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ABSTRACT 

Effects of season, clonal source, and growth 

regulator treatments on the rooting of Vauquelinia 

californica cuttings were studied. Significant clonal 

differences were found with rooting percentages ranging 

from 0 to 93.3%. May was best for cutting propagation 

with a 46.0% average rooting. Rooting percentages in 

June, July, and April were 41.5%, 32.6%, and 9.4%, 

respectively. Treatments with 4000 and 8000 ppm indole-3-

butyric acid (IBA) gave higher rooting percentages than the 

control, while no difference was found between these same 

two concentrations. Other factors that influenced root 

initiation and development included physiological condi

tions of cuttings, presence of disease during propagation, 

and growth regulator formulations used. Micro-propagation 

was unsuccessful due to fungal contamination and tissue 

browning. 

xiii 



INTRODUCTION 

Arizona rosewood was first collected by Major Emory 

(1859) while on a United States and Mexico boundary survey. 

Originally, the plant was named Spiraea californica by 

Torrey in 1848. However, Watson (1876) found that Torrey 

had identified the plant incorrectly; therefore, he renamed 

the genus Vauquelinia, which honors the French chemist Louis 

Nicholas Vauquelin (1763-1829), and the species Torreyi. 

Sargent (1889), however, changed the species from Torreyi 

to californica, which refers to the state of California 

where the plant can be found (Vines, 1960), by following 

taxonomic rules. Therefore, the plant became known as 

Vauquelinia californica (Torr.) Sargent. A drought tolerant 

evergreen shrub or tree, it is native to the southwestern 

United States and Northern Mexico at 2500 to 5000 feet 

above sea level. As a member of Rosaceae, its leaves are 

simple, alternate, lanceolate and serrated and vary between 

1-3 cm in width and 4-10 cm in length. In June, it 

develops small, white terminal paniculate inflorescences 

which mature into small, light-brown woody capsules in 

August. Plants can reach up to 20 feet in height when in 

tree form (Vines, 1960) . 

In Arizona, Vauquelinia is commonly found on hilly 

or mountainous terrains between the Upper Sonoran Desert and 
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the Pinyon Juniper zone (Williams, 1971). It has also 

become established in some lower valleys and residential 

areas as a landscape plant mainly because of its ability to 

tolerate drought and its pleasing foliage characteristics. 

Vauquelinia has been propagated by seed. Sexual 

propagation, however, results in genetically variable 

progenies having different phenotypes mainly due to open-

pollinated seed. Asexual propagation of this plant would 

ensure production of genetically uniform clones. 

Rooting ability of cuttings depends on age and 

physiological conditions of plants from which cuttings were 

taken and the season cuttings were harvested. The use of 

growth hormones to stimulate faster and better rooting is 

necessary, especially with difficult-to-root species. 

However, rooting responses will vary according to the 

species and the growth hormone concentrations and formula

tions. 

Tissue culture has been used in many ornamental 

plants as a means of mass-propagating desired clones. 

Tissue culture of Vauquelinia, however, has not been 

developed. 

The intention of this study was to investigate the 

procedures for asexual propagation of Arizona rosewood. 

The specific objectives of this study were: 

1. To optimize rooting procedures for cutting propaga

tion. 



To determine differences in rooting ability of 

various clones grown in different locations. 

To investigate seasonal effect on rooting 

efficiency in cuttings. 

To evaluate two different formulations of indole-3-

butyric acid for their effectiveness in root 

induction. 

To study the feasibility of tissue culture as an 

alternative means of asexual propagation for Arizona 

rosewood. 



LITERATURE REVIEW 

Successful asexual propagation of valuable orna

mental plants depends on many factors. These factors 

relate to stock plants and to the specific propagation 

procedures developed for a specific species. 

Clones and Geographic Origin 

Rooting can vary significantly within the same 

species. Everett, Meeuwig, and Robertson (1978) reported 

rooting differences within families, genera and species. 

Cuttings from different plants within the same species may 

become physiologically diverse showing different responses 

to the same treatment (Komissarov, 1968; Feucht and Dausend, 

1976). Hare (1978) found evidence of rooting differences in 

various clones of Sycamore. Childers and Synder (1957) 

reported rooting responses of American holly clones which 

varied from 40 to 80%. Similarly, Loretti and Hartmann 

(1964) observed rooting percentages in olives ranging from 

32 to 99%. Hardwood cuttings of quince also were reported 

to have clonal rooting differences (Hartmann and Hansen, 

1958). 

