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The relation of bud and cambial activity to root initiation and 

elongation in Douglas-fir (Pseudotsuga menziesii (Mirb. ) Franco) 

stem cuttings was studied through two successive growth cycles. 

Stem cuttings of current season's growth were taken periodically 

from field-grown Douglas-fir trees to determine:   (1) origin and 

development of root initials; and (2) controlling factors in bud and 

cambial activity and subsequent rooting in this species.    Growth 

chambers were used to control photoperiod,   air temperature,   and 

relative humidity,   and propagation benches and portable trays were 

employed to control the temperature of the rooting medium. 

Anatomical studies showed that callus originates principally 



from the vascular cambium,   but phloem and xylem parenchyma may 

also contribute.    Differentiation within callus led to the formation 

of spirally oriented root initials having no connection with the main 

vascular system.    Continuous cell division,   differentiation,  and 

subsequent distal elongation of root initials gave rise to root primor- 

dia having .complete vascular connections with the stem axis.    Once 

root primordia initiated,   elongation occurred within 15 to a maxi- 

mum of 30 days.    There was no apparent difference in origin of 

adventitious roots in cuttings taken at various stages of shoot develop- 

ment. 

Long photoperiods {18 hr) exerted a profound influence on bud 

and cambial activity and enhanced rooting over that of short photo- 

periods (9 hr).    This response to photpperiod was modified by stage 

of shoot development and rooting medium temperature.     LD enhance- 

ment of rooting was most pronounced before and during bud dormancy, 

but following bud dormancy cuttings rooted equally well under SD. 

Cuttings rooted significantly better under 26    (12.95%) and 18  C 

(11.91%) rooting medium temperatures than under 10   C (1. 13%). 

The cambium of Douglas-fir showed no endogenous dormancy, 

and cell division in cambium was not a limiting factor in rooting. 

Auxin treatment significantly increased rootability during pre- and 

post-dormancy.    During true dormancy,  auxin treatment alone was 

not effective in stimulating rooting,   and LD or cold treatment was 



required.    Chilling requirement for rooting was considerably less 

than that for breaking bud dormancy.     Cuttings with good callus often 

failed to root,   but many cuttings with only fair callus showed root 

initiation and elongation,   suggesting that root initiation in Douglas- 

fir is not directly related to the extent of callus formation,   but 

rather to a hormonal balance necessary for differentiation within 

callus.    There was no relationship of cambial activity and cutting 

rootability to the presence or absence of buds,   probably indicating 

that leaves alone are capable of supplying the growth substances 

needed for cambial activity and root initiation in Douglas-fir. 
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ROOT INITIATION AND ELONGATION IN DOUGLAS-FIR, 
PSEUDOTSUGA MENZIESII (MIRB. ) FRANCO, 

STEM CUTTINGS AS RELATED TO BUD 
AND CAMBLAL ACTIVITY 

INTRODUCTION 

Douglas-fir is the major softwood timber species in the United 

States.    Annong various forest species which occupy 758, 865, 000 acres 

or 33.4% of the land in the United States,   Douglas-fir occupies 

37, 352, 000 acres.    Although it covers only 7. 3% of the commercial 

forest land in this country and nearly 30% in the Western region where 

it predominates,   it produces 23. 8% and 33. 2% of the sawtimber in the 

United States and Western region,   respectively.     Timber^based 

economic activities employ more than 3 million workers in the 

United States. 

Douglas<-fir is distributed over a north-south range of more 

than 3, 000 miles,   e. g. ,   from northern British Columbia to Mexico, 

and from Colorado and Arizona to the West Coast,   occurring from 

sea level to elevations of 10, 000 feet.     Its wide distribution,   especially 

in the Pacific Northwest,   and desirability as a lumber species as well 

an important Christmas tree species has encouraged research aimed 

at finding improved methods for its production. 

Forest Service.     1965.     Timber trends in the United States,   U.S. 
Forest Service Research Report 17.     235  p. 



Vegetative propagation of Douglas-fir on a commercial scale 

began on the West Coast in the late  1950's with large-scale grafting 

of seed orchards.     Problems of scion-stock incompatibility have 

complicated the establishment of these seed orchards by grafting. 

For this reason,   there has been considerable interest in recent years 

in establishing Douglas-fir seed orchards from stem cuttings of 

selected genotypes. 

Since  1967,   workers at Oregon State University have been 

studying problems associated with the establishment and growth of 

selected genotypes of Douglaswfir on their own roots.     They have 

established the feasibility of large-scale vegetative propagation of 

Douglas-fir from stem cuttings.     The present studies were under- 

taken as part of a team approach for determining the physiological 

mechanisms and environmental conditions responsible for adventitious 

root formation in Douglas-fir stem cuttings.     The specific objectives 

of these studies were to: 

1. Determine seasonal changes  in origin and development of 

adventitious roots in Douglas-fir stem cuttings. 

2. Determine whether the cambium of Douglas-fir has an 

endogenous or induced dormancy,   and how it responds to 

chilling with and without buds present and with and without 

auxin treatment. 
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3.      Determine the influence of photoperiod and rooting medium 

temperature on bud and cambial activity and subsequent rooting 

of Douglas-fir stem cuttings. 



Prepared for Submission to Forest Science 

SEASONAL, CHANGES IN ORIGIN AND RATE OF 
DEVELOPMENT OF ROOT INITIALS IN 

DOUGLAS-FIR STEM CUTTINGS 

Abstract.    A study was made of tissue origin and time required for 

development of callus and root initials in Douglas -fir stem cuttings. 

Stem cuttings were sarnpled periodically during the period of pre- 

(August),   true (October) and post-dormancy (December),   in two 

successive years.     Sectioning showed that callus originates princi- 

pally from the vascular cambium,   but phloem and xylem parenchyma 

may also contribute.     Root initials did not arise directly from 

cambium,   but rather from callus.     Continuous cell division,   elonga- 

tion,   and differentiation within callus gave rise to root primordia. 

Once roots initiated,   elongation occurred within 15-30 days. 

There was no apparent difference in tissue origin of adventitious 

roots in stem cuttings collected from sheared juvenile or sheared and 

non-sheared adult trees.     Time required for callus formation and root 

initiation varied with stage of shoot development. 

Additional Key Words.     Pseudotsuga menziesii (Mirb.. ) Franco, 

vegetative propagation,   cambium,   callus,   root initiation. 

VEGETATIVE propagation has been an important tool in tree 

improvement programs.     Horticulturists have used these methods to 



perpetuate the desirable characteristics of selected tree fruits and 

ornamental trees and shrubs.     Large-scale vegetative propagation of 

many woody plants has only recently been accomplished. 

Vegetative propagation of Douglas-fir on a commercial scale 

began on the West Coast in the late ^SO's with large-scale grafting 

of seed orchards.    However,   problems of scion-stock inconapatibility 

(Copes,   1967a,  b; Duffield and Wheat,   1964) have complicated the 

establishment of these seed orchards by grafting.     For this reason, 

there has been considerable interest in recent years in establishing 

Douglas-fir seed orchards from stem cuttings of selected genotypes. 

Previous studies have established the feasibility of large-scale 

propagation of Douglas-fir from stem cuttings,   the seasonal nature of 

the rooting response,   and its relation to the onset and removal of bud 

dormancy (Roberts,   1969; Roberts and-Fuchigami,   1973).     The 

anatomy of the Douglas-fir seedling has also been studied in great 

detail in recent years  (Smith,   1958; Grillos and Smith,   1959).     How- 

ever,   detailed information as to the origin and development of 

adventitioas roots in this species,   including the rate at which root 

initials are formed and emerge from  stem  cuttings  taken from  shoots 

in various phases of development,   has been incomplete. 

The origin of adventitious roots in stem cuttings  of numerous 

conifers has been studied (Jacobs,   1939; Bannan,   1942; Satoo,   1955, 

1956; Reines and McAlpine,    1959;  Hoffmann and Kummerow,    1966; 
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Cameron and Thomson,   1969),   and more recently Douglas-fir 

(Heaman and Owens,   1972).    Although some of these observations are 

contradictory,   it appears,   in general,   that adventitious roots in stem 

cuttings arise in the vicinity of differentiating vascular tissue (Easu, 

1967; Hartmann and Kester,   1968). 

Adventitious root development in stem cuttings of Taxus,   Larix, 

Torreya arid Pinus has been described by Satoo (1955) as occurring in 

one of five ways:    from vascular cambium and phloem portions of ray 

tissues,   from irregularly arranged parenchyma tissues near the 

cutting base,   from bud primordia,   from leaf traces,   or from callus 

tissue. 

Bannan (1942) pointed out that adventitious roots in Taxus 

canadensis stem cuttings had their origin in the vascular cambium. 

Reines and McAlpine (195 9) concluded that the cortex and pith were 

largely responsible for callus formation in Pinus elliottii Engelm. , 

but that cambial cells and xylem and phloem parenchyma also may 

proliferate.     Other workers,   studying, the origin of adventitious roots 

in stem cuttings of Pinus radiata (Jacobs,   1939) and Pinus elliottii 

Engelm.    (Reines and McAlpine,    1959),   observed that roots were 

initiated in finger-like protuberances of callus tissue which later 

emerged as roots. 

Cameron and Thomson (1969),   studying the origin of adventitious 

roots  in stem cuttings  of Pinus  radiata,   found that callus developed 



mainly from the cortex,  but phloem,   xylem parenchyma and cambial 

cells also contributed.     Contrary to Cameron and Thomson's   findings 

in pine (1969),   Heaman and Owens (1972) found that callus tissue 

formed on Douglas-fir stena cuttings came from the vascular cam- 

bium and the cortex.    Xylem and pith did not contribute to callus 

formation. 

Argles (1959) described four distinct,   and at times discon- 

tinuous,   stages as being involved in root formation and development, 

i. e. ,   (a) the initiation of groups of meristematic cells,   (b) the 

differentiation of these tissues into recognizable root primordia, 

(c) the extension and emergence of roots,   involving the rupturing of 

surface and perhaps the other stem tissues,   and (d) the development of 

roots outside the cutting.    A similar multi-stage process for adven- 

titious root initiation and development in stem cuttings has also been 

observed by other workers (Lek,   1924; Girouard,   1967; Cameron and 

Thomson,   1969; Heaman and Owens,   1972). 

The primary objective of this study was to determine the sea- 

sonal changes in origin and development of adventitious roots on stem 

cuttings from juvenile and sheared and non-sheared adult Douglas-fir 

trees.     Incidental to the study was a comparison of the rooting 

response with sampling date. 



