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ABSTRACT

Seasonal fluctuations in aedventitious root formation

capacity of cuttings of Juniperus virginiana L. 'Skyrocket'

("easy-to-root") and J. scopulorum Sarg. 'Pathfinder'

("difficult-to-root"), as indicated by three parameters,
was determined over & nine month period from late summer
(February) until spring (October). Rootability.rose from
a low or moderate level in lste summer to sn optimum in
mid winter after an intervening period of low potential
and diminished agesin in spring. A less comprehensive

study of Cupressus sempervirens L. 'Swane's Golden' ("easy-to-

root") revealed that rootability was high in February and
June but low in March. The most marked difference in the
pattern of seasonal chsnges between the two juniper

cultivars occurred in the percentage of cuttings rooted,

which increased dramaticelly in J. virginiana 'Skyrocket'

in April and remained at high levels before declining
sharply in October but remasined low in cuttings of

Je scopulorum 'Pathfinder' until the optimum was attained

suddenly in June and diminished thereafter. Generally
more gradual changes occurred in the other parameters.
Alir temperature treatments of the stock plants and
cuttings induced significant differences in level of
rooting achieved in cuttings tasken in mid winter.

Material of J. virginisna 'Skyrocket' and J. scopulorum

'"Pathfinder' from stock plants which had received normal

winter chilling had a greater root regeneration potential than



that from plunts meinteined in & heated glasshouse since

aatumn. The converse was true for cuttings of J. scooulorum

'Blue Haven' ("very difficult-to-root") &nd C. sempervirens

'Swene's Golden'. The effect of cutting environment was
rather more varieble but materisl which had been exposed to
the most Tavoursble parent environment tended to root in
greatest numbere in an unheated compared with a hested air

environment. Responses of J. scovpulorum 'Pathfinder' and

~

C. sempervirens 'Swane's Golden' under controlled

environment growth cabinet conditions confirmed.
these results. The attainment of a high rooting percentage

in cuttings of J. gconulorum 'Pathfinder' in mid winter

appeared to be denendent to s large extenl on exnosure of the
stock planis to low temperatures. Results from the seasonal
study generally coincided with the commnonly held opinion

that phase.of growtih msy be &n important determinant of root
formation potential in narrow-leaved evergreens. It was
suggested that the promotion of rooting in chilled material

Je virciniaens 'Skyrocke and <. sconulorum atnfinder
of J. virgini ' Sky ket' d g 1 'Pathfinder’

may have been associsted with the stimuletion of shoot
activity brouzl.t about by thnat trestment but there was no
conclusive evidence to support thic,

Analysis of endogenous growth regulstor content was
conducted in msterisl from different cuiltivars, temperatare
treztmentc and harvecst dates. Level of an IAA-1ike growth
promoter eeemed 1o bLe the lesct releled to differences in
rootebility. Estimated LLCA e:d tolsl eytokinin contecnt

appeared to be inversely related to rootability in severasl

instancecs.
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CHAPTER 1

INTRODUCTION

1.1 Introduction to the Present Investigation

A vegetative means of propagating certain plants is
frequently desirable or necessary and for this purpose
the use of stem cuttings is normally the preferred and
certainly the most extensively applied method. The
utilizsetion of this important means of propagation is often
seriously hampered however by a low ability of cuttings of
meany species to form adventitious roots or by large
variations in this ability.

Kost species exhibit a degree of seasonal variation
in their capacity to root from cuttings and root initiation
potential of conifers is often greatly influenced by factors
associated with season or state of growth. Adventitious
root formaiion is & complex phenonmenon involving inter-
ections of many environmental and endogenous factors not
yet clearly understood althou:h such an understanding
could be of great asssistance in overcoming some of the
difficulties encountered in practice. Research conducted at
the New Zegaland Nursery Research Centre, Palmerston North,
indicated that air temperature at both the stock plant and
cutting stages may-significantly a”fect rooting of certain
conifer species. The present study was therefore under-
taken to investigate:

b
i) seasonal fluctuations in root formation ability,
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ii) the effects of eir tempersture &t the parent
material and cutting stages on rooting of the cuttings,
iii) levels of certain endogenous growth regulators

in relation to capacity to form roots

in easy- and difficult-to-root conifers and to determine

possible relationships between these.

1.2 Description of the Cultivars

Four cultivars were used in the study: Juniperus

virginisna L. 'Skyrocket' syn J. scopulorum Sarg.

'Skyrocket' ("easy-to-root"); J. scopulorum Sarg. 'Pathfinder'

syn J. virginiana L. 'Pathfinder' ("difficult-to-root");

J. scopulorum Sarg. 'Blue Haven' syn 'Blue Heaven' ("very

difficult-to-root"); Cupressus sempervirens L. 'Swane's

Golden' ("easy-to-root").
The junipers form a very large and important genus
from which which a great many cultivars are derived.

Jd. virginians (eastern red cedar or pencil cedar) and

J. scopulorum (Rocky Mountain juniper) are native to

eastern and western North America respectively. Ident-
ification of these genetically diverse species is difficult
and many hybrids occur between thete and other species. The
two species are closely allied and some authors believe

that J. scopulorum may be only a subspecies of

Jde virginiana. Although both have given rise to many

highly velued ornamental cultivars, these hardy species



are of commercial value in other respects. J. virginiana
for instance is used in its country of origin for timber,
essential oils and windbreaks, and ultimately forms a large
tree. (Bailey, 1928; Haverbeke and Read, 1976).

Jd. virginiana 'Skyrocket' is of a very narrow, columnar

growth habit, with grey-green foliage and .has a rather
fest rate of growth in comparison with most junipers.

J. scopulorum 'Pathfinder' and J. scopulorum 'Blue Haven'

have blue-grey foliage and are of upright, pyramidal growth
habit. All have predominantly scale-like leaves although
foliage of juvenile, more open appearance is commonly found
scattered throughout the plant; A height of approximately
2 - 2,5 m 1s reached after ten years. Propagation is
normally from cuttings except in J. scopuloum 'Blue Haven'
which is reported to be grafted in most instances
(Harrison, 1975; Bloom, 1972; Proudley, 1977).

The cypresses are valued ornamentals in mild climates and

C. sempervirens (Italien cypress), as the common name

indicates, originates from southern Europe. C. sempervirens

'Swane's Golden' is a slow growing yellow-gold form.of
narrow, columnar growth habit and is normally propagated by

cuttings (Harrison, 1975; Proudley, 1977).



CHAPTER 2

REVIEW OF LITERATURE

2.1 Seesonal Fluctuations in Rooting Capacity

Many, if not all, woody species exhibit seasonal
fluctuations in their capacity to root from cuttings. The
timing of taking cuttings to coincide with their maximum
rooting potential can be critical for successful adventi-
tious root formation.

Hardwood cuttings of pip and stone fruit trees generally
root moderately well in autumn, after which rooting capacity
falls to & low level in midwinter and then rises rapidly in
late winter and spring (e.g. Howard, 1966; Tustin, 1976;
Bassuk and Howard, 1980). Rooting potential of '0l1d Home'
pear hardwood cuttings followed the potential of the buds to
sprout (Fadl and Hartmann, 1967a) slthough seasonal rooting
response of neither plum (Howard, 1968) nor apple (Swingle,
1929; Bassuk and Howard, 1980) was substantially altered by
disbudding. Late winter to esrly spring was also a better
period than late fall or early winter to take hardwood cut-

tings of Lonicerias morrowi, Ligustrum vulgare and Cornus alba

(Chaedwick, 1931). High levels of rooting potential may

exist in softwood maeterial during summer as reported for

pip and stone fruit species (e.g. Hartmann et al, 1963;

Bush, 1978). Poor rooting has been reported to coincide with

periods of rapid shoot growth and flower or fruit production



as in Populus (Nanda and Anand, 1970), Ficus (Anand and
Heberlein, 1975) and blueberry (O'Rouke, 1940).

Endogenous factors,. changes in which have been associated
with seasonal variations in rooting capacity ‘include: auxin
content in Selix (Vieitez and Pena, 1968), &#nd in
Populus (Smith and Wereing, 1972e, b); the
level or mobilization of carbohydrates in Populus (Nanda and
Anand, 1970) and Macadamia (Cormack and Bate, 1976); ratie
of growth promoters to inhibitors in Vitis (Spiegel, 1955)
and cofactor activity in pear (Fadl and Hartmann, 1967a, b,
c) and apple rootstock (Bassuk and Howard, 1979, 1980).
However the causality of these associations has not been
clearly established and their relative importance may vary
with species and time of yesar.

The success of rooting cuttings of most narrow-leaved
evergreens appears to be heavily dependent on the season or
phase of growth. Optimum rootability is normally attained
in winter or early spring prior to or during bud break.

Rooting capacity of Douglas fir (Pseudotsuga menziesii)

cuttings varied inversely with bud dormancy, being moderate
prior to and lowest during deepest dormancy reached quickly
in sutumn. Rooting then rose sharply in late winter and
spring with emergence from dormancy. Low temperature or
auxin treatments failed to stimulate rooting until deepest
dormency had passed (Roberts and Fuchigami, 1973; Roberts et

al, 1974; Brix, 1974). Optimum rootabilty of Picea abies

was also attained about the time of bud break (Girouard, 1975).
Maximum rooting of common juniper (Juniperus communig) and
savin (J. sabina) propagated in cold climatic conditions

occurred during spring, commencing with "the onset of physical
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processes" until "the onset of intensive shoot growth". 1In
a milder climate in which deep dormancy was reportedly not
attained, conifers could be propagated almost all year round
although the optimum still occurred in spring during bud
swelling or, in members of the Cupressaese, even after the
commencement of shoot growth (Ivanova, 1979).

Gordienko et 8l (1976) also demonstrated that cuttings
of savin rooted in greatest numbers in early fall or for a
brief period during spring. These were periods in which the
root system of the parent plent was more active than the
shoot system and endogenous growth promoters predominated
over inhibitors in both. Activity of an IAA-like promoter
fluctuated seasonally in a manner similar to rooting capsa-
city. Lathrop and Mecklenburg (1971) considered that the
seasonal changes in root regeneration potential by cuttings

and trensplants of Taxus hunnelwelliana appeared to be con-

trolled by the same factors and could partially be explained
by root dormancy and/or shoot competition for photosynthates.
Rooting potential increased during eautumn and winter to a
peek in winter and then diminished to a low level in summer.
According to Wareing (1970), the roots of many conifers do
not seem to show any reguler dormancy phase but continue to
grow in winter whenever temperstures are suitable. It was
noted that the degree to which the shoot is modified at
certain times of the year differs between species and that
cypresses for instance do not form distinct resting buds.
Response to environmental factors also varies with species
and geographical race. Shoot growth and root initiation

and development apparently continues throughout the summer
in some species whereas in others shoot growth occurs in

flushes during which rooting is often inhibited. Wareing



(1970) attributed the inverse relationship between shoot
and root development to competition between the two systems
for photosynthates.

Rooting percentage and root number of Juniperus

horizontalis 'Plumosa' and Taxus cuspidata 'Nana' cuttings

were highest from eerly winter to spring. Changes in root-
ability could not be related to cofactor content of the
juniper. Seasonal rooting reesponse was thought to be
inversely relasted to shoot activity and it was suggested
that an sdditional peak during summer, especially pronounced
in rooting percentage, may have occurred during a period of
summer dormancy which is frequently encountered in ever-
green species (Lanphear and Meshl, 1963). However the
results obtained by Gordienko et al (1976) showed that
although the rooting capsascity of savin cuttings had begun to
increase again during summer dormancy & peak was not attained
until early autumn. The hypothesis of Lanphear and Meahl
(1963) that rooting is directly or indirectly associated
with growth phase is further supported by the influence of
daylength, temperature and IBA (indole butyric acid) treat-
ment on shoot activity and rooting (Lanphear and Meahl,
1961, 1963, 1966). That optimum rootability of Juniperus
species generally occurs at some time from early winter to
spring is confirmed by Klein (1931), Chadwick and Kiplinger
(1938), Hall (1977) and Gil-Albert and Boix, 1978).

Rooting of Chamsecyparis pisifera was greater during

sunmer dormancy than in spring (Gil-Albert and Boix, 1978)

although Thomsen (1978) reported Chamaecyparis to root well

at any time of y .r. Sanders (1970) reported that

Chamgecyparis, Juniperus and Thuja were propagated commer-
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cially in mid to late summer by soft tip cuttings which
rooted rapidly, but more commonly in autumn and sometimes
later from semi-mature or mature side shoots. Cuttings of

Pinus strobus were reported to root most readily during

spring and summer with a consistent pesk in midsummer while
buds were rapidly elongating (Kiang et al, 1974) (c.f.
Hartmann and Kester, 1968).

Few authors other than Lenphear and Meahl (1963) and
Gordienko et 8l (1976) have endeavoured to establish poss-
ible causal relationships between endogenous factors and
rooting capacity of coniferous species. Tognoni et al
(1977) demonstrated that the rooting percentage of Picea

lauca, which was low in autumn and winter and rose sharply
in spring, could be at least partially related to the of a
water-soluble rooting promoter. The activity of an acidic
root-promoting growth inhibitory fraction as indicated by the
mung bean bioassay, the major component of which was appa-
rently ABA (abscisic acid), was considered to show no relat-
ionship to rooting but did appear to be inversely related to
rooting to a certain extent. Waxman(1978) found that root-

ing percentage of the difficult-to-root Sciadopitys

verticillata was highest in spring and late summer and

showed a significant negative correlation with resin exudate.
Although auxin application can considerably enhance

rootability this effect is often limited to certain times

of the year and does not necessarily substantially alter

seasonal rooting periodicity (e.g. Roberts and Fuchigami,

1973). Auxin application may even accentuate the rooting .

pattern eas demonstrated with Juniperus horizontalis 'Plumosa'

(Lanphear and Meahl, 1963).



2.2 Environmental Factors Influencing Root Formation

2.2.1 Photoperiod

Photoperiod is known to influence many plant processes
(e.ge. Vince-Prue, 1977) and is one of the most studied
environmental factors in relation to seasonal variation in
rooting capacity of cuttings.

In most woody species short daeys induce dormancy
whereas long days promote extension growth. Wareing and
Smith (1963) proposed that photoperiod might influence root
formation either via an effect on shoot activity or by a
direct effect of altered hormone production operating inde-
pendently of shoot growth.

Long-day treatment of Cornus florida stock plants

(Waxmen, 1957) and Populus canadensis stock plants and cut-

tings (Kelly, 1965) enhanced rooting capascity. Rooting

percentage and root number in leafy Populus x robusta cut-

tings were also higher under long than short days and were
related in a positive manner to concentration of an IAA
(indoleacetic acid) -like factor in the cutting bases
rather than the state of apical growth (Smith and Wareing,
1972b). Short days also inhibited root formation (number
and length) and enhanced bud formation by Begonia leaf cut-
tins whereas long days had the opposite effect (Heide, 1967).
The short-day treatment also decreased auxin and gibberellin-
like activity (Heide, 1967) and increased cytokinin activ-
ity in leaf extracts (Heide and Skoog, 1967) in comparison
with long days. The magnitude of decrease of the auxin:

cytokinin ratio was considered ample to induce a change in
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the regeneration ability of the leaves. The response to
deylength was sufficient to account for at leasst part of
the seasonal variation in regeneration of Begonia (Heide,
1967).

However, of 26 woody species studied, Baker and Link
(1963) found few that responded to. extended photoperiod
eand then only when overall rooting was poor due to the use
of hardwood materiel or lack of IBA treatment. Cameron and
Rook (1974) also reached the tentative conclusion that

daylength had little effect on rooting Pinus radiata

although Whitehill and Schwabe (1975) found Pinus sylvestris

stock plants grown under short days in laste summer and
autumn provided a higher percentage of rooted cuttings than
plants under natural or extended dsylengths. Extended day-
lengths maeintained the plants in continuous growth and was
most detrimentel to subsequent rootability. Exposure of

Ilex crenasta parent plants to short days during the growing

season enhanced primary root number and root growth of cut-
tings whereas long-day treatment of cuttings improved the
number of secondary roots and root length in comparison
with the opposing trestments (Kelly, 1965).

Smith snd Wareing (1972b) noted that in general, decid-
uous woody angiosperms responded favourably to long dasys
whereas if narrow-leaved evergreens responded at all, short
days were more benificial to rooting. Although the former
may be supported to some extent by references already
mentioned, the response of narrow-leaved evergreens appears
to vary with species and stage of growth and mey be largely
associated with growth response.

Autumn cuttings of X Cupressocyparis leylandii receiving
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extended photoperiods quickly produced new tip growth and
rooted whereas the controls remained dormant and failed to
root. Sanders (1970) postulated that meristematic activity,
stimulated by long days, initiated production of root-
inducing substances in thas species but that successful
rooting is able to occur in the absence of a visibly grow-
ing meristem in other species in which temperature may be a

complicating factor. Similarly, Pseudotsuga menziesii

cuttings propagated in autumn and winter under 18 hour com-
pared with 9 hour photoperiods showed significantly higher
cambial activity, bud respiration, rooting percentage and
quality and hastened bud break. The effect of photoperiod
was rather less marked during early dormancy (Roberts et al,
1974). Long days extended the peak rooting period of

P. menziesii to a month esrlier and substituted in whole or
in part for the chilling required to bresk bud dormancy
(Bhella and Roberts, 1974 ). Lanphear and Meahl (1961)
found that extended photoperiods stimulated rooting of

Juniperus horizontalis 'Plumosa' to & significant extent

and enhanced shoot activity in autumn but had the opposite
effect on rooting of cuttings taken in late winter. Other
species showed little response to long days other than
improved rooting quality in a few species in autumn and

enhanced bud activity, although Juniperus chinensis 'Glauca’

and Taxus cuspideta 'Nana' also rooted more poorly under

this treatment in late winter. 1IBA applicetion counteracted
the effects of long days on bud bresk and rooting in late
winter, an action previously noted by Snyder (1955).
Lanphear and Meahl (1963) were able to confirm the effect

of photoperiod on rooting of the Taxus sp. but not

J. horizontalis 'Plumosa'. In a later trial it was shown
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that extended or netural photoperiods at the stock plant or
cutting stages inhibited rooting of the juniper during early
spring if shoot growth was initieted under these photo-
periods, a response involving an interaction with parent
plant temperatire treatment (Lanphear and Meahl, 1966).

Snyder (1955) reported that although photoperiod did
not have a significant effect on root formation by Taxus
cuspidata cuttings, subsequent growth of rooted‘cuttings
was superior in those which had made little shoot growth on
the propagetion bench, as in those under short days. The
reduction in shoot growth and thereby less competition for
photosynthates was suggested to be the cause of enhanced
root growth of Populus cuttings under short days (Eliassqn,
1971).

2.2.2 Light Intensity and Quality

xoot formation by cuttings is commonly influenced by
the level of irradiance to which the parent plant or cut-
tings are exposed. The portion of the cutting or intended
cutting illuminated can have a profound effect on the
response elicited.

High levels of irradiance of the stock plant or cut-
ting is frequently reported to supress rooting. Hansen
and Eriksen (1974) suggested this phenomenon, as demon-

strated with stock plants of Pisum sativum, to be the

result of a supraoptimal carbohydrate content in relation
to endogenous auxin level due to enhanced photosynthesis.

Carbohydrate levels were found to increase and rootability
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to decrease with increased levels of irradiance given to

Pelargonium x hortorum stock plants (Welander, 1978) and

stock plante, and to a lesser degree, cuttings of Pinus

sylvestris (Hansen et al, 1978). That the effect of

irradiance may be influenced by carbohydrate reserves was
considered to be demonstrated by cotyledon removal in pea
stock plants which then responded favourably to higher light
intensities. The results did not support the supraoptimal
carbohydrate theory however (Veierskov et al, 1976).

The benificial effect of exposure of excised pea cut-
ting to high light intensity was suggested by Eliasson
(1978) to be due to the depletion of nutrient reserves under
low light by the rapid shoot growth made by these cuttings.
This response contrasted with that reported previously in

Pinus sylvestris cuttings (Hansen et al, 1978) which were

considered to have relaetively large nutrient reserves.

