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Growth and flowering responses of Lilium longiflorum 

cultivars 'Croft',   'Ace'   and 'Nellie White' to bulb precooling and 

scale removal treatments and plant exposure to Long Days (LDS) 

and leaf darkening treatments were used to study the separate and 

combined influences of precooling and LDS and the importance of 

scales and leaves to their expression,   respectively,   on floral 

induction and initiation in this species.      'Nellie White'  plants from 

bulbs receiving various amounts of precooling and scale removal 

treatment were used to determine the influence of precooling  with 

and without the presence of old and/or new scales on growth rate 

(days to emerge and flower),   flower induction (number of leaves) and 

developinent (number flowers and aborts). 



'Ace' plants from bulbs receiving various amounts of pre- 

cooling were subjected at various stages of plant growth to LD 

treatment to determine the separate and combined effects of pre- 

cooling and LDS on floral induction and development and plant 

growth rate (rate leaf unfolding). 

'Croft' plants from non-precooled bulbs and grown contin- 

uously under non-inductive temperatures (70    F and above) were 

used to determine    the importance of number,   age,   and position of 

leaves in receiving the LD inductive stimulus.     This was accom- 

plished by darkening various numbers of young expanding,   recently 

matured or all leaves. 

Precooling 'Nellie White' bulbs hastened flowering by reducing 

days to shoot emergence and leaf and flower number,   while not in- 

fluencing  the rate of leaf unfolding.    Although,   progressive to   six 

weeks,   the greatest reductions (  in the above) were with the first 

one and one-half weeks of precooling.    Internode and stem length 

increased progressively with longer precooling.    Scale removal, 

particularly young scales,   hastened the emergence of bulbs.     The 

removal of old and/or new scales greatly reduced leaf and flower 

numbers and reduced growth rate,   but all plants produced at least 

one flower showing that scales are not essential to flower initiation. 

The exposure of 'Ace' plants from non-precooled bulbs to 

48-51   long days,   starting not later  than 24 days after shoot 



emergence reduced leaf numbers and approximate days to flower as 

much as standard precooling treatment.     Progressively fewer LDS 

were required for comparable forcing times when the bulbs had pre- 

viously received progressively longer periods of precooling.    With 

adequate precooling (six weeks),   LD enhancement or acceleration of 

flowering was the least effective.    Although LDS did not affect shoot 

emergence or growth rate,  they reduced leaf and flower numbers and 

days to flower almost as much as precooling,   and lengthened inter- 

nodes considerably. 

Leaf darkening techniques showed that exposure of ten percent or 

more of the young expanding leaves to LDS was sufficient to induce 

flowering.    If more than 20 percent of these young leaves were 

darkened,  the growing point did not receive sufficient stimulus from 

LD induced leaves for flower induction in the time allowed (200 days). 

Reductions in initiatory activity, that is, numbers of leaves and flowers,, 

of the growing point as a result of scale removal were especially 

noticeable when large numbers of leaves were darkened.     The evidence 

obtained,  where low temperature initiation and photoinduction occurred 

independently,   does not support the contention that Lilium longiflorum 

has an obligate cold requirement for floral induction.     The fact that 

the completion of floral induction was dependent on the number of 

leaves exposed to LDS,  or number of LDS given to plant,   suggested 

that this species is likely a quantitative Long Day plant. 



The fact that precooling besides floral induction,   also hastened 

shoot emergence and stimulated growth rate,   while LDS did not, 

presented a problem in making valid comparisons between these 

two treatments on the basis of flower induction only. 

Further complicating the substitutional relationship between 

the two floral inductive treatments was the fact that early emerging 

shoots from precooled bulbs were immediately responsive to     LD 

treatment,   while the slower emerging shoots from non-precooled 

bulbs were not responsive   until the LD treatment was delayed 24 

days after shoot emergence. 
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THE SUBSTITUTIONAL RELATIONSHIP BETWEEN 
PRECOOLING AND LONG DAYS 

ON GROWTH AND FLORAL INDUCTION OF EASTER  LILY 
LILIUM LONGIFLORUM THUNB. 

INTRODUCTION 

Performance of Easter lily,   Lilium longiflorum Thunb.   in the 

greenhouse reflects the amount of precooling its bulb has received. 

Bulbs receiving no precooling below 70    F produce plants with short 

internodes,   many leaves but no flowers (43).    On the other hand, 

adequate precooling (six weeks of 40    F) induces early flowering at 

a low leaf number,   and produces plants with longer internodes,   but 

few flowers.    Between these two extremes the duration and temper- 

ature of precooling determine the acceleration of flowering,   length 

and number of leaves,   number of flowers initiated and developed, 

and the height of the plant. 

The accelerated flowering associated with fewer leaves,   longer 

internodes and more rapid leaf unfolding suggests that changes in 

growth regulating substances follow precooling.    Chailakhyan (9, 

p.   28) reviewing our knowledge of the vernalization phenomenon re- 

ported that "during vernalization there is only a preparatory process 

which results in the formation of metabolites which can be consider- 

ed as Gibberellins'precursors".    The nature,   source and amounts of 



such Gibberellin-like precursors are therefore pertinent to the 

question of vernalization effects on flowering.     Leaves are not 

essential to flowering in vernalized bulbs (28).    Also,   the bulb stem 

apex and its basal plate can be induced to flower without the presence 

of scales,   although scales are essential to the initiation of maximum 

numbers of floral buds,     their development and anthesis (20). 

These observations suggest that the bulb stem apex receives   a 

flowering stimulus from precooling,   and the necessary substances 

are present in the stem apex,   basal plate and/or root.     Lin (20) 

showed further,   that the degree of scale removal influences inver- 

sely the number of flowers initiated.   All bulbs with or without 

scales initiated flower initials.    Her conclusions as to the relation- 

ship between precooling and scale removal were inconclusive,   and 

suggested a need for further study. 

In addition to thermo-induction by precooling,   long day treat- 

ment has recently been reported as. inducing flowering in Easter 

lily,   or at least enhancing or completing the floral initiation induced 

by precooling (44).    Long day induction can be mediated by night 

interruption.    It was observed by Weiler and Langhans (44) that 

long day treatment affected precooling requirment.    They showed 

that plants under long days required only four weeks of precooling 

for 100 percent flowering,   while those under short days required 

six weeks.    Reduction in bud count is an unfavorable side effect of 



both precooling and long day treatment (43).     This undesirable effect 

must be considered in using both of these treatments or their com- 

bination in bringing about flowering, in this plant.     There are no 

published data in which plants exposed to long days initiated more 

flowers. 

Roberts and Blaney (28) emphasized the contribution of young 

leaves and precooling to growth and flowering of Easter-lily.     They 

concluded that young leaves are essential to completion of flowering 

in plants from inadequately precoolied   bulbs.     The importance of 

young leaves to non-precooled plants in receiving long day induction 

is unknown.    Such knowledge would increase our understanding of 

the nature of long day floral induction. 

Three experiments were designed to study certain factors 

and ■'their interactions known to influence flower induction and plant 

growth habit.     Plant responses to bulb scale removal and precooling, 

leaf darkening (covering with black cloth bags) and/or long days 

(LDS) exposure at various stages of plant development were used 

to study:. 

(1) the effects of bulb precooling with or without new and/or 
old scales on growth and floral induction, 

(2) the effects of photo-induction by LD treatment on (a) the 
precooling requirement of bulbs and (b) the stage of plant 
development most responsive to LD treatment,  and 

(3) the importance of number and position of young leaves 
exposed to LDS on growth and floral induction. 



REVIEW OF LITERATURE 

There are at least two factors,   bulb vernalization and plant 

exposure to long days,   known to influence floral induction in Easter 

lily.     The first factor (cold storage,   cold treatment,   precooling or 

chilling the bulbs) has been investigated more than the long day 

treatment of plants. 

Precooling is recognized as necessary in accelerating flower- 

ing, and the amount of it determines the growth rate, the number of 

leaves to flower and the number of flowers. Brierly (6) showed that 

early maturing bulbs grown in the Southeastern United States, could 

be forced the autumn of the same year,   if they were stored at cool 

temperatures for short periods and planted immediately.    Stuart (34) 

o 
noted that Northwest grown bulbs forced less rapidly after 50    F 

than 35    F precooling.     Several workers:   Brierly and Curtis (7); 

Stuart (35,   36,   37,   38,   39,   40 and 41);   Blaney,   Hartley and Roberts 

(5);    Hartley,   Blaney and Roberts (1 3);   Miller and Kiplinger (23,   24 

and 25) confirmed the observations reported by Brierley (6) and 

Stuart (34).     They reported that cold storage accelerated flowering of 

Easter lilies and suggested that this was a vernalization effect. 

