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Abstract

Costa, JMRC (2002) The role of the leaf in growth dynamics and rooting of leafy stem cuttings of rose,
PhD thesis, Plant Sciences Group, The Netherlands. With English, Dutch, Portuguese and Spanish
sumnmaries.

The present study aims at better understanding the relation between photosynthesis of the original leaf,
carbohydrates, rooting and growth of single node leafy stem cuitings of rose. This knowledge can be
used to improve success and efficiency in propagation and improving the vniformity of the planting
material of cut roses derived form cuttings.

The effects of the original leaf area on the growth of cuitings of Rosa hybrida Madelon® were
investigated during the first 10 weeks after severance. Total plant dry weight, and dry weight of the
roots in particular, were proportionally related with the original leaf area of cuttings. When leaf area
was modified, leaf area duration was linearly related to the rooting and growth of cuttings during the
first 21 days of propagation. The presence of the leaf during the first week of propagation was critical
for survival and its removal caused stem rot. This was caused by low carbohydrate concentrations.

Cuttings remained photosyntheticaly active afler severance. Photosynthetic rates decreased
immediately after severance, but recovered up to 70% of the rates measured on leaves on mother plants
and remained constant during propagation. The PSII efficiency decreased during propagation with a
simultaneous increase in its heterogeneity across the leaflets (patchiness) which may be attributed to
decreased sink activity rather then to water stress. The root and shoot tissues accounted for about 70%
of the increase in tota] fresh weight after 21 days of prapagation, whereas the remaining 30% increase
was due to dry weight accumulation in the leaf and stem. About 55% of the dry weight accumulated
consisted of carbohydrates, in particular starch, which accumulated mainly in the first 14 days in leaves
and stem tissues (pith and medullar rays). This accumulation may be explained by reduced
meristematic sink activity following severance. In fact, the newly formed roots and primary shoot after
21 days of propagation only represented 10% of the total dry weight of cuttings.

Reduced light integrals and low CO, concentrations resulted in reduced rooting and growth of cuttings
and decreased carbohydrate levels. Number of roots, and particularly, dry weight of roots, were lincarly
related with total dry weight accumulation during the 21 days of propagation showing that
photosynthetic activity of cuttings during propagation influences both root initiation and growth. The
effects of tow light, low CO; concentration, and leaf area reduction on rooting and growth of cuttings
were similar indicating that these effects could be explained to a great extent by photosynthesis.
Growth in general depended on the length of the period cuttings were photosynthetically active during
propagation. An exception was the growth of the axillary primary shoot, which was more negatively
affected by reduced photosynthetic activity in the first 11 days of propagation. Root initiation was aiso
more negatively affected by low photosynthetic activity in the first 11 days of propagation whereas root
growth responded to the integral of photesynthesis. Cuttings were able to efficiently use reserves for
growth. Optimal rooting and further growth of cuttings rely on the synthesis of new photosynthates
because storage is limited in single node stem cuttings.

Key words: Rosa hybrida, cut-rose, propagation, cuttings, leaf, rooting, root initiation, root growth,
axillary primary shoot, severance, photosynthesis, carbohydrates, reduced sink activity, planting
material, quality
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CHAPTER 1

GENERAL INTRODUCTION

The cut-rose propagation industry in the Netherlands

Rose is the most important flower crop in the world in economical terms. Since the
90's roses lead over the cut flowers mostly due to the following factors: genetical
improvement in the rose varieties, the emergence of new, out of season producing

countries (Botden, 2001) and the emergence of new segment markets (Pertwee, 1995).

World-wide the floricultural industry with respect to crops like chrysanthemurms,
camations and poinsettias relies on asexual propagation by rooting of cuttings (Davies
et al., 1994). Vegetative propagation is also very important for roses. Roses can be
vegetatively propagated "in vive" by two major methods 1) by cuttings or 2) by
grafting (e.g. layering, budding, bench grafting, root grafting and stenting}. Plants
produced by these methods fall in two main categories: 1) plants grown on own roots
(cuttings) or 2) grafted plants. Large-scale propagation in the Netherlands is almost
exclusively done by means of cutling, stenting (for clonal rootstocks) or bench
grafting (for seedling rootstocks) (Hu, 2001).

