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In the production of Easter lily (Liliun longiflorum 

Thunb.) bulbs, flowers may compete with the bulb for available 

photosynthate. Developing lily flowers have a large carbon demand 

and their removal might increase the flow of assimilate to the bulb. 

Container-grown 'Nellie White' plants were used to study the effect 

of deflowering on photosynthesis,  assimilate distribution,  plant 

growth and bulb weight.  To determine the dependency of plant parts 

14 
on bulb reserves,  the redistribution of  C-labeled reserves was 

followed during regrowth. 

Removing flower buds at a length of 1.0 cm reduced net photo- 

synthesis on an upper leaf, decreased plant leaf area by 12%, 

lowered net dry matter production, inhibited pedicel and stem elon- 

gation and greatly increased premature sprouting of bulbs, but did 

not affect bulb weight. Delaying bud removal until they were 3.5 cm 

long inhibited pedicel elongation, but did not affect leaf photosyn- 

thesis,  stem elongation or leaf area.   However,  bulb weight  was 



increased by 15%. 

An upper or mid-shoot leaf of either deblossomed or intact 

plants was pulsed with C02 before or at anthesis and plants har- 

vested after 24 hr. Most of the current C-assimilate from the 

upper half of the lily shoot moved into flowers. Deflowering in- 

creased the fraction of C-assimilate available for bulb growth. 

Five weeks after anthesis, over 85% of the C-assimilate from 

either leaf moved to the bulb. Since deflowering increased bulb 

weight and increased the fraction of C moving into the bulb, 

growth of lily scales appear to be limited by photoassimilate supply. 

Whole shoots were dosed with  CO at 2 week intervals starting 

25 days after anthesis.  A week after each exposure, 50%-65% of the 

14 total  recovered   C was in the bulb and 10%-27% in stem bulblets. 

Nearly 65% of the  C in the bulb was in the daughter portion. After 

14 replanting labeled bulbs,  dry weight and  C-reserves were rapidly 

lost from mother scales, however, only 20% of the C was recovered 

in the new shoot. Total C in the daughter scales remained 

unchanged between bulb harvest and 3 weeks after anthesis, suggest- 

ing that reserves in these scales would be available for the next 

growing season. Growth of the new shoot and new daughter bulb was 

initially dependent upon scale reserves and then on current photo- 

synthate. 
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PARTITIONING, STORAGE, AND REMOBILIZATION OF 
PHOTOASSIMILATE IN EASTER LILY.LILIUM LONGIFLORUM THUNB. 

'NELLIE WHITE' 

Chapter 1 

Introduction 

Easter lily is an important ornamental crop in the Pacific 

Northwest.  The production of Easter lily bulbs is concentrated in a 

narrow costal area on both sides of Oregon-California border. 

Currently, about 10 million bulbs are produced annually with a 

wholesale value of 4 million dollars.  These bulbs are forced in 

the greenhouses and sold by Easter the following year. 

Flowering in bulb production fields is not desirable and flower 

buds are usually removed manually shortly before opening to prevent 

the  infection by Botrytis through the  senescing  perianth  (13). 

Developing Easter  lily flower buds are large carbon  sinks which 

consume assimilate through dry matter accumulation and respiration 

(133).  Deblossoming reportedly increases bulb yield (13, 23). Late 

flower bud removal appears to be more effective in enhancing bulb 

growth  than  deblossoming  at  an  earlier  time  (HO,  139). 

Understand the cause of this may lead to improvements in bulb 

production. 

Crop yield is closely associated with the amount of carbon fixed 

by photosynthesis per unit land area and subsequent partitioning of 

photoassimilate between harvestable and nonharvestable parts.   When 



the lily plant is in flower, there are carbon sinks at both ends 

of the stem. Since lily flower buds may receive a large share of the 

currecent photosynthate (60), their removal at a proper developmen- 

tal stage might allow more assimilate to move to developing bulb 

scales and increase bulb yields. 

Since bulb scales are initiated over a long period, scales at 

different positions may be filled at different rates and this 

pattern may change with plant development. 

Bulb scales are important for normal growth and development of 

the shoot and number of flowers formed on forced plants (6, 81). 

Like the tulip bulb (55, 59), reserves in the outer scales of lily 

bulb are depleted to supply current growth (86, 131). Remobiliza- 

tion of lily scale reserves reportedly starts from the outermost 

scale and progress toward the inner scales (86). Most of the dry 

matter remobilized from the tuber of Jerusalem artichoke is used in 

current shoot growth (45), however, the fraction of dry matter 

mobilized from the old Easter lily scales to the newly developed 

parts is unknown. 

The objectives of this study were a) to describe how flower bud 

removal at different developmental stages affects plant growth and 

bulb yield, b) to determine the effect of flower removal in 

the partitioning of current assimilate and c) to better understand 

the filling of scales at different positions and the contribution of 

scale reserves during regrowth of the Easter lily plant. 



Chapter 2 

Review of the Literature 

I. The Easter Lily Plant 

A. Origin and Distribution 

Easter lily, Lilium longiflorum Thunb., is native to southern 

China (including Taiwan) and the Liu Chiu Islands of Japan (7, 31, 

37, 118, 122, 127, 141). In Taiwan, this species grows in the red 

acidic soil along the nothern and eastern coast, as well as on 

smaller islands nearby (118). In these regions, flowering begins 

between late March and early April. 

Japan was the first country to produce Easter lily bulbs 

commercially, exporting bulbs as early as 1875. By 1937, it was 

exporting approximately 36 million bulbs to the U.S. annually (111). 

In the late eighteenth century, Bermuda became the first commercial 

center of Easter lily bulb production outside Japan. In the United 

States, Easter lilies were commercially grown in Florida (39), the 

Carolinas (22), Lousiana (23), and Mississippi (111). Currently, 

production occurs in Georgia and the Pacific Northwest, especially 

in southern Oregon and nothern California. Mild winters, abundant 

rainfall, as well as well drained and highly organic soils make the 

coastal area near the Oregon-California border ideal for lily bulb 

production.  The commercial cultivars grown in the Pacific Northwest 



are 'Ace1, 'Nellie White', and the recently released 'Harbor' and 

'Chetco'. Presently, Easter lily is also grown commercially in 

China (Taiwan), Belgium, England, Holland, Mexico, New Zealand, 

South Africa, St. Helena, and the Azores (122). 

B. General Morphology 

1. The Bulb 

The lily bulb is a fleshy underground lateral bud (35, 142). It 

has a compressed perennial stem to form a solid basal mass called 

the basal plate. Arising from the basal plate is an apical meristem 

covered by many white or yellow, spirally arranged, imbricated 

enlarged leaves called scales (104). The outer, or mother, scales 

are formed in the previous growing seasons, whereas the inner, or 

daughter, scales are initiated and develope during the current year 

(12, 35). Since the Easter lily bulb is without the outer protective 

tunic layer present in tulip, it is very subject to drying and 

damage (104, 142). 

2. The Shoot 

The non-branching flowering shoot emerges nearly erect from 

the center of the daughter bulb after a period of dormancy (12, 82, 

108, 113, 132). Under field conditions in the Pacific Northwest, 

the shoot of commercial cultivars usually does not exceed 40 cm in 

length as measured from its base to uppermost leaf node.  The shoot 

of 'Georgia0, a southern cultivar grown for cut flowers, can be 

taller than 1 m. 



The leaves are lanceolate, without petioles, and arranged in a 

3/5 phyllotaxis. The upper leaves are more errect than those lower 

on the stem (7). A plant producing a commercial sized bulb has as 

many as 80 leaves. Leaves at underground nodes are more or less 

scaly and decompose soon after shoot emergence. From one to several 

stem bulblets are formed at these nodes (12, 142). 

3. The Flowers 

A single terminal raceme carries one to several large, trumpet- 

like, fragrant white flowers (7, 104, 142). Each flower has a long 

pedicel which is subtended by a leaf-like bract. The perianth 

consists of 2 whirls of 3 segments with the tips recurving (37, 104, 

142). The 6 anthers within a flower, which are supported on 

separate slender filaments, release yellow pollen upon dehiscence. 

The single pistil consists of a green cylinderical ovary and a 

long style tipped with a much enlarged 3 lobbed stigma (7, 122, 

142).  The stigma is usually covered with a sticky fluid. 

4. The Root System 

Basal roots, which live up to 2 years, grow fron the lower 

surface of the basal plate (12, 37, 142). They function in both 

anchoring the plant and supplying water and nutrients. More 

interestingly, the roots, especially in young bulbs and stem 

bulblets, are contractile (37, 142) and by shortening pull the bulb 

further down into the soil. 

Another kind  of root,  annual stem roots,  grow out from the 



underground stem. The shoot will stand when supported only by stem 

roots (12). Both types of roots branch producing second order 

laterals (104). 

C Growth Cycle 

In an excellent study, Blaney and Roberts (12) determined and 

described the periodicity of Easter lily. The production of 

commercial sized Easter lily bulbs starts with stem bulblets. They 

are replanted in early fall and harvested as "yearlings" in late 

summer the following year. Because they are relatively small, 

yearling bulbs do not produce an attractive plant with many flowers 

when forced in a greenhouse (10, 11). Therefore, yearling bulbs are 

replanted and allowed to grow an additional year. So called 

"commercials" are obtained from these 2-year old bulbs at the end of 

the next growing season and sold to jobbers for forcing (109). 

Food reserves in the outer bulb scales are consumed by the 

growth of the flowering shoot, which in the field emerges between 

late December and early February (12, 131). Studies have shown that 

the presence of scales is essential for normal shoot development and 

a desirable number of flowers (6, 81, 97). 

An axillary bud of the innermost scale subtending the base of 

the expanding stem is stimulated to initiate scale primordia  soon 

after  shoot emergence (12).   It continues to form scale primordia 

until about anthesis, which occurs between late June and mid-July, 

and leaf primordia thereafter (12,  109).   However,  the transition 



from scale to leaf making by this daughter apex may be gradual and 

subject to temperature control (12, 109). 

The remaining old scales and the newly developed daughter 

scales swell as they are filled with reserves until bulb harvest. 

This occurs in late August through late September when the foliage 

is still green and functional (53, 107). The rate of growth and 

development of the lily bulb is very much subject to weather 

conditions (109). 