Materials and Methods 

Lateral stem cuttings of current season's growth were taken 

from a 7-ryear-old sheared juvenile tree (Tree No.   102) growing at 

the Lewis-Brown Horticultural Farm,   Corvallis; a 45-year-old sheared 

adult tree (Tree No.   150) near Stayton; and a SO-year^old,   non- 

sheared adult tree (Tree No,   101) near Jefferson,   Oregon,   ranging 

from 44° 25 ' to 44° 45 ' North latitude and 122° 40 ' to 123° 05 ' West 

longitude.     The cuttings were taken at three stages of bud dormancy 

development (prerdormancy,   August 15;  true dormancy,   October 15; 

post-dormancy,   December 15) during 1971 and 1972. 

Needles and buds were removed from the lower 4-5 cm of the 

12 cm cuttings.     The basal ends of the cuttings were immersed in 

10 percent Jiffy Grow (a commercial product containing 0. 5 percent 

3-indolebutyric acid,   0.5  percent 2-napthaleneacetic acid,   0.01  per- 

cent pher^ylmercuric acetate e^nd 0. 0175 percent boron as boric acid) 

in 95 percent ethanol for 5 seconds.    One-hundred and forty cuttings 

from each tree were placed in the rooting medium (one part peat 

moss and five parts white sand) to a depth of approximately 3-4 cm 

at a spacing of 4 cm between cuttings  in the rows and 7 cm between 

rows. 

The greenhouse was equipped with a Solutrol-controlled, 

pressurized,   intermittent misting system.     The rooting medium 
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temperature at the center of the 1. 2 x 5. 2 m raised propagation bench 

was 20 t 3   C at a depth of 3-4 cm.     The greenhouse Was heated with 

steam and cooled with evaporative coolers to maintain the air 

temperature at 15  - 3   C during the day and night.     Experiments were 

conducted under natural daylength in a greenhouse shaded 50 percent 

with saran. 

Ten cuttings of each of the trees were sampled after 30,   45,   60, 

75,   and 90 days in the rooting bench.    Sampling for anatomical study 

was discontinued when roots were evident in a particular treatment 

sample.     Percent rooting and cutting mortality were determined after 

90 days. 

The basal 4-6 mm of cuttings was sampled and sections fixed in 

formalin-acetic acid'-alcohol (FAA).     Three drops of Tween-20 were 

added and the tissues evacuated for 24-48 hr.    The material was then 

washed in 50   percent ethanol,   dehydrated in a tertiary butyl alcohol 

series (Johansen,   1962) and embedded in paraplast. 

One side of the embedded tissue blocks was exposed by slicing 

away the paraffin and the blocks were soaked in a softening solution 

(Alcorn and Ark,   1953) for one month at approximately 37   C.    The 

softened material was sectioned with a rotary microtome at 12 \i and 

mounted.    Some slides were stained with safranin and fast green and 

some with hematoxylin.    Sections were studied microscopically to 

determine the origin of callus and root initials,   and representative 

sections were photographed. 
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The significance of differences in percent rooting and cutting 

mortality were determined by analysis of variance of the randomized 

block experiment with its factorial arrangement of treatments.     To 

evaluate levels of significance,   Fishers'  "F" test and "LSD" values 

at 0. 01 probability also were calculated. 

Results and Discussion 

Callus Development.     There was evidence of tissue swelling at the 

base of the cuttings after 30 days in the rooting bench (Fig.   1).     The 

rate of the swelling varied with stage of shoot development.    Micro- 

scopic examination of the sections showed that meristematic activity 

accompanied swelling of the cutting base.     These cells arose mainly 

from vascular cambium and in part from phloem  and xylem paren- 

chyma and proliferated into callus,   an irregular,   unspecialized and 

loosely arranged mass  of tannin-filled parenchymatous cells (Fig.   2). 

The anatomical changes occurring in the basal portion of the 

cutting and leading to callus formation were the same as those observed 

by other workers (Bannan,   1942; Satoo,   195 5;  Heaman and Owens, 

1972),    verifying that callus  develops  primarily from cambium with 

the phloem and xylem parenchyma also contributing.     The results are 

contradictory to those of Cameron and Thomson (1969),   Hoffmann and 

Kummerow (1966) and Reines and McAlpine (1959) for Pinus,  who 

were of the opinion that callus developed mainly from the cortex and 



Explanation of figures. 

Figs.   1-4.    Fig.   1.    Cross section of Douglas-fir stem cutting 
showing initiation of cambial activity after 30 days in the 
rooting medium.     Note the actively dividing cambial cells.     X25, - 
Fig.   2.   Longitudinal section through the cutting base showing 
an early stage of callus development from cambium.     Note the 
sharp differentiation between cortical parenchyma and tannin- 
filled brown callus.     X25. -   Fig.   3.     Longitudinal section of a 
portion of the basal section showing massive callus proliferation 
and differentiation of callus into finger-like callus protuberances 
with somewhat spirally oriented vascular tissue.     X25.- 
Fig.   4.     Enlargement of one of the fully differentiated finger- 
like callus protuberances evident in Fig.   3.     X75. 
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Figure 1 Figure 2 

Figure 3 Figure 4 
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pith,   with the cambium,   phloem and xylem parenchyma also involved 

at times.     However,   since the tissues giving rise to callus have been 

shown to be specific for the genus and species  (Satoo,   1956),   it may 

be misleading to compare Pseudotsuga with Pjnus. 

Callus Differentiation.     Differentiation within callus led to the forma- 

tion of somewhat spirally oriented protuberances  (Figs.   3 and 4). 

Reines and McAlpine (1959) observed similar tissue development in 

callused and rooted dwarf shoots of Pinus elliottii Engelm. ,   and 

referred to these as "finger-like callus protuberances. "    These 

rspirally oriented,   finger-like protuberances in Douglas-fir at first 

had no connection with the main vascular system,   but still gave rise 

to root initials (Figs.   5 and 6).     Similar observations were reported 

for Pinus elliottii (Reines and McAlpine,   1959) and Pinus radiata 

(Cameron and Thomson,   1969). 

Continuous cell division,   differentiation and subsequent distal 

elongation of these initials gave rise to root primordia having com- 

plete vascular connection with the main stem (Figs.   7 and 8),     The 

initiation of adventitious roots in callus tissue of Douglas-fir was 

similar to that of pine (Satoo,   1955; Reines and McAlpine,   1959; 

Cameron and Thomson,   1969).     Root initiation occurred within callus 

as a result of differentiation (Argles,   1959; Cameron and Thomson, 

1969; Heaman and Owens,   1972.) and not directly from any tissue(s) 
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Figure 5 Figure 6 

Figure 7 Figure 8 

Figs.   5-8.     Fig.   5.     Cross section of a root initial at an early stage 
of development.     X25. -   Fig.   6.   Enlargement of the root initial 
evident in Fig.   5.    X75. -   Fig,   7.   Cross section of a fully developed 
root primordium emerging outward.    X25. -   Fig.   8.   Enlargement of 
the fully developed  root primordium evident in Fig.   7.     X 75. 
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as reported by Hartmann and Kester (1968) for Salix,   Populus,   and 

Ribes,   which have preformed root initials. 

Fully developed root primordia emerged from basal callus 

(Fig.   9).     The newly developed roots were white,   succulent,   and very 

brittle.     They grew rapidly,   became hardened and less brittle and 

produced lateral roots. 

Influence of Stage of Shoot Development.    Callus formation,   root 

initiation,   and elongation occurred in a consistent manner in the 

two-year study (Table 1).    Callus formation readily occurred at any 

tinne of the year,   although extent of its development varied with stage 

of shoot development.    In general,   root initiation was slow during 

August (pre-dormancy),   very slow or non-existent during October 

(true dormancy),   but once bud dormancy passed (post-dormancy) time 

required for root initiation decreased rapidly (Table  1).     Cutting 

mortality in the rooting bench -was highest during bud dormancy 

(Table 1; Fig.    11).     Either the base of the cutting died,   or needles 

started dropping,   both leading to the death of the cutting. 

The time required for root initials to elongate varied greatly 

with stage of shoot development.     Once roots initiated,   elongation 

occurred within 15 to a maximum of 30 days.      Stangler   (194 9) found 

that elongation of such initials took 10 days for chrysanthemum,   but 

21 days were required for carnation and rose cuttings. 
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Figure 9. 
X. 38. 

Stem cuttings showing roots emerging from basal callus. 

Figure 10.    Basal portion of stem cuttings showing arbitrary cate- 
gories of extent of callus formation used in this study:    C^-callus fair; 
C^-callus   good;   C3-caHus  very good;   C4-callus  excellent.     X. 55. 
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TABLE 1.    Callus formation (C) , root initiation (RI),  and root elongation (RE) at 30,  45,  60, 75, 
and 90 days,  and percent rooting and mortality   of cuttings observed after 90 days in rooting bench. 

Tree 
No. 

Number of davs Percentage 
Collection date 30 45 60 75 90 Rootinz Mortality 

August 15,  1971 102 ^2 C3 RI RI RE 19 0 
150 C2 C3 C3 C4 RI 0 20 
101 Cl Cl C2 C2 C2 0 31 

October 15,  1971 102 Cl Cl C2 RI RE 3 5 
150 S Cj Ci C2 C2 0 33 
101 

J. 

Cl Cl 
J. 

Cl Cl C2 0 57 

December 15,   1971 102 RI RE RE RE RE 97 2 
150 c3 C3 RI RE RE 43 7 
101 C2 C3 C4 RI RE 27 19 

August 15,  1972 102 C2 C3 RI RE RE 33 0 
150 C2 C3 C3 RI RE 11 11 
101 Cl C2 

C2 C2 C2 0 17 

October IS,  1972 102 Cl C2 C3 
RI RE 7 7 

150 Cl Cl 
Cl k C2 

C2 

0 17 
101 Cl 

0 37 

December 15,  1972 102 RI: RI RE RE RE 83 3 
150 k RI RE RE RE 49 6 
101 C2 RI RE RE 19 13 

LSD 0.01 Percent rooting:   12.0;   Percent mortality:   7. 7 

See Fig.  10 for categories of extent of callus formation used in this study (C.:   fair; C  :   good; 
C   :   very good;  C  :   excellent). 

2 
Mortality:   death of cutting. 

Percent rooting and mortality due to collection dates and trees are significant at 0. 01 level. 
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Figure  11.     Influence of stage of shoot developnnent on the rooting 
(—) and mortality ( )   of cuttings after 90 days in the rooting 
bench.     Values are an average of three trees over a period of two 
years. 
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Elongation of roots initiated on cuttings placed in the rooting 

bench was observed 75-90,   90,   and 45-60 days for pre^,   true,   and 

post-dormancy stage of bud development,   respectively.     Root 

elongation varied from a few mm to 8 cm during pre-dormancy,   a few 

mm to 2-1/2 cm during true dormancy,   and a few mm to 25 cm during 

post-dormancy. 

