux in. 

Amer . Jour . Bot . ££ : 700-2 . 1 941 . 

1 1 4 .  Tayl o r ,  D. L .  Effe c t s  of 2 , 4-d i c hl o r o phe noxya c e t i c  

a c id o n  g a s  exc hang e o f  whea t and 

mus tard s e e dl ings . 

Bot . Ga z .  1 09 :  1 62 -7 6 . 1 94 7 .  

1 1 5 . Th imann , K. V. Plant hormo ne s , grow t h ,  and r e s p irat ion. 

1 1 6 . '' 

B i o l . Bul l .  � :  296-306 . 1 949 . 

and· W . D. Bonner j r .  

Exper iments on t he growth and i nh ib i 

t i o n o f  i so l a t e d  -pl -ant part s . I .  Th e 

a c t i o n  o f  i od o a ce t a t e a nd organic ac ids 

on the Avena col e o pt i l e .  

Ame r .  Jou r .  Bot . 22 :  271 -81 . 1 94 8 . 

\ 

··� 



Page a�.  

1 1 7 . Tuke y ,  H . B .  Pl ant b ree d ing b y  incubat o r  methods � 

Se ienc e :tont hly .  2�: 321 -22 . 1 9�1+ . 

1 1 8 . Turne r ,  J. s. , and V ,  Eanl y .  

1 1 9 .  

Ma l o na t e  and pl ant res p irat ion . 

Na t u re . 1 60 :  296-9 7 .  1 947. 

a n a  V. Hanly .  

Su c c i na t e  and pl ant re s pirat ion . 

New Ph yt . �: 1 4 9-71 . 1 949 . 

1 20 .  Wal ke r ,  R . I .  R e g e n e ra t i on in t h e  s c a l e-l ear o f  

L il ium c and i dum qnd I . . long i fl o rum . 

Amer . Jourl B o t . g_z: 1 1 4-1 7 .  1 940.  

1 21 .  Wal ter , E. M . , a nd � . M. Ne l s on . 

1 22 .  " 

1 23 .  Wh i t e ,  P. R .  

1 24 .  tt 

Furthe r s t ud ies o n  tyro s inas e  in 

a e r ob 1. c  pl a nt r e s pi..r a t i o n .  

Arc h .  B i o che�. 6 :  1 3 1 - 38 .  1 945 . 

and J. U .  · Ne l s on .  

The infl uenc e o f  a s c o rb i c ac id o n  t h e  

a naerob i c  res p i rat i o n  of swe et po t a t o  

s l ic e s . 

Arch . B i o c hem. 1 0 :  375 - 8 1 . 1 946 . 

Influe nc e o f  s ome envi ronment al c ond i 

t i ons on the growth of exc i s ed r o o t  

t i ps of whe a t  seedl i ngs i n  l iq u id 

med iu.rn. Pl ant Phys . z :  6 1 3-28 . 1 932 . 

C o n c e n t ra t ions o �  i n o rgan i c  ions a s  

rel a t ed t o  grow t h  o f  e xc ised r o ot - t i ps 

o f  wh eat s e e d l ings . 

Pl ant Phys . 8 :  489-508 . 1 933 . 



Pa ge 81  

1 .25. ��hi te , P .  h .  :Pote n t i a l ly unl imi te d gr owt h  of exc i sed 

t otna t o  r oot t i ps i n  a l iquid medi um. 

Plant Phys. �:  585-600. 1 934. 

1 26 .  tf 

1 27 .  

1 28.  tf 

Potent i ally unl imi ted gr owt h of exc i sed 

pl an t  c a l l us i n  an a r t i f i c i al n utr i e n t .  

Ame r .  J ou r .  B o t .  ,£§,: 59-64. 1 939 .  

C ont rolled di ffe ren t i a  t i. on i n  a p lan t 

t i ss ue c ul t ur e .  

Bul l .  Torrey b o t .  C l ub . 66 : 507-1 5. 1 9 .59 .  

A handb ooK of Plant T iseue J ul t ur' e .  

T he lt onalJ. f·re S B  l.; o. Ne w x ork , 1 943. 

1 �9,.. de Koc k ,  .ft. C .  , lt • . if. Hunter & l .  R .  MacDona.id. 

A germina ti on inhib i t or f r om s ugar bee t .  

J .  lixptl . Bot.  lt t 27 2-82. 1 953. 

An i n b1 b 1  t or of 

sal t abaorpti on in t he r oot t i s s ue s  

o f  t•e d  bee t .  

Ann. 8 o t .  1§: 51 3-529 . 1 952. 



Page 82 

o.t.' .a.ot.any , Masae;y Agr ic ul tura.l College , Pal.m.ars t on 

NoL< t n ,  dur ing t b.e tenure of a liew Zealand Nati onal 

Reaea1•c h. So nolaratd.p , W11.io n  1s gra terully acxnow-

ledge d. 

Thanks ar� due ,; also , to J .• A. o arnahan , M. So . , 

Ma.sae;y voUe�e , for takin g the phot ographs inc l uded. 

1n tnti te�/ti,. 

� - - -..... 

MASSEY P..GRICULTURAL COLLEGE 
LIBRAtrf Pf!. L '· : :.; ;;:�>TON NORTH, N.Z. 

· '  


	10001
	10002
	10003
	10004
	10005
	10006
	10007
	10008
	10009
	10010
	10011
	10012
	10013
	10014
	10015
	10016
	10017
	10018
	10019
	10020
	10021
	10022
	10023
	10024
	10025
	10026
	10027
	10028
	10029
	10030
	10031
	10032
	10033
	10034
	10035
	10036
	10037
	10038
	10039
	10040
	10041
	10042
	10043
	10044
	10045
	10046
	10047
	10048
	10049
	10050
	10051
	10052
	10053
	10054
	10055
	10056
	10057
	10058
	10059
	10060
	10061
	10062
	10063
	10064
	10065
	10066
	10067
	10068
	10069
	10070
	10071
	10072
	10073
	10074
	10075
	10076
	10077
	10078
	10079
	10080
	10081
	10082
	10083
	10084
	10085
	10086
	10087
	10088
	10089
	10090
	10091
	10092
	10093
	10094
	10095

