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Abstract

The concept of a dynamic and deterministic modd (DOCIS) was developed to smulate
post havest deveopment of an inflorescence during vese life based on carbohydrate
content a havest. The modd was patly parameterized usng lily ‘Enchantment’. The
inflorescence as a system was defined by the date variables the carbohydrate poal,
dructura biomass and development stage of esch floret in the inflorescence and the
carbohydrate pool in the stem. An additiond auxiliary state variable was used to describe
whether a floret is dive or dead due to shortage of carbohydrate supply. The modd is
temperature driven. It is assumed that the available carbohydrates are distributed among
the floret(bud)s proportiond to their total snk strengths. An osmotic pool of the peta
cdls is included which is trested as an independent sink. By priority, carbohydrates
imported by a floret are used for maintenance respiration. Didribution of avalable
carbohydrates among the osmotic and the non-osmotic (subdtrate available for structura
biomass production) pool was assumed to be proportiond to the sink strengths of both
pools. Sink drength was defined as the capacity to accumulate carbohydrates under
conditions of non-limiting carbohydrate supply.

Avalable carbohydrates did not influence osmotic potentid of petd juice (vacuolar
solution) a a certan development stage. The resulting concept of constant osmotic
potentid makes it possble to predict floret fresh weight (Sze), an important aspect of
decorétive value.

1. Introduction

As regards carbohydrates cut flowers relies on their presence a harvest due to the
low light intendties during dorage, trangport and a the consumer. In many <Sudies
(Berkholst, 1989; Berholst and Gonzales, 1989; Van Doorn et al., 1991) the role of starch,
sored in the petals of roses, has been emphasized and is supposed to determine successful
flower opening. However, the starch levels messured in rose petdls a the cutting Stage are
a mogt sufficient to meet the demands of the petds for the first 48 h (Kuiper et al., 1995).
The beneficid effect of supplying sugars to cut flowers is wel known, dthough the
mechaniam of action of sucrose in extending vase life is poorly understood. Besides
petals, so leaves and stems of cut roses are important sources from which carbohydrates
are transported to the flowers (Marissen and La Brijn, 1995; Ichimura et al., 1999).
Decreasing the stem length of cut freesa inflorescence greetly reduced the increase in dry
weight and in total carbohydrates of the flower buds (Van Mesteren et al., 1995),
confirming the role of the stem as store of carbohydrates.

Leaves, stem and petas are not only urces of carbohydrates. To mantain normal
functioning of the tissue, they will use carbohydrates by respiration to counteract the
continuous degradation of proteins and ion concentrations (Thornley,1976;De Wit, 1978).
This ‘maintenance respiration’ is assumed to be related to the amount of tissue present,
especidly amounts of proteins and minerals. As a consequence larger or more developed
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flower(bud)s will have a higher mantenance respiration compared to smdl or less
developed flower(bud)s. However, smdl buds will use more carbohydrates by growth,
due to synthess of new sructural biomass and to achieve the osmoticaly derived turgor
pressure essential for expanson of the cdls. This need for growth is coupled to growth
rate and will diminish when flowers reach ther find sze.

The vaious florets within an inflorescence will compete for the avalable
carbohydrates. Ther actuad need for carbohydrates will be different, because they vary in
gze and in their deveopment stage. Shortage of carbohydrates will result in different
effects in florets of different development dages. It can lead to smdler florets, to
premature dead of the floret, or probably to enhanced senescence (Eason et al., 1997). All
mentioned effects result in a decrease of snk strength of the floret involved, which will
influence the actud didtribution of carbohydrates among the florets Also petds within a
flower differ in sze and development stage, and compete for avalable carbohydrates
(Marissen, 1991).