Presently, rooted cuttings represent about 70% of the total planting material
used in the Netherlands. Three main reasons accounted to the increased importance of
cuttings in the Netherlands: 1) cultivation in substrate (rockwool and cocos peat) has
been progressively substituting cultivation in soil; 2) the market life time of new
cultivars has progressively being decreased (from 7 to 4 years); 3) grafted plants are
more expensive (1.12 Euro compared to the 0.7 Euro paid for a rooted cutting) and

imply higher initial investment, while specific rootstocks did not improve production




or quality in comparison to own rooted plants of certain cultivars, However, this
panorama may change as soon as a new rootstock comes to the market offering clear
advantages in terms of production and quality (Van de Pol, personal communication).

In the Netherlands, every year about 20 million plants are propagated by eight
major rose propagators (Costa et al., 2001). On average, and considering a total area
of 921 ha (data from 2001) and an average plant density of 7 plants m?, the total
amount of plants needed in the Netherlands just to renew old crops is about 13
millions, on an annual basis. The remaining 7 million plants are exported to other
countries, mainly within Burope, and in less extent to East Africa, Latin America or
Agsia. The majority of the plants produced for the Dutch market are rooted cuttings,
whereas about 80% of the exported plants are stentings, winter grafts or year bushes.
An excellent know-how, the use of modern facilities, the good logistics, a good image
and a relatively big internal market characterise the rose "propagation industry" in the
Netherlands. However, competition between propagators (in the Netherlands and
abread e.g. Ecuador, Kenya) has increased to very high levels. Expansion of cut-rose
cultivation to Africa and South America in the 90's increased demand for planting
material, but the increase in export was for the short term as propagators started to
propagate in those countries. Moreover, another actual trend in cut-rose propagation is
that big growers start to produce their own planting material with permission from the
breeders.

As a resull, although the market became larger it also became more
competitive. One way to compete effectively is producing high quality planting

material. Therefore, this subject will be considered into more detail.

Quality in cut-rose propagation and factors influencing it

To clarify the context of quality within the rose propagation sector, a small
questionnaire on quality definition and on the main problems influencing quality was
sent to several propagators and growers in the Netherlands. The results, and also the
opinion of advisors were considered and combined with information from literature
(Van der Meer, 1993; Schrama, 1996; De Hoog, 1998; Van Ruiten, 1999; Bos, 1999;
Guikig, 1999; Van Telgen, 1999; Neefjes, 2001; Anonymus, 2001). Three major




objective quality parameters were mentioned both by propagators and growers:
certified disease-free material, certified cultivar and required morphological
characteristics (good root system as well as primary shoot, always with a high degree
of uniformity). Morphological aspects like the presence of an intact and healthy
original leaf, the size of the root system or the length of the new primary shoot were
mentioned. Visible white and healthy roots were also characteristics mentioned for the
planting material.

Uniformity was another aspect referred to, as non-uniform planting material
causes great differences among plants in greenhouses and substituting slowly growing
plants is always costly and does not solve for hundred percent the heterogeneity
problem. In fact, differences in production within a crop are commonly attributed to
heterogeneous planting material (Van de Pol and Pierik, 1995; Kuiper and Van de Pol,
1997; De Hoog, 1998). Moreover, the tendency of using lower plant density
(plants/m’} in greenhouses also increases the relevance of good quality planting
material.

Considering that the material is cultivar certified and clean, the quality (here
considered as the ability to grow) of rose planting material will depend on the
characteristics of the roots (number, length, branching, age), the axillary primary
shoot (length and leaf area), the condition of the original leaf and the vniformity of

those characteristics (Fig. 1.1).

r

+ Disease free
Quality + Cultivar certified = Intact, healthy original leaf

uall
. = Roul system well developed and
parameters - Morphelogical aspects healthy
+ Primary shoat well developed
* Uniformity and healthy

|

Figure 1.1 Quality of rose planting material derived from single node stem cuttings. The morphological
aspects are ona of the major determinants of the growth potential of cuttings and young plant material.



The relevant characteristics of roots and the primary shoot of rose planting material
depend on environmental and technical conditions. Some of the potential factors
influencing quality of cuttings and planting material are presented in Table 1.1,
whereas Figure 1.2 illustrates the characteristics of the plant material as well as the
facilities used nowadays in rose propagation in two of the most umportant countries

for cut-rose cultivation and propagation: the Netherlands and Ecuador.

Why focus this study on leaves, with special attention to photosynthesis

and carbohydrates dynamics?

Although success in rose propagation has increased to very high levels, losses and
lack of uniformity in rooting and growth of cuttings are still observed. However, there
is a need lo increase efficiency in propagation and to produce good quality plant
material. Moreover, faster tunover of rose cultivars gives less time to propagators to
learn about the rooting characteristics of the new cultivars because rooting ability is
also genetically determined.

