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INTRODUCTION

The use of asexual propagation for woody desert plants has been 
given little attention by most nurserymen0 Current methods of obtaining 

new plants have been limited primarily to seed propagation. Aside from 

the very rare chance selection.of mutant or chimeric material, vegetative 

propagation is the surest means of maintaining genetically identical 

clonal lines of plant materials. Kains and McQuestion (19) point out 

that the use of cuttings results in a fully developed and often stronger 
plant in considerably less time than plants grown from seed.

The desirability of native desert plants in Arizona landscaping 

has stimulated interest in methods of propagating these plants by vegeta
tive means. The dependability of cutting material and the slow rate of 

seed plant development of current landscape material has created the need 
for vegetative methods of propagating desert plants.

Recent plantings throughout the state of Arizona indicate desert 
species can be used to achieve desirable results in the landscape design 

with low maintenance costs. Most species are resistant to common garden 

pests, require little water, infrequent pruning and fertilization.

The selection of Ghilopsis linearis (Cav) Sweet. (Desert Willow) 

and Vauquelinia californica (Torr.) Barg. (Arizona Rosewood) was the 

result of a survey of desert vegetation for use in home landscaping. The 
two species were considered as promising landscape plants due to their
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attractive foliage, flowers, and growth habit. Ghilopsis linearis has 
attractive catalpalike flowers varying in color from deep lavender to 
white. The plant is usually a small tree or large shrub up to 30 feet. 
Vauquelinia califomica is a large shrub or small tree, evergreen with 

white flowers. The plants give the appearance of having been recently
pruned.

Garrya Wrightii Torr. was selected upon consultation with refor
estation agencies. The plants reach a height of ten feet and are frequent 

ly browsed by wildlife. The shrub grows well on dry slopes and could 

maintain itself once it became established.

Propagation facilities employed by nurserymen frequently do not 
permit an extensive use of equipment and materials. The experimental 

work was done under controlled intermittent mist. Use of this equipment 

requires less water than other misting systems and better results have 

usually been attainable.
The time of year at which material is struck for cuttings is 

reported as highly variable. For this reason, previously reported infor

mation was reviewed and differentials were chosen to determine the most 

desirable time of the year for selecting material. Information pertain

ing to growth regulators, their effect on the time of year of cutting 

selection, and their root-inducing capabilities was included in this 

study.



LITERATURE REVIEW

The successful use of asexual propagation has increased consider
ably during the last thirty years with the development of new misting 
facilities and plant growth regulators. Early successes with mist propaw 

gation were achieved with plants which were classified as easy to root, 
but these methods would now be termed rather primitive. It was not until 

the early 1930Is that workers began to extensively develop and improve 
techniques for reproducing plants by asexual propagation (20). Esper 

and Roof in 1931 (13) conducted trials in which they varied the temperature 
of the rooting medium and studied leaf removal. Leaf removal as suggested 

by Esper and Roof has since become a common commercial practice in the 
nursery industry.

It is felt a brief discussion regarding the general physiological 

concepts of rooting would be helpful before discussing the literature 

below. The home gardener usually thinks of rooting as a simple one-step 

process. Two processes take place and should be considered when discussing 

asexual propagation of stem cuttings. The first is the initiation of 

meristematic activity either by stimulating cell division in dormant 

cells or in the cells of undifferentiated parenchyma (2), (3). Root., 

initials which develop in either of these areas are initiated in the 
vicinity of differentiating vascular tissues of the stem (11X> (12).

The second process is elongation. This occurs after root initia** 
tion has taken place and is recognizable by the formation of a protrusion.

3
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the root primordium. This root primordium penetrates the cortex and 
emerges at the surface through the epidermis of the stem.

Leaf Removal

Leaf removal practices suggested by Adriance and Brison (1) in 
1939 consisted of the removal of basal leaves on the cuttings allowing 

two or three terminal leaves to remain. Allowing additional leaves to 

remain on the cuttings did not aid in root initiation, but merely per
mitted extensive amounts of moisture to transpire. These workers also 

found that cutting material taken early in the day would have turgid 

leaves which resulted in better rooting percentages. The cutting material 
was kept moist to prevent loss of moisture through transpiration until it 

was prepared for the benches.

At the time of the above mentioned discoveries, Calma and Richey 
(4) v.had extensively studied,v the necessity of defoliation practices.

The results of their work indicated that root production in cuttings is 

determined to a great extent by the amount of leaf area on the cutting. 
Cuttings with the greatest leaf area produced the largest amount of roots 

and also the highest percentage of rooted cuttings. Cuttings that were 

defoliated on one side produced roots mostly on the side containing leaves 

and a high percentage of mortality occurred in fully defoliated cuttings.

Node and Internode Cuttings

At the time Esper and Roof were investigating factors influencing 
rooting, Chadwick (6) was concentrating his efforts on determining suit

able methods of taking cuttings. His studies in 1930 (5) indicated the
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superiority of cuttings where the basal cut was made just below the node. 
This work was primarily with softwood material. Intemodal cuttings of 
Populus balsamifera (26), Clematis (25) and 86 other plants (5), mostly 
shrubs, indicated internodal cuttings were desirable with certain groups 

of plants. Results with Clematis were not based on rooting percentages 

alone, but on the amount and position of the roots as well. Kains and 

McQueston i (18) arrived at similar conclusions. Dempster (9) indicated 

that there was little difference in rooting when cuttings were taken 
below a node or through the internode. Results obtained by Dempster and 

other research workers indicated there are considerable differences of 
opinion with respect to where basal cuts should be made on hardwood 
cuttings. Cuts made about % inch below the node appear to give the best 
results. Nutritional studies of Matilstede and Haber (22) indicate that 

softwoods taken at midseason have accumulated carbohydrates at the nodes, 

thus making the physiological constitution of the stem ideal for cutting 
below the'leaf node.