There were significant differences in rooting due to stage of 

shoot development (Fig.   11).     Roberts (1969) and Roberts and 

Fuchigami (1973) reported similar seasonal influences on rooting of 

Douglas-fir cuttings. 

Interrelationships.    Argles (195 9) concluded that although callus 

formation,   root initiation,   and root elongation are distinct processes, 

all are affected by the same environmental  factors,   though in some- 

what different ways. 

Since the results of the present study and those of others'(S-atoo, 

1955; Reines and McAlpine,   1959; Cameron and Thornson,   1969; 

Heaman and Owens,   1972) reveal that roots initiate in callus,   callus 

formation must precede root initiation.    A common observation during 

removal of cuttings from the rooting bed and their subsequent 

anatomical analysis was that cuttings with excellent callus failed to 

root,   but many cuttings with fair callus showed root initiation and 

elongation.     It appears  that root initiation in Douglas-fir stem 
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cuttings is not directly related to the extent of callusing,   but rather 

to a hormonal balance necessary for differentiation within callus. 
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Prepared for Submission to Forest Science 

BUD AND CAMBIAL, ACTIVITY IN DOUGLAS-FIR AS 
RELATED TO STEM CUTTING ROOTABILITY 

Abstract:    A study was conducted to determine the controlling factors 

in cambial activity and their relation to rooting of Douglas-fir, 

Pseudotsuga menziesii (Mirb. ) Franco,   stem cuttings.     The cambium 

of Douglas-fir was shown to have no endogenously controlled dormancy. 

Auxin treatment significantly increased cambial activity at the base of 

the cutting which subsequently increased rootability during pre- 

(August) and post-dormancy (December).    Auxin treatment alone was 

not effective in stimulating rooting during true dormancy (October), 

and cold treatment was required.     There was no apparent difference in 

cambial activity or cutting rootability associated with presence or 

absence of buds. 

Additional Key Words.     Pseudotsuga menziesii (Mirb. ) Franco,   bud 

activity,   cambial activity,   xylem,   root initiation,   vegetative propaga- 

tion. 

THE FACT that vascular cambium gives rise to callus,   from 

which root initials originate in Douglas-fir (Heanman and Owens,   1972; 

Bhella,   1974),   suggests a relationship between the internal factors 

which govern the initiation of root meristems and those which govern 
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the aptivity of the vascular cambium.     The numerous observations 

which have been recorded as to the time and origin of renewed radial 

growth indicate that the resumption of cambial activity in woody species 

is invariably linked to the swelling of buds (Priestly,   1930; Wareing, 

1958; Larson,   1962; Brown,   1970).    Avery et al.   (1937) demonstrated 

that naturally occurring and basipetally transported substances,   pro- 

duced in the buds,   are the stimuli activating the cambium. 

Recent studies relating to cambial stimuli in woody plants 

indicate that complex interactions among several growth substances 

are involved (Digby and Wareing,   1966; Brown,   1970; Perry,   1971). 

Brown (1970) pointed out that the initiation of cambial activity in 

conifers may be less dependent on actively growing buds and leaves 

than in the more evolutionary advanced angiosperms. 

Wareing (1951) observed that the cambia of diffuse-porous 

species Acer pseudoplantanum and Tilia europaea showed no activity 

in stems from which buds were removed,   whereas the cambia of 

disbudded trees of the ring-porous species Fraxinus excelsior, 

Robinia pseudocacia,   and Ca^stanea sativa did show activity.     The 

rapid basipetal activation of cambial activity in ring-porous species 

maybe due to the presence in the cambium or cortical tissues before 

bud break of a hormone precursor which is converted to auxin 

(Philipson et al. ,   1971).   Brown (1970),   Wareing and Roberts (1956), 

and Wareing and Smith (1963) were  of the opinion that mature leaves 
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are capable of supplying growth substances necessary for cambial 

activity and rooting,   and can replace the need for actively growing 

buds. 

The effectiveness of cold treatment in breaking bud dormancy 

has been reviewed by Romberger (1963),   Perry (1971),   and Worrall 

(1971).    Recent studies have demonstrated that a greater amount of 

auxin exists in chilled than unchilled poplar cuttings (Smith and 

Wareing,   1972).     Roberts and Fuchigami (1973) were of the opinion 

that cold treatment brings inhibitors and promoters into proper 

balance for rooting during the period of maximum bud dormancy 

(September-October) in Douglas-fir stem cuttings. 

The diversity of opinion as to the nature of cambial dormancy in 

woody species has raised questions as to the existence of a true 

dormancy in Douglas-fir cambium.     This study was conducted to 

determine:    (1) Whether the cambium of Douglas-fir has an endogenous 

or induced dormancy; and (2.) Does the cambial stimulus arise from 

the growing buds? or (3) Can the chilled or unchilled stem cuttings 

initiate cambial activity and rooting with and without buds present and 

with and without auxin treatment? 

Materials and Methods 

General.     Lateral stem cuttings of current season's growth were taken 

from three sheared Douglas-fir trees  (Tree 68,   45  years  old;   Tree   112, 
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45  years old;  Tree 150,   50 years old) growing near Stayton,   Oregon, 

at a latitude of 44° 45' North and longitude of 122° 45' West. 

Immediately after sampling,   they were stored in an ice chest and 

transported to the laboratory.    Needles and buds were carefully 

removed from the lower 4~5 cm of the cuttings.     Cuttings to be given 

cold treatment were placed in sealed plastic bags and stored in an 

upright position at 0 t 1   C in the dark for 60 days. 

Auxin  treatment consisted of a 5-second dip of the basal 4-5 cm 

of the cutting in 10 percent Jiffy Grow (a commercial product 

containing 0. 5  percent 3-indolebutyric acid (3-IBA),   0. 5 percent 

2-naphthaleneacetic acid (2-NAA),   0.01  percent phenylmercuric 

acetate,   and 0. 0175  percent boron as boric acid) in 95  percent 

ethanol.    After treatment,   the cuttings were placed in the rooting 

medium (5:1 Del Monte White Sand El-8:Canadian Sphagnum Peat 

Moss) to a depth of 3T,4 cm with a spacing of 4 x 7 cm within and 

between rows. 

The greenhouse was equipped with a Solutrol-controlled, 

pressurized,   intermittent misting system.     The temperature of the 

rooting medium contained in the  1. 2 x 5. 2 m raised propagation bench 

was 20 t 3   C at a depth of 3-4 cm.     The greenhouse was heated with 

steam and cooled with evaporative coolers to maintain a continuous 

air temperature of 15  - 3  C.     The greenhouse was shaded 50 percent 

with saran. 
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Data Analysis.     The cuttings were left in the rooting medium for 90 

days and then examined for bud and cambial activity and rooting 

response.    Bud and cambial activity was also determined before 

placing the cuttings in the rooting medium.    Analysis of variance was 

used to establish levels of significance (F test),   and LSD at 0. 05 

probability level was also calculated. 

Bud Activity.     During the first year (1971-72),   histochemical tests 

were used to identify zones of high metabolic activity in the apical 

meristem region of the bud at time of sampling and after 90 days in 

rooting bench.     The activity of succinic dehydrogenase was verified 

by the reduction of nitro-BT 2, 2 ' -DiT-p-nitrophenyl-5, 5 ' r-diphenyl- 

3, 3'-(3, 3,-dimethoxy-4, 4Tdiphenylene) ditetrazolium chloride 

(Jensen,   1962;Bhella,   1974).     During  1972-73,   in addition to the 

succinic dehydrogenase evaluation,   respiration of buds  (|JL1 O   /g dry 

v/t of buds/hr at normal tenaperature and pressure) was also deter- 

mined (Gilson,   1963; Bhella,   1974). 

Cambial Activity.    Cambial activity,   on the basis of number of rows 

of xylem cells,   was measured in stem cross sections (O'Brien and 

McCully,   1969).    Cambial activity was evaluated at time of sampling 

and after   90 days in rooting bench,   1 cm below the terminal bud 

during 1971T72,   and 1 cm below the terminal bud,  as well as 1 cm 

above the basal cut end of the cutting during  1972-73. 
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Experiment I 

The seasonal pattern of cambial activity was studied using a ran- 

domized block design consisting of three trees with 10 monthly 

samplings beginning July 1971 and ending April 1972.     Fifteen cuttings 

were taken from each tree on each date.    Five cuttings were examined 

for cambial activity and activity of succinic dehydrogenase,   and the 

remaining 10 cuttings were placed in the rooting medium after auxin 

treatment.     Respiration of buds was determined during  1972-73. 

Results and Discussion 

Succinic dehydrogenase activity,   reflecting bud activity,   declined in 

field-grown Douglas-fir by September and became active again in 

January (Table 1).    Although histochemical tests showed positive 

staining for succinic dehydrogenase in cuttings sampled during 

August,   such tests were negative when these cuttings were taken out 

of the rooting medium 90 days later.    However,   cuttings sampled 

during December showed a reverse pattern of activity;  that is,   tests 

were negative when cuttings were sampled and positive 90 days later 

in the rooting bench.    It appears that the potential for bud activity 

during the rooting process is more important than bud activity at 

time of sampling in determining shoot rooting potential. 

Respiration of buds was high during July,   August,   and 



TABLE 1.    Succinic dehydrogenase activity, respiration of buds , cambial activity,  and rooting of Douglas-fir stem cuttings during 
1971-722. 

Sampling I date 

lul. Aug. Sep. Oct. Nov. Dec. Ian. Feb. Mar. Apr. Mean 

Succinic dehydrogenase 

Initial4 + + 0 0 0 0 + + + + 

Final4 + 0 0 0 0 + + + + + 

T,        -       .     5 

Respiration 

Initial4 105.0 96.0 101.7 70.7 50.0 66.7 81.3 109.0 145.3 170.0 99.6 

Cambial activity 

Initial4 2.3 4.0 8.0 11.7 12.7 13.7 13.7 14.7 15.7 15.7 11.2 

Final 11.0 13.3 12.7 13.0 12.7 15.3 23.0 27.0 29.0 34.0 19. 1 

Percent rooting 3.3 6.7 0.0 0.0 10.0 26.7 33.3 40.0 60.0 33.3 21.3 

LSD 0. 05 Respiration of buds:   13. 0;  Cambial activity:  0. 72;   Percent rooting:   15. 7 

■Respiration of buds (ul O /g dry wt/hr) at time of sampling was measured during 1972-73. 

2 
Values  are mean of 3 trees. 

3 
+:   presence of red/blue formazan pigment;  0:   absence of red/blue formazan pigment. 