Greater rates of transpiretion and water stress have
also been implicated in the effects on rooting of high
intensity light treetment of pea stock plants (Rajagopal
and Andersen, 1980) and cuttings (Eliasson, 1978).

Low light intensity or shading may be regarded as
pertial etiolation and have a detrimental effect in regard
to applicetion to the leaves (e.g. Kawase, 1965) but a
benificial effect directly on the stem, particulaly at the
site of root initiastion (e.g. Kawase, 1965; Frolich, 1961;
Biran and Halevy, 1773a). Etiolation also stimulates the
emergence of pre-formed roots (e.g. Shapiro, 1958).

The promotory effect of etiolation at the stock plant
stage has been variously associated with, for example, a

reduction in tissue differentiastion and mechanical
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strengthening in_Hibiscus rossa-sinensis and red kidney bean

(Herman and Hess, 1963), greater retention of auxin in

treated tissue of Phaseolus aureus (Kawase, 1965) and

greater starch concentration in apple rootstocks (Doud and
Carlson, 1972). Delargy and wright (1978, 1979) proposed
that a rooting promoter synthesised in the upper, non-
etiolated portion of apple shoots accumulsted and increased
in sctivity in the etiolated tissue. Shading of Hibiscus
rose-sinensis stock plants was replaceble by ethephon pre-
treatment of the parent plant or IBA application to the
cuttings (Johnson and Hamilton, 1977) but auxin application
was required for promotion of rocoting by low light treat-
ment of apple rootstock parent plants (Christian et al,
1980). The promotory effect of etiolation of an initial
flush of growth in apple was maintained to a certain extent
in a second, unetiolated flush (Harrison-Murray and Howard,
1980).

As with the stock plasnt effects, little is known of
the inhibitory effects involved in the dramatic reduction
in rooting brought about by exposure of the basal portion
of the cutting to light during root formation, as demon-

strated in Pices abies (Stromquist and Eliasson, 1979).

Eliasson (1980) foung suxin application to counteract the
negative effect of basal illumination on root number in pea
cuttinge and hypothesised that light prevents the action of
endogenous &uxin or low levels of exogenous IAA in root
formation but that IBA remains fully active.

The effects of the different components of illumination
are not elways clearly distinguishable. Loach and Whalley

(1978) for instance found the rooting percentage of several
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species to increase sharply with increasing mean daily rad-
jation to an optimum of 1.5 MJ.m~°. Chadwick (1949) found
rooting of several narrow-leaved evergreens to be better
under natural than fluorescent light and 1light colour to
influence rooting. Stoutmyer and Close (1946) reported

that radiation from the orange-red end of the spectrum

appeared to promote rooting of cuttings.

2.2.3 Temperature

The effect of air temperature on rooting may be exerted
via the psasrent plant, during the rooting phase or during an
intermediate period of controlled-temperature storage. In
addition, cuttings set under glass are usually provided with
basal heat.

Spiegel (1955) found that high auxin and low inhibitor
levels were associated with ease of root formation in cut-
tings of Vitis hybrids and that the disappearance of growth
inhibitory activity was hastened by cold treatment. It was
proposed that in many instances the termination of dormancy
by cold may be a prerequisite for an auxin:inhibitor
balance favourable to rooting. Chilling the whole cutting
or the upper portion while over basal heat stimulated root-
ing and bud activity, reduced rooting inhibitor levels and
increased rooting promoter content in the basal segments of
hardwood cuttings of the difficult-to-root 'Bartlett' pesar.
This treatment was considered to affect rooting by altering
growth regulator production by the buds (Fadl and Hartmann,

1967a, b). However a period of warm storage was more
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satisfactory for the eassily rooted '0ld Home' pear and was
assocliated with the producéion of & rooting cofactor by the
active buds. Stimulation of rooting of hardwood cuttings
of Populus x robusta by coolstorage was pronounced only if
buds were present and slightly different temperature treat-
ments were required for production of maximum root number
and length compared with rooting percentage. Auxin content
was greatest in chilled cuttings (Smith and Wareing, 1972a).
A pre-propagation heat treatment of 35°C for 18 hours
enhanced ethylene production by apple rootstock cuttings
(Harrison-Murray et al, 1980) and increased rooting per-
centage of two of the three clones tested (Howard and
Babnik, 1980).

Air temperatures may be manipulated during storage to
discourage shoot growth preceding root development. An
initiel period of warm temperature storage of Cornus and
Lonicerig hardwood cuttings taken in sutumn improved root-
ability over those receiving only low temperatures, poss-
ibly by allowing healing and root development before the
rest-breaking chilling period (Chadwick, 1931). Cheffins
(1975) recommended thet cool air temperatures be provided
during root induction of hardwood cuttings in heated bins so
as to minimize bud activity, which was found to constitute
a drain on carbohydrate reserves and was associated with
low levels of cutting establishment.

Leaves from Begonia mother plants grown under high
temperatures possessed & lower budding ability and a higher
rooting potential than those from plants under lower temp-
eratures. IAA level increased but gibberellin-like activity

was affected 1little by the higher temperature (Heide, 1967).
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A high temperature also antagonised the influence of
cytokinins in promotion of bud formation and inhibition of
rooting and enhanced the auxin effects (Heide and Skoog,
1967). These results supported the hypothesis of Heide
(196L4) that environmental effects on regeneration potential
might be mediated by changes in the ratio of endogenous
auxins to cytokinins.

It would appear from the stimulation of rooting assoc-
iated with coolstorage of hardwood cuttings (e.g. Spiegel,
1955; Fadl and Hartmann, 1967a, b; Wareing, 1972a) that
winter chilling received by the stock plent might have an
integral role in the increased rootability commonly detected
in spring (e.g. Howard, 1966; Tustin, 1976; Chadwick, 1931).
However despite marked differences in ambient air and soil
temperatures, the seasonal fluctuations in rootability of
cuttings from apple rootstock }.26 hedge plants kept under
heated polythene from late autumn were largely similar to
those found in the controls (Howard and Harrison-Murray,
1980). The effect of chilling may however be of greater
importance in other species.

Cold storage of Pseudotsugas menziesii cuttings removed

dormancy and significantly increased rooting percentage

only of those excised in asutumn. The attasinment of a
critical stage of dormancy appeared to be necessary to
enable low temperatures to stimulste rooting, with little
benificial effect prior to this during deepest dormancy or
later when presumably sufficient natural winter chilling had
been received. Meaximum rooting required substantially less
chilling than did rapid bud burst (Roberts and Fuchigami,

1973; Roberts et al, 1974).
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Cuttings of Juniperus horizontalis 'Plumosa' taken in

early spring from stock plants held warm conditions for
four months after sutumn had a slightly higher rooting pre-
centage and significantly higher root number than those
from plants held outdoors. Cofactor activity in only one
Rf zone wes higher in the "warm" compared with the "chilled"
material. Cuttinge taken in early spring had received
more winter chilling prior to being held in a glasshouse and
had a lower rooting capacity than those excieed earlier.
The "chilled" material excised in spring also responded to
natural and extended daylengths by producing new shoot
growth and rooting significantly less well than under short
days, unlike that excised in the preceding month.
Lanphear and Meashl (1966) hence proposed that stage of
dormancy rather than chilling period per se was the pre-
reqgquisite for increased rooting capacity and restated a
previous conlusion (Lasnphesr and Meahl, 1963) that factors
which encouraege a dormant state enhance rooting and those
which stimulate active growth inhibit rooting.

Tustin (1977a) reported that cuttings of Juniperus

virginiana 'Skyrocket' and J. virginiana 'Pathfinder’

propagated in midwinter from plants sujected to normal
winter chilling rooted in greater numbers than those from
plants kept in a heated glasshouse from early autumn. The

converse was true for Cupressus sempervirens 'Swanes

Golden'. Intermediate levels of rootsbility were obtained
from plants held in the warm environment which had received
two weeks of chilling prior to cutting excision. Rooting

of the juniper cuttings wes best under cool air temperatures
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and rooting of the cypress best in a warm environment.
The highest rooting percentage of interfascicular

shoot cuttings of Pinus sylvestris was obtained from

dormant plants which had been subjected to short days
followed by low temperatures. Coldstorage of the cuttings
enhanced rooting of all material including that from
actively gzrowing plants which otherwise failed to root.
Percent bud burst and rooting potential increased with dur-
ation of parent plant cold storage to an optimum of four
months. The stock plant state of growth was considered to
be the primary determinant of rooting capacity, with bud
break but not active shoot growth associated with ease of
rooting (Whitehill and Schwabe, 1975).

Sessonal fluctuastions in root regeneration potential

in cuttings and transplants of Taxus hunnewelliana were

reported to be pertially determined by root dormancy. The
low temperatures needed to break root dormancy appeared to
be sensed primarily by the root system and although chilling
the shoot system increased later growth of the roots it did
not substitute for root chilling (Lathrop and Mecklenburg,
1971). Wareing (1970) reported that root regenerastion
proceeded much more readily in transplants of certain
coniferous species subjected to winter chilling prior to
transfer to werm conditions.

Although Pinus radiata cuttings rooted more quickly

under & high day/night temperature regime they remained
more hesglthy at lower temperatures, the highest proportion
of cuttings eventually rooted being obtained under an
"intermediate regime of 20/10°C. The lowest night temper-

ature (5°C) was benificial under conditions of weater stress
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irrespective of day temperature. Air and basal temperatures
were essentially the same (Cameron and Rook, 1974).
According to Hartmann and Kester (1968) daytime air temper-
atures of 21 to 27°C and a night temperature of 15°C are
satisfactory for rooting cuttings of most species but
recommended an initial day temperature of 15°C for Juniperus
species.

An elevated temperature at the cutting base can
enhance rooting percentage and quality and increase speed
of root formation (e.g. Laurie and Stillings, 1949; Poole
and Waters, 1971; Brix, 1974). A higher basal than air
temperature is often employed at leasst partially to encour-
age development of the root system ahead of the shoot
system (e.g. Hartmann and Kester, 1968; Cheffins, 1975).
Optimum basal temperatures may vary with variety (e.g.
Howard and Nahlawi, 1969) or sesson (e.g. Bhella and
Roberts, 1974 ) but are generally accepted to be in the
range of 20 to 25°C (Hartmann and Kester, 1968). The opt-
imum temperature for root elongation may be lower than that

for initiation as demonstrated with Chrysanthemum cuttings

(Dykeman, 1976).

2.2.4 Moisture

The maintenance of tugidity in cutting material
throughout the propagaetion process is an important factor
in the attainment of optimum rooting capacity. All para-
meters were reduced at low leaf water potentials in cuttings

of Rhododendron, Ceonathus and Hebe (Loach, 1977). Whalley
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and Loach (1978) confirmed that rooting percentage of Hebe
'Caledonia' decreased with mean leaf water potential. The
formation of a significantly greater cutting root number

followed a brief period of water stress in Pisum sativum

stock plants but prolonged strees induced the opposite
effect (Rajagopal and Anderson, 1980b).

Transpiration may be reduced by humidification, mist-
ing or application of an antitranspirant coating (eege
Hartmann et al, 1963; Loach, 1977; Loach and Whalley, 1978;
Blain and Dudney, 1978). ABA application reduced water

loss and enhanced root growth in Chrysanthemum cuttings

(Orton, 1979). Cameron and Rook (1974) reported that the
major routes of water uptake in conifer cuttings appeared
to be through the cut basal surface and via foliage in con-
tact with the rooting medium.

Wunder (1974) considered that the dominant factor in

rooting of Larix leptolepis cuttings was the maintenance of

a "relative moisture optimum" in the propagation chamber
above which promotion of rooting was lost. Ivanova (1979)
reported thaet cuttings of coniferous species are very
sensitive to waterlogging. MNost conifers rooted poorly
under conditions of constant high humidity (90 - 100%) but
otherwise did well under artificial fog. The effects of
excessive moisture level in the rooting medium may be part-
ially related to a lack of oxygen at the cutting base (e.g.
Zimmerman, 19$30; Kordon, 1576).

In addition to enhancing water status (e.g. Cameron
and Rook, 1974),natural precipitation or misting of stock
plants or cuttings can also influence 1evéls of nutrients,

growth regulators and other endogenous factors through
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leaching or tempersture effects. The improvement in root-
ing of misted compared with non-misted cuttings of

Euonymus slatus 'Compactus' appeared to have been brought

about by a delayed induction of dormency due to leaching of
ABA. Content of carbohydrates, certain enzymes and
phenolics, C/N ratio and auxin-like activity was also
greater in material from misted stock plants (Hemphill and
Tukey, 1573; Tukey, 1978). Rutin application replaced the
promotional effect of stock plant mist treatment (Lee and

Tukey, 1971).

2.3 0Other Factors Related to the Selection and Treatment

of Materisal

2e341 Juvenility

Distinct juvenile and adult phases occur in seedling
plants of most species and maturation or ontogenetical
aging is normally accompanied by a sharp decline in the
capacity to form adventitious roots. The most juvenile
material is found in the lowermost, axial region of the
stock plant (e.g. Schaffalitzky de Muckadell, 1954;
Zimmerman, 1972; Armson et al, 1975; Kester, 1976).

The changes induced during transition to the adult
phase are stable and not normally easily reversed. However
rejuvenation or maintenance of the juvenile state and high
level of rootability can sometimes be achieved for instance
by hard pruning or hedging (e.g. Libby and Hood, 1976) or
grafting onto juvenile rootstocks as demonstrated in Hevea

brasiliensis (Muzik and Cruzado, 1958) and Psuedotsuga




23.

menziesii (Brix, 1974).

The greater rooting capacity of juvenile material has
variously been associated with lower rooting inhibitor
content in Populus (Elissson, 1969) and absence of rooting
inhibitors in Eucalytus (Paton et al, 1970; Davidson, 1974),
higher carbohydrate content, lower reducing sugar and lower
rooting inhibitor levels in Phoenix (Reuveni and Adato,
1974), greater cofactor content in Hedera (Hess, 1961, 1962)
and Malus (Quamme and Nelson, 1965) (c.f. Zimmerman, 1963)
and less fibre in Hedera (Goodin, 1965) (c.f. Girouard,
1969).

Ontogenetical age can influence seasonal pattern of
rootability, as demonstrated in Olea europea in which root-
ing potentisl of juvenile materiel remained high throughout
a greater portion of the year than that of adult tissue

(Porlingis and Therios, 1976).

2.3.2 Other Cutting Characteristics

Important factors to be considered in the selection of
meterial other than juvenility include the choice between
lateral and terminal shoots, portion of the shoot used, age,
degree of lignification, size and the inclusion of a heel
of older wood.

In the absence of auxin treatnemt branch terminals of

Pseudotsuga menziesii rooted in significantly greater

numbers during spring than first order laterals. This was
attributed to the larger number and size of buds and greater

stem diasmeter of the terminasl cuttings (Roberts and

Fuchigami, 1973). Girouard (1975) found the suitability of
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branch terminal compared with lateral cuttings of Picea
abies to vary with the season.

An increasing gradient of rootability was found to
exist from top to base of apple shoots (Garner and Hatcher,
1948) whereas the converse situation existed in Liguidambar
styraciflua (Bilan, 1974). Although rooting percentage was
little different, field survival of rooted cuttings was
poorer in tip cuttings than in those from lower regions of
Ulmus shoots (Whalley, 1975). In general, tip cuttings may
be the most suitable for softwood material, possibly due to
a more favourable growth regulator status and lesser degree
of differentiation, and basal . cuttings more appropriate
for hardwood material due to a greater accumulation of
carbohydrates and prescence of preformed roots in some
species. Softwood cuttings may have the potential to root
more quickly and easily than others if provided with suit-
able conditions (e.g. Hartmann et al, 1963; Hartmann and
Kester, 1968). Laterals 5 to 15 cm long with or without a
heel and terminal growth of current season's wood have been
used successfully to propagate junipers (Hartmann and
Kester, 1968). The possible presence of preformed roots
was suggested to account for the more stable seasonal root-
ing pattern in lignified cuttings of o0ld wood compared with
semilignified one year old shoots of members of the
Cupressaceae. However the younger tissue was more resbon—
sive to auxin application (Ivanova, 1979).

A heel of older wood has variously been reported to
assist or be of no significance in rooting of juniper cut-
tings (e.g. Snyder, 1952). Cuttings of Juniperus chinensis

'Hetzii' from current season's wood rapidly formed vigorous
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root systems and rootability of two year old wood was
raised to an acceptable level by the inclusion of a heel
(Haell, 1977). Edwards and Thomas (1979) reported that

rooting of non-heel cuttings of Chamsecyparis lawsoniana

and Juniperus cultivars from current season's growth was
superior to that of heel cuttings.

Tip cuttings of Juniperus virginiasna 'Skyrocket' 15 cm

in length rooted significantly better than those 8 or 25 cm
in length. Number, length and dry weight of roots and
rapidity of root formation were positively correlated with
length of rose cuttings (Azimi and Bisgrove, 1975).

Chemlar (1974) found that pole-size to very short cuttings

of easily rooted Salix species were readily propagated.

2.3.3 The Presence of Buds and Leaves

Buds &nd leaves are commonly regarded as important
sources of auxin and other rooting substances. Leaves are
attributed with providing nutrients and growth regulators
during root initiation (e.g. Bouillenne and Went, 1933;
Went, 1938; van Overbeek et al, 1946; Altman, 1972;
Middleton et al, 1980).

The presence of vegetative buds also frequently
appears to enhance rooting, particularly when emerging from
dormancy (e.g. Roberts and Fuchigami, 1973; Roberts et al,
1974). This phenomenon has been associated with increased
levels of rooting promoters including auxin and cofactor-
like substances, and. reduced inhibitor levels (e.g. Spiegel,

1955; Fadl and Hartmann, 1967a,b,c; Smith and Wareing,
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1972a). However, disbudding has been reported as having
little or no effect on seasonal fluctuations in rooting
capacity of plum (Howard, 1968) and apple (Bassuk and
Howard, 1580) but in the absence of exogenously supplied
auxin prevented the spring optimum of rootability in

Psuedotsuga menziesii (Roberts and Fuchigami, 1973).

The presence of buds were essential for rooting of
pea cuttings (Went, 1934) but only in the first few days,
c.oinciding with root initiation (Eriksen, 1973). Buds,
including those that are growing, may influence rooting in
8 negative manner by producing inhibitors or by competing
for metabolites and in a positve manner by providing growth
regulators conducive to rooting and enhancing cambial
activity (e.g. Biran and Halevy, 1973b; Fadl and Hartmann,
1976a,b; Fischer and Hansen, 1977). Rooting of Dahlia
cuttings was inversely related to growth rate of the buds &nd
removel of vegetetive and flower buds enhanced rooting
(Biran and Halevy, 1973b). The presence of flower buds or
the flowering phase is normally considered detrimental to

rooting (e.g. O'Rouke,1940; Kraus, 1953).

2.3.4 Additional Cutting Treatments

Additional wounding, normally in the form of the
removal of & thin slice of bark from one side of the cutting
base, is frequently employed and has been found to stimulate
rooting in s wide range of species including Juniperus
species (e.g. Snyder, 1953; Edwards and Thomas, 1979). It

has been proposed that this treatment may enhance rooting
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by aiding processes such as the absorption of water,
penetration of applied rooting substances, proliferation
of new cellsg, accumulation of rooting promoters and nutri-
ents, release of wound-induced rooting stimuli or the
removal of physical barriers to root emergence (Hartmann
and Kester, 1968; Lamb et al, 1975). The pre-severence
treatment of girdling often increases rootability which
haes been largely attributed to the accumulation of factors
such as photosynthates (Cameron, 1970) and cofactors
(e.g. Stoltz and Hess, 1966) from the upper portion of the
shoot.

Basal pH (Cormack, 1965; Brukel and Johnson, 1969)
and cutting orientetion (e.g. Nanda et 8l, 1969) can also
influence rooting, the polar transport of auxin a poseible

determining factor in the latter.