Wounding

Hartmann and Hester (16) increased root initiation greatly by 

wounding the basal end of the cutting. Several wounding methods were 

employed, but the use of a razor blade to cut through the bark in several 

places proved effective and simple to use. After wounding, the cuttings 

were ready to be subjected to the necessary growth regulator treatments. 
Wounding exposed more cambial area and permitted development of more root 

initials from the cuts. These open cuts increased the incidence of infec
tion by bacteria and fungi, especially if the rooting medium was not sterile.
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Mist Propagation

The rooting of cuttings under intermittent mist is an accepted 
practice now employed by commercial propagators• Conservation of water 

and the prevention of water loss through transpiration is now an accepted 

technique used by most nurserymen. Timing devices are regulated to auto

matically mist the cuttings at definite intervals throughout the entire 
rooting period. The acceptance of this technique has been rapid and 

widespread and its use has meant increased financial returns to the 

nurseryman through higher rooting percentages and lower labor costs com
pared to hand watering methods.

Gardner, in 1940 (15), used a humidification chamber with cloth 

a few inches aboye the cuttings in glass greenhouses• He found humidifi

cation was successful but that the intermittent mist was more effective.

The original equipment was little more than a humidification chamber which 
made it possible to leave more foliage on the cutting than was previously 
used. This structure increased rooting only slightly. After much testing, 

an automatically controlled water system was developed which eliminated 
the necessity for hand sprinkling the cuttings, benches, and floors, several 

times a day to maintain proper moisture conditions.

There are several factors which make the use of a mist system 

desirable. From a physiological standpoint the advantages include:

1/ Water forced under pressure through small nozzles forms a thin layer 

of moisture on the leaf surface. This surface moisture is constantly 

evaporating resulting in heat absorption and cooling of the leaves.
2/ Water losses due to transpiration from foliage are reduced and wilting
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is prevented, 3/ More foliage retained on the cuttings may permit a 
greater supply of carbohydrates for rooting and continued growth.

Constant mist systems waste large quantities of water whereas 
an intermittent system is regulated to make the most efficient use of 
water. The constant mist supplies more water than is actually needed to 

keep the leaf surface of the cutting moist. The costs of this method led 

to the development of the controlled intermittent misting system-(17). 

Timing devices are available which will control the interval and duration 
of misting and which will also shut off the system during periods, mainly 

at night, when operation is not needed. Audus (2) presents data showing 
that transpiration and evaporation are at a minimum during dark periods, 
implying that misting is not necessary during night time.

U$e of Growth Regulators

The information explaining the activity and function of plant 
growth regulators in plant propagation has become rather extensive. Audus 

(2) has indicated that one of the most important effects of plant growth 

regulators is in the stimulation of root initiation and in root elongation. 

This natural rooting substance has been shown to be indole-3-acetic acid 

(IAA) or auxin. The augmentation of this natural supply of auxin by syn

thetic auxins, applied externally, results in most cases in a manifold 

increase in root production (2).
Audus (2) described the rooting response as a result of accumula

tion at the basal end of cuttings of natural auxins produced by buds and 

leaves. Audus points out further that roots may arise from primordia
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already present in the stem or from adventitious primordia which develop 
later as a result of excission*

The studies of Doran (10) relate to the effects of treating cuttings 

with root-inducing substances. Doran found that if treatments are benefi
cial, the season during which cuttings may be successfully taken was 

lengthened, the rooting percentage increased and less time was required 

for rooting or to induce the development of a profuse root system.

Indolew3-acetic acid, although a natural auxin, presents problems 

in its use in that it may spread into buds and inhibit their early develop

ment and growth. Two compounds of equal rooting activity are indole-3- 

butyric acid (IBA) and naphthyleneacetic acid (NAA). The use of these 
compounds is due to tWo important characteristics• The first is their 
greater chemical stability which results in improved persistence and a 

correspondingly more prolonged action. The second characteristic is low 

mobility. This means the compound is retained near its point of applica
tion and does not move readily to other parts of the plant and induce 
other growth responses.

The narrow range of concentration over which NAA may be used off

sets its advantages. It is important that the compound1s optimum rooting 

concentration is not exceeded due to the toxic concentration limit which 

approaches closely that of the optimum rooting concentration. The greater 

flexibility of IBA in this respect frequently makes it more desirable, 
while the extensive mobility of IAA in plant tissue frequently makes it 

undesirable for experimental purposes.
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Effect of Season Upon Rooting

By the year 1925, several people had demonstrated the need for 
developing buds as a prerequisite for rooting in many species. They had 
also established the fact that the intensity of root development was 
directly correlated with the rate of bud development. Audus(2) substan

tiated this work by using cutting material with dormant buds (December 
and January). The cuttings failed to root even under the most favorable 
conditions. In. the spring when buds renewed their activity, rooting 

occurred,

A considerable amount of information about seasonal propagation 
has been uncovered since the time of earlier workers in the field. Much 
of the information available leads one to believe the period for selecting 
species for asexual propagation is quite variable. Hartmann and Kester 