D. Response to Flower Bud Removal 

Easter lily plants in bulb production fields are seldom allowed 

to bloom (13). Flower buds are removed manually shortly before 

anthesis to prevent infection by Botrytis elliptica through the 

senescing or dead, moist perianth. Deflowering at this stage has 

little or no effect on bulb size at harvest (13). Chemical and 

manual disbudding at earlier stages reportedly shortens plant height 

and increases bulb yield (13, 23, 78, 126). William et al. (139) 

sprayed the flower aborting agent CIPC (isopropyl-m- 

chlorocarbanilate) on lily plants in either mid- or late May and 

found that the latter application caused the greatest increase in 

bulb yield. Unfortunately, floral aborting agents caused necrotic 

spots on the terminal leaves making them sugject to Botrytis attack 

and, on occasion, increased the chances of premature sprouting of 

the daughter bulb (126). 



II. Vegetative Storage Organs and Their Food Reserves 

Vegetative organs which store food reserves appear in many 

types, for instance, bulbs in tulip, onion and lily, tubers in 

potato, rhizomes in water lotus and some Iris species, tuberous 

roots in dahlia and sweet potato, and corms in gladiolus and 

tuberous begonia. 

Swelling of the potato tuber is accompanied by both cell 

division and cell enlargement (1, 96). The number of cells per 

tuber increases 500 times, whereas the average size of the 

parenchyma cells increases 7-20 fold depending upon variety and the 

location of the cells in the tuber (96, 106). The tulip bulb 

also enlarges by cell multiplication and enlargement (119). 

Enlargement of the onion bulb involves no cell division and is 

simply by swelling of the cells existing in the leaf base (57). The 

relative participation of cell enlargement and cell division in the 

expansion of Easter lily scales is unknown. 

Accumulation of reserves begins early in the development of 

vegetative  storage  organs  (16,  119) and large amounts  of 

photoassimilate  are translocated  into the  storage organs during 

their active enlargement (18, 58, 60, 71, 72, 89, 103, 112, 121). 

A. Types of Materials Stored 

The  reserve materials in the vegetative storage organs are 

mostly carbohydrates.   Potato tubers store starch (1, 16, 93, 96). 



Jerusalem artichoke accumulates inulin, a fructosan, in its tubers 

(5). Fructosans, sucrose, glucose and fructose are the non-structural 

carbohydrates in onion bulbs (32, 84). Tulip bulbs store large 

amounts of starch, fruetans, and soluble sugars (2, 58, 59). Easter 

lily scales contain starch and glucomanan (86). The latter exists as 

a water soluble mucilage in an amount one-sixth of the former. 

III. Depletion of Reserves during Regrowth 

As in seedlings, early shoot growth of bulbous plants is 

dependent upon remobilization and utilization of reserves. Upon 

planting, the depletion of carbohydrate reserves in potato and 

Jerusalem artichoke tubers progresses with time. However, shoot 

removal terminates the decline of these reserves (45, 66). Most of 

the dry weight in the tuber of Jerusalem artichoke is lost during 

the few weeks after shoot growth starts and most, if not all, is 

translocated to the expanding shoot (66, 67). 

In tulip, root growth and shoot elongation take place between 

bulb planting and shoot emergence. During this period, 25%-65% of 

the dry matter in mother scales is lost with little accumulation 

in either the shoot or roots (3, 8, 55). The remaining reserves 

in the mother scales are quickly depleted during rapid shoot 

elongation and flower development (2, 58, 60). Tulip mother scales 

are totally degenerated when the bulbs are harvested in summer (2, 

55). 

14 In  trees  such as apple (99)  and  pecan  (83),   C-labeling 
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studies show that initial shoot growth in the spring is heavily 

dependent upon reserves in the old branches. 

In Easter lily, growth of the flowering shoot is also at the 

expense of scale reserves (12, 132). Depletion of reserves starts 

with the decline in starch content followed by remobilization of 

glucomanan (86). The sequence of depletion reportedly is from 

the outer toward the inner scales (86). Remobilization of scale 

reserves ceases about the time flower buds are visible (132). 

Unlike in tulip, only part of the old scales in lily are consumed by 

shoot growth (12, 132). 

Most bulbs need a prolonged cold period to remove their 

dormancy, to induce flower initiation, and to trigger normal shoot 

expansion and flower development. The carbohydrate composition of 

storage organs usually changes during the chilling period. 

Polysaccharides, such as starch and inulin, are hydrolyzed and this 

is followed by the accumulation of simple sugars, such as fructose 

in Jerusalem artichoke (66), glucose and sucrose in tulip bulb 

scales (33, 59, 61, 123), and reducing sugars and non-reducing 

soluble carbohydrates in hyacinth scales (92). 

VI. Translocation and Partitioning of Assimilates 

A. Harvest Index 

Most of the dry weight of a plant is made up of carbon 

compounds  derived from CC^ fixed in photosynthesis.   Variation  in 
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crop yield is closely related to changes in the amount of carbon 

photosynthetically fixed per unit land area and differences in 

its subsequent partitioning between harvestable and non-harvestable 

portions of the plant. The latter process is reflected in the 

harvest index, which is the ratio of the dry weight of the harvested 

portion to that of the entire plant. 

Although the total or biological yield of many field crops has 

not been greatly increased (44),  the harvestable portion of some of 

the more recently introduced cultivars makes up a greater share of 

their biomass (4, 43).  In peanut, an oil storing species, more pods 

are produced in the newer cultivars at the expenses of vegetative 

growth,  increasing the harvest index from 0.23 to 0.50 (44). When 

old and new wheat cultivars were grown under the same field 

conditions, assimilate partitioned to grains averaged from 0.35 

(old) to 0.50 (new), whereas total grain yield increased from 5 

(old)  to 7 (new) tons per hectare (4).  Similar results were also 

found in barley (43). 

In ornamental bulbous crops, harvest index is intimately linked 

with leaf area duration (103) and delayed harvest (53,  107) 

which lengthen the filling period.   Plant growth regulators may be 

used  to  increase the amount of dry matter partitioned to the lily 

bulb (110) 

B. Sink Control of Dry Matter Distribution 

A sink is a plant part that has a net import of assimilate. 

Acquisition of carbon by a sink has a profound effect on both the 
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direction and amount of carbon flowing through the translocation 

conduit (46, 54, 64, 74, 98). The underground part of potato is 

capable of using more assimilate than that of a tomato plant. To 

examine this. Khan and Sagar (74) made reciprocal grafts between 

potato and tomato. When potato was the rootstock, both potato and 

tomato leaves exposed to C02 exported a higher proportion and 

amount of the labeled assimilate than when tomato was the root- 

stock. 

Enhanced cell division and growth in a sink as a result of 

higher temperature (136) not only increases the amount of assimilate 

moving to the sink (98, 136, 140) but also reduces that accumulated 

in other plant parts (68, 115). In addition to receiving current 

photosynthate, major sinks often draw assimilate which has been 

temporarily stored elsewhere in the plant (52, 55, 89, 101, 129). 

When transported sugars, sucrose in most cases, arrive at a 

sink, they have to be removed from the phloem to generate a gradient 

of assimilate concentration and maintain translocation. The 

metabolic activity of sink tissue is a factor in determining the 

amount of assimilate moving into it (98, 129). Moorby (89) showed 

that the amount of C-assimilate translocated from foliage to 

potato tubers was related to the proportion which was converted into 

ethanol-insoluble materials in the tuber. Rate of conversion of 

sucrose into either hexoses or starch correlates with the rate of 

dry matter accumulation in tomato fruits (12, 129).  There are cases 

where  the  size of the sink largely determines  the movement and 

partitioning of assimilate from the source leaves (27, 28, 91). 
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C Leaf Position and Assimilate Movement 

There is a general pattern of assimilate distribution that 

applies to most plants.  The upper leaves supply carbon mostly to 

the shoot apex, whereas the lower leaves are the main source of 

assimilate for the lower shoot and roots and middle leaves 

transport photosynthate in either or both directions (21, 49, 114). 

Thrower  (124) found that export of assimilate from an expanded leaf 

to the shoot apex or root of soybean  was  inversely in 

proportion to its distance from these sinks.  Similar patterns have 

been observed in herbaceous and bulbous ornamental plants  (40, 41, 

56).  One exception to this general pattern is that observed by Khan 

and Sagar  (73)  in tomato plants where a large fraction of   C- 

assimilate from upper leaves moved down and that from the lower 

leaves moved up.  This may relate to the bicollateral vascular 

bundles in tomato.  However,  the upward movement of  C-assimilate 

from lower leaves may be due to redistribution of the  C initially 

translocated into the roots. 

A plant is not a static organism and the position of a leaf 

relative to its major sinks may change continuously throughout 

development. Thus, a given sink does not always have the same 

dependency on assimilate from any specific leaf (75, 95, 114). 

Patterns of assimilate movement from a given leaf depends not only 

upon the proximity of sink to the leaf but also on the supply of 

assimilate from other sources (124). 

The  change  from vegetative  to  reproductive  growth,  i.e.. 
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flowering and fruiting, and the onset of rapid development of a 

vegetative storage organ can markedly alter the pattern of 

assimilate distribution. Developing bean pods (94, 137) and tomato 

fruits (73) have a priority demand on assimilate from adjacent 

leaves, leaving very little to be transported elsewhere. The onion 

bulb scales almost monopolized the C-assimilate transported from 

leaf blades when the bulb was rapidly enlarging (71). Each onion 

leaf mainly provides assimilate to its own swelling base. 

It has been observed that sinks sometime obtain carbon from a 

remote rather than a near source (125). In spite of the relatively 

large sink strength of the rhizome tip of the sand sedge, Carex 

arenaria L., and its proximity to the young shoots, the main source 

of assimilate for the growth of rhizome tip was shown to be the much 

older shoots lying some distance away from it (125). 

D. Competition Between Sinks 

Several sinks on a plant may compete for assimilate from a 

common source. Generally, there is competition between reproductive 

and vegetative sinks (25, 52, 56, 91, 134). When flowers and fruits 

are actively enlarging, less assimilate moves to other plant parts 

(60, 75, 95, 115). Increased yields of new peanut cultivars is due 

to more pods being better able to compete with the vegetative shoot 

for assimilates (44). 

There is also competition for photosynthate among reproductive 

(24,  25,  94),  as well as among vegetative sinks (29, 124).  If the 

lateral  flowers of Chrysanthemum morifolium are not removed,  their 
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growth reduces the size of the terminal flower, although the total 

amounts of dry matter partitioned to flower growth does not change 

(24, 25, 26). 