2.4 Growth Regulators, Cofactors and Nutrients

2.4.1 Auxins

Endogenous IAA has been studied extensively in relation
to root formation and has been recognized for many years as
an important promoter of this process (e.g. Went, 1934;
Thimann and Went, 1934; Kogl et al, 1934).

Rooting potential and level of endogenous auxin
haeve been found to be related in a positive manner in a

wide range of genera including Selix (Vieitez and Pens,

1968), Malus (Tustin, 1976), Pisum (Eliasson, 1980) and a

range of other herbaceous species (Odom and Carpenter,



28.

1965). However this has not always been the case as demon-
strated in Selix (Tyce, 1957), Dahlia (Biran and Halevy,

1973b) and Rhododendron (Foong, 1977).

Exogenously supplied auxins are used extensively to
improve rooting of cuttings, the synthetic auxins NAA
(napthaleneacetic acid) and IBA being the most stable and
suitable for this purpose (e.g. Middleton et sl, 1980).
Although auxin application significantly improved rooting
at certain times of the year, the seasonal pattern of root-
ability was affected relatively little in Juniperus

horizontalis 'Plumosa', Taxus cuspidata 'Nana' (Lanphear

and Meehl, 1963) of Psuedotsuga menziesii (Roberts and

Fuchigami, 1973). As with other growth regulators, optimal
concentration varies with other factors such as season in

Pinus strobus (Kiang et al, 1974) or photoperiod as demon-

strated in Populus spp. (Kumar, 1978). Klahr and Still
(1974) noted that optimal IBA level for root number often
exceeded that for rooting percentage in Tilis. ©Studies of
hardwood apple cuttings indicated that IBA acted as an IAA
protectant (Tustin, 1976). The ratio of growth regulators,
such as auxin:inhibitor (e.g. Spiegel, 1955; Gordienko et
al, 1976) and auxin:cytokinin (Heide, 1965, 1967, 1968;
Heide and Skoog, 1967) may be of prime importance in the
determination of rooting potential rather than absolute
level.

IAA is reported to be transported basipetially and to
accumulate at the cutting base (e.g. Mohammed and Eriksen,
1974; Greenwood and Goldsmith, 1970). ‘While auxin may
enhance carbohydrate production in the leaves and stimulate

mobilization to the site of root initistion (e.g. Nanda and
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Anand, 1970; Altman, 1972), these effects may be of

secondary importance to the probable triggering effect of
auxin on adventitious root formation (e.g. Jain and Nanda,
1972; Smith and Wareing, 1972a).

Four distinct stages of adventitious root formation
have been described: a) the initiation of groups of meri-
stematic cells; b) the differentiation of these tissues
into recognizable root primordia; c) the extension and
emergence of the roots; d) the development of roots outside
the cutting (e.g. Argylos, 1959). The various stages may
have differing levels of sensitivity to a range of factors
and might be subdivided further. Auxin is reported to be
active at more than one stage of adventitious root format-
ion (Went, 1939; Smith and Thorpe, 1975; Mitsuhashi-Kato,
1978). Mullins (1970) reported that the promotive effect
of auxin is lost if application is delayed.

It has not been established conclusively if auxin
necessarily acts in the free state as indicated in Pinus

lambertiana embryos (Greenwood et al, 1574) or in a bound

or conjugated form, for example as an auxin - phenol complex

(e.g. Fadl and Hartmann, 1967a,b,c).

2.4.2 Gibberellins

Gibberellins are regarded primarily as inhibitors of
root formation by cuttings and tissue culture explants
(e.g. Bachelard and Stowe, 1963; Murashige, 1964;

Mitsuhashi-Kato et al, 1978).



Inhibition does not always result from gibberellin
application however, the final effect sometimes shown as
being dependent on factors such as concentration or 1light
intensity as in pea (Hansen, 1975) or stage of initiation

as in Pinus radiata (Smith and Thorpe, 1975). Whereas low

levels are occasionally promotory, high levels invariably
inhibit or retard rooting (e.g. Sircar and Chatterjee,
1973, 1974; Hansen, 1975; Jansen, 1967). Non-competitive
antagonism between gibberellins and auxins in relation to
rooting was found to occur in pea and bean cuttins. GA
and auxin also had opposing effects on shoot extension
growth (Brian et al, 1960).

An early theory which attempted to explain the
inhibitory effect of gibberellin on rooting concerned the
diversion of nutrients away from the rooting zone by shoot
growth stimulated by gibberellin action (e.g. Brian, 1957;
Sircar and Chatterjee, 1974). However, Brian et al (1960)
found that the effects of gibberellin on root regeneration
and shoot growth could be dissociated. The influence of
exogenously supplied gibberellin appeared to be primarily
due to a direct, localized effect involving the prevention
of the early orgsnized cell divisions. Murashige (1964)
similarly found retardation of early root and shoot
primordia formation in tobbaco tissue cultures to occur
under concentrations of gibberellin which did not
completely inhibit cell division or vascularization. The
effect of exogenous gibberellin was found to be weaker when
applied at later stages of root formation (e.g. Brian,

1960; Jansen, 1967; Sircar and Chatterjee, 1974).
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2.4.3 Cytokinins

Another group of plant hormones known to mainly
inhibit root initiafion is that of the cytokinins, most
information having been obtained through experiments involv-
ing the supply of exogenous cytokinin to explants and cut-
tings.

The ratio of cytokinin to auxin has been demonstrated
to be of great importance to regeneration in tissue
cultures. A high cytokinin:auxin ratio promoted bud form-
ation and inhibited rooting in tobacco callus cultures
(Skoog and Miller, 1957) and Begonia leaf cuttings (Heide,
1965) whereas a low ratio had the opposite effect. Very
low concentrations of either hormone promoted the effect
of the other. Low cytokinin levels also promoted and high
levels inhibited rooting of pea cuttings (Eriksen, 1975).
Kinetin had & negative effect on rooting when applied to
the base of Acer cuttings but a positive effect if applied
to the leaves (Bachelsrd and Stowe, 1963).

Easily rooted Rhododendron (Foong, 1977) and Populus

(Okoro and Grace, 1978) varieties contained lower levels
of endogenous cytokinin than difficult-to-root varieties.
Conversely, Tustin (1976) found no relationship between
varietal or seasonal differences in rootability of apple
rootstocks and cytokinin activity.

Exogenously supplied cytokinin inhibited only the pre-
initietion stages of rooting of pea (Eriksen, 1974) and
Pinus radieta (Smith and Thorpe, 1975) cuttings. Earlier,
Humphries and Maciejewska-Potapczk (1960) had proposed that
kinetin affected root initistion at an early stage by

influencing the type of cell produced rather than by



inhibition of cell division. This is also consistent with
results obtained by Skoog and Miller (1957), Heide (1965)

and Chandra et al (1973).

2.4.4 Abscisic Acid

Abscisic acid is generally regarded as an inhibitor of
plant processes but, as with other growth regulators, the
ultimate effect on adventitious root formation may vary
with other factors such as concentration or plant species.

Exogenously supplied ABA inhibited rooting in Begonia

leaf cuttings (Heide, 1968) and Rhododendron explants

(Pierek and Steegmans, 1975). Conversely, ABA application

enhanced rooting of Hedera helix and mung bean (Chin et al,

1969) and Pisum sativam (Rasmussen and Anderson, 1980)

although in the latter root emergence was delayed by con-
centrations exceeding 107t ABA. cChin et al (1969) reported
that ABA could partislly overcome gibberellin - induced
inhibition of rooting but not that caused by kinetin.

Higher levels of ABA were present in cuttings of an
easy-to-root compared with a difficult-to-root variety of

Rhododendron in all seasons (Foong, 1977). A low level of

endogenous growth inhibitor and high auxin content,
giving a high sauxin:inhibitor ratio, were associated with
ease of rooting in Vitis (Spiegel, 1955) and Juniperus
(Gordienko et al, 1976).

The growth inhibitory fraction of pip and stone frait

extracts (Challenger et al, 1964), Pinus radiata bud

extracts (Zabkiewicz and Steele 1974) and Picea glauca and
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Chamaecyparis lawsoniana (Tognoni et al, 1977) stimulated

rooting in the mung bean biocassay. In the latter case the
inhibitors, of which the major component was tentatively
identified as ABA, were not considered to be the prime
causal factor of the difference of rootability between the
two species or in P. glsuca during different seasons,
although seasonal fluctuations in inhibitor content and
rooting capacity appeared to show some inverse relation-
ship. Eliasson (1969) reported that the bases of easily

rooted suckers of Populus tremulas contained lower levels

of growth inhibitors than the less easily rooted sprouts

from the crowne.

2.4.5 Ethylene

Ethylene, structuraslly the simplest of known plant
hormones, was found by Zimmerman and Hitchcock (1933) to
stimulate both adventitious root formation and the emerg-
ence of preformed roots in several species. Formation of
secondary roots &nd root hairs was also promoted but shoot
formation was not. Similar effects were produced by other
unsaturated hydrocarbon gases.

Subsequent studies involving exogenously supplied
ethylene or ethrel and endogenous ethylene level, as con-

ducted with mung bean (Krishnemoorthy, 1370), Pelargonium,

Coleus (Maleike, 1977),and Salix (Kawase, 1971) have
largely confirmed the promotory effect on root initiation
up to optimum concentrations. Mullins (1970) found

ethylene to promote emergence of latent roots from mung

been hypocotyls but inhibit adventitious root formatione.
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root initiation was promoted when rates of ethylene
evolution were low in reletion to auxin level. It was
suggested that a feedback mechanism between the two
hormones might be involved. Retardation of root extension
by ethylene has been noted in some instances
(Krishnamoorthy, 1970; Drew et al, 1979). Rajagopal and
Anderson (1980) reported that ethylene did not appear to
be the major controlling factor in root initiation in pea
cuttings.

Ethrel acted synergistically with IAA on rooting of
mung bean cuttings end overcame the inhibitory effect of
GA3 and kinetin on root number but not root length
(Krishnamoorthy, 1970). A synergistic interaction with
TIAA was also found to occur in tomesto cuttings (Roy et al,

1972).

2.L.6 Cofsctors

A component of the postulated 'rhizocaline' complex
other than auxin and translocated from the leaves was char-
acterized as an ortho-dihydroxy phenol (Bouillenne and
Bouillenne-Warland, 1955; Went, 1938). Girdling and graft-
ing experiments offered confirmation of the requirement for
& non-auxin fesctor (e.g. Cooper, 1935; Gregory and van
Overbeek, 1S45; van Overbeek and Gregory, 1545).

The rooting capacity of easy- and difficult-to-root

forms of Heders helix and Hibiscus rosa-sinensis appeared

to be unrelated to growth inhibitor or growth promoter

content but could be related to the prescence and



concentration of four groups of substances, '"rooting
cofactors'", which appeared to act as cofactors for IAA in
~ promotion of rooting (Hess, 1959; 1960; 1962). The con-
stituents of cofactors include phenolic, acidic and lipid-
like components (e.g. Girouard, 1969; Heuser and Hess,
1972; Heuser, 1976; Foong, 1977). Varietal and seasonal
differences in rooting potential have been related to

cofactor content in, for instance, Rhododendron (Lee et gl,

1969) and pear (Fadl and Hartmann, 1967a,b,c).

Total cofactor ectivity wes found to be relatively stable
throughout the yesr and therefore could not account for
seasonal fluctuations in rooting capacity of Juniperus
horizontalis 'Plumosa'. It wes suggested that cofactor
content might determine rooting potential attainable but
that this was limited by other factors such as cofactor
mobilization (Lanphear and Meahl, 1963). Cofactors did not
appear to be the prime cause of limited rooting in pecan
(Taylor and Odom, 1970), Dshlia (Biran and Halevy, 1973c) or
apple (Tustin, 1976).

Appliceation of cofactor-like substances has been
reported to stimulaste rooting of Euonymous (Lee and Tukey,
1971) and apple (Bassuk and Howard, 1980). Rooting capacity
of apple wes increased at a time of year when rooting was
normally poor. Although phenolics (e.g. Hess; 1962; Heuser,
1976), heve been found to be associated with root initiation
in a postive manner, Foong (1977) also found many extracted

from Rhododendron inhibited rooting iin the mung.bean bioassay.

The ultimate effect of a cofactor-like component of ~apple
tissue in the mung bean bioassay was similarly.dependent - .

on concentration (Tustin, 1976).
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Condensation products of oxidized phenolics and auxin
have been suggested to be the true or at least the most
active inducers of root initiation (e.g. Leopold and Plummer,
1961; Fadl and Hartmann, 1967a,b,c; Haissig, 1574b).
Cofactors may protect IAA from destruction (e.g. Zenk and
Muller, 1963; Bastin, 1966; Hackett, 1970) or sensitize

cells to auxin (e.g. Gorter, 1969).

201407 Nutrients

The most studied aspect of nutrient status in relation
to adventitious root formation is that of carbohydrate con-
tent. Changes in starch and sugar levels indicate that the
processes of starch hydrolysis, basipetal transport and
subsequent utilization of sugars occur after cutting excis-
ion and during root formation (e.g. Stuart, 1938; Smith et
al, 1940; Breen and Muraokas, 1973; Haissig, 1974c; Okoro
and Grace, 1976).

Positive relationships have been demonstrated between
rooting capacity and endogenous levels of, for instance,
total carbohydrste or sugar in Hibiscus (Stoltz and

Hess 1966), Chrysanthemum (Stoltz, 1968), Phoenix (Reuveni

and Adato, 1974) and pee (Eliasson, 1978) and starch con-
tent in Hydrangea (Molner and La Croix, 1372). Okoro and
Grace (1976) however found no indication that carbohydrate
content was a causal factor in the difference in. root-
ability between Populus species. Seasonal changes in total
non-structurael carbohydrate appeared to be of significance

only in the more difficult to root of two Macadamia
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integrifolia varieties, and in which rooting capacity was

greatest in winter when carbohydrate levels were highest
(Cormack and Bate, 1976). Carbohydrate status and rooting
can sometimes be improved by girdling (e.g. Cameron,
1970).

Exogenously supplied sugars seemed to promote rooting
only if endogenous levels were limiting (Lovell et al, 1974;
Eliasson, 1978). Supraoptimal levels may be the cause of
rooting inhibition under high 1light intensity (e.g. Hansen
and Eriksen. 1974). A suitable carbohydrate content
appears to be necessary for optimasl rooting but with the
inductive effect of IAA still required (e.g. Jain and Nanda,
1972; Smith and wareing, 1972a). Under conditions of sub-
optimal sucrose concentration, IAA increased rooting per-

centage but not root number in Pinus lambertiasna embryo cut-

tings (Greenwood and Berlyn, 1973).

Root initiation and development require nitrogen for
nucleic acid and protein synthesis and there is a level of
nitrogen below which rooting fails to occur or does so at a
reduced rate (Haissig, 197Lc).

A high carbohydrate:nitrogen (C/N) ratio has been con-
sidered to be benificial to rooting (e.g. Reid, 1924;
Evans, 1971) although absolute levels of both factors (e.g.
Starring, 1923) and the form of nitrogen (e.g. Reid, 1924;
Thiaemann and Portasse, 1941) are probasbly at least as
important.

Mineral nutrients such as boron and magnesium are
important for root formation and growth although their
specific functions have not all been clearly established.

Boron,. for instance, has been suggested te be involved in
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auxin biosynthesis (e.g. Middleton et 81,1980) whereas
Hirsch and Torrey (1980) proposed that its role in root
development might rather be in the maintenance of cell
membrane integrity. The efficacy of exogenous

nutrient supply appears to be largely determined by the
nutrient status of the cutting, with treatment of most
benifit to low nutrient status materiasl as demonstrated

for example, in cuttings of Ilex crenata (Tichnor and

Roberts, 1968) and Pisum sativum (Eliasson, 1978).
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CHAPTER 3

MATERIALS AND METHODS

3.1 Source, Preparation and Treatment of Cutting Material

Four cultivars were employed in the study: Juniperus
virginiana 'Skyrocket' ("easy-to-root"); J. scopulorum
'Pathfinder' ("difficult-to-root"); J. scopulorum 'Blue

Haven' ("very difficult-to-root"); Cupressus sempervirens

'Swanes Golden' ("easy-to-root"). Material was provided
by the New Zealand Nursery Research Centre, Palmerston
North, from stock plants of approximately five years in age

and maintained by standard nursery practice.

Bedwd Seasonal Study

Leteral tip cuttings of current season's growth, 15 cm
and 12 em in length of J. 'Skyrocket' and J+ 'Pathfinder'
respectively, were taken in the last week of each month
from late summer (February) until spring (October). Lower
leaves were removed and the cuttings 1lightly wounded before
being dipped in 2.0% IBA in talc and planted in trays of
peat:pumice (1:1 v/v) in three replicates of eight cuttings
each. A split-plot in time experimental design was used,
with cultivar designated as the mein plot factor and month of
excision as the subplot (Steele and Torrey, 1960; Little
and Hills, 1978). The cuttings were placed over basal heat

of 21 22°C in an unheated glasshouse and watered in.
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Thereafter the cuttings were provided with moisture &s
required including s thorough watering once & week, and in
the case of cuttings teken in February and March, light
intermittent mist.

After 10 weeks the cuttings were lifted and date
recorded. As in egll the trisls, date on number of cuttings
rooted, number of roots per cutting and mean total root
length per cutting were analysed statistically and appro-
priate tests of significance applied, primarily Duncan's
New Multiple Range Test. The last - mentioned parameter
was coneldered the most suiteble non-destructive measure of
root mass per cutting. Samples of rooted cuttings from
each month were grown on in plastic tubes in a glasshouse
for evalustion of subsequent growth.

Cuttings of C. 'Swanes Golden' of about 10 cm in
length were harvested in February, Narch and June and

treated ss described above.

312 Growth Cabinet Study

Stock plants of J. 'Pathfinder' and C. 'Swanes Golden'
were placed in "Temperzone" controlled environment cabinets
during the summer prior to the midwinter trial. One group
o'f plants was kept at 20 12°C (WP) and the temperature of
the other group gradually lowered over a week then maintained
at 10 *2°C (CP). A 10 hour photoperiod, light intensity
of approximetely 120 W.m_2 from mercury halide HID lamps,

and a relative humidity of 70 +5% were provided. The plants
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were rotated at intervels.

After five weeks, cuttings were tsken, prepared as
outlined in the seasonal triasl and planted in four replic-
ates of eight cuttings each according to a split-plot
design (Steele and Torrey, 1960; Little and Hills, 1978).
Cuttings from each parent plent environment were split
into two groups and subjected to growth cebinet air temp-
eratures of 18 +2°C (WH) or 12 22°C (CH), a light intensity
reduced by shading to approximately LO W.m‘z at cutting
height, a 10 hour photcperiod and a relative humidity of
80 *5%. The cuttings were sprinkled with water as necess-
ary and the trays rotated at intervals.

To provide basal heat for the cuttings, containers
were made from polystyrene trays (49 cm x 32 em x 10 cm)
lined with electric blanket cables enclosed between layers
of capillary felt (Plate 1) into which the cutting trays
were placed. The polystyrene trays were in turn placed on
drainage trays. A 0.25 KvA isolating transformer was
included in the system and the temperature at the cutting
bases thermostatically controlled at 21 570,

The cuttings were lifted after eight weeks and

data recorded for later analysis.

3e1+3 Midwinter Study

Parent material and cuttings of J. 'Skyrocket',
J. '"Pathfinder', J. 'Blue Haven' and C. 'Swanes Golden'
were subjected to one of & number of air temperature treat-

ments.



Plate 1. A propa.ation trsy (42 em x 32 cm x 10 cm)
ased for tihe orovisioin of besal heat to

catiines in the growtlhi cabinets
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The "cold parent" (CP) plant treastment consisted of
normal winter chilling and "warm parent" (WP) plants were
maintained in a glasshouse at 18z 2°C from early autumn
.(March). Where additional materiel was available, plants
were removed from the warm glasshouse environment and
exposed to outdoor temperatures for two weeks prior to
cutting excision, thus comprising the "warm+cold parent"
(WCP) plant trestment. Alternatively, shoots were excised
from plants exposed to normal winter chilling and cool-
stored in darkness for two weeks at 5 #1°C thereby provid-
ing the "cold+coolstored parent" (CCP) material.