Lin (20) recently found the longer the 40    F storage period  up to 18 

weeks the more rapid the flowering.    The first four weeks of storage 

was most effective in reducing leaf number and thus days  to flower. 



Langhans and Weiler (18) reviewing literature on storage tempera- 

ture and duration concluded that 35     - 40    F were the most effective 

vernalization termperatures for West   coast lilies,   and 45     - 50    F 

for the Southern lilies.    Weiler and Langhans (44) have reported 

70    F to be the upper limit for effective vernalization. 

Localized low temperature treatments of different plants have 

suggested the site of vernalization to be the growing point.    Melchers 

(21),   using grafting experiments with Hyoscymus niger,   concluded 

that the stem apex responds initially to cold treatment.    Wellensiek 

(45) challenged Melcher's conclusion and suggested,   on the basis of 

his results with Lunaria biennis, that only dividing cells are necessary 

for perception of the vernalization stimulus,   no matter where they 

are located in the plant. 

In spite of the emphasis on vernalization of Easter lily bulbs, 

no growth or biochemical analyses have been undertaken to determine 

the role of the different bulb organs (old scales,   new scales,   stem 

base and apex or leaf primordia) in transmitting or receiving the 

flowering  and growth stimulus.    Stewart and Stuart (33) studied 

the distribution of auxins in bulbs of Lilium longiflorum.     They 

found large differences in the amounts of auxin in different parts 

(outer   scales,   inner scales,   stems,   stem tip and basal plate) of 

Easter lily four and one-half months after   harvest,   and after 

70     -  85     F  storage  in moist peatmoss.       Recently,   DeHertogh and 



Carlson (11) surveyed several bulbous crops and demonstrated that 

Gibberellin-like substances occur in lily bulbs.    Aung and DeHertogh 

(1) measured increased levels of endogenous Gibberellin-like sub- 

stances in tulip bulbs following cold treatment (5    and/or 9    C). 

Rodrigues Pereira (29)  reported the presence of flower inducing 

and Gibberellin-like compounds in the   bulb scales and buds of 

wedgwood Iris.     These materials were more highly concentrated in 

the bulb stem apices than in the scales.     Post (27) and LLn (20) 

determined the influence of scales on growth and development of the 

Easter lily plant.     Post (27) removed scales by breaking them at the 

base or by cutting the tops before planting.    He found that these treat- 

ments reduced flower count and delayed the time of bloom in   pro- 

portion to the amount of scales removed.     Lin (20) removed 0-100 

percent of 'Nellie White' scales and found that scales perform  sever- 

al physiological functions.     The new scales appeared to be the seat 

of dormancy,   since their removal greatly accelerated sprouting. 

Scale removal,   especially the new scales,   significantly reduced the 

number of leaves.    Growth rate and number of flower buds initiated 

were inversely proportional to the degree of scale removal.     The 

influence of old scales could not be established from her study. 

Removing all the scales did not prevent flowering. 

There is little evidence available in literature on the influence 

of long days on plant growth and floral induction in Easter lily. 



Waters and Wilkins (43) reported that the Easter lily in general has 

not been considered responsive to photo-inductive cycles.    In their 

three year study to determine the effects of night lighting on floral 

differentiation of non-refrigerated lilies,   they found lighting acceler- 

ated floral differentiation as much as eight weeks over unlighted 

plants.    They also postulated that natural vernalization by cool night 

temperatures had already occured in the field prior to lighting. 

Several workers (17,   19,   27,   31,   32) found that exposing precooled 

Easter lilies to long days (i.e.   night interruption) hastened flowering 

by only a few days. 

There is almost no information on the effects of number,   age 

and position of leaves on stem on growth and flowering in Easter lily. 

Roberts and Blaney (28) using vernalization and partial defoliation 

treatments showed that young leaves were essential to normal grow- 

th and flower bud development,   especially so in inadequately (less 

than six weeks of 40    F) vernalized plants.    Knott (16) working with 

spinach,   a long day plant,   showed that foliage responds to a photo- 

period favorable to reproductive   growth by the production of some 

substance which is transported to the growing point.     Moshkov (26) 

suggested that the youngest fully expanded leaves are most sensitive 

in chrysanthemum,   Zeevart (47) reported that in Perilla fully ex- 

panded leaves are sensitive to short day treatment.    Quantitative 

differences in sensitivity were expressed in terms of leaf position 

rather than physiological age. 



MATERIALS.AND METHODS 

General 

Bulbs of cultivars 'Ace',   'Croft' and 'Nellie   White' used in 

the three experiments were grown on the Pacific Bulb Growers' 

Research and Development Station,   Harbor,   Oregon.     Commerical 

practices of the area were followed in growing the bulbs.    Test bulbs 

were dug on September 13,   1967,   graded and packed in peatmoss, 

before shipment to Corvallis.    At Corvallis,   after treatment,   the 

bulbs were potted for forcing.    When the shoots had emerged,   they 

were watered regularly with a dilute solution of one percent standard 

Colorado Mixture.     The data were subjected to analysis of a   vari- 

ance and treatment means compared by least significant difference 

test.     Treatments peculiar to individual experiments not mentioned 

here are described in the presentation of that experiment. 

Experiment One 

Bulbs of 'Nellie White' cultivar were stored at 55    F for 16 

days after their arrival from Harbor,   Oregon.     Before additional 

precooling,   they were divided in 34    ten-bulb lots.     The average 

weight of the len bulbs was 87. 5 + 4. 5 gm.    On September 29,   1967, 

the 34 lots were divided into three series of 16,   9 and 9 lots. 



The scales (old or new or all) of series one,   two and three were 

removed before,   after or during precooling at 45    F,   respectively. 

A diagramatic representation of different scale removal treatments 

in combination with duration of precooling is shown in Table I. 

The bulbs were sealed in polyethylene bags with one gm of peat- 

moss (35 percent moisture content) per five gm of bulb weight and 

precooled at 45    F either before or after scale removal.     Bulbs 

were potted after treatment and forced in a greenhouse maintained 

at 60    F night and 70    F day minimum temperatures. 

Data presented for growth response (shoot emergence,   stem 

length and number of leaves to flower) and flowering (buds initiated, 

buds aborted and days to flower) responses are used to describe 

in detail the influences of and interrelationships between precooling 

and scale removal. 

Experiment Two 

'Ace' bulbs   averaging 100. 8 ± 2. 5 gm weight were divided 

into 32,   ten-bulb lots,   and on September 26,   1967 were divided into 

four series of eight lots each.        The bulbs of series one,   two,   three 

and four were immediately sealed in polyethylene bags   with one gm 

peatmo-ssi (35 percent moisture) per five gm bulb weight and precool- 

ed at 40    F for zero,   two,   three and six weeks,   respectively.    After 

precooling,   the bulbs were  potted and forced in a greenhouse with 
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TABLE I.     Tabulation of experiment one treatments used to measure 
the response of plants from precooled and non-precooled 
'Nellie White' bulbs with or without scales. 

Treatmen t W. eeks or day s of precooling 
lots 0 weeks 1. 5  .  wee ks        3 wee ks 6 weeks 

Series One 
1 EF 
2 or 
3 N* 
4 A* 
5 . "T-* * 

6 o«-    V 
7 N«-   —-r 
8 A«w _ _   . ___f 
9 

10 
11 

E— 

N«- 

 ▼ 

— «* ~ 
12 A.#- ^^ 

w 
13 
14 
15 

P- v 

w 
16 
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"▼ 
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1 O — —w 
2 N~_ r 
3 A —  T 
4 O—  * 
5 N—  T 
6 A — T 
7 
a 

n y 
N w 

9 A_ f 
Series Th ree       0 days :      "5 days         10 days 15 days 20 days 

1 O _ ---SI 
2 N -  •- __. — * 
3 A _ »■ 

.  . _ _ _ . --* 
4 O _  •- _ — _ — —   _ _ _ _ ^ 
5 N _  •- mmm ^_ . — .^ ^~ -1 
6 A^.  •- ^ . _ _ _ _ -* 
7 o ^ 

-   ▼ 8 
9 

N 
A 
E = entire -bulb. 
yf = bulb potted 
0 = scales removed 

O 0 = old scales removed 
N 0 = new scales removed 
A 0 = all scales removed 
- —= scales removed before precooling 

_ scales removed after ] precoolin Lg 
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60° F night     and     70    F day temperature.    At predetermined 

times between the shoot emergence and when floral buds were visible^ 

the plants were exposed to a given number of long days (L.DS) as 

shown in Table II.     Growth   (fehoot emergence,   stem length and num- 

ber of leaves to flower) and flowering responses (flower buds initiat- 

ed,   aborted and days to   flower) were used to describe in detail the 

influences and interactions of precooling and long day treatment. 