V. Light Intensity and Leaf Age on Photosynthesis 

A. Light Intensity 

The energy for a plant leaf to fix C02 photosynthetically comes 

from light.  It is reasonable that the rate of CO- fixation is 

proportional to the intensity of light, i.e., flux density (50, 116). 

However this proportionality only holds when other physiological and 

environmental factors are not limiting. Under low light intensities, 

the response of C02 fixation to increasing light intensity is very 

steep, representing the maximum efficiency in the use of radiant 

energy to synthesize assimilates (14, 69, 85, 120). At high light 

intensities, other factors such as supply of CO- to the fixation 

sites and activity of RuBP carboxylase to fix CO- become limiting 

(17).  As a result,  the response of photosynthesis to light 

intensity  becomes  less  steep.   When  these  factors  limit 

photosynthesis  to  the degree that increasing light  intensity no 

longer affects the rate,  leaf photosynthesis is "light  saturated" 

(9,  50,  120).  Under atmospheric conditions, some examples of the 

level of  photosynthetically active radiation (400-700 ran) which 

saturates leaf photosynthesis of C- species follows: weeping fig, 

400-500 uE m-2 s-1 (50);  walnut,  600-800 uE m~2 s"1 (130);  Prunus 
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species, 800-1200 uE m"2 s-1 (38, 116); peach, 1000 uE m"2 s"1 (69); 

and soybean, 1800-2000 uE m""*- s"1 (14, 120). Leaves of C, plants 

are saturated at higher light levels than C- plants (20) and have 

much reduced photorespiration (48). 

The light conditions under which a leaf develops materially 

affects its photosynthesis response to light. Leaves developed 

under reduced light levels have lower saturating light intensity due 

to less RuBP carboxylase per unit leaf area and other factors (14, 

50, 69, 120). Shade-grown leaves have a higher energy use efficiency 

than sun-grown leaves at low light levels (50, 120) and have a lower 

light compensation point (50, 51). 

B. Leaf Age 

Small, but rapidly expanding young leaves show no net C0? uptake 

have high rates of dark respiration and have a high C02 compensation 

point (77). With further expansion, the leaf shows a steady 

increase in net photosynthesis (62, 100, 116, 143). Both the rate of 

dark rspiration and the (X^ compensation point progressively 

decrease as a leaf expands, reaching low steady levels approximately 

when the leaf attains maximum photosynthetic rate (15, 70, 77, 143). 

Maximum CC^ fixation rate is achieved at 55%-100% leaf expansion 

(15, 63, 70, 116, 143). This peak photosynthetic rate is either 

maintained for a short time then gradually declines (8, 34, 100, 

116, 138) or lasts for an extended period (70). 



17 

Chapter 3 

Growth and Photosynthesis of Easter Lily in Response to flower bud 

Removal 

Abstract 

Open flowers or buds are often removed in the production of 

Easter lily (Lilium longiflorum Thunb.) bulbs. To determine if time 

of flower removal affects bulb growth and growth responses, flower 

buds of container-grown 'Nellie White* plants were left intact or 

removed on May 13 (early) or June 2 (late) when the largest flower 

bud was 1.0 and 3.5 cm in length, respectively. Net photosynthesis 

of the 5th (upper) and 25th (mid-shoot) leaves were monitored and 

plants were harvested about 2 months after full bloom of intact 

controls. Early deflowering reduced photosynthesis of leaf 5, par- 

ticularly during the 3 weeks following full bloom, whereas late 

removal had less effect. Treatments did not affect photosynthesis of 

leaf 25. Early flower bud removal stopped pedicel growth, inhibited 

stem elongation and reduced total leaf area 12%, but did not affect 

bulb weight. Stem elongation was reduced less by late deflowering, 

leaf area and plant weight were unaffected, but both fresh and dry 

bulb weight were increased by 15%. Early deflowering caused 81% of 

the bulbs to sprout prematurely, compared to 27% for late deflower- 

ing and 9% for controls. Reduced stem growth under late deflowering 

without a severe reduction in photosynthesis may have increased the 

availability of assimilate for bulb growth. 
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Introduction 

Larger, heavier Easter lily bulbs are sold at higher prices 

since upon forcing they produces plants with more flowers than do 

smaller bulbs (1, 2). The amount of dry matter produced by leaves 

and its availability to bulb scales is likely important to the 

production of large bulbs. During their growth, lily flowers and 

pedicels use appreciable amounts of dry matter (19) which otherwise 

might be available for bulb enlargement (Chapter 4). Removing flower 

buds by hand and application of flower aborting agents have been 

shown to increase bulb yield in Easter lily and some other bulbous 

species (5, 7, 9, 16). It has been suggested that lily flower buds 

be removed as soon as they are visible to obtain maximum increases 

in bulb weight (3). However, it appears that removing flower buds 

early in the season is less effective or even detrimental in 

increasing bulb size than when bud removal is delayed (16, 20). 

Early flower bud removal, which reportedly reduces plant height (16, 

18), may influence photosynthesis and partitioning of dry matter 

among organs. 

The objective of this experiment was to determine the 

importance of timing of flower bud removal on bulb and shoot growth, 

dry matter partitioning and photosynthesis of Easter lily plants. 
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Materials and Methods 

Yearling 'Nellie White' Easter lily bulbs, 10-13 cm in 

circumference, were planted on October 15, 1982 in 15 cm clay pots 

at 7-8 cm below the surface of a potting mix of equal volumes of 

fine bark, pumice, and silt loam and then placed in a cold frame. 

Full bloom, when the first flower on one-half of the plants opened, 

occured on July 4, 1983.  Plants had approximately 45 leaves. 

Flower buds were removed either on May 13 or June 2, when the 

largest flower bud on each plant was 1.0 and 3.5 cm long, 

respectively. On the first date, flower buds, which were enclosed 

by upper leaves, were removed with a sharp knife without damaging 

expanding leaves and bracts. On June 2, buds were severed at the 

junction of the bud base and pedicel. Flowers on control plants 

were allowed to reach full bloom. All plants were moved to an open 

area on June 2 and arranged in a completely randomized block design 

at a density of 40 plants per m with border rows. There were 11 

plants in each treatment. Plants were watered by an overhead 

sprinkling system in the mornings and afternoons and additional 

water supplied as necessary. Once each week, from early May until 

harvest, a solution containing 0.2 g per liter of 20-8.6-16.6 NPK 

was used to irrigate plants. 

Net photosynthesis of the 5th (upper) and 25th (middle) leaf 

from the top was monitored over a 3 month period on 5 plants in each 

treatment. The upper leaf was 96% fully expanded when photosynthetic 

measurements  began.   Net photosynthesis was measured between 0930 
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and 1130 solar hour at ambient temperatures, but with a high 

pressure sodium lamp (Lucalux, GE) to provide saturating light. 

Just prior to a measurement,  the distance between the leaf and the 

lamp was adjusted so that photosynthetic photon flux density at the 

—2 —1 leaf surface was 1150 + 30 umol m  s  (400-700 run) as measured 

with a LI-COR light meter (LI-COR, Lincoln, Nebraska) equipped with 

a LI-190S quantum sensor.  To establish the relationship between the 

rate of photosynthesis and photon flux density, plastic screens were 

inserted between leaf and the lamp. 

Net photosynthesis was measured using a short term C0_ deple- 

tion technique similar to that described elsewhere (4, 8). The tip 

of the leaf was inserted into a Plexiglas chamber (0.28 liter) to a 

depth indicated by a line drawn near its base. The area encompassed 

was determined from leaf tracings using an electronic area meter 

(LI-COR Model 3100). The chamber atmosphere was sampled with a 10 

ml plastic syringe (Beeton-Dickinson) 2-3 seconds after insertion of 

the leaf and again 30 seconds later. The needles of filled syringes 

were sealed by inserting them into silicone blocks. Syringes were 

transported to the laboratory for CO analysis and calculation of 

net photosynthesis using the method of Ehleringer and Cook (8). 

Plants were harvested on September 6 and each was separated 

into leaves, stem, roots, and mother and daughter scales. Leaf area 

was measured with an area meter. Lengths of the following segments 

were measured: pedicel, base of pedicel to the apical 10th node 

(upper stem), and from the 10th node to stem base (lower stem). 

Flowers  of  intact  plants were collected  immediately  after  they 
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abscised from the pedicels.  Plant parts, including excised flower 

buds, were weighed after drying at 650C for 72 hr. 
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Results 

Weight, stem length and leaf area. Early deflowering did not 

effect either fresh or dry weight of the bulb (Table 3.1). 

Deflowering on June 2, however, increased bulb weight by 14 g 

(fresh) and 5 g (dry) over that of intact plants through increases 

in both mother and daughter portions. Removing flower buds on 

either date increased the fraction of total dry matter recovered in 

the bulb from a control value of 60% to 70% (Table 3.2). 

Stem elongation and leaf expansion were in progress in both 

shoot segments on May 13. Flower bud removal at this time stopped 

pedicel elongation and reduced the length of upper and lower stem 

sections by 51% and 17%, respectively (Fig. 3.1, Table 3.3). Length 

reduction was less when deflowering was delayed until June 2. 

Deflowering in May, but not in June, reduced leaf area of both shoot 

sections, resulting in a 12% decline in total leaf area (Table 3.3). 

Dry weight of excised flower buds was only 6% (May 13) or 14% 

(June 2) of the weight of flowers allowed to bloom (Table 3.2). The 

weight of the lower stem was not affected by the June disbudding but 

was lowered by flower bud removal on May 13. Deflowering on either 

date reduced the dry weight of upper stem section, which included 

the pedicels. Early flower removal reduced leaf and whole plant 

weight by 15% (Table 3.2). Root weight was also lowered by flower 

bud removal. 

Deflowering encouraged premature sprouting of the daughter 

axis.   Only  9%  of  the control plants  sprouted  but values  for 
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Table 3.1. Effect of flower bud removal on fresh and dry weight of 

mother and daughter scales and whole bulb. 

 Fresh weight (g)   Dry weight (g)  
Date of     Mother  Daughter. Whole   Mother  Daughter! Whole 

flower removal  scales  scales .'bulb sceles scales bulb 

latact control   56.3b   39.3b    95.6b   19.8a    13.2a  33.0a 

May.13 61.4a   41.1b   102.5ab  19.7a    13.7a  33.4a 

June 2 64.4a   45.1b   109.5a   22.5b    15.6b  38.1b 

Mean separation within columns by Duncan's multiple range test, 5% 

level. 