(16) suggested that cuttings be taken at any time of the year. Many of 
the deciduous hardwood species root well when collected in the dormant 

season, while leafy softwood or semi-hardwood cuttings are most frequently 

taken during the growing season. Material used at this time is usually 

succulent or partially matured wood. Some narrow-leaf and some broad- 

leaf evergreen species have one or more flushes of growth during the year 

(16). The broadleaved evergreens frequently root most readily if the 

cuttings are taken after a flush of growth and a certain amount of maturity 
has occurred. Chadwick (6) has found this period to vary from spring to 

late fall. His work also indicates deciduous species root best if soft

wood cuttings are taken soon after leaf expansion when shoots have matured 

to some extent.
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The more recent studies of Doran (10) indicate that the best time 
of the year to obtain cutting material for rooting varies with the type 
of material used--softwood, semi-hardwood, or hardwood. It appears, how
ever, that the difficulty in rooting is with different species as well as 
different aged material'on the same plant. The maturity of a portion of 

a plant effects its capacity to form root initials, but at the same time 

root-inducing substances frequently induce the development of roots on 
cuttings (7)• Gardner (15) found that a high percentage of one-year-old 

apple seedlings root quite readily, while older material forms roots less 

readily. An experiment by Gardner demonstrated the variable results one 
may expect in the rooting of cuttings•

teIf apple cuttings were taken from one-year-old seedlings 
very little difficulty was encountered in getting them to 
root. On the other hand if the cuttings came from seedlings 
which were two or more years old, even though the one-year- 
old wood was used, almost as great difficulty was experienced 
in getting them to root as in the case of named varieties •10

Doran (10) reported several instances where the age of a tree 
has a direct affect on the ability of a cutting to develop roots. A 

considerable amount of literature indicates that seasonal selection of 
material is a physiological problem and should not be reviewed from a 

chronological or time-age standpoint. O'Rourke (24), Ford (14), and 

Gran and Lindquist (8) have shown that juvenile stages of some plants 

have different morphological characteristics than mature stages of the 

same plant. In species which do have juvenile and mature morphological 

characteristics, cuttings of material showing juvenile character fre
quently root more easily than material having mature characteristics.

The indication is that the process of aging is closely associated with
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development, but not necessarily with growth. The changes which take 
place are internal, although there may be associated external expressions.

The work of Zimmerman and Hitchcock (29) substantiates that of 

O'Rourke. These men went one step further, however, in that they indicated 
considerable variation among closely related species and varieties, the 

age factor applying to a greater or lesser degree. Here as before, it 

appears that the apparent age factor can generally be overcome with the 

aid of plant growth regulators. Three examples taken from the work of 

Zimmerman and Hitchcock (29) should illustrate the problems regarding 

tissue age as it is related to the rooting of cuttings. It does not 
appear that there is a definite conclusion that can be stated with regard 
to young and old material.

"Stem cuttings of young shoots of lilac taken in May have 
the capacity to grow adventitious roots• The capacity to 
form roots gradually declines with the passing of time and is 
completely lost by July."

"Apple cuttings rarely form roots without the aid of root- 
inducing substances• Stem cuttings of young shoots of many 
varieties of apples taken in May form roots when treated with 
growth substances. Sometime during May the tissue reaches 
its maximum capacity to form roots• This capacity decreases 
until June, at which time the receptor tissue can no longer 
make use of the applied growth substances."

"American Pillar rose canes grow rapidly and somewhere 
within a few inches back of the growing tip the stem tissue 
has the capacity to regenerate roots when made into cuttings.
This location is particularly specific. Younger tissue does 
not root and neither does older tissue. Closely related 
species, however, differ widely from this, older tissue rooting 
with great ease. Rosa excelsa is a good example of this."

The work of Shill (23) briefly summarizes the results of workers

in the field to date.
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"One can expect best results with growth that is made in 
the current year. The time of insertion into the rooting 
medium varies according to the season. This, of course, 
raises the problem of softwood and firmwood."

Succulent sucker shoots are not always the most desirable to use. This

is mainly due to the lack of cambial tissue in the pith and the pith's
inability to form new cells or to develop callus tissue. Generally

speaking, the current season's material is taken at the origin of new

growth. At this point, the pith is reduced and the cambial tissue has
developed enough that it can callus over the pith. The implication here

is not that callusing is necessary, but that the pith is a most likely

place of fungi attack.

Photoperiod

Little mention is given to plant photoperiodic responses in this 

review. The reason for this can be briefly explained with consideration 

of the work of Stoutemyer,, Close and O'Rourke (27). Their use of a 
controlled photoperiod for inducing rooting of cuttings yielded specific 

responses for individual species. Different responses were obtained with 

three different photoperiods. The variable periods were 8, 16, and 24 

hour daily photoperiods. In some species rooting was obtained on cuttings 

subjected to all three photoperiods. In species where better rooting was 

induced by a specific photoperiod, a similar rooting response was obtained 

by treating cuttings with growth substances.

The photoperiod does not appear as great a factor with the rooting 
of cuttings as it does with the establishment of rooted cuttings into the 

containers or into the field. An extensive discussion of photoperiod



would include time of leaf abscission, duration of cambial activity, 

dormancy, growth extension, etc. These phenomena extend beyond the 
intended scope of this thesis.