Experiment Three 

Non-precooled 'Croft' bulbs were stored in moist peatmoss 

for eight weeks at 70     - 75    F in a standard wooden shipping case 

as received from Harbor on September 17,   1967.    On November 16, 

1967,   bulbs averaging 87. 6 + 19 gm weight were divided into 18 

eight-bulb lots.     These were divided into three series of six lots 

each and potted and placed in randomized blocks on two benches in 

a greenhouse for forcing at 70    F night and 70    F day temperature. 

When the shoots had emerged,   in each series specific numbers of 

leaves in specific positions on the shoots were darkened (with black 

cloth bags) or were exposed to long day treatment as shown in 

Figure 1 . 



12 

Table II.   Tabulation of experiment two treatments used to measure the response of plants from 
precooled and non-precooled 'Ace' bulbs exposed to LDS   or NDS  . 
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Zero weeks C 
D 

  48LDS                                              NDS 
at 40oF 72 LDS NDS 

E 
F 
G 

24NDS                                           LDS 
48 NDS                                            LDS 

72NDS _LDS  ^ _ _ 

0 
A 
B 

IX»S=0,    NDS'Ws 
Series Two LDS=?3, NDS =0 

29LDS                                         NDS 
Two weeks C 

D 
58 IDS                                             NDS 

at 40oF 87LDS NDS 
E 29NDS                                           LDS 
F 
G 

0 
A 
B 

58NDS                                              LDS 
87 NDS _LDS  

11)5=0,    NDS^=117 
Series Three   LDS=?3, NDS =0 

20 LDS                                          NDS 
Three weeks C 

D 
40 LDS                                             NDS 

NDS at 40OF 60LDS 
E 
F 
G 

0 

20 NDS                                          LDS 
40 NDS                                            LDS 

_ LDS  60 NDS 

LDS=0,    NDS4=59 
Series Four A 

B 
  LDS=?3

)  NDS =0 
10 LDS                                          NDS 

Six weeks C 
D 
E 
F 
G 

  20 LDS                                             NDS 
NDS at 40OF 30 LDS 

10 NDS                                          LDS 
20 NDS                                               LDS 

30 NDS JJDS  

LDS = Long days as a result of night interruption with 100 "foot candles" at pot level incandescent 
light from 10 p, m. to 2 a. m. 

2 
NDS = Natural day length, which varied from about 9 hrs. to 15 hrs. during the test period. 

LDS = ? = Number of long days required to reach floral bud visibile stage not known. 
1 
NDS = These figures,   which represent days to floral buds visible after shoot emergence are taken 

from Lin (20)'. 
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I t2i o   o   o 
A B D E 

Treatments 
A All leaves exposed to LDS* 
B Ten young expanding leaves exposed to LDS,   rest darkened. 
C Twenty young expanding leaves exposed to LDS,   rest darkened. 
D Ten young expanding leaves darkened,   rest exposed to LDS. 
E Twenty young expanding leaves darkened,   rest exposed to LDS. 
F All leaves darkened. 

*    LDS==nighb interruption with 100 "foot candles" at pot level 
incandescent light from 10 p. m.   to 2 a. m. 

Figure 1.      Representation of experiment three treatments showing 
the number and position of leaves from non'-precooled 
'Croft' plants darkened or exposed to LDS during the 
test period.  

On January 18,   1968,   63 days after potting,   the bulbs in Series 

Two were lifted and with as little injury as possible the old scales 

were removed and the plant repotted.    Similarly,   all of the scales 

were removed from Series Three plants on the same date.    No scales 

were removed in Series One plants. 

The experiment was terminated on June 3,   1968,   200 days 

after potting.     Plant growth (shoot emergence^   stem length and  ._•..-. 
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number of leaves to flower,   or number of leaves unfolded) and 

flowering (flower buds initiated,   developed and number of days to 

flower) response after 200 days were recorded. 
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RESULTS EXPERIMENT ONE 

Effects of Scale Removal and Precooling on 
Growth and Flowering of 'Nellie White' Easter lily 

The responses of .plants to scale removal before or after pre- 

cooling are shown in Table III and . Figures 2 through 9.    Results 

obtained when the scales were    removed during precooling treatment 

are shown in Table IV and Figures 10 through 13. 

Days to shoot emergence 

There was generally an inverse relationship between days to 

emerge and weeks of precooling at 45    F (Figure 2).     The first one 

and one-half weeks of precooling reduced  considerably the number 

of days to emerge.    Additional precooling reduced it further,   but 

not significantly.    Shoots emerged much earlier if new scales were 

removed (Table III).    Removal of old scales did not significantly 

enhance shoot emergence.     Time of scale removal did not influence 

time of emergence,   except that when old scales were removed after 

three or six weeks of precooling the shoots emerged sooner. 

Removal of all scales irrespective of precooling and time of removal, 

reduced considerably the days to emerge. 
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Figure 2.   Effects of bulb precooling at 45' F before (A) 
or after (B) scale removal on days to shoot 
emergence of 'Nellie White' Easter lily.     (Five 
plants per treatment) 



TABLE III. Effects.of scale removal and precooling on growth and flowering of 'Nellie White' Easter 
lily.     A,   scale removal before;   B,   scale removal after one and one-half,   three and 
six weeks of precooling at 45    F.   (Means of five bulbs per treatment) 

Treatments Some growth and flowering ; cha racteristics 

Growtl Precooling Scales Days to Number of Length of i rate 
Removed Em srge Flower Leaves   Flower bud§ Ste m Internode - 

(A) (B) (A) (B) (A) (B)   (A) (B) (A) (B) (A)       (B) (A) (B) 

(wks) (cm) (cm) Lvs/Day 
None 59 59 273 27 3 177 177   11.4 11.4 25 25 0.14   0.14 0.65 0.65 

Zero 
Old 54 54 238 238 110 110     6.4 6.4 23 23 0.21    0.21 0.46 0.46 
New 40 40 218 218 121 121   .5.8 5.8 20 20 0.21    0.21 0.55 0.55 
All 25 25 210 210 27 27     1.0 1.0 4 4 0.16   0.16 0.13 0.13 
None 40 40 181 181 112 112     6.0 6.0 29 29 0.26   0.26 0.62 0.62 

One and Old 47 44 186 185 76 93     3.2 4.4 20 20 0.27    0.22 0.41 0.51 
one-half New 27 29 163 175 80 87     4.6 6.0 22 22 0.28   0.25 0.49 0.50 

All 22 23 209 203 27 30     1.0 1.0 5 8 0.20   0.28 0.13 0.15 
None 38 38 152 152 96 96     3.8 3.8 27 27 0.29   0.29 0.63 0.63 

Three 
Old 
New 

37 
21 

31 
21 

156 
135 

152 
145 

;    86 
'   64 

83     2,8 
75     2.6 

2.4 
"3.8 

25 
26 

20 
22 

0.29   0.24 
0.41    0.30 

0.55 
0.48 

0.55 
0.52 

All 24 22 195 185 31 33     1.0 . 1.0 84 11 0.29   0.34 0.16 0.18 
None 32 32 12^ 126 79 79     3.8 3.8 51 51 0.64   0.64 0.63 0.63 

Six 
Old 32 25 131 119 74 75     2.4 2.8 34 26 0.45   0.35 0.56 0.63 
New 24 21 125 123 68 71     2,2 2.0 35 25 0.53   0.36 0.54 0.57 
All 21 21 181 175 31 39     1.0 1.0 7 9 0.23   0.24 0.17 0.22 

L. S..D.    5% 7 6 19 18 17 18     1.4 1.2 8 6 0.11    0.08     

L. S.D.    1% /    9 9 26 24 24 25     1.9 1.6 10 8 0.14   0.11     
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Days to flower 

.o 
Precooling at 45    F reduced the number of days to flower and 

especially in the first one and one-half weeks (Table III and Figure 3). 

Scale removal reduced considerably the number    of days for non- 

precooled bulbs to flower.     The removal of old or new scales before 

or after one and one-half,   three or six weeks precooling did not 

effect the days to flower,   but removal of all scales before or after 

precooling increased days to flower. 

Number of leaves 

Table III and Figure 4 show an inverse relationship between 

the amount of precooling and leaf number.     The greatest reduction 

in leaf number occured during the first one and one-half weeks of 

precooling with lesser reduction from longer periods.     Bulbs with 

no scales removed produced the most leaves,   and those with all 

scales removed the least.    Removal of old,   new or all scales drasti- 

cally reduced the number of leaves in plants from non-precooled 

bulbs and those receiving only one and one-half weeks of precooling. 