Howard and Sheperd (1978) observed that the overall 

rooting abilities of cuttings from the same plant over a 

period of two years were similar, but several individual 
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cuttings were strikingly different in their rooting 

abilities. Loretti and Hartmann (1964) observed that 

certain environmental conditions altered the rooting ability 

of cuttings that came from the same clone. 

Geographic origin is one of the major factors that 

influence clonal rooting ability. Ying and Bagley (1977) 

suggested that a plant's inherent genetic nature and its 

ability to adapt to various environmental conditions 

influences the success of rooting in a particular clone. 

They also concluded that individual differences in early 

root initiation could affect the number of roots produced 

per cutting and the subsequent establishment of the rooted 

cuttings. Libby and Jund (1962) speculated that clonal 

variability may be due to changes in microenvironments 

which affect the physiological condition of individual 

stock plants. Generally, stock plants with excellent 

physiological conditions would give cuttings with better 

rooting ability; therefore, selection of plants with 

superior qualities as a source of propagules is essential 

(Everett et al., 1978; Ying and Bagley, 1977). 

Komissarov (1968) emphasizes the need for optimal 

physiological conditions of the stock plant at the time of 

propagation. However, Howard (1968) argues that the rooting 

ability of certain clones can not be modified by altering 

the physiological conditions of the stock plants and the 

propagation procedures. 
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Age of the Stock Plant 

Age of stock plants may influence rooting success. 

Welch (1973) and Thimann and Rogers (1950) stated that 

cuttings from young plants root well, and as the age of the 

mother plant increases, the rooting response decreases. 

Therefore, juvenility of stock plants seems to play a major, 

role in successful rooting. Generally, older stock plants 

would be a poor source for cuttings. Avidan and Lavee 

(1978) reported that age of the stock plant, location of 

the propagules on the stock plant, and the juvenility of 

cuttings influenced the rooting ability of olive cuttings. 

Kelley and Foret (1977) noted that rooting of Cotinus 

coggygria 'Royal Purple' was best when immature and actively 

growing terminal cuttings were used. Perry and Vines (1972) 

also noticed that young magnolia cuttings produced a higher 

percentage of rooted cuttings than older cuttings; older 

cuttings rooted poorly or not at all. This also seems to 

be true in tissue culture propagation of magnolia. These 

generalizations, however, were challenged by Lanphear (1963) 

and Lanphear and Meahl (1967) who, during their study on the 

rooting of evergreen cuttings, found that active vegetative 

growth was inhibitory, rather than stimulatory, to rooting. 

Cutting Maturity 

The cutting position on the stock plant, whether 

terminal, middle, or basal, may affect overall rooting. 
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Perry and Vines (1972) and Casini and Vezzosi (1978) 

reported that in magnolia, terminal, middle, or basal 

cuttings obtained from older branches were difficult to 

root, but young terminal cuttings produced a better rooting 

percentage. In olive, softwood stem cuttings rooted better 

than middle or basal cuttings (Avidan and Lavee, 1978). 

According to Avidan and Lavee (1978) and Leopold (1955), 

the presence of leaves and apical tips on the cuttings gave 

different effects on rooting. Leaf and apex retention were 

found to be essential for rooting and defoliation resulted in 

poor or no rooting. However, rooting is not always 

guaranteed with leaf presence, but can be improved with 

growth regulator treatment. An excessive number of leaves 

present on the cuttings may decrease overall rooting ability. 

Under these circumstances, growth regulator treatment did 

not significantly promote root development. 

Growth Regulator Treatment 

Cuttings will initiate roots differently under 

various types of growth regulator treatments. Leopold 

(1955) suggested that a specific auxin level was required 

to stimulate growth in different plant organs. The 

synthetic auxin, indole-3-butyric acid (IBA), was found to 

encourage callusing and rooting in many plants. Komissarov 

(1968) stated that the effectiveness of auxin depends on the 

species, age of the plant, environmental conditions and the 
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kinds of cuttings used. Leaf area, temperature, relative 

humidity, duration of treatment and depth of auxin dip were 

found to influence the amount of solution absorbed by the 

cutting. The presence or absence of bottom heat also was 

found to influence the rooting quality of the cutting 

(Komissarov, 1968; Howard, 1971). Howard and Sheperd (1978) 

reported that different rooting responses were obtained 

when cuttings of medium to difficult to root ornamental 

species were treated with various IBA concentrations up to 

10,000 ppm, but this was dependent on the age of the species. 

Perry and Vines (1972) reported that magnolia cuttings, 

regardless of age, will not root without some type of growth 

regulator treatment. 

Bhella (1977) found that rooting of river birch 

cuttings was adversely affected by high rates of IBA. 

Leopold (1955) stated that auxin concentrations higher or 

lower than optimum results in a reduction in rooting due to 

root primordia inhibition and acidic conditions of the media. 