4 
Initial:   at time of sampling;   Final:   after 90 days in the rooting medium. 

5 
Respiration of buds, cambial activity,  and percent rooting due to time of sampling were significant at 0. 01 level. 

oo 
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September,   decreased rapidly during October,   and reached their 

lowest during November.     Respiration then progressively increased 

from December to April,   reaching a peak in April (Table  1).     These 

results are in agreement with those of Hatch and Walker (1969) for 

apricot and peach leaf buds. 

Following shoot extension,   production of xylem cells  (1 cm 

below the terminal bud) by the vascular cambium increased rapidly 

from July to October but almost ceased from October to April (Table 

1).     An examination of xylem cell production during the 90 days the 

cuttings were in the rooting medium showed the cuttings were actively 

producing xylem cells until October,   slowed down or ceased entirely 

during November,   and then increased rapidly thereafter. 

Cuttings rooted poorly during July and August,   ceased to root 

in September and October,   but then increased monthly to a peak in 

March,   and then dropped off in April (Table  1).     The seasonal nature 

of the rooting response observed in this study is very similar to that 

observed by Roberts and Fuchigami (1973) for Douglas-rfir.     They 

concluded that bud dormancy was responsible for unsatisfactory rooting 

during September and October. 

Experiment II 

A factorial experiment consisting of 3 (trees) x 5 (sampling dates) x 2 

(with and without buds  present) x 2   (with and ■without auxin treatment) 
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was used to evaluate the treatment effects.     Fifteen cuttings were 

used in each treatment. 

Cuttings were sampled on August 15,   October 15,   and December 

15 during 1972,   representing pre-,   true,   and post-dormancy develop- 

ment,   respectively.    Additional cuttings were collected from each of 

three trees during bud dormancy (October 15),   and studies were 

designed to determine whether chilled stems can initiate cambial 

activity without the presence of buds,   or whether both stem chilling 

and active buds are required to initiate cambial activity.     The role of 

auxin in stimulating cambial activity and subsequent rooting was also 

considered. 

Cuttings to be given cold treatment were randomly divided into 

three groups.     All the buds were removed with a razor blade from the 

cuttings in group 1.     These cuttings were wrapped in moistened paper 

towels,   sealed in polyethylene bags and stored in an upright position 

at 0  -  1   C in the dark for 60 days.     The cuttings in groups Z and 3 

were stored in the same manner but without bud removal.    All the 

buds were removed from the cuttings in group 2 after cold treatment. 

The cuttings were placed in the rooting medium with and without 

auxin treatment. 

Results and Discussion 

Positive staining for succinic dehydrogenase activity was  observed in 
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the apical meristem of cuttings sampled during August,   whereas 

histochemical tests showed negative staining during October and 

December (Table 2.).     Dormant cuttings sampled during October and 

cold-stored for 60 days at 0  - 1   C showed positive staining for succinic 

dehydrogenase.     These results indicate that cold treatment was more 

effective in breaking bud dormancy than natural chilling on the tree, 

where histochemical tests for succinic dehydrogenase activity showed 

negative staining. 

Succinic dehydrogenase activity in cuttings after 90 days in the 

rooting medium revealed that basal auxin applications failed to 

stimulate bud activity.    However,   when cuttings received sufficient 

chilling either on the tree or in the cold storage,   they all showed sign 

of bud activity after 90 days in the rooting bench,   whether they 

received auxin treatment or not. 

Respiration of buds was observed to decrease after 90 days of 

benching on stem cuttings sampled during August and October (Table 

2).   Cuttings receiving cold treatment or natural chilling did show a 

significant increase in bud respiration.     There was no apparent 

relationship between bud respiration and auxin treatment. 

Cambial activity 1 cm below the terminal bud,   as well as  1 cm 

above the base of stem  cuttings with and without buds present and auxin 

treatment,   suggests that the cambium was always active in cuttings 

placed in the rooting medium  (Table 3).     An analysis   of variance 



TABLE 2.   Succinic dehydrogenase activity (SDA), respiration of buds,  and rooting of Douglas-fir stem cuttings with and without buds 
(+B,  -B) and auxin treatment (+A,  -A) during 1972-73. 

SDA 
2 

Respiration 
Percent rooting^ 

Initial 
3       Final3 

+A        -A 

Sampling 
Initial 

Final3 
date 

+B+A +B-A Mean +B+A +B-A -B+A -B-A Mean 

8. 15.72 + 0 0 93.7 59.7 63.0 72. 1 15.0 5.0 20.0 0.0 10.0 

10. 15. 72 0 0 0 70.0 51.0 SOiS 57.1 0.0 0.0 0.0 0.0 0.0 
4 

Cold-stored + + + 79.0 173.7 169.7 140.8 42.3 3.3 6.7 0.0 13. 1 

Cold-stored + + + - - - - 42.3 3.3 36.7 0.0 20.6 

12. IS. 72 0 + + 75.7 154.3 160.3 130. 1 45.0 8.3 50.0 0.0 25.8 

Mean 79.6 109.7 110.8 28.9 4.0 22.6 0.0 

LSD 0. 05 Respiration (treatment):   11. 1; Respiration (time of sampling:   12.8;   Rooting (+A vs-A): 8. 22; 
Rooting (time of sampling):   13. 0 

1 
Values are mean of 3 trees. 

Respiration of buds due to treatment (initial vs final) and time of sampling,   and percent rooting due to treatment (with and without 
auxin) and time of sampling were significant at 0. 01 level. 

Initial:   at time of sampling;   final:   after 90 days in the rooting medium.     +:   presence of red/blue formazan pigment;   0:   absence of 
red/blue formazan pigment. 

4 
Cuttings taken October 15,   1972 and cold-stored with and without buds present. 

Cuttings taken October 15,   1972 and cold-stored with buds present.    Buds were removed from half of the cuttings after cold treatment. 



TABLE 3.    Data on cambial activity of Douglas-^fir stem cuttings with and without buds (+B,  -B) and auxin treatment (+A,  -A) during 1972-73. 

(Rows of xylem cells) 

1 cm 
2 

below the terminal bud 1 cm above the cutting base 
Sampling 

3 
Initial 

Final3 

Initial 
Final 

date 
+B+A +B-A -B+A -B-A Mean +B+A +B-A -B+A -B-A Mean 

8.15. 72 6.0 13.0 13.0 14.0 12.7 13.2 15.7 31.0 25.0 30.0 22.7 21.7 

10.15. 72 11.3 13.0 13.3 13.7 14.0 13.5 17.0 26.7 23.3 27.3 23.7 25.3 
4 

Cold-stored 12.3 23.7 21.0 23.0 23.3 22.8 16.7 32.0 24.0 35.0 26.0 29.3 

Cold-stored 11.3 21.0 23.7 22.3 22.3 22.3 16.7 35.3 24.7 32.0 27.0 29.8 

12.15. 72 12.7 21.3 23.3 22.0 21.7 22.1 18.3 36.0 29.0 32.7 27.3 31.3 

Mean 10.7 18.4 18.9 19.0 18.8 18.8 16.9 32.2 25.2 31.4 25.3 27.5 

LSD 0. 05 Due to treatment:   1. 58 
Due to time of sampling:   1.58 

Due to treatment:   2. 10 
Due to time of sampling:   2. 10 

Values are mean of 3 trees. 
2 
Cambial activity 1 cm below the terminal bud due to treatment (initial vs final) and time of sampling,  and.l cm above the cutting base due 

to treatment (initial vs final) and time of sampling were significant at 0.01 level. 
3 
Initial:   at the time of sampling;  Final: after 90 days in the rooting bemch. 

4 
Cuttings taken October 15,  1972 and cold-stored with and without buds present. 

5 
Cuttings taken October 15,  1972 and cold-stored with buds present.   Buds were removed from half of the cuttings after cold treatment. 
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indicated that cambial activity either  1 cm below the terminal bud or 

1 cm above the base of the cutting did not differ statistically with or 

without buds present.     These results are in agreement with those of 

Brown (1970),   who reported that the initiation of cambial activity in 

conifers may be less dependent on actively growing buds.     Wareing 

(1951) reported that cambial activity is not prevented by disbudding 

ring-porous species Fraxinus,   Quercus,   and Robinia,   suggesting that 

initiation of cambial activity is not necessarily dependent upon active 

buds.    Wareing and Roberts (1956) and Wareing and Smith (1963) were 

of the opinion that mature leaves were capable of supplying growth 

substances necessary for initiation of cambial activity,   and can 

replace the need for actively growing buds. 

There was no apparent relation between cambial activity 1 cm 

below the terminal bud and basal auxin treatment (Table 3).     However,, 

auxin significantly increased cambial activity at the base of the 

cuttings,   i. e. ,   up to 3-4 cm from the base. 

Increased cambial activity (after 90 days  in rooting bench) as a 

result of cold treatment,   either in the cold storage or on the tree, 

confirms that the cambium of chilled Douglas-fir cuttings resumes 

activity without the influence of growing buds or auxin treatment. 

Furthermore,   wounding at the base of the cutting stimulated cambial 

activity during the period of bud dormancy (October).    Knight (1927) 

and Sledge  (1930) observed an acropetal spread of cambial activity 
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having its origin in the callused base of apple cuttings and decreasing 

in an upward direction.     They concluded that wounding,   caused by the 

cut at the base of the cutting,  might release a "specific wound 

hormone" which might be responsible for initiation of cambial activity. 

Galston and Davies (1970) postulated the existence of "wound hor- 

mones" that are produced by the injured tissues and needed for cell 

division.     They concluded that cytokinins may be involved in the wound 

reaction. 

Present studies clearly demonstrate that the cambium of 

Douglas-fir has no endogenously imposed dormancy.     Lavender et al. 

(1969) and Worrall (1972.) concur in this,   and Owens (1968) observed 

cambial cell divisions until late December.     Fallot (1969) has  shown 

that the cambium of grape vine is able to proliferate at any time in a 

standard medium of nutrient solution containing glucose. 

Auxin treatment significantly increased cutting rootability 

during pre- (August) and post-dormancy (December),   but was not 

effective in stimulating rooting during true  dormancy (October),   and 

cold treatment was required (Table 2).     There was no apparent differ- 

ence in cutting rootability associated with presence or absence of 

buds (Fig.   1;  Table 2). 

i      o 
Cuttings taken during October and stored 60 days at 0  -  1   C 

rooted significantly better than those not given a cold treatment.     This 

improved rooting with cold treatment had been observed in other 
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Figure 1.    A comparison of the rooting potential of stem cuttings 
with and without buds and auxin treatment. 
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studies with Douglas-fir (Roberts and Fuchigami,   1973).     It should be 

noted that cuttings taken in December (natural chilling) rooted better 

than those taken in October and cold stored for 60 days  (Table 2).    It 

was interesting that most of the cuttings,   cold-stored without buds, 

started dropping needles when placed in the rooting medium,   and sub- 

sequently died.     This could account for low rooting response in cut- 

tings given cold treatment without buds.    Wareing and Smith (1963) 

reported a considerable leaf-drop occurred in the decapitated Populus 

cuttings.     Roberts and Fuchigami (1973) did not report any such 

needle drop in their studies.     This could be due to the fact that they 

were taking cuttings from juvenile Douglas-fir trees. 

