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ABSTRACT 

The p o tentia l i ty of growi ng d warf cu l t ivars of Orienta l 

l i l i es a s  f lmve ring p o t  pla nt s  wa s i nvest iga t ed.  Two cu l t ivars, 

L. auratwn 'Little Gem1and L xparkmanni 'Li t tle Robi n' were 

g rown to asse ss the i r  su i tab i l i ty a nd d e termi ne a p red i ctab le 

schedu le of p roduct i o n .  

Ini tia l ly i t  was esta b l i shed that t hese p lant s could be 

grown sa t isfact ori ly in conta iners and that after adequate 

ve rna l i za ti o n  adequate growth a nd flowe ring t ook p la ce. 

In bu lbs se lec t ed after na tura l sene scence, ve rna liza t i on 

can b e  ach i eved b y  p lanting a nd sto ring t he bu lbs ou td oors t o  

exp erience nat u ra l  wi nt e r  chi l li ng and a l so artificia lly b y  storage 

at control led coo l  temp e ra t ure s. P lanting pri o r  to a rt ifi cia l coo l 

st orage wa s not advantag eous. 

There i s  a mi nimum p e ri od of st orage of 35  days a nd 

p referab ly 42 days for b o t h  cul t i va rs, whi le temp era tu res may ra nge 

from 1 .  7°C to 8°C for L. auratum 'Li t t le Gem and to 12°C for 

L. x parkmanni 'Litt le Rob i n '. 

The peri ods from p la nt i ng to emergence a nd emergence t o  

macroscop i ca ll y  visib le flower bud s  are inversely re lated t o  the 

length of t i me the bulb s  a re st ored , irrespect i ve of the cool 

temp eratu re. Subsequent growth to  a nthesis is d i rectl y rela t ed to 

the temp era tu re a t  which the p lant s are grown a nd i nd epend a nt of 

p revi ous storage t imes a nd t emperat ure s. The t ime requ ired to 

a ch ieve anthesis i s  consi ste nt in any one t empera t ure re gime .  

Althoug h  the long er the time the b u l b s  e xp e rience coo l  

temperatu res, the sooner the p lants a chie ve anthesis, the t ota l t ime 

from commencement of st orage t o  anthesi s is  simi lar for a l l  storag e  

p eri ods u p  to 1 0  weeks. 

When b u l bs are i nadequa t e ly vernalized , growt h a nd floweri ng is  

i rregular; g rowt h being rose t t ed a nd anthesis d e layed or  occuring 

spa smod i ca l ly.  



The gr owth and d evelopment o f  l i lies i s  considered and 

compar ed wi th that of o th er b u lbous geophyles. 
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INTRODUCTI ON 

Plants  o f  the genus Li li um have for  c enturies had a p a r t icular 

significance for p eople, either as a sour c e  o f  food (Wil s o n  1929) , 

t he bulb s b eing ga t hered f rom the wil d a nd ea t en in Japan o r  with 

religiou s  c o nno t a t io ns in Chris t ian communit ies (Woodcock a nd S t earn 

1950) .  In addit ion they have been a dmir ed and cultiva t ed as p l ants 

of b ea u t y  t o  deco r a t e  gardens . The aliment ary aspec t wil l no t be  

cons id er ed fur ther , while the religious significance mus t b e  referred 

t o  in grea ter det ail. 

Trad itio nally t he p ure white f l owers of Li lium candi dum ha ve 

b een associa t ed >vith the �1adonna, in f ac t  b o t h  t he specific and common 

English name indica t e  that  t he f l owers were of excep t io na l  p urit y. 

Similarly L. longi flor>um has been known for  :·ears as Eas t er l il y  and 

many mill ions o f  bulbs  are for c ed in t he Unit ed S t a t es o f  America as a 

f lowering p o t  p l ant  s pec ifical ly for  s al e  a t  that  time a nd a t  no o t her 

p er iod o f  t he year. In New Zea land, lilies with whit e f l owers either 

L. r>egale o r  L. longi flor>um 1 Dutch Gl ory 1 , are grmvn outdo o r s  t o  b e  

s o l d  a s  c u t  flowers at  Chris tmas o nly; should  t hey flower t o o  early or 

too l a t e t hey have no commercial value. 

Tho s e  s pec ies and cult iva rs wit h coloured f lowers ,  partic u l arly 

L. (Asia t ic hybrid) 1 Enchantment ' and cult i vars o f  L. speciosum are 

grown for c u t  f lower s ale in Europe and mo re rec ent ly, L. X par>kmanni 

cul t ivar s  b red in New Zealand have been exp or t ed for  t he s ame purpose 

(Do reen pers.  co rnrn.). 

Apa r t  f ro m  Eas t er lily cul tivars, few o t hers are grown as p o t  

p l a nt s  f o r  t hey d o  no t pos s ess the des irable chara c t eris t ic s  o f  a p o t  

p lant as  s p e c if ied b y  Sa c hs et al. (1976), mos tly being t oo t a l l  o r  no t 

a t t aining t he d es ir ab le height/wid th rat io o f  1.62/l. In f a c t grow t h  

ret ardants s u c h  a s  ch�rmequat ,  ethepho n o r  ancymid o l  a r e  app lied t o  

l. 



Easter and As iatic hyb r id l ilies (Dick 1974, Wade 1972, Roh and Wilkins 

1977b) to ob tain a mo re c o mpac t  and s uitab ly s haped p l ant. Woo d l ey and 

Tho mas (1973) s imilar ly appl ied gro wth r etardants to L. regale to 

produce a mo re ac cep tab l e  pot p l ant. 

The s el ection o f  a genetically dwarf cul tivar of L. auratum by 

Dr J. S. Yeates ( Yeates 1956) named 'Littl e Gem' and its s ub sequent 

c ros s ing with L. X oarkmanni c ul tivars produc ed a genetic al ly s tab l e  

s train o f  p lants named 'Littl e Ras cal' (McRae 1972). Thes e p lants 

app ro ximated clos er to the des irab l e  height/wid th ratio o f  a p o t  p l ant 

and app ear to have other suitab l e  charac teris tic s for  this p urp o s e .  

The studies undertaken and rep o rted here, were car ried o ut to 

confir m thes e as p ects, and al so  draw up a bl ue p r int o f  culture as 

prop o s ed b y  Bred mo s e  (1973) and Chr istens en (1976). Concurrently 

s tudies were undertaken on the culture of other geophytes esp eciall y 

Narcissus, Iris 'Wed gwood', tulip s and frees ias fro m  co r ms p ar ticul arly 

to ad vanc e their fl owering. The res ults have been rep o r ted el s ewhe re 

( Salinger 1976, 1977). These s tudies enhanced an unders tanding o f  the 

morpho l o gy and growth of monoc oty ledono us geoph y tes while o b servations 

made during thes e inves tigatio ns have been inco rp orated in this thes is . 

2. 



C H A P T E R 0 N E 

THE LILY PLANT 

1 . 1. Clas s i f i cation o f  l i l i es 

1 .  1.1. Botani cal clas s i f i cation 

Accordin g  to Woo dco ck and Stearn (1950) the Genus Li li um ,  

excl uding Cardi ocri num and Not ho lirio rz \vas divided into f o ur s ectio ns 

on the b as is o f  coro l l a  and f l o wer s hap e. Thes e divi s i o ns were: 

I.  LEUCOLIRI ON, the f lowers being trump et or f unnel-s hap ed 

with the p erianth segments o verlapping f o r  the greater 

p art o f  their l ength. 

I I .  ARCHEL IRION, co mpri s ing L. a uratum , with b owl or open 

f unnel-s haped flowers. 

I ll. PSEUDOLIRI ON. Flowers erect and o p en widely. 

IV. MARTAGON. Flm.;rers p endulo us with the segments stro ng l y  

recurved. 

3. 

A clas s i f i cation based o n  f l o wer s hape i s  i nappropriate and i �nores 

many more b as ic aspects o f  gro wth such as b ulb hab it and co mpatib i l i ty 

in b reeding. Species such as L. Zongi florum� L. p arryi and L. r ube ll wn, 

all Leuco l i ri o n, co me fro m  distinctl y di f f erent p arts o f  the world, have 

dif ferent f orms o f  bulbs and are a l l  cro s s  inco mpatib l e. Camber (1949) 

pro p o s ed a more n atural clas s i f i cation bas ed o n  s i x  majo r characters , 

namely: 

1. Germination o f  seed, hyp o geal or ep igeal . 

2. Germination,  del ayed or i mmediat e. 

3. Leaf arrangement, who rled or s cattered. 

4. Bulb s cale, jointed or entire. 

5. Seeds , heavy or l i ght. 

6. Bulb s hape: (a) erect or (b ) s ub rhizo mato us 

(c) rhi zomato us (d) sto l o n i f ero us. 



On these p remises, he class if i es the genus Li li um i nto two 

sub genera, Card i ocrinum and Eulirion.  

The sub genus Eulirio n  whi c h  inc ludes all the p lants now p laced in 

the genus Li li um is subd i vi d ed i nto seven sectio ns, notably: Martagon� 

Pse udo l irium� Liriotypu s� Arc he lirion� Sinomartago n� Leuco lirion and 

Da uro lirio n. Camber develop ed this classi f ication after c ulti vat i ng 

and o b serving the living p lants, includi ng germinat i ng the seed and i t  

has b een shown to b e  more natural in  sub sequent intersp ec i f i c  b reed i ng. 

Woo d c o c k  and Stearn ( 195 0 )  suggested that the genus should be d i vid ed 

i nto "abo ut t\venty groups o f  allied spec ies". They d i vi d ed lilies 

into two major secti ons, Old World Species and New World Spec i es b ut 

apart f ro m  these d ivisions d o  no t justi fy their c lassi f i catio n. 

De Jong ( 1974) p roposed a modif i c ation o f  Camb er 's classi f i c ation 

b ased on  phy lo genetic grounds. He also d ivides the genus into seven 

sections b ut d iscards Camb er's L i riotypus and Daurolirion. His 

classi f ic atio n  then stands as: Sectio ns, Li lium ( Sy n. Euliri on and 

Liriotypus) , Hartagon, Pseudoli rium, Archelirion, Sino martagon, 

Leucolirion and Oxypetala. The latter inc ludes the section oxy petala 

o f  the genus Nomochari s on the basis o f  a pap er by Sealy ( 1950) . 

1. 1. 2. Horti cultural classi f ic ation 

4. 

As with many other ho rticultural p lants, e. g.  Rosa and C hr ysa nthemum 

morifo lium , Ramat a bo t anical c lassif i c ation is not suf f i ciently exact 

to d escrib e the many types o f  c ultivars which are co mmonly grmm, 

p arti cularly when co nsid erable interspecific and interc ulti var b reedi ng 

i s  undertaken. 

The Royal Horticultural So ciety and North Ameri can Lily Soc i ety 

pro p o sed a system of eight Divisions based on Camber's classi f i c ation 

and o f ten related geo graphic ally (Synge 1969). These Di visions are: 

1 .  The Asi atic hybrids 

2. The Martagon hybrids 

3 .  The Cand i d  urn hyb rids 

4 .  The Ameri c an hyb rids 

5. The Lo ng i f lorum hyb rids 



5. 

6. The Aurel i an hyb ri d s  

7. The Or i ental hyb rids  

8. Al l hyb rids not p rovid ed for i n  any p r evious d i vi s i on 

9 .  The Sp ec ies . 

The p lants used in the exp er iments rep orted are c l as s i fi ed as 

Di vi s i on 7, the Or i ental hyb r i d s ,  b eing either a cultivar of L. auratum� 

s p ec ifi cal ly L. a uratum, 'Littl e Gem' or a hyb rid b etween thi s  p l ant 

and L.  X parkmanni 'Exc els ior' named L. X park�anni 'Li ttle Robin'.  

1. 1.3. Compar ison of Longi florum hybrid s  and Or i ental hyb rid s 

One of the major features of L. longi florum culti vars i s  the 

var iati on in n umbers of fl ower s prod uced by bulbs of the same wei g ht. 

Under approp r i ate conditions,  p rimary (terminatin g), s ec ondary and 

even tertiary fl owers may b e  formed on a ped icel . In fact Roh and 

��i lkins ( 1975) indicated that replacing cool treatment of the bul b s  

with lon g  days increas ed the numb er of fl mver s and i n deed s econdary 

and tertiary fl ower d evelopment. Alt ernati vely Smi th ( 1 9 6 3) and 

De Hertogh and Wil kins ( 1971) s howed that increas ing p er i od s  of c ool 

storage dec reas ed the numb er of flmvers. 

Although s econdary flowers may be subtended in L. speciosum, thi s 

is n ot a feature of d\varf cultivar s of L. X parkma nni . Fl ower 

numbers per plant are stab le and not affec ted by inc r eas i ng per i od s  of 

c ool s torage. However with inadequate cool storage secondary 

flower ing can take plac e ( Exp er iments 1, 2 and 5) but in these 

i n s tances there was an ext ension of the growing axis after the in itial 

fl ower ing. In fact normal foliag� l0aves were produced on the s tem 

b etween the i n i tial and late r fl owers . 
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C H A P T E R T W 0 

GROWTH AND DEVELOPMENT OF T HE LILY PLANT 

2.1. Studi e s  on deve lopment 

6 .  

Des p i te the cons id e r ab le e mphas i s  o n  facto r s  inf l ue nc i ng f l owe r i ng 

i n  l i l ie s  and p ar ticular ly L. l ongiflorum, few s tud i e s  have b ee n  c ar r i e d  

o u t  o n  growth and development o f  the whole plant, f r o m  the initial 

p r o p agul e  to the mature p l ant and anthesis .  Blaney and Rob e r ts (1966) 

d e s c r ib e  the d e ve lopment o f  L. longiflorv.m 1 Cro f t  1 ove r  a p e r iod of  thre e  

s easo ns from initi al bulblet t o  the comme r c ial s ize b u l b ,  b ut the 

major i ty o f  s tu d i e s ,  e .g. Krythe (1938) with Li lium regale, Riviere 

(1969) w i th L. candi dum d iscus s growth and deve lopment within the mature 

b u l b , w i th e mphas i s  on flo ral i ni ti ation. 

It is und e r s tandab l e  that concornrnitant with s tud i e s  o f  fac tors 

affe c ting the f l owe ring o f  l i l i e s  the d e vel opment o f  the p l ants and 

f lo r al i ni ti ation has al s o  been inve sti gated. Since the p l ants have 

b e e n  i ntended to b e  sold i n  f l owe r ,  many o f  the s tud i e s  have ac centuated 

f l o r al d e ve l opment and i gno red o the r asp e c ts,  name ly McArthur (1939) , 

Ko s ugi (1952) , Pfe i f fe r  (1935) , Emswel le r  and Pryor (1943) , Smith (1963) 

all o f  whom de s c r ib e d  f l o ral d e vel opment i n  var ious cu l ti vars o f  

L. l ongi fl orum. Howeve r  such a l imite d  s tudy i gno re s  the f ac t  that 

s e ve ral activities  and morpho l o gical change s are taking p l ace at the 

s ame time, s ome comp l i mentary, o the r s  competitive. 

Deepe r  s tu d i e s  of growth and deve l opment have been repo r te d  by 

Duc hartre (1875) mai nl y \-Ji th Li lium gi gantewn, ( no\-J cons id e r e d  to b e  

Cardi ocri num gi ganteum), w i th le ss detailed d e s c r ipti o ns o f  

L. cordi folium (Cardi ocrinwn cordi folium). Krythe (1938) d e s c ribe s  

the growth o f  L. regale, but e mphas i se s  the ae r i al ap i ce s  and i gno res 

the growth o f  the roots .  She p o i nts out that the daughter axis in 

L.  regale is no t e vi d e nt unti l floral initiati on in contrast with 

L. l ongiflorum 1 Cro f t  1 \vhere it is evid e nt under natural condi tions 

in De cemb e r  p r i o r  to thi s stage acco rding to Blaney and Rob e r ts (1966) . 

Ohkawa (1977) s imi larly s tates that in L. spcci osv�n !'ubrur.� the dau ghte r 



axis is not determinable until inflorescence differentiation takes 

p lace in the mother stem. 

Similar dissection of plants of L. X parkmanni 'Little Robin' 

showed that the daughter axis was not discernable until stage P2 of the 

flowers had been reached. 

Blaney and Roberts (1966) describe the growth of L .  l ongiflorum 

from the initial bulblet to the saleable commercial bulb over a period 

of three growing seasons. Of particular significance is the 

development of the daughter bud. This is initiated adjacent to the 

flower stem in the axil of the innermost scale leaf and itself forms 

scales until anthesis of the mother bulb when foliar development 

continues until flower initiation. 

2.2. Lily morphology 

A longitudinal section through a mature bulb at anthesis shows 

three generations of growth: 

a. The desiccated scales of the parent bulb. 

b. The storage scales of the mother bulb, contractile roots, 

flower stem subtending stern roots, foliage leaves and 

flowers. 

c. The daughter bulb and stem bulblets with their contractile 

roots. 

There is in fact competition between mother bulb and daughter bulb 

as removal of inner bulb scales formed after sprouting accelerated 

anthesis while removal of the outer scales formed the previous year 

delayed flowering (Wang and Roberts 1970). 

This can be explained partially by lev�ls of growth regulators, 

specifically gibberellic acid and abscissic acid as Lin et al. (l975b) 

showed that GA activity was greater in the inner scales and ABA 

activity in the outer scales, Although Lin et al. (l975a) shoHed that 

exogenous GA applications stimulated bolting. e. g. flower stem 
0 emergence. With bulbs cooled for 40 days at 4.5 C and then placed 

in a glasshouse at 15.5/21°C night and day t�mperatures, both GA and 

7. 



ABA increased markedly with the highest ABA level occuring in the 

inner scales of the bulb. 

An interesting unexplained feature was the fact that in bulbs 
0 stored for 80 days at 4.5 C both growth regulators were at a low level 

after this storage period. 

2. 2. 1. Basal or contractile roots 

As in other monocotyledons the basal roots are secondary. They 

develop from the basal axis penetrating this tissue and the vascular 

connections apparently directly associated with the bulb scales 

subtended on this axis. Duchartre (1875) and Stoker (1936) point out 

that the development of these roots occurs even in the seedling lily, 

the primary root produced by the embryo being ephemeral. They draw 

the young plant down into the soil, Stoker ( loc. cit. ) suggests to 

regions of greater moisture level; and this continues as the bulb 

increases in size. Stem bulblets also produce such roots early in 

their development and continue their production as apices are formed, 

and scales are differentiated. In a mature bulb the daughter bud 

produces contractile roots penetrating between the scales or even 

through the axis itself. The persistence of the roots is similar to 

that of the scales on the mother bulb. 

The roots themselves contract in the adaxial area being rugose or 

corrugated beneath the bulb but smooth and branching towards the 

distal portion. They are similar in structure to those described by 

Chan (1952) and Chen (1969) in Narci s s us .  Chen states that these 

roots are shortened by longitudinal retraction and radial enlargement 

of the inner cortical parenchyma cells in the contractile region, 

while the outer tissues, including the outer cortical cells, exodermis 

and endodermis are lifted over the contracticle region. 

The perennial nature of the basal roots of lilies contrasts with 

the annual roots of many perennial bulbs such as Hya ci nths us and 

reinforces their pachycaul structure. The latter is exemplified by 

Agave in which, according to Arber (1925) , the roots are long lived and 

are increased by the annual development of fresh roots outside the 

older ones, as also occurs in the lily. 

8. 



These roots originate in the basal axillary region the vascular 

strands being traced into that structure and then becoming 

indeterminable as described by Mann (1952) in garlic. It is unlikely 

that any root is associated with any specific scale or vascular bundle 

within a scale particularly as the roots die centrifugally while scales 

are absorbed centripetally. 

Linderman et al. (1975) have stated that roots of lilies growing 

in soil in Oregon are associated with vesicular arbuscular mycorrhizae 

of two genera, namely Glomus and Acaulospora. 

Examination of the lily roots grown in peat - sand medium showed 

no mycorrbiza tvhen stained �vith lactophenol cotton blue, while Tincker 

(1947) also could not recognize any associated mycorrhizae. 

Tincker (1947) summarizing the results of six previous reports 

particularly emphasize d the need for adequate aeration of the growing 

medium and discussed the persistence of basal roots. He observed 

these roots on L. supel'bwn, a plant tvhich produces a bulb annually at 

the end of stout stolons. It was therefore possible to separate the 

roots of an older generation from those produced on a daughter axis. 

The basal roots grew in summer as the bulb developed and by mid 

winter were approximately 25-35 cm long; these roots supported the 

growth of the flo1ver stem and persisted 15-18 months. In L. candidum 

roots were formed by the daughter bulb both in spring and early summer 

and again when the radical leaves are formed in late summer and 

autumn. In L.  henrvi, ne� basal roots appeared to be produced 

continuously except for a short period in mid winter. 

Grove (1942) ostensibly considering the resting period of the lily 

bulbs in fact dismisses their basal roots and time of production; he 

suggests that Asiatic lilies, e.g. D. sm";Jcmtii, but not L .  henryi, 

have a longer resting period when basal roots are not produced, than 

European and American species. 

Generally therefore if bas al rout production is related to the 

grmvth of daughter bulbs their rhythm and persistence are similar. 

9. 



The daughter bud is differentiated at floral initiation of the mother 

stem in early spring when roots emerge, these increase and extend 

during the summer with bud expansion, the flowering stem being 

supported mainly by stem roots. After anthesis the daughter bulb, 

now the major axis gradually decreases in activity and root production 

slows, finally ceasing during winter quiescence; the cycle continues 

as the next daughter bulb is formed. 

10. 

An understanding of this rhythm of growth explains why basal roots 

persist for more than one season and also how bulbs grew, flowered and 

produced larger daughter bulbs even when basal roots were few, inactive 

or absent at planting as in the experiments 2 and 3. 

2. 2. 2. Stem roots 

In many species of Lilium particularly L. henryi and L. regale the 

basal roots are large and numerous. In contrast in both the cultivars 

grown by the author although present, they were not numerous and, as 

recorded in some instances, few were apparently healthy and active . 

In contrast, the plants produced a profuse growth of stem roots on 

the underground portion of the stem, being apparent as soon as this 

region had completed growth after emergence. They appear internodally 

as well as nodally, their growth sometimes being fused after emergence. 

Their abundant production suggests that the \vhole of this etiolated 

region is an intercalary meristem as the roots can be produced as a 

whorl around the stem. Esau ( 1965) states that the stem roots arise 

in the parenchyma in perivascular position. 

The stem roots of lilies are more profusely produced than in 

graminaceous monocots, such as Zea mays where roots are produced mainly 

at the nodes and are not fused. Similarly in comparison, members of 

the Iridaceae such as Gl adiolus develop a massive stem but produce only 

contractile roots from the basal axis both of the parent and the 

filial corms. 
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These roots are more e f f ic ient abso rbers o f  moisture and nutrien t s  

than b asal roots a s  they not only maintain t h e  flower stem, but also 

enable  the bulb to  increase in weight  as shown in experiments 1 and 2 . 

Some lilies,  not ably those of  North Ame r ic an o rigin , do not produce 

stem roots and one can assume that the radical leaves act as the source 

of  nut rients to  the daughter bulb . 

2 .  2. 3 .  The stem 

The main stem , or  f lower ing axis ,  is init iated in the centre o f  the 

daughter bulb or bulble t .  It is normally q�iescent until  after 

senescence of the mo ther axis and a period of winter chilling or i t s  

equivalent . Excep t ionally i n  L .  longi florum , i t  may emerge 

coincidentally with the growth of the mo ther st em producing a condi t ion 

known as "summer sp rout ing" , this is more prevalent in cul tivars such 

as ' Georgia' which are adapted to  warmer climates  (Roberts and Blaney 

(1967) . 

When a _bulb is adeq uately mature , wh ich may be in the first season 

with a large bulb le t ,  or at least two years from seed in some species,  

the  stem terminates in  one  or  more flowers.  Extension growth is  

t herefore determinate  and ceases when the pedicels o f  t he flower buds 

are fully extended . 

Leaf arrangement varies from whorls o f  leaves in L. martagon to  a 

dist ichous arrangement in young stems of  L. s pecios um and L. X parkmanni 

In L. a uratum ' L i t t le Gem' study of mature st ems showed a parast ichy o f  

two helices namely 8 : 13 and 5 : 1 3 .  

Snow (1958) propose d  that in monoco tyledons foliar hel ices are in 

threes .  Plantefol (1945) had suggested that in Lilium, based on study 

of L .  can di dum , there was a la\v of juxtaposi t ion as compared with a law 

o f  d i vergence. He considered that an ideal l ine joining the leaves 

showed that each leaf primordium was exactly cont iguous with its 

predecessor . He  also recognized three he l ices . The same author 

d iscussing L. specios um (Plantefol 1946) consi de rs that this is an 

exce pt ion .as he could trace  only two he lices and the leaf bases did  not 



coincide . He also noted that beneath the flower a d ist ichous 

arrangement  occurred . Thi s  was also seen in the extension growth o f  

bulbs which had been inadequately chilled in e xperiments.  These had 

a f ract ion of  Yz. S imilar phyllotaxy is shown by Ohkawa (1977) when 

plants made extended growt h .  

2.2.3.1. Fasciat ion 

Although the stem after emergence is normally circular in sec t ion 

occasionally fasc ia t ed stems are produced in Li lium species and 

part icularly L. auratum . Although not observed in L. auratum ' Li t t le 

Gem ' , a t  le ast two p lants of L .  X parkmanni ' Li t t le Rob in'  developed 

fasc iated stems in experiment  5, al though unl ike other instances these 

stems branched soon after  emergence , thus producing up to 54 f lowers.  

The cause o f  f asc iat ion or  predisposing factors have not  been 

iden t i f ied but Withers (1967) states that the t endency to fasciat ion 

can b e  transmit ted gene t ically in lilies.  

12. 

Ducker (1977) describes f asc iat ion in Lilium stems as the development 

of a st rap shaped  st ruc t ure o f ten several inches broad . These fasciated  

stems have a "growing line" inst ead of  a growing point , ind icating many 

ap ical meristems side by side . She states that there is no complete 

explanat ion o f  the structural development of  these st ems, but observes 

that there are two theories, ei ther that there has been an enlargement 

of a single ap ical meristem or  that during deve lopment there has been 

fusion of many shoots .  S ince li lies at the vege tat ive stage normal ly 

have a single dominant api cal meristem the former theory appears more 

accep t able . 

As with other authors,  she can o f fer no d e f inite explanat ion for  

the cause o f  this phenomenon in  lili es ,  though she suggest s it occurs 

more f requent ly when the plant s  are grown under "excep t ionally good 

growing conditions" . She endorses the st atement  that certain st rains 

of Ori ental lilies are more prone to produce such stems. 

2.2. 3 . 2. Types of leaves 

An aspe c t  whi ch has rece ived l i t t le at tention  is the d i f ference 
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between the leaves produced at  the apex o f  s torage scales of  the 

immature bulb or  bulblet s ,  radical leaves , as compared with the foliar 

leaves o f  the main axis  or  flower s tem o f  the lily , foliage o r  axi llary 

leaves , typical o f  e ach species . The radical  leaves differ  in being 

more  l ike a prophyl l  and possessing a def init e  petiole gradually mer ging 

int o  a lamina . They dif fer in shape f rom the axi llary leaves . 

Table 2 . 1 :  Dimens ions in mm o f  leaves produced by (a)  bulblet 
(b ) base  of  flowering axis ( c )  centre o f  flowering 
axis , L. 'Lit t le Robin' . 2 . 9 . 7 6 (Illus trat ion) 

Width  of lamina 

Length of lamina 

Wid th of pet iole 

Length of  petiole 

a 

27  

42  

1 

3 2  

b 

26  

7 1  

3 

9 

c 

4 7  

85 

8 

6 

Radical or scale leaves are developed t o  the greatest  extent in 

L. candidum where  the s cales o f  the daughter b ulbs produce these 

leaves for a full season prior  to  the growth of the main axis .  