Bulbs receiving three weeks precooling were not affected by removing 

old scales,   but removing the new scales significantly reduced leaf 

number.    All the scales had to be removed from bulbs receiving six 

weeks of precooling to significantly reduce  leaf number.     Time 
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Figure 3.   Effects of bulb precooling at 45    F before (A) 
or after (B) scale removal on days to flower 
from potting of 'Nellie White1 Easter lily. 
(Five plants per treatment) 
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Figure 4.   Effects of bulb precooling at 45    F before (A) 

or after (B) scale removal on number of leaves 
of 'Nellie White' Easter lily.     (Five plants per 
treatment) 
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of   scale    removal     had    no   significant   influence   on   number   of 

leaves    initiated. 

Number of flower buds 

Both precooling and scale removal reduced the number of 

flower buds initiated (Table III and Figure 5).    One and one-half 

and three weeks of precooling considerably reduced numbers of 

flower buds.     The removal of old or new scales before or after pre- 

cooling the bulbs for one and one-half weeks reduced the number of 

flower buds initiated.    Removing old scales after precooling the bulbs 

for three weeks reduced the number of flower buds.    Removing 

new scales from bulbs receiving six weeks of precooling always 

reduced the number of flower buds.    Entire bulbs produced the most 

flower buds,   and those with all scales removed only one. 

Stem length 

Six weeks of precooling increased stem length significantly 

(Figures 6 and 7).    Removal of old or new scales from non-precooled 

bulbs and those receiving three weeks precooling did not influence 

stem length.    Removal of old and new scales before or after one and 

one-half   and six weeks of  precooling significantly increased stem 

length,   except where scales were removed before one and one-half 

weeks  of precooling.     Removing all scales  before  or after  - 
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Effects of bulb precooling at 45    F before (A) 
or after (B) scale removal on number of flower 
buds initiated of 'Nellie White' Easter lily. 
(Five plants per treatment) 
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Figure 6.   Effects of bulb precooling at 45    F before (A) 
or after (B) scale removal on stem length of 
'Nellie White' Easter lily.    (Five plants per 
treatment) 



24 



25 



26 

one and one-half and three weeks of precooling did not significantly 

increase stem length,   though stem length was increased slightly with 

six weeks of precooling (Figure 6). 

Internode length 

There was generally a direct relationship between weeks of 

bulb precooling and plant internode length (Table III and Figure 8). 

Removal of old,   new or all scales from bulbs precooled one and 

one-half   or three weeks did not influence internode length.    Remov- 

ing scales from bulbs before three weeks of precooling significantly 

increased plant internode length. 

When old,   new or all the scales were removed at end of 5,   10 

or 1 5 days of a 20-day period of precooling,   there was no significant 

influence on growth or flower initiation that could be attributed to 

time of scale removal (Table IV and Figures 9    through 13). 
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Figure 8.   Effects of bulb  precooling at 45    F before (A) 
or after (B) scale removal on internode length 
of 'Nellie White' Easter lily.    (Five plants per 
treatment) 



TABLE IV. Effects of scale removal and precooling at 45    F on growth and flowering of 'Nellie 
White' Easter lily.    A,   precooling for 5,   10 or 15 days before scale removal;- B, 
precooling for 15,   10 or 5 days after scale removal.   (Means of five bulbs per treat- 
ment) 

 .Treatmea Lfi   . Some prowth and flowfiriapi ahara-stsristir.s  
20 Days precooling Scales removec Days > to Number of Length of. Growth 

A B Emerge Flower Leaves   Flower buds Stem   Internode rate 

5 15 Old 34 151 79                 2.1 
(cm)         (cm) 

22           0.28 
"Lvs/day 

0.62 

5 15 New 25 141 69                 2.2 20           0.30 0.49 

5 15 All 21 169 25                 1.0 7           0.25 0. 16 

10 10 Old 33 141 81                  2.6 24           0.30 0.58 

10 10 New 25 141 70                 2.4 23           0.34 0.50 

10 10 All 19 160 30                 1.0 8           0.26 0.19 

15 5 Old 30 149 78                 2.0 19           0.24 0.52 

15 5 New 21 141 72                 2.8 21           0.29 0.51 

15 5 All 19 169 25                 1.0 4          0. 16 0.15 

L.S.D .    5% 4 10 9                 0.8 4           0.08   

L.S.D .    1% 6 13 /      12                  1.1 6          0. 11   

oo 
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Effects of bulb precooling at 45    F before (A) 
and after (B) scale removal on days to shoot 
emergence (Bottom) and days to flower (Top) 
of 'Nellie White' Easter lily.    (Five plants 
per treatment) 
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RESULTS     EXPERIMENT TWO 

Effects of bulb precooling and plant   long day treatment 
on growth and flowering of 'Ace' Easter lily 

Experiment Two was designed to study the effects of zero,   twQ 

three and six weeks of precooling and plant long day treatment at 

various stages of shoot development on growth and flowering.     The 

results are presented in summary Table V and Figures 14 through 

21.    Since the growth and flowering characteristics of plants from 

non-precooled bulbs receiving 70 (Treatment A) and 72 (Treatment 

D) LDS,   plants from two weeks precooled bulbs receiving 66 (Treat- 

ment A) and 66 (Treatment D) LDS,   plants from three weeks precool- 

ed-b.iilhs receiving 56 (Treatment A) and 56 (Treatment D) LDS and 

plants from six weeks precooled bulbs receiving 50 (Treatment A) 

and 30 (Treatment D) LDS were similar,   only the latter treatment 

(Treatment D) are presented (Table V and Appendix II). 

Days from shoot emergence to flowering 

Plants from non-precooled bulbs,   which received 24,   48 and 

72 LDS starting at shoot emergence,   flowered in 183,   118 and 111 

days,   respectively (Figures 14-1 and 19-B,   C and D),   as compared 

with 183 days for those receiving no LD treatment (Figures 14-1 and 

19-0).     Plants flowered In 112,    130 and 167  days,   if the  start of LD 
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Table V.   Effects of bulb precooling and stage of plant development when exposure to LDS on growth 

and flowering of 'Ace' Easter lily.   (Average of ten plants 'per treatment. ) 

Treatments Some growth and flowering characteristics 
Precooling Exposure 

to long 
davs 

Davs to 
Emeree      Flower 

Number of 
Leneth of at 

Leaves 
Floral buds 

40OF Initiated Aborted  Stem Intemode Growth rate 
(wks) (cm) (cm) (Ivs/day) 

*o *54 *183 *296 *12.7 *2.2 *127 *0.42 *2. 10 

A 51 107 112 4.7 1.3 68 0.61 1.04 
B 48 *183 *297 *12.7 *2.2 *127 *0.42 *2. 10 

Zero C 48 118 116 4.9 0.8 66 0.57 0.94 

D 49 111 111 4.7 1.4 69 0.62 1.00 

E 47 112 105 4.7 0.9 63 0.60 0.93 
F 48 130 120 6.1 1.6 63 0.52 0.92 
G 47 167 162 7.6 1.8 71 0.44 0.97 

I,S.D. 
5% N. S. , 10 5 1.0 0.6 6     
1% N.S. 13 20 1.4 0.8 9     

0 43 *217 *255 *10.8 *0.5 *115 *0.45 *1.46 
A 44 102 114 4.7 1.3 71 0.62 1.12 
B 42 117 118 5.1 0.3 54 0.46 1.00 

Two C 39 104 116 4.5 1.1 66 0.60 1.07 
D 44 102 111 4.2 1.0 68 0.61 1.09 
E 41 109 112 4.9 1.0 67 0.60 1.02 
F 44 115 128 6.2 1.9 66 0.52 1.11 
G 41 169 169 7.0 1.1 70 0.42 1.00 

I,S.D. 
5% N.S. 7 10 0.8 0.8 7.0 
1% N.S. 10 14 1.1 1.1 9.5 — — 

0 41 159 166 7.9 0.7 87 0.52 1.40 
A 40 96 117 4.4 0.9 76 0.68 1.17 
B 41 126 117 4.8 0.5 60 0.51 0.94 

Three C 38 99 105 4.6 1.2 69 0.66 1.06 
D 40 93 111 4.1 1.2 70 0.63 1.19 
E 40 99 112 4.4 0.9 71 0.63 1.13 
F 39 111 121 4.9 1.2 63 0.52 1.09 
G 40 133 139 1.0 1.6 64 0.42 1.05 

L.S.D. 
5% N.S. 8 12 1.0 0.8 8.0     
1% N.S. 11 17 1.4 1.1 11 — ._. 