Table  3.2    Dry weight  of plant parts  and percent  dry weight  in bulb  as  affected by  removing flower 
buds   on  Mav  13   or  June   2. 

Dry weight   (g) 

Stem Leaves 
Date of z y 
flower  removal    Flower    Upper    Lower    Total Upper    Lower    Total 

Whole    % dry wt. 
Scales     Root    plant    in bulb 

Intact 

May 13 

June 2 

3.6a"       2.6a       3.0a      5.6a 2.86a    4.26a    7.12a 35.3a    4.0a    55.6a 59a 

0.2c 0.4c       1.9b       2.3c 2.40b     3.80b     6.20b 35.8a    2.7b     47.2b 71b 

0.5b 0.8b      2.7a      3.5a        2.98a    4.17a    7.15a        40.6b     3.1b    54.9a        69b 

Including pedicels. 
^Including bract-leaves. 
xWeight of bulb  scales  and stem bulblets. 
wMean separation within  columns by Duncan's multiple range  test,  5%  level. 



Table 3.3  Length of pedicel and stem sections and leaf area as affected by 
removing flower buds on May 13 or June 2. 

Shoot length (cm) 

Stem Leaf area (cm ) 
Date of 
flower removal  Pedicel  Upper Lower  Total   Upper Lower Total 

Intact 

May 13 

June 2 

14.2a 8.6a    18.3a      41.1a 

0.5c 3.6c    15.2b       19.3c 

2.9b 5.4b    17.8a      26.1b 

272a 494a 766a 

233b 441b 674b 

289a      509a      798a 

"Mean separation within columns by Duncan's multiple  range  test,  5%  level. 



Fig. 3.1 Easter lily plants deflowered on May 13 (A), June 2 (B), and intact control (C). 
The photograph was taken on September 2 and plants were harvested 4 days later. 

ho 
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deflowered plants were 81% (May 13) and 27% (June 2). 

Photosynthesis«   Leaf  photosynthesis was saturated at a 

—2  —1 photosynthetic photon flux density of 700 jnaol m   s   with a 

-2 —1 maximum rate of 0.4 mg C02 m  s  (Fig. 3.2). The light compensa- 

—2 —1 tion point was estimated to be 40-50 jxmol  m  s 

Under saturating light, net photosynthesis of the 5th leaf 

(upper)  of plants deflowered in May was usually lower than that of 

the comparable leaf of control plants (Fig. 3.3).  The difference was 

particularly evident during the 3 weeks following full bloom. 

Photosynthesis of the 5th leaf was not affected by removing flower 

buds on June 2, except for 10 days after full bloom.  Deflowering 

did not affect net photosynthesis of the 25th (middle) leaf (Fig. 

3.3).  Generally, the net photosynthetic rate of the upper leaf was 

higher than that of the lower leaf.  Regardless of treatments and 

leaf position, net photosynthesis was lowest on August 3.  The 

fluctuation of photosynthesis over time was inversely related to 

increases in air temperature (data not shown). 



7   o. 
a 
C-i 0 o 

0.3- 
n 

8 0' 

o 
o 
a 

a 

5 - 

. • 
4 ♦^-—* 

*■■ 

3 

2 - / 

1 /• «   6/9 

•    7/17 

A A    i      i       i       i      i i          i u 
200                600               1000 1400 
Photon Flux Density (unol trf2 B-h                 J 

Fig. 3.2  Net photosynthesis of Easter lily leaves in response to 

photon flux density (400-700 nm).  Measurements were 

made between 1330 and 1430 solar hr on the apical 15th 

leaves on June 9 (•) and on July 17 (*). 

N3 
oo 



29 

Fig. 3.3 Net photosynthesis of the apical 5th (upper) and 25th 
(middle) leaves between June 5 and August 30 as 
affected by deflowering treatments.  The arrow indi- 
cates the time of full bloom in intact plants. 
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Discussion 

These results support previous work that removal of lily flower buds 

at a later date was more effective in increasing bulb yield than 

earlier deflowering (16, 20).  Removing flowers on May 13 when they 

were only 1.0 cm in length reduced internode elongation so much that 

the leaves in the upper part of the shoot were not well separated 

(Fig. 3.1), causing mutual shading. Moreover this treatment also 

reduced leaf area and probably lowered C02 assimilation of the upper 

leaves since it reduced net photosynthesis of the 5th leaf through- 

out the study.  The above factors may have greatly diminished the 

production of photoassimilates as suggested by the reduction in 

whole plant dry weight.  However, these plants partitioned a larger 

fraction of assimilate to bulb growth than intact plants preventing 

a decline in bulb yield. 

Deflowering on June 2, at a bud length of 3.5 cm, reduced the 

final length of the upper stem mostly through reduced growth between 

the top node and pedicel insertion (Fig. 3.1). The spacing between 

both the upper and lower nodes were similar to that of control 

plants and light interception by leaves and whole plant photosynthe- 

sis may not have been affected. However, net photosynthesis of the 

5th leaf was lower for a period which corresponded to bloom in 

controls. Preventing the inflorescence from developing may have 

increased the availability of assimilate to other plant parts. An 

Easter lily inflorescence with 4 flowers consumes more than 8 g of 

dry matter during its development (19).  Although plants deblossomed 
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in June produced as much dry matter as intact plants, they parti- 

tioned a larger fraction to the bulb. Since bulb growth was 

enhanced when there was likely more assimilate available , this 

suggests that growth of bulb scales may be limited by the supply of 

photosynthate. 

In many plant species assimilate accumulates to high levels in 

parts remaining after removal of major carbon sinks (6, 13). In 

this study, neither specific leaf weight nor stem weight per unit 

length responded to deflowering and root weight actually declined. 

Apparantly no plant parts other than bulb scales became a permanent 

alternate carbon sink upon excision of flower buds. 

Regardless of treatment, mother and daughter scales constituted 

60% and 40% of either fresh or dry weight of the whole bulb, 

respectively. This indicates neither of the two kinds of scales 

gained any growth adventage over the other after flower buds were 

removed. 

Developing Easter lily flower buds receive large amounts of 

current assimilate from leaves (19, Chapters 4,5). Removal of this 

large carbon demanding sink lowered the need for assimilate in the 

upper shoot and caused a reduction of net photosynthesis in leaf 5. 

Reducing the number of grains in wheat also lowered the net photo- 

synthesis of the supplying leaves, especially the flag leaf (10, 

14). This decreased photosynthetic rate was associated with 

decreased stomatal conductance and/or accumulation of carbohydrates 

in the leaves. In this study, specific leaf weight was not affected 

by deflowering and the cause for declined net photosynthetic rate is 
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not clear. Developing flower buds were some distance from leaf 25 

and were less dependent upon it for assimilate (Chapter 4). Hence 

net photosynthesis of the middle leaf was not affected by flower 

removal on either date. 

Unpublished data show that net photosynthesis of Easter lily 

leaves is closely associated with stomatal conductance. Other 

studies show this relationship and also that stomatal conductance 

decreased as leaf water potential declined (11, 21). The depression 

on photosynthesis in early August in lily may have resulted from 

lower stomatal conductance due to temporary water stress caused by 

high temperatures, above 30"C, during this period. The late season 

increase in photosynthesis was not due to decreased leaf area as 

was observed in potato (12), since only a few basal leaves, less 

than 5% total leaf area, were dead at harvest. 

Normal elongation of the stem and pedicels  required 

intact  flower buds.   Saniewski and De Munk (17)  found that  the 

tulip stem ceased  to elongate upon flower bud removal.  Similar 

results was also observed in narcissus (15).  However, application 

of  IAA,  but not GA, was able to restore normal stem elongation of 

deflowered plants (15, 17).  Lack of or reduced levels of hormones in 

the expanding Easter lily shoot after  flower bud removal may have 

caused it to cease growing. 

It was observed in this study that early deflowering caused a 

surprisingly high rate (81%) of premature sprouting, which in 

commercial fields can cause appreciable losses in salable bulbs. 

The lily daughter bulb is a lateral bud and its response to removing 



34 

terminal flower buds is equivalent to the release of apical 

dominance when a stem apex is excised. Changes in hormonal levels 

in the bulb may have contributed to the increased premature 

sprouting. Further investigation is required to elucidate the 

relationship between premature sprouting and endogeneous hormonal 

levels after early flower bud removal. 
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Chapter 4 

Partitioning of   C-assimilate in the Easter Lily as Affected by 

Growth Stage and Flower Removal 

Abstract 

Bulb growth in Easter lily, Lilium longiflorum Thunb., is 

reduced during flowering, and deflowering can improve bulb yield To 

examine this, either the 5th (upper) or the 25th (middle) leaf of 

both intact and deblossomed 'Nellie White' plants, with 40-45 leaves 

and 2 flowers, were exposed to 1 C02 when the first flower bud was 

3.2 cm long ( 3 weeks before anthesis). or when it reached anthesis. 

Flowers were removed 24 hr prior to exposure and plants harvested 24 

hr after. The leaves of intact plants were also exposed to CO,, 

after flowers senesced, 5 weeks after anthesis. At the bud stage, 

flowers received 47% and 12% of C translocated from leaf 5 and 25, 

respectively, whereas the bulb received 5% and 52%. Flower bud 

removal increased the fraction in the bulb to 52% (leaf 5) and 63% 

(leaf 25). At anthesis, flowers obtained 78% (leaf 5) and 65% (leaf 

14 25) of translocated  C-assimilate, over 95% of which was in the 

14 second  flower bud.   Less than 5% of the   C from either leaf moved 

to the bulb in intact flowering plants,  but upon deflowering the 

bulb received 26% and 59% of the labeled assimilate from leaf 5 and 

25, respectively.  Five weeks after anthesis, nearly 85% of the  C- 

14 assimilate  from either leaf was in the bulb.  The fraction of   C 

moving into the daughter bulb increased from less than 10% 3 weeks 
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before to over 50% 5 weeks after anthesis. Regardless of growth and 

flower removal treatment, daughter scales always had 2-12 fold 

14 higher specific  C-activity than mother scales.  Much of the cur- 

rent assimilate from the upper half of the lily shoot moves to 

flowers, but upon deflowering a large fraction is made available for 

bulb growth. 