As  the latter  extends , the radical leaves senes ce while the  scales 

which sub tended them are gradually absorbed . 

Blaney and Roberts  ( 19 6 6 )  describing the growth o f  L. longif1orum 

from bulblets d id not refer to the radical leaves or  t hat some bulblets  

produce these leaves whi le others immediately develop a main axis . 

Mat suo  ( 19 7 2 )  discus s ing  the growth of bulblets  of those cult ivars o f  

L .  longiflorum from the Riyuku Islands pointed out that these p lant s  

could show three d i f ferent types of  growth . The re were bulble ts  with 

radical or scale leaves only , bulblets wh ich bolted producing solely a 

main axis and an intermediate type exhib i t ing b o th radical leaves and 

a main axis. Matsuo and Arisumi ( 19 75 )  ident i f ied the subsequent 

plan t s  as hypogeous type plant (HTP) , epigeous type plant (ETP ) and 

hypo-epigeous type p lant (HETP ) respect ively . Matsuo e t  a l .  ( 1 9 7 7 )  

relat ing the growth t o  propagat ion and bulblet  s ize showed that large r 

parent scales produced larger bulblets with a higher ratio of  ETP' s and 

the greater the number of bulblets  per scale the higher the ratio o f  



Phot ograph 1 

Long t i tudina l sect i ons  of Narcissus1 Lily and tu lip bulbs at 
dormant stage.  F lower und if f erent iated in Lil y .  

Photograph 2 

Foliage of L. x parkmanni 'Li t t le Robin' 
A Rad ica l  leaf from bulblet  
B Leaf from base of stem 
C Leaf from mid d le of stem 





1 4 . 

HTP ' s .  More HETP were produced on  the  middl e  or inner parent scales 

than on t he outer scales. 

Mat suo ( 1974 , 1 9 7 5 )  discussed the influence o f  ligh t  and 

temperature on growth of bulblets produced by scaling . He showed that 

scales p laced in the dark at 25°C produced bulblets which t ended to 

bolt as compared with those on scales expose d  to the light  or  stored at 

1 5°C .  Bo l t ing was induced more in bulblets grown subsequen t ly at  1 5°C 

than a t  25°C .  Further stem growth was enhanced by h igh temperatures. 

This coincides both with recommendat ions given by Doreen (pers.  comm . ) 

and with natural condit ions where bulble ts are produced in the warm 

temperatures of summer on the portion of the stem below ground , undergo 

winter chi l l ing and produce shoots  during the rising temperatures o f  

spring and summer . S ince the parent stem has senesced the previous 

autumn t he bulblets are independent plan t le t s  and there fore subj e c t  t o  

natural condit ions uninh ibited  by their sub tending parent . 

Ont ogenet ically , one could consider the radical leaves as a 

primi t ive form and L. candidum e ither as a primit ive spec ies o r  an 

anomalous type ; since it produces large radical leaves ,  is not stem 

root in g  and does no t develop stem bulble ts .  

2 . 2 . 3 . 3 . Axi l lary leaves 

When a bulb is adequately mature to produce a main stem , no further 

radi cal leaves are produced by the scales.  At the base o f  the stem 

howeve r t ransit ional leaves are produced ; these are swollen wi th 

sto rage mat erial simi lar to the scales, gradually becoming membraneous 

and then photosynthet i c when the axis emerges from the bulb and is 

expose d  to the ligh t .  

In a l l  experiments some o f  the lower photosynthetic leaves 

absc i ssed , the propor t i on of those that abscissed were recorded in 

1 9 7 5 . On twenty plan ts the number o f  leaves retained to number of  

nodes was 1 : 1 . 9 .  



Schenk ( 19 7 4 )  s tates that with L.  speciosum forms and Oriental  

hybrids,  t emperatures below 1 8 . 3°C a t  night in the  autumn will  induce 

yellowing and dropping of  the leave s . The glasshouse cond i t io ns 

imposed during this  experiment were below this t emperature for up t o  

1 2  hours cont inuously through the night . 

The maj ority o f  the axillary leaves o n  l ilies are without a 

petiole , but the leaves of both L. auratum ' Li tt le Gem ' and 

1 5 . 

L. X parkmanni ' Li t t le Robin'  possess a short pe tiole and their obovate  

shape i s  except io nal in lilies . 

2 . 2 . 4 .  The f lower 

U nlike tuni cate bulbous plant s ,  flower formation i n  l ilies does 

no t t ake place unt il the s tem has eme rged from the bulb ; this s t age o f  

growth is comple ted while the buds are st ill  enclosed b y  t h e  apical 

leaves and has been described by Creamer et al.  ( 1 9 74 ) . They maintain 

that the  flower is  sub tended by  a bracteole although this is not present 

as the f lowering axis extends , although each flower is  sub tended by a 

bract . Flowers are normally produced individually on each pedicel 

excep t ionally in L.  speciosum and L. longiflorum secondary and tertiary 

flowers  deve lop on some of the pedice ls . 

The flower comprises two who rls of  three tepals each segment being 

separate but a t tached to the re cep tacle and alternate with those of  the 

adj acent whorl . 

Measurement s of individual flowe rs o f  L.  X parkmanni ' Li t t le Robin' 

are s tated in Appendix 5 .  

Wilson ( 1 9 2 5 )  describes the flowers of  the species  L. auratum as 

"powerfully scented bowl-shaped 25-30 cm across , white  spo t ted with 

carmine , crimson  or purp le, rarely with yellow ,  each segment with central 

s t ripe o f  yel low (some t ime s crimson) , racemose 1- 1 0  (under cult ivat ion 

s ome times 30 and more , on wild p lant s  usually 2-6 ) : pedicels rigid , 

spre ading or ascending spreading 4 - 1 0  cm long Perianth segments 

spre ad ing , forming a shor t , wide funnel recurved at  the apex lanceolate 

to lanceolate-ovate , 1 1- 1 8 cm l ong , 2.5-5 c m  wide , inner the b roadest , 



1 6 . 

apiculat e  and sligh t ly pappilose at the apex , narrowed to  base,  lowerface 

with s c a t te red, raised, fleshy , coloured papillae , keeled without , 

nectar i f erous furrow 3-4 . 5  cm long, glabrous ; s tamens shorter  than 

periant h , 7- 13  cm long ,  filament s glabrous, anthers 2-2 . 6  cm long, 

pollen chocolate red ; p istil  overtopp ing s t amens , shorter than periant h , 

ovary 2 - 3 . 5  c ,  long , s tyle thi ckene d  upward , s t i gma capitat e .  Fruit  

oblong , 5-8  cm long ,  obt usely 6 angled, summit slightly depressed" . 

The flowers tend to be protand rous, pollen grains being adhes ive . 

The s t i gma exudes copious sugars i n  solution ( illus �) .  

2 . 2 . �5_ . ____ T_h __ e�n� e�c�t�a�r�l� · e� s�o� r�o� s�m�o�p�h� o�r�e�s 

Fahn ( 1 974 )  has classified floral nectaries or osmophores into 

five t ypes : 

( i )  Perigonial ne ctar ies where they develop close to  the base 

of the perianth parts or in spurs formed by these parts . 

( ii )  Toral which develop o n  the receptacle either marginally 

be tween the base o f  the sepals and petals, or annually 

in a ring on the surface of the receptacle or 

t ubularly, in a t ube-like receptacle . 

( ii i )  S t aminal nectaries related to stamens . 

( iv)  Ovarial nectaries whi ch develop on the ovary wall . 

(v) S tylar nectaries at the base of the s tyle . 

Ovar ial nectaries may deve lop on all  the free surface o f  the 

carpels,  on the ovary base or sep tally on the partitions o f  

mono c o tyledonous syncarpous ovaries . This final pos i t io n  occurs 

in the monocotyledonous families  of Liliaceae , r1usaceae , Amaryllidaceae 

and I r id aceae . 

In L.  X parkmanni ' Lit tle Robin'  i t  appears that the nectaries are 

perigonial and close to the base of the perianth part s . This  was 

de t e rmined by sectioning longi t udina l ly young mature f lowers and 

s t a nding them i n  a solut ion  o f  neutral  red 0. 12 5%  in 5 0% ETOH as 

referred  to by Esau ( 1965 )  quot ing Vogel ( 196 2 ) .  



2.2.6. Fruit and seed 

The fruit is a trilocular cap sule with two rows of  ovules i n  each 

locule , p l acent a t ion is axile and dehis ience locucidal . 

Fer t i le seeds are flat , c ircular with a central fleshy e ndosperm 

in which  t he embryo is embedded , the whole  being surrounded by 

membraneous t i s sue . 

There is some variation of  s eed size  between species  and in 

interspecific hybrids . Under normal cond it ions the seed is 

d is t r ibuted c lose to the parent p lant , being too heavy for wind 

d ispersal and unattractive to  grain eati ng birds . 

17. 



C H A P T E R T H R E E 

FACTORS INFLUENCING THE FLOWERING OF LILIES 

3 . 1 .  Induct ive factors 

Lang ( 19 6 5 )  maint ai ns that flowering of higher plant s  c an be 

d ivided into three maj o r  s tages , namely : 

1 .  Flower init iat ion marking the change f rom veget a t ive t o  

reproductive growt h .  

2 .  Flower organizat ion, although he ques t io ns whe ther this 

should be  separated from s tage 1 .  

3 .  Flower maturatio n  or  flowe r  development where t he flower 

develops to mat urity , terminates  in anthes i s  and is 

followed by fruit and seed development . 

18. 

The p lant mus t  have achieved ripeness to  flower , in which it  

produces a certain number of  leaves o r  nodes before the  first  flowers 

can be forme d .  If  this principle is  applied to  a bulb , f lowering will 

t ake p lace , p rovided condit ions are suitable, whe n  it  has ach ieved a 

cert�in  s ize  depending o n  the species . As the bulb s cales are 

o ntoge ne tically leaf s tructures , t he same criterion can apply to these 

plant s . 

Lang ( 1 9hAJ point s  out that in  many plants flowe r  initiation is 

dependent on the interac t ion of the geno type and very specific 

e nvironmental  condit ions especially the induc t ive fac tors  o f  low 

t emperature and photoperiod . 

In bulbous geophytes  photoperio d  is  not normally an induc tive 

feature , but temperature is certainly the maj or  induc t ive fac t o r .  

Rees ( 1 97 2 )  i n  f a c t  states  that temperature is the mos t  important 

factor  affect ing init iat ion and subsequent floral development in  bulbs . 

This  can be  readily appreciated when the provenance (origin) o f  these 

p la nt s  and t he fact that they are geophytes  are cons idered .  Hartsema 



( 196 1 ) s tates  that flower forma tion is  not affected by light  or day 

l ength . Although this may apply to her groups 1 ,  2 ,  3 and 6 where 

spathe is  formed the previous season , in plant s of  group s 4 and 5 

flower forma t ion occurs in the  current season when leave s  have already 

emerge d . 

In certain genera o f  group 5 ,  e . g .  Gladiolus , adequate light is 
� v  

required for  flower format ion ( Sh il lo and Hart y 1 9 7 6 ) . Recent 

19 . 

s tudies by Roh and Wilkins ( 19 7 7a) show that extension o f  the day length 

can s ubs t i tute  for chilling  by st imulating flower forma t ion in certain 

cult ivars of  L. longiflorum .  However temperature is  s t il l  the maj or 

factor  in flower format ion and anthesis  in Li lium species . 

3 . 2 .  Vernal izat ion 

Vernalizat ion is a phenomenon or treatment to which many plants 

respond ; especially those which are in a vegetat ive condi t ion at the 

onse t  of natural cold temperatures and then change to the reproduc tive 

phase under subsequent warmer cond i tions . Artificially it  can be 

app l ied  at any t ime appropriate to the responsive plant . 

Chouard ( 1960)  defines vernalizat ion as the sub s t itution of  

chi l l ing a plant for  the  natural exposure to winter in  order to  make 

possible  the initiat ion of f lower primordia later . He points  out 

that vernal ization induces or hast ens the development of the capacity 

for flowering and that although i t s  ac t ion is  not visible  at f irst , 

the p lant responds later . He rej ects  the derived meanings of e ither 

any physiological effect of chi l l ing corresponding to  the awakening of 

nature in spring or any physiological action s t imulating the capaci ty 

for  flowering ,  whatever the agency . He summarises his definit ion as 

"The acquisit ion or accelerat ion of  the ab i lity to  flower by a chill ing 

process"  and stresses  that i t  is essentially a preparatory proce s s  

which i s  revealed b y  an a f ter effec t . 

Lang ( 1961 )  referr ing  to photo- and thermo-induc t ion points out 

t hat vernalizat ion is mos t  typ ically expressed in the winter annual and 

b iennial plants both of which begin their life  cycle in one year and 

complete  it  in the next . In the former , thermo-induct ion is  
I 



quant i t at ive in that they will  form flowers without chi l l ing although 

only with a greater  or lesser delay . 

is  quali t ative or obligatory . 

In b iennials , thermo-induct ion 

If one considers a s ingle growth bud , e . g . daughter bud within a 

l ily bulb , this is  formed in one season and flowers the next , although 

the bulb as a unit  is pe rennial . The daughter  bulb can be  compared 

with a winter annual and vernal izat ion is  quant itat ive or facul tative . 

Discuss ing temperature effects  on L .  longiflorum ' Ace ' , Langhans 

and Weiler ( 1 9 7 1 )  indicated three responses depending on the level of 

the temperature : 

(a)  Vernalizat ion at a level of 4°C for s ix weeks for 

L. longiflorwn ' Ace" . 

(b ) Devernalizat ion , which they set at temperatures above 

2 1°C before flower induc tion . 

( c )  Non-vernal izing temperatures which are above 2 1°C .  

2 0 .  

They realized that photoperiod can modify the vernalizat ion period , 

but the response to day length occurs when the bulbs are mature and 

shoots have emerged . 

The dif ference be tween devernalization and non-vernalizat ion 

depends on the stage of development of the shoot ; if flower induction 

is not complete , app licat ion of temperatures above 2 1°C can be 

devernal iz ing , and subsequent ly plants  wi l l  flowe r ,  but at a later 

period . 

Non-vernalizing temperatures are those con t inuously maintained 
0 

above 2 1  C ,  at leas t with L. longiflorum , before any flower induct ion 

t akes p lace . 

They state that high temperatures applied be fore leaf induct ion 

will d elay flowering but  induce an in crease in flower number .  



3 . 3 . Dormancy in lilies  

The maj ority of higher plants from temperate or  cooler regions , 

e . g . those that experience a seasonal variat ion in t emperature , show a 

s imilar seasonal pat tern of  growth and frequent ly exhibit a t emporary 

cessation of  growth above t he ground although internal changes may b e  

t aking p lace . Kamerbeek e t  al . ( 1 9 72 )  discuss dormancy i n  bulbs and 

corms , in which there is a rest period in whi ch phenotypic development 

is  arrested , al though the definit ion of dormancy by Amen ( 1968)  is  

quoted they comment that he uses qual itat ive terms such as " t emporary" 

and "relatively" . 

2 1 .  

They d ivide bulbs and corms into three groups in relation to their 

types of do rmancy , namely : 

Group I "Lily- type"  dormancy . Bulbs and corms with true 

physiological dormancy . Li lium , A llium , Gladio lus , e tc .  

Group I I  "Tulip- type ' dormancy . Bulbs  in which hardly any 

true phys iological dormancy can be observed . 

Hyacinthus , Narcissus , Tulipa ,  etc . 

Group I l l  bulbs in which apparently no t rue or  phys iological 

dormancy c an be observed ; bulbous Iris . 

Cons idering in the p resent context Group I types only , they 

cons ider that the dormant condit ion which occurs before flower 

format ion is an overall dormancy and rather deep . In the growth of 

these  p lants  three mo rphogenet i c  success ive deve lopmental s tages can 

be d i s t inguished : 

1 .  Format ion o f  bulb scales or corms . 

2 .  Format ion o f  leaf and stem primordia . 

3 .  Formation o f  one or more flowers . 

Dorm&ncy occurs ch ie fly at  the end o f  s t age one , although some 

leaf primordia are formed during apparent dormancy , no emergence of 

s t ems normally occur s .  Cons idering the daughter  bulb of a lily , scale 

format ion ceases and dormancy commences at  anthesis of the mo ther s tem . 



Low temperatures cause dormancy release in a l l  cases of  l ily type 

dormancy , particularly in that genus , although there may be  cultural 

di fferences within the genus . This  release can be  compared with the 

release from phys iological dormancy of the buds of some woody plan t s  

following chi lling . Dormancy i s  also exhib i ted in seeds of  certain 

species ,  mos t  frequent ly in those with hypogeal germinat ion , e . g .  

L .  japonicum. In s uch cases dormancy occurs  after  emergency o f  the 

radicle  and the formation pf the init ial bulb . It could in fact be 

cons idered de layed emergence . This  condit ion of quiescence of 
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growth is  satisfied by the appl icat ion of cool t emperatures ( Sect ion 3 .  2 ) . 

3 . 4 .  Forc ing of l ilies 

B ailey ( 19 3 3 )  defines forcing inter alia as the product ion of 

flowe rs  from bulbs and tubers in a very short t ime under the influence 

of  very high temperatures .  Thi s  coincides wi th the Dut ch view of 

forc ing where treatment of  bulbs prior to their growth at  high 

temperatures is not cons idered part of the forcing process . Rees 

( 19 7 2 )  referring to general aspects  of forcing Narcissus and tulips 

discusses forcing systems which are aimed a t  giving the bulbs the 

neces s ary cool period at  a t ime when the outside temperatures are 

ine f fect ive and t rans ferring the bulbs into warm condit ions when the 

cool period is sat i s f ied . 

The use of the phrase " forc ing system" is  s igni f ic ant indicating  

a cont inuing process  rather than one s t age of p roduct ion .  De Hertogh 

( 19 7 4 )  has amplified the idea o f  a system \vhere he d ivides this into 

three phases : 

1 .  The product ion phase in which the bulb s are grown to a 

s ize  and cond i t ion sui table for the st age 2 .  

2 .  The programming phase which cover s  the period from 

post  harvest to placing in the greenhouse . 

3 .  The greenhouse period which acce lerat e s  the deve lopment 

of the plant unt il anthesis  or the marke ting of 

the plant . 



3 . 4 .  1 .  The Produc t ion stage 

App lying this t o  the lilies  grown in this s tudy , the produc t ion 

phase requires the growth  of  the bulbs through a whole season unt i l  

senes cence and thei r  sub sequent harvesting and s torage under  coo l , 

mois t condit ions . This is in contras t to other bulbs part icularly 

t unicate  bulbs which are maintained in dry cond i t ions at t emperatures 

of 1 5- 1 8° C .  

3 . 4 . 2 .  The Programming stage 

Pro gra�ning invo lves ,  with lilies , a period of  at least  s ix weeks 
0 a t  t emperatures between 3 and 1 2  C ,  there being lit tle difference 

between the effect of these two t emperatures ,  as compared again with 

bulbs such as Narcissus , other than N. tazetta cult ivars , \vhich 

responds to 8-9°C ,  tulip cul t ivars as Darwin hybrids 5°C or Triumph o r  
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Darwin cult ivars 9°C or Dut ch iris 9- 1 5°C .  The difference in response 

is d ue , part ially at  least to the various development s tages of  the 

bulb s at t ime of t reatment , indicated by Har t serna ( 1 96 1 ) . Cool 

temperatures in the case of Narcissus and tulip influenc ing scape 

elongation only , in Dutch iris ini t iat ing leaf and flower format ion , 

while in lilies such tempe ratures are init iatory only . 

3 . 4 . 3 .  St age 3 .  The Greenhouse stage 

The greenhouse phase , applying above ambient  t emperatures , at  
0 

leas t in areas of  higher latitudes than 40 C ,  naturally has tens 

anthes is . At this  s t a ge also the inf luence of level of temperature 

varies . In the case of Narcissus , temperatures above 18°C can negate  

prior  cool  t emperatures . With tulips s tored a t  9°C for s ix weeks 

flower abort ion occurs or decreased s t ern length  is observed . The 

flowers fail to eme rge from the stem leaves whi le those bulbs stored 

for 10  weeks or longer at 5°C will f l ower sat i s factorily with adequate 

s tern length (Dickey 1 9 5 7 , Sal inger 1 9 7 6 ) . 

With  Dut ch iris  such a temperature is sat isfactory provided l ight 

level s  are adequate . Howeve r li lies respond exponent ial ly t o  

increas ing temperatures though ligh t l evels mus t  no t b e  inhib i t ing . 

The response of plant s to these temperatures  can be corre lated wi th  



their origin , e . g .  provenance and f lowering period under  natural 

condi tions . 

3 . 5 .  The influence of  temperature on reproduct ion of lilies 

3 . 5 . 1 .  Germinat ion o f  seed 

Temperature is the determining factor in germinat ion of normal 

seeds provided t here is adequat e  mo isture and air present , that  the 

seeds are not infected  by pathogens , nor that germinat ion is  

rest r icted  by  internal or external inhib itors . 

Temperatures for germinat ion are normally considered as  minimum, 

opt imum and maximum although Thompson and Fox ( 1 9 7 6 )  have shown that 

t hese  are not absolute and Heydecker ( 1 9 7 7 )  has obt ained more rap id 

germinat ion by "priming" seeds such as onion and cyclamen with an 

osmo t icum prior to germination . 

In his class i ficat ion of  l il ies Camber ( 1 949 )  lays emphasis on 

the d i f ferent forms of  germinat ion in this genus . 

epigeal or  hypogeal , immediate or delayed . 

Germinat ion can be 

The response of d i fferent species o f  l i ly has been recorded by 

Rockwel l  et a l .  ( 19 6 1 ) . Of the plants grown in this experiment 

L.  auratum ' Li t tle  Gem ' has delayed hypogeal germinat ion while 

L.  X parkmanni ' Li t tle  Rob in ' and hybrids between the two exhibited 

imme d iate hypogeal germinat ion . This dif ference is understandable  as 

s tra ins o f  L.  speciosum can exhibit  both immediate and delayed 

hypo geal germinat ion (Withers 1 9 6 7 ) . 
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In delayed hypogeal germinat ion the seed is germinated at 20°C for  

three months during which t ime the  primary roo t  and bulblet is formed . 

After s torage for 4-6  weeks at  2-6°C the bulblet  is  then sown in 

growing med ia at a t emperature of  1 2- 1 5°C .  The first t rue leaves 

b e in g  produced . These leaves are often o f  a different shape from 

stem leaves and could be cons idered prophyll or radical leaves 

( Se c t ion 2 . 2 . 3 . 2 . ) .  
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In immediate hypogeal germinat ion , seed germinates and the 

prophylls  are produced at the same temperature as that appl ied  for 

germination . In  the experiment with the hybrids produced in 1975  

between L. auratum ' Li t t le Gem ' and L .  X parkmanni ' Li t t le Rob in ' seed 

was dus ted with  Capt an dust 10% a . i .  and p laced in plas t ic bags mixed 

with moist  pumice . These were stored at 20-22°C and germinat ion t o ok 

p lace in two months , subsequent ly as the prophy l l  and basal leaves  were 

formed the plantlets  were t ransplant ed to ind ividual containers and 

placed  in a glasshouse at 1 6°C night 20°C day temperature for four 

months . Two further leaves were formed but no s tem.  Finally they 

were p lanted outdoors in early October and s t ems developed , presumably 

due to lower t emperatures overcoming the inhibit ion o f  the prior higher 

temperatures . The requirement for chilling  to induce subsequent 

growth is s imilar to  that required by bulb l e t s  of some species 

produced from scales . 

In some species  exhibit ing immed iate hypogeal germinat ion , such as 

L. concolor and L. pumi lum , the plants  can achieve anthes is at 

temperatures exceeding 1 5°C ,  without any prior  chilling , within nine 

mont hs of  sowing the seed (Rockwel l  et al . 1 9 6 1 ) . 

In slower growing spe c ies and hybrids the p lant produces basal 

leaves  the f irst season and after winter quiescence , a s tem with foliage 

leaves and occas i onally flowers in the second season of  growth . 

3 . 5 . 2 .  Epigeal germinat i on 

S imilar t emperature regimes are required by delayed and immediate 

epigeal seeds , though in these p lants  a coty ledon is produced followed 

by a prophyll and basal leaves . 

3 . 5 . 3 . Temperature and fert i l i zat ion 

Many lilies are self  incompat ible , and some may be cross 

incompatible . Even where species or hybrids  are cross or  self  

comp a t ible  temperature is an important fac tor  in  successful 

fer t i l ization.  



Ascher and Peloquin ( 19 70 )  obtained complete  pene t rat ion o f  the 

s tyle  of the pol len tube  at t emperatures o f  3 1  and 39°C in 

L .  Zongiflorum , while  Myodo ( 1962)  cons iders that the opt imum 

t empe ratures for pollen tube development in L. longiflorum� 

L. speciosum , and L. formos anum were between 25 and 30°C the lowe r 

tempe rature is sui table for early flowering spe c ies and later 

flowering species  require higher temperatures .  Pollen t ubes should 

reach the top of the ovary in 48 hours . L.  auratum ' Lit tle  Gem ' i s  

sel f compatible and al though n o  records were kept , i t  was not ed that 

capsules on plants  in glas shouses  matured more fertile seeds than on 

those plant s grown o utdoors . 

In 1 9 7 6  an observat ion expe riment was carried out backcros s ing 

L. X parkmanni ' Li t t le Rob in ' with L. auratum ' Li t t le Gem ' and selfing  

the latter . 

On 30  January , s ix flowers of  L. ' Li t t l e  Robin ' we re pollinated 

with pollen from L.  ' Li tt l.e Gem '  and after emasculat ion of  six mature 

buds of L.  ' Lit t le Gem ' , wh ich is self compatible , this cul t ivar was 

poll inated with pollen of L. ' Li t tle Rob in ' . Six  buds o f  L. ' Li t t le 

Gem ' were selfed . All plants  were maint ained in the glasshouse .  

I t  was no t i ceable that fol lowing crosspo llinat ion the s tyles of  

the female plant remained green , while in se l f  pollinated or non 

pollinated plants of L. ' L i t t le Rob in ' ,  the styles senesced 

approximately one day after the petals had senesced . Pollinat ed  
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capsules developed and produced copious fert ile seed changing in colour 

at  maturity from green through ye llow to pale brown , st raw colour . 

Matur ity o f  the capsules varied in date . 

L.  ' Li t t le Gem ' sel fed 1 8  May 

L. ' L i t tle  Rob in ' x L .  ' Li t tle  Gem ' 25 May to 2 June 

L. ' Lit t le Gem ' x L. ' L i t t l e  Robin ' 2 to 4 June . 

Seeds of t hese crosses  we re subsequent l y  sown and these germinat ed 

satisfactori ly . 



3 . 6 .  Reproduc ti on asexually 

Bulbous geophytes have achieved a h i gh level of efficiency in 

vegetative reproduc t i on ;  part icularly when the basal axis is  damaged . 

In fact , wounding of  this region is  carried out intent ional ly to  

s t imulate the production o f  bulblets  in hyac inths , while in  

amaryllidaceous plants  as  Hippeas trum , Narcissus and Nerine t he basal 

axis and a sma l l  port ion of  two bulb scales  can be cut into sect ions 

and treated as cut t ings ; bulbs are then formed on the axis at  t he base 

of the two s cales . This process , called twin scaling , has been 

des cribed by Tompsett  ( 1 9 72 ) . 

In lilies , bulblets  develop in the l ower nodes o f  the s tem , on 

det ached scales and even within a bulb if scales are rot t ing  from 

pathogenic or  o ther causes ; the basal axis is not involved in this 

bulblet  produc t ion ,  one can in fact cons ider s cale bulblet  produc t i on 

as a form of  leaf cut t ing .  S imilar bulb let  produc t ion from detached 

fol iage l eaves occurs in Lachena lia and p l antlets  from leaves or leaf 

sect ions of  Sanseveria laurentii (Agavaceae ) . 