Cuttings were taken in late June and treated as
described for the seasonal study. Cuttings of J. 'Blue
Haven' were approximately 15 cm in length. Cuttings from
each parent environment were divided into two groups and
placed over bottom heat of 211 2°C in either an unheated
glasshouse with air temperatures of about 13 #,°C during
the rooting period, comprising the "cold propagation house"
(CH) environment, or a heated glasshouse generally kept at
18 132°C but ranging up to 22°C for brief periods and which
provided the "warm propagation house" (WH) environment. A
split-plot experimental design was employed, with parent
material environment of prime interest and designated as
the subplot factor.

After 10 weeks the cuttings were lifted, data recorded
for later analysis and a sample of rooted cuttings grown on

for subsquent evalustion of growth.



L.

3.2 Endogenous Growth Regulator Analyses

Cutting samples taken at the same time as those for
the propagation trisls were lyophylised and stored in air-
tight jars in & deep freeze until required for analysis of

endogenous growth regulator activity.

3241 Extraction and Initiel Purification

A 5 g sample of finely ground, lyophylized tissue was
suspended in 100 ml of chilled 80% aqueous methanol, giving
a ratio of approximately 1 g fresh weight to 10 ml aqueous
MfeOH. This was extracted at 1°C for 16 hours with inter-
mittent agitation. The supernatant was decanted and
extraction of the residue repeated with changes of 50 ml
80% aqueous MeOH for L4 hours each, giving a final ‘volume
of 200 ml. The extracts were vacuum filtered through
Whatmen No. 1 filter paper using a Buchner funnel, the
residue rinsed, and the filtrate reduced to approximately
25 ml of the aqueous phase on a rotary evaporator at 2?°C,
shielded from direct light.

The aqueous residue, made up to 50 ml with rinsings
of distilled water from the evaporating flask, was trans-
ferred to centrifuge tubes and stood at 1°C overnight to
precipitate chlorophyll and lipids. The extract was then
centrifuged at 23,000 x g for 40 min at 1°C, the supernat-
ant poured off, and the residue and tubes rinsed with a few
mls of cold distilled water.

The extract, sdjusted to pH 6.0, was slurried with 8 g

of dry, washed polyclar AT for 1 hour at 4°C to remove



phenolics.

The polyclar AT (an insoluble form of polyvinlpyrrol-
idone) had been sieved to give a size range of 125« = 250
diameter and slurried in five times its own volume of dis-
tilled water, allowed to settle for 15 min and the fines
decanted off, This was repeated a further six times &after
which the polyclar was dried in a vacuum oven at about 40°C.

The extract'and polyclar slurry was filtered through
whatmen No.1 filter paper under vacuum, rinsed with a total
of 100 ml distilled water at pH 6.0, and the combined
filtrate centrifuged at 20,000 x g for 10 min.

The clear asqueous phase was adjusted to pH 3.0 with
50% HCl &nd shaken with three separate equal volumes of
peroxide-free diethyl ether for 5 min each. The bulked
ether fraction was shaken for 5 min with 10% by volume
distilled water at pi 3.0 to remove any remaining cyto-
kinins from the ether phase. The combined aqueous partit-
ions and backwash were retained for the separation of cyto-
kinins.

The ether fraction was reduced under vacuum to 150 ml,
which included approximately 40 ml of rinsings from the
evaporating flask, and extracted with two 50 ml aliquots of
5% sodium bicarbonate at pH 8.0 shaken for 5 min ‘each. The
sodium bicarbonate fraction was then acidified to pH 3.0
with 50% HC1l and partitioned three times with equal volumes
of diethyl ether.

The acidic ether fraction obtained was reduced to dry-
ness on & rotary evaporator, redissolved in 100% redistilled
methanol and transferred to a sample vial in which it was

dried under vacuum in the dark. ( Recovery of a 0.25 mg
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"spike" added at the beginning of the extraction process
indicated that recovery of IAA or ABA was at least 65% and
75% respectively in the methonal rinse). The vial was cap-
ped and stored in a deep freeze until required for chroma-
tography. This fraction contasined the acidic growth
regulators.

The combined aqueous fraction and backwash from the
first acidic ether fraction was adjusted to pH 8.0 with 50%
NHMOH and partitioned three times with equal volumes of
water-saturated n-butonol. The butonol fraction was then
taken to dryness in vacuo and the residue taken up in several
mls of absolute methanol and transferred to a vial. After
the sample was dried under vacuum the visls were sealed and
stored in a deep freeze until required. Cytokinin activity

was determined from this fraction.

3.2.2 Paper Chromatography

Auxins and Acidic Inhibitors

The residue of the acidic ether fraction was dis=-
solved in 0.5 ml acetone:metanol (1:1 v/v). The sample
vial was rinsed with a further O.4 ml which was also taken
up in the same pippette. The extract was applied to pre-
washed Whatman No. 3 chromatography paper to give a 15 cm
wide streak and dried with the aid of a cold airstream to
reduce spreading. The paper was developed in isopropanol:
smmonia:water (10:1:1 v/v) in a descending manner and left
at room temperature in the dark until the solvent front had

travelled 20 cm. The chromatogram was air-dried for 1 hour



then dried under vacuum overnight. The chromatogram was
then cut into 10 equal transverse strips plus & control

strip from behind the origin, ready to be bioassayed.

Butonol-Soluble Cytokinins

The procedure for chromatography of the butonol fract-
ion was the same as for the acidic ether fraction except
that the solvent system used was n-butonol:ammonia (4:1 v/v).
After initisl drying the chromatogram wes lightly sprayed
with distilled water to assist with the removal of butonol
which may have been inhibitory in the bloassay, and dried

under vacuum overnight.

3.2.3 Bioassays

Avena Coleoptile Bioassay

The tissue extracts were assayed for auxin-like act-
ivity by the procedure employed by Tustin (1976) which is a
combination of the methods of Sirios (1967) and Burstrom
(1973).

Seeds of the oat cultivar 'Brighton' were soaked for
15 hours in 0.1% hydrogen peroxide, rinsed and spread
evenly ower moist filter peper in a plastic tray. The_tray
was covered with a sheet of glass and placed in a dark-
room under red light for 24 hours at 25°C. The seeds were
then left in darkness for a further two days until the cole-

optiles were 2 to 3 cm in length. Using a precision double-
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bladed guillotine, 5 mm sections were cut 3 mm from the tip.
The coleoptile sections were soakzd in Burstrom's buffer
(Appendix 1) for 1 hour before use.

The chromatogram strips were rolled 1lightly, placed in
glass vials (40 x 25 mm) and 2 ml of Burstrom's buffer added
to each. After each vial had ten coleoptiles added it was
capped with a plastic top with a needle hole in the centre.
All manipulations of the coleoptiles were carried out in a
dark-room under a green safelight. The vials were placed
on a vertical turntable rotsting at aspproximately 1 r.p.m.
for 6 hours in darkness at 25°C. The vials were then
removed and the coleoptiles killed by the addition of 2 ml
of 10% methanol. Coleoptile length was measured with the
aid of a. photographic enlarger at 3X magnification.

A standard series of IAA solutions in a log dilution
series 0.001 to 10 «g/ml was run concurrently with each
bioassay. A strip of washed chromatography paper was
included in each standard vial. A typical standard curve
from which activity wae determined is shown in Appendix 2.

Percent growth was calculated as:

growth coleoptile - growth control
% growth =

growth control o

Triticum Coleoptile Bioassay

The procedure of Nitsch and Nitsch (1956) was employed
to assay the extracts for ABA-like inhibitors.
Vheat seed of the cultivar 'Aotes' was soaked in tap

water for 2 hours and spread on moist filter paper in a
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plastic tray. The tray was covered with a sheet of glass
and left in a dark-room at 25°C for 3 days by which time
the coleoptiles were 2 to 3 cm long. Ten mm sections were
cut 3 mm from the coleoptile tips &nd floated in distilled
water for 3 hours before being loaded into the bioassay
viels.

The chromatogram zones were rolled lightly and each
placed in glass vials (40 x 25 mm) to which 2 ml of
phosphate-citrate buffer (Appendix 1) was added. Under a
green safelight, ten coleoptiles were placed in each vial
which wxs then capped and left in darkness at 25°C on a )
turntable run at approximately 1 r.p.m. After 20 hours the
vials were removed and 2 ml of 10% MeOH added to kill the
coleoptiles. The length of the coleoptiles was measured
as described for the Avena coleoptile bioassay.

Standards of ABA 0.001 to 10 «g/ml were run concur-
rently with each bioassay, a strip of washed chromatography
paper included in each vial. A typical standard curve is
shown in .Appendix 2. Percent growth inhibition was calcu-

lated as:

growth coleoptile - growth control

% growth inhibition =
growth control .

Radish Cotyledon Bioassay

Cytokinin activity in the butonol fraection was deter-

mined by the redish cotyledon bioassay of Letham (1971).
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Radish seed, Rhaphanus sativus L. cv. Long Scarlet,

Market Strain, retained by a 2 mm sieve was soaked for 5
min in a 0.3% sodium hypochlorite solution and rinsed
thoroughly. The seed was germinasted at 25°C in darkness
on well-wetted filter paper in a plastic tray covered with
a sheet of glaess. After 42 hours the smaller cotyledon was
excised from each seedling. Eight cotyledons of unifdrm
size, about 6 mg, were plasced with the upper surface in
contect with the paper chromatogram zones which had been
cut into pieces and placed in Petri dishes (S cm diam.)
conteining 3 ml distilled water at pH 6.5. The Petri
dishes were placed on moist filter paper in a plastic tray
and covered with & sheet of glaess. After 72 hours at 25°C
under continuous, low fluorescent light the cotyledons were
blotted dry and weighed.

Kinetin standards from 0.001 to 1.0 «g/ml were run
concurrently with each bioassay. A typical standard curve

is shown in Appendix 1.
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4.1 Seasonal Fluctustions in Root Formation Capacity

Changes in the rootebility of cuttings of J. virginiana

'Skyrocket' (essy-to-root) and J. scopulorum 'Pathfinder'
(difficult-to-root) were followed over the nine months from
lste summer (February) to spring (October) as outlined in

Materials and Methods. Cuttings of C. sempervirens 'Swanes

Golden' were slso taken in Feruery, !‘arch and June. Data
analysed included mean number of cattings rooted, mean number
of roots per cutting and mean totsl root length per cutting.
Additional valaes were calculated on & per rooted catting
basis end of mean root length for comparison. New shoot
growth made by the Jjuniper cutitings was also recorded at

lifting.

Le1e1 J. virginisna 'Skyrocket'

The mean number of J. 'Skyrocket' cuttings rooted was
low in February and had diminished & little farther in !larch
but rose dramatically in April, remaining at high levels
until an equally sudden drop occurred in October (Figure 1).
o significant differences were detected from April to
September inclusive slthough cattings teken in April, June
and Augast rooted in significantly creeter numpers than those
in Febrary, Marcih or October (Table 1&). For analysis of
verisnce refer to Appendix 3. All cuttings harvested in June
Tformed roots.

The greatest number of roots per cutting (Table 1b,
Figure 2) wes produced in June and was significantly

different {rom mean root numnber of cuttings taken in
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Table 1a. MNean number of cuttings rooted/8

Cultivar Month of Excision
Feb Var Apr May
J.'Skyrocket’ 2.00bcA 1.33.00A 7'67aA* 6'67abA
g.'Pathfinder' ELEEbA 1;EIbCA 1;93bcA 0.6?bcA
Meen 2.50, 4500 1+0aecp H+32apap  3+C7pcanc
Jun Jul Aug Sep Oct Mean
8.00ElA 6'OoabA* 7.67aA 6.003.0A 1.00CA 5.16**
7.00aA O.33bcA E;EEabA E;EEbCA 0.00cA 2.00
7.30 3'17bchC 5°853A 3'1?bchC O'5oeD

Table 1b. Mean number of roots per cutting

Cultivar Month of Excision
eb Mar Apr May
J.'Skyrocket' 0'63bcA 0.21cA 2'96aA 2'38abA
*

J.'Pathfinder' 0.92, 0.33, 0.17, * 0.17,

Mean 0-77peacp 9+27cacp 1 *2PabmeD | *2/beBCD
Jun Jul Aug Sep Oct Mesan
5.8!4aA 3.58%& LL.13aA 2'255bA 0'21cA 2.&6*
1.88& O.OLLa 1.17a 0.0)4a 0.00a 0.52
B.BBA 1. 1abBC 2'653AB 1.15bchCD0.1OdD

Teble 1c. Mean total root length per cutting (mm)

Cultivar Month of Excision
Feb Mar Apr May
1 t
J.'Skyrocket 16.13cB 0°96CB 12&.69bAB*139.?1bAB*
1 ] .
J.'Pathfinder' 26.46, ,.  0.54 . 95U ap”  5eU2,p

Mean 21.29bCD 0.75,p 67.1zaBC 72‘56330
Jun Jul Aug Sep Oct Mean

22?.95aA 212.08bAB 26&.79abﬁE 36.25CB h.25cB 119.65*

d %k 7%
168'?1aA 2.00bB 97'5oabAB 0.33bB O.OObB 34.50

223.33A 10?.0HBB 181'15A 18.29bCD 2.13

bD

Tebles 1(a-c). Varietion in a) mean number of cuttings rooted
b) mean number of roots per cutting and ¢) mean total root
length per cutting of J.'Skyrocket' and J.'Pathfinder' with
month of excision. Means followed by same lower or upper
case character not significantly different at the 5% or 1%
levels of significance within the same cultivar. Means within
the same month significantly different at the x = 5% and

*x = 1% levels of significance.
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February, March or October. Intermediate values were
obtained in other months. The mean number of roots per
rooted cutting exhibited a less erratic, more gradual

decline after June (Figure 2b).

Similarly, mean total root length per cutting (Table
1c, Figure 3a) was significantly greater in June than in any
other month except August and was very significantly greater
than in February, March, September or October. Although
intermediate levels were obtained in April and May, all
values from April to August inclusive were significantly
greater than those of the preceding or following months.

The return to low values of mean total root length per
cutting in spring occurred a month earlier than in mean
number of roots per cutting. Unlike the corresponding value
on the per cutting basis, mean total root length per rooted

cutting did not fall in July (Figure 3b).

Shoot activity apparent at 1lifting increased from that
first visible in June-excised cuttings until all cuttings
had made new shoot growth in August (Tables 2a and b).
Values for October were not included since tip wilting or
death had occurred in several cuttings, rapid shoot elong-
ation having taken place soon after cutting excision in most
instances. Investigation of individual cuttings failed to
show any consistent relationship between parameters of root-
ing and those of shoot activity. Shoot growth in the stock
plants had not fully ceased by February and had recommenced

by or shortly after the October harvest date.
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Figure 1. Seasonal fluctuations in mean number of J. 'Skyrocket' (x-x) and J. 'Pathfinder'
(0—0 ) cuttings rooted.
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Figure 2a. Seasonal fluctuations in mean number of roots per cutting of
J. 'sSkyrocket' (x-x) and J. 'Pathfinder' (o—o).
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Table 2a. Mean number of cuttings showing new shoot

growth/8
Cultivar Month of Harvest
Jun Jul Aug Sep
J.'Skyrocket' 0.33 4.67 8.0 8.0
g.'Pathfinder' T 0 7:67 8.0

Table 2b. Mean shoot growth per cutting (mm)

Cultivar Month of Harvest
Jun Jul Auc Sep
J.'Skyrocket' 0.42 2.38 L4.04 5.50
J.'Pathfinder’ 1.0 0 L.0 8.25

Tables 2(a,b). Variation in shoot activity of
J.'Skyrocket' and J.'Pathfinder' cuttings at lifting as
indicated by &) mean number of cuttings showing new shoot
growth and b) mean shoot growth per cutting with month of
excision.

be1.2 J. scooulorum 'Pathfinder’

The meen number of cuttings rooted gradualiy diminished
from an intermediate level in February to a low in May. An
abrupt rise in June produced a high level of rooting which
was significantly different from that in &ll other ronths
with the exception of August (Table 1a, Figure 1,Plate 2). The
intermediate level encountered in August was preceded and
followed by low levels of rooting which then remained low
in spring. No cuttings rooted in October.

No significant differences between months were found
in mean number of roots per cutting although seasonal
fluctuations were similar to those of mean number of
cuttings rooted (Table 1b, Figure 2a). The mean number of
roots per rooted cutting varied relatively little but:
exhibited a slightly different pattern in that means
obtained in February and August exceeded that in June

slightly and an incresse was detected in May, a month



Plate 2. Photogranhic representation of the mean

number of J. scopulorum 'Pathfinder'

cuttings rooted 10 weeks after excision in
Jrﬂ-[( (&or3;June (centre) and Aagust (bottom).

"agnification approx. X C.42.
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earlier than in the corresponding data per cutting (Figure
2b). It was noted that prior to June roots invariably
emerged through the side wound but did so less frequently
in cuttings excised in later months. This was in contrast
with the situation in J. 'Skyrocket' in which the proportion
of roots emerging through the wound increased after March.

Mean total root length per cutting was significantly
greater in June than in any other month except August and
was different from that obtained in March, July, September
and October to a highly significant degree (Table 2c¢, Figure
3a). Mean total root length per rooted cutting and mean
root length had begun to improve by April (Figure 3b).

Bud breask had taken plsce in just over half the cuttings
taken in June and in almost all those from August by the
time they were lifted. No new growth was present in material
from July. Tip wilting and-death occurred in a few cuttings
which had made most extension growth in September and in &
greaeter number in October but to a lesser extent compared

with J. 'Skyrocket’'.

4.1.3 Comparison of J. virginiesna 'Skyrocket' and

J. scopulorum 'Pathfinder' within the same Month.

The mean number of J. 'Skyrocket' cuttings rooted
exceeded that of J.'Pathfinder' in every month except
February (Figure 1). Significant differences between the
two cultivars were found in April and July (Table 1a). The
difference between the grand means was highly significant.

Mean root number per cutting and mean totel root length
per cutting were elso greater in J.'Skyrocket' than in
J.'Pathfinder' in every month except for the marginal differ-

ence in February (Figures 2e and 3a). Significent differ-
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ences between the two varieties were found in April and May
and & highly significant difference in July wifh regard to
both parameters (Tebles 1b and c¢). A highly significant
difference in mean total root length per cutting also existed
in June. Mean root length of J.'Pathfinder' followed a
similar but more erratic seasonal pattern than J.'Skyrocket'
(Figure 3b).

More cuttings of g.'Pathfinder' than g.'Skyrocket'
showed shoot activity at the time of 1lifting the June
cuttings although both shoot and root-forming activity had
diminished again in the July cuttings of J.'Pathfinder’
(Tebes 22 and 1e-c). J.'Pathfinder' cuttings taken in
September had made more shoot growth prior to lifting than

those of J.'Skyrocket' (Table 2b).

Leley4 C. pempervirens 'Swanes Golden'

Cuttings of C.'Swanes Golden' rooted well in February
and June but poorly in March (Figures lja-c). All parameters
enalysed were slightly, but not significantly, superior in
February than June although mean root length was greater in
June (416 mm) than in Februery (246 mm). The mesn number of
cuttings rooted and mean number of roots per cutting obtained
in March were lower than those in the other two months to a
highly significant extent but mean total rocot length
per cutting was not significaently different (Tables 3a-c).

Cuttings excised in June had made new shoot growth by
the 1lifting date but as this was not always readily distin-

guishable the date has not been included.
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per cuttiang and c) mean total root length per cutting of C. 'Swanes Golden' with month
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rooted cutting.
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Table 3a. Mean number of cuttings rooted/8

Month of Harvest
Feb Mar Jun Mean
?'s?aA 3'33 Y.OQA 6.0

Table 3b. Mean number of roots per cutting

Month of Harvest
Feb Mar Jun Mean
h.MGaA 0.88 2.38aA 2+57

Table 3c. Mean total root length per cutting (mm)

Month of Harvest
Feb Nar Jun . Mean
137.5a 21.3 123.8a 94,2

a

Tables 3(a-c). Variation in a) mean number of cuttings

rooted, b) mean number of roots per cutting and ¢c) mean

‘total root length per cutting of C.'Swanes Golden' with

month of excision. Mesans followed by the same lower- or
upper-case character not significantly different at the

5% or 1% levels of significance respectively.