Leaves are essential for rooting and growth of leafy stem cuttings. Leaves are
a source of carbohydrates, mineral nutrients, hormones (e.g auxins) (Reuveni and
Raviv, 1981). Leaves, via photosynthesis and transpiration activate movement of
solutes, and water as well as of hormones (e.g. auxins and cytokins), within the
cutting and influence the temperature regulation of the cuiting.

Leaves, however, are also the most exposed and sensitive part of cuttings to
environmental or mechanical disturbances from the moment they are growing on the
mother plants till the moment of transplantation of planting material (rooted cuttings)
into the greenhouse (see Table 1.1). Thus, a study on quality of rose cuttings or rose
planting material derived from cuttings should address the role of leaves.

In softwood and semi-hardwood cuttings, the amount of reserves at severance
is usually a limiting factor for survival and further growth (Okoro and Grace, 1976;
Hartmann et al., 1997). In rose, single node leafy softwood or semi-hardwood stem
cuttings, have also limited storage capacity due to the small size of the stem. Thus, the
opportunity of cuttings to photosynthesise during propagation should be the main
regulatory factor of survival and growth (rooting, growth of the axillary bud into




primary shoot and dry weight accumulation), and thus the quality of the planting

material.

Table 1.1 Potentiai factors influencing the ability of single node softwood cuttings of rose to form roots
and grow during propagation as well as after transplantation to the greenhouse (rooted cuttings with 3-4
weeks} at different moments of the propagation chain: on the mcther plants, at severance, during
propagation and after planting in the greenhouse.

Mother Harvast Propagation Handling Establishment
Plant and and after
Handiing Transport Transplantation
Growth conditions Developmental Aerial environment Environment: Planting material
(light, nutrients, stage (light, RH,CO», (RH, light, marphology and
temperature, GO, lemperature) temperature} growth potential:
watering) size of the root
systern, leaf area
of the primary
shoot
Pesis and diseases | Transport Watering Mechanical Environment:
conditicns damage of the (RH, light,
{e.g. number of Substrate original leaf and | watering,
shools per vase, characierislics: water to the leaves of | temperature)

Pesticides

water levels in the
vase)

Machanical
damage imposed
on the leaves of
the flower shoots

Desiccatien of the

leaves of the
fiower shoot

Storage duration

content, porosity,
Nutrients

Disaases (e.q. Botrytis,
Spharoteca pannosa,
soil born-diseases)

Auxinfungicide
treatments

{ioo high concentration
can cause leaf yellowing
and leaf drop)

Duration of the
"hardening-off* period
for rooted cuttings (too
long causes darkening
and death of root tips)

the new primary
shoot

Desiceation of
the original leaf
and the leaves
of the new
primary shoot

Storage duration

Desiccation of the
leaves of the
primary shoot

PROPAGATOR
GROWER*

PROPAGATOR

GROWER

* In case the propagator has not encugh plant material and needs io buy it from a commercial grower

General aims, approach and outline of the thesis

The general aim of this study is to analyse and to quantify the importance of the

original leaf of single node (softwood/semi-hardwood) stem cuttings of cut-rose for



rooting and further growth (dry weight accumulation and partitioning). Based on the
assumption that carbohydrates play a key-role in this relation, the dynamics of leaf
photosynthesis, carbohydrates and carbon balance during propagation are investigated
and related to the rooting ability and growth of cuttings.

The practical aim is to obtain knowledge about criteria for quality of planting
material and related to this to improve the propagation process as such with respect to
the role of the original leaf of cuttings. Derived from this practical aim, is an
underlying scientific aim to assess the contribution of leaf photosynthesis and
carbohydrates dynamics of cuttings to the success of propagation.

In Chapter 2 a literature review is presented on adventitious root formation
in leafy stem cuttings with emphasis on the regulatory role of leaves via
photosynthesis and photosynthate supply. A conceptual model is established to
describe the dynarnics of carbon and growth in single node leafy stem cuttings of rose
during the first 21 days of propagation as related to leaf characteristics.

Chapter 3 shows the quantitative effect of the area of the original leaf and its
persistence in time (leaf area duration concept) on survival, rooting and growth of
cuttings either on short (3 weeks after severance) or long term (10 weeks after
severance). The relation between leafl area and carbohydrate content at the rooting
zone (the most basal 15 mm of the stem) of cuttings and their susceptibility to stem
black rot is also studied.