Bulbs w i l l  cont inue growth without the requirement o f  cool 

t emperature al though Doreen (pers . comm. ) states that shoot  growth is 

enhanced if chilled at 5°C for one month p rior to plan t ing . 

Bulblets  pro duce radical leaves and in rapid growing c lones , stems 

in the one season ( see Sect ion 2 . 2 . 4 . 1 ) . 

3 . 7 .  The inf luence of  light on flowering in l il ies 

Light  is of course essent ial for the satisfactory growth and 

flower ing of green plants , the three components  o f  l ight being 

intensity , phot operiod and wave length .  

3 . 7 . 1 . Light  intensi ty 

Under natural cond it ions light i s  not a limit ing factor in the 

growth , f lower ing and vege tat ive rep ro duc t ion o f  t emperate bulb s and 

corms . When , however ,  bulbs are forced , e . g . grown for flowering 

prior to the ir  normal t ime , l ight as a port ion of  total irradiation  can 
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b e  a limit ing factor especially in higher lat itudes . In Iris for 

instance , lack of  ligh t  can cause "blast ing" , a drying out o f  f l owers 

after  init iat ion (Rees 1 9 7 2 ) , as these p lant s  unlike Narcissus and 

tulips  depend on current photosynthesis to  comp lete development of the 
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inflorescence . That the two lat ter  and hyacinths do not require a high 

l i gh t  intensity , is indicated by the fac t that t hey may be f l owered in 

art i f icially i l l uminated "growing rooms" (de Pagter 1 9 7 2 , Anon 1 9 7 2 )  

where light intens ity may be lmver than under normal natural condit ions . 

S imilarly when Gladio lus are grown in lower lat itudes for  f lowering  

in winter , lack o f  ligh t  can cause blast ing , part icularly at the 

developmental st ages of four to six leaves ( Shillo and Halevy 1 9 76 ) . 

In lilie s , as  \vith Iris , comple t ion of  f lower formation and 

anthesis  is assoc iated with cont inuous pho tosynthesis and carbohydrate 

product ion . 

Under low light intens ity , li lies  such as L. longiflorum and 

As iatic  hyb rid ' Enchantment '  may suf fer f rom "bud blas t ing" in which 

the develop in g flm.,;rers turn yel low and shrive l ,  but do not a�ciss  

(Schenk and Boontj es 1 9 70 , Einert and Box 1 9 6 7 ) . 

Kamerbeek and Durrieux ( 1 9 7 1 )  state  that the applicat ion o f  

adequate ligh t  t o  lily ' Enchantment ' when 7 0 %  of  the po llen mo ther cel l s  

were in the me iot ic st age was the critical  t ime t o  inhibit  abscission . 

They also found that the longer the bulbs were stored at low 

temperatures the less the abscission  of buds even when the p lant s  we re 

grown in an 8 hour pho toper io d ,  

3 . 7 . 2 . Light  as a subst itute for  vernalization 

It  has been known that in plan t s  which require vernal izat ion and 

whi ch have photosynthe s i s ing  organ s ,  as compared with a seed such as 

rye , additional light can part ially or almost  wholly replace 

vernalizat ion . 



Recent ly Rob and Wilkins ( 1 9 7 5 )  have shown that superior plants , 

as compared wi th cool s tored bulb s , were obta ined with L. longiflorum 

' Ace ' and ' Ne l l ie White ' ,  i f  long days were applied to  non-vernali z ed 

bulbs after emergence o f  the shoots . The highest bud numbers were 

obtained with 1 0  long days , 20 normal days and 20 long days ; the 

treatment b e in g  40 ft-c  of incandescent l ight applied for 5 hours in 

the middle of the dark period . Subsequently the highest  number o f  
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buds reaching an thesis  was obtained by reducing the growing t emperature 

10°C for 7 ,  10  or 14 days , depending on the date the p lants  are 

required to  f lower O.Jilkins and Rob 1 9 7 7 ) . 

This reduct ion in temperature enhance s further deve lopment o f  the 

secondary and tertiary buds . The interrup ted day length is  s imi lar to  

the technique applied to chrysanthemums to increase disc  f loret  

numbers (Van Veen 196 9 ) . 

3 .  7 .  3 .  Phot ope riod 

The respons e of l i lies to extended day length and the sub s ti tut ion 

of  long days for vernalizat ion indicates that they are in fact  

quan t itat ively photoperiodic . Vince-Price ( 1 9 7 5 )  does not refer to  

plants  of  the  genus  Lilium in  her text ; however those l i l ies tha t 

show a phot operiodic  response could be clas s i f ied under the heading 3a ; 

"LDP , requi re or accelerated by lmv temperature vernal izat ion" . 
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C H A P T E R F 0 U R 

THE GEOPHYTIC HABIT 

4 . 1 .  Geophytes 

The classification of  higher plants proposed by Raunkiaer ( 1 934 )  

is  ext reme ly useful in  categoriz ing p lant s  o f  d iverse origins and 

famil ies with similar charac teristics  thereby constructing a b iological 

spectrum (Kershaw 1 9 64) . The plant s are classified by the amount and 

kind of protection to the per�nnat in g  buds and shoot apices . 

Within this classification his  fourth  class  was cryptophytes in 

which " th e  surviving buds or shoo t ap ices are buried in the ground at 

a distance from t he surface that var ies in t he dif ferent  species" 

(Raunkaier loc . c it . ) .  

Divis ion 1 2  comprises geo cryptophytes  or  geophytes further 

subdivided into rhizome geophyte , bulb geophyte , stem tuber geophyte 

( including corms ) and root tuber geophytes . 

He t herefore formal ized morphological forms already accep t ed by 

hort iculturists  and botanists , but signifi cantly he based his  theo ry 

and class i f i cation on the premise o f  t he evo lut ion of the pre sent 

flora in a climate more mo ist and uniformly warmer than at present , 

thus agreeing with Hol ttum ( 1 9 5 4 )  and Corne r ( 1 968 )  in this idea . 

He proposed the measurement of hydrotherms , e . g . seasonal 

temperatures and precipitat ion , and tabulates  the types of p lant s b o th 

from regions o f  dif ferent lat t i t ude and also dif ferent altitudes in 

the same lat i t ude . He makes the statement "Of all the fac tors  

necessary for p lant life , water is the  one which over vast  expanses o f  

the earth ' s sur face most  nearly approaches the status o f  limit ir.g 

factor" . 

Accep t ing  his hypo theses i t  is pos sible t o  apprec iate the i r  

significance in relat ion t o  geophyt es in general and bulbs in part icular . 
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The winter and spring fol iage and f lowering of Narcissus , and 

bulbous iris , of corms such as Ixia and Freesia is followed by summer 

dormancy , with the buds below ground during the period o f  summer heat 

and natural wate r  deficit , typ ical of a Mediterranean c l ima t e .  In 

contras t mos t  l i l ies are quiescent in winter with no foliage above the 

ground ( Li lium candidum is an except ion) followed by summer fol iage and 

flower ing with gradual ' senesfence in autumn . This indicates that they 

originated in regions of adequate  s ummer rainfall or at least  soil  

moist ure , which is  effectively absorbed by the mass o f  s tem roo ts . 

In cont rast , autumn flowering bulbs such as Amary l lis be l ladonna 

and some Nerine species , e . g .  N. corusca produce foliage immediately 

after flowering,  which persis ts  over winter and spring and gradually 

senesces in summer . These again are plants  where water and heat are 

l imit ing  factors in summer . I t  is o f  interest  though that Nerine 

bowdenii and N. flexuosa in New Zealand do no t produce foliage unt i l  

the spring and under mo ist condit ions this may pers ist unt i l  or after  

flowering in  the  autumn ,  followed by winter dormancy . We can assume 

that these species evolved in mo ister regions with a colder winter , in 

fact Norris  ( 1 9 75 )  has pointed out that one species , N. gibsonii is 

o f ten totally submerged in wat er . 

4 . 2 .  Comparison of  geophytes 

Raunk iaer wisely divided the geophyt es  into rhizome , bulb , s tem 

t uber (corm) and roo t  tuber geophytes . Apart  from the ir obvious 

st ructural d i f f erences l isted below ,  there is a significant d i fference 

in their  growth and flowering habit , part i cularly when cons idered from 

the period of dormancy , this be ing the s tage they are usual ly p lanted . 

From this s tage of development or  growth  deciduous bulbs are 

unique in that , provided they are at the s t age of  "ripenes s  to  f lower" , 

flowering is the completion of the growth cycle  commenced the previous 

season by a spec ific  bud or daughter bulb . 

In rhizomes , for example Iris germanica , leaves are formed one 

season ,  f lowe ring take s p lace the next s eason , and the leaves may 

persist  without flotVering for at least o : J e  more year . 



With s t em tubers , e . g .  potato and corms such as Gladiolus and 

Freesia ,  one or more buds are present on the tuber and these  mus t  

complete  a ful l  life cycle i n  t h e  season o f  growth ; there is  only 

l imi ted differentiat ion of leaves at plant ing time and as Shillo and 

Halevy ( 1 9 7 6 )  have shown in Gladi olus , foliage and flower format ion 

takes place after  the se parts have emerged and are in a c t ive  growth . 
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S imilarly wi th root tuber geophytes as in Dahlia the buds at 

plant ing t ime are in an embryonic state and differentiat ion occurs 

during the growing season ; it  is an interesting phenomenon that 

tuberizat ion is partially contro lled by photoperiod , part icularly in 

Dahlia and Begonia tuberhybrida b y  sho rt days (Vince Prue 1 9 75 ) ; this 

influence does no t operate in rhizomes , bulbs and corms , whether spring,  

summer or autumn flowering.  

F inally it should be ment ioned that when raised from seed certain 

gene ra of the four forms of geophytes may complete all the ir  growth 

cycle within the one season , even forming a large enough storage organ 

to grow and flower the fol lowing s eason . 

Examples o f  each group being : 

RHIZOME 

BULB 

Agrostis sto lonifera 

Lilium formosanum (excep t ional in Li l ium) � Chionodoxa 

luci l liae � Endymion non-scl'iptws 

STEM TUBER (Corm) 

Freesia refracta 

ROOT TUBER 

Sinningia speciosa 

Anemone coronar>ia 



Table 4.2 : 

Struc ture o f  organ 

St ructure o f  s torage t issue 

Growth ap ices 

Protect ion of ap ices 

Roo t s  

Leaves 

Filial buds 

Comparison o f  st ruc ture o f  Geophyt es 

Type of  geophyte  

Rhizome Bulb Corm 

Branching Compressed Compressed 

Solid Separate Scales Solid 

External Internal External 

Naked Scales Scales 

(naked in s tem t uber)  

Cont ractile  Cont ract ile Cont rac tile  
at nodes o ccas ionally stem mother & f ilial 

Basal & stem Basal & stem Basal & stem 

At nodes on Sub tended by scales Basal & s t em 
rhizome and occasionally 

leaves 

Roo t  Tuber 

Compressed 

Solid 

External 

Naked 

Non-Contrac tile  

S tem 

Stem 

w 
w 



4 . 3 . Definit ion o f  bulbous geophytes  
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When cons idering the s t ru c ture o f  a plant and i t s  response to  

environment condi t ions , i t  is  d e s irable  to  define the  p lant ini t ially . 

The term b ulb geophyte  o f  Raunkaier or  bulb of  the hor t icultur ist  

covers  a wide range o f  genera , a lthough the  plant s t ructures themselves 

have a common ground plan . 

Various definit ions have b een offered , some more comp lex than 

o thers ; for inst ance Bailey ( 19 33 )  cons iders that a bulb is  a thickened 

fleshy and commonly subterranean bud , usually emi t t ing roo ts  from i t s  

under  s ide . Anon ( 1 95 1 ) states  that a bulb i s  a mod i f ied  shoot  

cons i s t ing  of a small more or  les s  disk- l ike stem or "plate"  bearing 

a more or less spher ical mass  of leaves above and developing 

adven t i tous roo t s  below. Synge ( 1 96 1 )  mod i fies . this d e f init ion 

s l i gh t ly in describing a bulb as a modified  shoot with a disc-l ike 

basal plate and above i t  a number o f  fleshy scales . . .  each year from 

near the centre a new stem with o r  wi thout flower buds arise s .  

Hartmann and Kester ( 1 9 7 5 )  provide a use ful definit ion in s tat ing 

that a bulb is a specialized underground organ cons ist ing of  a short 

fleshy usual ly vert ical stem axis (basal p late)  bearing at  i t s  apex a 

growing point or a flower primo rd i um enclosed  by thick fle shy s cales . 

Rees  ( 1 9 7 2 )  states  that a bulb can be described as an organ cons i s t ing 

of  a short s tem bearing a number of swo l len fle shy leaf bases or  scale 

leaves with or without a tunic , the who le enclosing next y�ar ' s b ud . 

One of  the most exac t defin i t i on s  i s  that o f  Arber ( 19 2 5 )  in 

which she says "whe reas a corm is a thickened axi s whose associated 

leaves contain l it t le reserve ma teri al , a bulb is a reduced and 

abbrevia ted axi s which i tself s tore s l i t tle  foo d ,  but is crowded wi th 

leave s o r  leaf bases who se cells are full o f  reserve substance . I t  i s , 

as it  were , a tele scoped shoo t ,  in  which the internodes have almo s t  no 

elongat ion" . 

Of  part icular sign ificance is her u s e  of the term "thickened 

axis"  ins tead of  the mo re inaccurate hor t i c ul t ural phase "basal p la te" 

or "disc" . De Hertogh e t  a l . ( 1 97 1 )  have defined the basal plate as 
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a p erennial sho rtened modified  s tem which has a growing point and to  

which scales  and roots  are  int e rj oined . De Hertogh ( 1 9 7 3 )  also  

recogn ized a separate r egion , the root  plate  which he  defined as the  

raise d  portion o f  the basal plate  from which roots  emer ge . ' Chan ( 19 5 2 )  

referring  t o  Narcissus calls this region the s t em plat e , apparen t ly 

i gnor ing the origin of  roots  from this area . However when considering 

a tun icate bulb s uch as Narcissus , there is a dist inct basal suberised 

region around which the roots  are  subt ended . In imb ri cate  bulbs such 

as l i l ie s  this area is not  so d i s t inctly developed and the basal roo ts  

grow through the basal re gion . 

Bo th the \vo rds "p lat e "  and " disk (c ) "  sugges t  a flattened 

s t ructure , Garmonsway ( 19 6 5 )  de f ining a plate  as flat , shallow and 

round , a d isk ( c )  as a round flat  thin obj e c t , while  he d e f ines  an axis 

as , inter  alia , the central core of an organ ism or  organ . 

Rees ' de f init ion could be modified  and completed  by s t at ing that 

a bulb is an organ consis t ing o f  a compressed  s t em or basal axis b earing 

a number  of swollen fleshy l eaf bases or scale leave s ,  with or without a 

t unic , sub tending roots  and enclos ing the following season ' s  b ud .  

Finally Stoker ( 19 4 3 )  describ e d  a "lily  unit"  as a s ingle bulb 

made  up of scal e leave s wh i ch are attached to a basal th ick and flatt ish 

axi s or d isc . To this  could be  added "and sub tending perennial roots" . 

4 . 4 .  Comparison of  l i l i e s  w i th o t he r types o f  bulbs 

Monocoty ledonous bu lbs  can be c l as s i f i ed in various ways , per iodic , 

s t ructural or  the rmo- respons ive . 

4 .  4 . 1 .  Periodic classific a t i on 

The p eriodic aspe c t  re lates  to the no rmal t ime of  anthe s i s , listed  

by  Hartmann and Kes ter  ( 1 9 75 ) and is  associated  with  provenance or 

o rigin (Table 4 . 3 ) .  Those bu lbs f l owe ri ng in wint er  or spring as 

Galanthus or Leucojum vernum are from coo l  temperate  regions , while  

li lies  as s t ated occur natural ly in  t empe ra te or  warm temperate areas 

and are summe r flower ing . Aut umn f lowe ri n g  bulbs as Amary l lis 

b e l ladonna occur natu ral l y  i n  the ivh" d i t e r r a n e a n  c l imat e  o f  South Afr ica . 
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Bulbs o f  the moi s t  t ropics s uch as Hippeas trum vittatum flower  after the 

forma tion of an adequate number of foliage leaves ; flower ing is 

periodic . 

4 . 4 . 2 .  S tructural classificat ion 

Ree s  ( 1 9 7 2 )  pos tulates three t ypes of bulbs based on s t ructure : 

I .  The Hippeas trum bulb type in which the bulb is composed 

ent i rely of leaf bases , the daughter bulbs being 

formed in the axi ls of the o lder scal e s . 

I I .  The tulip bulb which is  ent irely composed o f  scales 

which enclose an axis bearing leaves and terminat ing 

in a flower ; the late ral buds  be ing borne in the 

axils  of the scales . 

III . The Narcissus bulb type where the bulb comprises  both 

scales  and leaf bases . He considers that the mature 

large Narcissus bulb is a branching system made  up o f  

annual increment�. A lily bulb can be clas s ified as 

a mod i f ied form of Narcissus type as this also comprises 

both scales and leaf bases , but  there is a transit ion 

type of leaf at the base of the stem ;  these b e ing 

part ly swollen but not emerging from the bulb as  t rue 

photosynthesising fol iage leaves . In add i t ion the 

presence of perennial basal roo t s  and adventit ious s tem 

roots  in most species  d i f ferent iates lilies  marked ly 

f rom the tunicate bulb . 

- When describ ing a lily bulb , Rees  bases his  description , without 

stating it , on L. candidum wh ich produces rad ical leave s in the autumn ; 

this species  is an except ion to most  l i l ies  which do no t produce radical 

leaves . I t  is  pos s ib l e  that the swo l l en transitional leaves o f  

L .  ' Li t t le Rob in ' are a relic o f  radical fol iage leaves . 

He considers that a Narcissus bulb is a four season b ranching system 

while in tul ip s ,  the buds are 2 . 5 year ent i t ies . In li lies , B l aney and 

Roberts ( 19 66 )  and observat ions du ring this  study indicate that 1 8-2 1 

months cove rs  the period from apex format ion to  anthesis al though within 

that time there are three gene rat ions o f  bulb scales and two f l owerin g  
I 

ap ices ( see Tab le  4 . 3 ) .  



T ab le 4 . 3 :  Comparis on of five b ulb ous plant s in relat ion t o  provenance 

S pec ies Narcissus tazetta N. pseudo- 'I'ulipa Iris xiphium Lilium 
Narcissus 

P rovenance S p ain - J ap an W. Europ e Iran Moroc c o  C irc um polar 
lat s . 15-50° 

S enes c enc e Mi d s urruner Mid s ummer Mid s ummer Mid s ummer Lat e aut umn 

Quies c enc e Lat e s ummer S ummer S ummer Lat e s ummer Wint er 

Leaf init iat ion Mid s ummer Mid s ummer Mid s ummer Aut umn Lat e wint er 
S pring 

Fl ower f ormat ion Lat e  s ummer Mid s ummer Hid s ummer Lat e aut umn S p ring 

An t hesis Aut umn Sp ri ng Lat e s pring Lat e s p ring S ummer Wi nt er 

w 
-...) 



4 .  4 .  3 .  Thermo-respons ive classification 

On the bas is o f  many s tudies carried out by B laauw and his  

eo-workers in Europe , Har t s ema ( 19 6 1 )  dis tinguishes seven different 

types of geophytes b ased on the ir flower formation in relation to 

temperature , al though this cannot be separated from periodical 
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development . She dis t inguishes these plant s in the following fashion : 

1 .  Flowers are formed during spring or early summer o f  the year 

preceding that  in which they open , shor t ly after that 

year ' s  flower ing is completed and some t ime befo re the 

bulb s are harves ted ; Narcissus , Galanthus . Warm 

temperat ures o f  1 5-20°C are required for flower format ion . 

2 .  Flower format ion o ccurs after  the end of the previous 

assimilation perio d ,  i . e . , after the bulbs are harves ted , 

during the s torage period ; Tulipa , Hyacinthus . ( In 

New Zeal and this can occur before harve s t ing . )  Like 

Narcissus , these  bulbs are thermoposit ive requiring a 

warm temperature 20°C for flmver format ion in tulips . 

3 .  Flowers are fo rmed s ome t ime after rep lant ing at  low temperature 

of  winter or early spring ; bulbous iris excluding 

I. re ticu lata . These are thermonegat ive as flower 

init iat ion and format ion in I .  ' Imperato r ' requires a 

temperature o f  9° C and I .  ' Hedgwood ' 9- 1 3°C (Hartsema 

and Luy ten 1940 ) . 

4 .  Flower formation starts  during o r  towards the end o f  the 

s torage period but  has to be comple ted after  planting 

(A Uiwn cepa , Li liwn , Dah lia , e t c . ) .  

thermonegat ive for  flowe r induct ion . 

The first  two are 

5 .  Flowers are formed after  rep lan t j n g  in spring ( G ladio lus , 

Anemone ) ;  they are  the rmoposi tive . 

6 .  Flower formation begins more than a year befo re f lowering ; 

this type may be cons idered to be a variat ion o f  type 1 .  

(Amary l lis be l ladonna , Nr::rine sarniensis ) ;  Probably 

there fore thermoposit ive a s  t h ey are autumn f lower ing . 

7 .  Flower forma t i on occurs altern a t ingly  with leaf formation 

during the whole a s s i m i l a t i o n period (Hippeas trum , 

Zephyranthes ) ; thermone ut ral . 
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Hartsema ' s  classificat ion is  drawn up for the higher lat i tudes 

where the s o i l  is  frozen in winter and p lant s  such as Li lium and Dah lia 
0 are lifted  in the autumn , maintained in storage above 0 C and replanted 

in the sprin g . 

In type 4 ,  A l lium cepa and Li lium are thermonegative for flower 

induction but not flower formation , while  Dah lia is better  c lass ified  

as type 5 ,  the plant be ing both thermo- and photopos i t ive . 

She adds that in types 4 and 5 flower formation 1 1  is  almost 

immediately followed by  flowering , as flower format ion occurs 

simultaneous ly with the emergence of  the leaves and sprout s ,  i t  is 

hardly possible to  analyse the influence o f  temperature on each of 

these processes " . 

She did  not appreciate the influence of  cool temperatures on flower 

induct ion . For Li lium , she based her c onc lusion on the stud ies o f  

Pfeiffer ( 19 3 5 )  wi th L .  longiflorum and Krij the ( 1938 )  with L .  regale . 

In both cases t he b ulbs were st ored before plant ing at cool temperatures , 

approx . 10°C and f lower format ion was ob served only after emergence o f  

the shoot ape x .  

Type 4 i s  a suitable classi ficat ion for  geophytes which after  

harvest require a cool  period  for  flower in i t iat ion and a warm period 

for flower forma t ion . I n  this t ype one can include A l lium cepa , 

Li lium , Beta vu lgaris and other biennial or perennial plants which 

"bo l t " , e . g . , pro duce a f lm.,rer stem after  ch il ling , or a period o f  low 

t empe rature either be fore or  after formation  of  the storage tissue . 

This  can be cons idered vernalizat ion as cons i sten t high temperatures , 

e . g . , above 20°C appl ied t o  A l lum cepa ' Giant Zittau '  will inhibit  

flower development and scape extension (Hart sema 1 9 4 7 )  and temperatures 

above 2 1°C inhib i t  f l ower format ion in Li lium longiflorum (Smith 1 96 3 )  

4 . 4 . 4 .  Structural comparison between l i l ies  and o ther monoco t s .  

The definit ions o f  "bulb" given above l ay emphasis o n  the basal 

axis being a sho rtened or c ompressed stem,  with lit tle consideration of 

the roots which deve lop from this re gion . Rees  ( 1 9 7 2 )  in his 



discussion o f  the bulbous habit , ap t ly makes the comment . . .  bulbs 

could be  regarded as " t rees wi t hout wood" . S imilarly Fahn ( 19 7 4 )  

includes a section on the thickening o f  the axis i n  monocotyledons . 

He point s out that where secondary thickening is absent in p lant s  wi th 

axial organs , e . g . , Palms and Musa considerable  and rap id thickening 

t akes place b elow t he apical meristem .  The phrase used by Rees is 
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particularly apposite , as bulb s can b e  cons idered herbaceous equivalent s 

to  many monoco tyledonous woody plants . 

Toml inson and Esler ( 1 9 7 3 )  s tated that in the "establishment 

growth" process  of larger monocotyledons the primary axis becomes 

converted into a mass ive structure capable o f  generat ing a large trunk , 

adventit ious roots  occur over the increas ing stem surface and 

successive inte rnode s be come progressively wider producing an ob conical 

axis . Thi s  development is described by these authors in Rhopa los ty lis 
A_ 

sapida , Freycine tia banksii� Rjpogonum scandens and Cordy line spp . In 

fac t these plan t s  and Phormium spp . produce a rhizome from which the 

aerial parts develop . S imilarly when describing the germinat ion o f  t he 

seedl ing of  Rhopa losty lis sapida , they s t ate that the seedling develops 

close to the seed because o f  limi ted elongat ion of the colyledon and 

that the seedling  axis turns ob liquely downward and then turns abrup t ly 

upwards . Parallel behaviour is evident in the delayed hypogeal 

germinat ion of certain li lies . 

One can there fore see many s imilari t ie s  be tween the growth o f  

woody monocot s and mos t  lilies . Some species , e . g . L .  auratum and 

the aurelian group pro du�e mass ive annual stems o f ten exceedj ng two 

metres in heigh t , surmoun ted by racemes compris ing 15 or  more f lowers , 

the stem supported and nour ished by the numerous stem roo t s . Even the 

s tem of  a lily in transverse  sect ion shows some s imilarity to  woody 

ruonoco ts , the re be ing a marked zone of vascular t issue beneath the 

epidermis in add i t ion to  the scattered vas cular bundles wi thin the 

endodermis . 

The basal axis  o f  perenn ial bulbs is mo re than a "Meris tematic  

cap"  as  proposed by Zimme rman and Toml inson ( 19 6 7 ) , while Fahn ( 1 9 74 )  

des cribes the region as a ma ss ive thickening region ; the adj ective 



" ma ssive" is also appropria t e  t o  t he b a sa l  a xis of most bul bs a s  

comp ared wit h ma ny me ri st ema t ic a picies. 

C orner ( 19 6 4) considers t ha t  monocot y ledons are sp ec ia liz ed 

l ept ocaul pla nt s  ret a ining remna nt s of pachy caul con st ruct ion in t heir 

underground sy st ems. He a dds t he comment " . . . t he t ext books regard 
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t hese pa rt s a s  sp ecial st ora ge orga ns adap t ed t o  t he sea sonal c l ima t e" .  

I n  t he l ight of Rau nka ier ' s  phi l osop hy t his st a t ement ap p ea rs j ust ified. 



C H A P T E R F I V E 

EXPERIMENTAL ASPECTS 

The foregoing d i scusses the morphology and factors  inf luenc ing 

the growth  of lilie s .  The following experiments  were carried  out 

t o  examine the effect  of  modifying t hese fac t or s  to c on trol the 

growth and f lower ing of dwarf Orien tal  li lies spec ifically to b e  

grown as p o t  plants .  

Experimen t I 

5 . 1  OBJECT ------

To eva lua te t he potentiali ty o f  L. auratum ' Li t t le Gem ' as a 

pot p lant f or g las shouse culture . 

5 . 1 . 2  MATERIALS AND METHOD 

5 . 1 . 2 . 1  Plan t Ma ter ial 
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3 5  bu lbs of L .  auratum ' Li t t le Gem ' were ob tained on 20  May 1 96 8 .  

The bulb s  were grown a t  Kimbol t on ,  Manawat u ,  harves ted on 1 0  May and 

washed free of soi l .  (Bulbs were supp lied by courtesy of Dr J . S .  

Yea tes , Pa lmer s t on North) . 