EXPERIMENTAL MATERIALS AND METHODS

Three desert shrubs Chilopsis linearis, Vauquelinia californica, 

and Garrya Wrightii were studied with particular reference to the follow
ing: 1/ the rooting response in relation to the time of the year in

which the cuttings were taken, 2/ the effects of the growth regulator 
indole-3-butyric acid on root initiation, and 3/ the rooting response 

under an intermittent mist-spray system.

The plants from which cuttings were obtained were located on 
.the.iSahta-tCatalina Mdutitains. The plants were growing at the 4500 foot 

elevation, were well established, and had no apparent injury or disease. 
The same plant stock was used throughout the entire study.

Collection Procedure

The cutting material was taken on October 14, 1960, December 19, 

1960, March 16, 1961 and August 9, 1961. This was done to evaluate the 

effect of the time of the year on the rooting behavior.
The collecting of the cutting material was always completed by 

midmorning in order to avoid any possible midday water stress in the 

parent plants. Only five inch softwood tip cuttings having a stem dia
meter of about %inch were used. At the time of collection, the stems 

were stripped of all but 2-3 leaves and then placed into plastic freezer 
bags filled with moist peat moss. The plastic bags were then sealed and 

taken to the laboratory.
14
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Treatment with Growth Regulator

In the growth-regulator experiments, groups of cuttings were 
treated with indole-3—butyric acid (IBA) using concentrations of 4,000 

and 10,000 ppm in a 50% ethyl alcohol solution and a no-treatment control. 

Prior to treatment with IBA, four longitudinal cuts about one inch long 

were made with a razor blade at the base of each cuttings. This basal 
wounding exposed additional cambial cells, thus creating a greater area 
in which the growth regulator could function and induce the formation or 

activation of root initials. The bases of the wounded cuttings were 
dipped for five seconds in the concentrated IBA solution and then dried 

in the air.
Ten cuttings were used for each of 4 replications for each 

treatment. The cuttings were placed into perlite in four-inch-deep 

galvanized metal flats and grouped according to a split-plot design.

The split-plot design was necessary to prevent contamination of the 

control and low concentration growth-regulator treatment.

Intermittent Hist-Spray System

Tests were conducted in a glass greenhouse equipped with a time- 

actuated misting system (Figure A). This was adjusted to spray the cuttings 

for an interval of two seconds every two minutes. Fine mist nozzles with 

an orifice opening that could spray 4.6 gallons per hour per head under 
continuous operation at 100 pounds of line pressure were used. The timing 

mechanism was set to run for eighteen hours shutting the mist off auto

matically at 10:00 P.M. and turning it on again at 6:00 A.M. The green-
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house was cooled below 75°F. by late evening and temperature increases 
did not occur before 7:00 A.M. The reduction in air temperature and plant 

transpiration made night misting unnecessary. The greenhouse had no 
supplemental heat. The house was kept below 90°Fo during the intense 

summer heat by means of an evaporative cooling system, A loose woven 
plastic net was strung above the propagating bench to prevent sunburn of 

leaves during the summer months. This was removed by early fall. (Figure A 

is a diagram of the mist system and its components.)

Disease Problems

In the course of preliminary studies, a disease problem was 
encountered. A soil-borne fungus Pullularia pullulans was identified as 
the probable cause of decay of cutting material. This particular species 
is saprophytic or weakly parasitic. It was felt an attempt to control the 

fungus activity and temperature might aid in promoting root initiation.
During the month of October the hot water heating system was 

turned on and this resulted in more uniform air temperature within the 

greenhouse. The thermostat was set at 80°F. Air temperature during the 
day averaged 70 - 80°F, and the night temperature ranged between 60 - 75°F. 

The temperature of the rooting medium ranged from 59 - 72°F.

A greater fluctuation of temperature occurred in the rooting medium 

since there was little heat absorbed from the hot water pipes beneath the 

rooting benches. The hot water pipes were intended to heat the greenhouse 

air temperature and also provide heat for the benches. The lack of heat 
in the rooting bench was the result of thick transite slabs being used 

for the bottom boards of the bench. The transite acted as an insulator
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and prevented the transmission of heat to the perlite medium. Heating 

cables were therefore placed between the transite and the rooting flats 
in an attempt to maintain a more uniform temperature within the rooting 
medium.

In the previous experiments, decay of the cuttings had presented 
a serious problem in attempting to evaluate the effects of the various 

growth regulator treatments on the rooting behavior of the cuttings• In 
this test, the flats were sterilized before placing the perlite in them.

It was assumed that the perlite was sterile since this material is treated 
at temperatures above 1700°F, during its processing.

The Department of Plant Pathology was consulted in connection with 
the decay problem. It was suggested that a fungicide. Captan, be used to 

reduce the occurence of decay. Captan is a proprietory name for n-trich- 
loromethyl-mercapto-4-cyclohexene-l, 2-dicarboximide, The powder material 
used here contained 50% active and 50% inert materials. A solution con
sisting of 57 gm. of 50% Captan was put into 7.58 liters of water and the 

entire cutting was immersed in this solution. The cutting was then placed 

into the rooting medium. The following is the experimental procedure 
employed using the same species mentioned earlier.

Two additional treatments were added to note any effect a growth 

regulator might have on the foliage of the cuttings. These were foliar 

dips rather than basal dips in the growth regulator solutions. Twenty 

cuttings of each of the three species were used for each treatment:
1. CONTROL —  No treatment. Basal ends of cuttings wounded 

with four slits. Cuttings used in all other treatments 
were wounded in a similar fashion.