The results of this study and those of others (Wareing and 

Roberts,   1956; Wareing and Smith,   1963) reveal that mature leaves 

^are capable of supplying growth substances necessary for rooting, 

and cati replace the need for actively growing buds.     It is apparent 

that the inhibitory effect of bud dormancy on rooting reached a point 

in October where auxin alone was not sufficient in stimulating rooting, 

and cold treatment was required (Table 2).     It appears that root 

initiation in Douglas-fir stem cuttings is not directly related to cambial 

activity,  but rather to a hormonal balance necessary for tissue 

differentiation within callus. 
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American Society for Horticultural Science 

THE INFLUENCE OF PHOTOPERIOD AND ROOTING 
TEMPERATURE ON BUD AND CAMBIAL ACTIVITY 

AND SUBSEQUENT ROOTING OF DOUGLAS-FIR 
(PSEUDOTSUGA MENZIESII (MIRB..) FRANCO) 

STEM CUTTINGS 

Abstract.     Growth chanabers were used to control photoperiod and air 

temperature and portable rooting trays to control bottom heat in study- 

ing the relation of bud and cambial activity to rooting of stem cuttings 

taken periodically from field-grown Douglas-fir during two growing 

seasons. 

An 18 hr photoperiod (LD) significantly increased the respiration 

rate of buds,   cambial activity,   and the percentage rooting as com- 

pared with a 9 hr photoperiod (SD).     This response was modified by the 

stage of shoot development and rooting medium temperature.     Rooting 

temperature of 18 and 26   C enhanced cambial activity at the base of 

the cutting and increased rooting without affecting bud activity as 

compared with 10   C. 

PHOTOPERIOD HAS BEEN shown to induce several responses in 

woody plants,   including cambial and bud activity,   and rooting of 

cuttings  (21).     Wareing and Smith (34) concluded that photoperiod 

effects rooting either by affecting the activity of the shoot apex or the 

hormone production of mature leaves.     Baker and Link (2),   while 
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studying the effect of natural,   18 hr,   and continuous  photoperiods on 

the rooting of cuttings of 26 woody ornamental species,   observed an 

earlier breaking of dormancy when using extended photoperiods  in the 

propagating bench.     They found photoperiod treatments had little 

influence on rooting;  however,   when dormancy was a factor,   extended 

photoperiods exerted some root-promoting effect. 

Snyder (28),   working with Taxus cuspidata cuttings taken in 

December,   found that an 18 hr photoperiod stimulated the top growth 

of cuttings while in the bench,   whereas no bud activity occurred with 

8 hr photoperiods.     He found little difference in rooting between the 

two photoperiods.     Waxman (36) reported that summer cuttings of 

Cornus florida produced twice as many roots in an 18 hr photoperiod 

as  in a 9 hr photoperiod,   and 1 -1 /2 times as many as cuttings under 

normal daylengths. 

Lanphear and Meahl (14)   observed that Juniperus horizontalis 

'Plumosa" cuttings rooted significantly better under 24 (77. 8%) and 

18 hr (79.2%) photoperiods than under normal daylengths (40. 3%) 

when rooted during the autumn.     They reported that cuttings under 

these three photoperiods showed 68. 8,   31. 2 and 0. 7% bud break, 

respectively.     According to Nitsch (20),   growth of cuttings  of Rhus 

typhina and Platanus  occidentalis was stopped completely under SD 

(10 hr),   whereas under LD (14 hr or longer) they grew vigorously. 

Wareing and Roberts  (33)  concluded that photoperiod exerts a profound 
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influence on cambial activity in Robinia pseudoacacia,  which is main- 

tained under LD,   but ceases under SD. 

According to Hess (11),   Jain and Nanda (12),   and Stolz and 

Hess  (29,   30),   root initiation can proceed if a correct balance of 

nutrients (carbohydrates,   particularly starch,   and proteins) and root- 

ing co-factors is available.    An increase in root initiation with LD 

could be correlated with increased carbohydrates  (11) and a higher 

auxin content (10,   34). 

In a recent review Nelson (19) summarized the controversial 

information on the role of bottom heat (rooting temp) in the rooting 

of cuttings.     He concluded that bottom heat has more use in the 

forcing of growing plants than in improving the rooting of cuttings. 

Adequate comparisons to establish the role of bottom heat in promot- 

ing rooting are few,   but the practice has been and will continue to be 

used extensively in rooting cuttings (19).     Information is meager on 

how bottom heat affects bud and cambial activity and root initiation in 

cuttings.     Poole and Waters  (23),   while propagating tropical foliage 

plants,   observed a reduction in time required for propagation up to 

50% during the cool months of the year,   when rooting temp was main- 

tained between 24 and 29  C.    Halma (8) concluded that a rooting temp 

of 24 to 26   C was necessary for propagation of citrus by cuttings in 

cool climates.    Ure (32.) observed a beneficial effect of bottom heat 

at  16 and 2 1   C  for propagation of softwood cuttings of trees and 
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shrubs.    According to Berg et al.  (3),   soil heating to 18   C greatly 

enhanced root initiation in rhododendron. 

Hamada (9) emphasized, the importance of bottom heat in 

vegetative propagation of Mulberry in Japan.    Schwartze and Myhre 

(27) observed that bottom heat at 21   C increased rooting of blueberry 

cuttings in March,   but was not needed in June.     Laurie and Stillings 

(16) reported that proper air temp in combination with bottom heat 

was very important to rooting.     They concluded that an air temp of 

10   C was better than 15 or 21   C when bottom heat was controlled at 

210C. 

This study was conducted to determine the effects of daylength 

in combination with bottom heat on bud and cambial activity and sub- 

sequent rooting in stem cuttings taken periodically from field-grown 

Douglas-fir trees. 

Materials and Methods 

General.     Stem cuttings were taken from  current   season   shoots   of 

three   Douglas-fir  trees (10-12-year-old   sheared understocks   grow- 

ing  below  8-10-year-old scions   from  40-80-year-old  parent  trees) 

growing  in the  David Mason  Seed Orchard near   Sweet Home, 

Oregon,    at  a  latitude   of 44° 20' North  and  longtiude   of  122° 30' 

West.    The cuttings  were sampled from these   stock  plants   during 

various   stages   of   dormancy   development.       Immediately   after 
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sampling,   the cuttings were stored in an ice chest and transported to 

the laboratory. 

Needles and buds were carefully removed from the lower 4-5  cm 

of the  12 cm cuttings.    Auxin treatment consisted of a S-^sec dip of 

the basal 4-5 cm of the cutting in 10% Jiffy Grow (a commercial 

product containing 0. 5% 3-indolebutyric acid (3-IBA),   0. 5% 

2-napthaleneacetic acid (2-NAA),   0.01% phenylmercuric acetate,   and 

0.0175%  boron as boric acid) in 95% ethanol.    After the cuttings had 

been treated,   they were placed in the rooting trays (5:1 Del Monte 

White Sand El-8: Canadian Sphagnum Peat Moss) to a depth of 3-4 cm 

with a spacing of 4 cm between cuttings in rows and 7 cm between rows. 

Rooting trays  (1. 05 m x 30 cm x 15 cm) made of 0. 65 mm thick 

sheet metal and insulated on all the.sides with 5 cm thick styrofoam 

were specially designed and made for use in this study.    A hole was 

made in the center of the bottom of each tray to facilitate drainage. 

These trays were placed at random in the growth chambers main- 

tained at a constant air temp of 10  -  1   C.     The temp of the rooting 

medium contained in the trays was thermostatically controlled at 

10,   18,   and 260C with a ± range of 20C at a depth of 3-4 cm.     The 

water was sprinkled over the top of each tray at regular intervals to 

maintain moisture near field capacity. 

Growth chambers.     Experiments were conducted under controlled 

environments using Controlled Environment's Model PGW-36 growth 
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chamber having an adjustable Lamp canopy.    Seventy-five percent of 

the input wattage of Lamp canopy consisted of cool white fluorescent 

and 25% of incandescent lighting,   to provide a balanced spectrum. 

Under 9 hr photoperiod,   light intensity in the center of the chamber at 

the top of the stem cuttings was  16 klx (1500 ft-c) as measured with 

Weston Illumination Meter--Model 756 using a quartz filter.     Under 

18 hr photoperiod,   the light intensity was 8 klx (750 ft-c).     In this 

way,   an equal amount of light energy was provided,   irrespective of the 

photoperiod.     Light^dark change was abrupt. 

The chamber temp was maintained at 10 t 1   C during the day 

and night with CC24 24-point camless temp programmer and electronic 

solid state resistance bridge amplifier and electronic humidity 

sensor.     The relative humidity varied from 85 t 5% during the light 

period and 90  - 5% during the dark period.     The air temp and percent 

relative humidity were measured with Abbeon Temp and Relative 

Humidity Indicator--Model M2A4. 

The air was evenly distributed upwards through UNIFLOOR at 

variable velocities of 10 to 20 m/min.     Growth chambers were 

equipped with a calibrated fresh air inlet with cleanable filter to 

3 
allow a maximum of 15 m   /min of fresh air with a light-tight air 

exhaust outlet. 
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Experimental design and data analysis.     During the first year (1971- 

72),   2  (photoperiods) x 3 (trees) x 3 (sampling dates) x 3 (rooting 

temp) and the second year (1972-73),   2  (photoperiods) x 3  (trees) x 

6 (sampling dates) x 3 (rooting temp),    i. e,^,   randomized block designs 

having factorial arrangement of treatments,   were used to evaluate 

treatment effects. 

The cuttings were left in the rooting medium for 90 days,   and 

then examined for cambial and bud activity and rooting response. 

Analysis of variance was used to establish levels of significance 

(F test) and LSD at 0. 05 and 0. 01 probability level also was calcu- 

lated. 

Bud activity.     During the first year (1971-72),   histochemical tests 

were used to identify zones of high metabolic activity in the apica,! 

meristem region of the bud after 90 days in rooting medium.    During 

1972-73,   in addition to succinic dehydrogenase tests,   the respiratory 

potential of the buds was also measured after 90 days in rooting 

medium. 