5 . 1 . 2 . 2  Bu l b  Treatment 

On 2 1  May the bu lbs were d ipped f or � hour in a therapeutan t  

(Appendix 6 )  dip  of : 

Parathion ( 20% e . c . ) 

Cap tan ( 80% w . p . ) 

3200 ppm a . i .  

4000 ppm a . i .  

Para thion wa s used as Praty lenchus spp . had b een report ed as  

a t tacking bulbs grown in  the area and could be transferred in  the 

basal roots  causing subsequent d amage to the plant s  (Jensen and 

McWhor ter 1 9 5 6 ) . Cap tan wa s selec ted as a precau tion against  

fungous d iseases . A l l  bu l bs showed 2 to 6 white basal roots  but  

also  some brown dec ayed root s ;  the cause o f  this cond i t ion not 

b eing d e termined . 



Each bulb was separately labelled , weighed and p o tted into soil-le s s  

medium (Appendix 1 )  adap ted from the Univers ity o f  Ca lifornia 

Mix l i e  (Matkin and Chand ler 1 95 7 ) . 

The bulbs were p lanted 2 3  May in 2 . 2  1 .  b la ck polythene p lanter 

bags with the apex 1 0  cm . below the surface . Al l con tainers were 

watered and p laced outdoors on c oarse gri t .  

5 . 1 . 2 . 3  The Glasshouse environmen t 
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The plants were introduced at  interva ls ( Table 5 . 1 . 1 ) into a 

c ompar tment of a hea ted g lasshouse orientated North-South (Appendix 2 ) . 

Neither temperature nor humidi t y  wer e accurately controlled , ven ti l a t ion 

b eing through ridge and later s ide  ventilat ors a t  30 cm above the 

ground . Plants were p laced on t he soil in the g lasshouse and wa tered 

manua lly as required . No additiona l plant nut rients were applied and 

growth appeared adequate . On 1 0  Oct ober shading of oi lbound wa ter 

paint was applied to the glass  and retained un t i l  the end of  the 

exper iment .  Minimum night and maximum day tempe ratures as  recorded 

on a mercury in g lass  ma ximum/minimum theroome t er were 1 5 . 6 °C and 

32 . 2°C ,  dur ing the growing peri od . 

Pathogen Control -------5 . 1 . 2 . 4  

No pathogens or insec t pes ts  deve loped on the p lants but a t  

monthly intervals c ommencing one week after shoot emergence , the 

plan t s  were sprayed with : 

5 . 1 . 2 . 5  

Mald i son ( 2 5% w. p . ) 

Captan ( 80% w . p . )  

Plant trea tmen t 

1 2 5 0  ppm a . i .  

1 000 ppm a .  i .  

A t  intervals li sted in Tab le 5 . 1 . 1 plants were brought into  the 

glasshouse and gr own to  anthesis  subsequent ly being a l lowed to 

senesce natura l l y .  



Tab le 5 . 1.1 

Number of days from plan t ing to p la cing in g lasshouse and 

number of bu lb s per. trea tment .  

Trea tment No :___d_§ry� No . bulb s 

1. 56 5 

2 .  91 5 (1 failed 

3 .  105 5 
grow) 

4. 11 8 5 

5. 1 41 5 

6 .  1 6 2  5 ( 1  p lant 

7 .  Con tro l  c on tinuously outdoors 5 
died ) 

P lants  o f  each trea tment were main tained a s  one p lot  randomi sed 

within the growing area . 

5. 1 . 3  RECORDS AND RESULTS ·------· 

5. 1. 3 . 1 Rec ord s 

Record s f or each p lant were  main ta ined of number of days to  

emergence f or treatmen t s  1 to  4 ,  number o f  days from emergence to  

anthesis , ini tial and li f ted bu lb  weight and height f r om growing 

sur face to  f i r s t  f lower . Resu l t s  were summed for number of  days 

f r om housing t o  an thesis , emergenc e to  anthesi s  and c ompared f or 

change in weight between p lan t ed and lif ted wei ghts . 

A lthough the t rea tment s  were rep lica ted on ly in p lant s  and not  

p lo t s ,  the  results  were ana ly sed by  a computer programme dev ised by  

Dr I . L . Gord on o f  Massey University ent i t led Codon Lis tan . Resu l t s  

wer e  sub j e c t  t o  analysis  o f  variance . chi square f o r  individua l 

variances , F - test  f or populat ion di fferences and t - test  f or 

s ignificance of  d ifferences between means . 
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5 . 1 . 3 . 2  Results 

Resu lts  are c onsidered on the basis of  the T - test where 

they are p laced in decreasing rank order . Trea tments  under lined 

are not  s ignif ican t ly d ifferen t at the level l e ss than P=0 . 05 

5 . 1 .  3 . 3  Housing t o_ emergence 

Days outdoors ( 1 )  56 

Mean days to  emergenc e 6 1 . 00 

Ranked order 

(2 )  9 1  

2 3 . 7 5 

1 2 3 4 

( 3 )  1 05 ( 4 )  1 1 8  

26 . 60 3 1 . 00 

The bulbs p laced in the g lasshouse af t er 5 6  days outdoors , 
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eme rged more s lowly than the o ther re corded bu lbs .  I t  may b e  assumed 

that t he bulbs  outdoors for longer periods commenced growth of the s t em 

prior to p lacing in the glassh ouse ; p lant s  were not examined to  

c on firm this  aspec t .  

_5_._1_ . ....:3_._4 ___ ---=E=-me rg enc e to ant he  si  s 

Days outdoors ( 1 )  56 
a.. .,. f "-o r' � 

Mean days to etw' genre 8 4 . 40 

Ranked order 

( 2 )  9 1  

82 . 25 

1 2 3 4 

( 3 )  1 05 

7 9 . 20 

( 4 )  1 18 

74 . 60 

Bulbs which had b een held for 1 1 8  days outdoors achieved anthes i s 

s igni f icant ly s ooner than those which were outdoors for 5 6  or 9 1  days , 

but they were not  s ignificant ly d ifferent from those outdoors f or 

105  d ays . 

�5�·�1�·�3�·�5 ____ Housing t o  an the s is 

Days outdoor s ( 1 )  56  

Mean days t o  anthesi s  1 45 . 40 

Days outdoors 

Mean days to  an  thesis  

Ranked o rder  

( 2 )  9 1  

1 1 6 . 00 

( 5 )  1 4 1 

8 1 . 80 

( 3 )  1 05 

1 05 . 80 

( 6 )  1 6 2  

6 7 . 50 

7 5 4 3 2 1 

( 4 )  1 1 8 

1 05 . 60 

Except f or bu lbs which were outdoors for 105 and 1 1 8 days . a ll 

treatments  were s ignifican t ly d ifferen t ,  the longer the bulb s  wer e  

outdoors the s ooner they achieved an thesis  when p la ced in the 

g la s shouse . 



�5_._1_.�3_._6 ______ P_l ___ an.ting � o anthesis 

Days outdoors ( 1 )  56 

Mean days to  anthesis 20 1 . 40 

( 2 )  9 1  

207 . 00 

( 3 )  1 os 

2 1 0 . 80 

( 4 )  1 1 8 

2 23 . 60 

Days outdoors ( 6 )  1 62 ( 7 )  continuou s ly 

Mean days t o  an thes is  

(5 )  1 4 1  

220 . 80 2 2 7 . 50 243 . 20 

Ranked order 7 6 5 4 3 2 1 

When the t ota l period of  gr owth from planting to anthesis  is  

c ons idered , t ime to  anthe sis was directly re lated to  the  leng th o f  

t ime the bulbs were  growing i n  the glasshouse .  Dif ferences were 

s igni f icant b e tween trea tments  except f or the bulbs held 91 and 

1 05 days outdoors and those 56 and 91 days outdoors . As would 

be  expected the bulbs grown c ontinuous ly in the open t ook the longes t 

period t o  flower . 

5 . 1 . 3 . 7  Fre sh _ w�igh ts of bulbs 

The p lanting weight , lif ted weight af ter senescence and change 

in weigh t  were rec orded in grams and ana lysed . 

P lanting wei�h t s  

Days outdoors 

Plant ing weight 

Days outdoors 

P lant ing weigh t 

Ranked o rder  

( 1 )  56  

3 7 . 66 

( 2 )  9 1  

2 9 . 1 0  

( 3 ) 1 05  

3 7 . 44 

( 4 )  1 1 8  

2 5 . 20 

( 5 )  1 4 1 

3 7 , 46 

( 6 )  1 6 2  

46 . 9 7 

6 1 5 3 7 2 4 

( 7 )  con t inuou s ly 

36 . 02 

5 . 1 . 3 . 8  Lif t ed weight s 

The ana lysis  showoo no significant d i f fe ren ce between mean s , due 

to the wide variati on in weights . 

Days outdoors 

Lif ted wei gh t  

Days outdoors 

Lif ted weight 

Ranked o rd e r  

( 1 )  5 6  

1 06 . 68 

( 2 )  9 1  

1 1 1 . 00 

( 3 )  1 05 

1 2 1 . 60 

( 4 )  1 1 8 

94 . 50 

( 5 )  1 4 1  

1 4 3 . 60 

( 6 )  1 62 

1 4 1 . 7 0  

7 5 6 3 2 1 4  

( 7 )  c ontinuous ly 

1 58 . 2 6 

4 6 . 



5 . 1 . 3 . 9  Change in weight  

There was no  s igni ficant dif ferenc e  between ranked means 

after lif t ing in a l l  cases bulbs  had increased in weigh t . 

Days outdoors ( 1 )  56 

Change in weight 69 . 06 

(2 ) 9 1  

8 1 . 90 

( 3 )  1 05 

84 . 1 6  

( 4 )  1 1 8  

6 9 . 30 

Days outdoors  

Change in weight 

Ranked order 

( 5 )  1 4 1  

1 06 . 1 4 

( 6 )  1 6 2  

9 4 . 42 

7 5 6 3 2 4 1 

( 7 ) continuous ly 

1 2 2 . 24 

Although the bu lbs grown outdoors showed a greater change and 

increase in weigh t ,  the variations of changes in weight  were so grea t 

that there is no  s ignifican t differences b e tween means . I t  i s  
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however noticeab le t hat in all  cases there was an increase in  weight 

indicating  that  glasshouse culture is  not d etrimental to the d aughte r 

bulb s ,  which grew and f lowered sat isfactor i ly in subsequent exper iments  

(2  and 4 ) . 

5 . 1 . 3 . 1 0 Length of s t em 

Af ter anthesis  the length of the stems was measured from the 

surface of the med ium to the pedicel subtending the first f lowe r .  

Mea surements were taken in inches and conver ted t o  centime ters . 

Days outdoors 

Height cm.  

Days ou tdoors 

Height c m .  

Ranked ord er 

( l )  56 

2 7 .  1 8  

( 2 )  9 1  

2 7 . 46 

( 3 )  1 05 

29 . 59 

( 4 ) 1 1 8  

2 7 . 30 

( 5 )  1 4 1  

30 . 6 1 

( 6 )  1 6 2  

30 . 00 

5 6 3 2 4 1 7 

( 7 )  continuous ly 

22 . 86 

There was no  s ignif icant dif ference be tween ranked means in the 

length of stem ,  though t he bu lbs gro•m c on tinuous ly outdoors were  

sho rter  than all  bulbs grown in  the g lasshouse . 

5 . 1 . 4 DISCUSSION 

The for c ing of bu lbs as pot  p lant s is an accep ted prac t ice in 

temperate regions (De Her togh 1 9 7 4 ,  de  Pagter 1 9 7 2 ) . Wi th spring 

flowering b u lb s  e . g . hya c inths , t u lips e t c ; pre treatment of the 



bulb s  by art i f i cial cooling is norma l ly required to ob tain adequate 

flmver ing o r  an acc eptable  height of p lant . Provided the appropriate 

treatment has been given . bulbs f l owered in glasshouses are normal ly 

taller than those grown ou td oor s and in fact  the same ef fec t i s  

evident i n  those spec ies of ii l.iv..m name ly L.  long1:floY'V..m� L.  aUX'atwn 

and L. specioswn 1vhich a r e  repor t ed to respond to glasshouse culture 

(Woodc ock & S tearn 1 9 50 ) . 

Since this wa s a dwarf cu l t iva r a l t h ou g h  the p lant s  when forced 

wer e taller than those grmvn c on tinu ously ou tdoors , they were s t i l l  

o f  an ac cep tab le height as a p o t  p lant . 

S ince  the p l ants  were  g r owi n g  con tinous ly  a f ter  p lanting , unlike 

coo l s torage of  unp lanted dry bu lbs , t he plants were undergoing 

verna lization du fing t he ea rlie r period of  their grow th . An ini t ia l  

pe riod o f  5 6  days wa s not  suf f i c ient t o  hasten their growth ini tially 

when p lanted in  1varm tempera ture  but verna lization wa s sat i s fied 

after 9 1  days outdoo rs . 

Although the mos t  rapid f lowering occured in those p lant s  grown 

f or the longer periods outdoor s  before forcing , from a commercial 

viewp oint  periods of 1 05 and 1 1 8 days outdoors were the mos t 

economic periods to produce  sa leab le p lan t s  prior to  the norma l 

flowering date . and in fact  produced p lan t s  in flower j u st pri or 

t o  Chr i s tma s ,  an importan t market ing season . 

Should the plants  not  be  d i sposed o f ,  their culture in the 

glassho use does not affect  the bu lb s ,  and they may be  grown t o  

senescence and harvested as norma l  b u lb s .  There wa s n o  sign ificant 

d i f f e rence in change of fresh bulb weight between plan t s  grown f or a 

long or a short  t ime in the glasshouse . This  aga in i s  in  contrast 

with forced spr in g  f lowering bulbs , where the initial b u lb has 

decreased in  s ize and the daughter bulb not  grown suf f i c ient ly to  

j us ti fy ret en tion . 

4 8 .  



5 . 1 .  5 CONCLUSIONS 

Af ter  p lanting and growing ou t d oor s in ambient temperatures over 

the winter  sea son , plan ts of L. auratum ' Li t t le Gem ' may be f orced 

in the glasshouse  and wi ll  f l ower satis f ac torily ;  their heigh t  

being gene t ica lly c on tro l led , they produce a sa tisfac tory p o t  p lant 

wi thout the use o f  growth retard en t s .  

I f  they are required t o  f lower at  Chri s tmas time , the normal 

period being ear ly February , a peri od of 105 to  1 1 8 days outdoor s 

followed by glas shou se cul tur e is  most economical in the time 

needed to grow them in the glasshou se . 

�erimen t II  

5 . 2 OBJECT -------

To compare t he growth and flowering of  2 sources of  bulbs 

of L. auratum ' Li t tle Gem ' a f ter c ool s t orage or frame s t orage 

of the bulbs , f o llowed by g lasshou se cu l ture or ou tdoor cul ture . 

5 . 2 . 1 .  MATERIALS AND METHODS 

5 . 2 . 1 . 1 P lant Ma terial 

In this exper iment bulbs of L .  auratum ' Li t tle Gem ' were  

obtained from two sourc es , nam e ly bulbs which had b een gr own a t  

Massey University  i n  c on tainers i n  the previous season ( 68 bulbs )  

and bulb s  d onated by  Dr J . S .  Yeat e s , grown at Kimbolton ( 6 9  bulbs ) .  

The 68 bulbs a f ter f lowering had been p laced in an uncovered 

f rame ou td oors and had senesced na tura lly ; they wer e  larger and 

heavier than the 6 9  bulbs . They had many white  ac t ive basal  root s .  

The 6 9  bulb s had been lif ted , washed free of  soil and pack ed in 

Pinus radiata sawdu st moistened by applying 2 parts  by  v olume o f  

water to  1 part sawdus t .  The bulbs had 3 or 4 whi te active roots  

and several ( 4- 1 2 )  brown basal r oo t s .  

The experimen t commenced on 2 2  May 1 96 9 .  

49 . 



De t a i l s  o f  r e su l t s  r e c or d e d  i�e n d i x  9 

Hean h e i g h t  in cm and numb er of d a v s  t o  va r i ou s  g r mv th s ta g e s  

of t\-'O s our c e s  of b u lb s ,  t h r e e  t r e a tme n t s  f o r  thr ee s t orage p e r i od s . 

Tm t . 

b u lb s our c e  

1 9 68 

FFO 

RGO 

FF 1 

RG 1 

FGl 

FF2 

RG2 

FG 2 

FF3 

RG3 

FG3 

1 9 6 9  

FFO 

RG O 

FF 1 

RG l 

FG l 

FF2 

RG2 

FG2 

FF3 

RG3 

FG3 

Fi t .  

2 7 . 0  

3 8 . 5  

2 8 . 4 

2 2 . 5  

2 6 . 7  

2 7 . 1  

2 5 . 3  

2 2 . 8  

2 7 . 6  

2 5 . 2  

2 3 . 6  

2 4 . 1 

3 7 . 5  

2 5 . 0  

2 0 . 4  

2 2 . 2  

2 6 . 0  

2 3 . 8  

2 2 . 8  

2 4 . 1  

2 2 . 4  

2 4 . 1  

P l . em 

1 1 1 . 7  

ld . 0 

8 3 . 5  

4 2 . 7  

7 4 . 6  

Lf l .  2 

3 8 . 3  

5 9 . 0  

3 2 . 6  

2 7 . 4  

1 2 5 . 7  

6 4 . 8  

9 7 . 7  

7 2 . 5  

5 7 . 6  

8 3 . 0  

5 2 . 1  

4 7 . 0  

7 2 . 8  

3 6 . 4  

Em-V f b  

4 3 . 7  

5 2 . 2  

4 0 . 5  

3 5 . 0  

3 7 . 0  

3 1 . 0  

3 5 . 1  

3 7 . 0  

2 4 . 8  

3 1 . 6  

4 0 . 7  

4 6 . 1  

3 6 . 7  

2 6 . 5  

3 3 . 2  

4 1 . 6  

2 6 . 2  

3 1 . 7  

3 3 . 8  

2 5 . 0  

2 8 . 6  

Tr ea tmen t s :  S t o r a g e  and c u l t u r a l  c ond i t i on s : F F  

RG : C o o l  + g la s s h ou s e , FG= F r ame + g la s sh o u s e  

Day s of s t or a g e  a t  3 . 3 °C :  0 = Ni l ,  1 = 3 2 , 2 = 

V f b -an 

6 8 . 5  
6 3.4  

6 g . 2  

5 1 . 5  

5 1 . 5  

6 1 . 3 

5 .5. 4 

5 8 . 8 

6 7 . 5  

6 1 ; 0  

5 8 . 2 

6 2 . 2  

5 6 . 3  

6 1 . 5 

5 )J. 9  
5 • 6 
5 � . 0  

.. 

5 5 . 1  

• 7 

6 
� 1 . 6  

.... 
M . 9  

' . 

P l -an 

2 2 4 . 0  

1 5 8 . 6  

1 9 2 . 2  

1 3 6 . 2  

1 3 !1 .  4 

1 7 8 . 9  

1 2 7 . 6  

1 2  7 .  2 

1 6 3 . 5  

1 1 8 . 4  

1 1 7 . 2  

2 2 8 . 6  

1 6 7 . 2  

1 9 5 . 9  

1 5 0 . 0  

1 4 6 . 4  

1 8 3 . 6  

1 3 3 . 4  

1 3 5 . 4  

1 6 7 . 0  

1 2 2 . 4  

1 2 5 . 9  

cool \i- f r ame 
. /.. 

�-� 
4 5 . 3 6 0  

.. 



5. 2.  l .  

Th 

i .  

on the bu lbs , name ly : 

Cool s t or age in  an HMV domes t ic refri gerator 

f o l l owed by growth in the g l asshouse (RG) 

ii ooJ s t orage in the refrigera tor at 3 . 3°C f o l lowed 
'
by 

growth outdoors  i n  the frame ( FF)  

P.la n ted i n  c ontai ner s of growi ng med ium in  the f rame 

a l l owed by g l asshou se c u l t u r e  ( FG ) . This treatmen t is 

e q u iv a lent  of t he Na t u r a l Tempe rature 

of Box and Payne ( 1 9 6 7 ) . 

S t oTage peri od s we r e 0 , 3 5 , 4 2 a nd 6 0  days whi le three 6 8  

bu lbs �nd ten 6 9  b u lbs c ompri s ed a p l o t .  Bnth in the frame 

in th glasshou se the p l o t s  we re rand omi zed bu t not gro 

ile  in c ool storage , b 1 J lbs  wer e ind ividua l ly placed in , 
b lack planter ba�s and covered wi th damp sawdus t ,  being subsequen t ly 

potte  in growing m ed i um A l i s t ed i n  Appendix 1 .  

s ·  i iarly the b u l b s  in t rea tmen t iii . were p lanted 

m ed iu • The apex of the bu l b s  \ver e covered with 5 cm . of  

med iu 

In the treatmeut of 0 days (RGO , FFO) the bulbs  

in  aed urn and held c ont inuou s ly in a room at 1 3  

the 3 day s  cool storage or frame s tored bulb s (RGl , F 

potte  up and plac ed respec t ive ly in the glasshouse or 

5 . 2 . 1 3 Temperature and Treatmen t  

s tored in  the refr igera tor were 

rown ou tside wer e  sub j e c t  to ambient  temper' tures  

record s obtained at Gra ss lands Divi 

those 

par tmen t  

Industria l Research adjacen t  t o  Mas 

Temperatures experienc ed between periods are stated in 

Tab l 5 2. l 

so . 
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Tab le 5 . 2 . 1 

Ambient tempera t D res  d u r i n g  b u l b  growth ou tdoor s .  

Per iod of S t orag� -�!:- Ho_�s Mean TemEerature 
oc 

3 5  days 1 0  decr easing t o  7 . 2  

4 2  day s 7 . 5  

6 0  days 6 . 3  

Aug u s t  9 . 8  

Sep tembe r 1 1 . 2  

Oc tober 1 1 . 4 

November 1 4 . 8  

December 1 7 .  2 

Cu lture  wa s in the same g la sshou se  as in Experiment I and 

t empera tur e s  rec orded on a C C! s e l la thermohyd rograph were c onsis ten t ly 

6 - 1 0°C higher than those ou t d oor s . 

5 . 2 . 3 RECORDS AND RESULTS �--"---"__;:_ ___ _ 

Rec ord s  were ma intained of the number of days t o  emergence  of  the 

Apex (Em . ) ,  emergenc e to visib le f l ower buds (VFb ) and visib le f lower bud 

t o  ant hesis  and the tota l gr owing per iod summed . The s e  a re lis ted in 

Append ix 9 .  

Re sul t s  

As w i t h  experiment 1 ,  results  were ana lysed b y  c omputer programme 

Codon Li s tan , subj ec ted to  ana lysis of variance , chi square for 

ind ividua l variances ,  F- test for  popu la tion diffe rence s  and � - test  

f or s ignif icance between means . Means were  ranked in  descending order 

and in a l l  cases produced a s eries of overlapping s igni ficant differenc e s . 

These  are listed  in appendix J O .  

Treat  �men ts 6 8  RGO and 6 9  RGO showed such va riation in ind ividua l 

r esults that they are omi t t ed from c onsideration o f  sign i ficance 

of the means of  treatment s except  p lant ing to emergence .  Compar ison 

o f  d a ys for RGO and RG l are given in  

Tab le 5 . 2 . 2 .  



Tab le 5.2. 2 

Compar ison of days t o  anthesis of bu lbs sub j ec ted t o  nil  or 

32  days cool s t orage prior to  glasshouse c ulture . 

1 968  RGO RG1 1 9 6 9  RGO RGl 

1 39  1 3 3  1 4 5  1 43 

163  1 3 3  1 5 0  1 46 

167  1 3 9  1 6 7  1 47 

1 6 8  1 40 1 7 8  1 4 7  

1 82  1 7 8  1 5 1  

1 82 1 5 1  

1 83 1 5 1  

1 84 1 5 3  

1 56 

1 5 7  

__5_._2_. 3.1 Plant ing to emergence 

Source of bulbs 

F or any one t reatment 1 968 bulbs emerged s ignifican t ly f as ter 

than equiva lent 1 9 6 9  bu lb s .  

S torage and cu ltural treatmen ts 

Cool s torage frame bu lb s  emerged s ignif ican t ly later than bulbs 

of  other trea tmen t s .  

Cool s torage g lasshouse bulb s .  R . G . 1 bulbs of b oth  sources  

emerged signif ican t ly later than R . G . O .  bu lb s .  Frame s torage 

g lasshouse bulb s emerged s ignificant ly more rapidly than equivalen t  

bu lb s o f  the o ther treatments . 

Per iod o f  S torage 

For all treatments  days to emergence were inverse ly related  t o  

numb ers o f  days o f  s torage . 

5 2 .  



5 . 2 . 3 . 2  Emerg�nce t o  vi sible f l ower bud 

Sourc e of bulb s  

There wa s n o  significant effec t o f  the source o f  bulb s , whether 

1968 or 1 96 9  bu lbs . 

Storage and c u 1 tura l _�eat�en�� 

5 3 .  

1 9 6 9  c ool stored glasshouse grown achieved this stage significant ly 

quicker than a l l  other bu lb s exc ep t 19 68  R . G . 3  and 1 96 9  F . G . 3 .  

c�ol  stored frame gr own bulbs t ook s ignificantly longer to  reach 

visible f l ower bud than other trea tments . 

Per iod of s t orage 

There  was no d istinct pat tern in the e f fect  of  period o f  s t orage 

on t he achievement of this stage . 

5 . 2 . 3 . 3  Visib le f lower bud to  an thesis 

Source of bulbs  

The s ource  of  bu lbs wa s not signif icant during thi s  s tage of  

growth  f o r  any t rea tment . 

S t orage and cultura l treatmen ts 

Cool s tored g lasshouse grown bulbs tended to achieve anthesi s 

more rapid ly than other treatmen t s ,  whi le c oo l  s t ored frame grown 

bulbs t ook s ignificantly longer than g lasshouse grown p lants .  Length 

of cool s t orage wa s not significant . 

5 . 2 . 3 . 4  Plant ing to Anthesis  

S ourc e  of  bulbs 

For any one treatment , 1 96 8  bulb s  f l owered signif icantly faster 

than the equivalen t 1 969  bulb s . 

S t orage and cu ltu ral  trea tments 

Tota l  t ime to  anthesis was inversely related s ignifican t ly to  cool  

s torage period and as would be  expec ted cool  s tored f rame grown bulb s 

had a s ignificant ly longer growing per i od than g lasshouse  grown bulb s . 

The most rapid f lowering took p lace with glas shouse grown bulb s  

s tored f or 60  days . 

I t  was noticeable that with gla sshouse grown p lants ,  the 
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difference b e twe e n  the number of days t o  anthes is  for any two s torage 

period s was not a s  g r e a t as the d if ference be tween two cool s to rage 

period s ;  hm..rever . wi th  f raue gr own bulb s ,  the difference in total  

t ime to  anthe s i s  wa s a lmo st  e q u iva l e n t t o  the d ifference b e tween 

the c ool s t orage pe riod s .  

When con s id ering l ength of s t em a t  senescen ce , only 1 96 8  R . G . O . 

and 1 969 R . G .  1 . were  significan t ly ta ller than all  o ther t reatmen t s . 

This could be  due to there being p lan t s  in b oth  treatmen ts  which 

exhib ited extend ed growth or  de layed f lowering . 

5 . 2 . 4  DI SCUSS I ON 

Whi le exper iment I ind icated tha t  L. aura tum ' Li t t le Gem ' was 

suitab le f or gla sshouse culture , this experiment ini tiated the 

eva lua t i on b oth of s t orage trea tmen t pr ior to p lanting the bulb s 

and subsequen t cultura l c ondi t i ons . 

The more rapid achievement of each growth s tage by 1 9 68 compared 

with 1 9 6 9  bu lbs  could be due t o  the ir physiological condi tion as the 

f ormer would have c ompleted their growth ear lier in the p revious 

season and the refore be  more mature . 1 96 9  bulbs grown a t  a higher 

e levation were subj ect  to c ooler growing c ondi tion s .  