4.1.5 Subsequent Growth of Rooted Cuttings

Substantiel gaine in growth of the shoot and root
systems had been made in cuttiﬁgs of J.'Skyrocket' taken
during February to July inclusive and in cuttings of
J.'Pathfinder' teken prior to July (Table 4). These samples
of rooted cuttings had made sufficient growth to warrant
repotting in midsummer, particularly those of J.'Skyrocket',
but for the puposes of this study remained in the same

containers. Rather less, but still satisfactory, growth had
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been made by autumn in cuttings harvested in most other
months. Cuttings of C.'Swanes Golden' from all months were

also ready to be potted on in early autumn.

Cultivar Month of Excision
Fed Mar Apr May

J.'Skyrocket' L78 L68 L69 356
J.'Pathfinder' 249 258 235 264
C.'Swanes Golden' 186 149 - -

Jun Jul Aug Sep Oct

L5y 394 238 201 -

263 207 200 142 -

146 - - - -

Table 4. Variation in mean height (mm) above soil level of
rooted cuttings of J.'Skyrocket', J.'Pathfinder' and
C.'Swanes Golden' with month of excision as recorded in
autumn.

L4L.1.6 Summary of Sesassonel Trends

Both varieties of juniper attained maximum rooting
capacity as determined by all parameters in June after
having fallen from an apparently small peak in late summer.
Rootability diminished repidly agein in spring. High root-
ing percentages were obtained two months earlier in
J. 'Skyrocket' than in J. 'Petnfinder' and levels remained
high for a longer period in spring. Other parameters of
rooting tended to change more graduslly. Not only was the
favourable period for rooting J. 'Pathfinder' cuttings more
brief but rooting was generally more erratic than that of
J. 'Skyrocket'. Rootability of J. 'Skyrocket' exceeded that
of J. "Pathfinder' in all months except February. Cuttings

of C. 'Swanes Golden' rooted well in February and June but
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poorly in March.

Shoot growth had begun by the time of 1lifting in cut-
tings of all cultivers teken in June and later months with
the exception of those of J. 'Pathfinder' taken in July.
Rooted cuttings which had been excised prior to, and in the
case of J. 'Skyrocket' including, July hed made vigorous
root and shoot growth by late summer in the junipers and by

autumn in the Cupressus sp.
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4.2 Growth Cebinet Study

Stock plants of J.'Pathfinder' and C.'Swanes Golden'
were grown in a warm or cold environment for 5 weeks after
which cuttings were excised and rooted over basal heat for
8 weeks in warm or cold air temperatures as described in

Materials and Methods.

4.2.1 J. scopulorun 'Pathfinger'

Stock plante from’the cold environment provided cuttings
which rooted in the greatest numbers, and the low air temper-
ature during the rooting phase weas also more suitable than
the WH environment (Figures5.s, 6fa and 7a). Meen number of
cuttings rooted was significently different between the
WP WH and CP CH treatments (Table 5a). Trends in mean root
number per cutting and mean total root length per cutting
were similar to those described above, significant differ-
ences again occurring between the WP WH and CP CH treatments
(Tables 5b and c). Responses to air temperature were
similar in means calculated on & per rooted cutting basis

(Figures 5a, 6a and 7a).

It was noted that red pigmentation in the stock plants
and cuttings became more highly developed with duration of
exposure to low temperatures, but a preliminary investigat-
ion involving a visusl score of colour intensity indicated
no relationship with root number in individual cuttings
(c.f. the more detailed study with Acer by Bachelard and

Stowe, 1962).



Table 5a. Mean number of cuttings rooted/8

Engi;ﬁi;gnt Stock Plant Environment
WP CP Mean
Wi .25, 2459, 1.88
- =
& 3.00, 450,  3.75
Mean 2.13a 3,5oa

Table 5b. Mean number of roots per cutting

Cutting
Environment Stock Plant Environment
wP CcP Mean
WH 0’19§\~* 0.l 0.31
B
Mean 0.45_ 0.89,

Table 5c. Mean total root length per cutting (mm)

Enggigiggnt Stock Plant Environment
i cP Mean
WH 0.385\\* 3.72a 2.05
CcH 8.69, 28.16,  18.42
Mean L4.53 15.94

Tables 5(a-c). Growth cabinet study. Variation in
rooting of J.'Pathfinder' cuttings with air temperature
treatment. Means within same cutting environment followed
by same lower- or upper-case character not significantly
different at the 5% or 1% levels of significance respect-
ively. Means in the same or different parent material
environments indicated by & significantly different at the
5% level; none significantly different at the 1% level.
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Table 6a. Mean number of cuttings rooted/8

Cutting
Environment Stoeck Plant Environment
wp CP Mean
CH 7755 5.50, 6.63

Table 6b. Mean number of roots per cutting

Enggﬁgiggnt Stock Plant Environment
WP CP Mean
i 5:09, e84, L.97
i
CH 8.81A u.19B 6.50
Mean

6‘95aA L.52, .

Table 6c. Mean total root length per cutting (mm)

Eng?ﬁgi;gnt Stock Plant Environment
wP CP Mean
= 117,22, 95.97,  106.59
* //*
2E 165.38,7 70.00;  117.69
Mean 141,30, 82.98,,

Tables 6(a-c). Growth cabinet study. Variation in
rooting of C.'Swanes Golden' cuttings with air temperature
treatment. Means within same cutting environment followed
by same lower- or upper-case character not significantly
different at the 5% or 1% levels of significance respect-
ively. Means in the same or different parent material
environments indicated by # significantly different at the
5% level; none significantly different at the 1% level.
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4.2.2 C. sempervirens 'Swanes Golden'

All parameters of C.'Swanes Golden' were greatest in
WP material, particularly if rooted in the CH environment
(Figures 5b, 6 b and 7b). Grand means of all parameters
were significantly greater in the WP compared with the CP
environment, the difference in the meen number of cuttings
rooted being highly significant and that in mean total root
length significantly different (Tables 6a, b and c). For
analysis of variance see Appendix14; The only other sig-
nificant difference in mean number of cuttings rooted was
found between the WP and CP meterial in the CH environment,
indicating a significant interaction between the stock.
plant and cutting environments. The mean number of roots
per cutting obtained from WP material under CH conditions
wes 8lso highly significantly greater when compaered with CP
material under the same rooting temperatures, and signif-
icantly greater than the remasining two treatment combinat-
jons (Teble 6b). A similar, highly significant difference
existed in mean total root length per cutting between WP
and CP material in the CH environment and a significant
difference between the WP CH and CP WH treatments (Table
6c). Mesns calculated per rooted cutting followed similar
trends although mean root length was marginally superior
under WH compared with CH conditions (Figures 5b, 6b and

T'b)o

4.2,3 Summary

Air temperature at the parent plant and cutting stages

significantly offected rooting of both genera. Whereas
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with air temperature treatment.
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Figure 6(g,b). Growth cabinet study. Variation in mean
number of roots per cutting of a) J. 'Pathfinder' and b)
C. 'Swanes Golden' with air temperature treastment. O =
mean no. roots/cutting; 7] = mean no. roots /rooted cutting.
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Figure 7(a,b). Growth cabinet study. Variation in mean
total root length per cutting and mean root length of

a) J. 'Pathfinder' and b) C. 'Swanes Golden' with air
temperature treatment. O = mean tot. root length/cutting,
r1 = mean tot. root length/rooted cutting; ® = mean root
length.
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cold stock plant and cutting environments were benificial

for rooting the Juniper cuttings, a warm stock plant
environment was more suitable for the Cupressus sp. especially
if followed by low air temperatures during rooting.

Cuttings of C.'Swanes Golden' in general rooted more

readily and profusely than those of J.'Pathfinder'.



L.3 _Nid winter Study

Cuttings of the four cultivars prepared from material
exposed to differing air temperature environments were
placed in a heated or unheated glasshouse over basal heat
88 outlined in Materials and Methods. All cultivars were
subjected to the "warm" and "cold" parent plant treatments
and, where material was available, treatments involving
exposure to lower temperatures during the two weeks prior
to cutting excision. Shoot growth had commenced in some
cuttings approximately 3 weeks before lifting. Samples of
rooted cuttings from each treatment were grown on until the

following autumn.

4.3.1 J. virginiana 'Skyrocket'

Mean number of cuttings rooted was high in all treat-
ments except WCP material in the WH environment. All cut-
tings from CP stock plants rooted. The WCP WH treatment
combination reduced rooting percentage to a highly signif-
icant extent when compared with other parent materisl
treatments in the WH environment and also brought about a
significant reduction compared with the WCP CH treatment
(Teble 7a, Figure 8s). For analysis of variance of all
cultivars see Appendix 5.

The mean number of roots per cutting and mean total
root length per cutting were also greatest in CP material
(Figures 9a and 10a). Significant and highly significant
differences were found in mean root number and mean total

root length per cutting respectively between the WCP WH and
CP WH treatments (Tables 7b and c¢). Mean total root length
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Teble 7a. Mean number of cuttings rooted/8
Cutting
T L P Parent Material Environment
wP WCP CP CCP Mean
WH 7.67aA h-33* 8.00aA 7.33aA 6.83
CH 7.67a 7.33a 8.00a ?.OOa 7450
Mean 7.67aAB 5.834 8.00&#L 717 B
Table 7b. Meen number of roots per cutting
Enggggiggnt Parent Materiel Environment
WP WCP CcP CCP Mesn
WH u'33ab 1.?9b 5.88a L;.50ab 1.2
CH 3.38a 3.SOa 5.83a 3.67a 4.09
M o .
ean 3.85ab 2.65b 5 85a L Oaab
Table 7c. Mean total root length per cutting (mm)
Cutting
feved worment Parent Material Environment
WP WCP cP CCP Mean
WH 219.19 37.83 239.38 170,00 166.62
aAB B, aA aAB R
CH 229.75a 19h.BBa 22?.96a 23&.21a 234.07
Mean 22&.75a 116.10b 258.6?a 202.10ab

Tables 7(a-c).

Midwinter study.

Variation in a) mean

number of cuttings rooted, b) mean number of roots per cut-
ting and c¢) mean total root length per cutting of

J.'Skyrocket' with air temperature treatment.

Means within

the same propagation environment followed by the same lower
or upper case character not significantly different at the

5% or 1% levels of significance respectively.

Means within

the same parent material environment indicated if signif-
icantly different at the * = 5% and ** = 1% levels.
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Table 8a. Mean number of cuttings showing new shoot growth/8

Ens?;;i;gnt Parent Material Environment
WP WCP CP CCP Mean
WH 1.33aA 1.33aA u'33A** 1.33aA 2.08.
CH 0.00a 0.33a 0.33a 1.6?a 0.58
Mean 0.67a 0.83a 2.33a 1.50a

Table 8b. Mean shoot growth per cutting (mm)

Ensgﬁgiggnt Parent Material Environment
WP WCP CP ccPp Mean
WH 0.33A 0.514A 2.58** 0'33A 0.95
CH O.OOa O.Oha 0.0ha 0.25a 0.08
Mean 0.17aA 0'29aA 1.31 0.29a

Tables 8(a and b). Midwinter study. Variation in a) mean
number of cuttings showing new shoot growth and b) mean shoot
growth per cutting of J.'Skyrocket' with air temperature
treatment. Means within the same propagation environment
followed by the same lower or upper case character not sig-
nificantly different at the 5% or 1% levels of significance
respect¥;ely. Means within the same parent material environ-
ment indicated if significantly different at the * = 5% and

** = 1% levels.
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per cutting was also greater in the CH than the WH rooting
environments to a significant degree in the WCP material
and between the grand means. Mean root length was highest
under CH conditions.regardless of parent material treat-
ment. Mean root number per cutting was slightly higher in
the WH compared with the CH environment except for WCP
material.

A sample of cuttings indicating the range of rooting
obtained is shown in Plate 3.

The mean number of cuttings showing active shoot
growth at 1lifting was significantly greater in CP compared
with other parent materisl under WH conditions (Tablesi8a
and b, Figures 11a and 12a). On comparison of grand means,
shoot growth by CP material was highly significantly greater
than that made by cuttings of other parent material. The
mean number of cuttings showing shoot activity was greater
in the WH than the CH environment in all except CCP
material eand this difference was highly significant in CP
material and significant on comparison of the grand means.
Mean shoot growth was also greater in the WH compared with
the CH propagation environment in each case and to a highly
significant extent in CP material. By far the greatest
amount of shoot activity occurred in the CP WH treatment
combination and none in the WP CH combination.

Strong growth in both the shoot and root systems had

been made in rooted cuttings from all treatments by autumn.
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Figure 8(c,d). Variation in mean number of c¢) J. 'Blue Haven and d) C. 'Swanes Golden'
cuttings rooted with air temperature treatment.
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Figure 9(a,b). Variation in mean number of roots per cutting of a) J. 'Skyrocket' and b)

g.t'Pathfinder' with air temperature treatment. O = mean no./cutting; r1 = mean no./rooted
cutting.
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Figure 9(cyd). Variation in mean number of roots per cutting of c) J. 'Blue Haven' and
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Figure 10(a,b). Variation in mean total root length per cutting and mean root length of
- a) J. 'Skyrocket' and b) J. 'Pathfinder' with air temperature treatment. O = mean total root
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Figure 10(c,d). Variation in mean total root length per cutting and mean root length
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Figure 11(a,b). Variation in mean number of cuttings of a) J. 'Skyrocket' and

b) J. 'Pathfinder' showing active shoot growth with air temperature treatment.
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Figure 11c. Variation in mean number of J. 'Blue Haven'
shoot growth with air temperature treatment.
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Figure 12(a,b). Variation in mean shoot growth per cutting of a) J. 'Skyrocket' and b)
J« 'Pathfinder' with air temperature treatment. g = mean growth/cutting; 7 = mean growth/
cutting with active shoot growth.
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Figure 12c. Varilation in mean shoot growth per cutting of J. 'Blue Haven' with
air temperature treatment. O = mean growth/cutting; I = mean growth/cutting with
active shoot growth.
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4.3.2 J. scopulorum 'Pathfinder'

The most successful parent material treatment was that
of natural winter chilling, particularly if followed by low
air temperatures during rooting. The CP CH material rooted
in highly significantly greater mean numbers than other
parent material in the CH environment (Table 9a, Figure
8b). The difference between the CP and other parent mater-
ial treatments was also highly significant on comparison of
grand means. The WH environment provided significantly
better conditions for rooting CCP material than d4id the CH
environment.

No significant differences were found in the mean
number of roots per cutting although the CP, and to a
lesser extent WH, grand means were slightly superior (Table
9b, Figure 9b). Mean number of roots per rooted cutting
was higher in the WH compared with the CH rooting environ-
ment for each parent material treatment.

Mean total root length per cutting was significantly
greater in CP material than in either of the other stock
plant treatments when rooted under CH conditions (Table 9ec,
Figure 10b). The grand means indicated that a significant
reduction of rooting potential had been brought about by
the CCP treatment when compared with the CP treatment. No
significant differences were found between propagation
house environments although mean réot length was consist-
ently greater in the CH environment.

The range of rooting obtained is shown in Plate 5.

The mean number of cuttings with active shoot growth

and the amount of shoot growth per cutting was greatest in



Table 9a  Mean number of cuttings rooted/8

Engg;g;ggnt Parent Materiasl Environment
WP CpP CCP Mean
WH 3-33a 5-33a h°33a¢ L.33
CH 2'OOaA 7.00 0.6?aA 3.22
Mean 2.6?aA 6.17 2'5OaA

Teble 9b. Mean number of roots per cutting

Engg;giggnt Parent Material Environment
wP CP CCP Mean
WH 1.08a 1.71a 1.00B 1.26
CH 0.!42a 1.88a 0.08a 0.70
Mean 0.?5a 1.?9a 0.51;a

Table 9c. Mean total root length per cutting (mm)

Enggﬁgiggnt Parent Material Environment
WP CP CCP Mean
WH 65.92a 91.13a 56.21& 71 .08
CH 35.08_, 168.71 10.25_, 71.35
Mean

50'5OaAB 129.92A 33'23&B

Tables 9(a-c). Midwinter study. Variation in a) mean
number of cuttings rooted, b) mean number of roots per
cutting and c) mean total root length per cutting of
J.'Pathfinder' with air temperature treatment. Means
within the same propagation environment followed by the
same lower or upper case character not significantly
different at the 5% or 1% levels of significance respect-
ively. Means within the same parent materisl environment
indicated if significantly different at the * = 5% and

¥* = 1% levels.
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Table 10a. Mean number of cuttings showing new shoot growth/8

Ensg;giggnt Parent Material Environment |
WP CP CCP Mean
WH 1.33 6.67 5.33 Lol
b aA* aA?t ok
CH 0.00, , 333, 0.67_,, 1.33
Mean 0.67B 5'003A 3.00,, 5

Table 10b. Mean shoot growth per cutting (mm)

Cutting :
o Parent Material Environment
we CP CCP Mean
WH 113 5'33A 3.514A 335
e * *
CH 0.00 108 0.08 0.36
— " a = _.a
Mean 0.56B 3.1?A 1'81AB

Tables 10(a and b). Midwinter study. Variation in a) mean
number of cuttings showing new shoot growth and b) mean
shoot growth per cutting of J.'Pathfinder' with air temper-
ature treatment. Means within the same propagation environ-
ment followed by the same lower or upper case character not
significantly different at the 5% or 1% levels of signifi-
cance respectively. Means within the same parent material
environment indicated if significantly different at the

* = 5% and ** = 1% levels.
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material of CP origin (Figures 11b and 12b) which was
highly significantly different from that of WP origin on
comparison of the grand means (Tables 10a and b). Mean
number of cuttings showing new shoot growth obtained from
WP material was significantly and highly significantly
lower than those of CP material in the cold and warm prop-
agating houses respectively. Mean shoot growth per cutting
in each parent material treatment was significantly differ-
ent under WH conditions and between the grand means and .
that of WP material was reduced to a highly significant
extent compared with the other parent material treatments
under WH conditions. Mean shoot growth per active cutting
was high in the WP WH treatment combination but otherwise
followed similsr trends to that on & per cutting basis.

Shoot activity was lower under CH than WH conditions
in 81l material and between grand means to a significant or
highly significant degree in all but WP material.

Rooted cuttings from each treatment had made good

growth by the following autumn.