39 

Introduction 

Easter lily has many underground scales which store large 

amounts of food reserves, primarily starch (8). Following harvest 

and replanting of the bulb, reserves in the older outer scales are 

depleted to support the initial growth of the emerging shoot (1, 10, 

11). Apparently when the production of assimilate in the developing 

shoot exceeds its own demand, the remaining old scales and newly 

emerged daughter scales begin to receive significant amounts of 

current assimilate (5). 

A C-labeling study showed that the developing tulip flower is 

a large drain on newly fixed carbon and that the bulb received a 

greater share of translocated C after the terminal flower had 

fully opened (5). The Easter lily bulb gains little dry matter 

during flower bud development (11). Since lily flowers are large 

carbon sinks (13), bulb growth during flower development may be 

limited by an inadequate supply of assimilate. 

It has been suggested that early removal of lily flower should 

enhance bulb yield (2). And as shown in Chapter 3, removal of 

lily flower buds when they were 3.5 cm long increased final bulb 

weight. This suggests that during the 3 months between deblos- 

soming and bulb harvest, more current assimilate was partitioned to 

the bulb. However, there is no direct evidence on changes in assi- 

milate partitioning in lily immediately after flower removal. 

Assimilate from a given leaf is partitioned in different 

patterns  during plant development due to the changing carbon demand 
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of receiving organs (7, 9). Easter lily has an extended shoot and 

major carbon sinks at each end of the stem. It is unclear to what 

extent leaves at different nodes in lily supply photosynthate to 

these and other plant parts* 

The objectives of this study were to describe the translocation 

patterns of current assimilate from both an upper and mid-shoot leaf 

of Easter lily at different developmental stages, and to determine 

whether flower removal immediately increased the proportion of cur- 

rent assimilate available to the developing bulb. 
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Materials and Methods 

'Nellie White' yearling bulbs 10-13 cm in circumference were 

planted in 15 cm clay pots on October 21 using a mixture of equal 

volumes of fine bark, pumice and silt loam. Plants were placed in a 

cold frame at a density of 40 per m . Irrigation and fertilization 

were described elsewhere (Chapter 3). 

The plants produced 40-45 leaves and 2 flowers. When the first 

flower averaged 3.2 cm in length (June 28) and 3 weeks later when it 

reached anthesis (July 22), all flowers and/or buds were cut off at 

the junction of the flower and pedicel. Other plants were left 

intact. Bleeding at the cut surface had ceased by the time plants 

were exposed to 14C02 the following day. When the first flower 

reached anthesis, the second flower bud was 4-5 days from opening. 

On each date CO2 was introduced to either the apical 5th 

(upper) or the 25th (middle) leaf of 5 deblossomed or 5 intact 

plants each.  On August 26,  after flower senescence,  C02 was fed 

to the 5th or 25th leaf of each of 5 intact plants. 

14 Leaves were exposed to  CO^ by inserting them into  separate 

polyethylene bags along with a 10 ml beaker containing a piece of 

filter paper previously treated with 0.1N NaOH,  holding 20 uCi of a 

solution of NaH CO. (6.5 uCi umol  )•  The bag was sealed with tape 

and 1.5 ml of 50% phosphoric acid injected into the beaker.  Plants 

were held in a 50% shade lathhouse to reduce heat accumulation in 

the bag.  After 1 hr, the bag was removed and the plants were 

returned to the cold frame. 
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Plants were harvested 24 hr after the introduction of C0_ and 

divided into: flowers (if present); 3 shoot sections, above the 

apical 5th node which included the pedicels (upper), between the 5th 

and 25th nodes (middle), and below the 25th node (lower); mother 

scales; daughter scales; and roots (both basal and stem roots). The 

basal plate was pooled with its respective portion of the scale since 

residuals of scales were still attached. Stem bulblets, which were 

found on only 2 plants in August and weighed less than 15% of the 

dry weight of daughter scales, were combined with the daughter 

scales. The leaf exposed to  C02 was discarded. 

Plant parts were dried at 650C for 72 hr, weighed and then 

ground  to  pass a 40-mesh screen.  Between 100 and 200 mg of each 

14 sample was combusted in a Packard Tricarb Oxidizer and   C-activity 

determined with a Beckman LC-3100 Liquid Scintillation Counter upon 

14 correcting for quenching.  The  C-activity in each plant part was 

14 expressed as percent of the total  C recovered in the whole plant. 

No correction for respiratory loss of  C was attempted. 

Due to the large variation in the amount of recovered  C among 

treatments and developmental stages, comparisions of specific   C- 

activity (dpm/mg dry weight) are only made among plant parts within 

a treatment at a given developmental stage. 
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Results 

Changes in dry weight. Plant dry weight increased by more than 

10 g over the 2 month experimental period (Table 4.1). Flower dry 

weight increased nearly 6 fold between the 3 cm bud stage and 

anthesis. Although the lower and middle shoot sections accumulated 

74% and 80% of their final dry weight 3 weeks before anthesis, the 

upper section had gained only 30%, but it grew rapidly during the 

next 3 weeks. 

Accumulation of dry matter in both mother and daughter bulb 

scales was much greater after than before anthesis (Table 4.1). Bulb 

scales accounted for about 80% of the dry weight accumulated by the 

whole plant during the 5 weeks following anthesis. Root weight did 

not change during the study. 

Partitioning of translocated C-assimilate. Flowers always 

received a larger fraction of the C mobilized from leaf 5 (upper) 

than from leaf 25 (middle). The fraction of C-assimilate 

translocated to flowers from either leaf was higher at anthesis than 

3 weeks earlier (Table 4.2). When opened flowers and buds were 

analyzed separately at anthesis, over 98% of the C recovered in 

the inflorescence was in the bud (data not shown). 

Prior to anthesis, a greater fraction of the radioactivity from 

leaf 5 than from leaf 25 was recovered in the shoot of intact plants 

(Table 4.2).  In all plants,  over 55% of the  C in the  shoot was 

located in the section immediately below the treated leaf node. 

14 Flower  removal  before anthesis reduced the   C in the  shoot  from 



Table 4.1     Dry weight  of Easter  lily plants before,   after and when  the  first   flower reached 
anthesis. 

Dry weight   (g) 

Shoot Bulb 

Time  from Mother      Daughter 
anthesis Flower    Upper      Middle      Lower        scale scale Root       Total 

3 weeks before 0.41a    0.55a 2.28a      2.68a       7.10a 

At  anthesis 2.50b     1.76b 2.66b       2.90ab     7.46b 

5 weeks  after — 1.89b 3.08c       3.34bc    9.16c 

Mean separation within columns by Duncan's multiple  range  test,  5%  level. 
^Dry weight  of  flowers, which' amounted to  approximately 2.8 g per plant,  not  included. 

0.55a 2.78a 16.33a 

1.38b 2.85a 21.51b 

4.65c 2.89a 25.01cy 



Table 4.2 Percent of translocated ^C-activity in intact and deblossomed Easter lily plant 
parts  24 hr after introduction of -"-^CC^ to single leaves at either the 5th or t the 25th 
node from the top 

Distribution of 14C (%) 

Shoot Bulb 

Time  from      Leaf exposed Mother Daughter 
anthesis              to 1*002 Treatment Flowers Upper Middle Lower Total scale scale Total Root 

3 weeks  before 5 .  +z 46.6ay 10.8a 27.3a 6.0b 44.1a 3.5c 1.2b 4.7c 4.6b 
5 - 5.3b 16.6b 8.4b 30.0b 43.6b 8.8a 52.4b 17.4a 

25 + 11.7b 3.1b 6.9c 15.5a 25.5b 44.9b 8.2a 53.0b 9. Sab 
25 - 2.8b 11.6bc 14.6a 29.0b 54.6a 8.5a 63.4a 7.6ab 

At  anthesis 5 + 78.4a 15.5b 4.4b 1.3c 21.2b 0.2b 0.1c 0.3c 0.1b 
5 - 32.7a 18.0a 8.9b 59.7a 13.4a 13.5b 26.9b 13.4a 

25 + 65.2b 16.7b 4.9b 4.4bc 26.0b 1.9b 3.0c 4.9c 3.9b 
25 - 4.7c 6.3b 17.2a 28.2b 19.9a 39.4a 59.3a 12.5a 

5 weeks   after 5 +x 1.3a 5.4a 6.2a 12.9a 32.9a 52.6a 81.8a 5.3a 
25 +x 0.1b 0.7b 8.6b 9.4a 29.7a 52.1a 85.4a 5.2a 

z, +", flowers intact; "-", flowers removed. 
yMean separation within columns and dates by Duncan's multiple range test, 5% level. 
xFlowers had senesced by the time ^cc^ was pulsed. 
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leaf 5, reaching a level similar to that from leaf 25. However, 

when flowers were removed at anthesis, 60% of the C-assimilate 

from the upper leaf was recovered in the shoot compared with 21% in 

intact plants. In both instances over half of the C-activity in 

the shoot was in the upper section. The percent of C from leaf 25 

which accumulated in the shoot was not altered by flower removal, 

but its distribution along shoot was reversed by deflowering at 

anthesis. For example, in intact plants 17% of the C was in the 

upper and 4% in the lower shoot, whereas in deflowered plants it was 

5% and 17%, respectively. The middle shoot section of both plants 

contained a similar fraction of the recovered radioactivity. The 

shoot declined as a sink after anthesis, receiving less than 13% of 

the 14C-activity translocated from either leaf. 

Three weeks prior to anthesis, the bulb of intact plants 

received only 5% of the labeled assimilate from leaf 5, but over 50% 

of that from leaf 25 (Table 4.2). Flower removal enabled the bulb to 

acquire a 10-fold greater fraction of C-photosynthate from the 

upper leaf but only a small increase of that from leaf 25. At this 

stage, over three-fourths of the C recovered in the bulb was in 

mother bulb scales. At anthesis, the bulb of intact plants received 

a very small fraction of the C-activity translocated from either 

leaf.  However, in the deflowered plants, the bulb obtained 59% and 

27% of  the  labeled assimilate from the middle and upper  leaf, 

14 respectively.  The accumulation of   C by the daughter bulb at 

anthesis was equal or greater than that of the mother bulb.  Five 

weeks  later,  after flower senescence,  over 80% of  the mobilized 
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radioactivity from either leaf was in the bulb, with more than two- 

thirds of this in the daughter portion (Table 4.2). Generally, flo- 

wer removal increased the fraction of  C recovered in the roots. 