As result of the before-mentioned processes, the carbohydrate balance of a cut
flower behaves very dynamic. The find result will depend on amount of carbohydrates
present at severance from the intact plant, number of florets or petals present and their
individual devdopment dages, number of leaves and dem length. As maintenance
repiration and development rates are influenced by temperature, temperature after
havest will adso effect the find result. Smulation modeds ae powerful tools to
understand dynamic systems. If a mechanisic Smulation mode can be developed, which
predict the changes in carbohydrate balance in relation to development during vese life
based on measurable characterigtics at harvest, qudity of the cut flower can be (partly)
quantified usng these characteristics. Therefore we developed a conceptua mode about
cabohydrate baance related to development of an inflorescence during vese life. The
model was patly parameterized usng lily and caled DOCIS (Development and
Ornamentd vaue of Cut Inflorescence Simulator).

2. Materid and methods

2.1. Experimentd part

To obtan preiminary data some experiments are done with lily (Lilium L.) mid
century hybrid ‘Enchantment’ flowers. Bulbs (circumference 12 cm) were planted in
boxes (20 bulbs/box of 1Im x 1m) in climate rooms a 20°C, 70% RH and 16h light (219
mma- m?- s, HPl + SON/T). To investigate the effect of competition between individud
florets on dry weight accumulaion in the floret(bud)s, avalable amounts of
carbohydrates during growth were influenced. Therefore two different experiments were
caried out: a One bud at different postions within the inflorescence was left atached to
the plant, while al other buds were removed when they reached a length of about 1 cm.
Buds left a the plat were at pogition 1, 4, 5, 6 or 7; position 1 is the most basa (oldest)
podgtion. b By shading, plants were grown at 100% or 50% of the available irradiance in
the climate room. From dl treatments dry weight of flowers a postion 1, 4, 5, 6 and 7
was determined at anthesis.

To obtan data about osmotic potentids in vacuoles of petds under various
supplies of carbohydrates, cut flowers were placed in solutions of 1, 1.5 and 2% sucrose
(+ 50 mg- I DICA). All flower buds except one were removed a the Start of vase life at
dart of the experiment the flower buds left had development stage 0.3 (see 2.2.4). During
vase life buds were regular harvested and frozen (-20°C); three buds per treatment per
date. After thawing, sap was pressed out and osmotic potential measured by cryoscopy.

2.2. Concept of the model

The modd is dynamic and determinisicc and temperature driven. The
inflorescence as a system is defined by the following date varidbles: the carbohydrate
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pool in the stem and the carbohydrate pool, structurd biomass and development stage of
each floret in the inflorescence. Besdes the development stage as result of the genetic
program of the floret, an additiond auxiliary date variable is introduced to describe
whether a floret is dive or dead due to shortage of carbohydrate supply. It is assumed that
there is no shortage of water, nitrogen or other nutrients except carbohydrates.

2.2.1. Digtribution of carbohydrates among florets

In principal three different Strategies of didtribution control for carbohydrates can
be conddered: i) Firs dl the needs for carbohydrates of one floret(bud) will be fulfilled,
probably the most basd oldest bud; the remaining carbohydrates are available for the next
floret(bud) and so0 on, ii) The avalable carbohydrates are didributed among the
florets(buds) proportiond to their snk strengths, iii) All florets(buds) are supplied with
carbohydrates to fulfil their maintenance needs, theresfter, remaining carbohydrates can
be used for growth and storage of the various floret(buds). In most crop growth models,
the last strategy is gpplied.

In cae of the firg control mechanism, a constant limiting carbohydrate supply
will result in a cear difference between the weights and szes of the individud florets
within an inflorescence. The weight of the floret will be largely depended on its postion
within the inflorescence. Experimental results showed that there was no difference in find
dry weight between floretsbuds) a different postions when the amount of available
carbohydrates was varied during the growth of lily flower buds attached to the plant,
dther by varying the number of snks by removing floret buds (Fig. 1A), or by vaying
assmilation rae by different light intendties (Fig. 1B). Therefore, the first strategy was
rejected.

At this moment there is no experimentd proof for ether of the two other
partitioning mechanisms. In DOCIS, it is assumed that carbohydrates are distributed
proportiond to the total sink strengths of the florets.