The inf luence o f  length of s t orage i s  c learly ind i cated b y  the 

more rap i d  growth to emergence , the in termedia te period of 45  days 

provid ing sufficient vernali zati on to ensure satisfactory deve lopment 

of all  stage s .  

The ambient temperatures  experienced b y  bulb s  grown ini tially 

outdoors ( F . G . group ) were higher than the 3 . 3°C t emperature a t  

which the o ther two gr oups of  bulbs were he ld ; pos sib ly also  the 

bulbs b e ing  in a growing medium were p roduc ing roots , though this 

aspect was n o t  examined . Thes e  t empe ra tures a lso appeared t o  be  

adequately vernali zing and are above thos= recommended f o r  cul t ivars 

of L. longiflorum , being equivalen t  t o  the t emperatures  imposed b y  



Pho tograph 3 

View of Experiment 2 L. auratum ' Li t t l e  Gem ' . P lants of 
treatment RGO with ext end ed growth and d e layed f l ower ing at 
back. 

Photograph 4 

Detail of f lower of L. aurat·um ' Li t t le Gem ' 





Per tuit  and Link ( 1 9 7 1 ) .  

The abnorma l growth ei ther of d elayed f l owering er secon dary 

flowering exhibited  by  b ulb s which received no cool s torage 

( 1 968  R . G . O .  and 1 9 6 9  R . G . O . )  ind icates  tha t vernalization is a 

prerequis ite for regu lar deve lopment  in this cultivar . 

As wou l d  be  expec ted , bulbs grown in a heated g la sshouse 

deve loped more rap i d ly through all s tages than those grown 

con t inuous ly outdoors . 

F ina lly,  i t  can b e  noted that the inf luence of cool  s torage 

is no longer eviden t  in the s tage from vi s ib le flower bud t o  

anthesis . 

5 . 2 . 5  CONCLUSIONS 

5 5 . 

A period of 45  days st orage at norma l ambient winter t emperatures 
0 

in Manawatu or a t  3 . 3  C i s  adequate ly vernaliz ing f or bulb s  of  

L. auratum ' Li t t le Gem ' .  

The time taken t o  achieve emergence and deve lopment to the 

visible f lower bud stage is  inversely rela t ed to length of prior 

s torage . Inadequa te cool storage and subsequent g lasshouse  

cul t ure d e lays bu t d oes not inhibi t  anthesis . 

Experiment I l l  

5 . 3 . 1 .  OBJECT 

To inves tiga t e  the influence on bulb growth and f lowering of  

prepotting , two c oo l  s torage temp eratures and  three period s  o f  

s torage with L.  auratum ' Li t t le Gem ' . 

Introduction 

In experiment s  I and I I , bulbs of L. auratum ' Li t t le Gem ' had 

b e en subj ec ted ei ther to  nat ural cooling outdoors o r  to  imposed low 

temperatures in c oo l  chamb er s .  I t  had b een ensured  that the 

b u lb s  did  not experience excessively high t emperatures or desitca t i on 



prior to  cool  tempe ratu re treatments  but no specific observations  

had b een made on the inf l uence o f  the period  or  treatment prior to  

cooling . However natura l l y  cooled bulbs flowered earlier in the 

glas shouse than those p lan t ed direc t  from cool store and this could 

be  a c onsequence separately  or in comb inat ion of  warmer s t orage 

temp e ratures or rooting prior to p lacing in the glasshouse . 

D e  Her togh et a L  ( 1 969 ) proposed a bulb treatment which they 

named Control led Temperature Forc ing (CTF ) of lily bulb s . In this 

process  L. longifloPum ' Ace ' and ' Ne llie White ' bu lbs  of speci f i c  

s i z e s  were potted in growing med ium and then subj ected t o  a 

temp erature of 1 7  .. 2°C for 3 weeks prior to  cool storage for 5 weeks 

at 1 . 7°C .  

The CTF treatment had no  consistent  e f fe c t  on number o f  days t o  

f lower o r  plant height but increa sed the number  o f  f lower s  and 

length of leaves in these l ily cult ivars . 

It  was dec ided to  examine the influen ce o f  CTF on L .  auPatum 

' Li ttle Gem' at  two c oo l  storage temperatures and f or three peri od s  

o f  s torage . 

5 . 3 . 2  

5 . 3 . 2 . 1  

MATERIALS AND METHODS 

P lant Ma terial 

A total of 43 2 bu lbs were u sed , compri s ing 1 4 /; bulb s  grown in 

the previous exper iment and 2 8 8  bulbs supp lied by  Dr Yeates from 

s tock grown at  Kimbolton .  

5 . 3 . 2 . 2  Bulb Trea tment 

On 3 0  Apri l  1 9 7 0 , growing med ium was removed from the prev ious ly 

p o tted bulbs and bu lbs from both sources were p la ced in polythene 

lined b oxes , the roots  being covered with peat which had been taken 

from the dry bale and moistened with water to 80% V /V as recommended 

by Roberts (per s . c orn . ) The bulbs were he ld in s t orage cabinets  

at  1 1 . 1 °C unt i l  29  May 1 9 7 0  when they were  dipped for � hour in : 

5 6 . 



Parathion 

Benomyl 

25%  e . c .  

50% w .  p .  

2 000 ppm a .  i .  

1 000 ppm a .  i .  

After air dryin g ,  bu lbs were rep l aced in  the boxes wit h  fresh 

moi s t  peat and st ored in the labora tory at 1 4 . 5°C .  

On 9 June 1 9 7 0 ,  t he bu lbs  were divided into two groups ,  one 

ha lf  being potted in t o  moi s t  soiless  growing Medium B in b lack 

p lanter bags of 2 . 2 4 1 .  ca paci ty ;  the bags  were partial ly fi lled 

wi th med ium , t he bulb apex being j ust  b e l ow the surface ; the upper 

part of the bags were f o lded ove r the med ium to res t ri c t  los s of 

moi s ture . The se are referred to  as "Po t "  bulbs . 

The 2 16 bulb s  not  pot ted (Dry Bu lb s )  were h e ld in the s t orage 

b ox e s  and a l l  bulbs were then p laced in a " Lloyd " cabinet 

(Append ix 3 )  he ld at 1 8 . 3°C for 3 weeks . On 30  June 1 9 7 0 ,  a f ter  

21 days of  s t orage . all  bulbs  were removed from the  cabinet ,  the  

5 7 .  

d ry bulbs were p o t ted int o  growing med ium and ha lf each o f  b o t h  d r y  

and p o t  bulb s were p laced in "Lloyd "  cab inets  maintained respec tively 
0 0 

a t  1 . 7  C and 7 . 8  C .  

Af ter 48 days o f  s torage , 3 6  bulbs of each trea tment were removed 

and p laced in rand omised p lots  of 4 b locks in a glasshouse maintained 

a t  12°c Night / 1 8 . 3°C day temperature , on a sand base . 

A further 7 2  bulbs were removed af ter 6 2  days in s t orage and 

f inal ly af ter 7 6  days in s torage the last  group s of bulbs  were p la ced 

in the glasshous e .  

Before p lacing in t h e  glasshouse the p lanter bags were f i l led  

with growing medium t o  3 ems . of the  t op .  

On 1 6  Oc t ober , all  bulbs were trans ferred t o  an unheated g la s s

house with louvre and extract or fan ven t i lation (Appendix 2 )  mean 

n ight tempera ture was 1 6 . 7 °C and mean day temperature 2 2 . 2°C r i s ing 

to 2 6 . 7°C at the  termination of the experiment .  Plan ter bags wer e  

p laced on a sand base t hus  ac t ing a s  a form o f  supp lementary capi l lary 

wa tering and the bags were hand wa tered whenever it appeared necessary .  

The medium was maintained as far  as possib le a t  "Con tainer capacity" 

( Bunt  1 9 7 5 ) . 



5 . 3 . 3 . _  RECORDS AND RESULTS �------------- - -

The results  were sub j ected to  ana lysis  o f  variance e s t imat ing 

the inf luence of each factor and their in terac t ion . There was 

no b lock effec t a t  any growth s tage . As in other experiment s  

records o f  growth stages were maintained , name ly emergence , 

5 8 . 

visib le f lower bud and an thesis  wi th s tages totalled ( See Tab le 5 . 3 . 1 ) 

The one fact or which wa s significant at  all s tages was the 

length of t ime or number of days the b ulb s were in c oo l  s t ore a t  

b o th temperatures . At lea s t  t o  the s t age of visible f lower bud 

the longer the s torage period , the more rapid the sub sequent 

development ;  the advancement wa s such tha t bulbs s tored f or 76  

days f lowered in a shorter period than those cool s tored for 48 

or 62  days . 

The individua l fa ctors and their  interaction were most 

evident in the number of days to  emergence , where these are now 

c onsidered . 



Storage me thod 

temperatu re 
o

c 

Period ( Days ) 

Glasshouse t o  
emergence 

Emergence t o  
visible bud 

V isib le bud 
to anthesis  

Gla sshouse to  
v i sible bud 

G l asshouse  to  
an  thesis 

Tab le 5 . 3 . 1  

Resul t s : mean of 4 replicat ions per treatment 

Pot ted bu lbs Dry s t ored bulb s  

1 . 7 7 . 8  1 . 7  7 . 8  

48  62  7 6  48  62  76  48  62  7 6  48  62  76  

32 . 3  26 . 2  1 9 . 3  2 7 . 5  1 5 . 1 1 6 . 9  36 . 9  2 8 . 5  22 . 8  3 2 . 3  2.b· l 1 1 . 3  

29 . 3  28 . 6  23 . 3  3 5 . 6  35 . 9  30 . 3  2 5 . 5  2 4 . 8  2 1 . 7  2 9 . 4  2 7 . 7  2 7 . 5  

60 . 0  6 1 . 9  6 4 . 2 6 0 . 1 6 3 . 8  6 1 . 0  59 . 9  60 . 2  6 1 . 9  5 8 . 5  5 8 . 9  6 2 . 7  

6 1 . 6  5 5 . 3  4 2 . 5  6 1 . 8  5 1 . 0  47 . 3  6 2 " 4  53 . 3  44 . 6  6 1 . 7  5 3 . , 38 . 6 

1 2 1 . 6  1 1 7 . 8  1 06 . 9  1 2 2 . 2 1 1 2 . 4  1 08 . 3  1 1 2 . 6  1 1 3 . 6  106 . 4  120 . 3  1 12 . 5  1 0 1 . 5  

\..11 
\,() 



5 . 3 . 3 . 2  Plan t_ing_ to  Emergence 

At this s tage of growth ,  each fac t or is signi ficant and 

there is  an int e ract ion be tween these t reatment s .  These results  

are listed in Tab le 5 . 3 . 2 .  

Tab le 5 .  3 .  2 

Ef fect of in terac ti on of days in s t ore , temperature and me thod 

of s t orage on number of days t o  shoot emergence . 

Temperature °C 

1 . 7  7 . 8 

Days Potted Dry Pot ted Dry s,e d f  

48  3 2 . 3  36 . 9  2 7 . 5  3 2 .l t 2 .  48  

62  26 . 6  2 8 . 5  1 5 . 1  2 JJ. '/ 

7 6  1 9 . 3  22 . 8  1 6 . 9  1 1 . 3  

S t orage  temperature mean 2 7 . 7  2 1 . 5  t 1 . 0 1 

Pot ted bu lb s excep t for those s t ored for 76  days a t  the h igher 

t emperature emerged earlier than dry s t ored bulb s ,  and bulb s  

stored at 1 . 7 °C emerged later than those s tored at  7 . 8°C .  

5 . 3 . 3 . 3  Emergence to visib le f lower bud 

60 . 

3 3  

The ind ividual fac tors  re lated to  s t orage , namely leng th , 

t emperature and me thod were all  highly s ignificant  during the period 

emergence to  visib le flower bud . There were however ,  no interactions  

b e tween these factor s .  These are tabu la t ed in Table 5 . 3 . 3 .  



Table 5 . 3 . 3 ------

Ef fect  of dura t i on ,  me thod and tempe ra ture of s torage on 

number of days from emergence to visible f l ower bud . 

Durat i on Me thod 

Days se d 1 5  Pot ted Dry se d f  2 3  

4 8  2 9 . 9  

6 2  2 9 . 2  30 . 5  26 . 1 ! 0 .  7 5  

76 2 5 . 7  ! 0 .  9 1  

Tempera ture oc 

1 . 7 7 . 8  se . d f 2 3  

2 5 . 5  3 1 . 0  .f 0 .  7 5  

Dur ing thi s per iod of  growth d r y  bulb s  s tored at  the lower 

temperature achieved the s tage of  visible flower bud more rapi d ly .  

5 . 3 . 3 . 4  Glas shouse to  visib le f lower bud 

When considering the whole period f rom p lacing the bulbs  in 

the g lasshouse  to vi s ible f lower bud , only the number of days in  

s tore and this  c ombined with temperature and me thod of  s torage 

are highly s igni ficant . 

Results  are t abulated in Tab le 5 . 3 . 4 . 

Table  5 . 3 . 4  

Effec t s  o f  interac tion of durat i on ,  t emperature and method o f  

s torage o n  number of days between hou s ing and visib le f lower bud 

f ormation . 

Duration 

48  

62  

76  

1 . 7  

Potted 

6 1 . 6  

5 5 . 3  

42 . 5  

T 
o

C empera ture 

7 . 8  

Dry 

6 2 . 5  

5 3 . 3  

44 . 6  

Pot ted 

6 1 . 8  

5 1 .  1 

47 . 3  

Dry 

6 1 . 7  

5 3 . 9  

se df 23  

3&. 6 + 1 .  9 1  

6 1 .  



I t  can be inferred tha t  the dura t i on of  s t orage is the maj or  

fac tor  prod u c ing rapi d  deve lopmen t t o  this growth stage . 

5 . 3 . 3 . 5  Visib le f lowe r bud to a nthe sis 

During thi s  period of growth , the fac tors inf luencing the 

p lant s  at earlier  s tages tend to  di sappear . However , the dura tion 

of s t orage i s  s t i l l  highly significant  a lthough in the reverse 

direc tion tha t the l onger the bu lbs were stored the l onger t he 

p lants  required to achieve anthesis . There wa s a lso highly 

significan t inte ract ion be tween dura tion .  method and temperature 

of  s t orage . 

This s tage i s  tabu lated in Tab le 5 . 3 . 5 . 

Tab le  5 . 3 . 5  

Effect  o f  in terac tion of dura t i on .  tempera ture and method 

of  s t orage on number of  days from visib le f l ower bud t o  anthe s is . 

Method 

Pot ted Dry 

Tempera ture 
o

c Temperature 
o

c 

Duration 1 . 7  7 . 8 1 . 7 7 . 8  se. df  

48  60 . 0  60 . 1 5 9 . 9  5 8 . 5  

6 2  6 1 . 9  6 3 . 8 6 0 . 2  5 8 . 9  

7 6  6 4 . 2 6 1 . 0  6 1 . 9  6 2 .1 1.: 1 .  33  

5 . 3 . 3 . 6  Total  t ime t o  an thesis  

When c onsidering the impac t of  var ious factors  on  the  number of  

days t o  anthes i s ,  only  length of  s t orage and  method of s t orage 

were highly s ignif icant and temperature of s torage s igni fican t . 

There were no  significant interact i ons . Here  again , the bulb s  

s tored f or 76  days f lowered more rapid ly  than those s tored 4 8  

1 5  

o r  62  days and bulbs not potted before s torage f lowered earlier 

than those po tted . Warm tempera ture storage onl y  has tens flowering 

by approximat e ly one day . 

62 . 



Results  are tabu la ted in Tab le 5 . 3 . 6  

Tab l e  5 . 3 . 6  

Effec t  of durati on , me thod and temperature of s t orage on 

number of days to anthesi s .  

Dura t i on s,e . d f  1 5  Method s.e . df 23  

Days Pot ted Dry 

48 1 2 2 . 1  1 1 5 . 2  1 1 2 . 9  !'() . 74 

62  1 1 4 . 7  

76 1 05 . 7  t 0 . 9 6  

Tempera ture 
o

c S/2 . d f  2 3  

1 . 7  7 . 8  

1 1 4 . 8  1 1 3 . 3  !0 . 78 

5 . 3 . 3 . 7 Ext ended or de layed flower ing 

0 Of the p lants which had been s tored at 7 . 8  C for 48 days , 5 

showed ext ended f lower ing , b oth a f i r s t  and second flower ing on 

the one s tern and 7 showed delayed f lowering , ind icating that  

s torage for  this period at  tha t temperature was marginally 

vernali zing or the p lan t s  par tia lly devernalized a fter removal 

from s tore . 

5 . 3 . 4  DISCUSSION 

The method of contr olled t emperature forcing proposed b y  

D e  Her t ogh e t . ( 1 96 9 )  wa s deve loped a s  a modificat ion of 

Natural Cooling (B ox and Payne 1 9 6 7 )  in which bu lbs  are p lanted 

in their f lower ing containers and held a t  above freezing 

t emperatures  unt i l  brought  into the glasshouse for f orc ing . By  

p o tt ing prior t o  cooling , root growth i s  s t imulated and  t he 

p lacing in warmer t emperatures  sub sequent ly is  a natura l transition 

f or p lan t s ,  whereas precooling followed by  p lanting requires the 

p lant s  b ot h  to  f orm roots  and aerial growth concurren t ly .  

6 3 .  



Since L.  longiflorurJ can be considered a plastic p lant in 

relat ion t o  ul t ima te  flower numbers . the use of  CTF is advan tageous 

in increas ing the numbe r  of  f lowers and produc ing a more shape ly 

p lan t wi th  an adequa t e  numb er of  leave s .  

In con tras t L .  auratwn ' Li t t l e  Gem ' i s  a more s table p lant 

when considered from t he v iewpoin t of f lower number s ,  p lant height 

and number of leaves , as shown in experimen t s  I and I I .  

In this experiment ,  the on l y  signi fican t response ob tained 

by p o t t ing the bulbs prior to s t orage at 1 8 . 3°C for three weeks 

as c ompared with stor ing the bu lb s in moist  pea t for the same period , 

wa s in  emergence ,  where pott ed bulbs emerged more rapidly . 

0 0 
The two temperatures of cool s t orage name ly 1 . 7 C and 7 . 8  C 

wer e  b o th higher and lower than those norma lly recommended for 

L.  longiflorum ( 5°C) . A l t hough the higher t empera ture is s imi lar 

t o  that experien ced b y  bulbs p laced in frames the previous year . 

As wou ld b e  expec ted the warmer temperature s t imula ted emergence 

b u t  this advance  disappeared during the sub sequen t growth s tage s .  

The one fa c tor which proved mos t  s igni ficant at a l l  s tages 

of growth wa s the leng th  of t ime the bulbs were held in cool  

s t orage . There was four teen days interva l be tween each o f  the three 

pe riods  and t he longer the s t orage period the sooner the shoo t s  

eme rged and showed vi sib le flower bud s ,  however in n o  instance was 

64 . 

the difference as much as f ourteen days b etween any two period s .  In 

fac t those bu lbs s t ored for 76 days flowered on ly s ix teen days ear lier 
0 than thos e  c oo led for 48 da ys . S torage f or 48 days at  7 . 8  C may prove 

t o  be a margina l per iod of t ime at that t emperature as some p lants  

showed extended or  secondary f l owering . 

In  c onsidering the practical  aspects  of  CTF , i t  was found that 

the physical  handl ing of  potted p lant s  was laborious , whi le the space 

taken up by the c ontainers and t he difficu l ty in s tacking would limit 

the number that could b e  s t ored . Unless large s tores are ava ilab le 

and mechanical hand ling i s  used , the t echnique of pot t ing p ri or to  

s torage as  c ompared with  mois t  s t orage of  bulb s ,  has l i t t le t o  commend 

i t . 



5 . 3 . 5  CONC LUSIONS 

1-Jhen s toring b u lb s  a t  a warm t emper a ture f or three weeks 

pr ior to c o o l  s tora g e , p o t t ing of the bulb s  wa s not advan tageous 

as  c ompa r ed \vi th s t or ing the bu lbs in moi s t  pea t .  There wa s n o  

d i f f erence in the number o f  days t o  a n t he s i s  o f  bulb s s t or e d  

a t  1 .  7 °
C or 7 . 8

°
C however , b u l b s  c o o l  s tored f or 76 days a s  

comp ared wi th 4 8  o r  62 d a y s  em erged and f l owered signif i ca n t ly 

ear li er . The h ighe r  t empera t u re f or the  shor t e s t  cool s t orage 

p er i od wa s m a r g ina l l y verna l i z i ng . 

5 .  4 .  1 OBJECT 

Since previous expe r imen t s  had b e e n  c arried ou t a t  d i f f erent 

t emp era tur e s  for va rying per i o d s , t h i s  expe r iment wa s c onduc t e d  t o  

c onfirm t h e  inf l uence o f  d i f f e r e n t s t orage p eriods at one t empera ture 

on L.  aura tum ' Li t t le Gem ' bu lbs p r od u ced in two way s .  

5 • 4 .:.....:· 2=---_ MATER!_A_L_S . A�_M_E TH_9_D_S 

5 . 4 . 2 . 1  P la n t  Ha ter ia l  

L. auratum ' Li t t le Gem ' b u l b s  we r e  se lec t ed f r om two s ou r ce s ; 

5 0  bu l b s  grown in the p r ev i ous  yea r and he ld in p o t s  outdoors (pot  

b u l b s )  and 100 bu lbs ( soi l bu l b s )  gr own f r om b u lb l e t s  in the open 

gr ound in the Dep a r tmen t of Ho r t ic u l t u re f i e l d  area . 

5 . 4 . 2 . 2  Bu lb Tr ea tment --------

On 1 0  Ma y 1 9 7 2 , a l l  b u lbs �.;rer e  wa shed f re e  of growing medium 

or soi l ,  d ipped f o r � hou r in b en omy l ( 50% w . p . ) 1 000 ppm a . i .  

a c t ive ingre dient p la ced in wood en b oxes and c overed with c lean 

peat moi s ten ed wi t h  an equa l v olume o f  wa ter . A l l  b u lb s  appeared 

hea lthy with c lean sca l e s  and b a s a l  r o o t s . 

65 . 



On 1 2  Hay 1 9 7 2 . the bu lbs we re p la ced in a "Lloyd " s t orage 

cab inet maintained a t  5 : 1 °C .  

On 1 9  June 1 9 7 2 .  3 8  d a ys a f t er s t orage , 1 5  pot bu lb s and 

30 s oi l  b u lb s  were r em ov e d  from st ore and as t he roots  appea red 

wa ter soaked were d ipped in benomyl  2000 ppm a . i . for � hour . The 

bulbs were a ll pot ted in s oi l e s s med ium B in 1 5  cm diameter  ri gid 

p lastic p o t s  and p la ced on a san d b en ch in the heated glasshou se 

in a 3 randomised b l o c k  of 5 a n d  1 0  bu lbs respective ly . 

On 5 July 1 9 7 2 , a f ter 5 4 days in cool s t ore , t\vO groups of  

bu lb s were trea t ed s im i l a r l y  a n d  p l aced in  the g lasshouse . 

Fina l l y  on 20 Ju ly 1 9 7 2 .  6 9  days a fter s t orage , a third group 

of �5 and 30 bulbs \vere trea ted in the same way .  As some bu lb sca les 

showed a sof t rot , iden t i f i ed by Dr K . S . Mi lne as a bac teria l 

infect ion , a ll pots  \vere drenched Cuprovi t ( 50% Cu ) a t  1 4  gms per 

li tre app lying 250  ml . p e r  pot . Th is tr ea tment was repeated on 

1 5  Octob er . Subsequen t gr ow t h  appea red sat isfactory . 

Glasshouse temperatures were ma in tained a t  a minimum of  1 3°C 

n igh t temperature ven t i lation at 2 1  °C day \vith shading from 1 0  Oc t ober  

1 97 2 . 

5 . 4 . 3  RESULTS 

A l l  p lants  grew sa t i sfac tori ly and achieved anthesis . As in 

p revious y ears , record s were mainta ined of emergence , emergence t o  

v i s ib le f lower bud and visible f l ower bud t o  anthesis . S imilarly 

numbers of  days f rom housing to vi sib le f lower bud and t ota l time t o  

anthesis from housing were summed .  

Resu l t s  were subj ected t o  ana lysi s  of variance , for  the stages  

of  growth , source of bulb s ,  int eraction between storage period and 

source and f ina lly b lock effec t s .  Blocks were not signif icant a t  

any stage o f  growth or between the two groups o f  bulb s . Resu lts  

are summarised in  tab le 5 . 4 . 1 .  Detai led re su lts  are s tated  in  

Appendix 1 1  and  analys is in Append ix 1 2 .  

66 . 



Tab le 5 . 4 . 1 

Mean number of days t o  achieve d i f ferent growth s tages b y  

bulb s  of two origins s tored for t hree periods before p lanting . 

Origin of bu lbs Field _ grmvn Pot grown Significance 

67 . 

Days s torage 38  54  69  3 8  5 4  69  Source Per iod Inter
a c ti on 

Growth stage 

P .  t o  em . 5 6 . 7  44 . 5  34 . 6  5 5 . 3  38 . 5  34 . 3  NS XXX 

Em t o  vfb . 4 4 . 5  32 . 4  3 6 . 5  2 8 . 6  2 7 . 7  2 1 . 1  XXX XX 

Vfb t o  An . 6 5 . 4  69 . 1  66 . 3  8 4 . 1 6 7 . 2  55 . 4  XXX 

P .  t o  vfb . 1 0 1 . 3  76 . 9  7 1 . 1 7 3 . 5  70 . 9  72 . 6  XXX XXX 

P .  t o  An 1 66 . 6  1 46 . 0  1 3 7 . 5  1 5  7 .  6 1 38 . 1 1 2 8 . 0  XXX XXX 

Significance level 

XXX P .  0 0 1  

XX P .  0 1  

X = P .  os 
NS Non S ignificant 

5 . 4 . 3 . 1 P lanting to  Emergence 

The experiment c onfirmed that the longer the s t orage period 

the more rap id the emergenc e ,  the advancement being more evident 

b e tween the f irst  and median period of storage than be tween the 

median and final period . Emergence of pot or field grown bulbs 

did  not d i ff er significant ly within any one s torage period . 

NS  

X 

NS  

X 

NS 



5 . 4 . 3 . 2  Emergence_ to visib le _!_lower bud 

Deve lopment t o  visible f lower bud was more rapid in t hose bulbs 

which rec eived l onger storage per iods and t ook place sooner in the 

pot gr own bu lb s  as compared wi th soi l grown bu lbs . 

Plan ting_�_ v i s ib le f l ower bud ------5 . 4 . 3 . 3  

68 . 

Pot  grown bu lb s reached the s t a ge o f  vi sib le f lower bud significan t ly 

sooner than f i e ld gr own bu lb s and inver se ly to storage period ; there 

was a lso  an in teract ion b e tween origin of bulbs and s t orage peri od . 

5 . 4 . 3 . 4  Vi sible  f lower bud to  anthe sis  

Dur ing this  peri od of  growth , as in previous year s ,  the 

inf luence of s torage period wa s not evident ; however , the field 

grown bulbs achieved an the sis  signif i can tly sooner t han p o t  grown 

bu lb s . 

5 . 4 . 3 . 5  Plant ing t o  an thesis  -------·-----

When summing the total period of gr owth , pot gr own bulb s f l owered 

in shor t er time tha n  f ield grown bu lbs . Their  more rapid emergence 

and a t ta inment  of VFB offse t ting the longer period from VFB to 

an the s i s . 

As previously the longer the bu lbs were s tored befor e  p lanting 

the sooner they f lowered , the advanc emen t in f lowering b eing great er 

b e tween the first  and sec ond per i od than be tween the second and 

third period . 

5 . 4 . 4  DISCUSSION 

Deve lopm en t  wi thin lilies  i s  a con tinuing proces s and transi ti on 

f r om the vega t a t ive t o  f lora l  c ondi t i on i s  temperature depend•n t . 