14 14 Specific   C-activity.  The specific  C-activity in flowers 

was much higher than that in any other plant part (Table 4.3).  Prior 

14 to and during flowering, specific  C-activity was generally highest 

in the upper shoot section and decreased basipetally.  Five weeks 

after anthesis,  the specific  C-activity of shoot tissue above the 

node of  the labeled leaf was extremely low.  Daughter scales had 

between 2  to 12 fold higher specific radioactivity than  that of 

mother scales. 



Table 4.3  Specific l^C-activity in intact and deblossomed Easter lily plant parts 24 hr after introduc- 
tion of l^CC^ to single leaves at either the 5th or the 25th node from the top. 

;af exposed 

Specific ■^C-activity   (dpm/mg dry weight) 

Shoot Bulb 

Time  from        Lc Mother Daughter 
anthesis to 14C02 Treatment Flowers Upper Middle Lower scale scale Root 

3 weeks  before 5 
z 

+ 815 9 a7 1398b 1228b 123c 33c 188c 95c 
5 - 1071b 820b 255c 749bc 1719a 694bc 

25 + 3217a 696c 385 c 306c 909c 1871b 419c 
25 - 112b 114b 192b 372b 872a 172b 

At  anthesis 5 + 3541a 875b 182c 37c 3c 12c 3c 
5 - 1515a 620bc 255d 185d 968b 360cd 

25 + 2606a 1006b 198c 216c 37c 407c 205c 
25 - 204b 199b 471b 190b 2250a 330b 

5 weeks  after 5 +x 50c 152b c 153bc 225b 1208a 164b 
25 +x 2c 14c 149b 243b 712a 108b 

"+", flowers intact; "-", flowers removed. 
Mean separation within rows   Duncan's multiple range test, 5% level. 
Flowers had senesced by the time ■'■^002 was pulsed. 

oo 
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Discussion 

Easter lily flower buds had an extremely high sink activity, as 

indicated by the high specific C-activity, and attracted large 

fractions of C-assimilate moved out of source leaves* It was 

previousely found that the bulb ceased to lose dry weight when 

flower buds became visible, suggesting the bulb reserves were no 

longer needed for shoot expansion after this developmental stage 

(11). Lily flowers were only slightly labeled in a study following 

the mobilization of C-reserves from the bulb during regrowth 

(Chapter 5). These results suggest that developing lily flower buds 

are highly dependent upon current assimilate rather than on scale 

reserves. Growth of the tulip flower was also shown to rely on 

newly fixed carbon (5). Elimination of terminal developing flower 

buds immediately increased the proportion of translocated photosyn- 

thate available to bulb growth (Table 4.2).  Flower removal very 

effectively redirected the flow of photoassimilate at anthesis show- 

14 ing by the increased specific  C activity in bulb scales, demons- 

trating that the translocation stream is sensitive to sink regula- 

tion. 

Harris and Jeffcoat (3) showed that the fraction of C- 

assimilate imported by a solitary terminal carnation flower bud 

increased as the bud enlarged, reaching a peak as the flower started 

to open, then fell to very low values when senescence began. The 

fraction of labeled assimilate transported to lily flower buds also 

increased  as they developed (Table 4.2), but insufficient  sampling 
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prevented a detailed description of assimilate import with ontogeny. 

It was reported that lily flower buds cease to accumulate dry 

matter shortly before anthesis (13). This is supported by the 

limited import of labeled assimilate by open flowers compared to 

that by flower buds. Since the second flower opened 4-5 days after 

the first, the supply of photosynthate to the bulb likely increased 

soon after anthesis. During the 5 weeks following anthesis, 80% of 

the dry matter that accumulated in the plant was partitioned to the 

bulb, matching the fraction of  C received in the bulb upon the 

'       1 / 

last exposure to   C02.  This suggests that the translocation 

pattern observed 5 weeks after anthesis may have been established 

much earlier. 

Although the apical meristem of the daughter bulb is known to 

initiate scale primordia shortly after shoot emergence (1),  it was 

14 still quite small when plants were exposed to  C02 3 weeks prior to 

anthesis (Table 4.1). At this time, daughter scales were unable to 

draw much C-assimilate even when the carbon supply to bulb was 

greatly enhanced by flower removal. Routine examinations of field- 

grown bulbs in April and May suggest that partitioning of 

assimilate to the new daughter bulb is limited by the number of 

scales. When the number of scales are greater as in so-called 

"double nose" bulbs which contain 2 new daughter bulbs, the amount 

of assimilate partitioned to daughter scales is increased since each 

twin bulb equals the weight of a normal, single daughter bulb. 

The daughter bulb accumulated more dry matter than the mother 

bulb  during the 3 weeks prior to flower opening (Table 4.1).  even- 
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though it received a smaller or equal fraction of C than the 

mother bulb, at the begining and/or end of this period (Table 4.2). 

This suggests that growth of the daughter bulb before anthesis is 

not only dependent upon current assimilate, but also on a supply of 

dry matter from elsewhere, most likely, the mother scales. This is 

supported by the detection of high specific C-activity in the new 

daughter bulb following the remobilization of labeled reserves 

in the mother scales (Chapter 5). Ho and Rees (A, 5) showed that, 

during flowering in tulip,  growth of the daughter bulb was almost 

completely supported by reserves from mother scales. 

14 The fraction of  C recovered in a shoot section at anthesis 

was partially dependent upon whether it was part of the pathway that 

carried C-assimilate to the flower or bulb. For example, high 

level of C-activity from either leaf of intact plants being re- 

tained in the upper shoot section was probably due to the C in the 

translocation stream moving toward the developing flower buds. At 

anthesis, the 18% C in the shoot sections immediately below the 

exposed leaf of deflowered plants, i.e., middle (leaf 5) and lower 

(leaf 25) sections, may have been the result of C either moving 

along the translocation stream and/or moving out of the transport 

stream into adjacent stem tissue. Even if the stem did accumulate 

some   C-assimilate upon flower removal at anthesis,  this response 

may have been temperary since the shoot no longer accumulated   C 

14 when exposed to  CO- after  flowers had senesced. 

When flowers were removed at anthesis, the upper shoot section 

received a larger fraction of translocated-  C from leaf 5 but  not 
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from leaf 25. This demonstrated that the growing upper shoot was 

better able to compete for assimilate from upper leaves that 

previously was destined for flowers. 

Unlike onion scales (6), both tulip (5) and Easter lily bulb 

scales are less able to compete with developing inflorescences for 

currently fixed carbon, especially that derived from upper leaves. 

Since the lily bulb was capable of acquiring a much larger fraction 

of C-assimilate upon flower removal, bulb filling during flower 

development is likely limited by the supply of current photosyn- 

tha te. 



53 

Literature Cited 

1. Blaney, L.T. and A.N. Roberts. 1966. Growth and development of 
the Easter lily bulb. Proc. Amer. Soc Hort. Sci. 89:643-650. 

2. Blaney, L.T. and A.N. Roberts. 1967. Bulb production, p.23-36. 
In:  D.C Kiplinger and R.W.  Langhans  (eds.).  Lilies. The 
culture, diseases,  insects and economics of Easter lilies. 
Cornell Univ., Ithaca, N.Y. 

3. Harris, G.P. and B. Jeffcoat. 1972. Distribution of ^C-labeled 
assimilates in flowering carnation plants. J. Hort. Sci. 47:25- 
35. 

4. Ho,  L.C.   and A.R.  Rees.  1976.  Re-mobilization and 
redistribution of reserves in the tulip bulb in relation to new 
growth until anthesis. New Phytol. 70:59-68. 

5. Ho,  L.C.  and A.R.  Rees.  1977.  The contribution of current 
photosynthasis  to growth and development of  tulip during 
flowering. New Phytol. 78:65-70. 

14 6. Khan,  A.A.  1981. Studies on the translocation of  C-labeled 
photosynthates in onion. J. Hort. Sci. 56:113-116. 

7. Khan, A.A.  and G.R.  Sagar.  1969.  Changing patterns of 
distribution of the products of photosynthesis in the tomato 
plant with respect to time and to the age of leaf. Ann.  Bot. 
33:763-779. 

8. Matsuo,  T. and T. Mizuno. 1974. Changes in the amounts of two 
kinds of reserve glucose-containing polysaccharides during 
germination of  the Easter lily bulb.  Plant  Cell Physiol. 
15:555-558. 

9. Ong, C.K. and C. Marshall. 1975. Assimilate distribution in Poa 
annua L. Ann. Bot. 39:413-421. 

10. Roberts,  A.N.,  Y.T.  Wang, and F.W. Moeller. 1983. Effect of 
pre- and post-bloom temperature regimes on development of 
Lilium longiflorum Thunb. Scientia Hort. 18:368-379. 

11. Wang, Y.T. 1981. The influence of air and soil temperatures on 
the  growth  and  development  of  Easter  lily,  Lilium 
longiflorum, during different growth phases. M.S. Thesis. 
Oregon State Univ., Corvallis. 

12. Wang,  Y.T.  and A.N. Roberts. 1983. Influence of air and soil 



54 

temperatures on the growth and development of Lilium 
longiflorum Thumb, during different growth phases. J. Amer. 
Soc. Hort. Sci. 108:810-815. 

13. Wang, Y.T. and P.J. Breen. 1984. Respiration and weight changes 
of Easter lily flowers during development. HortScience 19:702- 
703. 



55 

Chapter 5 

Distribution,  Storage and Remobilization of   C-assimilate  in 

Easter Lily 

Abstract 

To determine the distribution of photoassimilate during scale 

filling and remobilization of reserves after replanting the bulbs, 

whole shoots of Easter lily (Lilium longiflorum Thunb. cv. Nellie 

White) were exposed to 1 C02 25 days after anthesis and on 3 addi- 

tional dates at 2 week intervals. When harvested 7 days after each 

of the exposures, about 20% of the total recovered C remained in 

the shoot (including the stem roots), 10%-27% in stem bulblets, and 

50%-65% in the main bulb. About 2/3 of the radioactivity in bulb 

was in the daughter portion, of which 40% was in the middle group of 

bulb scales. In late summer, bulbs were harvested from plants 

exposed to C02 4 times and stored for 3 months, then 

replanted. Mother scales lost dry weight and C from the outer 

toward the inner scales, and were nearly depleted by the time all 

leaves unfolded. Inner daughter scales obtained carbon from the 

mother bulb and their dry weight increased by 50% between harvest 

and replanting. Only 20% of the entire C lost from the mother 

scales was recovered in current shoot growth. Total C in the 

daughter bulb remained relatively unchanged between bulb harvest and 

3 weeks after anthesis the following year,  this was 2/3 of the   C 

originally in the bulb at fall harvest.   Growth of the new shoot 
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was initially dependent upon scale reserves, but was soon supplied 

by current photosynthate. 
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Introduction 

Easter lily has many underground scaly leaves, like other 

bulbous species, they are filled with food reserves during the last 

few months of each growing season (4, 14, 15, Chapter 4). A mature 

lily bulb has two kinds of scales: the mother scales, those formed 

in the previous year, and the daughter scales, those developed 

during the current season (4). Although bulb filling starts in the 

mother scales, during the second half of the filling period the 

daughter gains dry matter more rapidly than the mother bulb (15, 

Chapter 4). Since mother and daughter scales are initiated over a 

long period, scales at various positions may be filled at different 

rates and this pattern may change with time. 