0 35 94 92 4.3 0.5 61 0.76 0.98 
A 32 85 93 4.6 1.5 81 0.87 1.09 
B 32 95 91 4.4 0.3 70 0.77 0.95 

Six C 33 93 93 4.5 0.9 84 0.90 1.00 
D 31 87 87 4.5 1.2 81 0.93 1.00 
E 32 87 92 4.4 1.1 76 0.83 1.00 
F 36 87 87 4.3 1.4 78 0.90 1.00 
G 38 87 87 4.2 1.2 73 0.84 1.00 

LS.D. 
5% N:S. 4 N.S. N.S. 0.6 2.1   _"_- 
1% N.S. 5 N.S. N.S. 0.8 3.0     

*Treatment and figures taken from Lin (20). 



L.S.D. 
5% 1,% 

L.S.D. 
5% 1% 

L.S.D. 
5% 1% 

• N.S. 

o 
a   o 
u 
0) 

o 200 

£175 

Q 150 

125 

100 

75 

0 

Figure 

z    Zero weeks at 40    F       Two weeks at 40    F 
 i .wi— 

Three weeks at 40    F Six weeks at 40   F 

0   10 20 30 40 50 60 70      0   10 20 30 40 50 10 20 30 40 50 60 70      0   10  20 30 40 50 60 70 
Number of LDS given starting at shoot emergence 

r(II) 

L.S.D. 
5% 1% 

L.S.D. 
5%1% 

/ 

L.S.D. 
5% 1% 

L.S.D. 
5% 1% 
N.S. 

^ Zero weeks at 40    F 

/ 

Two weeks at 40    F Three weeks at 40    F Six weeks at 40   F 

10 20 30 40 50 60 70      0   10 20 30 40 50 60 70 80       0    10 20 30 40 50 60 70     0   10 20 30 40 50 
Plant age in days when LD treatment started 

14.   Effects of duration of bulb precooling at 40    F and timing and amount of LD treatment on 
days to flower;   (I) LD treatment started at shoot emergence,   (II) start of LD treatment 
delayed after shoot emergence as indicated.    (Ten plants per treatment) OJ 

oo 



39 

treatment was delayed 24,   48 and 72 days respectively,   after, emer- 

gence (Figures 14-11 and 19-E,   F and G).    Delaying the start of LD 

treatment 48 and 72 days after emergence,   significantly delayed 

flowering as compared with those receiving 24,   48 and 72 LD treat- 

ment directly following emergence,   although such plants flowered 

much sooner than those receiving no LDS (Table V). 

Plants from bulbs precooled two weeks and receiving 29,   58 

and 87  LDS starting at emergence flowered in 117,   104 and 102 days, 

respectively as compared with 217 days for those receiving no LD 

treatment (Figures 14-1,   and 20-B,   C and D).     Plants flowered in 

109,   115 and 169 days,   if the start of LD treatment was delayed 29, 

58 and 87 days,   respectively after emergence (Figures 14-11 and 

20-E,   F and G).    Delaying the start of LD treatment more than 29 

days after emergence delayed flowering considerably,   although these 

plants flowered much sooner than those receiving no LD treatment. 

Plants from bulbs precooled three weeks and receiving 20,   40 

and 60 LDS starting at emergence flowered in 125,   99 and 93 days, 

respectively as compared with 159 days for those receiving no LD 

treatment (Figure 14-1).    Plants flowered after 99,   HI and 133 days, 

when the start of LD treatment was delayed 20,   40 or 60 days, respec- 

tively after   emergence   (Figure 14-11).     Plants from three weeks pre- 

cooled bulbs,   when treated with 20 LDS starting at emergence,   or 

when the  start of LD treatment was delayed for 40 or 60 days after 
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emergence flowered considerably later as compared to other LD 

treatment of plants from three weeks precooled bulbs (Table V). 

Plants from bulbs receiving six weeks of precooling at 40    F 

were less responsive in flowering to LD treatment than plants re- 

ceiving three weeks or less of precooling.    In fact,   LD treatment 

in some cases did not significantly shorten the time required for 

such plants to flower (Table V and Figures 14-1,   II   and 21-B,   C,   D, 

E,   F and G).    Such plants when given 10,   20 and 30 LDS starting 

at emergence flowered in 96,   93 and 87 days respectively,   as com- 

pared with 94 days for those; receiving no LD treatmentj   ,The plants 

flowered in 87 days when the start of LD treatment was delayed for 

10,   20 and 30 days after emergence. 

The results obtained with bulb precooling and plant LD treat- 

ment suggested a substitutional relationship between these factors 

controlling flowering.     This relationship is evident in selected fig- 

ures presented in Table   VI.   Fifty to 70 LDS are almost as effective 

in accelerating flowering as 42 days of precooling (Table VI).     Plants 

from non-precooled bulbs   flowered in 107 days after receiving 70 

LDS starting at emergence,   while those receiving 42 days of pre- 

cooling flowered in 94 days.     There was no enhancement in the 

effectiveness of LD treatment from precooling, but even with the most 

effective precooling treatment (six weeks) LD   treatment seemed to 

significantly (Table V;)  enhance the cold treatment by nine days 

(94 vs  85 days). 
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TABLE VI.     Effects of bulb precooling at 40° F and plant LD 
treatment on days to flower of 'Ace' Easter lily. 
(Average of ten plants per treatment) 

Weeks of bulb      Number of LDS      Days to flower    Difference in 
precooling  at      from emergence after days to flower 

40    F to flower buds emergence between plant 
visible LD treatment 

and bulb pre- 
cooling. 

Zero 
0 

70 
183 
107 

76 

Two 
0 

65 
217 
102 

115 

Three 
0 

56 
159 
96 

63 

Six 
0 

50 
94 
85 9 

Number of leaves 

Plants from non-precooled bulbs which received 24,   48 and 

72 LDS starting at emergence had 296,   116 and 111  leaves respec- 

tively,   (Figure 15-1) as compared with 296 for those receiving no 

LDS.    Plants receiving LDS delayed for 24,   48 and 72 days after 

emergence produced 105,   120 and 162 leaves respectively,   (Figure 

15-11).     Plants from bulbs receiving two weeks precooling and 29,   58 

and 87 LDS starting emergence produced 120,   111  and 111  leaves 

respectively,   as compared with 255 leaves for those receiving no 

LD treatment (Figure  15-1).     Plants  receiving LDS delayed for 29, 



CO 

> 
0) 

M 

a 

L. S. D. 
5%  1% 

L.S.D. 
5%    1% 

L.S.D. 
5%    1% 

t Zero weeks at 40    F Two weeks at 40    F Three weeks at 40    F 

0 10 20 30 40 50 60 70      0   10 20 30 40 50 60 70 80        0   10 20 30 40 50 60 70 
Number of LDS given starting at shoot emergence 

300    ,&) 

260 

220 

180 

140 } 

100 

60 

L.S.D. 
5,% 1.% 

L.S.D. 
5%  1% 

L.S.D. 
5%   1% 

N.S. 

Six weeks.at40   F 

0   10 20 30 40 50 

L.S.D. 
5%   1% 

N.S. 

t Zero weeks at 40    F Two weeks at 40    F Three weeks   at 40    F   Six weeks at40   F 
—>     ..  -i 1 i i I i , t 1 1 1 1 , | I  —I 1 . I _! ^ » .     '     _* , i i_ « _i 

0 10 20 30 40 50 60 70     0   10 20 30 40 50 60 70   80      0   .10 20 30 40 50 60 70     0   10 20 30 40 50 
Plant age in days when LD treatment started 

"igure 15.   Effects of duration of bulb precooling at 40    F and timing and amount of LD treatment on 
number of leaves;   (I) LD treatment started at shoot emergence,   (II) start of LD treatment       ^ 
delayed after shoot emergence as indicated.     (Ten plants per treatment) ^ 



43 

58 and 87 days after emergence produced  112,   128 and 169 leaves 

respectively (Figure 15-11).     When bulb precooling was increased to 

three weeks,   plants receiving LDS starting at emergence for 20,   40 

and 60 days produced   117,   105 and 110 leaves,   respectively,   as 

compared with 166 for those receiving no LDS (Figure 15-1).    When 

the LD treatment was delayed for 20,   40 and 60 days after emergence 

the plants produced 112,   121 and 139 leaves respectively,   (Figure 

15-11).    Six weeks of bulb preccoling nullified the influence of LDS 

on leaf number (Table V and Figure 15). 

Number of flower buds initiated 

The family of curves in Figure 16 shows an inverse relation- 

ship between precooling duration in weeks and number of flower 

bubs initiated.      Plants from non-precooled bulbs receiving 24,   48 

and 72 LDS starting at emergence produced 12.7,   4.9 and 4. 7 

flower .buds respectively,   (Table V) as compared with 12.7 for those 

which received no LD treatment.     Plants receiving LDS delayed for 

24,   48 and 72 days after emergence   produced 4. 7,   6.1  and 7 . 6 

flower buds respectively (Table V). 

