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Adventitious root formation can be inhibited in stem cuttings

of Pisum sativum L. (pea), an easy-to-root species, if the apical

and lateral buds are removed. Application of exogenous auxin to

the apical stump can replace the rooting stimulus produced by the

buds. Root number was reduced by 50 to 100% in the decapitated and

disbudded cuttings supplied with an apical source of auxin if

photosynthesis was inhibited by 50 to 100% by any of several

treatments. The extent to which rooting was reduced was roughly

proportional to the extent to which photosynthesis was reduced.

Basipetal transport of radioactivity from apically applied 14C-IAA,

as well as basal carbohydrate content, was also consistently

reduced under conditions where photosynthesis was inhibited. It

appears the reduction in rooting due to a reduction in

photosynthesis must take at least two factors into consideration,

the transport of auxin from the apex to the base of the cutting and

the basal carbohydrate content.

The environmental conditions during the stock plant growth are

important to the rooting of cuttings. In the present
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investigation, when pea and Rhododendron stock plants were

subjected to low light or to a period of darkness, the rooting of

cuttings taken from these plants was significantly promoted. For

pea, the promotive effect of darkness was significantly greater

when the entire plant was placed in the dark compared to a

localized darkening of the stem segment from which roots emerge

after excision. The timing of the light and dark periods during

stock plant growth also greatly influenced rooting, the greatest

promotion was observed when the dark period was given immediately

after emergence of the stock plant. This suggests that the root

promoting effect of darkness can be destroyed by a brief period of

light early in the development of the stock plant. The basal

carbohydrate concentration during the first week of rooting was

similar in cuttings taken from stock plants receiving light

throughout the growth period and those receiving a dark period of 4

days, regardless of whether the dark period was given immediately

after emergence or after an exposure to light. This suggests

carbohydrates do not play a major- role in the promotion of rooting

due to a dark treatment on the stock plant.
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THE INTERACTION OF PHOTOSYNTHESIS AND AUXIN TRANSPORT DURING

ADVENTITIOUS ROOT FORMATION IN PISLM SATIVUM L. STEM CUTTINGS

AND THE EFFECT OF STOCK PLANT ETIOLATION ON ROOTING

CHAPTER 1

REVIEW OF ADVENTITIOUS ROOT FORMATION

INTRODUCTION

The asexual propagation of many plant species is an integral

part of horticulture. It is used to maintain unique

characteristics in highly heterozygous cultivars of fruit and

ornamental plants. In addition, it is used to propagate cultivars

which produce no viable seed, and may be the preferred method of

propagation due to economic or time elements. One such method of

asexual propagation is the use of cuttings, a term which will be

confined to stem cuttings in this discussion. To generate complete

plants from stem cuttings, adventitious roots must be produced.

DEVELOPMENT OF ADVENTITIOUS ROOTS

The development of adventitious roots is often divided into

two stages, initiation, and development and growth (Haissig, 1974;

Lovell et. al., 1971). Initiation begins with the formation of a

meristematic locus called a root initial. The initial consists of

a small number of cells in which dedifferentiation has taken place

and cell division is possible (Haissig, 1974; Kaniinek, 1967). In

Pisum sativum L. (pea), an easy-to-root species, the initiation

period consists of the first four to five days after excision
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(Eriksen and Mohammed, 1974). The type of cells which form the

initial vary between species, but they are generally located near

developing vascular tissue. The cambium, phloem parenchyrna and

young secondary phi oem are frequently the sites for root initiation

(Smith, 1936; Howard, 1965; Haissig, 1974; Hartmann and Kester,

1975). In some species, root initials develop at specific sites

dun ng the early stages of intact stem devel opment. These

preformed root initials remain as initials until the stems are cut

from the stock plant and placed in environmental conditions

favorable to rooting (Carlson, 1938; Haissig, 1974; Hartmann and

Kester, 1975).

Before division of the cells, protein synthesis and doubling

of the DNA have been observed in the initial cells (Molnar and

LaCroix, 1972). Two inhibitors of protein synthesis, cyclohexmide

and puromycin, inhibited the formation of adventitious roots

(Blazich and Heuser, 1981) indicating that protein synthesis is

necessary for root formation. The increase in the size of the

nucleus, due to protein and nucleic acid synthesis, have been used

to distinguish root initials from surrounding cells (Nougar'de and

Rondet, 1982).

Divisions of the initial cells and those adjacent which may

dedifferentjate, form the root primordia (Haissig, 1974). The root

primordia of the pea are composed of the interfascicular parenchyma

and the last layer of the cortex, the endodermis (Nougarde and

Rondet, 1982). Division of the interfascicular parenchyma forms

the bulk of the root pnimordia, while division of the endodermis
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forms a covering layer, or temporary root cap (Nougarde and

Rondet, 1982). The development of the root primordia includes

enlargement and differentiation of the primordial cells (Molnar and

LaCroix, 1972; Haissig, 1974). Tissues which differentiate include

an apical rneristem, a rootcap, and the beginning of the vascular

cylinder and cortex. By the time of root emergence the vascular

tissue of the young root and the stem cutting is continuous.

Tissues which block the emergence of the young root are disposed of

by crushing or hydrolysis (Haissig, 1974).

Typically adventitious roots, for a limited period of time,

emerge following placement of stem cuttings in a suitable rooting

environment. After this limited period of time, primordia

formation ceases. The removal of existing adventitious roots

(Wilson and Wilson, 1977; Fabijan, 1981), and even primordia

(Chandra, 1971), induces the formation of new roots suggesting that

developing roots or primordia suppress the formation of

adventitious roots. This suppression of rooting may be due to

competition for carbohydrates, or the production of rooting

inhibitors (Wilson and Wilson, 1977; Fabijan et. al., 1981).

AU XI N

The naturally occurring auxin, indole-3-acetic acid (IAA), is

considered to be one of the primary rooting stimuli, and it is

active during the initiation stage of adventitious root formation

(Haissig, 1974; Eriksen and Mohammed, 1974). The removal of the

natural sources if IAA, the apical and lateral buds, inhibited the
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initiation of roots in pea stem cuttings (Eriksen, 1973). However,

rooting was not affected if the buds were removed after the root

initiation period, where the root initiation period is the first 4

or 5 days after excision. An exogenous source of IAA was able to

dulicate the stimulation of rooting by the apical and lateral buds

in decapitated and disbudded pea cuttings (Eriksen and Mohammed,

1974).

The mechanism by which auxin promotes rooting is unknown,

although the promotion of longitudinal cell division in root

primordia due to the application of auxin has been reported

(Mitsuhashi et. al., 1978). It has also been reported that IAA

does not cause the necessary predisposition in cells to form root

initials but acts by inducing initiation in predisposed cells

(Zaerr, 1967; Haissig, 1974). The failure of IAA to induce rooting

in difficult-to-root species may be related to the infrequency of

these predisposed cells.

AUXIN COFACTORS

The need for specific auxin cofactors has also been suggested

as an explanation for the failure of auxin to induce rooting in

stem segments of certain species. The search for auxin cofactors

began with an effort to identify the components of 'rhizocaline',

the hypothetical rooting stimuli (Went, 1935; Bouillene and

Bouillene-Walrand, 1955). Haissig suggested "rhizocaline"

comprised one or more molecules composed of covalently bound

indolic and phenolic moieties (Haissig, 1974). The phenolics may
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play a role iii the regulation of IAA degradation or oxidation

(Haissig, 1974). Monophenols enhance, whereas polyphenols inhibit

the action of IAA-oxidase (Haissig, 1974). Hess (1961) found mung

bean to be insensitive to IAA except in the presence of a group of

cofactors extracted from Pelargonium tissue. Jackson and Harney

(1970) later found the Pelargonium tissue to contain both indolic

and phenolic reacting components. Leaves have been suggested as

the site for synthesis of the indoles, IAA analogs which may spare

IAA from oxidation (Cohen and Bandurski, 1982), and other auxin

cofactors (Haissig, 1974; Breen and Muraoka, 1974). In some

species, excision of leaves partially or completely inhibited the

fomation of adventitious roots (Altman and Wareing, 1975; Breen

and Muraoka, 1974).

The leaves are also the source of carbohydrates, which

represent another potential rooting cofactor (van Overbeek, 1946;

Altman and Wareing, 1975). It was proposed that once a root

initial, or growth center, formed at the basal end of a segment, it

controlled to a major extent the direction of movement of

substances involved in the production of new cells (Zaerr, 1967).