Succinic dehydrogenase activity.     The level of succinic dehydrogenase 

activity in the buds was verified by the reduction of ditetrazolijim salt 

(13).     The bud scales were removed with forceps under a dissecting 

microscope,   taking care to avoid injury to the needle primordia 

enclosed.     The naked shoot prinaordia were excised with a razor blade 



48 

and frozen on microscope object discs using "cryoform" matrix by 

adjusting the microtome-cryostat at -  13-1   C.     The embedded buds 

were deep-frozen using "cryokwik, " an instant-freeze freon aerosol 

spray,   and sectioned immediately at 16 (A.     The sections were mounted 

on giass slides and placed in a reaction mixture of 5 ml of 0. 1 M 

phosphate buffer at pH 7. 4,   5 ml of 0. 1 M sodium succinate,   and 5 ml 

of 1 mg /ml nitro-BT Z.Z'-Di-p-nitrophenyl-S, 5 '-diphenyl-3, 3' - 

(3, 3'-dimethoxy-4, 4-diphenylene)   ditetrazoLium chloride.     The slides 

were incubated in the reaction mixture for 1 hr at room temp.     The 

sections were washed in a 0. 8% saline solution (sodium chloride) for 

one min,   and then dehydrated by passing them through graded series 

of alcohol solutions for 5 min each,   beginning with 30% ethanol.     The 

slides were immersed in xylol for 10 to 20 min and then mounted with 

histoclad. 

The sections were examined under the microscope.     The 

presence of succinic dehydrogenase was verified by the granular 

deposition of blue diformazan pigment.     The areas of low enzymatic 

activity were colored red indicating partial reduction of ditetrazolium 

chloride.     In every set,   controls were run of sections incubated in 

the reaction mixture without ditetrazolium chloride. 

Respiration rate.     Terminal and lateral buds were removed carefully 

from cuttings with a sharp razor blade.     The buds were washed 
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several times in distilled water,   blotted slightly with filter paper,   and 

placed in 3 ml of 0. 01 M phosphate buffer,   pH 7. 1,   in standard 

single-armed Warburg vessels.     The center well of each vessel 

contained 0. 2 ml 20% KOH,   the ring of the center well was lightly 

coated with stopcock grease to prevent the KOH from "creeping" out 

of the well,   and fitted with a filter paper wick to provide maximum 

absorptive surface for the evolved carbon dioxide (31).     Oxygen uptake 

by buds was measured at 30   C by a Gilson Respirometer (7).     In 

every set,   controls were run with all the chemicals but without buds 

in the vessels. 

An equilibrium time of one hr was given to allow thermal and 

vapor equilibrium.    After that,   the gassing manifold valve and opera- 

tive valves were closed and oxygen uptake was measured after one hr. 

The buds were removed from vessels,   washed in distilled water, 

blotted with filter paper and dried in a forced air oven for about 48 hr 

at 75 t 5   C temp and weighed.     The quantity of oxygen used was 

expressed a.s jil O- /g dry wt of buds/hr at normal temp and pressure 

(NTP). 

Early in the season (August),   24-30 buds were used for each 

determination.    With advanced development,   fewer buds were used, 

finally only 9-12 buds per vessel. 
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Cambial activity.     Free-hand cross sections of stems were cut one cm 

below the terminal bud with a razor blade.     The sections were placed 

in distilled water for 5 min.    After washing,   the sections were trans- 

ferred to an aqueous solution of 0. 05% toluidine blue o dye for 40-60 

sec.     They were then given two 5 min washes in distilled water (22). 

Stained sections were mounted and examined for cambial activity 

(rows of xylem cells) according to the technique developed by Lavender 

et al.   (17) and Worrall (37). 

Results and Discussion 

Bud activity.     There was a consistent pattern of bud activity in the 

stem cuttings studied during the two years  (Tables  1,   2).     LD signifi- 

cantly increased the respiration of buds,   and hastened their ennergence 

as compared with SD treatment. 

Earlier studies had shown that Juniperus,   Pieris,   and 

Rhododendron cuttings placed in the rooting medium in autumn had -.. 

their greatest bud activity under a 24 hr photoperiod followed by 

those with an 18 hr day,   while bud activity under normal daylength 

was negligible (14).     Nitsch (20,   21) observed that LD (18 hr) treatment 

prevented onset of dormancy in a number of species and SD (10 hr) 

promoted dormancy.     He found a decrease in the level of growth- 

promoting substances and an increase in the concn of inhibitors 

in Rhus  typhina seedlings  kept under SD  (20). 



Table 1.    Effect of photoperiod and rooting temp on succinic dehydrogenase activity,   bud break, 
cambial activity,   and rooting of Douglas-fir cuttings observed after 90 days in the 
rooting trays    (1971-72). 

Rooting Succinic Bud break Ca mt tial Ro oting 
Sampling temp 

(0C) 
dehydrc 

18 hr 
igenase 

9 hr 
(%) activity (%) 

date^ 18 hr 9 hr 18 hr 9 hr 18 hr 9 hr 

1971 
Aug.    15 10 + 0 0 0 11. 3 10. 7 0 0 

18 + 0 0 0 12. 0 9.7 0 0 
26 + 0 0 0 12. 0 11. 3 0" 0 

Oct.    15 10 + 0 26. 7 0 22. 7 11.0 10.0 0 
18 + 0 20. 0 0 21. 3 12.0 16.7 0 
26 + 0 26. 7 0 22. 0 12.0 0 0 

1972 
Jan.    15 10 + + 73. 3 20.0 33. 0 23.7 3. 7 0 

18 + + 83. 3 16.7 33. 3 24. 3 23.0 11. 3 
26 + + 63. 3 13. 3 32. 0 27.0 35. 3 14. 7 

Mean 32. 6 ** 5.5 22. 2 ** 15. 7 9.9 ** 2. 9 

LSD .05 5. 5 1. 1 5, . 1 
.01 6. 9 1. 4 6, . 4 

z 
Values are mean of 3 trees. 

y 
Date cuttings were sampled from trees. 

x 
+:    presence of red/blue formazan pigment;    0:    absence of red/blue formazan pigment. 

*# 
Numbers at left significantly different frorrj those at right at 1% level. 



Table 2.    Effect of photoperiod and rooting temp on succinic dehydrogenase activity, respiration of buds (dry wt), bud break, cambial activity, and 
rooting of Douglas-fir cuttings observed after 90 days in the rooting trays  (1972-73). 

Sampling 

Rooting 

temp 
<0a 

Succinic 
dehvdrozenase 

18 hr       9 hr 

Respiration rate 

OilOa/R/hr). 
18 hr             9 hr 

Bud break 
Cambial activity 

Rooting 

date7 18 hr 9hr 18 hr 9hr 18 hr 9hr 

1972 
Aug. 15 10 + 0 77.0 54.3 0 0 13.3 11.3 0 0 

18 + 0 85.0 65.0 0 0 15.0 12.7 3.3 0 
26 + 0 81.3 66.7 0 0 14.0 11.0 13.3 6.7 

Sep. IS 10 + 0 149.0 56.0 0 0 16.7 13.0 0 0 
18 + 0 135.0 73.3 0 0 15.0 12.0 3.3 3.3 

26 + 0 133.3 56.7 0 0 13.7 13.7 16.7 3.3 

Oct. 15 10 + 0 189. 7 43.7 13.3 0 20.0 12.0 0 0 
18 + 0 210.0 60.0 20.0 0 23.7 15.7 3.3 0 

26 + 0 185.0 45.3 20.0 0 24.0 14.0 23.3 0 

Nov.  IS 10 + 0    . 178.3 47.3 20.0 0. 24.7 15.0 0 0 
18 + 0 230.3 34.7 23.3 0 21.0 16.7 10.0 3.3 

26 + 0 240.3 56.3 16.7 0 26.3 14.0 10.0 0 

Dec. 15 10 + 0 203.0 109.7 26.7 0 22.0 13.0 0 0 
18 + 0 224.7 141.0 23.3 0 31.3 16.3 43.3 10.0 

26 + 0 239.7 179. 7 30.0 0 25.7 14.3 33.3 13.3 

1973 
Jan. 15 10 + + 235.0 207.0 33.3 26.7 23.3 25.3 3.3 3.3 

18 + + 237.7 240.0 43.3 30.0 25.7 27.7 50.0 33.3 

26 + + 217.7 209.7 36.7 26.7 25.3 22.3 26.7 36.7 

Mean 178.8 ** 98.9 17.0 ** 4.6 21. 1 **    15.6 13.3 ** 6.3 

LSD .05 7.4 2.0 0.9 4.: i 
.01 9.9 2.7 1.2 s.: 7 

Values are mean of 3 trees, 
y 
Date cuttings were sampled from trees. 

+ :   presence of red/blue formazan pigment; o:   absence of red/blue formazan 
^      pigment. 
Numbers at left significantly different'from those at right at 1% level. 
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It was interesting that under LD,   histochemical tests always 

showed positive staining for succinic dehydrogenase.    Positive staining 

for succinic dehydrogenase first appeared in the apical meristem 

region of the bud.     This was followed by increased activity in the sub- 

apical region,   leaf axils,   procambial strands of the bud axis and leaf 

primordia,   and in the leaves.     Under SD the buds remained inactive 

from August through December,   succinic dehydrogenase tests -were 

negative,   and there was no evidence of bud break until January 15 

(Tables 1,2).     This would indicate that the cuttings had received suffi- 

cient natural chilling by January 15 for normal bud break,   and photo- 

period was no longer a controlling factor in bud activity.     Based on 

succinic dehydrogenase activity and respiration rate of buds,   it appears 

that LD can delay the onset of dormancy in Douglas-fir and substitute 

in whole or in part the chilling requirement.    SD promotes dormancy 

and the formation of resting buds.     There was no apparent relationship 

between bud activity and the temp of the rooting medium. 

Cambial activity.     The cambium was always active in cuttings when 

tops were under LD,   whereas cambial activity ceased under SD, 

when examined 1 cm below the terminal bud,   90 days after placing the 

cuttings in the rooting trays (Tables 1,   2).     The data suggest a LD 

stimulus to cambial activity.    Wareing and Roberts (33) found that 

when leaves of Robinia pseudoacacia were exposed to 18 hr photo- 

periods of 10 klx (940 ft-c) light intensity and the stems to continuous 

darkness there was cambial activity in the latter.     They concluded 
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that the cambial stimulus from mature leaves under LD may be due to 

high levels of auxin resulting from such photoperiods,   and conversely, 

the cessation of cambial activity under SD may result from insufficient 

auxin production under such conditions. 

Examination of the basal callus of the cuttings revealed that 

rooting temp had a pronounced effect on cambial activity.     This 

stimulus was localized in nature,   and stimulated cambial activity 

within 3-4 cm of the cut end of the cutting (4).     Cambial activity in 

cuttings placed in the rooting medium after auxin treatment was 

negligible at 10   C,   moderate at 18   C,   and highest at the 26   C rooting 

temp,   irrespective of photop'eriod (Fig.   1).     On the basis of this 

observation,   it is doubtful that the cambium of Douglas-fir has an 

endogenously imposed dormancy.     These results are in agreement 

with those of others (17,   37). 