2. CAPTAN DIP —  Cuttings immersed in solution containing 
57 gm. 50% Cap tan in 7 <,58 liters of water.

3. IBA 4,000 ppm and Captan —  Bases of cuttings dipped for ten
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seconds in 4,000 ppm IBA-air drled-immersed in Captan 
solution for five seconds.

4. IBA 10,000 ppm and Captan —  Same as #3 except 10,000 ppm IB A,
5o IBA 4,000 ppm — Bases of cuttings dipped for ten seconds 

in 4,000 ppm IBA and air dried.
6. IBA 10,000 ppm —  Seme as #5 except 10,000 ppm IBA.
7. IBA 4,000 ppm Foliar —  Leaves and apical stem immersed in

4,000 ppm IBA for ten seconds.
8. IBA 10,000 ppm Foliar —  Same as #7 except 10,000 ppm IBA.

The perlite rooting medium was maintained at 73 - 75°F. by means
of an electric heating cable placed under the metal rooting flats. Daytime 

greenhouse temperatures were/77 - 83°F. and nighttime greenhouse tempera
tures were 60 - 65°F.

Frequent temperature recordings were taken with a Type 153 Brown 
Electronik Multipoint Recorder. A scale from 0° to 150°F. recorded 
twenty points in the greenhouse making readings at fifteen second intervals• 

A copper-constantan thermocouple was placed in the medium of each flat and 
also under the leaves for accurate temperature readings•



RESULTS

1. Rooting behavior of Chilopsis linearisa Vauquelinia californica, 

and Garrya Wrightii collected October 14, 1960.

The cuttings of JG. linearis, V\ californica and Ĝ. Wrightii 
placed in the rooting medium October 14 were removed from the rooting 

medium on December 14 and examined for callus or root formation. During 

this sixty-one day period, the basal portion of the (% linearis and 
and V. californica cuttings had decayed and most of the leaves had dropped 

off (Figure 2). These cuttings had been treated with IBA at 4,000 and
10.000 ppm. Each of the control cuttings of these two species decayed as 
did the treated group of cuttings.

Thirty percent of the non-treated (?. Wrightii cuttings rooted in 
the two-month period and 60% remained dormant. Cuttings treated with

4.000 ppm IBA rooted 13% and 87% decayed. Forty-five percent of the cut
tings of the same species treated with 10,000 ppm IBA decayed and 55% re

mained dormant, not rooting or callusing. Those cuttings which did produce 

roots did not form a callus and only a few of the leaves dropped from the 

individual cuttings (Figure B).

The effects of the growth-regulator treatments were undeterminable 

due to the sporadic rooting behavior of the cuttings (Table 1). Green
house temperature readings taken at frequent intervals indicated the day

time air temperature range to be 70 - 80°F. and the nighttime temperature
20



Figure B
Cuttings of Garrya Wrightii, Vauquelinia californica, and Chilopsis 
linearis with profuse root systems and decay.

TOP

1. Garrya Wrightii; Rooted cutting showing profuse root development,
but lack of callus development.

2. Vauquelinia californica: Blackened stem cutting indicating decay
and loss of leaves as a result of 
Pullularis pullulans.

3. Chilopsis linearis: Blackened stem cutting indicating effects
of decay.

MIDDLE
1. Garrya Wrightii: Rooted cutting with newly developed roots

arising from just below stem node.
2. Vauquelinia californica: Decayed and leafless cutting as a result

of decay.

3. Chilopsis linearis: Decayed and leafless cutting as a result of
decay.

BOTTOM
1. Garrya Wrightii: Cuttings indicating leaf retention and well

developed root system as a result of decay 
resistance.
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Table 1.
Cutting material and growth regulator concentration tests.

Collection Date Terminal cuttings - % rooted
' IBA IBA

Species Control 4,000 ppm 10,000 ppm
October 14, 1960 7a % 7.

Chilopsis linearis 0* 0* 0*

Vauquelinia californica 0* 0* 0*

Garrya Wrightii 30 13 0

December 19, 1960

Chilopsis linearis 0* 0* 0*
Vauquelinia californica 0* 0* 0*
Garrya Wrightii 50 45 75

March 16, 1961

Chilopsis linearis 0* 0* 0*
Vauquelinia californica 0* 0* 0*
Garrya Wrightii 0 0 0

August 9, 1961

Chilopsis linearis 0* 0* 0*
Vauquelinia californica 0* 0* 0*
Garrya Wrightii 30 47 47

* One hundred percent of cuttings decayed as a result of a severe infection 
of Pullularia pullulans.



range to be 35 - 50°F, The perlite rooting medium temperatures during 
the day were 60 - 70°F. and 50 - 65°Fe during the night»

2. Rooting behavior of Chi-lops is linearis, Vauquelinia californica, and 

Garrya Wrightii collected December 19, 1960.

The cuttings of (J. linearis. V. californica and G. Wrightii placed 

in the rooting medium December 19 were removed from the rooting medium 
after seventy-one days on March 1. The C. linearis and V. californica 

showed evidence of severe decay and leaf drop with no indication of root

ing or callus formation (Figure 1). Fifty percent of the G. Wrightii 

rooted without growth regulator treatment and 50% decayed. There was 45% 
rooting of cuttings treated with 4,000 ppm IBA and 75% rooting of cuttings 
treated with 10,000 ppm IBA (Table 1). The remaining cuttings showed only 

a slight indication of callus tissue even though the leaves did not drop. 
No decay occurred. Cuttings of (% linearis and V. californica decayed in 

every instance.