The bulb becomes an independent entity after harvest in early 

fall. When growth is renewed after replanting, reserves in bulb 

scales are important to the growth of the expanding shoot (2, 10). 

The outer scales are depleted of dry matter during shoot expansion 

(15, 16). Scales differing in age and position may be depleted at 

different rates. However, no information is available on exactly 

from where and at what rate scale reserves are remobilized. 

In this study, shoots of Easter lily plants were exposed to 

14 
CCL  during bulb filling in order to determine the short and  long 

term distribution of labeled assimilate in the whole plant.   In 

addition,   C-labeled bulbs were used to follow the remobilization 

and distribution of scale reserves among various plant parts during 

the next growing season. 
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Materials and Methods 

Field-grown 'Nellie White' Easter lily plants from 15 cm 

yearling bulbs were dug intact on July 9, 1982 at the Pacific Bulb 

Growers0 Research and Development Station, Harbor, Oregon, and 

placed in individual 4-liter plastic containers. Plants were 

transported to Corvallis and grown in a shaded place for 10 days 

before being exposed to full sun. Flower buds had been removed by 

hand in late June. 

Plants were exposed to 14C02 on 4 occasions at 2 week 

intervals between July 22 and September 5.  A multiple  CO- feeding 

precedure was used to more evenly label scale reserves.  At each 

exposure, 80 uCi of  CO- was generated from NaHC03 in each of 4 

polyethylene chambers enclosing 9 plants . A fan mixed the atmo- 

sphere during the course of feeding.  Plants were allowed to photo- 

synthesize for 1 hr under 50% shading then returned to the growing 

site. 

On each of the first 3 dates,  5 unlabeled plants were also 

14 
exposed to  CO- as above.  These plants were harvested a week after 

feeding to determine the relative short term distribution of labeled 

assimilate.   At  harvest,  plants  were  washed free  of  soil  and 

separated into: shoot (with stem roots); the inner 10, middle 10 and 

outer mother  scales;  the outer 10,  middle 10 and  the  remaining 

daughter scales;basal plate ;  basal roots, and stem bulblets.  Five 

plants receiving multiple  CO- exposures were also harvested a week 

after the last exposure and separated as given above. 
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14 Bulbs from plants exposed to  C0„ 4 times were harvested on 

September 12, placed in polyethylene bags and stored at 180C.  These 

bulbs were replanted in 4-liter plastic containers on December  18, 

placed in a cold frame and harvested at irregular intervals until 

July 29, 1983.  Plant characteristics at each sampling are given in 

Table 5.1. 

Five plants were harvested at each sampling and bulbs separated 

as above. The shoot was divided into 3 sections: lower, first to 

12th node; middle, 13th to 30th node; and upper, above the 30th 

node. Basal and stem roots were combined. Plants produced an average 

of 60 leaves. The new daughter bulb, which was initiated before 

the March 15, 1983 sampling, was treated as a single part irrespec- 

tive of the number of scales formed. Stem bulblets were found on 

the last 2 harvests and were treated as separate fraction. A single 

plant selected at anthesis (July 8) was used to make an autoradio- 

graph. 

Plant parts were weighed after drying at 650C for 72 hr. The 

combustion and liquid scintillation counting procedures used to 

estimate C activity are described elsewhere (Chapter 4). Speci- 

fic C-activity was calculated as C-activity (dpm) in a given 

plant part divided by its dry weight (mg). 
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Table 5.1 Morphological characteristics of Easter lily at replanting 
and at each harvest during regrowth. 

Date Morphological characteristics 

1982 

1983 

December 18 

3 
March 15 

May 16 

June 17 

July 29 

Planting. All bulbs sprouted. 

12 leaves unfolded and new daughter bulb present. 

60 leaves unfolded; flower buds visible. 

First flower buds 4 cm in length. 

3 weeks after anthesis. 
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Results 

14 
C-assimilate distribution after anthesis.  Seven days after 

each of the 4 exposure dates,  about 20%-25% of the total recovered 

14 
C was in the shoot (including stem roots), 10%-25% in stem bulb- 

lets, and 50%-65% in the main bulb (Table 5.2). Approximately 2/3 of 

the C recovered in the bulb was in the daughter bulb. Of this, 

40% was in the middle group of scales (scales 11-20). The outer 

mother scales received much less labeled assimilate than the middle 

and inner groups of scales. The amount of C decreased stepwise 

from the middle group of daughter scales toward the outer mother 

scales. The basal plate and roots each acquired about the same small 

fraction of  C-activity. 

Dry weight changes during regrowth. Total plant weight declined 

after bulb harvest in September 1982, reaching a minimum in March 

(Fig. 5.1). By late July 1983, plants had doubled their weight at 

replanting and nearly 50% of the total weight was in bulb scales. 

Depletion of reserves in mother scales began after harvest in 

September (Fig. 5.2A). By the time of replanting, 3 months later, dry 

weight of the mother bulb had declined 25%, with losses in all 3 

groups of scales. The most rapid remobilization of reserves, mostly 

from middle and inner mother scales, occurred during the period of 

rapid shoot expansion, i.e., between mid-March and mid-May. All 

mother scales had disintegrated by June 17. 

As the weight of the mother bulb declined, that of the inner 

daughter scales increased by 50% between bulb harvest and replanting 
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Fig. 5.1'  Changes in the dry weight of bulb and whole plant 
from fall harvest until 3 weeks after anthesis the 
following year.  Differences between weight of 
plant and bulb in 1982 and early 1983 were due to 
other plant parts (i.e., shoot, new daughter bulb, 
stem bulblets and roots).  The arrow indicates the 
time of replanting. 
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Fig. 5.1     Dry weight changes in various plant parts from bulb 
harvest until 3 weeks after anthesis the following 
year.  A, mother scales.  B, daughter scales.  C 
newdaughter bulb (ND) and stem bulblets (SB).  D, 
root and basal plate (BP) .  E, shoot.  *, total.' 
•, outer scales or lower shoot.  O, middle scales 
or shoot.  □, inner scales or upper shoot.  Arrow 
indicates the time of replanting. 
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Table 5.2 The distribution of labeled assimilate among various plant 
parts 7 days following exposing the whole shoot to -^CC^. 

14C distribution   (%) 

H arvest 
st 

date 
Augu 

26 
st Septe 

12 
Plant part July 

29 
AugU 

12 
mber 

Shoot 24. .2by 22. .lb 23. ,9b 21. .lb 

Stem Bulblets 10, .1c 18, .lb 21. .4b 27, .2b 

Bulb 65. .7a 59. .8a 54. .7a 51, .7a 

Mother scales 

Outer 4.2c 1.2d 1.2e 3.2d 

Middle 14.3b 6.5cd 9.3cd 10.3c 

Inner 12.6b 10.7c 13.5bc 13.1bc 

Daughter scales 

Outer 18.6b 19.7b 17.1b 15.3b 

Middle 27.0a 30.4a 24.9a 24.0a 

Inner 17.5b 22.5b 20.4ab 23.8a 

Basal-plate 3.4c 5.5cd 6. Id 4.4d 

Roots 2.4c 4.5cd 7.5d 5.9d 

14 Plants exposed to  CO2 4 times. 
Mean separation within columns by Duncan's multiple range test, 5% 
level. 



Table 5.3  Amount of  C-activity in various Easter lily plant parts from bulb harvest (September 
12) until 3 weeks after anthesis (July 29) the following year. 

14C-activity   (nCi) 

September December March May June July 
Plant part 12 18 15 16 17 29 

Whole plant 6179aZ 6379a 5519b 4639c 4785c 4590c 

Mother  scales 1644a 1231b 834b 204c 
Outer 198a 172 a 28b 
Middle 636a 4 7 Sab 331b 46c 
Inner 810a 581ab 475b 158c 

Daughter scales 3899a 4708a 4222a 3837a 4090a 3979 a 
Outer 945ab 1142a 86 lab 677b _ 1037a 
Middle 1483a 1633a 1501a 1480a _ 1629a 
Inner 1471a 1933a 1860a 1680a — 1313a 

Basal Plate 272a 287a 265a 181ab 140b 92b 
Root 364a 134b 99b 172b 171b 128b 
Shoot - 19 a 99b 231c 327c 262c 

Lower _ 19 a 88b 97b 128b 101b 
Middle - _ 11a 74b 80b 69b 
Upper _ _ - 60a 119b 92ab 

New daughter bulb — — - 14a 57b 124c 
Stem bulblets — — — — — 9 

Mean separation within rows by Duncan's multiple range test, 5% level. 

ON 
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(Fig. 5.2B). The weight of each of the 3 groups of daughter scales 

did not change between replanting and the onset of rapid shoot 

growth in March. The 2 inner groups of daughter scales started to 

gain dry weight after mid-March and the daughter bulb grew rapidly 

after mid-June. 

The shoot did not grow significantly until 12 leaves had 

unfolded (Table 5.1, Fig. 5.2E). The lower shoot section approached 

its maximum weight by the time flower buds were visible, whereas the 

middle section continued to gain dry matter throughout the study. 

However, the majority of dry matter accumulated in the shoot between 

mid-May and late July was due to growth above the 30th node, which 

included the inflorescence. 

Root weight remained constant between planting and onset of 

rapid shoot growth, then increased and reached a maximum during stem 

elongation (Fig. 5.2D). Much of the increase in root weight was due 

to the growth of stem roots. Weight of the basal plate did not 

change. 