4.3.3" J. scopulorum 'Blue Haven'

Stock plants which had received the WP treatment in
general showed the greatest rooting potential and WCP the
lowest. Air temperature treatments during the rooting
phase produced no significant differences in materiael from
the same parent plant envirenment. The mean number of cut-
tings rooted from CP materisl was marginally higher under
warm air temperatures during rooting and was significantly
greater than the number of WCP WH cuttings rooted (Table

11a, Figure 8c). 1In the CH environment however, WP material
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Table 11a. Mean number of cuttings rooted/8

Cutting
Environment Parent Material Environment
WP WCP CP Mean
WH 3‘67abA 1'67bA !4.00aA 3.11
CH 5.33A 1.0083 2'67aAB 3.00
Mean L4.50 1.33A 3'33A

Table 11b. Mean number of roots per cutting

Cutting Parent Materisl Environment
Environment
WP WCP CP Mean
WH 1.83a 0.83a 1.50& 1.39
CH 2.33a 0.13a 0.83a 1.10
Mean 2.08& 0.148a 1.17a

Teble 11c. Mean total root length per cutting (mm)

Cutting ;
ERvipsonfient Parent Material Environment
WP WCP CcP Mean
WH BM.Oha 19.014b hO.hQab L47.83
CH 1114.50A 2.25aB 36‘75aAB bt.:17
Mean 99.27A 10.65

ap 295843

Tebles 11(a-c). Midwinter study. Variation in &) mean
number of cuttings rooted, b) mean number of roots per
cutting and c¢) mean total root length per cutting of
J.'Blue Haven' with temperature treatment. Means within
the same propagation environment followed by the same lower
or upper case character not significantly different at the
5% or 1% levels of significance respectively. Means within
the same parent materisl environment not significantly
different.
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Table 12a. Mean number of cuttings showing new shoot growth/8

Cutting
kv oo pls Parent Material Environment
WP WCP CP Mean
WH 1.67aA 0.67aA 135 2022
*
CH 0'33abA 0.00bA 1.6?aA 0.67
Mean 1.00aA O.}_‘SaA 3.00

Table 12b. Mean shoot growth per cutting (mm)

Cutting .
Efvivronmest Parent Material Environment
WP WCP CP Mean
WH 0.29 ,p 0.08_; 2.75, 1.04
CH 0.0k 0.00_ 0.217 0.08
Mean (:1.17&EL O.O}.;aA 1.50A

Tebles 12 (a and b). Midwinter study. Variation in a) mean
number of cuttings showing new shoot growth and b) mean
shoot growth per cutting of J.'Blue Haven' with tempersture
treatment. Means within the same propagaetion environment
followed by the ssme lower or upper case character not sig-
nificantly different at the 5% or 1% levels of significance
respectively. Means within the same parent material
environment indicated if significantly different at the

* = 5% level; none significant at the 1% level.
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rooted in significantly greater numbers than other parent
material and was highly significantly different from WCP CH
cuttings in this respect. On comparison of grand means,
cuttings of WP origin rooted very significantly better than
those from the other stock plant treatments and all means
were significantly different. Of a small sample of
unrooted cuttings that had been retreated with IBA,
reinserted in rooting medium and placed in the unheated
environment, two-thirds had formed roots when lifted 8
weeks later.

No significant differences were found in the mean
number of roots per cutting although cuttings of WP origin
again produced the best results (Table 11b, Figure 9c).
Mean root number per rooted cutting was consistently higher
in the WH compared with the CH environment.

Mean total root length per cutting was greatest in WP
material especially in the CH environment in which WP mater-
ial was significantly different from CP materisl and highly
gignificantly different from WCP material (Table 11c, Figure
10c). Mean total root length of WP cuttings was similarly
significantly and highly significantly greater than CP &nd
WCP material respectively on comparison of the grand means.
Cuttings of WP plants also had & significantly greater mean
total root length per cutting than those of WCP plants when
rooted under warm conditions.

The range of root formation is shown in Plate L.

The response of shoot activity to air temperatures
was similar to that of the other two junipers in the over-
pattern except that least activity occurred in the WCP

material in J.'Blue Haven' (Figures 11c and 12c). The



Plate 3.

Plate L.

A sample showing the range of root
formation obtained over all temperature
treatients 10 weeks after excision of
Jd. virginiana 'Skyrocket' cuttings in
mid winter. I‘ggnificstion approx.

X 0.55.

A sample showing the range of root
formation obtained over all temperature
trectaents 10 weeks after excision of

c. scopalorum 'Blae Haven' cuttings

in mid winter. lagnificstion &»prox.

e

X C.53.
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number of cuttings showing bud growth in CP material was
greater than that in the other parent materiasl to a éignir—
icant extent in the CH environment and to a highly signif-
icant extent in the Wﬁ environment. On comparison of the
grand means the number of cuttings with new shoot growth in
CP material was also highly significantly greater than in
material from other parent plant treatments. Mean shoot
growth by CP cuttings was significantly different from the
others in the WH environment and between grand means and
highly significantly different from the WCP material under
WH conditions (Table 12b). Shoot activity was greater in
the WH than the CH environment regardless of parent material
treatment although the difference was only significant in CP
material.

By the following autumn, vigorous growth of both the
shoot and root systems had occurred in all rooted cuttings

grown on.

4L.3.4 C. sempervirens 'Swanes Golden'

No significant differences were found between treat-
ments in any of the rooting parameters (Tasbles 13a, b and c).
CP material and the WH environment did however produce
slightly greater mean numbers of cuttings rooted than did
WP material or the CH propagation environment (Figure 8d).

In comparison, mean root number per cutting and the mean
totel root length per cutting were higher in the WP material.
The WH environment enhanced meen root number per cutting

but had the opposite effect on mean total root length per
cutting and mean root length (Figures 9d and 10d). The

range of rooting obtained is depicted in Plate 6.
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Table 13a. Mean number of cuttings rooted/8

Cutting Parent Materiel Environment
Environment
WP CcP Mean
WH 7.00, 7.33, 717
CH 6.67a 7.00, 6.83
Mean 6.83, Pl iy

Table 13b. Mean number of roots per cutting

Enggﬁgiggnt Parent Material Environment
WH 3'338 2.63a 2.98
cH 2.29_ 2.38, 2.65
Mean 3,128 ;Tgaa

Table 13c. Mean totel root length per cutting (mm)

Cutting
T Parent Materisl Environment
wp CP Mean
WH 1hh.BBa 73.21a 109.04
CH 16L4.50, 123.75, 144.13
Mean 15&.69a 98.)48a

Tebles 13(a-c). Midwinter study. Variation in a) mean
number of cuttings rooted, b) mean number of roots per
cutting and c¢) mean total root length per cutting of
C.'Swanes Golden' with sir temperature treatment. Means
within the same propagation or parent material environments
not significantly different at the 5% level of significance.



Plate 5.

Platve 60

A sample showing tne renge of root
foriaation obtained over sll temperature
treatments 10 weeks after excision of

£. sconulorum 'Pathfinder' cuttings in

aid winter. HMagnification approx.

x Oa58¢

A sample showing the range of root
formation obtained over all temperature
treatuents 10 weeks after excision of

C. sempervirens 'Swanes Golden'

cuttings in mid winter. legnification

approXx. x .50,
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Data obtained concerning shoot activity was not
analysed as the new shoot growth was not always readily
distinguishable. Shoot extension growth was however
apparent in at least JO% of the cuttings in all treatments.

Rooted cuttings from all treatments had made good

growth by the following autumn.

L.3.5 Comparison of Parsmeters of Rooting and Shoot Growth

In most instances mean root length was greater in the
CH than the WH environment wherees mean shoot growth per
cutting and mean root number, particularly per rooted cut-
ting, showed the opposite response (Figures 9, 10 and 12).
Values from individual cuttings of J.'Skyrocket' plotted
against each other indicated that only a low negative
relationship might exist between mean root length and shoot
growth and between mean root length and root number
(Appendix 6). No relationship was evident between root
number or total root length and shoot growth, or bud bresk
and rooting. Possible relationships between parameters in
other cultivars were no more clearly discernable on prelimin-

ary investigation than in J.'Skyrocket'.

L.3.6 .Summary

Rooting capacity, as reflected in the three parameters,
was greatest in CP material of J.'Skyrocket' and
J.'Pathfinder' but greatest in WP material of J.'Blue Haven'
and C.'Swanes Golden' although no significant differences
were detected between treatment means in the latter. The
parent material trestments that involved a two week period

of chilling prior to cutting excision, WCP and CCP, reduced
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rooting capacity in comparison with the corresponding treat-
ments lacking the concluding drop in temperature. The
reduction brought about by the WCP treatment aside, parent
material treatment had the least effect on the mean number
of cuttings rooted in the two most easily rooted cultivars,
J.'Skyrocket and C.'Swanes Golden' but brought about signif-
icant differences in the remaining two cultivars. Shoot
activity was also most evident in naturally chilled material
and decreased in the other parent material treastments with
decreasing exposure to low temperatures, with the exception
of the low level of activity in WCP material of J.'Blue
Haven'. J.'Pathfinder' showed greater overall shoot
activity than the other junipers.

The effect of propagation house air temperature on the
mean number of cuttings rooted varied but cuttings previously
subjected to the optimum parent environment .
rooting percentages under CH conditions in the two difficult-
to-root junipers. Mean total root length, or more often
mean root length, was greater in a CH than a WH environment
whereas mean root number and mean shoot growth per cutting
were promoted more under WH conditions. There was little
evidence of readily discernasble relationships between
parameters in individual cuttings however.

Rooted cuttings from all treatments had made good growth

by the following sutumn in both the root and shoot. systems.
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L.4 Growth Regulator Analyses

Cuttings harvested simultaneously with those for the
glesshouse trials were freeze-dried and stored for sub-
sequent determination of endogenous growth regulator levels

as outlined under Materials and Methods.

L.4he1 Auxin

Activity of an acidic growth promoter waes detected in
Rf zones 0.3 - 0.5, corresponding to.the. zones covered by
an IAA marker spot (e.g. Appendix 7). Promoter content of
these zones was determined utilizing the Avena coleoptile
bioassay and expressed as « g equivalent of IAA per 5g dry
weight of plant tissue (Figure 13).

IAA-1ike activity in J. 'Skyrocket' and J. 'Pathfinder'
cuttings from the seasonsl study was highest in February
and only slightly lower in April but had dropped to approx-
imately half this in June. Levele were very similar in
J. 'Skyrocket' and J. 'Pathfinder', with that of
Je. 'Skyrocket' normally the higher of the two by a small
margin. Determination of growth promoter activity in cut-
tings of C. 'Swanes Golden' was hindered due to the fact
that Avena coleoptiles exposed to the Rf 0.5 zone became
flaccid and _lz=sy .. This did not appear to be due to
excessively high levels of IAA &as levels of activity in the
Rf 0.3 - O.4 zones were guite normal in comparison with the
other extracts, the appearance of the coleoptiles exposed
to Rf 0.5 being similar to that described by Smith and

Wareing (1972a) for mesocotyl sections affected by inhibitors
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Figure 13. Levels of an IAA-like growth promoter
detected in cutting tissue from different sources.
Expressed asu g equivalent of IAA per 5g tissue dry
weight. S = J. 'Skyrocket', P = J. 'Pathfinder' and

B = J. 'Blue Haven'.
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in poplar. Growth promotion in the Rf 0.3 - 0.4 zones was
however slightly greater in February (4.20 x 10-2;og) than

June (2.64 x 1072

~g)e. Levels of auxin activity in cuttings of
J. 'Skyrocket' and J. 'Pathfinder' from stock plants sub-
jected to the WH treatment and harvested in June was higher
than that in samples from plants which had received natural
winter chilling and were similar to those obtained in earlier
months.

On comparison of IAA-like activity in the different

cultivars on June, the greatest level of activity was

detected in cuttings of J. 'Blue Haven'.

L4.4.2 Growth Inhibitory Activity

The greatest proportion of growth inhibitory activity,
as determined by the Triticum coleoptile bioassay, was
confined to the zones of Rf 0.6 - 0.8 and coincided with an
ABA marker spot (e.g. Appendix 7). Inhibitor concentration
was expressed as «g equivalent of ABA per 5 g dry weight of
cutting sample (Figurell ).

ABA-1like activity in J. 'Skyrocket' and J. 'Pathfinder'
cuttings was greatest during February and had diminished by
a factor of ten by April. Levels had risen a little again
by June. Samples of C. 'Swanes Golden' contained similar,
relatively low levels of activity in both February and June.
Inhibitor content of J. 'Pethfinder' was slightly greater than
that of J. 'Skyrocket' in June but similar in other months.

Almost equal levels of ABA-like activity were detected

in WP and CP material of J, 'Skyrocket'. Activity in WP
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Figure 14. Levels of a&n /ABA-like growth inhibitor detected
in cutting tissue from different sources. nxpressed asu g
equivazlent of ABA per Hg tissue dry weight. S =

J. 'Skyrocket', P = J. 'Pathfinder', B = J. 'Blue Haven'

and C = C. 'Swenes Golden'.
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material of J. 'Pathfinder' was a little lower than that in
CH material and elmost identical to the level detected in
WP cuttings of J. 'Skyrocket'.

Comparison of values obtained in the different cult-
Jvers 1in midwinter revealed that the greatest amount of
inhibitory activity wes found in J. 'Blue Haven' followed
by an estimated content of less than fifty percent of this
in J. 'Pathfinder'. Nearly equal levels were detected in
J. 'Skyrocket' and C. 'Swanes Golden', approximately one-

tenth that of J. 'Blue Haven'.

L.4y.3 Cytokinin Activity

Peeks of cytokinin activity as detected in the radish
cotyledon bioassay occurred in three main sreas of the
chromatograms (Appendix 8) and total activity was estimated
as «g equivalent of kinetin per 5 g dry weight (Figure 15).

The pattern of changes in cytokinin content from late
summer to midwinter differed between J. 'Skyrocket' and
J. 'Pathfinder'. Activity in J. 'Skyrocket' samples dropped
from a high level in Februsry to & low level in April, con=-
stituting a ten-fold reduction in content, and returned to a
high agein in June. J. 'Pathfinder' cytokinin content
however was at an intermediate to high level in February and
increased & little in April before falling to a low level in
June. A high level of cytokinin activity was detected in
cuttings of C. 'Swanes Golden' during February &and only a

slightly higher level in June.
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Figare 15. Levels of totel cytokinin activity detected in
cutting tissue from different sources. bxpressed as «4g
ecguivalent of kinetin per 5g tissue dry weight. S =

J. 'skyrocket', P = J. 'Pathfinder', B = J. 'Blue Haven'

and C = C. 'Swanes Golden'.
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WP material of J. 'Skyrocket' contained a little less activ-
ity then cuttings from naturally chilled stock plants whereas
activity in WP material of J. 'Pathfinder' exceeded that in
CP material amounting to a ten-fold difference in estimated
cytokinin content. Cytokinin activity of WP material was
slightly higher in J. 'Pathfinder' than J. 'Skyrocket'.

The highest total cytokinin content in parent material
exposed to normal winter temperatures and harvested in June
was estimated in samples from J. 'Blue Haven'. Slightly
lower levels were detected in J. 'Skyrocket' and C. 'Swanes

Golden' and a considerably lower level in J. 'Pathfinder'.

Le4.3 Summary

Estimated IAA content showed relatively little variat-
ion between sources of cutting material but was lowest in
samples of J. 'Skyrocket' and J. 'Pathfinder' taken in June
after exposure to winter chilling.

Cuttings of J.'Skyrocket' and J. 'Pathfinder' contained
the greatest amount of ABA-like activity in February, which
was also notsbly higher than the activity detected in
C. 'Swanes Golden' at that time. The highest level of est-
imated ABA content in June occurred in J. 'Blue Haven'
followed by J. 'Pathfinder' and then J. 'Skyrocket' and
C. 'Swanes Golden'. Activity in WP material was similar to
thet. in CP material.

The greatest difference detected in growth regulator
content between samples of J. 'Skyrocket' and J. 'Pathfinder'

excised in the same month was in estimated total cytokinin
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level. Over all treatments and cultivars, the lowest values
were obtained from J. 'Skyrocket' in April and J. 'Pathfinder'
in June. Levels in &ll other samples were relatively high,
with marginally the highest found in J. 'Blue Haven' at the

midwinter harvest date.
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CHAPTER 5

DISCUSSION

5.1 ©Seasonal Fluctustions in Koot Formetion Potential

The pattern of changes in sbility to form roots as
determined over &ll psasrameters of rooting in cuttings of
the easy-to-root J. 'Skyrocket' compared with the difficult-
to-root J. 'Pathfinder' over the nine month triasl period
wes similer in that rooting potentiesl improved from a rela-
tively low or moderate level in lete summer (February) to
an optimum in mid winter (June) after an interval of poor
rooting. Rooting potential then diminished sgeain in epring
(Figures 1-3; Tables 1e-c). Cuattings of both cultivars
tsken in August showed root formetion next most extensive
to that achieved in June. The less comprehensive study of
C. 'Swanes Golden' indicated that fluctuations in rooting
resembling ithose found in the junipers from leste summer to
mid winter might also exist in that cultivar (Figures la-c;
Tables 3a-c). In contrast to the junivers however, rooting
capacity was very high in February as well as in June.

An optimum of root initetion ability during winter or
spring, sometimes preceded by smaller peak(s) in summer or
sutumn is the normal psttern in species of a wide range
of generes (e.g. Howard, 1S66; Vieitez and Pena, 1968;
Roberts and Fuchigami, 1973; Girouard, 1975; Tustin, 1976;
Tognoni et al, 1977). The reslization of maximum rooting

potential in juniper cuttings at some time during winter or
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spring has often been reported (e.g. Klein, 1931; Chadwick
and Kiplinger, 1938; Lanphear and Meshl, 1963; Gordienko et
al, 1976; Hell, 1977; Ivenova, 1979). An additional peak
during summer or autumn has also been recorded (Lanphear
and Meahl, 1963; Gordienko et al, 1976).

The most merked difference in seasonal pattern of
rootability between the two junipers concerned the
number of cuttings rooted, which is perhsasps the parameter
of foremost interest to the commercial propagator. High
levels were attsined in J. 'Skyrocket' two months earlier
and continued for & month longer then in J. 'Pathfinder’',
spanning a& period of six months. \Whereas rooting percent-
sge of J. 'Skyrocket' rose abruptly in April (96%) from the
low in lierch (17%), that of J. 'Pathfinder' continued to
decline even further (8% in May) until the optimum was
suddenly reached 1in June (88%). Although rootability of
J. 'Pathfinder' was marginally superior to that of
Jd. 'Skyrocket' in February, June was the only time & rooting
percentage comparible to those of J. 'Skyrocket' during the
later period occurred in J. 'Pathfinder'. The mean number of
Jd. 'Pathfinder' cuttings rooted in that month was signifi-
cantly greater than in any other month except August
whil€é no significant differences in this psrameter occurred in
J. 'Skyrocket' from April to September inclusive (Table 1a,
Figure 1).

Generally more gredual changes were encountered in the
other psrameters relating to root number and lengthn (Tebles
1a &nd b; Figures 2a,b and 3a,b). Steady changes in these
perameters occurred in J. 'Skyrocket' before and, in meen

root number at least, after the optimum in June. Small
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improvements in these parameters, more so an & per rooted
cutting basis, were also noted in J. 'Pathfinder' prior to
June although mean root number remained relatively low all
year. At this point it might be noted that the differences
obeerved in proportion of roots emerging through the wound
area on the cuttings (Section L4.1.2) was, in the case of
J. 'Pathfinder', unlikely to be due to crowding of the roots
in cuttings excised later in the year (Figure 2b) but per-
hepe brought about by physiological differences in response
to wounding. Whereas mean number of roots per cutting of
J. 'Skyrocket' was significantly lower in March and October
than in any other month except February, mean total root
length obtained in September after a sherp decline was 1in-
addition to those in the earliest monthe significantly less
then at other harvest detes (Tables 1b,c). Significant and
highly significant differences were slso detected in mean
total root length per cutting of J. 'Pathfinder' between
the optimum obtained in June and the early and later months
in the study, as in J. 'Skyrocket'. The greatest differ-
ences in rooting potentiasl between the two cultivars
occurred in April and July when significeant &nd highly sig-
nificant differences were found in all p:.rameters (Tables

18._0).

Such sessonal varistions in the capacity of cuttings
to form roots may be sttributed to & direct influence of
environmental factors or to the state of plant growth;
most inveetigastions of narrow-leaved evergreens have
indicsted the latter aslternstive (e.g. Lanpheer and lieanl,

1963; 1566; Roberts et 8l, 1974; wnitenill and Schwabe,
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1975; Ivenova, 1579).

Although optimum rooting and shoot extension growth
both occurred in cuttings of J. 'Skyrocket' and
J. '"Pathfinder' excised in June, the decline in rooting
capacity during spring may have been associated with the
approach eand recommencement of shootgrowth. New growth was
first noted in cuttings of both cultivars taken in June
approximately seven weeks afler setting, activity at time of
1ifting increasing in successive hesrvest dates (Tables 2a,b).
The exception to this was thie abscence of shoot activity-
associated with a very low level of rocoting in
Jd. 'Pathfinder' cuttings taken in July, for which there was
no obvious explanation, the cuttings being normel in appear-
ance with & little callas formed at the beses. Almost all
cuttings of both cultivars excised in August had made new
shoot growth by the time of 1lifting. The greater amount of
shoot growth made by cuttings of J. 'Pathfinder' compared with
Jd. 'Skyrocket' taken in September may have contributed to
the reduction in all parameters of J. 'Pathfinder' in thet
month whereas only mean totsl root length and mean root
length of J. 'Skyrocket' had reached a low level (Figures
1-3).