Greenhouse temperature reading taken during the day ranged between 

70 - 80°Fe and 35 - 50°F. during the night. The perlite rooting medium 

temperature during the day was 60 - 70°F. and 50 - 60°F. during the night.

3. Rooting behavior of Chilopsis linearis, Vauquelinia californica, and 

Garrya Wrightii collected March 16, 1961.

The cuttings of JC. linearis, V. californica, and G, Wrightii were 

placed in the rooting medium oncMarch 16 and after seventy-six days were 

removed from the rooting medium on June 1. Wrightii did not show any
evidence of callusing or any root formation. The £. Wrightii cuttings did

24
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retain their leaves and stem color and there was no decay. The linearis 
and V. californica cuttings dropped their leaves and the stems decayede 
There were no roots on any of the cuttings tested (Table 1).

Daytime air temperatures in the greenhouse increased during the 
day to 75 - 90°F., while the temperature of the rooting medium was 60 - 70°F 

The night air temperature in the greenhouse during this period was 50 - 60°F 

while the rooting medium temperature was between 55 - 65°F.

4. Rooting behavior of Chilopsis linearis, Vauquelinia californica, and 
Garrya Wrightii collected August 9, 1961.

Cuttings made from (3. linearis, V.' californica, and G. Wrightii 
were placed in the rooting medium on August 9 and removed November 1 after 

eighty-three days. Neither the C. linearis nor the V. californica callused 

or rooted and decay occurred on the basal ends of all the cuttings. Thirty 

percent of the untreated G. Wrightii cuttings rooted while 47% rooted whehc 

treated with 4,000 ppm IBA and there was 47% rooting of cuttings treated 
with 10,000 ppm IBA (Table 1). Those cuttings which did not develop roots 

formed very little callus tissue at the basal ends. There was no evidence 

of decay on the G. Wrightii cuttings.

Daytime air temperature in the greenhouse decreased gradually 
during September and October. Daytime temperatures ranged from 70 - 80°F. 

and night temperatures dropped to 50 - 60°F. The rooting medium tempera

ture was between 65° arid 70°F. during both night and day periods.

5• Rooting behavior of Chilopsis linearis, Vauquelinia californica, and 
Garrya Wrightii collected October 20, 1961 for disease study.
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The three species were placed in the rooting medium October 20 
and removed from the medium 47 days on December 6. The use of 
Captan resulted in a 91% and 84% decay reduction i n >C. linearis 
and V. califbrnica respectively. The cuttings of 6. Wrightii, 
which were not previously attacked seriously, had decay reduced 5%

(Table II).

The response of tC. linearis to Captan and growth-regulator treat

ments was an improvement over previous tests not using Captan. Rooting 
was encreased from 0 to 10 and 20% and decay was reduced 2 to 5%. The 

remaining cuttings of the 4,000 and 10,000 ppm IBA dip and Captan immersion 
were dormant when removed from the medium (Table II).

(% linearis decayed 50% and V. californica decayed 100% with the 
use of IBA and no dip in Captan. There is no apparent explanation for 
the increased rooting and callusing of £. linearis in treatments five and 

six other than cell proliferation which apparently had an opportunity to 
take place before the fungus became active (Table II)_,

Decay of plant tissue was not a serious problem with g. Wrightii 

in previous experiments and rooting frequently occurred. The incidence 

of decay in this experiment was not enough to be of any significance, 
although the high percentage of callusing and the absence of rooting in 

treatments four and five seemed a little out of the ordinary. Perhaps a 

longer period in the rooting medium would have increased the rooting.

6. Comparison of foliar immersion and a stem basal dip in IBA on rooting 
of Chilopsis linearis. Vauquelinia californica. and Garrya Wrightii 

collected October 20, 1961.
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Table II, Test V. Effect of Captan treatment and a foliar and basal treatment of cuttings with IBA. 
Material Collected October 20, 1961 and Removed December 6, 1961 (47 days).

Treatment

7.8.

Chilopsis linearis

Species
Vauquelinia californica Garrya Wrightii

Decay % Callus % Root % Dormant % Decay % Callus % Root % Dormant % Decay % Callus % Root % Dormant
100 0 0 0 97 3 0 0 5 35 25 35
9 0 0 91 13 0 0 87 0 25 30 45
5 0 10 85 20 0 0 80 0 20 10 70
2 0 20 78 0 0 0 100 1 50 0 49

50 10 40 0 100 0 0 0 6 90 0 4
50 10 30 10 100 0 0 0 6 10 0 84
22 0 0 78 97 0 0 3 2 0 60 38
13 0 0 87 92 0 0 8 10 20 10 60

Legend
1. CONTROL - No treatment. Basal ends of cuttings wounded with four slits. Cuttings used in all other 

treatments were wounded in a similar manner.
2. CAFTAN^' DIP - Cuttings immersed in solution containing 57 gm of 50% Captan in 7.58 liters of water.
3. IBA 4,000 WITH CAPTAN - Bases of cuttings dipped for 10 seconds in 4,000 ppm IBA-air dried - 2 second 

immersion of entire cutting in Captan.
4. IBA 10,000 WITH CAPTAN - Same as #3 except 10,000 ppm IBA.
5. IBA 4,000 - Bases of cuttings dipped for 10 seconds in 4,000 ppm IBA - air dried.
6. IBA 10,000 - Same as #5 except 10,000 ppm IBA.
7. IBA 4,000 FOLIAR - Leaves and apical stem immersed in 4,000 ppm IBA for 10 seconds.
8. IBA 10,000 FOLIAR - Same as #7 except 10,000 ppm IBA.