These substances include auxin and nutrients. Altman and Wareing

(1975) reported an increase in basal carbohydrate accumulation in

auxin treated bean cuttings. In pine, pea and plum cuttings

however, auxin did not promote basal sugar accumulation (Greenwood

and Berlyn, 1973; Breen and Muraoka, 1973; Veierskov et. al.,

1982). In plum, the concentration of several carbohydrates was

similar in control and IBA treated cuttings until the formation of



callus in the auxin treated cuttings (Breen and Muraoka, 1973).

Once callus formed, an increasingly larger share of the newly

formed assimilate was found in the basal regions of the auxin

treated cuttings. This increased movement of assimilates was

suggested to be dependent on growth activities rather than

initiation of roots.

AUXIN CONJUGATES

It is well known that MA exists in forms other than the free

acid, van Overbeek (1946) reported that only 5% of auxin in the

plant existed in the available form, the bulk existing in some

bound form. These bound forms of auxin include ester conjugates,

S-acyl anhydrides, acyl anhydrides, and amide conjugates (Cohen and

Bandurski, 1982). Numerous studies have suggested the presence of

both IAA-g 1 uc ose and IAA-as part ate I n a WI de range of 5 pe ci e 5,

including the pea (Andreae and Good, 1955; Cohen and Bandurski

1982). The auxin conjugates may be involved in the transport,

storage, and protection of IAA; the latter role inferred due to the

immunity of IAA-conjugates to peroxidase attack (Cohen and

Bandurski , 1982). Enzymatic hydrolysis of the conjugates could

free the IAA for biological activity. One type of conjugate, aryl

ester of IAA, was reported to be superior to free IAA in the

initiation of roots (Haissig, 1979). The greater activity was

suggested to be due to increased uptake (lipid solubility),

increased protection of IAA, or delayed hydrolysis in situ.
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Synthetic auxins are used commercially in the rooting of

cuttings; indole butyric acid (IBA) is one of the most effective of

the synthetic auxins. IBA may act by merely substituting for IAA,

or by inhibiting IAA degradation or enhancing IAA conjugation

(Ryugo and Breen, 1974).

OTHER PLANT GROWTH REGULATORS

Whereas auxin promotes the formation of adventitious roots,

gibberellins and cytokinins generally decrease the number of

adventitious roots formed in cuttings (Kaminek, 1967; Haissig,

1972; Smith and Thorpe, 1975). The inhibition of primordia

formation by existing roots may be due to the production of

cytokinins and gibberellins by the roots (Fabijan, et. al.,

1981). The inhibition of rooting observed with the application of

gibberellins or cytokinins may be concentration dependent (Eriksen,

1974; Hansen, 1976), and in the case of gibberellins, dependent on

the light level during stock plant growth (Hansen, 1976). An

inhibition of rooting was observed over a range of gibberellic acid

concentrations applied to cuttings taken from stock plants grown

under high light while a promotion was observed with low

concentrations if the stock plants were grown under low light

(Hansen, 1976). The mechanisms by which these growth regulators

influence rooting are poorly understood. The application of a

cytokinin has been suggested to inhibit physiological events

preceding meristem formation, whereas gibberellin application



inhibited the development of the rneristem, subsequent to initiation

(Smith and Thorpe, 1975).

The fact that auxin stimulates ethylene production as well as

rooting suggests a role for ethylene in rooting. A few studies

have reported a promotion in root formation with applied ethylene

(Zimmerman and Hitchcock, 1933) or ethephon, an ethylene-generating

compound (Krishnamoorthy, 1970; Robbins et. a]., 1983), while

others have reported no effect (Batten and Goodwin, 1978) or an

inhibitory effect of ethylene (Mullins, 1970; Geneve and Heuser,

1983). As with the gibberellins and cytokinins the cutting

response to ethylene is probably concentration dependent.

ENVIROMIENTAL CONDITIONS

The environmental conditions under which the cuttings are

rooted have a large effect on adventitious root formation, the

condition most extensively researched being the light level on the

cuttings. It is well known that the basal internodes of cuttings

need to be shaded to optimize rooting conditions (Kawase, 1965;

Hartmann and Kester, 1975; Eliasson, 1980), although low

concentrations of IAA were reported to overcome the inhibition of

rooting when the cutting bases were exposed to light (Eliasson,

1980). It was suggested that exposure of the base to light lowered

the endogenous auxin level or increased the level of a rooting

inhibitor.

In contrast to light on the base, light on the remainder of

the cutting is promotive to rooting (Howard, 1965; Love]] and



Moore, 1969; Loach and Whalley, 1978; Eliasson, 1980). One

exception is the work by van Overbeek (1946) with hibiscus

cuttings, where root formation was reported even in the dark. The

cuttings, however had been supplied with a basal source of auxin.

When Lovell and Moore (1969) placed radish cotyledons in the dark

for a period of 1 to 5 days (including 1-5 photoperiods) root

initiation was delayed by a time equal to the length of the dark

period. The dark period had little effect on rooting once the

cuttings were placed in the light, as if the cuttings had been in

some type of "quiescent" state. Light may affect rooting by

influencing the carbohydrate levels and auxin levels of the

cutting.

CARBOHYDRATES

The data on the influence of carbohydrates in rooting are

inconsistent. The type of cutting, whether herbaceous, softwood,

or hardwood, probably has a great deal to do with the

inconsistency. It is generally accepted that a certain minimum

level of carbohydrate is necessary in the formation of roots

(Lovell and Moore, 1971; Greenwood and Berlyn, 1973; Altman and

Wareing, 1975; Eliasson, 1978). A promotion in rooting has been

observed in cuttings treated with exogenous sugars if the cuttings

were rooted under low light or were taken from stock plants grown

under low light (van Overbeek, 1946; Veierskov, et. al., 1982;

Eliasson, 1978; Loach and Whalley, 1978). This promotion was not

observed, and in fact rooting was inhibited in cuttings placed in
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sucrose solutions under high light levels (Lovell and Moore, 1969;

Eliasson, 1978; Loach and Whalley, 1978). Davis and Potter (1981)

observed poor rooting in the dark on cuttings taken from stock

plants grown under moderate or high light, despite the greater

sugar content in the stock plants grown under high light. Where

stock plants are grown under different light levels more than just

carbohydrate levels appear to be involved. A discussion on these

"etiolation effects begins on page 12. Davis and Potter (1983)

also reported only a small increase in rooting in cuttings rooted

under high CO2. In contrast, a large reduction in rooting was

observed in cuttings rooted under low CO2 or with the application

of an antitranspirant (Davis and Potter, 1981). It appears some

minimal level of carbohydrate is needed for rooting above which

rooting may be unaffected or possibly inhibited.

An interaction between carbohydrates and auxin may also

influence rooting. The effectiveness of auxin has been suggested

to depend upon the nutritional status of the cutting (Nanda et.

al., 1971; Hansen, 1974).

A(JXIN AND LIIT

It was once believed that growing plants in the dark elevated

the auxin content, but several investigators have found similar

levels of auxin in light and dark grown plants, or even less auxin

in dark grown plants (Avery, 1937; Scott and Briggs, 1963;

Tillberg, 1974; Kawase and Matsui, 1980). Avery suggested light

and circumstances favorable to photosynthesis promoted hormone
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synthesis (Avery, 1937), while von Guttenberg and Zetsche cited by

McCready (1966), suggested the transport of auxin was also

supported by photosynthesis or light. Of the two possible

explanations, the role of light in the normal basipetal transport

of auxin has received the most attention.

AUXIN TRANSPORT

The idea that light may influence the transport of auxin is

not new. As Koevenig (1972) pointed Out, numerous studies on the

phototropism of coleoptiles of various grasses have measured light

effects on the movement of auxin. In these organs an exposure to

light reduced the transport of auxin (Naqvi and Gordon, 1967;

Thorton and Thimann, 1967; Jacobs, 1979). The opposite phenomena,

that is light promotion of the transport of auxin has been

demonstrated in numerous species other than grasses (von Guttenberg

and Zetsche, cited by McCready, 1966; Koevenig and Jacobs, 1972).