Rooting response.     The importance of photoperiod in rooting of 

Douglas-fir cuttings was evident in these studies.     It was also 

apparent that this response to photoperiod was modified by stage of 

shoot development and rooting medium temp. 

LD significantly increased the percentage and quality of rooting 

over that of SD in both years (Tables 1,   2; Fig.   2).     The enhancement 

of rooting by LD treatment was most evident before and during the 

period of bud dormancy. 
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Fig.   1.    Effect of 3 rooting temp (10,   18,   260C) on basal callus 
development in Douglas-fir stem cuttings. 

Fig.   2.     Effect of photoperiod (9,    18 hr) on root quality of Douglas-fir 
stem cuttings. 
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These results indicate that reasonable rooting can be expected 

with cuttings under LD treatment during the period covered by this 

study (August-January).     These results are in agreement with those of 

Lanphear and Meahl (14),   who reported that Juniper us cuttings rooted 

better under 18 and 24 hr photoperiods than under normal daylengths. 

Wareing and Smith (34) observed that the percentage of Populus 

robusta cuttings rooting was greater under LD than SD.     They were of 

the opinion that increased rooting of June and July cuttings was due 

to longer daylengths under natural conditions. 

Interrelationships.     The importance of buds in stimulating the 

cambium  (1) and rooting of cuttings (18,   25,   26) has been well 

documented.     Roberts (25) observed that the buds of Douglas-fir 

cuttings have a great deal to do with their rootability.     He concluded 

that buds appear at various times to be a source of inhibition,   pro- 

motion,   and competition to rooting of cuttings.     It has been shown that 

bud dormancy can be responsible for poor rooting during early autumn 

(6,   25,   26),   and as the chilling requirement of the dormant buds is 

satisfied,   rooting gradually increases  in late autumn or winter (15,   25) 

reaching a peak in January,   when very little dormancy remained in 

the buds  (26). 

In this study,   cuttings rooted without evidence of bud break in 

August and September under LD and in August,   September,   November 
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and December under SD (Tables  1,   2).     This indicates that the chilling 

requirement for rooting is considerably less than that for breaking bud 

dormancy.    Maximum rooting occurred at or before the first signs  of 

bud break and dropped off sharply with increasing bud activity,   as 

observed by Lanphear and Meahl (15).     It was observed that many 

cuttings with very active buds failed to root. 

Wareing and Smith (34) found the percentage of cuttings rooting 

was greater under LD than SD with both intact and disbudded cuttings. 

They concluded that the effect of daylength on rooting of cuttings was 

independent of any effect on extension growth.     This does not support 

the-suggestion (35) that increased rooting may be the result of an 

increase in bud activity.     The increase in root initiation under long 

photoperiods could be associated with increases in carbohydrates (11) 

and higher auxin levels  (10,   34).     Jain and Nanda (12) observed that a 

correct balance of auxin and glucose was necessary for rooting. 

Brown (5),   Wareing and Roberts (33) and Wareing and Smith (34) 

were of the opinion that mature leaves are capable of supplying the 

hormones necessary for cambial activity and rooting,   and could 

replace the need for actively expanding buds.     Since it has been 

demonstrated that cambium has no endogenously imposed dormancy 

(17,   37),   cambial activity per se, does not appear to be the problem in 

rooting. 



58 

Literature Cited 

1. Avery,   G. S. ,   Jr. ,   P. R.   Burkholder,   and H. B.   Creighton. 
1937.     Production and distribution of growth hormone in shoots 
of Aesculus and Malus,   and its probable role in stimulating 
cambial activity.    Amer.   J.   Bot.   24:51-58. 

2. Baker,   R. L. ,   and C. B.   Link.     1963.     The influence of photo- 
period on the rooting of cuttings of some woody ornamental 
plants.     Proc.   Amer.   Soc.     Hort.     Sci.        82:5 96-601. 

3. Berg,   J. ,   et^ aL     1956.     The rooting of cuttings from shy-rooting 
rhododendron hybrids.     1st Communication.     1956 Hort. 
Abstr.   26:4024. 

4. Bhella,   H. S.     1974.     Root initiation and elongation in Douglas- 
fir,   Pseudotsuga menzjesii (Mirb. ) Franco,   stem cuttings as 
related to bud and cambial activity.   ,Ph. D.   thesis.     Oregon 
St.   Univ. ,   Corvallis. 

5. Brown,   C. L.     1970.     Physiology of wood formation in conifers. 
Wood Sci.   3:8-22. 

6. Fadl,   M.S.,   and H. T.   Hartmann.     1967.    Relationship between 
seasonal changes  in endogenous  pronaoters and inhibitors in pear 
buds and cutting bases and the rooting of pear hardwood cuttings. 
Proc.   Amer.   Soc.   Hort.   Sci.   91:96-112. 

7. Gilson,   W. E.     1963.     Differential respirometer of simplified 
and improved design.    Science 141 (3580):53 1 -532. 

8. Halma,   F. F.     1931.     The propagation of citrus by cuttings. 
Hilgardia 6:131-157. 

9. Hamada,   S.     1959.    Propagation of Mulberry trees in Japan. 
1959 Biol.   Abstr.   33(5):46736. 

10. Heide,   O. M.     1964.     Effects of light and temperature on the 
regeneration ability of begonia leaf cuttings.     Physiol.   Plant. 
17:789-804. 

11. Hess,   C. E.     1969.    Internal and external factors regulating root 
initiation.     Root Growth.     Ed.   by W. J.   Whittington,   Butterworths 
&  Co.    (Publishers)  Ltd.,    London.      p.   42-53. 



59 

12. Jain,   M. K. ,   and K. K.   Nanda.     1972.     Effect of temperature and 
some antimetabolites on the interaction effects of auxin and 
nutrition in rooting etiolated stem segments of Salix tetrasperma. 
Physiol.   Plant.   27:169-172. 

13. Jensen,   W. A.     1962.     Botanical histochemistry.     W. H. 
Freeman & Co. ,   San Francisco.     408 p. 

14. Lanphear,   F. O., and R. P.   Meahl.     1961.     The effect of various 
photoperiods on rooting and subsequent growth of selected woody 
ornamental plants.     Proc.   Amer.   Soc.   Hort.   Sci.   77:620-634. 

15. Lanphear,   F. O., and R. P.   Meahl.     1963.     Influence of endoge- 
nous rooting cofactors and environment on the seasonal fluctua- 
tion in root initiation of selected evergreen cuttings.     Proc. 
Amer.   Soc.   Hort.   Sci.   83:811-818. 

16. Laurie,   A., and E.   Stillings.     1949.     Studies on propagation of 
greenhouse roses by cuttings.    Amer.   Soc.   Hort.   Sci.   53:492- 
500. 

17. Lavender,   D. P. ,   R. K.   Hermann,   and J. B.   Zaerr.     1969. 
Growth potential of Douglasr-fir seedling-s-during dormancy. 
Physiology of Tree Crops.     Ed.   by L. C.   Luckwill,   Academic 
Press,   New York.     p.   209-222. 

18. Lek,   H. A. A.   VanDer.     1924.     Root development in woody 
cuttings.    Meded.   Landbouwhoogesch.    Wageningen.   28(1): 1-230. 

19. Nelson,   S. H.     1966.     The role of bottom heat in the rooting of 
cuttings.     Comb.   Proc.   Int.   Plant Prop.   Soc.    16:174-181. 

20. Nitsch,   J. P.     1957.     Growth responses of woody plants to 
photoperiodic stimuli.     Proc.   Amer.   Soc.   Hort.   Sci.   70:512-525. 

21. Nitsch,   J. P.     1957.     Photoperiodism in woody plants.     Proc. 
Amer.   Soc.   Hort.   Sci.   70:526-544. 

22. O'Brien,   T. P. ,   and M. E,   McCully.     1969.     Plant structure and 
development:    a pictorial and physiological approach.     The 
Macmillan Co. ,   London.     114 p. 

23. Poole,   R. T. ,   and W. E.   Waters.     1971.    Soil temperature and 
development of cuttings and seedlings  of tropical foliage plants. 
HortScience.    6:463-464. 



60 

24. Reinder-s-Gouwentak,   C. A.     1941.     Cambial activity as depen- 
dent on the presence of growth hormone and the non-resting 
condition of stems.     Proc.   Ned.   Akad.   Wetensch.    Amst. 
44:654-662. 

25. Roberts,   A. N.     1969.     Timing in cutting propagation as related 
to developmental physiology.     Comb.   Proc.   Int.   Plant Prop.   Soc. 
19:77-82. 

26. Roberts,   A. N. ,   and L. H.   Fuchigami.     1973.    Seasonal changes 
in auxin effect on rooting of Douglas-fir,   Pseudotsuga 
menziesii (Mirb. ) Franco,   stem cuttings as related to bud 
activity.     Physiol.   Plant.   28:215-221. 

27. Schwartze,   C. D. ,   and A. S.   Myhre.     1947.     Rooting blueberry 
cuttings.    Wash.   Agr.   Expt.   Sta.   Bui.   488.     32 p. 

28. Snyder,   W. E.     1955.     Effect of photoperiod on cuttings  of 
Taxus cuspidata while in the propagation bench and during the 
first growing season.     Proc.   Amer.   Soc.   Hort.   Sci.   66:397- 
402. 

29. Stoltz,   L. P. ,   and C. E.   Hess.     1966.     The effect of girdling upon 
root initiation:    carbohydrates and amino acids.     Proc.   Amer. 
Soc.   Hort.   Sci.   84:734-743. 

30. Stoltz,   L. P. ,   and C. E.   Hess.     1966.     The effect of girdling upon 
root initiation:    auxin and rooting cofactors.     Proc.   Amer.  Soc. 
Hort.   Sci.   89:744-751. 

31. Umbreit,   W. W. ,   R. H.   Burris,   and J. F.   Stauffer.     1964. 
Manometric Techniques.     4th ed.     Burgess Publishing Co. , 
Minneapolis,   Minnesota.     305 p. 

32. Ure,   C. R.     1937.     Preliminary test with softwood cuttings of 
trees and shrubs in Alberta.    Sci.   Agr.   17:720-726. 

33. Wareing, P. F. , and D. L.. Roberts. 1956. PhotoperiodLo 
control of cambial activity in Robinia pseudocacia L. New 
Phytol.   55:356-366. 

34. Wareing,   P. F., and N. G.   Smith.     1963.     Physiological studies 
on the rooting of cat tings.    Rpt.   Forest.   Res.   Lond.   Forest. 
Comm.  118-120. 



61 

35. Waxman,   S.     195 5.     The effect of the length of day on the growth 
of woody plants.     Proc.   Plant Prop.   Soc.     Fifth Ann.  Mtg. 
p.   47-49. 