The lengt h  of  s t orage a t  the selec ted tempera ture of this experiment 

was adequately vernalizing and t heref ore thi s period and the origin 

o f  the bulbs were the �epend&nt variab les . 



Unle ss  the c hange from vege t a t ive t o  reprodu c t ive stage in 

the gr owing apex is  det erm ined microscopi ca lly , in a large 

number  of  bulb s .  t h is  lvi 1 1  on ly be ob served after c omp let i on and 

by a macroscopic  change in the shape of the apex . Hmvever , when 

rec orded in a large number of bu lb s ,  t he reproductive stage can be  

adequate ly determ ined . 

That  this s tage occured m ore  rapi d ly in bu lbs previou s ly grown 

69 . 

in the gre enhou se as  c ompa red with f ie ld produc t ion , sugges t s  tha t 

the p lan ts had ac hieved comp l e t e ma turity  prior t o  the commencement 

of this experimen t .  The more rapid achievemen t of f lora l development 

conf irms the resu lts  obtained in Experiment I I . In that experiment  

however , the  period from visib le f lower bud  t o  anthesis  of  the 

younger bulbs wa s not signif icant ly shor ter as in the current experiment . 

Similar ly in Experiment I l l , pot ted bu lbs s tored at 7 . 8°C t ook a 

longer t ime between the s t age eme rgenc e  t o  v i sib le flower bud than 

dry s tored bulb s .  

The o ther fac t or cou ld b e  the size o f  the bulbs ini tially in 

tha t the f ield grown bulbs were smaller than the pot gr own bulb s .  

However , t his aspect was not determined a s  bulbs were not  selec ted 

on a weight basi s .  

5 . 4 . 5  CONCLUSIONS 

The extens ion of s t orage period a t  . $ °C hastened the growth 

and d eve lopmen t of bulbs t o  the s tage of visib le flower bud 

par t icular ly when the st orage period was ex tended from 3 8  t o  54  

days , with a lesser advancemen t subsequently to  69  days . Bu lb s 

which had been gr own in the open ground as  compared wi th those 

previously  grown in p ots deve loped more s lowly to  v i s ib le f lower 

bud s tage , bu t f lowered more rapidly ,  however this advance was not  

suf f i cient to  offset  the longer time taken in  the earlier s tages of  

growth . 



5 . 5 . 1  OBJECT 

To ob serve the inf lu enc e of a ran ge of s t orage temperatures 

on the grmvth and f loweri ng of Li Z ium x parkmanni ' Li t tle Robin ' 

5 . 5 . 2  MATERIALS AND METHOD ��------���� 

5 .  5 .  2 .  1 Plan t  Ma t erial  

7 0 .  

Pr ev i ous experiments had been conduc t ed on L.  auratum ' Lit tle Gem ' . 

Dur ing 1 9 7 3  and 1 9 7 4  the s t ock of  bu lbs had not been maintained and 

had b e c ome inf ected with a range of virus diseases iden t i f ied by vi sua l 

symp t oms and further bulb s we re not avai lab le .  The cu l t ivar selected 

f or further experiment s ,  L .  x pa�kmanni ' Li ttle Robin ' had ' Li t tle Gem ' 

as one parent , wa s dwarf and more floriferous than i t s  parent and the 

flowers were more brightly colou red ; an inheritance from the L . speciosum 

gene s of i t s  o ther parent , L. x parkmanni ' Exce lsior ' . 

5 . 5 . 2 . 2  Bu lb Trea tmen t 

The bu lb s  had been gr own at  Kimbolton by Dr J . S .  Yea tes and 

b r ought t o  Pa lmerston Nor th on 2 2  May 1 9 7 5  where they we re held in 

d amp sawdust  in an unhea ted gla sshouse f or 54 days unt i l  collec ted 

f or this experiment on 1 5  Ju ly 1 9 7 5 .  

On receip t , l OO bulbs were selec ted and dipped f or � hour in 

Cap tafol  ( 50% wp) 

Thiona zin ( 43% cc ) 

1 0 , 000 ppm a .  L 

4 , 300 pppm a . i .  

Af ter air drying the bulb s were replaced in c lean moist  sawdus t 

and held in an unhea t ed room at  1 2 ± 2°C .  

Twenty three days after receip t , on 7 August 1 9 7 5 ,  the bu lbs 

wer e  d ivid ed into 5 sets of twenty bulb s  placed in p olyt hene bags 

and controlled temperature storage applied . 



5 . 5 . 2 . 3  Trea tmen t s  

Five tr ea tmen t s  were se l ec t ed .  

Continuou s \va rm s t orage (A) 

Warm storage f o l l owed by r o o l  s t orage ( B )  

Con tinuous ambi ent  st orage (C ) 

Ambient s t o rage fol l mved by cool s torage (D)  

Con t inuous c oo l  s t orage (E)  

Amb ient s t orage = t empera tu re o f  an unhea ted bulb s tore . 

Temp eratures  in 
°
C of  t reatme n t s  app l ied in "Ll oyd " cab ine t s  

+ 0 0 
wer e : Warm 1 9 . 5 .  Ambien t 1 2 .  Cool  4 ,  a l l - 1 C .  

Periods of  f ir s t , sec ond and c on tinuous s torage t reatmen t s  

be ing 1 4 ,  4 2  and 56 days re spec t ively . 

On remova l f rom storage , bu l b s  \vere p lanted 4 cm . deep in t o  

4 . 5  1 .  p lanter bag s in Med ium B (Appendix 1 )  and placed on sand 

bed s in an unhea ted g lasshouse (Appendix 2) on 2 Oc t ober 1 9 7 5  in 

4 b locks , plo t s  being randomised in the b locks . Tempera ture in the  

7 1 .  

0 
g la s shouse ranged from 1 5  - 25  C as recorded on a Cas e l la thermograph . 

Lig h t  intensi t y  and incoming rad ia t i on was reduced b y  s uspending 

b la ck polypropylene mesh c l o th  2 . 2m .  above t he p lan t s  t o  provide 

SO% shad e .  Add i ti ona l ly on 2 De cemb e r , t he g lass was sprayed with  

whi te oi l bound pa in t d i lu ted 1 : 4 with hot  wa ter . 

Aphids , iden t if ied as  Maarosiphon spp . were ob served on two 

p la n ts on 26 Novemb er and the house was fumigat ed with dichlorvos 

100% w/v as Vapona (R) by evaporat ing 5 ml of  the concent rate  for 

1 06m3 area on an electric hot p late . A sub sequen t  deve lopment 

o f  t he aphid s on 1 0  December wa s control led by  spraying with  

menazon 0 . 1 %  a . i .  

5 . 5 . 3  RECORDS AND RESULTS --------------------

Rec ord s were maintained of  number of  days t o  emergence ,  emergence 

t o  visib le f lower bud , visib le f lower bud t o  ant hesi s ; days from 

p la n ting t o  visib le f l ower bud and p lant ing t o  anthes i s  were s ummed . 



Bulbs were Heighed p r i or t o  p l a n t ing and n umber of f lowers 

pe r bulb r e c ord ed : s t em l eng t h f r om base to  f i r s t  pedicel  wa s 

m ea sured a t  senescenc e .  R e su l t s we re  sub j e c t ed to ana lysis  of 

va r iance  (Appendix  1 4 )  

Thi s  experimen t wa s c a r r i e d  o u t  l a t e r  i n  the season than in 

prev iou s yea r s  and p re - s t orage t empe ra t u r e s  had not b een c o ld  

enough to i n h ib i t  grmvt h .  I n  a l l  t r ea tmen t s ,  some s t ern emergenc e 

from the bu lb had taken p l a c e  by t h e  t ime the bulbs were removed 

from their s tora ge t r ea tmen t s .  (Tab l e  5 . 5 . 1 ) 

Ta b l e  5 .  ') . 1 

Shoot  l eng t h  in mm . a f t er s t or age f o r  56 days ; mean of 5 

bu lbs p er b lock each t r ea t men t . 

Block 

Trea tm ent  I I I  I l l  I V  Mean 

A 6 7 . 7  7 0 . 8 6 4 . 4 6 1 . 3  66 . 05 

B 32 . 4  38 . 8  37 . 8  3 7 . 5 36 . 6  

c 53 . 8  6 1 . 3  7 4 . 0 6 7 . 3  6 4 . 1 

D 3 3 . 6 2 9 . 0  23 . 0  29 . 3  2 8 . 7  

E 23 . 5  2 3 . 2  1 8 . 0  2 3 . 0  2 2 . 0  

T o ta l  2 1 1 . 0  22 3 . 1 2 1 7 . 2  2 1 8 . 4  

Mean 42 . 2  44 . 6  43 . 4  43 . 7  

Shoot s had tend ed to emerge a t  various angles and not necessarily 

a t  right  angles  t o the b u lb .  As far  a s  pos sib le a t  p lanting the bu lb 

wa s p laced so that the s t ems were ver tical as previou s  ob serva tion s  

7 2 . 

had shown that  lily s tems are not strongly phototrop ic , and when growing 

a t  an angle wi l l  c ontinue in the ini t ia l  direction unt i l  ob s tructed b y  

a barrier such as  the side o f  the container . 

Shoot s of  bu lb s which had  been stored  continuous ly at  amb ient 

t empera ture s ,  emerged significan t ly ear lier than those in any o ther 

• 



t reatm en t .  Par ti c u la r l y  with t rea tment A ( c on t inu ous warm s t orage ) 

t here was a wi de  va ria t i on in t ime be tween one b lock and another 

( B l ock I 5 days . B lock I V  1 8  . .  J days ) as c ompa red wi th  any other 

t r eatm ent . 

Overall , however . t he r e  wa s no b l ock effect  on any trea tment or 

a t  any stage of grmvth throughou t the expe riment . 

While  the s t ages of eme rgence and anthesis can be re la tive ly 

a c curate ly rec orded , the growth s t age "visib l e  f lower bud" i s  

7 3 .  

s l igh t ly less  exact . In L .  aura tum ' Li t t le Gem ' , there i s  a dis t inc t 

change in the s tem apex from a c i r cu lar t o  an ova l ,  a d orsi-ventral 

expansion . In L. x pw�kmanni ' Li t t le  Rob in ' , this s tage is  con s idered 

achieved when the apica l leaves . previously enfold ing  the apex , opened 

in  the cen t re . The deve loping f l owe r bud s are exposed and can be  

ob served when looking i n t o  the apex from above . 

Although thi s appears t o  be a sub j ec tive dec ision , the number  

o f  days from emergence  to v i s ib le f l ower bud appear to  be  c onsis tent ; 

whi le sub sequent ly t he apex opens fu l ly ,  the f lower buds emerge 

and achieve anthesis  at a consistent time interval in  any one 

t reatment . 

In this experiment bu lbs which had received con t inuous cold 

s t orage a chieved this s tage s ignifican t ly ear l ier (p=OO l )  than 

those of o ther treatment s  d espi te the shoo ts emerging later than 

any o ther treatmen t . 

When summing the number of days from p lanting there was no  

s ignificant difference between  any trea tment ,  as occurred in  

experimen t s  previously . 

5 . 5 . 3 . 3  Visib le f lower bud to anthes is  

This s tage was achieved in all  trea tmen t s  with the c on t inuously 

c old s tored bu lbs reaching anthesis  s ignif ican t ly earlier (P . 05 )  

than other bulbs . However , 1 2  o f  the 20  bulbs con t inuou s ly 



warm st ored showed reset ting du ring growth with death and ab scission 

of the lmver s tern leaves . At  anthesi s  the s t erns were s igni f i cant ly 

shor ter (p . 0 1 ) than the other trea tmen ts  (Tab le 5 . 5 . 2 ) 

Tab le 5 . 5 . 2  

74 . 

Stern lengths in erns . at  senes cence ; mean o f  4 b locks per treatmen t . 

Trea tment  Length in ems . S ignificance ------

A 35 . 9  XX 

B 44 . 7  NS 

c 49 . 3  NS 

D 4 8 . 6 NS 

E 48 . 4  NS 

Rese tting is indica t ed by very short intern odes and leaves  

c ongesting a t  the apex . I t  wa s c ons idered that thi s  c ondition 

might b e  due t o  an inhib it i on of gibbere]ic acid synthesis  by  the 

warm temperatures or a lack of c old temperatures . 

To test  this hypothesis  • 5 p lants of B lock Ill  showing this 

c ondition to a lesser or  greater degree were se lected on 4 December . 

Two were sp rayed with G A 3 at  1 00 pprn dissolved in 2 5 %  ethano l ,  

t wo with 25%  e thanol and one unsprayed . 

PlRnts were mea sured 4 times over an 1 1  day interva l ,  measurement 

b eing from the stern base at  the medium surface to the tip of t he 

uppermos t  bract . Results  are given in Tab le 5 . 5 . 3  and indicated t ha t  

one spray o f  G A 3 a t  this strength d id n o t  overcome resett ing . 
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Tab le 5 . 5 . 3  

Inf luence of app licat ion of G A 3 on r esetting . 

He ight of p lants  in  mm .  

Days from spray�_gg_ Treatment 

GA GA ETCH ETOH Unsprayed 

0 

4 

7 

1 1  

Total  shoo t extension 

(a)
R d · · 

osette c on 1t1on 

1 36 

1 5 7 

202 

226 

90 

ma intained . 

5 . 5 . 3 . 4 Plan t ing to  an thesis 

78 1 7 2 9 8  95  

80  1 89 1 02 1 03 

84 2 4 7  1 5 0  1 54  

70
a 2 8 7  1 6 5  1 75 

-8 1 1 5  6 3  80 

There was no s ignificant dif ference in number of  days to anthesis 

from p lan t ing , f lower product ion being sa tisfac t ory ( Table 5 . 5 . 4 ) . 

Those p lant s  wi th mu ltiple s tems produced more flowers in total  whi le 

one plant with a fasciated s t em sub tending 4 branches ,  produced a 

total  5 4  f lower s .  In genera l this cultivar i s  more floriferous than 

i t s  paren t L. aura tum ' Li t t le Gem ' . 



Table 5 . 5 . 4  

Ef fec t of trea tment s  on grO\vth s t ages in numb er o f  days . 

Treatment 

A 

B 
c 

D 

E 

S ignifican ce 

S ignificance level 

XXX P • •  001 

X = p . .  05 

P-Em 

1 1 . 2  

9 . 8  

6 . 3  

12 . 7  

1 5 . 0  

X 

N . S . =  Non signif icant 

Em-Vfb P-Vfb Vfb-An -·-·----

28 . 4  39 . 7  66 . 7  

2 7 . 0  36 . 8  7 2 . 6  

2 7 .  6 33 . 9  7 2 . 7  

23 . 4  36 . 1  7 3 . 5  

22 . 2  3 7 . 2  7 3 . 9  

x x : N . S .  X X'  

5 . 5 . 3 . 5  Ra tio  of bu lb we igh t to  flower produc tion 

p-An 

1 06 . 4  

1 09 . 5  

1 06 . 7  

1 09 . 7  

1 1 1 . 1  

X 

The ra tio  of number of  flowers to  bulb weight was ca lculated  

by  d ividing the  numb er of  f lowers into the total  bulb weight in  

grams , omi t t ing fascia ted p lan t s . The lower the  rat i o ,  the 

more f loriferous the p lan t s .  but there appears to be no pat tern 

d i s cernible relating to  treatment , nor re la ting to individual  

bulb weigh t s .  (Tab le 5 . 5 . 5 ) 

Tab le 5 . 5 . 5 

Ratio  of bu Jb  weigh t in gms .  t o  individual f lowers . 

Treatment 

A 

B 

c 

D 

E 

X 

I 

1 6 . 5  

1 2 . 00 

1 3 . 8  

1 2 . 3  

1 6 . 4  

7 1 . 0  

1 4 . 2  

II  

1 3 . 6  

1 4 . 6 

1 4 . 3 

1 3 . 2  

1 4 . 0  

6 7 . 7  

1 3 . 5  

B lock 

I l l  IV E. 
1 6 . 8  9 . 4  5 6 . 3 

1 1 . 5  1 0 . 3  4 8 . 4  

1 2 . 2  1 0 . 1 5 0 . 4  

1 2 . 8 9 . 7  4 8 . 0  

1 4 . 5  1 3 . 1  5 8 . 0 

6 7 . 8  5 2 . 6  26 1 . 1  

1 3 . 6 1 0 . 5 

X -

1 4 . 1 

1 2 .  1 

1 2 . 6  

1 2 . 0  

1 4 . 5  

6 5 . 3  

7 6 .  



5 . 5 . 3 . 6  S tem height 

S tem height was accep table in a l l  trea tmen ts  excep t t reatment A 

where the s t ems were s ignifican tly  shorter . The plan t s  appeared 

squat and una t tractive ( Table 5 . 5 . 6 ) .  This is  shown in phot ograph 5 .  

Tab le 5 .  5 .  6 

S tem leng th  in e m s . ( Fa sc ia ted s t ems omi t ted)  

B locks I 

Trea tment 

A 3 2 . 7 

B 39 . 5  

c 48 . 0  

D 5 1 . 6  

E 53 . 4  

225 . 2  

45 . 0  X 

5 . 5 . 4  DISCUSS I ON 

I I  I l l  

36 . 4  42 . 3  

4 7 . 5  45 . 9  

4 7 . 4  4 8 . 9  

55 . 2  46 . 2  

45 . 6  44 . 6  

2 32 . 1  2 2 7 . 9  

46 . 4  45 . 6  

5 . 5 . 4 . 1  Flower induc t i on treatment 

IV � 

3 2 . 3  1 43 . 7  

45 . 8  1 78 . 7 

52 . 7  1 9 7 . 0  

45 . 5  1 98 . 5  

5 0 . 1 1 93 . 7  

226 . 4  

45 . 3  

X -

3 5 . 9  X 

4 4 . 7 

4 9 . 2  

49 . 6  

4 8 . 4  

This  expe r iment was carried out later in the sea son than in 

previous years . It  is possib le that as  a resu lt  of late  harves ting 

o f  the bulbs , they had received some c ool  temperature influence prior 

to harves ting . This ef fect  has been recorded in Eas ter lilies by  

Smith  ( 1 9 63 )  who showed that West Coa s t  (U . S . A . )  bulb s  lifted on  

3 0  Sep tember  and given no cool s t orage , f lowered in 268  days , whi le 

those lif t e d  on 6 November , flowered in 1 4 7  days . 

The cool  t emperature effect might  have b een cont inue d  subsequent 

to harvest ing a lthough the bulb s  were held above the mean outdoor 

ambient  t emperature as recorded in 1 96 9 . Apa r t  from the imposed 

cool trea tment  at 4°C ,  st orage at  1 2°C is not  considered verna lizing 

for many p lant s  responding to this trea tmen t , while in L. longiflorum 

7 7 .  



7 8 .  

this tempera ture exceeds the desirab le  leve l o f  7 . 5  - 1 0°
C recommended 

for bulbs gr own in F lorida . 

The tempera ture 1 9 . 5 °C is considered almost a devernal i z ing 

level as Smi th ( 1 96 3 )  showed that Cr of t lilies  maintained at 1 5
°

C 

required 4 1 1  days to reach the s t age of first  flower . 

The period of  42  days s t orage wa s sufficient ly l ong t o  achieve 

vernalization as expe rienced with L .  auratum ' Li t t le Gem ' in  

Experiments I and I l l . 

S ince  the bulbs were grown af ter  p lanting during a period 

exceeding 1 2  hour s day light , bu t not the long day period of  16  

hours used by Roh and Wi lkins ( 1 9 7 6 ) , this  might a lso partial ly 

rep lace vernalization ;  though i t  could b e  considered an additive 

rather than a promoting effect  on f l ower ini t iation . 

The rapid ach ievemen t of the s tage vi s ible  flower bud by bulbs 

s tored con tinuous ly at 4°C indicates  the enhancing effect  of  

continuous c ool s to rage , bu t since  this  was only 6 days ear l ier than 
0 

bulb s  s tored continuously  at 1 9 . 5  C ,  the ef fect  was o ff s e t  when 

compared with number of days to anthesis . That 19 . 5 °C is no t entirely 

a verna l i z ing  temperat ure , is ind ica ted b y  the roset ting and shorter  

stems of many of the p lant s  held at this  tempera ture , and delayed 

senescence of the f oliage . 

5 . 5 . 5  CONCLUSION 

When L.  x parhnanni ' Li t t le Robin ' bu lbs are stored f or 42  
0 

days a t  4 and 1 2  C ,  the p lants rece ive adequate verna lizati on ; 

s torage at  1 9 . 5  or 1 2°C f or 1 2  days prior to s t orage at  4°C 

d id not  hasten anthesis . A con tinuous temperature o f  1 9 . 5°C 

was only partial ly vernalizing , with p lant height being reduced 

and p lant s  being of a le ss  desirab le hab i t . 



Pho t ograph 5 

L. x paY'kmanni ' Li t t l e  Rob in ' : Inf l u enc e of pr e p la n t ing s t orage 
t empera t u  r e s ,  lef t t o  r igh t :  

19. 5 ° C  f or 5 6  days  
1 9. 5 °C f or 1 4  d a y s , 4°C f or 42 days 
12°C f or 5 6  da y s  
12°C f or 1 4  days , 4°C f or 42 days 
4 °C f or 5 6  days  

mea sure in ems .  





t V T  

5 .  6 . 1 OBJECT 

To o b serve the inf luence of t emp erature on and 

f l m·ler ing of L .  ' Li t t l e  Robin ' . 

I n t r oduc t i on 

In previous exp e r ime n t s ,  bu l b s  of L .  aurcztwn Li t t l e  Gem ' 

and L .  ' Li t t le Rob in ' h a d  b e en s to re d  a t  d i f f e ren t 

and f o r  d i f f erent p e r i o d s  t o  the ir eme r gence . 

Subs eq uen t ly ,  the p lan t s  had a l l  b een gr ovm t o  an thes i s  a t  the 

s ame t empera tur e in g la s shou s e s , excep t in 

g la sshouse an d  out door cul tur e were omp ar e d . 

I whe n  

7 9 .  

W i t h  ava i lab il i t y  o f  growth cabin e t s  p r ov i d ing a c on t r o l led 

envi r onment of light and t emp e ra t ure , i t  was d e c ided to inve s ti g a t e  

the in f luence of temp e ra t ur e s  f r om p o s t  s t o ra g e  to  a 

s ta ge approaching anthe s i s . Prev i ou s  expe riment s  h av in g  shown 

tha t th e s tage from v i s ib le f l owe r b u d  t o  anthes i s  was 

o f  the  p r evious s t orag e  temp e ra tures provided a s uf f i c ien t ly 

c o o l  s t orage p e r i od had been e xp e r ienced . 

5 . 6 . 2  }�TERIALS AND METHODS 

. 6  2 . 1  P lant Ma t e r ia l 

3 2  bulbs  f rom Gr oups B , D and E of the p r ev ious year ' s  

e xp e r imen t s  were r em oved f r om t h e  unhe a t e d  g la s shouse on 1 8  1 9 7 6 . 

The f lower s tem and surplus med ium wer e  removed and the bulbs 

r ep o t t ed in P lan t e r  b ag s ize 8 ( 4 . 5 l cap ) using med i um B .  The a pex 

of t h e  bu lb s  was The med i um wa s m oi s t ; a l l  p o tt e d  b u lb s  

were p laced in a "Lloyd " cab ine t  a t  7 . 0
°

C f o r  6 4  

On 2 1  July 1 9 7 6 , t were d iv id ed int o  2 groups o f  1 6  p lan t s  

c on t a in in g  approx ima t e ly equ a l  numb e rs o f  p lant s  f r om each o f  the 

p revi ous s ea s on ' s t reatmen t .  

One gr oup was p la ce d  in a " Temper z on e "  gr owth c a b ine t 4 ) 

mai n tained a t  a con s t an t  t emp e r ature o f  1 5 °C and the other group 



i n  a s im i l a r  c ab ine t  a t  2 2  w i t h  n o  d iurna l v a r i a t i on . t 

p e r iod wa s 1 6  h o u r s  l i  

o f  3 3 4\\f a t  p l an t  l ev e L 

a n d  8 h o u r s  d a r k  w i t h  a 1 t i n t e n s i  

T h e  med ium \va s mo i s t  manu a 1 ':Ja t e  a s  

Af t e r  2 2  , 8 b l b s  f r om e a c h  cab in e t  we r e  t r an s f e r r e d  t o  

t h e  o t h e r  c a b in e t . t h e  r ema i nd e r  b e  he l d  a t  t h e  s a m e  t em p e ra t u re . 

On 9 t emb e r , 2 9  d a y s s u b s e q u n t , a l l  p l an t s  we r e  t r a n s  r r e d  

t o  a h e a t e d  g la s s h o u s e . h e a t  b e  

a m in imum o f  1 5  . v en t i l a t i on b e  

su p p l i e d  m e re 

r o v i d ed a t  2 5  

t o  ma in t a i n  

The p la n t s  we r e  s e t  o u t  i n  4 b l o c k s  wi t h  2 p l an t s  p e r  t re a t me n t  

p e r  b l o ck a n d  s t ood on s a n d  b a s e . 

5 . 6 . 3  RECORD S 6, RESULTS 

Ob s e rv a t ions and r e c o r d  <;ve r e  ma d e  o f  num b e r  o f  t o  

emergen c e  o f  s t em , v i s i b l f lowe r b u d  and an t he s i s  a n d  the s 

s ummed . 

Gr ow t h  r a t e  in e a c h c a b in e  v1a s  s u r e d  f o r  5 o n  e a c h  

o f  5 s t ems b e twe e n  6 a n d  l l  s t , u a M i t u t oyo D i a l Ca l 

8 0 . 

D 1 5 .  He a s u remen t s  t ak e n  f t h e  b a s e  o f  t h e  s t e m  t o  a p e x  

o f  t h e. uppe rm o s t  l e a f . A t  t i s  t i me l eave s  1;,1e r e  

a t  t h e  s t e m  a p ex . ( b le 5 . 6 .  1 )  

l e  5 .  6 .  l 

Mean r<:l t e  in h e  i n  m i  l ime t e r s  p e r  

a t  2 t emp e r a t u re s . 

Cab ine t  t em p e ra t ur e  1 5  

5 .  1 

• 9 

3 . 7  

4 . 9 

5 . 2  

4 . 6  
X 

s t i l l  un f o  

o f  5 p la n t s  e a c h  

2 2  

7 . 6  

8 . 9  

6 . 5 

7 . 6  

8 .  1 

7 . 7  



t h e  e n d  o f  t h e  

t o  f ir t s u b  

d me t r ic r u l e r . 

B e t w e en 3 

t h e  c a b i n e t a t  

e r  a t  r o s e  t o  2 

a t  t h e  m o s  a d v a n c e d  

p t s  g r e;;,;r and f l  

t '  s em t h  f rom s t em b a s e  

t l e a f wa s l s o  m e a s u r e d  p la c in g  t h e  s t em s  

and 5 S e p t ember d u e  t o  ma l f un c t i o n  i n  

1 s d i d  n o t  swi t ch off , and t h e  

a n  e p i na s t i c  r e s p on s e  o n  p l an t s  

S u b s e q u en t h e s e  

n o  n t ran s f e r r ed t o  t he 

rge b u l b  h a d  b e e n  e expe r imen t ,  a t o t a l  o f  

p lan s p r o du c e d  

a s le s t em . .  

5 .  6 .  3 .  l 

f 

No emer g e n c e  o f  s h o o  s oak p l a c e  

6 4  • a s  b ime n t  

o c c ur re d  a t  a l l  t em p e ra re s d u r  

s t em a n d  1 4  p la nt s  l ower e d  on 

s t o r a g e  a t  7 f o r  

whe n  s b o  eme r ge n c e  

t o ra g e . 