Even though photosynthates and auxiri probably do not share a common

transport pathway, a relationship between photosynthesis and auxin

transport has been suggested. The principal pathway for auxin

appears to consist of the procambium, cambium and newly formed

derivatives of the cambium particularly the phloem initials

(Wareing and Phil lips, 1981). von Guttenberg and Zetsche cited by

McCready (1966), suggested the relationship between auxin transport

and photosynthesis may be due to a sugar requirement for auxin

transport. Numerous studies since have supported a need for the

expenditure of energy in auxin transport. A reduction in auxin
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transport was observed in plants or plant segments subjected to low

temperature, zero oxygen (Hollis and Tepper, 1971), dinitrophenol

(Niedergang-Kamien and Leopold, 1957) and lethal treatments

(Niedergang-Kamien and Leopold, 1957; Morris and Kadir, 1972).

The fact that auxin can be transported to the base even

against a concentration gradient suggested an active process

(Goldsmith, 1968). A new theory postulates auxin transport is

thermodynamically downhill, but metabolic energy is expended to

maintain the necessary pH and electrical gradients and polar

permeability. Indole-3-acetic acid which is relatively lipophilic

and a weak acid, enters the cell more rapidly as the undissociated

acid, where uptake increases with decreasing pH (Goldsmith, 1977).

Many of the investigations have used radioactive auxin as a

measure of the transport of auxin. As McCready (1966) has pointed

out, when measuring transport by the application of auxin (input)

one must remember that what is measured (output) is a result of

several processes, of which transport is only one. The differences

in identity, as well as quantity, of the radioactive auxin applied

and the radioactivity recovered may reflect immobilization,

degradation and conjugation, in addition to transport of the auxin.

ETIOLATION

Not only are the environmental conditions on the cutting

important to rooting, but possibly of as great importance are the

conditions on the stock plant. Again light has been studied

extensively. It is well known that growing stock plants under low
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light or in the absence of light promotes rooting in cuttings of

some species (Biran and Halevy, 1973; Hansen, 1974; Johnson and

Roberts, 1971). A stimulation of rooting has also been observed in

cuttings from stock plants receiving localized etiolation, where

the future cutting base was kept in the dark (Kawase and Matsul,

1980; Herman and Hess, 1963; Doud and Carison, 1977; Delargy and

Wright 1978). The stimulation in rooting due to etiolation of the

entire stock plant or a localized etiolation has been demonstrated

in apple, Chinese Hibiscus, dahlia, Rhododendron, bean, pea and

pine. While this phenomenon is well documented, its physiological

basis is poorly understood. There are several models, but none are

consistent with all the evidence. The models involve the

carbohydrate status of the cutting, the differentiation of the

tissue and the auxin status.

As previously mentioned, there appears to be a minimal level

of carbohydrate necessary for root formation. In addition, an

optimal level of carbohydrate in relation to the auxin level may

exist, this optimal level is thought to be found in those cuttings

taken from stock plants grown under low light (Hansen and Eriksen,

1974). Cuttings taken from stock plants receiving high light have

been suggested to contain a supraoptimal level which is inhibitory

to rooting (Hansen and Eriksen, 1974). Veierskov et. al. (1982)

compared the carbohydrate accumulation in pea cuttings taken from

stock plants grown under two light levels where the lower light

level promoted root formation. They observed no significant

accumulation of carbohydrates in the base until four days after the
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cutting was taken; by this time the majority of the root initiation

should have taken place. They also observed a similar accumulation

in carbohydrates with both sets of cuttings reaching an identical

level at day six. From the observations, they felt there was no

connection between extractable carbohydrate and the number of roots

which form (Veierskov, et. al., 1982).

There is also the stimulation of rooting due to localized

etiolation to consider. Wrapping the area of root initiation with

opaque material should have little effect on the initial

carbohydrate status of the cutting as well as carbohydrate

accumulation during the rooting period.

Although it was once suspected that etiolated plants contained

more auxin, current investigators have found similar levels or

possibly less auxin than in the light grown plants (Tillberg, 1974;

Kawase and Matsul, 1980). Kawase (1980) suggested that etiolated

tissue was more sensitive to auxin. More information is needed on

the conjugation and destruction of auxin, and its interaction with

cofactors in etiolated tissue. All of these factors, as well as

rooting inhibitors, may be critical to the difference in rooting

between etiolated and nonetiolated cuttings.

Etiolation of the stock plant is known to decrease the level

of differentiation of the tissue and possibly increase the

potential for meristematic activity (Herman & Hess, 1963; Doud and

Carison, 1977). Whether this has a major effect on rooting is

uncertain. In apple, a negative correlation was found between the

percent scierification and the degree of rooting, although the
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investigators seriously doubted the importance of the

sclerification in rooting (Doud and Carlson, 1977). In adult phase

pecan there was little evidence that the rooting potential was

reduced by the presence of sclerenchyma fibers (Brutsch, et. al.,

1977). However, Biran (1973) working with the shading of dahlias

felt the enhancement in rooting was due to localized anatomical

changes at the base of the shoot. The reduction in rooting due to

aging may also be related to the level of tissue differentiation

(Haissig, 1974), although certain cofactors have also been

suggested to play a role (Haissig, 1974; Herman and Hess, 1963).

As any developmental process, adventitious root formation, is

a cplex system with several factors influencing the process. The

factors, which I have discussed, include the plant growth

regulators, auxin in particular, carbohydrates, and the influence

of one environmental factor, light.
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CHAPTER 2

AN INTERACTION BETWEEN AUXIN TRANSPORT AND PHOTOSYNTHESIS

DURING ADVENTITIOUS ROOT FORMATION IN PISIPI SATIVU4 L.

ABS TRACT

Adventitious root formation is nearly eliminated in stem

cuttings of Pisum sativum L. (pea), an easy-to-root species, if the

apical and lateral buds are removed. Application of exogenous

auxin to the apical stump can replace the rooting stimulus produced

by the buds. Rooting was reduced in the decapitated and disbudded

cuttings supplied with an apical source of auxin if photosynthesis

was inhibited by any of several treatments during the rooting

period. These treatments were the exclusion of light, application

of an antitranspirant, defoliation and low CO2. The extent to

which rooting was reduced was roughly proportional to the extent to

which photosynthesis was reduced. t3asipetal transport of

radioactivity from apically applied 14C-IAA, and basal carbohydrate

content were also consistently reduced under conditions where

photosynthesis was inhibited. The data suggest the reduction in

rooting due to a reduction in photosynthesis is caused by a

photosynthesis promoted transport of IAA from the apex to the base

of the cutting, and the basal accumulation of carbohydrates.
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INTRODUCTION

Considerable evidence indicates that auxin is a necessary

component of adventitious root formation (Flaissig, 1974). In the

easy-to-root species, Pisum sativum L. (pea), the removal of the

buds and developing leaves, natural sources of auxin, (Moore,

1979), inhibits root formation (Eriksen, 1973). However, rooting

can be restored in such decapitated and disbudded cuttings with an

exogenous auxin source (Eriksen and Mohammed, 1974). Other

compounds have been suggested to play a role in rooting due to

their correlation with root formation or the failure of auxin alone

to stimulate rooting in cuttings of some species (Haissig, 1974;

Eliasson, 1978). Suspected compounds include those which act in

conjunction with auxin, for example certain phenolics which may

inhibit or promote IAA-oxidase activity (Haissig, 1974).

Carbohydrates, which play a role in the nutrition of the cutting

may also influence rooting (Eliasson, 1978; Davis and Potter,

1981), although their direct role in root initiation is probably

minor (Breen and Muraoka, 1974; Veierskov et. al., 1982). The need

for carbohydrates was also suggested by the close correlation

between photosynthetic rates and rooting (Davis and Potter,

1981). High photosynthetic rates may also influence rooting

through other means, such as facilitating the transport of auxin to

the base, von Guttenberg, and Zetsche cited by McCready (1966),

demonstrated the necessity of carbohydrates as an energy source for

auxin transport.
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The objective of my work was to investigate the relationship

of cutting photosynthetic rates, basal accumulation of

carbohydrates, auxin transport, and rooting. I chose to work with

decapitated and disbudded pea cuttings where auxin was applied to

the apex and presumably must be transported to the base to elicit

rooting.
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MATERIALS AND METHODS

Plant Material

Seeds of Pea (Pisum sativum L., 'Alaska') were sown in flats

containing a commercial potting mixture composed of peat and

vermiculite (Jiffy Mix, George Ball Co.). Germination and seedling

growth took place under the following growth chamber conditions:

Photosynthetic photon flux density (PPFD) = 330 uEm2s of

fluorescent (Cool White, General Electric) and 120 )AEm2s of

incandescent light (14 h photoperiod); 26/24°C day/night

temperature; and 65-70% relative humidity. Cuttings were taken

eleven days after sowing by excising the stems immediately above

the second scale leaf. The cuttings, approximately 14 cm long with

three fully expanded bifoliates, were decapitated one centimeter

above the third bifoliate. The axillary buds were removed, and the

lowest bifoliate leaf was removed to facilitate rooting in foil

covered glass vials (7 cm long, 2.5 cm diameter), containing 35 ml

of 0.1 strength nutrient solution #1 (Hoagland and Arnon, 1950),

modified to contain 1.4 mg Sequestrene 138 Fe Iron Chelate (Geigy)

per liter.