Plants from bulbs receiving two weeks, of precooling and 29,   58 

and 87 LDS starting at emergence produced 5.1,   4. 5 and 4. 2 flower 

buds respectively (Table V),   as compared with 10. 8 for those re- 

ceiving no LD treatment.     Plants receiving LDS delayed for 29,   58 
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and 87 days after emergence produced 4.9,   6.2 and 7.0 flower buds 

respectively (Table V). 

Plants from bulbs receiving two  weeks of precooling and 29, 

58 and 87 LDS starting at emergence produced 5. 1,   4. 5 and 4. 2 

flower buds respectively,   (Table V),   as compared with 10.8 for 

those receiving no LD treatment.     Plants receiving LDS delayed for 

29,   58 and 87 days after   emergence produced 4.9,     6.2 and 7. 0 

flower buds respectively,   (Table V). 

When plants from   three weeks of bulb precooling were given 

20,   40 and 60 LDS starting at emergence,   produced 4. 8,   4. 6 and 

4.7 flower buds respectively,   (Table V),   as compared with 7.9 for 

those receiving no LDS.    Plants receiving LD   treatment delayed for 

20,   40 and 60 days after emergence produced 4. 4,   4.9 and 7.0 

flower buds respectively,   (Table V). 

Bulbs receiving six weeks precooling produced plants with the 

same number of flower buds with or without LD treatment (Table 

V and Figure 16). 

Stem length 

Plants from non-precooled bulbs receiving 24,   48 and 72 LDS 

starting at emergence,   produced stem lengths of 127,   66 and 69 cm 

respectively,   as compared with 127 cm for those receiving no LDS 

(Table V,   Figures 17, 18,   19 and 20).     Plants receiving LDS delayed 
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Figure 17.   Effects of duration of bulb precooling at 40° F and timing and amount of LD treatment on stem 
length;   (I) LD treatment started at shoot emergence,   (II) start of LD treatment delayed after 
shoot emergence as indicated.    (Ten plants per treatment) 
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for 24,   48 and 72 days after emergence had stems 63,   63 and 71 cm 

in length respectively.     Plants from bulbs receiving two weeks pre- 

cooling and 29,   58 and 87 LDS starting at emergence,   produced stems 

54,   66 and 68 cm in length respectively,   as compared with 115 cm 

for those receiving no LDS.     Plants receiving LDS for 29,   58 and 

87 days after emergence had stems 67,   66 and 70 cm in length 

respectively.     Plants from bulbs receiving three weeks precooling 

and 20,   40 and 60 LDS started at emergence produced stems 60,   69 

and 70 cm in length respectively,   as compared with 87 cm for those 

receiving no LDS.     If   the plants were given LDS delayed for 20,   40 

and 60 days after emergence,   the stems were 71,   63 and 64 cm in 

length respectively.    Plants from bulbs receiving six weeks of pre- 

cooling and 10,   20 or 30 LDS started at emergence,   produced stems 

70,   84 and 81 cm in length respectively,   as compared with 70 cm 

for those receiving no LDS.     Plants receiving LDS delayed for 10, 

20 or 30 days after emergence had stems 76,   78 and 73 cm in length 

respectively . 

Shoot emergence,   internode length and growth rate 

The longer the bulbs were precooled the earlier their emer- 

gence (Table V).    Growth rate (Table V) based on number of leaves 

unfolded per day indicated that plants from non-precooled bulbs grew 

almost at the same growth rate as those of bulbs precooled up to six 

weeks..    There was an inverse relationship between internode length 

(Figure 21) and days  to flower (Figure  14). 
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Figure 21.   Effects of duration of bulb precooling at 40    F and timing and amount of LD treatment on 
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RESULTS EXPERIMENT THREE 

Influence of number,   age and position of leaves 
darkened or exposed to long days and scale removal 

on growth and flowering responses of 'Croft'  lily 

After 200 days from potting plants from entire bulbs that had 

never experienced cold treatment (under 70    F) had produced 103, 

117 and 85 leaves,   if ten of the last unfolded leaves,   20 of the last 

unfolded leaves and all the leaves on the stem were exposed to LDS, 

respectively.    All of these plants,   regardless of the xiumber of young 

leaves exposed to LDS initiated at least three flowers.     However, 

flowers aborted and when only ten leaves were   exposed,   all aborted 

(Table VII).     Plants with only 20 young leaves exposed required 126 

days   from emergence to flower,   compared with 101  days for fully 

exposed plants.     Plants in which 10 and 20 young expanding leaves 

were kept darkened produced 117 and 115 leaves respectively,   by the 

end of the test.     Those with only ten leaves darkened had all initiated 

flowers,   while ndne of those with 20 young leaves darkened flowered. 

It appeared that ten or more of the young expanding leaves exposed to 

LDS were sufficient to induce flowering in 200 days.    However,   if 20 

or more young leaves were darkened the growing point did not:receive 

sufficient inductive stimulus for flower induction in the time allowed. 

The  importance of LDS to flower  induction in non-precooled bulbs  is 



TABLE VII.   Influenceo of number and position of leaves darkened or exposed to LDS and scale 
removal on growth and flowering responses of 'Croft' Easter lily   (means of five 
bulbs per treatment). 

Scales No.   and position of leaves Da ys to Number of Length of Growth 
exposed to LDS or darkened Emerge Flower Leaves Flower buds stem internode rate 

initiated aborted r 

Exposed to LDS (cm) (cm) Ivs/day 
10 youngest leaves 29   103 3.2 3.2 87 0.85 0.84 
20 youngest leaves 15 126 117 3.0 1.8 101 0.87 0.93 

None 85 all leaves 21 101 85 3.2 1.2 64 0.76 0.84 
re- Darkened leaves 

moved 10 youngest leaves 22 128 117 3.4 1.4 105 0.90 0.91 
20 youngest leaves 27   115 0.0 0.0 120 1.05   

129 all leaves 23   129 0.0 0.0 224 1.73   

Exposed to LDS 
10 youngest leaves 22   110 2.4 2.4 89 0.81   

20 youngest leaves 20 119 101 2.6 1.2 84 0.83 0.85 
Old 92 all leaves 31 109 92 2.4 1. o 65 0.70 0.84 
scales Darkened leaves 

re- 10 youngest leaves 27 128 104 2.2 1.4 98 0.94 0.81 
moved 20 youngest leaves 20   105 0.0 0.0 119 1. 14   

114 all leaves 19   114 0.0 0.0 208 1.82   

Exposed to LDS 
10 youngest leaves 22   103 2.0 2.0 69 0. 67   

20 youngest leaves 25   102 2.0 2.0 65 0. 64   

All 88 all leaves 23 107 88 2.0 0.8 48 0.54 0.82 
scales Darkened leaves 

re- 10 youngest leaves 22 120 109 1.0 0.6 96 0.88 0.90 
moved 20 youngest leaves 24   100 0.0 0.0 131 1. 31 --- 

plants died --             
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shown in the striking contrast between plants grown continuously 

under L.DS and those grown continuously in the dark.     The latter 

had not flowered in 200 days,   although they had unfolded 129 leaves, 

while the LD controls all flowered in 101  days at a low (85) leaf 

number (Table VII). 

Scale   removal did not significantly change the nature of the 

flowering responses outlined above for plants from entire bulbs,   but 

did reduce responses quantitatively (Table VII).      That is,   the numr 

bers of leaves and flowers initiated were reduced in proportion to 

the quantity of scales removed.     These reductions in initiatory 

activity as a result of scale removal were especially noticeable 

where large numbers of leaves were darkened. 

There was a direct relationship between the number of young 

expanding leaves darkened and stem and internode length.     Darken- 

ing all the leaves increased stem and internode length.     Days to shoot 

emergence were very inconsistant,   probably due to lack of precool- 

ing.    Scale removal reduced slightly the number of leaves initiated 

(Table VII). 



38 

DISCUSSION OF RESULTS 

The precooling of lily bulbs following digging is in some ways 

equivalent to vernalization.     True vernalization according to Chouard 

(10) is a cold treatment used to create the capacity for subsequent 

flowering,   not to initiate flower primordia (as in iris) or to promote 

rapid growth after floral initiation (as in tulip and narcissus). 

Roberts and Blaney (28) observed that lily plants from adequately 

precooled bulbs (six weeks 40    F) initiated flowers when grown in 

the dark.    Thus,   for purposes of discussion,   the concept that 

vernalization per se does not bring about flower initiation,   but rather 

merely prepares the plant for flowering is not applicable to Easter 

lily.     Photo-induction,   on the other hand,   not only prepares the plant 

to flower but also initiates flowering. 