(1) CAPTAN is a proprietory name for n-trichloromethylmercapto-4-cyclohexene-l,2-dicarboximide.
to
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Chilopsis linearis did not root or callus as a result of the 
foliar dip• Decay was reduced to 23% with the use of a foliar dip in 
place of a basal dip using 4,000 ppm IBA. A 10,000 ppm IBA foliar dip 
reduced decay to 13%. Those cuttings which did not decay remained dormant 
in every instance. Leaf drop was about 1% in both treatments.

The rooting response to. the basal dip was 40% and callusing was 
10% using 4,000 ppm IBA. The response to 10,000 ppm IBA basal dip was 

very2 similar. Under these conditions, 30% rooted and 10% callused.
The response of Vauquelinia californica to the foliar dip was 

similar to that of the control involving no treatment. Decay occurred in 

97% of the cuttings using 4,000 ppm IBA and 92% of the cuttings using 

10,000 ppm IBA. The remaining cuttings in both instances were not infected. 
Ninety-seven percent of the control cuttings decayed and leaf drop was 

100%. The foliar dip was effective in reducing leaf drop to 9%.

The foliar dip of 4,000 ppm IBA increased the rooting response 

of Garrya Wrightii to 60%. Of the remaining 40%, 2% rotted and 38% 

remained in a dormant condition. A 10,000 ppm IBA foliar dip was not 
effective in increasing rooting or callusing. Decay was 10% and dormancy 

was increased to 60%. No leaf drop occurred and few cuttings were severely 

infected with the fungus. Basal treatments of these two concentrations 

had led to 90% callusing and 10% callusing r'es'pectivfely (table II).

A split-plot design was used in this thesis as has been mentioned 

previously. The results of this thesis were examined and tabulated so 
they could be analyzed statistically, but the experimental results were 
such that a statistical analysis was of little value.
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DISCUSSION

Little information is presently available pertaining to the asexual 
propagation of woody desert plant. The poor rooting responses recorded 

in this thesis indicate there are a considerable number of problems asso
ciated with the rooting of native desert plants which need further inves

tigation. With the exception of the variable response with G. Wrightii, 
one might conclude on the basis of tests reported here that asexual pro

pagation of the three species, Chilopsis linearis. Vauquelinia californica, 
and Garrya Wrightii, is not practical. As a result of the research inves

tigation in connection with this thesis, it is assumed that improvements 
can be made to increase rooting percentages. There are several factors 
which may have contributed to the low number of cuttings which did root.

A most conspicuous observation was that of the C. linearis and 
V. californica cuttings dropping their leaves after four to five weeks 

in the rooting medium. In most instances, the leaves seemed turgid and 

free of injury at the time of their abscission. The stems retained their 

color and apparent healthy condition for two weeks after the leaves had 

abscised. In only a very few instaces did a G. Wrightii cutting drop its 

leaves. G. Wrightii cuttings were in excellent condition as late as 

tweleve weeks after placing the cuttings in the medium. C. linearis 
and V. californica cuttings had lost their leaves and several had rotted 

at this point.

29
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Disease Problems

Observations of the cuttings indicated decay would take place 

as soon as four weeks after the cuttings had been treated and placed in 
the medium. The presence of decay organisms on the basal ends of the 

cuttings made it virtually impossible to evaluate the effect of the growth 
regulators on the rooting of the cuttings. The Plant Pathology Department 

cultured samples of the decayed cuttings and identified the causal organ

ism as Pullularis pullulans. The identification of the Pullularis pullu- 

lans fungus and subsequent treatment of the cuttings with Captan, a 

fungicide, made it possible to reduce the disease factor as a variable. 
Although leaf abscission was reduced, this treatment did not increase 

the rooting response in the species not attacked by the fungus. In gen
eral, cuttings treated with IBA rooted in greater numbers than those 

treated with IBA and Captan. The Captan dip may have diluted the effect 
of IBA since the cuttings were first dipped in IBA and then treated with 

Captan after the basal ends had dried for a few seconds. The response of 
cuttings to Captan as a treatment and Captan plus IBA indicates this may 

have been the case.
At this point, it was felt that a consideration of the problems 

most frequently responsible for poor rooting should be considered. These 

were: 1/ time of collection of material, 2/ type of material collected,

3/ temperature range during rooting, and 4/ photoperiod.

Effect of Season Upon Rooting

One of the principal objectives of this study was to determine 

the proper time of the year to collect plant material to increase rooting
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percentages. To avoid variable material, only terminal cuttings were 
used. This insured the collection of plant materials having the same 
chronological age. It is assumed that the wood structure varied from 

one collecting date to the next as a result of plant growth and develop
ment. Plant material collected in March 1961 was the only cutting material 

in which no callusing or rooting occurred. An exploratory test made during 

the previous year, March 1960, with G_. linearis yielded over 50% rooting. 