All environmental treatments and auxin applications were made

at the beginning of the first photoperiod after excision, except

for the dark experiments, where treatment and auxin application

occurred simultaneously with those for the appropriate control.

Unless stated otherwise, the root number was counted and length of

the longest root was measured after a rooting period of 12 days.
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Nonradioactive Auxin Application

Indole-3-butyric acid or indole-3-acetic acid was dissolved in

0.5 ml of 100% ethanol and mixed into 25 ml melted lanolin to give

iü2 M. Using a syringe, 65 ± 5 mg of lanolin with or without

auxin was applied to the severed apex. To keep the lanolin in

place, a 1.0 cm2 piece of aluminum foil was folded over the lanolin

and stem tip.

Carbohydrate Analysis and Photosynthesis Measurements

Basal 2 cm stem segments of cuttings treated with an apical

source of IBA were freeze dried and analyzed for starch, sucrose

and glucose (Potter and Breen, 1980). Photosynthesis was measured

at mid-day (1400h) using the method described by Sullivan et. al.

(1976).

Treatments to Reduce Photosynthesis during the Rooting Period

Continuous: Cuttings were coated with an antitranspirant, kept in

the dark, defoliated, or exposed to a low CO2 atmosphere. The

antitranspirant ('Wiltpruf'), a polyvinyl chloride emulsion, was

applied to the leaves and stems keeping the apex and base free of

the emulsion. Two aqueous dilutions of the antitranspirant were

used; 1:3 and 1:1 antitranspirant:water (v:v). In the

antitranspirant and defoliation experiments the cuttings were

rooted under the following conditions: PPFD = 265 pEm2s of

fluorescent and 35pEnr2s of incandescent light (12 h
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photoperiod); 24/22°C day/night temperature; and 70-75% relative

humidity. Environmental conditions for the dark experiments,

excluding light, were the same as above. In the low CO2

experiments, photosynthesis was reduced by lowering the CO2

concentration to the compensation point (66 ± 20,u11') during the

photoperiod. The control cuttings were rooted in normal CO2 (320 ±

20,AJll) during the photoperiod using an infrared gas analyzer to

regulate CO2. At night CO2 levels were about 350 u111. Other

rooting conditions were: PPFD = 2OOuEnr2s1 of fluorescent and 25

pEm2s1 of incandescent light, (12 h photoperiod); 24/22°C

day/night temperature; and 82 ± 2% relative humidity.

Intermittent: After excision the cuttings received 0 to 4 days of

diurnal light followed by dark for the remainder of the rooting

period. In a second protocol the cuttings received 0 to 4 days of

dark after excision followed by diurnal light for the remainder of

the rooting period. Control cuttings for both protocols received

diurnal light for the entire rooting period. The cuttings were

rooted under the same environmental conditions used for the

antitranspirant experiments.

Radioactive Auxin

Apical application: In the experiments where cuttings were rooted

in the dark or diurnal light, lanolin containing 10M IAA with 0.1

,uCi 2-14C-IAA was applied to the severed apex. After 12 h, the

basal 2 cm of the cuttings was sectioned into 2 mm transverse



segments and placed in vials containing 10 ml of scintillation

cocktail (Ready Solv GP, Beckman). The sections were incubated in

the cocktail for 24 h at 25°C with agitation, and the radioactivity

was measured in a liquid scintillation spectrcxneter (Beckman

L57000). The radioactivity was converted to dpm using the automatic

quenching determination of the instrument. Sectioning and

extraction were repeated after 24, 48, 72 and 96 h.

To improve recovery of radioactivity in the cutting bases, in

subsequent experiments a 5 ul drop (15% aqueous ethanol, volume

basis) containing 0.1pCi 14C-IAA was applied to the severed apex

of each cutting. After the drop was absorbed, the apex was covered

with lanolin containing nonradioactive IAA as before. In the low

CO2 experiments the radioactivity was reduced to 0.OlpCi per

cutting. In the defoliation experiments and those involving a dark

period after excision, the 5 ul drop of aqueous ethanol contained

nonradioactive IAA in addition to 0.01pCi 14C-IAA to make a 5 x

io IAA solution.

Basal application: Cuttings were incubated in vials containing 35

ml of iO4 M IAA (0.05% aqueous ethanol) solution for 24 h in the

dark or diurnal light (4 cuttings per vial). The vials contained

0.5jiCi and 0.lpCi 14C-IAA in trial I and II respectively. After

the incubation period the basal portions of the cuttings were

rinsed with water. A group of 4 cuttings per treatment were

divided with 2 cm stern segments (at the base, mid-stem, and apex)

which were sectioned as before and extracted in 1.0 ml methanol for

24 h at 25°C with agitation. One leaflet from each node was
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extracted similarly. After extraction, the methanol and tissue

was exposed to 30 mm of incandescent light filtered through 5 cm

of water (PPFD = 1,500 uEm2s1) to bleach color, and

scintillation cocktail was added as before. The remaining cuttings

were placed in clean vials containing 0.1 strength nutrient

solution and returned to the dark or light conditions for 1 to 4

more days before radioactivity was assayed. Incubation in IAA and

rooting took place under the same environmental conditions used for

the antitranspirant experiments.

Primordia Counts

The primordia were counted in the basal 3 cm stem segments

using the method by Hackett and Stewart (1969) with chloral hydrate

substituted for methyl benzoate in clearing.
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RESULTS

Photosynthetic rates were reduced in the cuttings treated with

an antitranspirant, where the greatest reduction occurred with the

concentrated antitranspirant (Fig. 11.1). Photosynthesis data for

the dilute' treatment was not obtained on the first day after

application of the antitranspirant. The stem photosynthetic rate

of the defoliated cuttings was 20% of the leafy cuttings (data not

shown), while low CO2 (66 ppm) reduced net photosynthesis to zero.

Root number, as well as photosynthetic rate, was reduced with

the antitranspirant, dark, defoliation, and low CO2 treatments

(Fig. 11.1, Tables 11.1, 11.2, and 11.3). Control cuttings, which

were in the light, formed a substantial number of roots with the

application of auxin, but essentially failed to form roots without

auxin. In the dark, where no photosynthesis occurred, the

applicatin of auxin failed to stimulate rooting. Dilute

antitranspirant reduced the root number, while the cuttings treated

with concentrated antitranspirant formed even fewer roots and

experienced leaf necrosis five days after excision. Defoliation

reduced root number to around 50% of the control rooting, and low

CO2 reduced root formation to 30% of the control. While IAA

stimulated fewer roots than IBA, the trends in rooting were similar

(Tables 11.1 and 11.3).

In addition to root number, primordia number were measured in

cuttings rooted in the dark or light. Few, if any primordia

developed in the dark or in the absence of auxin. In the light it
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appears all primordia developed into roots with root number at day

12 slightly exceeding the number of primordia at day 8 (Table

11.4).

Where photosynthesis was reduced, movement of radioactivity

from an apical source of 14C-IAA to the base was also reduced (Fig.

11.2 and 11.3). The greatest reduction in basal accumulation of

radioactivity was observed in the concentrated antitranspirant and

dark treatment, while low CO2 and defoliation reduced the basal

accumulation of radioactivity to a lesser extent. The fraction of

the applied radioactivity that accumulated in the bases was much

lower when the radioactive auxin was applied in lanolin. Control

cuttings receiving O.lpCi in lanolin (light vs. dark experiment)

accumulated 150 dpm in their bases, while cuttings receiving 0.1

)JCi in aqueous ethanol (concentrated antitranspi rant experiment)

accumulated 15,000 dpm.

Treatments that inhibited photosynthesis tended to reduce the

sugar content of the cutting bases ccmpared to control. Of the

carbohydrates, only sucrose showed a substantial increase in the

cutting bases during the first four days of rooting (Fig. 11.4 and

Table 11.5). The control cuttings and those treated with the

dilute antitranspirant accumulated sucrose, while those treated

with concentrated antitranspirant, dark, and low CO2 showed a

decrease in sucrose content (Fi-g. 11.4 and Table 11.5). The

glucose content decreased over the first few days irrespective of

treatment, the control cuttings showing the smallest decrease (Fig.