The first signs of new growth in the stock plasntis were
evident by the October harvest date and rapid shoot growth
commenced in most cuttings shortly sfter setting. This
event coincided with.the dramatic reduction in the mean
number of J. 'Skyrocket' cuttings rooted asnd the lowest
levels of other parasmeters of rooting encountered in this
cultiver since sutumn (Figures 1-3). All cuttings of

J. 'Pathfinder' failed to root.
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A shaerp decrease in rooting potential of narrow-
leaved evergreens in spring has frequently been associated
with the onset of (rapid) shoot growth (e.g. Lanphear and
Meahl, 1563; Gordienko et al, 1576; Girouard, 1975;
Ivanova, 1979). Any negative influence exerted by shoot
growth on root formation might reasonably be expected to be
more powerful the oeloser to the time of cutting excision it
occurss However there was little clear evidence of ‘relat--
ionships between parameters of rooting and shoot
growth except in the mid winter study (to be discussed in
the next section) in which a negative relstionship of only
low magnitude was detected between mean root length and
shoot growth in cuttings of J. 'Skyrocket' under WH condit-
ions, conditions in which shoot growth was more advanced.
Fectors which might mccompany active shoot growth by the

cutting and inhibit root initiation and/or growth include

t al,

an unfavourable growth regulastor ( e.g. Gordienko
1976; Whitehill and Schwabe, 1575) or nutrient (e.g.
Cheffins, 1975; Nenda and Anand, 1970; Wareing, 1970) status.
Competition for nutrients may be particulery importaent if
photosynthesis is greatly reduced until after root form-
ation as reported by Cameron and Rook (1974). The presence
of soft, rapidly elongating shoot growth particularly prior
to root formation, may induce a state of water stress in

the cutting, normelly considered to be most detrimental to
rooting (e.g. Loach, 1$77; whalley and Losch, 1578; Cameron
and Rook, 1974). Warmer temperatures encountered in the
latter part of the yesr may have compounded these effects

by increasing rates of respiration and transpiration. The

tip wilting and death which occurred in several cuttings
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taken in. late spring might also have been brought about by
weter stress and depletion of nutrients. This may have
been alleviated to a certain extent by mist application,

as was provided in February and March, although Girouard
(1975) reported that succulent elongating cuttings of Plcea
abies tended to wilt on warm summer days, remaining bent
and rooting poorly even under mist.

Complex physiological changes unfavourable to rooting
might also have preceded the recommencement of shoot growth
and have brought about the decline in mean root number on
cuttings of J. 'Skyrocket' &and rooting percentage of
J. 'Pathfinder' in early spring (Figures 1 and 2a,b). Mean
total root length and measn root length of J. 'Skyrocket'
cuttings diminished little until the sudden decrease in
September (Figures 32 and b) which may have been largely
due to increased competition from the shoot system for
nutrients as shoot growth was quite well advanced when the
cuttings were lifted. Similarly, mean total root length
per rooted cutting and mean root length of J. 'Pathfinder’

was greatly reduced in cuttings excised in September.

Lanphear and lieshl (1963) had proposed that rooting

of Juniperus horizontalis 'Plumosa' cuttings was inhibited

during periods of growth and suggested that the peak in
rootability during summer may have occurred during "a period
of summer dormancy, characteristic of many evergreen
species". A high vercentage of rooting was indeed reported

in Chamsecyparis pisifera cuttings during summer dormancy

(Gil-Albert and Boix, 1978) but rooting cepacity of
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Juniperus ssbina was low during summer dormancy &and

increased with resumption of stock plant growth, especially
root growth, to a peak later in autumn (Gordienko et al,
1976). It appears from various reports that ectivity of
the stock plant root system may be implicated in the_cycles
of cutting rootability in nasrrow-leaved evergreens, with
high rooting potential occurring during periods of root
activity particularly when this is high in relation to
gctivity of the shoot system.as hes been
reported to occur in early spring before bud break
(Gordienko et 8l, 1976; Lathrop and Necklenburg, 1971;
Wareing, 1970). Such & relstionship could equally well have
occurred in the materisl in thie study.

The low or moderate levels of rooting obteined from
J. 'Ckyrocket' and J. 'Patnfinder' during extension growth
in February (Figures 1-3) might be considered to constitute
a small peak, and which might hasve been higher in
January. A high level of root forming ability was
atteined in C. 'Swanes Golden' in February, with the mean
number of cuttings rooted (9$6%) slightly greater than
in June (88%) and highly significantly greater than that in
Varch (L2%). No shoot extension growth was detected in
plants of C. 'Swanes Golden' during this period the follow-
ing summer and therefore may lend some support to the
proposal of Lanphear and Meghl (1563) that fectors which
stimulate active growth inhibit rooting snd those which
inhibit growth enhance rooting of certein narrow-leaved
evergreens. However, a simple inverse relationship with
growth cannot explein sgll the fluctuations in rooting

capacity encountered, particularly during the sutumn/winter
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period. The changes in rooting potential during this period
from early asutumn to mid winter snd the possible causal

factors were of prime interest in the present investigation.

The very low level of rooting potentisl indicated by
all paremeters encountered in March (Figures 1-3)occurred
about the time of cessation of growtnh in the junipers. A
similar period of very poor rootability has also been demon-

strated in, for example, Juniperus horizontalis 'Plumosa’

(Lanphear and NMeshl, 1963), Psuedotsuga menziesii (Roberts

and Fachigami, 1973) and Picea glauca (Tognoni et &l, 1977).

The processes of root initiation and development sre complex
end involve many factors, any one or more of which may limit
rooting votential (Chepter 2). The rise in rooting capacity
subeeguent to the low level in autumn therefore involved the
renoval (e.g. insctivation or prodaction) of certain limiti-
ing factor(s) until meximum rooting was attained in mid
winter after which the sesme or different, as dicussed earlier,
limitations were imposed. Certain requirements relating

to environmental factors, such as pnotoperiod or temperature,
end/or phese of growth may heve to be fulfilled for maeximum
root formation potentisl to be achiieved although the ult-
imele effect must operaste via chenges in endogenous factors.

Tne period of very poor rooting reported in Psuedotsuga

menziesii coincided with esrly, deepest dormancy as measured
by cambisl activity, respirstion and time to bud bresk. The
subsequent rise in rooting potential wac associated with
removel of bud dormancy until an optimum in potential was

reached prior to bud burst (Roberts and Fuchigsmi, 1973;
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Roberts et &l, 1974; Bhelle &nd Roberts, 1974). Rooting

percentage of Pinus sylvestris was also found to parallel

release from dormancy (Whitehill and Schwabe, 1975).
Different species and geographical races may exhibit.
differences in response to environmentasl fectors &and in
addition. degree of dormancy attained mey very with species
and location or climate (e.g. Wareing, 1970; von Rudloff,
1975; Ivanova, 1579). Unlike most conifers, the species
used in this study are noted for the sasbsence of distinct
resting buds (e.g. Wareing, 1570; Haverbeke and Read, 1976).
The Cupressus species in psarticular, reported to originate
from gouthern Europe and be more suited to cultivation in
mild climates, may never - .attain dormancy compar-

ible 1o that 1in species requiring s period of rest-
bresking winter chilling althwughr all species employed in
this investigation ceased growth in winter even under glass-
house cconditions. It mignt be added that plants of

C. 'Swanes Golden' grown on under moderately warm conditions
recommenced growth in winter after brief exposure to
extended pnotoperiods whereas the junipers did not.
(observation). However the similarity in pattern of most
reports of sesson&al periodicity in rootability (e.g.
Lanphear and Meahl, 1964; Roberts and Fuchigami, 1373;
Tognoni et sl, 1977; Gordienko et &l; 1976; Ivanova, 1379)
is such thet it is ressonable to assume thet similar, althougn
pernaps not entirely identicel, factors are operating in
each case. In addition, Ivanova (1375) noted that conifers
under mild climatic conditions could, in contrast to those
in & colder climate, be propapesgated almost year round but

that the optimum roctebility still occurred about the time



11%.

of bud bresk.

The requirements for sttainment of a high rooting per-
centage in J. 'Skyrocket' (Figure 1) were apparently met
relatively early and continued for & number of months but
the requirements for maximum root number and length (Figures
2a,b and 3a,b) appeared to be achieved more gradually and
reteined for a shorter period in spring. Although root
number and iength, paerticulerly per rooted cutting, showed
a small improvement in late autumn, the attesinment of max-
imum rooting potential in J. 'Pethfinder' so abruptly in
mid winter indicates that not only is an endogenous state
favourdle for root formation achieved much later than in
J. 'Skyrocket' but that the induction :of such a.state may
be be more dependent on, for instsnce, the fulfilment of
certein envirommentel or growth requirements. The possible

involvement of temperature is dicussed in the next section.

Although rootebility was generslly no greéter in asutumn
than spring, growth of rooted cuttings grown on until
the following autumn was superior in those that had been
propagated before.early spring (Teble 4). This was prob-
ebly mainly due to the esrlier cuttings having been -
ectablished (s little root growth was noted in a few
cuttings during winter) before the onset of shoot growth,
high temperstures and the accompanying deme&nds for
moisture and nutrients in spring. The desirebility for
minimum shoot growth during root formation in regard to
subsequent growth of rooted cuttings wae reported by Snyder

(1955). In cases where this difference in growth might. be
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of importance, cuttings of J. 'Skyrocket' would be better
harvested in mid winter or a little earlier, regardless of
the continued high level of rootability in Auguste. The
limited period of suitably high rooting potential that
occurred in the present study in J. 'Pathfinder' would

outweigh this consideration in most instances.

5.2 Air Temvmersture Trectment

The effect of air temperature treatments at the psarent
material and cutting stages were investigated primarily in
relation to vossible involvement of this factor in the
seasonel changes in the capacity of the cuttings to form roots.

Exposure to low temperatures during autumn has been con-
sidered . to improve rootebility in & range of genera,
including Vitis (Spiegel, 1955), pear (Fadl and Hartmeann,
1967a), Populus (Smith and Wareing, 1972a) and Pinus
(Whitehill and Schwabe, 1975). This has not always
been the case however (e.g. Lanphear and lieahl, 1966;

Howerd and Harrison-Murrey, 1980) and in sddition, Fadl
and Hartmann (1%67a) found easy- compared with difficult-
to- root cultivars of pesr to respond differently to
temperature treatments. The mean number of cuttings of

J. 'Skyrocket' that formed roots was high in material
teken from stock plants wnich had received normal winter
chilling and from those which had been held in a wsasrm
environment since autumn (Figure 8a; Table 7a2). A smaller

proportion of cuttings of J. 'Pathfinder' from WP stock
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rooted than those of CP origin to & highly significant
extent under cool propagation air temperatures (Table Ea).
The magnitude of response in each cultivar was comparible
to the seasonal differences in mean number of cuttings .
rooted and mean root number that occurred between autumn
and mid winter. MNean root number per cutting and mean
totel root length per cutting of J. 'Skyrocket' showed a
greater response to parent plant environment asnd cutting
environment temperatures than did the mean number of cut-
tings rooted (Figures 8a, %a, 10a, Tables 7a,b,c). Only
small changes occurred in mean root number on cuttings of
J. 'Pathfinder' (Figure 9b, Teble Sb) but mean total root
length was greatest in CP material, highly significantly
greater then materisl sujected to other parent environ-
ments if propagated under CH conditions (Figure 10b, Table
9b). Therefore the most important responeges to tempersature
occurred in mean number of cuttings rooted of J 'Pathfinder'
and meen number of roots per cutting of J. 'Skyrocket'.
In contrast, rooting cepacity of J. 'Blue Haven' and
C. 'Swanes Golden' was greater in WP than CP material
elthough not to e significant extent in C. 'Swanes Golden'
(Figures 8¢,d - 10c,d, Tables 11e-c, 13a-c). Results
obteined in the growth cabinet study of J. 'Pathfinder' and
C. 'Gwanes Golden' coincided with those of the mid winter
study in most respects (Figures 5-7, Tables 5 and 6) and
the genersl effects of parent plant environment on rooting
confirmed the results obteined by Tustin (1977a) with these
cultivers.

The proportion of cuttings of WCP origin that formed

roots was reported by Tustin (1577a) to be intermediate
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between the WP and CP means. However stock plant trest-
ments in the present study involving exposure to lower
tempers tures during ttie two weeks prior to execision,
comprising the WCP and CCP trestments, reduced rooting cap-
acity in 8ll cultivars in comparison with the corresponding
trestment without the additionsl chilling ( WP, CP), te &
highly significant extent in some cases (Figures 8-10,
Taebles 7, 9, 11). This phenomenon may have been brought
about by stress arising from the sudden drop in temperature,
especiaglly in plants from the warm environment which
would not have been winter-hardened. Conditions experienced
by the plants in the previous study (Tustin, 1977a) may
have been relatively mild. The return to a warm environ-
ment daring root formation further reduced rooting of
J. 'Skyrocket' cuttings of WCP material. The additional
chilling might also have brought sbout a generel reduction
in shoot activity, as suggested by the data on shoot act-
ivity (Figures 11 and 12. Tables 8,10,12) in some instances.
In addition to the asttainment of optimum rootability
of J. 'Skyrocket' and J. 'Pathfinder' cuttings by.stock
plent chilling, this trestment also induced the greatest
degree of shoot activity, as indicated by the number of cut-
tings sliowing new shoot growih and the amoant of growth
made by the time the cuttings were lifted (Figures 11 snd
12, Tebles 8,10,12). Significant and highly significant
differences in shoot a:tivity were found on comparison of
wr and ¢P msterial in &11 the junipers. Cuttings of
J. 'Pathfinder' showed & grester response to temperature

end more shoot activity over all than those of
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J. '"Skyrocket'. The apparent relsutionship between shoot
activity in the junipers and parent material treatment was
fairly well-defined, with activity increasing the gresaster the
duration of exposure to low temperatures. The exception
to this was the CCP material, which showed next most act-
ivity after CP material, poesibly due to stress factors as
mentioned previously or other factors related to storage.
Resumption of shoot growth was therefore stimulated by,
but did not have an absolute requirement for, chilling at
the stock plant stage. This response has been reported in
a nunber of species and Roberts et al (1974) found that
long days could substitute at least in part for the low
temperature reguirement for breeking bud dormancy and that
both low tempersastures and long days could enhance rooting

in cuttings of Psuedotsugas menziesii at cetain times dur-

ing winter or spring. Extended photoperiods also induced
the resumption of sctive shoot growth snd greatly enhanced

rooting of X Cupressocyparis leylandii cuttings tsken in

autumn (Sanders, 1570). These and other reports suggest
that although the resumption of shoot growth in spring meay
heve a detrimental effect on rootability, a certain degree
of activity is benificiel to root iniation (e.g. Lanphear
and Yeenl, 1961; wWhitehill and Schwsbe, 1375; DBhella &and
Roberts, 1374). lean shoot -growth was more sasdvanced and
tﬂe namber of cuttings with shoot activity apoarent was
higher in the warm compared witih the cold propagation
environment (Figures 11,.12, Tables 8, 10, 12). Grester
expression of the differences in shoot activity induced

by the perent material trestments were permitted in cutl-

tings under WH conditions. In addition, the differences
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brought gbout by the propageticn environments were
significant or highly eignificent in CP material of all
juniper cultivars.

Response of root formation capacity in relation to
propagation environment was rather more variable within
each cultivar than response to parent environment. Cut-
tings which hsad received the stock plant trestment most
conducive to root formation in each juniper cultivar prod-
uced the maximum mean number of cuttings rooted when pro-
vided with cool sir temperstures during the rooting phase
in J. 'Pethfinder' and J. 'Blue Kaven' whereas those from
less fevourable parent environments responded better to
thie ¥H trestment ( Figure 8b,c, Tables %9a snd 11a). ean
number of cuttings rooted of C. 'Swanes Golden' and
J. 'Skyrocket' was high in all material regardless
of propagsation environment, with the excetion of WCP of
J. 'Skyrocket' as discussed earlier. The parent/cutting
environment interaction also occurred in J. 'Pathfinder'
and C. 'Swanes Golden' under growth cesbinet conditions
(Pigure 5a,b, Taﬁles 5a and 6a). If indeed a certain
level of shoot activity or associated factors is promotory
to root initiation, a possible explanation of the parent/
cutting environment interactionc may be that the most
favourasble level of shoot activity for initistion and
formation was most neerly schieved in the CP treatment for
J. 'Skyrocket' and J. 'Pathfinder' end in the WP environ-
ment for J. 'Blue Haven' and that further shoot activity,
detrimental to rooting, was limited in the cool propasgat-
ion environment. Cuttings from other treslments may have

required wH conditions to raise activity or associated
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Tfactors to an sascceptable level. However 1if this was the
case in J. 'Blue Haven' (Figure &c), one would have
expected that CP material which would presumably have
exceeded the desired amount of chilling, to also root
better in CH conditions. Rather than have exceeded a
"desirable" amount of chilling however, the responses to
and requirements for certain environmental or endogenous
factors may be quite different in J. 'Blue Haven' and

C. 'Swanes Golde ' compared with the other cultivars, as
Fadl and Hartmann (1567a) found in regard to tempereture
storage treatment on rootability of different cultivars of
pear. The suitability of each propagation environment
also varied in regard to effect on root number ot root
length (Figures $ and 10, Tgbles 7, ¢, 11 and 13). Mean
root number, particularly per rooted cutting, was often
slightly higher in the WH compsred with the CH environ-
ment whereas mean root length and to a much lesser extent,
mean total root length showed the opposite tendancy. The
general level of activity or factors associated with a-
certain level of shoot activity may have glso enhsanced tne
number of roots formed but may hsave subsequently, for
instence,caused a mobilization of nutrients required for
root growth away from the roots. One would however also
expect competition between roots for metabolites to
increase as numbers increase., There was little

evidence of clearly defined relationships between parameters
of rooting or shoot activity in individual cuttings . &apart
from the slight negative relstionships indicated between
shoot growth end mean root length, and mean root length and

root number in J. 'Skyrocket'.
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Cuttings of Juniperus horizontalis 'Plumosa' in the

study by Lanphear and Meahl (1966) rooted more readily
from stock plants held in & warm environment since autumn
until excision late in winter than from those which had
remained outdoors. This might at first seem to be in con-
flict with the results obtained in this study in relation
to J. 'Skyrocket' and J. 'Pathfinder'. However, it seems
possible that if an optimun stage of release from dormancy
or activation of growth processes for root initiation
exists (e.g. Roberts et sl, 1974; Whitehill and Schwabe,
1975; Gordienko et sl, 1976), this may have been exceeded

in the chilled materisl of J. horizontalis 'Plumose'. The

chilled material responded to extended or natural daylengths
by producing new shoot growth snd rooting more poorly than
if provided with short days or in comperison with material
under warm conditions in which bud bresk was retarded. This
explanaetion may be given further support in that rooting
potential of that caltiver in an earlier study (Lanphear

end ¥eeshl, 1963), treeted with the same concentration of
IBA, had begun to diminish by late winter. 1In addition,
whereas long days and the ensuing activation of shoot

growth were associated with poor rooting in spring, the
effect tended to be more favourable in autumn (Lanphear and
Meahl, 1961). Lanphear and MNeashl (1566) proposed that
"stage of dormancy rather than the chilling period, is the
prerequisite factor for ihe increased root-forming
capacity". Resalts obtained by #hitehill and Schwabe (1975)
and Roberts et g1 (1974) tended to confirm this. Rooting of

— ——

Psuedotsugs menziesii cuttings could be enhesnced by low

temperature storege only during a specific period in "late
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aatunn. rResponse of the root system to temperature msy have

been & -further complicating factor in the present study.
Future studies could include effects of differential _ ..

root/shoot temperstures in stock plents, and. early chilling.