The new daughter bulb began to accumulate dry matter actively 

after all leaves had unfolded in mid-May (Fig. 5.2C). Stem bulblets 

also started to grow soon after this time. 

C distribution during regrowth. The C content in the whole 

plant began to decline after replanting as stem elongation had 

started (Table 5.3). It decreased until all leaves had unfolded in 

May, then remained constant thereafter.  Generally,  C-activity was 

highest in the inner daughter scales and decreased toward the  outer 

mother scales.  Radioactivity in the mother scales fell continuose- 
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ly after bulb harvest and the loss was nearly complete by the time 

all leaves unfolded (Table 5.3). Total depletion of C-reserves 

occured first in the outer mother scales followed by middle and 

inner scales. The amount of C-activity in the daughter scales did 

not change significantly during the 11 months following fall har- 

vest. However, their weight did increase between fall harvest and 

replanting. 

The lower and middle sections of the shoot ceased to accumulate 

14 
C after March 15 and May 16, respectively (Table 5.3).  The upper 

shoot continued  to acquire labeled assimilate until mid-June when 

the flower buds and pedicels started to expand rapidly.  At this time, 

the whole shoot had 8% of the total recovered  C, which accounted 

for about  20% of the  C in the mother scales at bulb harvest  the 

previous fall. 

Fig. 4 shows an autoradiograph of a plant at anthesis. Mother 

scales are not present since they had completely decomposed. The 

outer 20 daughter scales were heavily labeled. C-activity de- 

creased as the order of scales increased further. Labeling of the 

shoot declined with distance from the bulb, however, radioactivity 

was detected in all flowers. 

The new daughter bulb continued to accumulate C-assimilate 

from its appearance in late March until final sampling, but it 

acquired a very small fraction of recovered radioactivity (Table 

5.3). Stem bulblets were essentially unlabeled. 

Changes in specific —.C-activity during regrowth. Generally, 

specific   C-activity decreased in plant parts as a consequence of 
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Fig. 5.3 Distribution of -"-^C in an Easter lily plant 
at anthesis.  DS, old daughter scales.  NDS, 
new daughter scales.  SR, stem root.  BR, 
basal roots. 
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14 Fig.   5.4     Changes   of  specific       C-activity  in plant  parts   from bulb 
harvest until 3 weeks after anthesis the following year. 
MS, mother scales.  DS, daughter scales.  S, shoot. 
BP, basal plate.  R, roots.  ND, new daughter bulb. 
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weight gain during regrowth except in roots and basal plate (Fig. 

5.4).  In the mother scales, however, it remained constant before the 

scales decomposed completely.  Initially, the shoot and new daughter 

14 bulb each had a high  C concentration, but the level dropped to the 

same low value as that in roots by the last harvest.  Specific  C- 

activity in the daughter bulb declined more gradually, but that in 

the basal plate and roots decreased dramatically during regrowth. 
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Discussion 

For those plants harvested a week after a single or multiple 

14 exposure to  CO2, three-quarters of the recovered radioactivity was 

in the storage organs,  i.e.,  in the main bulb and stem bulblets 

(Table 5.2).  Similarly, 7 days after feeding 1 CO- to tulip leaves, 

74% of the retrieved  C was in the bulb (6).  The  ^C-assimilate 

was probably sent directly to the storage sites since a similar 

proportion was recovered in lily bulbs 24 hr after exposing a single 

leaf to CO2 one month after anthesis (Chapter 4). The young 

scales, i.e., the middle and inner daughter scales, were most active 

in receiving labeled assimilate, presumably converting them into 

stored materials (6, 13). Late summer root growth, also observed by 

Blaney and Roberts (4), allowed the root to receive a larger 

fraction of labeled assimilate near the end of the growing season 

(Table 5.2). 

By mid-March, when 12 leaves had unfolded, 5.5 g of dry matter 

had been lost from mother scales.  However, there was little recove- 

14 ry of  C-activity or increase in dry weight in any plant fraction 

other than daughter scales.  The inner daughter scales continued to 

grow even during bulb storage.   This growth was apparently at  the 

expenses of the reserves in mother scales since there was no other 

carbon source (Fig. 5.2A, 5.2B).  Mobilization of reserves from older 

to younger lily scales during storage was suggested by Matsuo et al. 

(11), after monitoring the ratio of dry to fresh weight of scales at 

various positions.   Tulip mother scales lose large amounts of dry 
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matter (25%-65%) during storage (1, 3, 5) due to their high respira- 

tion rate (7). Much of the dry matter lost from lily mother scales 

during storage may be also through respiration based on the prelimi- 

nary study of lily bulb respiration during filling (unpublished 

data). Mother scales were depleted centripetally, i.e., from the 

outer most scale toward the inner scales, as was also observed by 

Matsuo and Mizuno (12). The fairly constant specific C-activity 

of these scales suggests that the reserves were evenly labeled. 

After anthesis, bulb scales of lily (chapter 4) and tulip (6) 

are major sinks for leaf made photosynthate. At bulb harvest 

in fall, the supply of carbon from the lily shoot was cut off and 

the scales turned from a sink into a source, supplying assimilate 

for new growth elsewhere in the plant. Stored reserves were distri- 

buted to every plant part during regrowth.  The initially high 

14 specific   C-activity in the young shoot and new daughter bulb 

indicated that their early growth was heavily dependent upon scale 

reserves.  The total   C in the new daughter bulb was relatively 

small and it is not clear whether this carbon came from the mother 

and/or daughter  scales of the previous  season.  When  the  leaves 

14 developed into assimilate exporters,   C in all plant parts, except 

the mother bulb, was much diluted by newly fixed carbon (Fig. 5.4). 

Stem bulblets received little labeled assimilate, however, Blaney and 

Roberts  (4)  suggested that scale reserves could support bulblet 

growth if they were initiated early in the season.  Since stem 

bulblets accumulated a relatively large amount of current C- 

assimilate,  inhibition of their growth might make more photoassimi- 
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late available for bulb growth. 

Scale depletion had essentially ceased by the time all leaves 

unfolded as shown by the cessation in the decline of both dry matter 

and 1ZfC in the bulb (Fig. 5.2, Table 5.3). Since less than 25% of 

the C in the mother scales at bulb harvest was recovered in the 

newly developed parts at final harvest, most of the dry matter in 

the shoot comes from current assimilate. The dry matter accumulated 

in the shoot ,including the flowers, between May 16 and July 29 was 

not derived from reserves. This gives further evidence that flower 

growth is heavily dependent upon leaf photosynthesis rather than 

reserves (Chapter 4). In contrast to Easter lily, most of the 

reserves in Jerusalem artichoke tuber is used in the growth of new 

shoots (8, 9). 

Much of the increase in root dry weight was due to very rapid 

growth of stem roots after 25 leaves had unfolded and before anthe- 

sis (4, 16). This is in contrast to tulip where all root growth is 

between replanting and shoot emergence, making it very dependent upon 

the reserves in mother scales (3, 6, 7). Drying and decomposition 

of the older basal lily roots and, possibly, loss of labeled assimi- 

late through respiration and export contributed to the reduced C 

recovered from the roots (Table 5.3). The enormous reduction of the 

specific C-activity in roots (Fig. 5.4) and only slight labeling 

in the stem roots, as shown in the autoradiograph (Fig. 5.3), indi- 

cate that current photosynthate instead of scale reserves supported 

root growth. 

This  study shows that 75% of the   C-activity in mother scales 
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at bulb harvest was not recovered in new growth. The loss may have 

been due to respiration of scales, shoot and roots, and remobiliza- 

tion of C-assimilate to roots but was not completely recovered. 

When bulb was harvested in late July, about 60% of the dry matter 

in the daughter bulb was contributerd by reserves in bulb at 

harvest the previous year. Nearly 67% of the C-assimilate in the 

bulb at harvest in the fall was still in the bulb in late July the 

following year. The majority (97%) of this was in daughter (now 

mother) scales which presumably would be available for new growth 

during the next growing season. 
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General Discussion and Conclusion 

Flowering in Easter lily has a profound effect on the distribu- 

tion of dry matter among plant parts. Developing flower buds are 

large, active carbon sinks which successively compete with bulb 

scales for current assimilates. Contrary to the suggestion that 

early removal of flower buds would allow maximum bulb yield, this 

study has shown that removing buds when they reached a length of 3 

cm improved yields, but removal at 1.0 cm did not. Higher yield 

resulted from partitioning of a larger fraction of dry matter to the 

bulb and, possibly, the maintenance of a normal canopy photosynthe- 

tic rate. Selecting a proper developmental stage to deblossom the 

lily crop may be crucial to increasing average bulb size in produc- 

tion fields. If this is -done too early, bulb size will likely not 

increase but, more importantly, a high percentage of bulbs may 

sprout prematurely, causing severe losses in salable bulbs. 

Bulb scales received a greater fraction of labeled assimilate 

immediately following flower bud removal. Since final bulb weight 

also increased upon removing flower buds at 3 cm long, this suggests 

that greater partitioning of assimilate to the bulb persisted for 

some time after disbudding. 

Initial growth of the new daughter bulb was shown to be depen- 

YlO't 
dent upon scale reserves. The young daughter bulb was A able to 

acquire the additional assimilate made available by disbudding until 

a certain stage was reached. This stage probably coindided with the 

macroscopic appearance of flower buds,  which accompanied the sessa- 
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tion of dry matter loss from old bulb scales. Results from this 

study suggest that bulb growth is limited by the supply of photosyn- 

thate during the filling period, which starts soon after flower buds 

are visible. 

It was rather suprising to find that only 20% and 5% of the  C 

lost from the mother scales was recovered in the flowering shoot and 

14 new daughter bulb, respectively. Much of the remaining  C-reserves 

may have been lost through respiration.  Compared to other plant, 

the Easter lily is less efficient in using the bulb reserves during 

regrowth the following season.  Nearly 65% of the  C-assimilate at 

fall bulb harvest was still present when bulbs were harvested in 

June the following year.  Presumably a portion of which would be 

available for shoot growth during the next growing season. 

In their natural habitat,  lily plants are often found to grow 

under partial shade.  This study shows that lily leaves were 60% 

photosynthetically efficient under light at photon flux  density 

-2 —1 only 150 uE m  s  , which is the light level on a cloudy day in 

summer.  This characteristic gives Easter lily an advantage when 

grow under reduced light,  such as under the fog and  clouds  that 

frequently occur in the Oregon-California production area during 

summer. 
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