The data from three experiments conducted in this study sug- 

gest that Easter lily ("Nellie White',   'Ace' and 'Croft') is induced to 

flower through one of the following processes,   when given indepen- 

dently or in combination with each other.     One process is mediated by 

precooling bulbs before digging and/or during storage.     Bulb per- 

ception of inductive stimuli in this case not only enhances shoot 

emergence,   but also induces the stem apex to initiate floral buds at 

a low leaf number.    A second process,   in non-precooled bulbs, 

seems  to be mediated through the  leaves  by LD stimulus,   usually 
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when approximately 20-30 leaves are unfolded.    Plants can also be 

induced,   though    very slowly,   by greenhouse forcing temperatures 

below   70    F during winter months.    Such slow induction probably is 

enhanced by natural LDS of late spring or early summer. 

The fact that plants from inadequately precooled bulbs grown 

under LDS flower as if they were adequately precooled,   suggests a 

substitutional relationship between bulb precooling and plant LD 

treatment. 

Evidence of these three floral inducing processes in Easter 

lily have been provided by the three experiments used in this study. 

Bulb precooling and floral initiation 

As expected from previous experience in observing the growth 

of lily plants,   there were distinct differences in the morphological 

development between plants from precooled and non-precooled bulbs. 

Plants from bulbs receiving adequate precooling (45    or 40    F) were 

typically earlier in emergence,   had longer internodes,   bore smaller 

basal leaves,   initiated fewer flowers and leaves and,   hence,   flowered 

earlier than comparable bulbs without precooling. 

Removing the new scales from 'Nellie White' bulbs caused these 

plants to emerge much eailier (Experiment One).    It is likely that 

new scales,   which are younger,   have a greater potential for   meta- 

bolic activity when subjected to precooling treatment,   and thus 
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produce diffusable growth substances which accelerate growth rate 

and possibly floral induction.     Lin (20) reported that new scales 

contain growth inhibitors that are removed by cold treatment.    She 

suggested that young scales are the seat of dormancy because their 

removal enhances shoot emergence.    Rodriques Pereira (29,   30) 

reported that during cold storage a substance was transported from 

the scales of iris which prevented or delayed the growth of floral 

buds.     'Nellie White' plants from non-precooled bulbs flowered 

earlier and at a lower leaf number,   if old or new scales were re- 

moved.    Removing all the scales lowered leaf number drastically 

without decreasing days to flower,   suggesting that leaf number was 

dependent in part on substrate and growth substances in the scales. 

Hence,   large bulbs tend to produce relatively large numbers of 

leaves,   and such plants usually initiate more floral buds as com- 

pared with plants with fewer leaves from smaller bulbs.    However, 

initiation was independent of scale    substrate and growth substances, 

because without scales at least one flower was produced.     These 

observations are contrary to those reported for iris by Rodriques 

Periera (30),   who assigned floral induction to a role of the scales. 

The primordial leaves may influence floral induction in lily, because 

these leaves still surround the growing point even after all scales 

are removed.    However,   without old and new scales flower number 

was  reduced from 11   to 1 .      The  scales  of 'Croft'   lily were  essential 
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to the continued development of floral initials    to anthesis    (Experi- 

ment Three,   Table VII). 

Adequately precooled 'Nellie White1 bulbs flowered earlier 

and at a lower leaf number whether all scales were removed before 

or after precooling,   which indicates that the flowering stimulus from 

precooling was perceived by the stem apex and leaf primordia sur- 

rounding it.     Leaf number in plants from precooled bulbs was also 

lower than in plants from non-precooled bulbs,   because few leaf 

primordia were initiated by growing point during the precooling 

process.    Hartley (14) reported some initiation of leaf primordia 

in Easter lily during precooling at 40    F. 

Growth and flowering responses of 'Nellie White' bulbs to 

precooling and scale removal treatments shown in Table III suggest 

that growth substances present in scales of different ages and the 

stem apex undergo biochemical changes during low temperature 

treatment.    Results of biochemical changes are reflected in the 

acceleration of shoot emergence,   growth rate,   number and shape 

of leaves,   stem length and number of flowers.     Bulb physiologists 

have tried to relate these morphological changes to endogenous 

growth substances extracted from scales of lily and other bulbs. 

For example,   Stewart and Stuart (33) studied the distribution of a 

auxins in lily bulbs.    They found large differences in the amount of 

auxin,     in different parts of Easter lily bulbs.     The apical 3 mm of 
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the stem axis contained about 1000 times the concentration of auxin 

present in the scales and basal plate.     These bulbs had been stored 

o       o 
for four and one-half months in moist peat at 70   -85    F before the 

auxin determinations were made. 

Recently DeHertogh and Carlson (11) reported the presence of 

Gibberellin-like substances in some bulbous crops including lilies. 

They found,   in time-course studies with the tulip,   that the    amount 

of both the free and bound Gibberellin-like substances increased 

during the obligatory low temperature treatment.    At the end of 1 3 

weeks the amount of freely extractable Gibberellin-like substances 

increased approximately 370 fold.     They concluded from these re- 

sults that a great proportion of this increase is a result of biosyn- 

thesis of these compounds. 

Evidence in this study,   where low temperature initiation and 

photo-induction (see photo-induction in the following section)occurred 

independently,   does not support the contention that the Easter lily 

('Croft' and 'Ace') has an obligate cold requirement for floral initia- 

tion as appears true in tulip. 

Plant long day treatment and photo-induction 

To my knowledge there is no information in the literature on 

the role of leaves in the LD-induction of lily plants from non-precool- 

ed bulbs.     Recently,   Waters  and Wilkins  (43) reported early 
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flowering as a result of LD exposure of plants from non-precooled 

bulbs under field conditions.     Their findings are more appropriately 

considered in the discussion to follow on substitutional relationship 

between bulb precooling floral initiation and LD photo-induction of 

plants.    Here I would cite the reviews available in the literature for 

nonbulbous plants,   presuming the role played by lily leaves in floral- 

induction is similar to that of nonbulbous plants. 

Systematic studies in the field of physiology of flowering dates 

back to the late 19th century.     Bhargava (2) reported results of Sachs, 

who working with Begonia leaves,  found that leaves in light generate 

definite flower forming substances in minute quantities which direct 

assimilates to the formation of flowers.    About 27 years later 

Vdchtineg demonstrated in his transplantation experiments,   in which 

ready-to-flower stems of sugar beet were grafted on unready to 

flower roots,   that the flowering of the former was inhibited.     These 

results led to the conclusion that flower inhibiting substances were 

coming from the unready to flower roots.     Thus these investigators 

were among the first to recognize    the potentialities of flower form- 

ing and flower inhibiting substances.    Knott (16) working with spinach 

a LD plant,   showed that the foliage responded to photoperiods favor- 

able to reproductive growth by producing some substance which was 

transported to the growing tip to initiate flowering.    Recently,  Roberts 

and Blaney (28) emphasized the importance of young expanding leaves 
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on growth and flowering of Easter lily.    In 1967,   Bhargava (2), 

reviewing the subject on flowering in higher plants suggested  the 

following three hypothesis: 

(1) Flowering hormone.    Exposure of plants to induction 
cycles results in the formation of an inductive state. 
This is followed by the ability to produce flower sti- 
mulus.     The former is localized,   while the latter is 
transmissible. 

(2) Floral inhibitor.    Exposure of leaves to a non-induc- 
tive conditions results in the production of flower 
inhibiting substances.    Removal of leaves in an ad- 
verse condition would result in flowering. 

(3) Balance between hormone and inhibitor.     This con- 
siders the removal of an inhibitor formed in non- 
inductive day lengths and the production of a floral 
stimulus under inductive day lengths. 

Evidence of photo-induction 

The evidence obtained in Experiment Three with 'Croft' lily 

plants from non-precooled bulbs (stored at 70    F) and grown at 

70    F day and night minimum temperatufes leads one to conclude 

that photo-induction is not only possible but probable with some 

cultivars of Easter lily (Table VII,   Figure 22).    Flowering occurred 

in these non-precooled plants when ten (approximately 10% of total 

leaf complement) or more of the young expanding leaves were expos- 

ed to LD treatment.    However,   if 20 or more of these younger leaves 

were darkened,   no floral initiation was evident at the end of the 

experimental period (200 days).      This  leads  to  the  conclusion that 
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non-precooled   'Croft' lilies can be induced to flower if a sufficient 

number of recently expanded young leaves are exposed to LDS. 

This was true irrespective of scale removal. 