Chapter 4 describes the dynamics of the main anatomical events evolved in
adventitious rooting (initiation and growth) as well as the dynamics of fresh and dry
matter accumulation and partitioning and the dynamics of sugars (glucose, fructose
and sucrose) and starch under standard (non-limiting) photosynthesis conditions
during the first 21 days of propagation. The performance of the photosynthetic
apparatus during propagation and ils response (o severance are assessed via
quantification of CO; fixation and by measuring photochemical efficiency of the PSII
(Ppsn).

Comparison of rooting and growth of cuttings with different leaf areas, and
propagated under different light integrals and CO, air concentrations presented in
Chapter 5, should provide evidence about the role of photosynthesis in explaining
the effect of leaf area on rooting and growth of the primary shoot of cuttings. The

effect of photosynthesis and carbohydrates in the different phases of propagation (root




initiation and root growth) 1s also reported.

In the general discussion, Chapter 6, the regulatory effect of photosynthesis
and carbohydrates on rooting and growth is given and discussed on the basis of the
present results. Several points needing aftention for further rescarch are also

highlighted and the practical implications of this study are presented.
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Figure 1.2 A single node leafy stem cutting of cut-rose (@
propagation of cut-roses in greenhouse in the Netherlands
{b,c) and in Ecuador (courtesy Walter Barentzen) (d);
propagation of cut-rose in climate chamber in the
Netheriands  (e,f); recently rooted cuttings before
hardening (g); greenhouse facilities for hardening rooted
cuttings (h) rooted cuttings in cocos fibre ready for
transplanting (i); young rooted plant one week after
plantation in greenficuse ).




CHAPTER 2

ADVENTITIOUS ROOT FORMATION IN LEAFY CUTTINGS: a
literature review on the role of leaves and carbohydrates and
a conceptual model for growth of single node leafy stem
cuttings of rose

The effect of leaves on propagation and rooting of leafy stem cuttings

Leaves play a very important role in propagation of leafy stem cuttings of rose and of
a wide range of plant species (Table 2.1). One of the prime roles of leaves during
propagation of leafy (softwood) stem cuttings is to guarantee their survival. Leaves
further influence rooting and growth of the primary shoot (Table 2.1).

According to Reuveni and Raviv (1981) leaves exert their effect on rooting
and growth of leafy stem cuttings via three major ways: as source of carbohydrates, as
source of hormones and as source of different nutritional constituents other than
carbohydrates (e.g. phenolic compounds like anthocianins (Hess, 1968; Jarvis,
1986, Wilson and Van Staden, 1990)).

Leaves may also influence rooting of cuttings by regulating their water
relations during propagation (Hess and Snyder, 1957; Gay and Loach, 1977; Loach,
1988; Mudge et al., 1995; Aminah et al., 1997; Harrison-Murray and Howard, 1998).
Leaves influence the water balance of cuttings to a great extent due to the water loss
via leaf transpiration (Grange and Loach, 1983; Loach, 1988; Ofori et al.,, 1996;
Aminah et al., 1997) and the negative effect of water stress on rooting is mainly due
to reduced photosynthesis (Haissig, 1986; Davis and Potter, 1989; Harrison-Murray
and Howard, 1998) because one of the most evident effects of water stress is closure

of stomata {(Hsiao, 1973).



Table 2.1 Effects of leaves {area, presence) on the propagation of leafy cuttings or leafy stem cuttings
of different plant species (X: means positive effect; X (-). negative effect; X (+/-); positive and negative
effect.

Species Survival Rooting Shoot References
growth

% N. Root
rooting rools  growth

Poole and Coﬁover, 1984 o

Ficus X X

Hedera helix X X Gregory and Samantarai, 1950

Hibiscus X X X Van Overbeek et al., 1946

Coleus X Calma and Richey, 1930

Rosa X X X X {++) Moe, 19873; Dubois and De
Vries, 1985;1991; Ypema et al.,
1987; Gillman and Zlesak,2000

Acer rubrum ) 4 X Wilkins et al, 1995

Humulus kiputis L X Howard 1965

Epipremnum aureum X wang, 1987

Frult

Prunnus X b4 Breen and Muracka, 1974

Avocado X X Reuveni and Raviv, 1981

Olea europea (olive) X X Poringis and Therios, 1976;
Avidan and Lavee, 1978;

Cacac (Persea X X Evans, 1952

americana i)

frvingia gabonensis X X X Shiembo et al., 1996

Vitis vinifera L. (in X X Thomas, 2000

vitro)