11.4). On the average starch differed little between treatments,
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the control cuttings showing a slight increase toward the end of

the sampling period (Fig. 11.4 and Table 11.5). The stem bases of

control cuttings and those of the antitranspirant and low CO2

treatments increased in dry weight after 5 days of rooting, while

those of the dark treatment showed a decrease in dry weight during

the rooting period (Fig. 11.5 and Table 11.5). The application of

auxin to the apex did not affect the concentration of sucrose,

glucose or starch in the cutting bases (Fig. 11.6).

The effect of various concentrations of IAA in either lanolin

or aqueous ethanol is given in Fig. 11.7. In lanolin the optimum

was io2 M and in aqueous ethanol it was 5 x 10_i M. Any higher

molarity of MA in ethanol caused a readily visible precipitate on

the cutting apex.

In an attempt to reduce the basal carbohydrate content,

cuttings were rooted for variable periods under diurnal light and

then placed in the dark. Three days of light were necessary to

reach control levels of rooting (Table 11.6). The root length

differed little in those cuttings receiving 3, 4 or 12 days of

light while roots were considerably shorter in cuttings receiving

only 0 to 2 days of light. The sucrose and glucose levels in the

cutting bases tended to decrease once the cuttings were placed in

the dark, while starch levels changed little (Fig. 11.8).

A dark period at the onset of rooting had little.affect on the

number of roots formed (Table 11.7). However, the rooting

process was probably delayed, which is reflected in the root length

at day 14 after excision. The 4 day dark period after excision
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also delayed the accumulation of sucrose and starch, while there

was little difference in glucose content (Fig. 11.9).

The basal accumulatin of radioactivity from apically applied

14C-IAA was also measured for those cuttings receiving 4 days of

dark after excision (Fig. 11.10). Cuttings in the light

accumulated the most radioactivity; the radioactivity remaining at

a constant level after the first 2 days. However, when the dark

cuttings were transferred to the light the radioactivity in the

base increased substantially.

Basal auxin, like apical auxin, promoted root formation in the

light, but not in the dark (Table 11.8). The few roots which did

emerge in the dark were much shorter than roots on the control

cuttings. In the dark, cuttings formed about 2 primordia which

failed to develop into roots (Table 11.8). Cuttings in the light

consistently contained more radioactivity than those in the dark

with much more radioactivity localized in the base than in other

comparable stem segments and leaves (Fig. 11.11). The percent

reduction in the accumulation of radioactivity due to the dark was

relatively small in the bases compared to the mid-stems and

apices. The cuttings in the light took up 2.5 times as much

radioactive solution during the incubation period as those in the

dark (data not shown).
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DISCUSSION

The data are consistent with a model of rooting whereby the

transport of auxin to the area of root initiation is influenced by

the photosynthetic rate of the cutting. In decapitated and

disbudded cuttings, the transport of radioactivity from an apical

source of 14C-IAA was reduced by low photosynthetic rates. The

number of roots formed in such cuttings was also reduced under low

photosynthetic rates; possibly a reflection of the amount of auxin

transported to the base. Intact cuttings, where the buds are the

source of auxin also showed a decrease in root number per cutting

when photosynthetic rates were reduced (Davis and Potter, 1981).

In the present investigation the reduction in rooting was

proportional to the severity of the treatment, the most severe of

the three treatments being the total exclusion of light throughout

the rooting period. The fact that few, if any, roots formed in the

dark with apical or basal auxin is consistent with many other

studies (Lovell et. al., 1973; Eliasson, 1978; Davis and Potter,

1981), although van Overbeek et. al (1946) reported the formation

of roots in Hibiscus cuttings in the dark. In the case of the

Hibiscus cuttings auxin was supplied by a basal dip. In the

present investigation a small number of root primordia formed in

the dark, but only with the basal auxin application. A regression

of primordia has been suggested to occur if some factor is limiting

(Lovell et. al., 1973; Haissig, 1974), possibly carbohydrates or

auxi n.
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The role of light in the transport of auxin from an apical

source is unclear. Koevenig and Jacobs (1972) pointed out that

most of the information on the effects of light on auxin movement

come from studies on the phototropism of etiolated coleoptiles of

grasses, organs in which light decreases auxin transport (Naqvi and

Gordon, 1967; Thorton and Thimann, 1967). However, Koevenig and

Jacobs (1972), who worked with green Coleus stem sections, found

light increased movement of IAA in its normally polar direction.

Avery et. a. (1937) concluded that circumstances favorable to

photosynthesis, such as high light levels or high CO2 levels, were

favorable to hormone synthesis. The basipetal transport of auxin

may also be promoted by conditions favorable to photosynthesis.

McCready (1966), in a review of the trarislocation of growth

regulators, cited von Guttenberg and Zetsche for demonstrating the

necessity of carbohydrates as an energy source for polar

transport. Numerous studies since have supported a need for the

expenditure of metabolic energy in auxin transport (Niedergang-

Kamien and Leopold, 1957; Hollis and Tepper, 1971; Morris and

Kadir, 1972; Goldsmith, 1977).

The auxin transport pathway probably consists of cells outside

the phloem sieve tube elements, that is the cambial cells and

phloem derivatives. Although the major auxin pathway is probably

not the pathway for photosynthates, the transport of auxin may

depend on the presence of an active vascular system. Davenport et.

a]. (1980) reported a reduction in the auxin transported from the

apex under low water potentials, a condition that also reduces
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translocation (Bunce, 1982). The above citations strongly suggest

that photosynthesis pranotes the transport of auxin.

A second potential role of photosynthesis in rooting is the

production of carbohydrates as a nutritional source. A minimal

carbohydrate content appears to be necessary for the rooting of

cuttings of certain species (Eliasson, 1978; Veierskov et. a].,

1982). Studies which have attempted to demonstrate the effect of

carbohydrates beyond this minimal level have given inconsistent

results. A promotion in rooting (Nanda et. al., 1971; Eliasson,

1978; Hansen et. al., 1978), as well as an inhibition of rooting

(Lovell et. al., 1973) has been reported with the application of

exogenous sugars. Part of the inconsistency may be due to the

plant material used and the environmental conditions. In addition

to a minimal carbohydrate content, it has been suggested that the

response of a cutting to auxin is sensitive to its nutritional

status (Nanda et. al., 1971; Greenwood and Berlyn, 1973; Hansen,

1976).

In my data sucrose was the only carbohydrate to show a

substantial increase during the first four days of the rooting

period, the root initiation period for the pea (Eriksen, 1973).

The higher root number was found in those cuttings containing the

higher sucrose content. However, the reduction in rooting due to

the application of the dilute antitranspirant was much greater than

the reduction in sucrose content. This suggests that the

antitranspirant effect was not entirely mediated through the

accumulation of sucrose in the cutting base.
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Auxin, which is believed to be active during the root

initiation stage, was suggested to promote the accumulation of

carbohydrates in the base (Altman, 1975). Our data along with

others (Breen and Muraoka, 1973; Greenwood and Berlyn, 1973), do

not support this concept and show little difference in the

accumulation of carbohydrates in the bases of cuttings treated with

or without auxin.

In an effort to reduce basal carbohydrate accumulation I

investigated the duration of light necessary to promote the

formation of roots. Because only three days of light after

excision was necessary to elicit control level rooting, it appears

the root initiation period may be sensitive to photosynthetic

rates. If, however, a dark period, up to 4 days, was given after

excision, the cuttings still formed as many roots as the control

cuttings, provided the rooting period was extended to 12 days of

diurnal light beyond the dark period. The shorter root length for

those cuttings receiving a period of dark after excision may

reflect a delay in root initiation. As suggested by Lovell and

Moore (1969) cuttings may be in a "quiescent" state in the dark,

and once placed into the light mitotic activity may increase and

normal root initiation and development occur. When Lovell and

Moore (1969) placed mustard cotyledons in the dark for a period of

1-5 days, root initiation was delayed by a time equal to the length

of the dark period. They suggested the role of light may be one of

accumulating photosynthates or through a less, direct way. My

results are consistent with the accumulation of carbohydrates and



an indirect role of light in auxin transport. An increase in the

transport of radioactivity fran apically applied 14C-IAA when the

cuttings were removed from the dark and placed in the light

strongly suggests that auxin transport was triggered by the dark to

light transition.