5.3 Endocenous GBrowth Regulsastors

Effecte of environment must ultimately sct vie endo-
genoue changes and of the many factors found to be implic-
eted and interact in the complex process of adventitious
root formation changes in growth regalator levels or
balence are freguently associated with changes in potentisal
to form roots (Chapter 2).

Auxin is widely regerded as an importent promoter of
root initistion (e.g. Went, 1239; l'ullins, 1970; Smith and
wWwareing, 1572b; Smith and Thorpe, 1575; ‘itsahashi-Kato,
1978) and incressed suxin or auxin:inhibitor content has
been found to be essociasted with improved rootebility,
including improvemente apparently brougnt about by seasonal
chenges or low temperature treatments (e.g. Spiegel, 1955;
Smith end Wwareing, 1972e;b; Vieitez and Pens, 1968;
Gordienko et al, 1976). That has not always been the case
however (e.g. Foong, 1977) and of the growth regulators
investigated in the present studychanges in TAA-.
like gctivity with sesson or temperature trestment (Figure
13) showed little relstionship to changes in rooting
caepacity. DIifferences in content between cultivars aslso
seemed unrelated to rooting potential although estimated
levels were normelly marcinelly higher in J. 'Skyrocket'
then J. 'Pathfinder'. The decline in content from late

suammer to winter was in sgreement with the results obtained



by Gordienko et al,(1976) with Juniperus sabine but the

peaks in rooting potential during spring and asutumn
coincided with pesks in auxin sctivity. With regard to
seasonal fluctuations in rootability of Juniperus spp.
Lanphear and Meahl (1S66) found that these could not be
accounted for by cofector level which remasined relatively

static in J. horizontalis 'Plumosa' but suggested that

cofactor content may determine msximum rooting potentiel
attainable which is limited by other factors,. possibly
including mobilization of cofactors.

ABA is generally regarded as in inhibitor of growth
processes including root formetion slthough positive
relationships between endogenous ABA level and rooting.
(Section‘2.h.hj. An inverse relstionship between root-
ability and ABA content could at least partially account
for seasongl changes in rooting potential in d. 'Skyrocket'
and the high level of rooting obtsined from cuttings of
C. 'Swanes Golden' in Februasry snd June but could not
account for the reduction in rootability in WP meterial
or that sttained by J. 'Pathfinder' during April (Figure
14). On comparison of the four cultivars in June, a
consistent inverse relationship between estimated ABA con-
centration and rootability was found, with a high level
in J. 'Blue Haven', an intermediate level in J. 'Pathfinder’
and low levels in J. 'Skyrocket' snd C. 'Swanes Golden'.
Only AZRA showed & consistent relationship with rocting
capacity in this respect.

Cytokinins are also normally considered to be inhibitory

to root initiation at leest if present in high concen-
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trations (Section 2.4.3). Although total eytokinin
activity was not easily related to cultivar differences in
rooting in June and high levels were detected in C. 'Swanes
Golden' in February snd June, this was the only growth
regulator which could account for the reduction in rooting
brought about by the WP treatment. The seasonal fluct-
uations in rooting capacity of Ji 'Pathfinder' were also
consistently related only to estimated cytokinin content.
(Figure 15). The greatest difference in rooting potential
between J. 'Skyrocket' and J. 'Pathfinder' occurred in
April (Tables 1&-c), coinciding with the large difference
in cytokinin content between these two cultivars. Seas-
onal changes in content of the other growth regulators
tended to be similar in J. 'Skyrocket' and J. 'Pathfinder'
and cytokinin content was &lso similar in'catting samples
other then those obtained in April, therefore it appears
that cytokinin concentration may contribute to the differ-
ence in sessonal patterns of rooting potential encountered.
The high level of rootability of J. 'Skyrocket' cuttings
during April, particularly in rooting percentage, may have
been assisted by a relatively higher suxin:inhibitor ratio.
However, cytokinin level hsd returned to a high level in
Jd. 'Skyrocket' at tie time of optimimuam rootability in
June. Other factors may have allowed this easily rooted
cultivar to sttain & high level of rooiling even under

conditions of high endogenous cytokinin &t this time,



5.4 Conclusion

The general pattern of seasonal fluctuations in root-
ability of cuttings of J..'tkyrocket' and J. 'Pathfinder’
coincided with most pstterns reported to occur in narrow-
leeved evergreens. The hypothesis that adventitious root
formetion in such plants is largely controlled directly or
indirectly by growth phase was supported to some extent
by the differences in rooting capacity during different
seasons or after exposure to different temperatures and
state of shoot growth associated with these differences.
Exposure of stock plants of J. 'Skyrocket' and
J. 'Pathfinder' to chilling temperaures apparently con-
tributes at least in part to the esttasinment of optimum
rootability in mid winter although the specific responses
or requirements for optimum rooting may vary with cultivar
as indicated in J, 'Blue Haven'. The response to parent
plant tenmperature , ealthough limited, was the opposite in
C. 'Swanes Golden' to that of J. 'Skyrocket' and
d. 'Pathfinder' and & difference was again found in the
seasonal pettern of root formation potential. The effect of
tempersture of the cutting environment tended tc be more
veriable then that of parent plant environment and sppeared
to interact with parent environment in some instances.

Although differences in rootebilty did not appear to
be related to level of the endogenous ITAA-like component,
levels of ABA &nd cytokinin-like activity appeared to be

inversely related to rootasbility in severel instances.



APPENDICLS
Lppendix 1. Buffer Solutions

1a. Phosphate-citrate buffer for the Triticum coleoptile

bioassay.

K2HPOh L.48%

"

Citric acid
monohydrate 2.547 g

The_above,dissolved in 250 ml distilled
give a 10 X concenirated solution. DPilute 1 in 10 when
z O
required and add 2 g sucrose per 100 ecm”. Eheck that

v

pH = 5.3 and sdjust if neceesary.

1b. Burstréim's Bssel RBuffer.

=

KH,PO), 10 - mol/1
T -}4 "

Ca(..cj)2 10

Egso,, 1072 o

Glucose 16 ¢g/1

Citric acid (0.1 1) ie-used to adjust the

pH to 5.6.



Appendix 2. Stendsrd Curves
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Appendix 3. Sesasonal Study Analysis of Variance

3a) Mean number of cuttings rooted/8

Analysis of variance for the whole year

gggggiion aL., 23 ¥s E
Blockse, R 2 0.26 0.13

Varieties, A 1 133.80 133.80 7341 3L *=*
Error (a) g 0.04 0.02

Months, B 8 218.04 27.25 1h.37%%
Interaction, AB 8 108.37 1355 TAh**
Error (b) 32 60.70 1.90

Anglysis of variasnce for each month

Source of Feb . Mar
Variation ar Ss 1S SS MS
Blocks, R 2 3.00 1.50 1.00 0.50
Verieties, A 1 1.50 1.50 0.17 O.17
Error 2 1.00 0.50 2.33 147
Apr May Jun
ss MS ss MS ss MS
1.33 0.67 L4.33 2.17 3.00 1.50
66.67 66.67 54.00 54.00 1.50 1.50
533 2.67 7.00 3.50 3.00 1.50
Jul Aug Sep
L.33 247 L.33 2.17 8.33 L.17
LB8.17 L8.17 20.17 20.17 L8.17 L8.17
2.33 Tl 7 2.33 1.17 635 507
Oct
ss MS
1.00 0.50
1.50 1.50
1.00 0.50




"3b)

Mean number of roots per cutting

Anslysis of variance for the whole year

Source of

Variation ar 85 o E
Blocks, R 2 1.35 0.67
Varieties, A 1 50.84 50.84 L2.83 *
Error (a) 2 2.37 1.19
Months, B 8 66.80 8+35 10,74 **
Interaction, AB 8 31 .20 3.90 5.02 **
Error (b) 32 24.88 0.78
Analysis of variance for esch month
Source of Feb Mar
Variation ar S8 MS SS MS
Blocks, R D72 0.36 0.005 0.003
Varieties, A 1 0.13 .13 0.023 0.023
Error 0.22 0«11 0.109 0.055
Apr Ma Jun
ss MS 88 ¥S ss MS
011 0.05 0.48 0.24 11.36 5.68
11.72 11 .72 7.33 733 23.52 23.52
0.56 0.28 0.79 0.39 9.02 L.51
Jul Aug Sep
ss MS 8s MS ss MS
- 0.20 0.10 1.28 0.64 1.04 0.52
18+.79 18.79 1314 13.15 732 T.32
0.10 0.05 153 (o Py o 0.94 0.47
- Qet
S8 MS
0.07 0.03
0-07 0.07
0.07 0.03



3c) Mean total root length per cutting

Anslysis of variance for the whole year

Source of

Variation af 88 MS E
Blocks, R 2 1527718 638.59
Varieties, A 1 97,818.59 97,818.59 88.56 *
Error (a) 2 2,208.86 1,104.43
Months, B 8 307,956.06 38,494 .51 32.92 **
Interaction, AB 8 77,495.38 9,686.92 8.28 %=
Error (b) 32 37,419.69 1,169.37
Anslysis of variance for each month
Source of Feb Mar
Variation arf Se M S8 MS
Blocks, R 2 1912.32 956.16 0.42 0.2
Varieties, A 1 160.17 160.17 0.26 0.26
Error 2 140.56 70,28 2.10 1.05
Apr May Jun
529.49  264.74  2651.39 1325.70 12094.89  6047.45
19889.28 19889.28 27051.38 27051.38 17901.15 17901.15
2000.33 1000.17 2068.10 1034.05 30.64 15¢32
Jul Aug Sep
1418.15 709.07 L61.08 230.54 520.77 260.39
66202.51 66202.51 b2147.21 42147.21 1935.01 1935.01
1119.15 559.57 15407.33 7703.67 505.27 252.64
Oct
ss MS
21 .81 10.91
27.09 27 .09
10.91

21 .81




3d) Analysis of variance for C.'Swanes Golden'

Mean number of cuttings rooted/8

Source of

Variation at 85 ME E
Blocks, R 2 0.67 0.33

Month 2 32,67 16.33 36.79 **
Error 6 2.67 0.l

Mean number of roots per cutting

Source of

Variation af S8 ¥ £
Blocks, R 2 0.70 0.35

Month 2 19-&5 9073 2.71
Error 6 2153 559

Mean total root length per cutting

Source of

Variation ar S8 MS F
Blocks, R 2 2,618.03 1,309.02

Month 2 24,219.77 12,109.89 0.86
Error 6 84,380.15 14,063,.36




Appendix 4. Analysis of Variance for the Growth Cabinet
Study.

La) J.'Pathfinder'

Mean number of cuttings rooted/8

Source of

Variation 2 S 23 E
Blocks, R 3 3.19 1.06

Cutting Env, A 1 14,06 14.06 9.00
Error (a) 3 L.69 1.56

Parent Env, B 1 7 .56 7.56 6.60 *
Interaction, AB 1 0.06 0.06 0.05
Error (b) 6 6.88 1.15

Mean number of roots per cutting

Source of

Variation ar B8 M9 £
Blocks, R 3 0.46 0.15

Cutting Env, A 1 2.07 2.07 6.18
Error (a) 3 1.00 0.33

Parent Env, B 1 0.77 0.77 2.26
Interaction, AB 1 0.14 0.14 0.42
Error (b) 6 2,03 0.34

Mean total root length per cutting

Source of

Variation at S8 ¥s F
Blocks, R 3 210.23 70.08

Cutting Env, A 1 1,072.56 1,072.56 8.58
Error (a) 3 375413 125.04

Parent Env, B 1 520.41 520.41 2.33
Interaction, AB 1 260.02 260,02 1.17
Error (b) 6 1455358475 223,12




Lb) C.'Swanes Golden'

Mean number of cuttings rooted/8

Source of ar SS

Variation — == .4 2
Blocks, R 3 519 1.73

Cutting Env, A 1 0.06 0.06 0.04 .
Error (a) 3 L.19 1.40

Parent Env, B 1 7.56 7.56 5.76
Interaction, AB 1 3.06 3.06 233
Error (b) 6 7.88 o

Mean number of roots per cutting

Source of

Variaetion at 58 pe £
Blocks, R 3 2.29 0.76

Cutting Env, A 1 9.38 9.33 2.28
Error (a) 3 1235 .12

Parent Env, B 1 2%.77 23.T7 .4y *
Interaction, AB 1 19.14 19.14 7.60 *
Error (b) 6 15.11 2.52

Mean total root length per cutting

Source of

Variation Lo S8 ne £
Blocks, R 3 L17.83 139.28

Cutting Env, A 1 4G2.29 492,29 0.57
Error (a) 3 2,569.34 856.45

Parent Env, B 1 13,601 .33 13,601.39 10.55 *
Interaction, AB 1 5,494 .51 5,494 .51 L.25
Error (b) 6 7s749.33 1,291.56




Appendix 5. Analysis of Variance for the Midwinter Study

5a) J.'Skyrocket'

Mean number of cuttings rooted/8

Source of

Variation af CE M3 E
Blocks, R 2 0.08 0.04

Cutting Env, A 1 2.67 2.67 B ST
Error (a) 2 1.58 0.79

Parent Env, B 3 16.33 5.44 6.76 *=*
Interaction, AB 3 11 .00 3+67 L.55 *
Error (b) 12 9.67 0.81

Mean number of roots per cutting

Source of . _

Variaetion 2z £8 e £
Blocks, R 2 0.43 0.21

Cutting Env, A 1 5.99%x10° 5.99x1072 L.15%107°
Error (a) 2 2.88 1.44

Parent Env, B 3 3116 10.51 4.4
Interaction, AB 3 Ts15 2.38 0.71
Error (b) 12 L0.20 335

Mean total root length per cutting

Source of -

Variation ar 88 L £
Blocks, R 2 31h.5h 157.27

Cutting Env, A 1 27,295.25 27,295.69 32,77 *
Error (a) 2 1,665.90 832.95

Parent Env, B 3 66,502.80 22,167.60 4.06 *
Interaction, AB 3 18,085.45 6,028.48 1.10
Error (b) 12 65,579.46  5,464.96




fean number of cuttings with new

shoot growth/8

Source of

Variation ar 88 ] £
Blocks, R 2 0.58 0.29

Cutting Env, A 1 13.50 13.50 36.00 *
Error (a) 2 0.75 0.38

Parent Env, B 3 10.33 3.44 2.14
Interaction, AB 3 14.83 L.94 3.07
Error (b) 12 19.33 1.61

Mean shoot growth per cuttigg

Source of af Ss MS r
Variation

Blocks, R 2 0.52 0.26

Cutting Env, A 1 L.49 L.49 13.17 *
Error (a) 2 0.68 0.34

Parent Env, B 3 5.14 1.71 9.20 **
Interaction, AB 3 5.76 1.92 10,29 **
Error (b) 12 2.24 0.19




5b) J. 'Pathfinder'

Mean number of cuttings rooted/8

Source of

Varistion a 88 MS E
Blocks, R 2 0.11 0.05
Cutting Env, A 1 5.56 5.56 2.70
Error (a) 2 L.11 2.06
Parent Env, B 2 51 .44 25.72 12.51 **
Interaction, AB 2 21.44 10:72 522 *
Error (b) 8 16.4L 2.06
Mean number of roots per cutting
Source of ar
Variation w— S8 MS F
Blocks, R 2 O.43 0.21
Cutting Env, A 1 1.00 1.00 1.46
Error (a) 2 1.38 0.69
Parent Env, B 2 537 2.69 1.37
Interaction, AB 2 0.97 0.48 0.25
Error (b) 8 3.92 1.96
Mean total root length per cutting
Source of
Variation ar S8 uS E
Blocks, R 2 1,184.67 592,34
Cutting Env, A 1 0.31 0.31 6.37 x 10”2
Error (a) 2 9,826.70 L4,913.35
Parent Env, B 2 31,907.52 15,953.76 773 *
Interaction, AB 2 13,622.74 6,811.37 0.82

8

Error (b)

16,520.04 2,065.01




Mean number of cuttings with new shoot growth/8

Source of

Variation ar g8 RS E
Blocks, R 2 2.78 1.39

Cutting Env, A 1 43.56 43.56 783.93 *»
Error (a) 2 0.11 0.06

Parent Env, B 2 56 .41 28.22 12,24 *=*
Interaction, AB 2 8.4l L.22 1.83
Error (b) 8 18.4Y4 2.31

Mean shoot growth per cutting

Source of

Variation at £8 - E
Blocks, R 2 0.40 0.20

Cutting Env, A 1 39,75 39.75 47.07 *
Error (a) 2 1.69 0.84

Parent Env, B 2 20.36 10.18 20,6l *=
Interaction, AB 2 8.25 L.13 8.37 *
Error (b) 8 3.94 0.49




5¢) J. 'Blue Haven'

Mean number of cuttings rooted/8

Source of

Variation ar S8 ¥s E
Blocks, R 2 1.44 0.72

Cutting Env, A 1 0.06 0.06 6.62 x 107
Error (a) 2 16.78 8.39

Parent Env, B 2 30.78 15439 11.79 **
Interaction, AB 2 7.44 3. 72 2.85
Error (b) 8 10.44 1.31

Mean number of roots per cutting

Source of '

Variation af 88 ¥o E
Blocks, R 2 L.43 2.21

Cutting Env, A 1 5.14 5.14 0.85
Error (a) 2 12.06 6.03

Parent Env, B 2 2.51 1.26 0.26
Interaction, AB 2 9.79 4.89 1.43
Error (b) 8 27.29 Falil

Mean total root length per cutting

Source of

Variation ar 58 uS E
Blocks, R 2 2,425.61 1,212.81

Cutting Env, A 1 50.02 50.02 0.02
Error (a) 2 6,084.99 3,042.49

Parent Env, B 2 2L4,635.24 12,317.62 12,02 *=*
Interaction, AB 2 1,784.81 892.40 0.87
Error (b) 8 8,200.73 1,025.09




Mean number of cuttings with new shoot growth/8

Source of

Variation af S8 ug E
Blocks, R 2 1.44 0.72

Cutting Env, A 1 10.89 10.89 15.08
Error (a) 2 1.44 0.72

Parent Env, B 2 2217 11 .56 20,80 *=*
Interaction, AB 2 311 1.56 2.80
Error (b) 8 L.yl 0.56

Mean shoot growth per cutting

Source of

Varietion at 88 ag =
Blocks, R 2 2.02 1.01

Cutting Env, A 1 L.13 L4.13 L.09
Error (a) 2 2.02 1.01

Parent Env, B 2 7 .61 3.80 L.89 =
Interaction, AB 2 5.66 2.83 3.64
Error (b) 8 6.22 0.78




5d) C. 'Swanes Golden'

Mean number of cuttings rooted/8

Source of

Variation af S8 M3 E

Blocks, R 2 1.50 0.75

Cutting Env, A 1 0.33 0.33 0.57

Error (a) 2 1.17 0.58

Parent Env, B 1 0.33 0.33 2.00

Interaction, AB 1 0.00 0.00 0.00

Error (b) L 0.67 017

Mean number of roots per cutting

Source of

Variation af S8 us E

Blocks, R 2 2.50x10~° 1.25x10”

Cutting Env, A 1 B33 033 0.26

Error (a) 2 2.57 1.29

Parent Env, B 1 117 117 0.90

Interaction, AB 1 0.02 0.02 0.02

Error (a) I 5.23 1.31

Mean total root length per cutting

Source of

Variation ar 88 kg F

Blocks, R 2 8,146.59 L,073.30

Cutting Env, A 1 3,692.52 3,692,522 1.26

Error (a) 2 5,847.44 2,923,72

Parent Env, B 1 9,478.12 9,478.12 227

Interaction, AB 1 716.89 716.89 0.17
L

Error (b) 16,707.06  L4,176.77
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Appendix 7. Chromatograms.
Typical example showing the mejor zones of activity

of acidic growth promoters and inhibitors.
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Appendix 8. Chromatograms.

Typical example indicating major sreas of cytokinin-

like sctivity.
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