Vitis vinifera L. X X X Fournioux, 1997

{in vivo)

Forast

Eucalyptus x X X Wilson, 1994a;
Hoad and Leakey, 1996

Tripiochyton X X X Laakey and Coults, 1989

scleroxylon

Milicia excelsa X X X X(-) Oforiet al., 1996

Terminalia spinosa X X Newton et al., 1992

Leucaena X X X(-) Dick et al., 1999

leucocephala

Calfiandra calothyrsus X X Dick et al., 1996

As a consequence it may be expected that a certain optimum leaf area for
rooting exists based on the optimal balance between photosynthesis and transpiration
{Leakey and Coutts, 1989; Newton et al., 1992; Ofori et al.,, 1996). Water stress may
also induce changes in the hormonal metabolism in leaves (e.g. synthesis of abcissic
acid) (Haissig, 1986).

Environmental factors such as light, temperature and relative air humidity
determine the vapour pressure gradient (the driving force of transpiration) and will
consequently influence the transpiration rate of the cutting (Rosenberg et al,, 1992).
High temperatures and light intensities increase leaf temperature and thus the leaf-to-
air vapour pressure difference. This increases the transpiration rate causing water
deficits which decrease rooting (Grange and Loach, 1983; Loach, 1988; Aminah et
al.,, 1997). On the contrary, low irradiance (Evans, 1952; Loach and Whalley, 1978),
high humidity (close to saturation) and leaf wetting (Hess and Snyder, 1957,
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Harrison-Murray and Howard, 1998) decrease transpiration and prevent leaf wilting.

The roles of carbohydrates during propagation

Among the different ways that leaves may influence rooting and growth of cuttings
during propagation their role as source of carbohydrates is probably one of the most
relevant. To guarantee survival, carbohydrates are needed to support maintenance
respiration. Concerning the effect of carbohydrates on rooting, some literature reports
no effect (Ali and Westwood, 1966; Veierskov et al., 1982) or even a negative effect
on rooting (Treeby and Cosidine, 1982). However, there is strong evidence
demonstrating that carbohydrates do influence rooting of cuttings positively (Van
Overbeek et al., 1946; Evans, 1952; Hess and Snyder, 1957; Howard and Sykes,
1966; Molnar and Lacroix, 1972; Nanda et al., 1971; Hansen et al., 1978; Haissig,
1984; 1986; Leakey and Coutts, 1989; Tshaplinski and Blake, 1989; Wiesman and
Lavee, 1993; Druege et al., 2000; Pellicer et al., 2000).

Leaves may also influence growth of the axillary primary shoot via the supply
of carbohydrates as suggested for Fucalyptus (Wilson, 1994a), Acer (Wilkins et al.,
1695) and Eppiperunum (Wang, 1987). Also in rose plants, growth of a bud into a
primary shoot was shown to depend on carbohydrate supply from the subtending
leaves (Marcelis Van-Acker, 1994).

Besides the effect of carbohydrates on the percentage of rooted cuttings or on
the number of roots formed (see references above), carbohydrates have been observed
to influence root localisation in cuttings. The accumulation of assimilates in the
rooting zone of cuttings has been suggested to be a necessary triggering factor for root
initiation in woody and non-woody species (Lovell et al.,, 1972; Veierskov et al.,
1982; Haissig, 1984; Rodriguez et al,, 1988), although the critical concentration
required to induce root initiation is apparently difficult to establish (Welander, 1994).

Friend et al. (1994) report that a common characteristic of species with pre-
formed root initials and those ones which form "de novo" primordia, is the close
proximity of the new root (sink) to the existent vascular tissue (source). The same
authors suggest that the ease of rooting may be related with the proximity of leaf
traces and with the ease of establishing early vascular connections between source and

sink that are needed to provide carbohydrates and hormones required for root



formation. Root initiation seems to preferably oceur in locations where carbohydrates
are easily available like in tissues associated with the vascular tissue (Gregory and
Samantarai, 1950; Davies et al., 1982; Lovell and White, 1986; Attfield and Evans,
1991; Hartmann et al., 1997; Hamann, 1998) or in tissues rich in starch (Doud and
Carlson, 1977; Li and Leung, 2000). Supporting this is the fact that the hydrolysis of
starch in soluble sugars has been, for several times, associated with rooting activity in
cuttings (Nanda and Anand, 1970; Breen and Muraoka, 1974; Molnar and Lacroix,
1972; Gislerad, 1983; Grange and Loach, 1984; Jasik and De Klerk, 1997).