In each case where photosynthetic rates were reduced, the

accumulation of radioactivity in the base from an apical or basal

source of 14C-IAA was also reduced. The basal accumulation of

radioactivity ranged from approximately 20 to 60% of the control

level. It seems unlikely that an auxin content of 20 to 60% of

control could account for a significant change in rooting, when a

considerable number of roots were promoted by to 1O M

exogenous auxin, a 100 fold range. Therefore, the radioactivity is

probably not confined to active auxin. The value of results with

the use of a radloassay is limited unless it can be shown that the

isotope measured is still in the chemical form in which it was

applied (McCready, 1966). The form of auxin during transport to

the base is thought to be in the free acid form (Zaerr and

Mitchell, 1967; Jacobs, 1979). Once it reaches the base the form

of auxin represented by the radioactivity is unknown, although in

pea stems, 1AA-aspartate has been identified as a major conjugate

(Andreae and Good, 1955). Auxin conjugation with other molecules,

degradation, and interaction with possible cofactors, such as the

phenolics have also been described (Haissig, 1974; Cohen and

Bandurski, 1982;). These processes may also be sensitive to

photosynthetic rates and amplify the difference in the active auxin
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content in the base of the control cuttings and those rooted under

low photosynthetic conditions.

Like any developmental process, root formation is complex. It

is difficult to single out one factor to explain a modification of

the system. Based on my data the reduction th root number due to a

decrease in cutting photosynthetic rate must take at least two

factors into consideration, the reduction of auxin transported to

the base, and the accumulation of carbohydrates in the base.
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source of 'C-IAA at the time of excision. The
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Fig. 11.4. Time course of carbohydrate content in the basal 2 cm
of cuttings under control conditions (o -o), with

the application of a dilute (_--x) or concentrated
(u---.) antitranspirant, and in the dark (. s)
Each point is the mean ± standard error of 2 trials
with 4 observations per trial.
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Fig. Il. 8. Time course of carbohydrate content of the basal 2 cm
of decapitated/disbudded cuttings treated with apical
IAA in lanolin. The cuttings were given various
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Each point is the mean ± standard error of 2 trials
with 4 observations per trial.
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Table II. 1. Effect of an antitranspirant or darkness on rooting of

decapitated/disbudded cuttings treated with apical

auxin. Each value is the mean of 4 trials with 20

cuttings per trial.

Treatment Number of roots per cutting Root length (cm)

-Auxi n IBA IAA -Auxi n IBA IAA

Control 0.6 22aZ lOa 0.7 4.3a 3.Oa

Anti-
transpi rant

1:3 dilution 8.Ob 5.Ob 4.7a 2.2a

1:1 dilution 5.Qc 3.0c 6.2a 2.Oa

Dark Od Od ---

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

5% level.
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Table II. 2. Effect of defoliation on rooting of

decapitated/di sbudded cuttings treated with apical

IAA. Each value is the mean of 4 trials with 20

cuttings per trial

Number of Roots

Treatment per Cutting Root Length (cm)

Control 11** 2.7*

Defoliated 5 2.1

** Differences significant at the 1% level.

* Differences significant at the 5% level.
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Table II. 3. Effect of low CO2 on rooting of decapitated/disbudded

cuttings treated with apical auxin. Each value is

the mean of 4 trials with 20 cuttings per trial.

Treatment Number of roots per cutting Root length (cm)

IBA IAA IBA IAA

Normal CO2 13.7 6.0 2.9 3.3

Low CO2 54** 2.O** 2.5 2.4

**Differences significant at 1% level



Table II. 4. Effect of dark on priniordia and root number of

Treatment

Light:-IAA

+ IAA

Dark: +IAA

decapi tated/di sbudded cutti ngs treated wi th apical

MA. Each value is the mean of 2 trials with 12

cuttings per trial.

Number of primordia

per cutting

Day 8 Day 12

0 0

Number of roots

per cutting

Day 12

0

11 0 14

0.5 0.5 0

54
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Table II. 5. Carbohydrate levels and dry weight of the basal 2 cm

of decapitated/disbudded cuttings rooted under low and

normal CO2 levels. The analyses were made at the time

of excision and 4 days after excision. Each value is

the mean of 2 trials with 4 observations per trial.

Sucrose (% dry weight)

Glucose (S dry weight)

Starch (5 dry weight)

Dry weight (mg)

DayO Day4

Low CO2 Normal CO2

3.2bZ 1.7c 7.8a

6.4a 1.3c 3.3b

2.8a 3.Oa 4.Oa

6.Ob 6.5b 8.8a

Z Mean separation by Duncan's multiple range test, 5% level.
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Table II. 6 Effect of various periods of light immediately after

excision on rooting of decapitated/disbudded cuttings

treated with apical IAA in lanolin. Each value is the

mean of 3 trials with 20 cuttings per trial. Root

number and root length were measured 12 days after

excision.

Days in light Number of roots Length of

after excision per cutting roots (cm)

0 OdZ

1 id 04d

2 6c 1.6c

3 ilab 2.5a

4 lOb 3.2a

12 13 a 2.4 b

Z Mean separation by Duncans multiple range test, 5% level.
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Table II. 7. Effect of various periods of dark immediately after

excision on rooting of decapitated/disbudded cuttings

treated with apical IAA in lanolin. The length of

roots was measured on day 14 after excision, while

the number of roots was counted on day 16. Each

value is the mean of 3 trials with 20 cuttings per

trial.

Days in dark Number of roots Length of

after excision per cutting roots (cm]

0 l4abZ 3.5a

1 16a 3.9a

2 13b 2.6b

3 lib 1.8c

4 12b 2.Obc

Continuous dark 0.3 c 0.2 d

Z Mean separation by Duncans multiple range test, 5% level



Table II. 8. Effect of dark during the rooting period on primordia

and root number in decapitated/disbudded cuttings

treated with a basal source of IAA. Rooting was

evaluated 12 days after excision. The cuttings were

incubated in iüSi IAA for 24 h under diurnal light

(control) or dark. Each value is the mean of 2

trials with 20 cuttings per trial.

Number of Primordia Number of Roots Root Length

Treatment per cutting per cutting (cm)

Control 0.1 13.8 2.1

Dark 2.2** 0.2**

**Differences significant at the 1% level.
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CHAPTER 3

EFFECT OF STOCK PLANT LIGHT LEVELS ON ADVENTITIOUS

ROOT FORMATION IN PEA AND RHODODENDRON CUTTINGS

ABSTRACT

When pea (Pisum sativum L.) and Rhododendron stock plants were

subjected to low light or a period of darkness, the rooting of

cuttings taken from these plants was significantly promoted. For

pea, the proinotive effect of darkness was greater when the entire

plant was placed in the dark immediately after emergence compared

to a localized darkening of the stem where roots would subsequently

emerge after excision. Also the timing of the light and dark

periods during stock plant growth greatly influenced rooting; where

the greatest promotion was observed when the dark period was given

immediately after emergence of the stock plant. The sucrose,

glucose and starth concentrations during the first week of rooting

were similar in bases of control cuttings and those taken from

stock plants receiving a dark period, regardless of whether the

dark period was given immediately after emergence or after an

exposure to light. This suggests that carbohydrates do not play a

major role in the promotion of rooting due to darkening stock

plants.
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INTRODUCTION

It is well known the environmental conditions on the cutting

can influence rooting, but possibly of equal importance are the

environmental conditions during stock plant growth (Doud and

Carison, 1977; Delargy and Wright, 1978; Kawase and Matsui,

1980). One environmental factor is the light level under which the

stock plants are grown; the absence of light or low light during

stock plant growth is known to prcEnote rooting in cuttings

(Hartmann and Kester, 1975; Andersen et. al., 1975; Veierskov et

a]., 1982). The prnotion in rooting has been demonstrated not

only with growing the entire stock plant under low light or in the

absence of light, but also when just the area of rooting is kept in

the dark. This stimulation of rooting due to localized etoliation

has been demonstrated in apples, Chinese Hibiscus, beans and peas

(Herman and Hess, 1963; Doud and Carlson, 1977; Delargy and Wright,

1978 and 1979; Kawase and Matsul, 1980).