2.2.2. Sink strength of afloret

The snk grenght of a floret was defined as the potentid demand for assmilates,
consequently as the sum of maintenance respiration and potentia growth rate. Potentid
gowth rate is the maximum growth rate (without any limitation) related to the
development stage of the floret. Growth comprises as wdl increase in structural biomass
as increase in osmotic subgtances to facilitate cdl enlargement. From anthess of the floret
its Snk drength is assumed to decrease to zero, in Spite of its maintenance respiration. Of
course, florets dso loose their sink strength when they prematurely die due to a shortage
of carbohydrates.

2.2.3. Carbohydrate flow in afloret

The flow of carbohydrates in an individud floret is represented by the diagram in
Fig. 2. The carbohydrates avalable for an individud floret are used for maintenance
respiration, for increese in dructurd dry mass and to mantan an osmotic pool in the
peta cellsof thefloret.

It is assumed that dl carbohydrates imported by a floret can be used to provide for
the need of maintenance respiration. Maintenance respiration is made proportiona to
dructurd biomass and to a function of temperature. The remaning carbohydrates are
partitioned among a hypothetical short-term substrate pool used for the formation of new
sructurd biomass and an ‘osmoatic pool’, which is believed to play an important role as
driving force for cdl dongation, hence dffecting the sze of the floret. Fowers
accumulate sugars in their petas in accordance to their development stage, even under
limited supply of carbohydrates (Van Meeteren et al., 1995). So, this accumulation is not
the result of a surplus in the supply of carbohydrates. Therefore, an osmotic pool of the

361

Proc. VII Int.Symp. on Postharvest
Physiology Ornamentals

Eds. T.A.& D.G.Clark

ActaHort. 543, ISHS 2001



peta cdls is incduded in the modd, which is trested as an independent sink. The
maximum amount of the osmotic pool is reached around anthess of the floret. The tota
dry weight of afloret isthe sum of the structural biomass and the osmotic pool.

Digribution of carbohydrates among the osmotic and the norrosmotic (substrate)
pool is proportiona to the sink strengths of both pools. Sink srength is defined as the
capacity to accumulate carbohydrates and is quantified by the rate of increase under
conditions of non-limiting carbohydrate supply.

The carbohydrates of the osmotic pool are not avalable for the formation of
dructurd biomass. However, when imported carbohydrates cannot fulfil the need for
maintenance respiration, carbohydrates sored in the osmotic pool will be used for
maintenance.

The growth rate (rate of increese of dructurd biomass) is assumed to be
proportiond to the amount of the short term ‘non-osmotic substrate pool’, with a
maximum rate related to the deveopment dtage of the floret (potentiad growth rate).
Growth rate is assumed to be independent of temperature. Cumulative potentid structura
biomass (DW¢) could be described by

+
DWs = a+ b+¢* DV

1+d*DV+e*pv?

were DV is devdopment stage. Growth respiration is a congant fraction of the rate of
growth.

Florets are assumed to die when the available carbohydrates for maintenance (s0
the sum of available carbohydrates imported from the stem and the osmotic pool present)
cannat fulfil the need for mantenance. By definition, florets will dso die when they have
reached their maximal development stage.

2.2.4 Development stage

In the modd, flower development is described as an index ranging from zero to
unity where zero corresponds to a green bud with a length of 2 cm and unity is anthesis.
Intermediate stages of devdopment have vaues within the unit range and can be
caculated by

were DV is development stage, do: is the number of days needed from stage zero
(2 cm green bud) to anthesis and 4y is the number of days needed from the actud stage
to anthesis. With the lily plants used, diot Was 23 days a 20°C; the flowers had a full
grown, orange colored bud at stage 0.8.

Development rate is a function of temperature.

2.2.5. Osmotic potential

Measuring osmotic potentiad from peta juice showed that this potentid is rather
condant at specific development dages (Fig. 3), dthough the offered amount of sugar
was different. Measurements showed that the amount of sugars in the buds was affected
by the treatments (data not shown). Concentration of sugars in the sgp could explain only
agmdl part of the osmoatic potentid.