36. Waxman,   S.     1957.     The development of woody plants as affected 
by photoperiodic treatments.     Ph. D.   thesis.     Cornell Univ. , 
Ithaca,   N. Y. 

37. Worrall,   J.     1971.    Absence of "rest" in the cambium of 
Douglas-fir.     Can.   J.   For.   Res.   1:84-8 9. 



62 

GENERAL DISCUSSION AND CONCLUSIONS 

The primary purpose of this study was to examine certain 

factors controlling bud and cambial activity in Douglas-fir and relate 

this activity to root initiation and elongation.     Lek (19 24) observed 

that one of the fundamental differences between stem cuttings of dif- 

ferent origin was in the process whereby they formed adventitious 

roots.    He concluded that root initiation occurred within callus in 

hard-to-root species.    A detailed classification of tissues involved 

in root, initiation in conifers was prepared by Satoo (19 55,   19 56). 

Although,   he did not include Pseudotsuga in his study,   he did find 

that in hard-to-root genera such as Abies,   Picea,   and Pinus the 

adventitious roots generally arose in callus.    He emphasized the 

need for microexamination of callus formation,  tissue differentiation, 

and organ formation in callus to provide means of improving rooting 

methods. 

It is only-when the origin of roots for a species has been 

established,   that consideration of the development of the tissues 

giving rise to root initials becomes important.     Having established 

the importance of callus in root initiation in Douglas-fir,  the tissues 

from which callus proliferates, the stimuli causing the callus activity, 

and its differentiation into root initials require consideration. 

Sledge  (1930) emphasized the importance of vascular cambium in 
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adventitious root formation.     Present studies have shown that in 

Douglas-fir stem cuttings,   callus originates principally from the 

vascular cambium,   and differentiation within the callus tissue gives 

rise to root primordia.    In other species,   tissues in addition to the 

vascular cambium have been found to contribute to the callus prolifer- 

ation.     For example,   cortex and pith were largely responsible for 

callus formation in Pinus (Reines and McAlpine  1959; Hoffmann and 

Kummerow 1966; Cameron and Thomson 1969).    Satoo (1955,   1956) 

has shown that tissues giving rise to callus are specific for the 

genera. 

Callus formation readily occurred at all times of the year, 

although extent of its development varied -with stage of shoot develop- 

ment.    Cuttings with abundant callus often failed to root,   but many 

cuttings with only fair callus showed root initiation and elongation, 

suggesting that root initiation in Douglas-fir is not directly related 

to the extent of callus formation,   but rather to specific conditions 

yet unknown,  that are necessary for tissue differentiation and organ 

formation within callus.    The balance between auxin and other con- 

stituents in plant tissue controls organ formation,   and is the basis 

for rooting of excised plant parts.     Besides auxin,   other growth 

regulators such as gibberellic acid {GA),  abscisic acid (ABA), 

cytokinins,  and ethylene may affect rooting (Westwood 1972)., Skoog 

and Miller (19 57) developed a method for inducing tissue 
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differentiation in tobacco callus.     They concluded that high auxin 

concentrations favor callus production,   an effect enhanced by equal 

concentrations of auxin and kinetin,     GA also stimulates callus 

formation,   but inhibits root initiation (Murashige 1965).    Root 

initiation proceeds under high auxin concentration,   favored by GA or 

high ratios of auxin to kinetin (Skoog and Miller  19 57;  Galston and 

Davies  1970).    Root elongation proceeds under low auxin concentra- 

tion (Cameron and Thomson 1969). 

The importance of buds in stimulating cambial activity (Avery 

et al, 1937) and rooting Lek 1924; Roberts and Fuchigami 1973) has 

been well documented.    Roberts and Fuchigami (1973),   studying the 

periodicity of rooting in stem cuttings in Douglas-fir,   found that 

rooting was least in September and October when bud dormancy was 

most pronounced and greatest in December and January,   if exogenous 

auxin was applied,   or in February and March if no auxin treatment 

was used.    Auxin treatment did not enhance rooting in September 

and October,   but at other times it did replace or supplement the 

role of the vegetative buds in promoting rooting.     Present studied 

revealed that auxin treatment significantly increased cambial 

activity at the base of the cutting,  which subsequently increased 

rootability during pre- and post-dormancy.    Auxin treatment alone 

was not effective in stimulating rooting during the true dprmancy, 

and during peak of dormancy long photoperiods ^LD) or cold 
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treatment was required for rooting.     This study further verified 

that the cambium of Douglas-fir has no endogenous dormancy. 

(Lavender e_t al. 1969; Worrall 1972).     Furthermore,   there was no 

apparent difference in cambial activity or cutting rootability associ- 

ated with presence or absence of buds,   suggesting that leaves alone 

are capable of supplying the growth substances needed for cambial 

activity and root initiation in Douglas-fir.     Brown (1970) pointed out 

that the. initiation of cambial activity in conifers may be less depen- 

dent on actively growing buds,  and Wareing and Roberts (19 56) and 

Wareing and Smith (1963) concluded that leaves can replace the role 

of actively growing buds in stimulating cambial activity and rooting 

in stem cuttings.    Any general statement regarding the role of buds 

in rooting must account for the separate effects of wounding and dis- 

budding,   state of dormancy,  the presence of leaves,   and whether the 

stimulus is to growth of   pre-formed root primordia or de noyo root 

initiation (Westwood 1972). 

The vascular cambium resumed activity at the base of the cut- 

ting after the cuttings were placed in the rooting medium.    Knight 

(1927) and Sledge (1930) observed an acrppetal spread of cambial 

activity having its origin in the callused base of apple cuttings and 

decreasing in an upward direction.    They concluded that wounding, 

caused by the cut at the base of the cutting,  might release a "wound 

hormone" 'which might be  responsible for initiation of acropetal 
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cambial activity.    Galston and Davies (1970) postulated that cytokinins 

may be present in the  "wound hormone. " 

The cambium was always active in cuttings when tops were 

under LD,  whereas cambial activity ceased under SD.    Wareing and 

Roberts (1956) found that when leaves of Robinia pseudocacia were 

exposed to LD and the stems to continuous darkness there was 

cambial stimulus in the latter.     They concluded that the cambial 

stimulus from leaves under LD may be due to high levels of auxin 

resulting from such photoperiods,   and conversly,  the cessation of 

cambial activity under SD may result from insufficient auxin produc- 

tion under such conditions. 

LD significantly increased the percent and quality of rooting 

over that of SD.    The results of present studies indicate that reason- 

able rooting can be expected with cuttings under LD treatment,   even 

during the period of greatest dormancy (September-October),  where 

auxin treatment alone was not effective in stimulating rooting 

(Roberts and Fuchigami 1973).    This response to photoperiod was 

modified by rooting medium temperature,   i. e. ,   cuttings rooted 

significantly better under Z6    and  18   C rooting temperature than 

under 10   C.    It is assumed that 10  C was too low for optimum 

metabolic activity. 

Dormant cuttings sampled during October and cold-stored for 

60 days at 0  ±   1   C  showed signs of bud activity,   as verified by the 
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reduction of ditetrazolium,   and rooted significantly better than those 

not given a cold treatment.    This improved rooting with cold treat- 

ment had been observed in other studies with Douglas-fir (Roberts 

and Fuchigami 1973).    Roberts and Fuchigami (1973) were of the 

opinion that cold treatment brings inhibitors and promoters into 

proper balance for rooting during the period of bud dormancy 

(September-October) in Douglas-fir stem cuttings.    A significant 

increase in cambial activity (after 90 days in rooting bench) as a 

result of cold treatment,   either in the cold-storage or on the tree, 

was observed. 

These studies indicate that cambial activity is not the problem 

in rooting Douglas-fir stem cuttings,   since callus formation readily 

occurred at any time of the year.    Why cuttings with good callus 

failed to root is unanswered.    The mechanism of tissue differentia- 

tion within callus is worthy of exploration,   since it is part of the 

answer to the above question.     This suggests that future studies be 

planned to induce differentiation within callus by changing hormonal 

or nutritional balance or changing environmental conditions to bring 

about the proper balance of rooting cofactors. 
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z 
Table  1.     Quality    and percent rooting and percent mortality of 

Douglas-fir cuttings observed after 170 days in the 
propagation benchV. 

Root quality 
Tree                          (number of cuttings) Percent 

Tree     age        Total      — —      — 
No.     (yrs)   cuttings   Excellent   Good   Fair Rooting   Mortality 

30 6 46 5 5 0 22 20 

31 6 58 10 13 24 81 9 

32 6 65 12 27 14 82 8 

33 6 61 9 16 21 75 11 

40 50 108 1 10 2 80 

41 50 60 10 2 1 22 33 

42 50 69 11 7 1 28 10 

43 50 46 3 0 0 7 43 

z 
See Figure  1 for categories of root quality used. 

y 
'Cuttings were sampled from trees on November 24,   1970. 



71 

z 
Table 2.     Effect of photoperiod and temperature on bud break    of 

rooted Douglas-fir cuttings. Y 

No.   LD to bud break No.   SD to bud break 
No.   buds    ' > ■■ '       No.   buds 

5-10OC 16-210C Total broke 5-10OC 16-210C Total broke 

0              63 63 35 0 106 '106             6 

10              61 71 33 10 96 106              2 

20              51 71 34 20 86 106              5 

30              56 86 35 30 66 96             7 

40              46 86 29 40 56 96 18 

50              46 96 53 50 46 96 34 

60              46 106 56 60 36 96 54 

70              36 106 53 70 26 96 39 

80               26 106 54 80 26 106 23 

Bud break:   when buds showed green needles. 

y 
Ninety-five potted cuttings -were moved in each of the two growth 
chambers (LD; SD) set at 5-10oC (night-day) temperature on 
May 18,   1971.    Ten potted cuttings were moved from 5-10oC to 
l6-210C temperature regime under similar photoperiodic condi- 
tions after 0,   10,   20,   30,   40,   50,   60,   70,   and 80 days, 

XLD :   18 hr of 7 50 ft-c light intensity; SD : 9 hr of 1500 ft-c light 
intensity. 



72 

Figure  1.      The root quality used in this study:   None- 
no roots; Fair-one to three roots; Good- 
four to six roots; Excellent-seven or more 
roots. 
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Figure 2.      This cutting from a 50-year-old Douglas-fir 
seedling (Tree No.   41) had excellent quality 
roots without bud break when removed from 
rooting bench.     Bud break occurred when the 
potted cutting was kept under an 18 hr photo- 
period of 7 50 ft-c light intensity for 63 days. 
Growth chamber was maintained at 210C dur- 
ing the day and I60C during the night.    Note 
the female cone. 