The mechanism by which etiolation of the stock plant promotes

rooting is unknown. Greater sensitivity of the tissue to auxin

(Kawase and Matsui, 1980), optimal carbohydrate levels, (Hansen,

1976) and less tissue differentiation (Heman and Hess, 1963; Doud

and Carison, 1977; Delargy and Wright, 1978) have all been

suggested to play a part in this protion of rooting. In the

present study carbohydrate levels were measured in pea (Pisum

sativum L.) cuttings from etiolated and control stock plants to

investigate the role of carbohydrates in the promotion of rooting.
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Previous studies have used low light levels on stock plants to

promote rooting. Dark, in addition to low light, was used to study

the promotion of rooting in pea and Rhododendron, a woody

species. The pea stock plants received various periods of dark to

determine the effect of timing, as well as duration of the stock

plant etiolation on the promotion of rooting.
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MATERIALS AND METHODS

Plant Material:

Pisum sativum L., 'Alaska' seeds were sown in flats containing

a commercial potting mix composed of peat and vermiculite (Jiffy

Mix, George Ball Co.). Germination and seedling growth took place

under the following chamber conditions: photosynthetic photon flux

density (PPFD) = 260)iEm2 s1 of fluorescent (Cool White, General

Electric) and 8OpEm2 s of incandescent light (12 h photoperiod)

or darkness; 24/22°c day/night temperature; and 65-70% relative

humidity unless stated otherwise.

Cuttings, which were approximately 14 cm in length with 3

fully expanded bifoliates, were taken on day 10 after sowing by

excising the stem above the first scale leaf. The cuttings were

rooted in pots of moist Jiffy mix under the following conditions:

PPFD = 220uEm2 s of fluorescent and 60uEm2 s of

incandescent light (12 h photoperiod); 23/21°C day/night

temperature; and 85-90% relative humidity. Root number per cutting

and length of the longest root were recorded after a rooting period

of 12-14 days.

Three cultivars of Rhododendron, 'Crest', 'Purple Splendor',

and 'Unknown Warrior' were used in the experiment with various

stock plant light levels (pg. 67). The stock plants were grown

outside in pots before the treatment began.



Timing and Length of Dark Treatments

Flats of peas were placed in the

transferred to diurnal light zero to

peas emerged on day 4 after sowing).

continuous dark for 6 days.

Another set of flats were placed

and then transferred to the dark 1 to

Appropriate flats remained in diurnal

Localized Etiolation

dark upon sowing and then

5 days after emergence (the

Appropriate flats received

in diurnal light upon sowing

5 days after emergence.

light for 6 days.

For peas, a 1.5 cm wide strip of aluminum foil was wrapped

around the second internode of the stock plant stem, the area where

roots originate. The stems were wrapped 2 days after emergence

when the foil could be easily applied, and remained wrapped until

the time of excision (6 days after emergence). The stem above the

foil received light as given in section on Plant Material.

A second protocol was used to caipare the effect of high light

versus dark on the area of rooting during stock plant growth. Two

days after emergence the basal 3 cm of the stems were exposed to a

PPFD of 170)iEm'2 provided by two parallel fluorescent lamps

placed 3 cm away frQn the stems on opposite sides. Light from

these supplemental lamps was concurrent with the diurnal general

illumination, and an opaque shield kept the lamps from illuminating

the epicotyls above the basal 3 cm. The diurnal PPFD on the upper

epicotyls including the leaves was 26OpEnr2 s of fluorescent and

80,uEm2 s of incandescent light. In another group of. seedlings,
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the lower 3 cm was left in the dark using an opaque shield to block

the general illumination. The cuttings were prepared as in the

earlier experiments and rooting was scored as before.

Various Light Levels on Pea and Rhododendron Stock Plants

Pea:

The seeds were germinated and seedlings were grown as

described in Plant Material except the PPFD was 0, 30, 100, and 360

1uEnr2 s. Cuttings were rooted as before except the pots of Jiffy

Mix were replaced with foil covered vials containing 0.1 strength

nutrient solution #1 (Hoagland, 1950) modified to contain 1.4 mg

Iron Chelate 138 (Geigy) per liter.

Rhododendron:

Beginning at the time of bud break, about May 1, stock plants

were placed in a lathhouse in Corvallis, Oregon and exposed to 50%,

10% and 0% daylight for 3 months. For the last 3 weeks of the

treatment period those stock plants receiving the dark treatment

were exposed to 50% daylight due to a deterioration of the

etiolated tissue. At this time the lower 5 cm of the new stem

growth was wrapped with aluminum foil to exclude light from the

region of root initiation. Stem tip cuttings, 10 to 15 cm long,

were taken in late July, rooted in a greenhouse mist tent (maximum

PPFD = 370 pEm2 S4. 25/20° day/night temperature, 85% relative

humidity) and evaluated for rooting after 2.5 to 3 months.



Carbohydrate Analysis

The basal 2 cm segments of the cuttings were freeze dried and

analyzed for sucrose, glucose, and starch (Potter and Breen, 1980).

Primordia Counts

Primordia number in the basal 2 cm segments were measured by

the method of Hackett and Stewart (1969) except that clearing was

done with aqueous chloral hydrate (75g chloral hydrate/75 ml

water).



RESULTS

Rooting was promoted in cuttings taken from stock plants which

received 2 to 5 days of dark immediately after emergence, with the

greatest promotion in those plants receiving 4 days of dark (Table

111.1). The length of the roots differed little between treatments

except for those cuttings from stock plants receiving no light

which had shorter roots. In contrast to the treatments using dark

followed by light, if the stock plants were exposed to variable

periods of light after emergence followed by dark, the only

promotion in rooting was observed in those cuttings from stock

p1ants receiving only 1 day of light after emergence followed by 5

days of dark (Table 111.2). The root length differed little

between treatments. There was no significant difference between

primordia number at day 8 and root number at day 12 for each

treatment.

The accumulation of basal carbohydrates was compared in

control cuttings and cuttings from stock plants receiving 4 days of

dark immediately after emergence (best rooting, Table 111.1) or

those receiving 4 days of dark after an exposure to light (no

promotion in rooting, Table 111.2). The bases of the control

cuttings and cuttings from stock plants which received 4 days of

dark immediately after emergence (etiolated) accumulated a similar

concentration of sucrose (Fig. 111.1). Glucose levels, which were

initially high, decreased during the first 48 h in both treatments;

the glucose level of the etiolated cuttings continued to decrease,
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while there was little change in the control glucose level over the

following 5 days. There was little difference in starch levels for

the first 4 days of rooting, after which a large accumulation was

observed in the control bases and ody a slight accumulation in the

etiolated bases (Fig. 111.2.).

Figure 111.3. gives the time course of the accumulation of

carbohydrates in control cuttings and cuttings taken from stock

plants receiving 4 days of dark after 2 days of light. The dark

treatment did not affect the pattern of accumulation of either

sucrose or glucose, although the concentrations of both sugars were

generally lower in the cuttings from stock plants receiving a dark

period. Again, the dark treatment did not promote a significant

difference in starch levels until later in the rooting period (Fig.

111.3).

In all the carbohydrate data the carbohydrates are expressed

as a percent of dry weight. The basal dry weights of the control

cuttings were 50% greater throughout the rooting period than those

of the cuttings from stock plants receiving a dark period (data not

shown). Therefore the absolute amounts of carbohydrates tended to

be greater in the control bases than in the bases of cuttings from

stock plants receiving a period of darkness.

Those cuttings which gave the greatest number of roots (4 days

of dark immediately after emergence) were measured for cutting

length, internode length above the first scale leaf (area of

rooting), and leaf area. The dark treatment increased cutting

length somewhat, but greatly increased the internode length (Table
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111.3). The dark treatment also reduced the leaf area by around

40%.

Localized etiolation of the pea stock plants due to wrapping

consistently promoted root formation, but the difference was not

significant at the 5% level (Table 111.4). There was also no

significant difference in the root length between the control and

localized etiolation. High light on the area of rooting decreased

root number, but only by 15% (Table 111.5).

The timing of root emergence was compared in the localized

(foil wrapped) and whole plant etiolation (4 days of dark

immediately after emergence). Roots began to emerge on day 7 after

excision in the control and etiolated cuttings. They continued to

emerge until day 10 for the control and the localized etiolation

treatment, and until day 12 for the whole plant etiolation (Fig.

111.4).

In the protocol with several different stock plant light

levels, the greatest increase in root number was observed in the

cuttings taken from pea stock plants grown under 30 uEm2 a

relatively low light level (Table 111.6). There was little

difference in root length except for those cuttings from stock

plants receiving no light which had shorter roots.