3. Some praiminary outcomes and discussion

Until now, the modd was only patly parameterized and vdidated. As a
consequence of the assumed disappearance of sink drength at anthesis combined with
maintenance respiration, floret dry weight decreases after anthess by using the osmotic
pool. Thisisin accordance with experimenta data.
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In generd, there is reasonable consensus concerning the smulaion of growth
respiration, but the dmulation of mantenance respiration is gill an aea of great
uncertainty. The contribution of maintenance respiration to the carbohydrate badance is
very pronounced during vase live of cut flowers. Progress in understanding the underlying
principles and validation of mantenance respiration will be of great importance for a
satisfactory accuracy of models smulating the carbohydrate balance of cut flowers.

Some preiminary scenario studies showed that the carbohydrate amount in the
sem a havest affected largdy the number of buds that will develop into full bloom.
However, the find result depended largely on the level of carbohydrates. At low amounts
an increase enhanced mogtly the live and development of the oldest buds, when a criticd
level was passed, a smdl increase in carbohydrate amount had a tremendous effect on the
young buds. Probably this explains the sometimes conflicting reports about the relaion
between carbohydrates present at harvest and vase life.

A congant supply of a low amount of sugar to the vase water of the cut flower
especidly enhanced the development of the young buds. The effect was mainly the result
of preventing premature death of the young buds, by which they could grow as soon as
the oldest florets were senesced and losed ther snk drength. The result interacted
grongly with the initid amount of carbohydratesin the sem.

Sugars in the petd juice explained only a pat of the osmotic potentid. The same
was found for freesa florets (Van Meeteren et al., 1995) and for rose petals (Evans and
Reid, 1988). It can be assumed that the main part is due to organic acids. For biosynthes's
of organic acids carbon aoms ae needed. Interesting is the nearly constant osmotic
potentid a certain development sages, athough the avalable carbohydrates fluctuated.
Ogmatic vaues will be important for functioning of cdls (functioning of enzymes
permeability of membranes, etc); when avalable carbohydrates are limiting other
molecules will be used. In leaves mogly nitrate is used as osmotic substance, we
measured only minimal amounts of nitrate in lily and freesa petd juice (not published).
Ancther posshility to mantan osmotic potentid is uptake of less water resulting in
gndler flower petds and less fresh weights. Smdler szed flowers is a common
experience when flowers are cut a a young development stage or have a large number of
florets within an inflorescence, especidly when they are put in a vase without additiond
sugar. More knowledge about the regulation of osmotic potentid and the substances
involved, will makes it possble to predict floret weight (Sze), besdes number of living
florets, an important aspect of ornamental value.
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Figures
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1. Dry weght a atheds of intact lily florets a different podtions within  the
inflorescence (podtion 1 is the most basa pogtion). Avalable amount of assmilates
during growth of the inflorescence was influenced by: A. ether removing buds a the
moment they reached a length of 1 cm except the bud at the investigated bud position
or no bud removad; B. growing plants a two different light intensities (100% or 50%
of the |rrad|ance) Plants grown in a dimate room a 20 °C, irradiance 219 mmal- mi?
for 16h day™.
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2. Diagram illusrating a conceptud modd about the carbohydrate baance and

devdopment of a floret during vase life of a cut inflorescence. Full lines are fluxes of
carbon; dotted lines are fluxes of information.

800

2]
o
o

4]
=]
o

440

320

Osmotic value (mOsm/kg)

o 1.0% sucrose
A 1.5% sucrose
o 2.0% SUCI0SE

200

0.3 04 05 06 0.7 0.8 0.9

Development s

1.0 11 1.2

tage

3. Ognatic vaue of peta juice a various flower bud development stages. Petds obtained
from cut lily flowers placed in 1%, 1.5% or 2% sucrose solution from development

stage 0.3.
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