The role of carbohydrates at different moments of propagation (root
initiation, root growth and primary shoot growth)

When analysing the effect of leaves and carbohydrates on rooting one should take in
account that adventitious root formation is a multi-step process which may have
different requirements in carbohydrates or other rooting factors (Haissig, 1986; De
Klerk et at., 1999). Adventitious root formation may be described and classified in
different ways (Jarvis, 1986; Gaspar ct al., 1997; Hartmann et al., 1997; De Klerk et
al., 1999;). A simple and generally accepted way is to distinguish two main phases:
root initiation and root growth (Eriksen, 1973; Lovell and White, 1986). We will
follow this approach.

Root initiation is characterised by the appearance of cells with large, centrally
located nucleus and small vacuoles, which are capable of division. By active cell
division, these cells give rise to the root initials (Stangler, 1956; Lovell and White,
1986) which at a later stage, and together with the surrounding cells, will be
incorporated in an organised mass of meristematic tissue with a certain level of
differentiation called root primordium (Stangler, 1956; Lovell and White, 1986).
Subsequently, the rool primordium establishes vascular connections with the existing
vascular tissue and a functional root emerges (Lovell and White, 1986). Root
initiation includes the processes of induction, cell dedifferentiation, division and
differentiation, whereas root growth should include the processes of cell division,
expansion and differentiation (Taylor, 1997) which gives rise to the root primordia
through the cortex till emergence and further elongation of the functional root.

Root initiation has been commonly reported to be less dependent on
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carbohydrates than root growth. Middelton et al. (1980) showed that root initiation
{occurring on the first day following severance} in stem cuttings of Phaseaolus
aureaus was not limited by carbohydrates whereas further root primordia growth
depended on sugar supply. Likewise, Veierskov et al. (1982) found no relation
between carbohydrate concentrations and the number of roots formed, but they
suggested that carbohydrates could affect root growth. Moreover, an indirect evidence
that root initiation depends less on the supply of current carbohydrates than root
growth is the fact that leaf removal decreased more the dry weight than the number of
roots (Fournioux, 1997). Furthermore, cuttings are able to initiate roots in darkness
{Van Overbeek et al., 1946; Davis and Potter, 1981; Van de Pol, 1988) or under very
low irradiance (93% shading) (Zaczek et al., 1999), although higher light levels after
roots were formed promoted root growth (Zaczek et al., 1999). This, however, does
not exclude the possibility that the content in reserves by the time of severance was
encugh to support survival and root initiation. Moreover, and in contrast with the
view that carbohydrates do not influence root initiation, Lovell et al. {1972) showed
that current photosynthesis and the accumulation of photosynthates in the lower
petiole are pre-requisites for root initiation in Syrapsis cotyledons. Welander (1994}
and Haissig (1984) described the same for woody cuttings.

Low availability of carbohydrates may have a negative regulatory effect on
mitotic activity (Moritz and Sundberg, 1996; Borisjuk et al., 1998; Muller et al.,
1998). The mitotic activity of the cambium was shown to be influenced by sugars and
hormones in Pinus sylvestris (Moritz and Sundberg, 1996). Also Muller et al. (1998)
found that both cell division and elongation were limited by low contents in glucose
and fructose. This implies that low carbohydrates, e.g. as consequence of reduced leat
photosynthesis, can decrease rooting, especially when root initiation occurs within the
callus tissue.

The positive effect of carbohydrates on root growth is less controversial than
the effect of carbohydrates on root initiation and it has been observed either in adult
plants (Bingham and Stevenson, 1993; Muiler et al,, 1998; Pritchard and Rogers,
2000), seedlings (Van den Driessche, 1987;1991; Tinus et al., 2000) and in cuttings
(Eliasson, 1968). Muller et al. (1998) found a linear relation between root elongation
and the cumulative intercepted light in wheat plants. In CO; enriched environments
the carbohydrates content increased in the roots and stimulated root growth either by

promoting cell division or influencing cell elongation or both (Pritchard and Rogers,
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2000) and current photosynthates marked with '*C were shown to be incorporated in
the new roots of conifer seedlings (Van den Driessche, 1987).

However, rooting of leafy cuttings can be optimized (larger number and dry
weight of roots) when cuttings are propagated in environments favoring
photosynthesis (Davis, 1988). In fact, cuttings to root require a critical minimum light
level and light levels were closely related with rooting behavior of cuttings of
different species like Populus and Safix (Elliasson and Brunnes, 1980), Hedera helix
(Gregory and Samantarai, 1950), Humulus lupulus (Howard and Sykes, 1966), Pinus
(Hansen et al., 1978) and Skorea L. (Aminah et al., 1997).