Evidence for a flowering hormone 

The evidence obtained in this study also supports the hormone 

hypothesis of floral-induction and intiation in this plant,   rather than 

the inhibitor or hormone-inhibitor balance concept.     The flowering 

of plants,   where all leaves,   ten young expanding leaves or 20 young 

expanding leaves were given LDS,   or where ten young expanding 

leaves were darkened and the rest exposed to LDS,   suggests that 

the LDS induced the leaves.    Such induced leaves appeared to pro- 

duce the stimulus to bring about floral initiation at the stem apex 

(Figure 22-A,   B,   C,   D and Table VII). 

The failure of plants to flower where 20 young expanding 

leaves were darkened and the remainder exposed to LDS (Figure 

22-E) could possibly be due to two reasons.    One,   the floral inducing 

hormone was not produced because LDS did not induce the exposed 

leaves.    Also,   if the leaves were induced,   the floral hormone did 

not reach the stem apex to cause floral initiation.    Two,   the 20 

young expanding leaves darkened produced an inhibitor which nulli- 

fied the influence of hormone,   if the hormone was produced.    It is 

unlikely that an inhibitor was produced in the 20 young expanding 
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leaves,   since darkening ten young expanding leaves did not delay 

flowering  (Figure 22-E) any more than exposing 20 young expanding 

leaves to LDS.     Plants flowered in 126 and 128 days,   where 20 young 

expanding leaves were exposed to LDS and ten young expanding leaves 

were darkened,   respectively.    As expected, plants with all their 

leaves darkened did not produce floral initials during the 200 day 

experimental period,   suggesting the lack of floral stimulus.     The 

only possibility of these plants initiating floral buds was by precool- 

ing the bulbs or growing the plants at a temperature below 70    F. 

The experimental evidence from this study helps formulate a 

concept in 'Croft' lily which states that the lily plant is 

(a) induced to initiate flowers through bulb precooling or 

(b) through plant LD-induction,   or the combination of (a) 

and (b). 

The possibility of two floral inducing factors in combination is dis- 

cussed in the following section. 

Substitutional relationship between 
bulb precooling floral-initiation and 

plant long day photo-induction 

The Easter lily is a plant suited for studying the influence of 

bulb precooling and plant LD treatment on flowering.    In one case a 

cold-requiring initiation is involved and in the other LDS for photo- 

induction.    Evidence of cold initiation and photo-induction has been 

discussed,   now I turn to their substitutional relationship.       The 
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substitutional relation is measured in days to flower (from emer- 

gence or potting) as a result of days of bulb precooling or plant 

exposure to LDS.     The data obtained in   Experiment Two suggested 

a close relationship between days of bulb precooling and plant LD 

treatment required for flowering.     The selected figures presented 

in Table VIII provide the basis for discussing this apparent substitu- 

tional relationship. 

TABLE VIII. Effects of bulb precooling at 40 F and plant LD 
treatment on days to flower of 'Ace' Easter lily 
(Figures selected from Table III and Appendix II). 

Bulbs precooling 
in days 

Days to 
emergence 

Number of 
LDS given 

Days to flower from 
emergence          potting 

0 

21 

42 

51 

40 

32 

70 

56 

0 

107 

96 

94 

158 

157 

168 

Plants of 'Ace' flowered in 96 days from emergence if bulbs 

were precooled 21 days and plants exposed to 56 LDS.    On the other 

hand,   plants flowered in approximately the same number of days 

(94) if bulbs were precooled 42 days and plants not exposed to LDS 

(Table VIII).    Since the number of   long days to flower was the same, 

it suggests that 21 days of bulb precooling plus exposure of plants 

to 56 LDS was as effective in accelerating flowering as 42 days of 

bulb precooling.     In other words,   56  LDS substituted for 21   days  of 
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bulb precooling.    On this basis,   bulb precooling was nearly 2.7 

times more effective in floral induction than plant LD treatment on 

a day for day basis. 

Another basis for interpreting the substitutional relationship 

would be,   the relative effectiveness of bulb precooling and plant LD 

treatment in bringing about flowering from potting rather than emer- 

gence.     Plants flowered in 158 days from potting if bulbs were not 

precooled and plants exposed to 70 LDS.    On the other hand,   they 

flowered in the same number of days (157) if bulbs were precooled 

for 21 days and plants exposed   to 56 LDS (Table VIII).    It appears 

in this case that 14 LDS (70-56) were as effective in accelerating 

flowering as 21 days of bulb precooling.    In other words,   LD treat- 

ment was 1. 5 times more effective in floral induction than bulb pre- 

cooling on a day to day basis. 

These comparisons,   where bulb precooling was more ifloral 

inductive (2.7 times) on a days from emergence basis and plant LD 

treatment on days from potting basis,   suggest the, need for a stan- 

dard basis for comparing the effectiveness of treatments in bringing 

about floral induction.    Such standards would assist in making valid 

comparisons between floral-inductive treatments on a day for day 

basis.     The fact that precooling,   besides bringing about induction, 

also hastens emergence and stimulates growth rate,   while LD treat- 

ment does not,   complicates any attempt at making direct comparisons 
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on basis of days to flower only.    To further complicate such an 

attempt,   the early emerging shoots from precooled bulbs are 

immediately responsive to LD treatment,   while the slower emerging 

shoots from non-precooled bulbs are not immediately responsive 

to LDS on emergence (Table V,   and 43). 
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CONCLUSIONS 

The conclusions drawn from this study are as follows: 

1. The flowering of Easter lily was not dependent on scales, 

although new scales delay shoot emergence and flowering. 

2. Floral induction in Easter lily is due to bulb precooling 

and/or plant long day exposure.     This would suggest 

flowering of Easter lily without obligate cold requirement. 

3. Plant exposure to LDS can be substituted for bulb pre- 

cooling in floral induction and initiation. 

4. Minimum leaf number and LDS required for LD induction 

and completion of flowering suggests that the Easter lily 

is probably a quantitative long day plant. 
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APPENDIX I. Weight of old,   new or all scales removed from 
'Nellie White' bulbs either before (A) or after 
(B) precooling at 45    F.    (Averages in grams 
of five observations per treatment) 

Precooling Original 
Bulbs Weight ' 

Scale removal Remaining 
(weeks) Old New All Bulb weight 

(A) (B) A)     (B) (A)     (B) ; (A)     (B) (A)     (B) 

85 85 54     54 0        0    ; 0        0 31     31 
Zero 88 

85 
81 
85 

0       0 
0        0 

47     47 0       0 42     42 
0       0 79     79 6       6 

One and 
one-half 

85 90 45     51 0       0 0        0 36     39 
84 
83 

91 
91   " 

0        0 
0        0 

39     40    | 
0       0 

0        0 45     52 
77     85 6       6 

| 84 90 52     48 0        0 0        0 32     43 
Three            ' 84 90 0        0 37     40 0        0 47     50 

85 90 0        0 0       0 79     85 6       6 

82 90 44     46 0       0 0       0 38     44 
Six 84 90 0       0 39     40 0       0 44     50 

84 91 0       0 
■ 

0       0    P 78     85 6       6 

Precooling 
(20 days) 

Original 
Bulbs Weight 

Sc ale remove il Remaining 
Bulb weight Old New All 

5-A 90 51 0 !     o 40 
15-B 90 0 37 0 51 

90 0 0 84 6 

10-A 90 48 0 0 42 
10-B 90 0 35 0 54 

93 0 0 87 6 

15-A 90 48 0 0 42 

5-B 89 0 43 0 46 

 > 
90 0 0 84 6 



APPENDIX II. Effects of bulb precooling and plant long day treatment from (zero days) or after 
emergence (shoot age in days) on days to flower from emergence of 'Ace' Easter 
lily.    (Ten plants per treatment) 

Q Days of bulb precooling at 40    F 

Zero days 
-O n  

<D Time of 
g LDtreat- 
X     ment 

-H_—;  

Fourteen days Twenty-one days Forty-two days 

Number 
of LDS 

given 

Days 
to 

flower 

Time of 
LD treat- 

ment 

Number 
of LDS 

given 

Days 
to 

flower 

Time of Number Days Time of Number Days 
LD treat- of LDS to LD treat- of LDS to 

ment given flower ment given flower 

days days days days 

O 0 0 183 0 0 217 0 0 159 0 0 94 

A 0 70 107 0 65 102 0 56 96 0 50 85 

B 0 24 183 0 29 117 0 20 126 0 10 96 

C 0 48 118 0 58 104 0 40 99 0 20 93 

D 0 72 111 0 66 102 0 56 93 0 30 87 

E 24 51 112 29 44 109 20 43 * ,99 10 42 87 

F 48 43 130 58 19 115 40 34 HI 20 31 87 

G 72 39 167 87 26 169 60 26 133 30 26 87 