Th e r e  1;va s  n o  s i f i  t d i f f e r e n c e  b e twe e n  tho s e  b u l b s  s t or e d  

a t  1 5 °C a n d  t ho s e  a t  2 2  A 

wer e b e tw e e n  the two 

in t e ra c t i on t t h i s  s 

Me a n  t o  

t u  r e  

5 . 6 . 3 . 2  

1 5  

Th i s  s t  

l e  5 .  6 2 

c e  t t wo 

1 4 . 2 

2 2  
1 L 6  

t ook p la c e  b e f or e  s 

t u r e s , t h e r e  c ou l d  b e  n o  

i s  r e c or ded i n  Tab l e  5 . 6 .  , 

t empe ra t u r e s . 

S e., d f  1 2  
'lf-2 1 

The t ra n s f e r  o f  b u l s b e twe en t h e  two t emp er a tu r e s  w a s  e f f e c t e d  

b e f or e  f lower b ud s were vi s ib ly obs e rve d . A l l  b u l b s  wh i c h  

g r e w  a t  2 2 °C a c h i ev e d  t h i s s t a g e  f i c a n t  e a r l i e r  t h an t h o s e  

g r own a t  1 Th i s  s t a g e  i s  r e c or d ed i n  Tab l e  5 . 6 . 3  

8 1 . 
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He an f r om emergence t vi sib le f l ower a t  two 

ture s c on t inuou l y  or t e rchan 

l s  1 5  2 2  Interact i on S e  d f  1 2  

5 . 6 . 3 . 3  

1 5  

2 2  

End of  s 

2 6 . 0  

2 L 7 

2 4 . 9  

1 8 . 9  X X  

i s ib l e  f l ower bud 

NS l .  1 4  

Hh en the numb er of to visib le f lower bud are ca lcu l a t e d  

from t h e  end of s bu l b s  g rown a t  1 5 °C c on tinuous ach ieved 

this  s tage s 

\vbi l e  there 

Re s u l t s  

Mean 

0 
than t h o s e  gro-vm a t  2 2  C c on tinuous 

wa s n o in t i on .  

are tabu la in Ta b le 5 . 6 . 4 . 

Tab le 5 . 6 . 4  

from end f s t o ra ge to v i s i b le f lower bud when gr own 

a t  two t empera tur e s  c on t inuou s l y  o r  

t u  r e  

5 . . •  4 Visib 

2 n d  

1 5  

2 2  

1 s t 1 5  

4 0 . 3  XX 

3 6 . 0  

f l ower bud t o  anthes is 

2 2  

3 5 . 1  

3 1 . 8  X 

The p lan t s  were t r an s f e r r ed t o  the g la s shou se 

In t erac t ion S e  d f  1 2  

N . S .  1 . 2 9 

1 5  

d a y s  a f te r  visib l e  f lower bud s hen c e  the inf luence of e a r li e r  

on d i f f e ren t should b e  app l i e d  

A l l  had shown tha t the p o s t  vi s ib le f lower b u d  

d ev e  wa s o f  tr e a tm en t s . An thes i s  o f  

b u lb s g ro\VD a t  2 2
°

C f or the s e c ond wa s f i can t . 01 )  

e a r l ier than tho s e  gr own a t  1 5
°

C f or t he s ame time . 

Resu l t s  are s ta t e d  in Tab l e  5 . 6 . 5  



Tab le 5 .  6 .  5 

He an f r om v i s ib le f lower bud to a n the s i s when grown a t  

two t emperatures  c on t inuous o r  

t u  re l s t 1 2 2  In terac t i on Se d f  

2nd 

1 5 8  2 5 5 . 6  

2 2  5 2  7 XX 5 3 . 6  XX N . S .  L 1 9  

5 . 6 . 3 . 5  An thes is f r om end of c oo l  s t  

P l a n t s  achieved anthe s is i n  th i s  more than in 

any o ther c onduc t e d  t he autho r .  Tho s e  p la n t s  grown a t  

8 3 . 

1 2  

2 2  con t inuous f l owe r ed 
0 

gr own a t  5 C c on tinuou s f lowe r e d  s i f i c a n t  

. 00 1 )  whi l e  t h o s e  

la t e r  (p . 0 1 ) . The r e  

was n o  in terac t i on b e tween f ir s t  and s econd Re su l t s  a r e  

s ta t e d  in Tab le 5 . 6 . 6 .  

Ta b l e  5 . 6  6 

Mean f r om end of cool s t o  anth e s i s  when gr own a t  

two c on t inuous o r  

1 s t 1 5  2 2  In terac t i on S e  d f  

2nd 

1 5  9 8 . 5 XX 9 0 . 7  N . S .  

2 2  8 8 . 6  8 5 . 3  XXX 1 .  5 5  

5 . 6 . 3  6 Mean s tem 

Differen c e s  in s t em t b e tween t r ea tments were n o t  f i c an t .  

The mean heigh t  o f  a l l  s tems b e in g  3 4 . 1 cm . 

5 . 6 . 4  DISCU S S I ON 

d i s t i n c t i on s  were s tr i c t  ma inta ined in thi s 

exper iment ;  t empe r ature s of 1 5  o r  2 2
°

C b e in g  c on s t an t ly mainta ined 

b o th day and n i gh t . The r e  was no e f f e c t  of t empe ra tur e  o n  emerg e n c e  

1 2  



f r om t ha t  s t a g e  t o  v i s i b l e  f lm.Jer bud  the d if f e r ence 

in g r owth s t age b e tween the c on t in uous l ow o r  tu r e s  

was 8 . 5  Whe r e  p lan ts were  in t e r chan ge d , there was n o  

s ican t  dif f e renc e in  t ime . 

The advanc e  in and a hievem e n t  o f  a n t he s is wa s c on t inue d  

t h e  t rans f e r  t o  s e  c ond i t ions . 

H owever , this  30 4 0  a s  w i t h  t h e  

5 1  

d e  

in t h e  gr owt h c h amb e r s . b o th the advance and 

in f 

ene r gy r 

u s e ;  s imi 

relativ e  

a t  the 

th i s  

f i can t , h e  cons id erab le of 

t emperature  d o e s  not j us i t s  

t confirms tha t these p lant s  are 

s tab l e  in their g r owth ra t es and a l th ough t empera ture 

, the ra t e  o f  d eve doe s n o t  have an ab s o l u t e  leve l . 

5 .  6 '_:_5 __ , CONCLUS I ONS 

Af t e r  t e  c oo l  s torage , r a t e  o f  o f  the p la n t  

t o  anthes i s  is  d ir e c t  r e l a t e d  t o  t h e  temp er a ture a t  whi c h  the 

s are grown . However , a d i f f e rent ia l o f  7 °C for  5 0  

has t ened f 1  

9 1  day gr 

at tu re by on 1 3  in a 

84 . 
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iment 6 :  Plan t s  in g r mvt h c a b in e t  

7 

iment 6 :  B loc ks 3 a nd 4 in g la s shou s e . 





C H A P T E R S I X 

DISCUSS ION & CONCLU S I ONS 

6 . 1 INTRODUCTION 

Wi th modern techniques of plant produc tion ,  i t  is  essentia l 

that the gr owth of the selec ted plant should be pred i c tab le and 

carr ied ou t ac c ord ing to a schedule . Assuming tha t environmenta l 

fac tors are c on tr o l led , it  is most de sirab le tha t the growth and 

development of the p lants shou ld be underst ood so that the e ffect  

of  envir onmenta l c hanges ca n be anticipated . In the case of  

bulbous plan t s .  deve lopmen t and f lowering can be  programmed , 

in par ticula r b y  the app lication of spec ific  temperatures ini tia l ly 

to  the resting s tage an d sub sequen t ly to  the shoot af ter emergence . 

6 . 2  COOL TEMPERATURE EFFECTS 

Under natura l c ondi tions , l i lies  are subj ect to chilling 

during their  d ormant period in winter ; thi s can be replac ed by  
0 artificia l ly app lied cool tempera tures of  3 to 1 2  C ,  a minimum 

per iod being 3 5  days though des irab ly thi s should b e  extended t o  

4 5  days . 
i s  

8 5 . 

The upper limit  of 

thus in L. longiflorum 

temperature A related  to the spe c ies  and cu ltivar , 
0 5 - 7  C appear to  be  op timum , whi le in L. auPatum 

' Li t t le Gem ' , 8°C was maximum and in L. x paPkmanni ' Li t t le Robin ' ,  

1 2°C was tolerated . Simi lar ly the ma turi ty of the bulb s  and tempera tures  

experienced prior to  harvest must  a ls o  b e  taken into  c on s ideration . 

Although inadequate verna lization , ei ther too short a period of 

c oo l  tempera tur e ,  less than 3 0  days , or t oo high a s torage temperature 

such as  1 9°C d id not inhibit sub sequent f lowering in  Orienta l l i lies , 

f lowering was irregular and growth hab i t  wa s less d e s irab le .  

6 . 2 . 1 Growth  t o  anthesis 

Since the app lica tion of c ool  temperatures is  i ndu c t ive only 

i ts effec t is  evidenced only from the period of shoot emergence to  



comp lete f lora l  f orma tion .  Subsequent growth t o  anthe s is is  

dependant on  the  t empera ture imposed on the  p lan t s ,  provided day 

leng th and light  intensity a re not l imi ting . In  the Orienta l l i lies , 

this  number of days to  an the sis from visib le flower bud development 

r ema ined cons i s t en t ,  be tween 5 1  and 7 4  days and was independant 

of ei ther the prior st orage temperature  or number of days in s tore . 

Roh and Wi lkins ( 1 9 7 3 )  c onf irmed tha t a t  consis tent tempera tures 
0 

of 2 1 . 1 ,  26 . 7  and 3 2 . 2  C .  t he time t o  an the sis from vi sib le bud 

s t�ge was respe c t ive ly 2 8 ,  25 and 24 days in L .  longiflorum ' Ac e ' 

whi le t hose grown c on tinuou s ly at  1 5 . n °C required S O  days t o  f lower . 

However with L. x parkmanni ' Li t t le Rob in ' grown at  1 5  and 22 °C 

for  a period extend ing from p lant ing to we l l  deve loped f lower s , there 

was an advanc e in f lowering of 13 days in the p lants grown at the 

higher tempera ture . 

6 . 3  CULTIVATION PERIODS 

6 . 3 . 1 Total cu l t iva t ion per iod 

8 6 .  

Although the period required from end of s torage t o  visib le  f lower 

bud d evelopment  is inver sely related to the number of days the bulbs 

are s tored , the t o ta l  cultiva tion per iod from commencement of  s t orage 

to anthesis is simi lar f or a l l  s torage t imes and temp er a tures  with 

any one set of bu lb s .  

With L .  auratum ' Li t t le Gem ' , there was a differential  of  1 2  days 

in total  cul t ivation period between those s tored for  48  and 7 5  days 

at 1 . 7 °C ( Experiment I I I ) ; those bu lb s s tored for the longer t ime 

requ iring a longe r  total  cu l t iva t ion period . 

Similar ly  wi th L. x parkmanni ' Li t t l e  Robin ' stored f or 56  
0 

days a t  4 . 4 or 1 2  C ,  there was a d i f ference of 4 days only in t o t a l  

cul tivation p eriod . 

6 . 3 . 2 Cul t iva tion af ter s torage 

When the length of t ime of cultiva t i on in the g lasshouse  i s  

con sidered , bulbs s tored f or the longest  period f lowered sooner 



than bulbs s tored for other periods (Experiments  I ,  I I , Ill  and IV) 

due to  the more rapid growth in the ear lier stages of development . 

8 7 .  

In the se experimen t s ,  the d if ference i n  the glasshouse cult ivation 

period varied be tween 4 and 1 2  days when storage per iods were 1 4  

days apar t and the bu lbs  adequately verna lized ( 45 days or more ) . 

The cultiva t i on time ranged from 1 07 to 1 3 8  days wi th L.  aura tum 

' Li t t le Gem ' , the longer time being required when bulb s torage c ommenced 

in mid-May , soon af ter harvest ing . 

This compares favourab ly wi th the glasshouse cu l tivation t ime 

required in Wes tern Europe , where , af ter c ool s torage a t  2 . 2°C ,  the 

forcing period f or L. aura tum cu l t ivars ranges from 1 1 6  to 1 30 days 

(Anon 1 968 ) . 

The leng th of s t orage ha s a grea ter  inf luence on cul t ivat i on time 

than the s torage tempera t ure ; even a d i f f erential o f  8°C in c oo l  
0 s t orage tempe ra tures ( 4  and 1 2 C )  produced a difference of only 4 

days in f lowering time ( Experiment V) 

Therefore  from an economic aspec t ,  b u lbs should b e  s tored f or as 

long a time as  i s  consistent wi th their f lmver ing at  the required time . 

6 .  4 BLUEPRINT GROWING 

The principle  of b lueprint growing infers the grower should have 

c ontrol of the maj or environmenta l fac t ors  af fec ting growth of the p lan t s . 

Und er modern me thod s of p lant produc t ion with aut omatic c ontrol  of 

heat ing , wat ering , ven t i lation and co2 leve ls , the main environmental 

factors can be  programmed , monitored and con trolled by  the producer . 

Assuming tha t these techniques are availab le , i t  i s  pos s ib le t o  

d raw u p  a p artial  b lueprint f o r  the production o f  these dwarf  Orien t a l  

l i lies a t  spec i f ic time s . Having decided the date a t  which the p lants 

are to be marke t ed ,  the grower would then count  back the number of 

days of greenhouse produc tion required ; this would determine the 

date the bulb s  would be removed from cool  s t ore or from natural s t orage 

outsid e .  As sugges ted ear lier , an op timum artificial  cool  s torage 



per iod wou ld b e  4 5  days . 

Whi le pot t ing  of the bulbs is required when the plant s  are given 

natura l outdoor s t orage , under New Zea land conditions of  production ,  

pre-p o t ting prior t o  artifical  cool s t orage i s  not jus t i fied  for 

economic reasons  (Experimen t I l l ) . 

6 . 5  FUTURE RESEARCH 

6 . 5 . 1 Long term cool s t orage 

The experiments so far carried out can prov ide flowering 

Oriental lily p o t  p lan ts  from November thr ough to February ;  i t  

wou ld b e  desirab le to extend the f lowering per i og and preferab ly 

to p roduce these  p lant s in mid -winter . This requires the use  o f  

p lant s  grown the previous sea son .  Bulbs would need to be  held i n  

mois t  cold s torage at 0- 1 °C unti l 3 to  4 months before they are 

brought into a greenhou se . Long storage e . g .  6-9 months a t  this 

temperature would impose adequate  verna li zation and p lant s  would 

grow rapidly sub sequently .  Fur ther experiment s  are required to  

determine the exa c t  length of  cul tiva t i on peri od to  extend the 

b lu epr int method t hroughout the year . 

6 . 5 . 2  Bulb produc tion 

At the present time , the number of bu lbs availab le and the price  

of ind ividua l bulb s  limit the possib i li ty of producing these p lant s  

i n  c ommer c ia l  quantities . 

8 8 . 

The supp ly of  bulblets  need not  be l imiting as these are  produced 

b oth  na tura lly and in quanti ties by  scale propagation . Adequately large 

and f loriferous bulbs  can be grown in two seasons of  field  culture . 

Thi s  compares f av ourab ly with the propagation period required t o  

increase Narcissus bulb s i n  quantity  from limited paren t  ma teri a l ,  

where three sea s ons of  growth are desirab le t o  produce  large f lowering 

bulbs from the p arent bulbs . 
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6 . 5 . 3  Gene tic  aspec ts 

It  was ear l i er sta t ed tha t the strong fragrance of Li lium 

' Little  Rasca l '  strain limi t s  their use in d omestic  premises . I t  

appears des irab le that further breeding should be  under taken to  reduce 

their  scent to an accep tab le level ; L .  speciosum cultivars in 

genera l are much less fragran t than those of L .  auratum. Fur ther  

breed ing with the former spec ies ,  bu t re taining the reces s ive dwarf ing 

gene of L.  auratum ' Li t t le Gem ' appears to  be a desirable  ac t ivi ty . 



6 . 6  Temperature  respons�s of other geophyt es  

Concurren t ly with  the  la ter exper iment s  conduc ted wi t h  the  l ilies , 

inves t igat ions were a l so under taken on the inf lu enc e of c ool  s torage 

on the f lower ing of o ther geophyte s ,  nam e ly Narcissus tulips , bu lbous 

irises and f r eesia s  f r om corms . 

In colder  c l ima t e s  t he b u lbs  are  cool  s t or ed ,  and then forced in 

heated g lasshouses  (De Her togh 1 9 7 4 ,  1 9 7 7 ,  De Pag ter , 1 9 7 2 ) ; freesias 

are grown consi s t en t ly at cooler temp er atures in the g la s shouse . In the 

Manawatu and regions \.;rhere mean win t er air temperatures and soi l 

t emperatures a t  1 0  cm dep th  do  n o t  f a l l  b elow 8°C ,  i t  wa s f ound tha t 

g las shouse f orc ing had a n  ef fec t but t ha t f lower ing was a lso  marked ly 

advanced when c oo l  s t ored bu lbs 111ere grown 1unprotec ted outdoor s . Hhen 

pro tected by p o lythene f i lm this effec t  was furt her enhanced b u t  of 

c onsiderab le commerc ia l  impor tance wa s t he the improvement in qua l ity  

and c leanliness  of  the f lower . Gla s shou se c u l ture wa s practi sed 

w i th Iris ' Wed g,.;rood ' which  ha s a higher mean t emperature requirement 

tha n  other Du tch iri s ,  tu lip s and corm f reesia s ; outd oor or protected 

cu l ture wa s carr ied ou t on these p lant s and a lso on Narci ssus cul tivar s . 

Responses t o  s t orage trea tments and c ov erage are sta ted in  Tab le  6 . 1  



Tab l e  6 .1 

Inf luen ce o f  s tor a g e  tempera tures prior to p la nting on days to 50% 

a n thes i s  und er thr ee c ultur a l  cond i ti o n s  wi t h  four sp ec i es of g eo p hy t e s . 

Cul t ivar 
y ear Temp 

oc 

Stor age 
Time 
weeks 

Cul t ura l conditions 
Day s  to 50% anthesis 
G ' Hou s e  Film Unp r o t. 

Iris ' W edgwood ' 8 . 9  
* 

1971 amb 

1975 8 . 5  

amb 

1976 9. 0 

amb 

Narcis sus 8 . 5  

1 Fo r tune 1 1975 amb 

1976 9 . 0 

amb 

N. ' Du tchma ster ' 8 . 5  

1975 amb 

Tulip ' Ap eldoor n ' 5 

1976 9 

amb 

T. 'Advan c e  9 

1976 amb 

Frees i a  corms 8 . 5  

' Rynvelts Go l d ' 8 . 5  

* 

1975 amb 

1976 9. 0 

9 . 0 

amb 

7 

7 

6 

6 

7 

7 

7 

7 

7 

6 . 5  

6 . 5  

1 0  

7 

7 

7 

7 

4 

4+7 c 
4 

7d 

l e  

7d 

52 

a 

56 

a 

50 

a 

a 

a 

44 

8 4b 

114b 

110 

100 

b 

98 

8 6  

133 

8 2  

140 

1 08 

134 

76 

118 

70 

78 

132 

119 

1 47 

135 

114 

b 

145 

132 

148 

R6 

136 

92 

132 

70 

116 

98 

105 

133 

154 

13 0 

161 

182 

amb Ambi en t  temperature o f  venti lated, unhea ted bulb s tore 

a Bulbs f ai led to f lower or f lower s f r o s ted 

b F l ower s fai led to emerg e  or ab or ted 
0 

c 4 weeks a t  8 . 5 C ,  7 weeks outd o o r s  

d C orm s s tor ed in dr y p umic e  

e Corm s s tor ed i n  m o i s t  p umice 

Adva n c e  to 
50% a n thesi s  

Storag e  Cover 

58 

89 

26, 1 6  

50 

4 2 , 40 

46 

2 6 , 28  

54 

1 4  

2 8 , 21 

-10 

31 

-12 

47 

3 0  

58 ' 24  

1 6  

1 4  

27 

14 

7 

+3 0 

37 

28 

49 



The resu l t s  show tha t the inf luence of pretreatment was in 

most ins tances grea ter than the effec t of protec ting the p lant s  af ter 

emerg ence and that adequa te cool s t o rage wi th these p lan t s  as 

wi th li lies wa s e s s ential when the bulb s were gr own in a hea ted 

g la s shouse . 

In considering the influence of cool s torage on the d i f f erent 

sp ec ies , it can be appr eciated that in Narcissus , other than 

N. tazetta� and tu lip s  cool s t orage rep laces na tural chil ling but 

i s  not a verna lization proces s .  Par ticular ly in tulips the bulb s  

require adequa t e  chilling t o  achieve anthe sis ; shoot emergence 

can be stimu la ted by high temperatures but flowers abor t . 

C ontrast ingly in bulb ous ir i s ,  a s  with lilies , c o o l  temperatur e s  

a r e  verna l i zing and i f  the bu lb s  are held a t  t emperatures ab ove 

2 0
°

C ,  f l ower f ormation i s  inhib ited . The response of c orm 

freesia s  is in teresting in tha t c o o l  moi s t  st orage is more p romot ive 

than cool dry s t orage and both treatmen t s  advance flower ing as 

c ompared wi th cul tiva t i on a t  amb ient t emperatures ; the inf luence 

of the temp era ture app ears to be carried f o rward almost as a 

verna lizing e f f ec t ,  but unlike li lies i t  cannot be replaced b y  

long days af ter emergenc e .  

The applicat ion o f  appropriate s torage treatments t o  the s e  

p lan ts ha s t h e  two f o ld e f f e c t  of ex tending the f lower ing season 

o f  these p lants and supp lying the market wi th a wider range 

of cut f l ower s par ticular ly in winter and ear ly spring . 
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Expt . 4 Mea n  Days to Emergence, Visible F lower Bud 
and A n thes i s  for th ree Storage Period s  and 
two Sou rce s of Bu l bs 
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Expt. 5 M ean Nu m ber of Days to Emergence, 
V i  si b le Fl ower Bud and Anthesi s following 

five Storage Trea tments 
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A P P E N D I X  1 

GROWING MEDIA 

The growing media used in the experiment s  were adap ted from 

the " U .  C - type Soil Mix C" (Ma tkin and Chandler 1 9 5 7 )  and 

c ompri sed equa l parts  moss peat and coarse sand ( 1 . 0 - 0 . 25 mm 

diameter ) .  

a )  

b )  

Lime and nutrients were added i n  the following quan t i tie s :  

For experiments I and I I  (Medium A) 

Ma ter ia l 

F inely gr ound lime st one 

S ingle superphospha t e  

Ureaforma ldehyde 

Potassium nitrate 

Potassium su lphate  

For experiments Ill  - VI (Med ium B )  

Mat eria l 

Dolomi te limestone 

Single superphospha te 

OsmocoteR 

Po tassium su lphate 

Frit  503
R 

g/ 1 00 1 .  

300 

1 5 0  

7 5  

1 5  

1 5  

g/ 100 1 .  

3 00 

1 5 0  

300 

1 5  

1 0  

a )  Encapsulated fert iliser  wi th f ormula 1 8N .  2 . 6  P .  1 0  K .  

b )  Fri t ted traces elements  comprising 8 %  Fe , 7 . 5% Mn , 7 . 0% Zn , 

3 . 0% Cu , 3 . 0% B ,  0 . 2% Mo . 

9 6 . 



A P P E N D I X 2 

GLAS SHOUSES USED IN EXPERIMENTS 

In Experiments I ,  II and VI , plants  were grown in the original 

g la s shouses si tuated on the Massey Univer sity Campus . 

The glas shouse selec ted wa s of tradi tional timber and g lass  

cons truc tion of  the vinery shape orienta ted Nor th and South , 

the d imension being 5 . 3 metres wide x 7 . 1  me tres in leng th , wi th a 

soil  base . 

Ventilation wa s at eaves  and ridge manua lly con tr o l led and 

97 . 

hea ting was from a hot wa ter boi ler with 2 x 5 cm pipes along the outer 

wa lls . 

The glas shouse used for Exper iments I ll ,  IV and V was of 

a luminium frame and large panes of g lass  orientated East  and West 

with d imensions of 6 . 2  x 6 . 2  metres , height to eaves 2 . 6  metres 

and height to  r idge 3 . 7  metres . The base was of concre t e .  

Ventilation comprised two extra c tor fans a t  eave height a t  the 

Ea s t  end and three louvres  at f loor level  at the We st end . These 

were operated by  hydraulic rams  at preset temperatures  which were 

measured by a termis tor suspended 50 cm above the p lan t s . Heating 

wa s n o t  used during these experiment s .  



A P P E N D I X  3 

LLOYD STORAGE CABINETS 

Apar t from Experimen ts I and I I  when a domestic  refrigerator 

was used , bulbs stored at specific  temperatures were placed in 

specially constructed contro lled tempera ture storage cab ine ts , 

called " Lloyd " cabinets in the text . 

Construction of the cabinet  comprised an inner and outer case 

of  sheet steel separated by 1 0  cm thickness  of polys tyrene shee t .  

Tempera tures \vere contr olled wi th a Honeywell  Remote Bulb 

thermostat , type T99 1 .  250W refrigeration was maintained by a 

Tecumseh Condensing Un it assoc iated wi th a Bonaire Forced Draught 

Coi l .  Defrosting cycle wa s � h our in  every 24  hours controlled by 

a Sangamo Weston 24  hour dia l  S ynchronous t ime switch .  Heat ing 

was obtained wi th a � kw. Hea tway uni t .  

Two of the four cabinets were c onstructed through a grant from 

the Univer sity  Gran ts Commi ttee Research Fund ; for whi ch grateful 

t hanks are acknowledged . 

9 8 .  



A P P E N D I X 4 

CONTROLLED ENVIRONHENT CABINETS 

Dur ing Experiment VI . p lants were p laced in control led 

environment cabinets during par t of their  growing cycle . These 

are Temper zone cab inets manufac tured by  Temper zone Ltd , Auckland , 

described by Wra tt ( 1 9 7 7 )  having the following controls and 

charac teristics : 

Lighting 

in 

6 x 375W Philips HPI /T mercury iodide high-pre ssure lamps . 

2 x 1 000W Philips tungs ten ha logen lamps . 

Mea surements of energy f lux d ensity (VJ/m2 ) at  bench height 

the cabine t read : 

Bandwidth H . P . I .  
nm 6 X 3 7 5W 

38 0-700 (PAR) 1 36 

7 0 0-400 2 9  

To tal 1 6 5  

Tungsten 
2 X 1 000W 

5 7  

1 1 2  

1 6 9  

Total 

1 9 3  

1 4 1  

334  

Hea t of  the lamps i s  absorbed by  a wa ter bath screen . 

Air c ircu lation and hea ting 

Air was circu lat ed between the growth chamber itse lf  and the 

a ir cond i tioning system at a speed of 0 . 3-0 . Sm / sec . A comp lete air 

9 9 .  

change was made  once a day b y  opening the door ; this  being suffici ent 

wi th t hese p lants to mainta in the o2 /co2 rates . The desired temperature  

was maintained by  the air cond itioning unit . Temperatures  were 

checked . 

Humid i ty 

Humidity was mainta ined b y  Humid i ty Control Uni t s  at  6 0-80% RH . 



100 . 

A P P E N D I X  5 

DIMENSIONS OF THE FLOWER 

Dur ing Experim ent V .  measurements  were made of two individual 

f lowers of L .  ' Li t t le Robin ' . Leng th and breadth  o f  the f loral organs 

were  measured by placing each part on to  squared paper , measurements  

being taken of  the length from base t o  apex and bread th a t  the 

wide st  portion .  The rat io  of leng th t o  breadth was ca lculated . 

Length and bread th  in mm and ra t i o  of parts  of 2 f lowers (A and B )  

o f  L .  ' Li t t le Robin ' . 