The positive regulating effect of photosynthesis on rooting of leafy cutlings
has also been demonstrated by the positive effect of CO; enrichment (larger number
of roots and faster rooting} with several species {Molnar and Cumming, 1968; Davis
and Potter, 1981; 1983; French and Lin, 1984; Grant et al,, 1992; Kunnenman and
Ruesink, 1997} and the reduction of rooting of cuttings under low CQ; concentrations
(Davis and Potter, 1981). Survival, rooting and further growth of cuttings depends on
keeping a positive balance between photosynthesis and respiration (Hess and Snyder,
1957; Howard and Sykes 1966; Howard, 1968; Yue and Margolis, 1993; Howard,
1994; Hoad and Leakey, 1996, Pellicer et al., 2000).

Conclusions and a conceptual model to relate leaves, carbohydrates

and rooting of single node leafy stem cuttings of rose

From the foregoing literature review it has been shown that leaves have a strong
regulatory effect on rooting and growth of cuttings and that photosynthesis and
carbohydrates may be two of the most important leaf factors influencing rooting and
growth of cuttings.

It has also been shown that severance from the mother plant disturbs those
controls by interrupting or disturbing the physiological processes behind them.
Severance disrupts water and nutrients supply from roots (Harrison-Murray and
Howard, 1998} and may reduce leaf photosynthesis due to water stress and stomata
closure (Loach, 1988; Smalley et al., 1991; Fordham et al., 2001). The typical
response of cutting photosynthesis to severance is a strong reduction until the moment

roots emerge (Howard and Sykes, 1966; Breen and Muraoka, 1974; Cameron and
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Rook, 1974; Qkoro and Grace, 1976; Gay and Loach, 1977; Loach and Whalley,
1978; Eliasson and Brunnes, 1980; Feldman et al., 1989; Smalley et al., 1991;
" Wiesman and Lavee, 1995). Simultancously, respiration rates may increase in
response to the higher temperature during propagation compared to the mother plants,
and also due to the processes related with growth at the basal part of the cuttings
(Dick et al., 1994).

Therefore, a cutting, after severance from the mother plant, is a structure out
of balance. To re-achieve balance, the cutting needs to regain the capacity for water
uptake by forming adventitious roots and re-establish its photosynthetic capacity.

The focus on photosynthesis and carbohydrates can be even more justified if
we consider that single node leafy stem cuttings are plant material with limited
storage capacity due to the type of the wood (semi-hardwood/sofiwood) (Okoro and
Grace, 1976; Hartmann et al., 1997) and to the small size (volume) for storage (a 4 to
6 cm length single node stem). Moreover, photosynthesis is probably one of the most
negatively affected processes by severance or by other stresses occurring during
propagation.

Based on the previous literature review and considerations, and taking as
major assumption that carbohydrate dynamics plays a key role in explaining the effect
of the original leaf on the performance (survival, rooting, growth) of rose leafy stem
cuttings a conceptual model is proposed to describe the most relevant interactions
between the different parts of single node leafy stem cuttings of rose the original leaf,
the stem, the adventitious roots and the axillary bud (future primary shoot), as well as
the major processes (photosynthesis, respiration, carbon partitioning, rooting)
occurring during the first 21 days of propagation. This period is considered in
practice, the most critical for success and for uniformity of plant growth.

The conceptual model provides a basis for further analysis and quantification
of all its components and processes: 1) post-severance photosynthesis; 2) respirational
losses; 3) carbohydrate pools (starch and soluble sugars); 4) carbohydrate allocation
and partitioning; 3) rooting. The model points out paths or relations where
carbohydrates (content and partitioning) can be a limiting factor for rooting and
growth of cuttings. This theoretical approach should help to clarify the relations
between carbohydrates (stored or current photosynthates), rooting and growth of

single node leafy stem cuttings of rose during the first 21 days of propagation and to
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study to what extent photosynthesis rate and carbohydrate balance could explain

rooting and growth behaviour of cuttings during propagation,

Components and carbon pools considered in the conceptual model

After severance, a single node leafy (softwood/semi-hardwood) stem cutting consists
of three different components: the original leaf, the stem and the axillary bud (future
primary shoot). The adventitious roots formed in response to severance/wounding,
will become the fourth component. Two major pools of carbohydrates may be
involved in the process of root formation {Wiesman and Lavee, 1995): the pool of
new formed soluble carbohydrates (current photosynthates) and the pool of stored
carbohydrates (sugars and starch). Both pools are very important during the first days
of propagation to sustain maintenance respiration and guarantee survival and further
support the energy costs with the initial growth related to the first anatomical events
preceding root regeneration (e.g. wound healing and caltus formation).