A promotion in rooting was also observed in Rhododendron

cuttings taken from stock plants grown under dark and relatively

low light (Table 111.7). The dark treatment increased the

percentage rooting in all three cultivars, while the low light

treatment promoted rooting in 'Crest' and 'Purple Splendor. The
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largest rootball size occurred under the low light treatment for

'Crest' and 'Purple Splendor' and under the dark treatment for

'Unknown Warrior'.
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DISCUSSION

The large promotion in rooting in pea and Rhododendron

cuttings taken from stock plants grown under low light or in the

absence of light is consistent with several investigations using a

number of species (Johnson and Roberts, 1971; Biran and Halevy,

1973; Hansen and Eriksen, 1974; Delargy and Wright, 1978). This

promotion in rooting was not consistently associated with changes

in the carbohydrate concentrations in pea cutting bases during the

root initiation period (4 days after excision). The changes in

carbohydrate concentrations were similar when the dark period

occurred immediately after excision or after an exposure to

light. Rooting, however, was greatly affected by the timing of the

stock plant dark treatment. That is, if the dark period was given

immediately after emergence there was a 75% increase in root

number, but if the dark period was given after an exposure to light

there was no promotion in rooting.

In contrast to giving the stock plants a period of dark,

Veierskov et. al. (1982) did a relevant set of experiments using

two light levels on pea stock plants. Similar to my dark/light

experiments, they found little association between root number and

the basal accumulation of carbohydrates.

Although the role of carbohydrate in rooting is controversial

it is generally accepted that a mininal level is necessary for

adventitious root formation (Altman and Wareing, 1975; Eliasson,
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1978). A starvation for carbohydrate may explain why no promotion

in rooting was observed when stock plants received no light.

Pea plants grown in the dark for 4 days immediately after

emergence had longer internodes above the site of excision and the

basal dry weight was less than in the control plants. This

suggests the region of root initiation contained thin walled cells

and that the tissue was morphologically different from the

control. Etiolated tissue has been found to be in a less

differentiated state, containing more parenchymous cells and fewer

supporting cells than non-etiolated tissue (Herman and Hess, 1963;

Doud and Carison, 1977; Veierskov, 1978). The less differentiated

tissue may have a greater potential, for méristematic activity,

although a number of investigators have doubted the extent to which

tissue differentiation influences the rooting ability of cuttings

(Brutsch et al., 1977; Doud and Carlson, 1977).

In the present work, which is consistent with others (Doud and

Carison, 1977; Delargy and Wright, 1978), not only the duration of

the dark period on the stock plant, but also the timing of the dark

period influenced the rooting. A large promotion of rooting was

observed if 4 days of dark were given immediately after emergence

of the stock plants, while no promotion was observed if 4 days of

dark were given after an exposure to 2 days of light. A regression

of primordia in the latter treatment did not account for the

difference in rooting in the two treatments.

Biran and Halevy (1973) working with dahlias, felt shading

would improve rooting only if it changed the anatomical
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characteristics in the area of rooting suggesting that shading was

only a localized effect. However, in the present study, the small

promotion in rooting due to localized etiolation in peas compared

to placing the whole stock plant in the dark, or even low light,

suggest more than just a localized effect. The small promotion in

rooting due to the localized etiolation may reflect the timing of

the treatment; the region of root initiation, as well as the rest

of the stem, had been exposed to two days of diurnal light before

wrapping took place.

Because dark on the area of rooting, which normally received a

relatively low light level (50 uEnr2 s1) promoted rooting, it was

possible that directing high light on this area would increase the

difference in root number between dark and light treatments. High

light did in fact increase this difference, but only to a small

extent. This suggests that the low light normally received by the

area of rooting is sufficient to destroy most of the root promoting

effect of etiolation.

When the timing of root emergence was compared between control

pea cuttings and those receiving an etiolation treatment, neither

localized nor whole plant etiolation altered the time required for

the emergence of the first roots. However, whole plant etiolation

appeared to prolong the rooting period by 2 days. Davis and Potter

(1983) reported an accelerated root formation in Rhododendron

cultivars which had received localized etiolation of the stock

plant, but the acceleration of rooting occurred in only 2 of 11

cultivars tested. They also reported no increase in the percentage
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of rooted cuttings under the localized etiolation, while my dark

and low light treatments on the entire Rhododendron stock plant

increased the percent rooting in all 3 cultivars used. Johnson and

Roberts (1971) also observed an increase in the rooting of

Rhododendron cuttings, leaf cuttings in this case, when stock

plants were grown under 95% shade. It is significant that cuttings

from Rhododendron, a woody plant which takes months to root,

respond to localized and whole plant dark shade treatments in a

manner similar to that of pea, which roots in days.
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Table III. 1. Effect of various stock plant dark treatments on root
number and root length. The stock plants received 0
to 6 days of dark immediately after emergence
followed by light for the remainder of the stock
plant growth period, where stock plant growth period
was 6 days after emergence. Each value is the mean

of 4 trials with 20 cuttings per trial.

Days in Dark
after emergence Roots per Cutting Root Length (cm)

0 (control) 17 dZ 5.9 b

1 16d 6.2b

2 20c 6.Ob

3 25b 6.9a

4 30a 6.lb

5 27b 6.lb

6 15d 3.4c

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



Table III. 2. Effect of various stock plant dark treatments after
an exposure to light on primordia number, (8 days
after excision), root number (12 days after
excision), and root length. The stock plants were
given 1 to 6 days of light after emergence followed
by dark for the remainder of the stock plant growth
period (stock plant growth period was 6 days after
emergence). Each value is the mean of 3 trials with
20 cuttings per trial.

Days in Dark Primordia Roots Root Length
After Light Exposure per cutting per cutting (cm)

0 (control) 15.Y 16 bcZ 6.9 a

1 16 l6bc 7.Oa

2 15 14c 7.2a

3 15 14c 7.3a

4 17 16b 6.9a

5 19 21a 5.la

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

Y The student's t-test was used to compare the primordia per
cutting with the roots per cutting for each treatment and no
significant difference was found at the 5% level.



Table III. 3. Effect of etiolation of pea stock
length, internode length (area of
area. The etiolated stock plants
dark after emergence followed by
while control cuttings received 6
after emergence.

plant on cutting
rooting), and leaf
received 4 days of
2 days of light,
days of light

Parameter Measured Control Plants Etiolated Plants

Cutting Length (cm) 12.87 15.06**

Internode length (cm) 0.77 4.8**

Leaf Area (cm2) 28.18 17.7**

** Significant difference at the 1% level.



Table III. 4. Effect of localized etiolation of pea stock plants
on root number and root length. The area of rooting
was wrapped 2 days after emergence until time of
excision. Each value is the mean of 4 trials with
12 cuttings per trial.

Number of roots Length of

Treatment per cutting roots (cm)

Wrapped
5.Qz

Control 14.3 4.8

Z There was no significant difference at the 5% level.
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Table III. 5. Rooting response of cuttings taken from pea stock
plants where the area of root initiation was exposed
to high light or kept in the dark during stock plant
growth. Each value is the mean of 4 trials with 12
cuttings per trial.

Light Level on Are of Number of roots Root Length

Rooting (uEnr2s )
per cutting (cm)

170 uEm2s1 12.5*

0 uEnr2s 14.7 2.8

* Significant difference at the 5% level.



Table III. 6. Effect of four stock plant light levels on root
number and root length of pea cuttings.

Light Level (jiEnr2s1)
Parameter
Measured 0 30

Number of roots 17 bZ 27 a 20 ab 15 b

Root length (cm) 3.7 b 5.3 a 5.3 a 4.6 ab

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



Table III. 7. Effect of three stock plant light levels on percent
rooting and root ball size of cuttings of three
Rhododendron cultivars. The stock plants under the
dark treatiiint received light for the last 3 weeks
of the treatment period, at which time the area of
rooting was wrapped. Each value is the mean of 30

obse rvati ons.

Cultivar Dark 90% shade 50% shade

'Crest'

% Rooting 89 aZ 84 ab 66 b

Rootball Size (cm3) 70 b 140 a 100 ab

'Purple Splendor'
%Rooting 67a 58a 32b
Rootball Size (cm3) 155 a 165 a 100 a

'Unknown Warrior'
% Rooting 68 a 27 b 52 a

Rootbal] Size (cm3) 155 a 110 a 90 a

ZMean separation within cultivars, different letters indicate
significant differences at the 5% level of probability.
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