Plant material used in the 1960 test was firmwood which developed during 

the previous year and contained dormant apical buds. At the time of 

collection in 1961, leaves of C. linearis were expanded to about 3/4 of 

an inch from the terminal and lateral buds. Plant material collected in 
August was classified as softwood while material collected after this 

date increased in firmness until it reached the firmwood stage in March 
of the following year. The differing plant response to the March collect-- 

ing date on the succeeding years growth suggests that plants are not 
morphologically distinct, but that they do differ distinctly as to their 
physiological condition.

The information from the exploratory study and the results of the 
experimental work do not permit one to draw specific conclusions on the 
proper period for collecting plant material for asexual reproduction.

On the basis of plant material and the results obtained in this thesis, 

it appears that there are factors other than the time of year cuttings 
are taken that affect rooting. Seasonal rainfall, soil condition,and 

temperature may play an important part in the ability of a cutting to 
develop roots. Selection and collection procedures should be studied 

further to determine their effect on rooting. For example, two or three
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cuttings could be taken from one branch, thus permitting the collection 
of more active terminal growth and in addition, firmer wood below this 

area. Tissue analysis of leaves might give a clue to the nutritional 
status of individual plants. An approach such as this may lead to more 

specific information with regard to the collection date of material and 

the type of material to collect.

Temperature

The plant materials collected on the initial collecting.dates of 

October 14, 1960, December 19, 1960, March 16, 1961, and August 9, 1961 
were subjected to greenhouse temperature fluctuations dependent upon 

outside temperature conditions. As was reported, these fluctuations 
were widespread in relation to day and night temperatures. During these 
period^, leaf abscission and decay were frequent on both the C. linearis 

and the V. californica. Temperature fluctuations are recognized as 

problems in asexual propagation and particularly temperatures that remain 
extremely low m: high for extensive periods. This consideration led to 

the use of a heated greenhouse and heating cables.

The application of Captan and its resulting fungicidal effects 

made it possible to remove Pullularis pullulans as a possible reason for 

the poor rooting responses. The control of greenhouse temperatures and 

the use of heating cables facilitated more accurate observations on tem

perature effects. The additional heat from the cables reduced decay and 
leaf abscission to some extent but did not appreciably increase rooting

responses.
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The observations made in the course of this study indicate disease 
control can be related to proper greenhouse temperatures. It does not 
appear, however, that improper temperatures alone are responsible for the 
rotting which took place. The fungicidal application indicates that some 

form of disease control is necessary, particularly when working with the 

species under consideration here.

Photoperiod

There are several references in the literature (21),@8) which 

implicate photoperiod in relation to the rooting of cuttings. It is the 
belief of the writer that photoperiod might be related to this process in 
two ways: 1/ on the parent plant and 2/ on the cuttings themselves. 
Facilities to control the cutting's photoperiod were not available for 

this study. For this reason, the photoperiods were limited to that of 
the normal seasonal day length. Summer collected material was exposed to 

a fourteen hour photoperiod while winter collected material was exposed 
to a nine hour photoperiod. Building construction reduced direct light 

after the fourth week of the winter period. This may or may not have 

influenced results since at least three hours of light was indirect 

sunlight.
Should the plant materials considered here be critically receptive 

to varying photoperiods, exposure of cuttings to differeing lighting cycles 

will be necessary. This will be necessary as well as subjecting cuttings 
to differing photoperiods after the parent plants have been subjected 

to different natural photoperiods, i The installation of proposed lighting 

facilities and further investigation should provide the necessary



information with regard to photoperiod and the species under consider
ation here.

Growth. Regulator Response

The sporadic rooting responses of C. linearis, V. californica, 

and G. Wrightii prevent specific conclusions being drawn in regard to 
IBA concentrations. Rooting instances were more frequent with 4,000^ppm 

IBA, but there were not sufficient differences in rooting to permit one 

to separate the responses from the control, 4,000 and 10,000 ppm IBA.

It is possible other growth regulating substances used in con
junction with IBA as well as in place of IBA might be effective.

There were no toxic effects from a basal dip in 4,000 ppm IBA, 

but there were some instances of burning on the basal ends of the cuttings 
treated with 10,000 ppm IBA. No toxic effects were observed from the 

foliar dips of IBA at either 4,000 or 10,000 ppm. A shorter period of 
immersion for the cutting base may be necessary while it may be possible 

to dip the foliage for a longer period.
The use of foliar immersion did not increase the occurence of 

callusing or rooting. The effectiveness was most conspicuous in its 
prevention of leaf abscission. This technique could be important when 

working with material in which leaf abscission occurred before rooting 
took place. The presence of foliage would probably lengthen the period 

during which rooting could take place.
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SUMMARY

1. Cutting material taken from Chilopsis linearis and Vauquelinia 

californica was infected by Pullularis pullulans and decayed.
2. Garrya Wrightii was not effected by the fungus and rooted well in 

most instances.
3. The application of indole-3-butyric acid did not appear to effect the 

rooting response of the material collected for seasonal study.

4. The rooting response of the three species in relation to the time of 

the year indicates there is no difference in collecting periods. It 

is felt further studies should be conducted to improve the rooting 

technique and procedure.
5. The use of Captan reduces decay and prolongs the cutting1s life in 

the medium. Disease control is related to proper greenhouse tempera

ture.
6. The heating of the greenhouse and the use of heating cables reduced 

decay and increased the plant response exemplified in callusing, 
rooting, and dormancy.

7. Foliar immersion did not increase callusing or rooting.
8. Foliar immersion prolonged leaf attachment and may prolong the period 

during which rooting takes place.
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