In this conceptual model the original leaf is the main source of carbohydrates
due to photosynthesis. Due 1o transpiration, the original leaf can also influence the
transport of water as well as the fluxes of nutrients or hormones (e.g. cytokinins) in
the cuttings (Van Staden and Davey, 1979). The stem, due to its respiratory activity
(maintenance or growth), storage capacity and little photosynthetic activity, acts as a
sink. This sink activity can be beneficial because it allows photosynthesis to proceed
despite the reduction of the sink activity following severance (Wilson, 1994b). The
stem can also act as a source by remobilizing stored carbohydrates.

In our conceptual model a subdivision of the stem is considered: the
carbohydrate status in the rooting zone (the basal 8-15mm of the stem segment) is
assumed to have a specific significance for root formation and root growth (Fig, 2.1).
One of the triggering points for rooting may be the accumulation of carbohydrates at
the rooting zone during the early stages of root formation (Veierskov et al,, 1982;
Haissig, 1984; Welander, 1994). The stem can also be a source of energy or a storage
buffer, through the reserves accumulated before severance, coninbuting to
maintenance and growth of the roots or the primary shoot.

The stem is the physical link between the original leaf of cuttings and the

adventitious roots and it allows the movement of carbohydrates, water, nutrients and
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hormones between leaves and roots of the cutting.

The axillary bud, future primary shoot, acts during propagation as a sink.
Growth of the axillary bud and primary shoot of cuttings depends on the supply of
assimilates by the subtending leaf (Wang, 1987; Wilson, 1994a; Wilkins et al., 1995).
In rose plants, the axillary bud outgrowth depends on the supply of carbohydrates by
the parent leaf (Jiao et al., 1989; Marcelis van-Acker, 1994; Van Labeke et al., 2001).

Roots are the fourth component of the model and they are considered to be
mainly a sink during the first 21 days of propagation.

The carbon relations between the 4 components of the model and the
underlying regulating processes (see Figure 2.1.) can be described in the following
way: there is a centrally carbohydrate pool consisting of mobile and stored (CH,O),
and this pool is filled by photosynthesis, which may be limited by a lack of sinks, or
by decreased stomatal conductance. This central pool of carbohydrates is used for
maintenance, growth and growth respiration. Growth will correspond mainly to stem
growth, in particular at the stem rooting zone where cambial activity is greater and
callus is formed. The central pool of carbohydrates also supports growth of the new-

formed organs: the axillary shoot and the adventitious roots.

Internal and external factors or processes influencing photosynthesis and

carbon relations in cuttings during propagation

The cutting photosynthesis is affected by external environmental factors (light
intensity and CQ; air concentration) as well as by the area of the original leaf and
light interception which have a direct effect on the photosynthetic capacity of cuttings
(Fig. 2.1).

The water relations in cuttings are included in the concept because they may
affect stomatal resistance and consequently leaf photosynthesis. A satisfactory water
content, resultant of the balance between water uptake and water loss, is a pre-
requisite for success in propagation of leafy stem cuttings (Loach, 1988). This balance
is affected negatively by the removal of roots by severance and by excessive leaf
transpiration (Loach, 1988; Grange and Loach, 1983; Aminah et al, 1997). Other

factors may also disturb the normal water relations of cuttings such as the poor stem



transport function (Ikeda and Susaki, 1985) due to damage caused by severance or air

emboli, although this effect will be not considered.

The environment (temperature) as well as the cuitings' morphelogy (volume

of the stem, which is considered not to change during the first 21 days of propagation)

influences the maintenance respiration of the different components of the cutting.
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Figure 2.1 Relational diagram describing the carbohydrate dynamics, rooting and growth of single node
leafy stem cuttings of rose, during the first 21 days of propagation, including some of the marphological
and environmental factors (leaf area, light intensity and CO. air concentrafion} which influence
photosynthesis and carbohydrate dynamics. Abbreviations: (La) leaf area; (I} light intensity; {P)
photosynthesis; (R«) maintenance respiration; (gs) stomatai conductance; (T) air/substrate temperature.
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