P lan t part 

Sub tend ing leaf 

Brac t 

Pedicel  

Outer tepals (x  3 )  

Inner tepals (x 3 )  

F i lament ( x  6 )  

Anther ( ;{  6 )  

Ovary 

S tyle 

S tigma 

A B 

��ngth bread th ratio length breadth ratio 

1 08 

] 00 

58 

83 

77  

57  

1 5  

22  

35  

5 

69 

34 

5 

3 7  

5 1  

3 

5 

5 

3 

8 

1 .  5 7  

2 . 9 4 

1 1 . 60 

2 . 25 

1 .  52  

1 9 . 0  

3 . 0  

4 . 44 

1 1 . 6 6 

0 . 62 

87 

98 

59  

9 1  

83 

56 

1 5  

22  

39 

5 

48  

32  

5 

39  

54  

3 

5 

5 

3 

9 

1 . 8 

3 . 06 

1 1 . 80 

2 . 3 3  

1 . 53 

1 8 . 67 

3 . 0 

4 . 44 

1 3 . 00 

0 . 56 

The three outer perian th segment s  ( tepa ls)  are longer and 

narrower than the three inner segments , whi le the brac t  is s imi lar in 

relation to adj acent foliage leaves . The anthesis  recurve a f ter  

dehiscence and mean measurement s  of 6 undehi sced anthesi s  gave length , 

breadth and ratio  of 22 , 5 and 4 . 4 . 
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A P P E N D I X 6 

FULL FORMULAS OF ACTIVE INGREDIENTS OF 
THERAPEUTANTS USED IN EXPERIMENTS 

Ac tive ingredient 

Benomyl 

Cap taf ol 

Cap tan 

Cupr ov i t  

Dich lorvos 

Maldison 

Mena zon 

Parathion 

Thi onazin 

Formula 

Methy N - benzimidazol  - 2 - Yl
N - (butyl carbamoyl )  

N - ( 1 , 1 , 2 , 2  - tetrach lo roethylthio) 
cyc lohex - 4 - ene- 1 , 2 -dicarboxyimide 

N - ( trichloromethylthio )  cyc l ohex -
4 - ene - 1 ,  2 - dicarb oxyimide 

Copper oxychloride 

2 ,  2 - d ich lorovinyl dimethyl 
phosphate 

S - ( 1 , 2 - di  (ethoxycarbonyl ) ethyl)  
d ime thyl phosphorothiolothionate  

S - ( 4 ,  6 - d iamino - 1 ,  3 ,  5 - triaz in 
2 - ylmethyl)  dimethyl  
phosphorothiolothionate 

die thyl 4 - ni trophenyl 
phosphorothionate 

die thyl 0 - 2 - pyrazinyl 
phosphorothionate 
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A P P E N D I X 7 

EXPERIMENT I .  L .  A URATUM ' LITTLE GEM ' 

Numbers of days from p lac ing in glasshouse to  emergence , 

emergen ce t o  anthesis , housing to  anthes is , initial bulb weigh t , 

lif ted bu lb weight ,  change in weight in grams and height of s tem 

at anthes i s  in ems . 

Days pot ted g-em em-an g-em in-wt . l i f t  wt . change ht  
to housing days days days g .  g .  g .  cm . 

5 7  86 1 43 48 . 5  1 07 . 8  5 9 . 3  26 . 3  

56  5 7  86 1 43 3 2 . 2  1 42 . 2  1 10 . 2  2 6 . 3  

5 7  86 1 43 32 . 6  1 33 . 4  1 00 . 8  2 8 . 7  

5 7  88 1 4 5  29 . 3  6 1 . 1  3 1 . 8  25 . 0  

7 7  76 1 5 3 45 . 7  88 . 9  4 3 . 2  2 4 . 5 

33 83 1 1 6 4 2 . 7 1 44 . 8  1 02 . 1  2 5 . 7  

9 1  42  8 1  1 23 25 . 9  1 0 1 . 8  7 5 . 9  2 5 . 0  

33 83 1 1 6 25 . 5  72 . 2  46 . 7  2 8 . 2  

2 7  82 1 09 2 2 . 3  1 25 . 2 1 02 . 9 2 7 . 0  

28 78  1 06 35 . 2  1 63 . 6  1 28 . 4 30 . 6  

1 06 29  8 1  1 1 0 3 1 . 8  1 04 . 5  7 2 . 7  33 . 1  

25  85 1 1 0  3 9 . 6  1 07 . 4  6 7 . 8  2 7 . 0  

28 78 1 06 46 . 4  1 1 8 . 3  7 1 . 9  2 5 . 7  

23  74  9 7  3 4 . 2 1 1 4 . 2  8 0 . 0  2 6 . 3  

3 1  75  1 06 3 7 . 0  95 . 1  5 8 . 1  2 4 . 5  

3 1  7 5  1 06 3 1 . 6  1 39 . 7  1 08 . 1  2 8 . 2  

1 1 8  32  76 1 08 2 8 . 3 1 1 5 . 3  8 7 . 0  2 8 . 2  

3 1  7 4  1 0 5  29 . 1  1 2 2 . 4  9 3 . 3  2 7 . 5  

30  73  1 03 2 3 . 3  

Continued • . •  
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Days pot ted g -em em-an g-em in-wt . lift  wt . change ht 
to  hou sing cm . 

8 1  2 7 . 7  1 1 0 . 3  8 2 . 6  2 5 . 7  

8 1  3 2 . 2  1 3 1 . 9  9 9 . 7  30 . 6  

1 4 1  83  44 . 6  1 7 1 . 4  1 2 6 . 8  28 . 2  

8 2  43 . 9  1 38 . 9  9 5 . 0  3 1 . 3  

8 2  38 . 9  1 65 . 5  1 26 . 6  3 1 . 8  

68  42 . 2  1 52 . 6  1 1 0 . 4  30 . 6  

6 6  33 . 2  89 . 7  5 5 . 5  23 . 9  

1 6 2  68 4 7 . 4  1 48 . 2  1 00 . 6  29 . 4  

6 8  6 5 . 1  1 76 . 3  1 1 1 . 2  3 1 . 8  

Con tinuous 243  36 . 4  1 7 6 . 5 1 40 . 1  20 . 8  

247  5 1 . 9  2 26 . 4  1 74 . 5  2 5 . 1  

Ou tdoors 246  24 . 1  1 32 . 5  1 08 . 4  22 . 0  

2 3 7  3 8 . 3  1 55 . 3  1 1 7 . 0  2 1 . 4  



A P P E N D I X 8 

EXPERIMENT I 

Ana lysis of Variance 

Treatments 

Housing to emergence 

No. of days from hous ing t o  emergence 

1 5 6  

2 9 1  

3 1 05 

4 1 1 8 

Homogeneity of 

Variance 

1 

2 

3 

4 

Pool  

Chi - square 

variances 

DF ss  

4 320 . 0000 

3 1 1 4 . 7 500 

4 25 . 2000 

4 2 . 0000 

1 5  46 1 . 9 5 00 

1 8 . 36 1  Pr obability 

Ind ividua l variances are he terogeneous 

Si�nif icant differ ences between ranked means 

VAR 

80 . 0000 

3 8 . 2500 

6 . 3000 

0 . 5000 

30 . 7967  

0 . 00 1  

F test  for popula tion differences 39 . 00 xxxx 

Means ranked in descending ord er 

( 1 )  6 1 . 00 ( 2 )  33 . 75 ( 3 )  3 1 . 00 ( 4 )  2 6 . 60 

I J +. test Significance Tes t  D f  

1 2 5 . 390 XXX 7 

1 4 7 .  477  XXX 4 

1 3 7 .  8 86 XXX 5 

2 4 0 . 885  NS 3 

2 3 2 . 1 73 NS 4 

4 3 3 .  773  X 5 

Continued • • .  
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Hom ogenei ty of variances Emergence to  anthesis 

Var iance DF ss  VAR 

1 4 9 1 . 2000 2 2 . 8000 

2 3 2 . 7500 0 . 9 1 6 7  

3 4 66 . 8000 1 6 . 7 000 

4 4 5 . 2000 1 . 3000 

Pool 1 5  1 6 9 . 9500 1 1 . 06 33 

Chi - square  1 1 . 497  Probability = 0 . 0 1 0  

Ind ividual variances are he terogeneous 

Significant differences amongst marked means 

F test  f or popula tion dif ferences = 7 . 00 xxx 

Means ranked in descending order 

( 1 )  84 . 4000 ( 2 )  8 2 . 2 5 00 ( 3 )  79 . 2000 

I J t - Test  S igni ficance 

1 2 0 . 982 NS 

1 3 1 . 8 50 NS 

1 4 4 . 3 76 X 

2 3 1 .  6 1 4  NS 

2 4 1 0 . 938 xxxx 

3 4 2 . 424 NS 

( 4 )  7 4 . 600 

Test  Df  

4 

8 

4 

4 

7 

5 

1 05 .  



A P P E N D I X 9 

EXPERIMENT I I  

Mean number of days to var i ous growth stages 

per iod s ,  three cultura l method s and two sources of 

Source  of  

Treatment s 

bulb s  

FF 

Days s torage 

0 1 1 1 . 7  

32  8 3 . 5  

45  7 4 . 6  

6 0  5 9 . 0  

0 43 . 7  

3 2  40 . 5  

45  3 7 . 0  

60  3 7 . 0  

Plan ting 

1 968 

RG FG 

43 . 0  

49 . 7  42 . 7  

4 1 . 2  38 . 3  

3 2 . 6  27 . 4  

Emergence 

5 2 . 2  

3 5 . 0  40 . 2  

3 1 . 0  3 5 . 1  

2 4 . 8  3 1 . 6  

to emergenc e 

FF RG 

1 2 5 . 7 6 4 . 8  

9 7 . 7  7 2 . 5  

83 . 0  5 2 . 1  

7 2 . 8  45 . 8  

t o  visib le flower 
bud 

4 0 . 7 46 . 1  

36 . 7  26 . 5  

4 1 . 6  2 6 . 2  

3 3 . 8  2 5 . 0  

Planting to v i s ible f lower bud 

0 1 5 5 . 4 9 5 . 2  1 6 6 . 4  l l O .  9 

3 2  1 2 4 . 0  8 4 . 7 82 . 9  1 34 . 4  9 9 . 0  

45 1 1 1 . 6  7 2 . 2  7 3 . 4  1 24 . 6  78 . 3  

6 0  9 6 . 0  5 7 . 4  5 9 . 0  1 06 . 6  70 . 8  

Visible f lower bud to  an thesis 

0 68 . 5  63 . 4  6 2 . 2  5 6 . 3  

32  6 8 . 2  5 1 . 5  5 1 . 5  6 1 . 5  5 1 . 0  

4 5  6 7 . 3  5 5 . 4  53 . 8  59 . 0  5 5 . 1  

60  6 7 . 5  6 1 . 0  5 8 . 2 6 0 . 4  5 1 . 6  

for f our s torage 

bulb s .  

1 96 9  

F G  

5 7 . 6  

4 7 . 0  

3 6 . 4  

3 3 . 2  

3 1 . 7  

2 8 . 6  

9 0 . 8  

7 8 . 7 

6 5 . 0  

5 5 . 6  

5 6 . 7  

60 . 9  

Cont inued . . .  

1 0 6 . 
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P lanti ng to anthesis 

1 968 1 96 9  

Treatment s  FF RG FG FF RG FG 

Days s t orage 

0 224 . 0  1 58 . 6  228 . 6  1 6 7 . 2  

3 2  1 92 . 2  1 36 . 2  1 34 . 4  1 95 . 9 1 50 . 0  1 46 . 4  

4 5  1 78 . 9  1 2 7 . 6 1 2 7 . 2  1 83 . 6  1 33 . 4  1 35 . 4  

6 0  1 63 . 5  1 1 8 . 4  1 1 7 . 2 1 6 7 . 0  1 2 2 . 4  1 25 . 9  



A P P E N D I X 1 0  

EXPERIMENT I I  

t - test signif icanc e  of  d i fferences amongs t ranked means . 

Trea tmen ts 

No . 1 96 8  Bu lbs No . 1 969 Bu lbs 

1 FFO 1 2  FFO 

2 RGO 1 3  RGO 

3 FF 1 1 4  FF 1 

4 RG 1 1 5  RG 1 

5 FG1 1 6  FG 1 

6 FF2 1 7  FF2 

7 RG2 1 8  RG2 

8 FG2 1 9  FG2 

9 FF3 20  FF3 

1 0  RG3 2 1  RG3 

1 1  FG3 2 2  FG3 

P lanting to  emer�enc e 

Ranked order of number of days . 

( 1 2 )  1 25 . 69 ( 1 )  1 1 1 . 7 5 ( 1 4 )  9 7 . 73 ( 3 )  8 3 . 5 0  

( 6 )  7 4 . 6 7  ( 20 )  72 . 80 ( 1 5 ) 7 2 . 20 ( 1 3 )  6 4 . 7 8  

( 1 6 )  5 7 . 6 7 ( 1 8 )  52 . 1 1 ( 4 )  49 . 7 5 ( 1 9 )  4 7 . 00 

( 5 )  43 . 80 ( 2 )  43 . 00 ( 7 )  4 1 . 1 4  ( 8 )  3 8 . 20 

( 1 0 )  3 2 . 1 7 ( 1 1 )  27 . 44 

F - test  f or popula tion differences  2 4 7 . 00 xxxx 

Ranked Means 

( 1 7 ) 

( 9 )  

( 2 1 )  

( 22 )  

1 08 . 

82 . 78 

59 . 00 

4 5 . 86 

36 . 43 

1 2  1 1 4  3 1 7  6 20 1 5  1 3  9 1 6  1 8  4 1 9  2 1  5 2 7 8 2 2  1 0  1 1  

Continued . . .  
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Emergence to visible f lower bud 

Ranked order of number of days 

( 2 )  5 2 . 20 ( 1 3 ) 46 . 1 1  ( 1 ) 4 3 .  7 5  ( 1 7 )  4 1 . 67 ( 1 2 ) 4 0 . 7 7 

( 3 )  4 0 . 50 ( 5 )  39 . 20 ( 9 )  3 7 . 00 ( 6 )  3 7 . 00 ( 1 4 )  36 . 7 2 

( 4 )  3 5 . 00 ( 8 )  34 . 80 ( 20) 33 . 80 ( 1 6 )  33 . 22 ( 1 9 )  3 1 . 7 5 

( 1 1 )  3 1 . 56 ( 7 )  3 1 . 00 ( 22)  28 . 5 7 ( 1 5 )  27 . 00 ( 1 8) 26 . 22 

( 2 1 )  2 5 . 00 ( 1 0 )  24 . 83 

F - test  for popula tion diff erences 1 6 . 00 xxxx 

Ranked Means 

2 1 3  1 1 7  1 2  3 5 9 6 1 4  4 8 20 16  1 9  1 1  7 2 2  1 5  1 8  2 1  1 0  

----

Visible flower bud to anthesis  

Ranked order of number of days 

( 2 )  6 8 . 60 ( 1 )  68 . 50 ( 3 )  68 . 2 5 ( 9 )  6 7 . 50 ( 6 )  6 7 . 33 

( 1 2 )  6 2 . 23 ( 1 4 )  6 1 . 54 ( 1 3)  6 1 . 2 2 ( 1 0 )  6 1 . 00 ( 2 2 )  60 . 86 

( 2 0 )  6 0 . 20 ( 1 7 ) 59 . 00 ( 1 1 ) 58 . 2 2 ( 5 )  5 7 . 00 ( 1 9 )  5 6 . 75 

( 1 6 )  5 5 . 56 ( 7 )  55 . 43 ( 1 8) 55 . 1 1  ( 8 )  5 3 . 20 ( 2 1 )  5 1 . 64 

( 4 )  5 1 . 50 ( 1 5 )  5 1 . 00 

F - test  for p opulation differences 9 . 00 xxxx 

Ranked Means 

2 1 3 9 6 1 2  1 4  13  1 0  2 2  20 1 7  1 1  5 1 9  1 6  7 1 8  8 2 1  4 1 5  

Continued  • • •  



P lanting to anthesis  

Ranked order of number of days . 

( 1 2 )  2 28 . 6 9 ( 1 )  224 . 00 ( 1 4 ) 1 96 . 00 ( 3 )  1 9 2 . 2 5 

( 6 )  1 7 9 . 3 3  ( 1 3 ) 1 7 2 . 1 1  ( 2 0 )  1 6 6 . 80 ( 2 )  1 6 3 . 80 

( 1 5 )  1 50 . 20  ( 1 6 )  1 46 . 44 ( 5 )  1 40 . 00 ( 4 )  1 36 . 25 

( 1 8 )  1 33 . 44  ( 7 )  1 2 7 . 5 7 ( 8 )  1 2 7 . 00 ( 2 2 )  1 25 . 86 

( 1 0 )  l l 8 .  00 ( 1 1 )  1 1 7 . 22 

F - tes t for popula tion dif ferences 2 5 1 . 00 xxxx 

Ranked Means 

1 2  1 1 4  3 1 7  6 1 3  2 0  2 9 1 5  1 6  5 4 1 9  1 8  7 8 

Height 

Ranked order of height in ems . 

( 2 )  38 . 5 2 ( 1 3 ) 3 7 . 47 ( 3 ) 2 8 . 3 7 ( 9 )  

( 1 )  2 7 . 02 ( 5 )  26 . 66 ( 1 7 )  2 6 . 04 ( 7 )  

( 1 4 ) 2 4 . 98 ( 20 )  2 4 .  1 5  ( 1 2 )  24 . 1 2 ( 2 2 )  

( 1 1 )  2 3 . 5 7 ( 8 )  22 . 78 ( 1 9 )  2 2 . 78  ( 4 )  

( 1 6 ) 2 2 . 23 ( 1 5 ) 2 0 . 42 

F -test for population d i f ferences 1 5 . 00 xxxx 

Ranked Means 

2 7 . 60 

25 . 2 7 

24 . 1 0 

2 2 . 46 

l l O .  

( 1 7 )  1 8 3 . 44 

( 9 )  1 6 3 . 50 

( 19 )  1 35 . 50 

( 2 1 ) 1 2 2 . 50 

22  2 1  1 0  1 1  

( 6 )  2 7 . 1 0 

( 1 0) 25 . 22 

( 1 8) 2 3 . 82  

( 2 1 ) 2 2 . 42 

2 1 3  3 9 6 1 5 1 7  7 1 0  1 4  20  1 2  22  1 8  1 1  8 1 9  4 2 1  1 6  1 5  

Treatm ents underlined are not significant ly d ifferent a t  P . OS 



Ana lysis  of  Var iance 

A P P E N D I X 1 1  

EXPERIMENT III  

Treatment s 
Levels of fac t ors  

T 

G 

s 

Days of coo l  s t orage = 48 , 6 2 ,  76  

Temperature of  cool s t orage = 1 . 7  or 7 . 8 °C 

S t orage condi t ions = po tted or dry bulb s 

4 B locks 

Planting to emergence 

3 

2 

2 

1 1 1 .  

Variance D f  S s  Ms V . R .  Significanc e 

T 

G 

TG 

s 

TS 

GS  

TGS 

Error 

2 

1 

2 

1 

2 

1 

2 

33 

1 7 2 0 . 8779  

46 0 . 0408 

1 3 . 5829 

1 36 . 687 5 

1 24 . 0 1 37 

. 0008 

1 6 9 . 7 404 

404 . 68 4 1  

860 . 4389  70 . 1 6 

46 0 . 0408 37 . 5 1  

6 . 79 1 4  . 55 

1 36 . 68 7 5  1 1 . 1 5  

6 2 . 006 8 5 . 06 

. 00 0 8  

84 . 8 7 0 2  6 . 9 2 

1 2 . 2 6 3 1  

XX 

XX 

NS  

XX 

X 

NS  

XX 

Emergence to  visible fl ower bud 

T 

G 

TG 

s 

TS  

GS  

TGS 

Error 

2 

1 

2 

1 

2 

1 

2 

33  

1 7 1. 736 2 85 . 868 1 1 2 . 90 

357 . 5208 357 . 5 2 0 8  5 3 . 70 

3 . 8804 1 . 9 40 2  

232 . 3200 232 . 3200  34 . 89 

29 . 56 6 2  

2 2 . 4 1 33 

4 . 42 5 4  

2 1 9 . 7 1 25 

1 4 . 783 1 2 . 22 

2 2 . 4 1 33 3 . 3 7 

2 . 2 1 2 7  

6 . 65 7 9  

XX 

XX 

NS  

XX 

NS  

NS  

N S  
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Planting t o  visible  f l ower bud 

Variance Df Ss Ms V . R .  S ign i ficance  

T 2 2793 . 46 1 6  1 396 . 7308 1 9 1 . 36 XX 

G 1 1 0 . 5469  1 0 . 546 9  1 . 44 NS 

TG 2 5 . 1 800  2 . 5 900 NS 

s 1 7 . 7602 7 . 7602 

TS 2 3 7 . 0066  1 8 . 5033 2 . 54 NS 

GS 1 1 6 . 6852  1 6 . 6852  2 . 29 

TGS 2 1 2 3 . 96 1 7  6 1 . 9808 8 . 49 XX 

Error 33 2 4 0 . 8 6 5 2  7 . 2 989  

Vis ib le  f lower bud to anthesis 

Var iance Df Ss  Ms V . R .  S igni f i cance 

T 2 6 2 . 2 2 1 2  3 1 . 1 1 06 8 . 79 XX 
G 1 3 . 466 9  3 . 4669  NS 

TG 2 4 . 8 9 8 7  2 . 4494 NS 

s 1 27 . 1 502  2 7 . 1 5 02 7 . 6 7  XX 
TS 2 2 0 . 3 6 7 9  1 0 . 1 839  2 . 8 8  NS 

GS 1 . 1 302  . 1 302 NS 

TGS 2 2 8 . 5 2 04 1 4 . 2602 4 . 03  X 
Error 3 3  1 1 6 . 8402  3 . 5406 

Planting to an thesis 

Var iance Df S s  Ms V . R. Significance 

T 2 2 793 . 46 1 6 1 39 6 . 7308  1 9 1 . 3 6 XX 
G 1 1 0 . 5 4 6 9  1 0 . 5469  1 . 44 NS 

TG 2 5 . 1 80 0  2 . 5900 NS 

s 1 7 . 7 6 02 7 . 7602 NS 

TS 2 3 7 . 00 6 6  1 8 . 5033 2 . 54 NS 

GS 1 1 6 . 6 8 5 2  1 6 . 6852  2 . 29 NS 

TGS 2 1 23 . 96 1 6  6 1 . 9808 8 . 49 XX 
Error  3 3  2 4 0 . 86 5 2  7 . 2989  

Continued . . .  



Significance levels 

XXX P . OO l  

xx P . O l 

X P . OS 

NS Non signif icant 
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EXPERIMENT IV 

Analysis  of variance ,  a l l  growt h stages . 

Source  Field or pot grown 

Tr eatment S torage for 38
)

54  or 69  days 

Plant ing to  e!Jlergence 

d . f .  sum of mean 

squares squares 

Blocks 2 5 . 0978  2 . 5 489 

Source  1 2 2 . 0005 2 2 . 0005 

Trea tment 2 1 449 . 5077  7 2 4 . 7 53 9  

Interaction 2 1 8 . 02 1 1  9 . 0 1 05 

Err or 1 0  5 7 . 5222  5 . 7 5 2 2  

Tot a l  1 7  1 5 5 2 . 1 494 

Emergence to v isible f lower bud 

B locks 2 36 . 4 1 44 1 8 . 2072  

S ource 1 648 . 0000 648 . 0000 

Trea tment 2 2 09 . 1 6 7 8  1 04 . 5838  

Interaction 2 1 2 0 . 0900 6 0 . 045 

Error 1 0  8 1 . 2072  8 . 1 36 5  

Total  1 7  1 09 5 . 0378  

P lanting to  v isible f lower bud 

B locks 2 1 5 . 22 1 1 7 . 6 1 05 

Source 1 908 . 8006 9 08 . 8006 

Treatment 2 2 73 6 . 28 1 1  1 368 . 1 405 

Interaction 2 4 7 . 1 2 1 1  2 3 . 5605 

Error 10 49 . 7256  4 . 9 7 2 5  

Total 1 7  3 7 5 7 . 1 494  

1 14 .  

Varianc e  Significance 

ra tio 

0 . 44 NS 

3 . 8247  NS  

1 2 5 . 9950  XXX 

1 .  5665  NS 

2 .  237 7 NS 

7 9 . 6405 XXX 

1 2 . 85 3 6  XX 

7 . 37 9 7  X 

1 . 5305  NS 

1 82 . 7 6 3 2  XXX 

2 7 5 . 1 3 8 3  XXX 

4 . 7 38 1  X 

Continued . . •  



Visible f lower bud to 

Blocks 2 

Source  1 

Treatment 2 

Interaction 2 

Error 1 0  

Tot a l  1 7  

Planting to an thesis  

B locks 2 

Source  1 

Treatment 2 

Interaction 2 

Error 1 0  

To ta l  1 7  

Signif icance levels  

XXX P . 00 1  

XX P . 01 

X = P . 05 

an thesis  

1 6 . 3333 

1 3 5 . 0272  

1 . 5833  

32 . 6 0 1 1  

53 . 4599 

239 . 0050 

1 .  6 845 

338 . 8672  

2 7 36 . 34 1 1  

1 .  4 1 44 

29 . 3 222  

3 1 07 . 6294  

NS Non significan t  

l l 5 .  

8 . 1 6 6 6  1 .  5 2 7 6  NS 

1 3 5 . 02 7 2  2 5 . 2576  XXX 

0 . 79 1 6  0 . 1 48 NS 

1 6 . 3006 3 . 04 9 1  

5 . 3460  

0 . 8 4 2 2  0 .  2 8 7 2  NS 

338 . 86 7 2  1 1 5 . 56 6 7  XXX 

1 3 68 . 1 706 466 . 5986 XXX 

0 .  7 0 7 2  0 . 24 1  NS 

2 . 9 32 2  
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EXPERIMENT V 

ANALYS I S  OF VARIANCE OF S TAGES OF DEVELOPMENT 

Planting t o  emergence 

Variance D .  F .  s . s .  M . S .  V . R .  S igni f i cance 

Blocks 3 2 7 . 588 9 . 1 96 

Treatmen t s  4 1 72 . 237  4 3 . 059  4 . 789 X 

Error 1 2  1 07 . 887  8 . 9906  

Total 1 9  307 . 7 1 2  

Emergence t o  v isib le f lower bud 

D . F .  s . s .  M . S .  V . R .  S igni f i cance 

B locks 3 20 . 548 6 . 849 

Treatments 4 1 23 . 443  3 0 . 86 1  1 4 . 467 XX 

Error 1 2  2 5 . 597  2 . 1 3 3  

Total 1 9  1 69 . 588 

Planting t o  v i sible  f lower bud 

D .  F .  s . s .  M. S .  V . R .  Sign i f icance  

Blocks 3 22 . 422  7 .  4 74  

Treatment s  4 6 8 . 330  1 7 . 082 2 . 03 4  N S  

Error 1 2  1 00 . 758 8 . 39 6  

Total 1 9  1 9 1 . 5 1 0  

Continued . . .  
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Visible  f l ower bud t o  an the s i s  

D .  F .  

B locks 3 

Treatments  4 

Error 1 2  

Tota l 1 9  

P lan ting t o  anthe sis 

B locks 

Treatmen ts 

Error 

Tota l 

S ignif icance levels 

XXX P . 00 1  

XX P . 01 

X = P . OS 

D. F .  

3 

4 

1 2  

1 9  

NS Non Significant 

s . s .  

1 2 . 508 

1 3 8 . 6 6 5  

59 . 78 7  

2 1 0 . 9 60  

s .  s .  

52 . 1 1 6 

66 . 4 22  

59 . 8 34  

1 78 . 3 7 2  

M .  S .  

4 . 1 6 9  

34 . 66 6  

4 . 98 2  

M. S .  

1 7 . 3 7 2  

1 6 . 605 

4 . 986  

V . R .  

6 . 958  

V . R . 

3 . 330  

1 1 7 .  

Significanc e  

XX 

S ignificance 

X 
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