Auxin effectiveness, when high concentrations are used, may 

be reduced when the pH is lowered; hard water was also found 

to be detrimental. Komissarov (1968) reported that a fine 

line exists between optimum and harmful auxin concentrations 

in woody plants, and that at an optimum dosage, growth 

hormones can cause an earlier root appearance and growth 

without affecting shoot development. He also reported that 

IBA in powder form was less efficient than in aqueous 



solution. Ivanicka and Cvopa (1978) found that 80% of 

softwood and semi-hardwood dogwood cuttings rooted best at 

an optimum concentration of 1% IBA while untreated dogwood 

cuttings failed to root or callus. The optimum concentra

tion for rooting of rhododendron and olive cuttings was 

4000 ppm IBA. However, untreated cuttings of these same 

plants did not root (Kelly, 1978; Hartmann and Loretti, 

1965). In some species, increased IBA concentrations may 

adversely affect the survival of cuttings. Hartmann and 

Loretti (1965) reported IBA toxicity symptoms of yellowing 

and leaf drop at 7,000 and 10,000 ppm. 

According to Howard (.1968), temperatures of approxi 

mately 80°F or higher combined with very high IBA concentra 

tions enhanced root production in apple cuttings. Under 

these conditions, however, the incidence of basal stem 

rotting was more frequent. The stem rotting in propagation 

benches may not have been due to the extreme concentrations 

of IBA alone. Howard, after finding that stem rotting was 

widespread throughout all the cuttings regardless of the 

various IBA concentrations, speculated that other factors 

may be involved in causing this problem. In jojoba, Lee, 

Palzkill, and Hogan (1979) observed stem blackening at high 

concentrations of IBA and poor rooting due to leaf abscis

sion when cuttings were treated at 4,000 to 20,000 ppm IBA 

dissolved in 50% ethanol. Everett et al. (1978) found that 

softwood cuttings of Nevada shrubs were susceptible to 
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disease and rotting when grown under mist. Whalley (1972) 

stressed the need for modifying growth regulator concentra

tions in order to satisfy variable rooting responses that a 

propagule displays under various environmental and physio

logical conditions. 

Seasonal Variation 

Seasonal differences may significantly influence 

rooting of many plants (Leopold, 1955; Lanphear, 1963). 

It has been found that spring is better than fall for 

rooting of forest species (Rahman, 1978) while magnolia 

cuttings rooted well in all four seasons (Casini and 

Vezzosi, 1978). Kelley and Foret (1977) found that softwood 

cuttings of Cotinus coggygria 'Royal Purple' rooted best in 

early spring; however, its rooting potential decreased as 

the year progressed. Seasonal variation in rooting 

response may be the direct result of variations in the 

environmental conditions, growth stage of the stock plants 

and growth regulator requirements of the plants (Lanphear, 

1963). However, if the inherent rooting potential of the 

cuttings are low, then the environmental conditions, growth 

stage and IBA requirements would not significantly alter 

rooting. In dwarf Japanese Yew and Andorra juniper a 

definite seasonal trend in late fall-early spring was 

indicated, but was not apparent during the rest of the year 

(Lanphear, 1963). Hartmann and Loretti (1965) reported that 
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leafy olive cuttings in spring and summer rooted faster 

than cuttings taken in fall and winter. Environmental 

influences such as temperature and photoperiod may be the 

determining factor. Gil-Albert and Boix (1978) found that 

summer cuttings of Chamaecyparis sp. rooted best while 

Thuja sp. and Juniperus sp. rooted best in winter. IBA 

treatments inhibited vegetative growth but stimulated 

rooting in evergreen cuttings during winter. In deciduous 

trees, however, IBA treatments stimulated vegetative growth 

and inhibited rooting in the same winter season (Lanphear 

and Meahl, 1967). 

Automatic misting creates a microenvironment that 

may be conducive or detrimental to rooting success. Tukey 

(1978) reported that intermittent mist can decrease trans

piration, reduce respiration, leach nutrients as well as 

growth hormones and inhibitors, and induce root primordia. 

Usually, this results in increased rooting. Mist efficiency 

is dependent upon the season. Loach and Whalley (1978) 

found that cuttings propagated in winter showed less rooting 

than cuttings grown during the summer mainly due to less 

than optimum misting conditions. Komissarov (1968) stated 

that better rooting will occur if misting conditions are 

optimum. 
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Overall Propagation Procedures 

The influence of certain propagation techniques on 

rooting of cuttings is significant. The presence of leaves 

(Avidan and Lavee, 1978), misting (Loach and Whalley, 1978; 

Kelly, 1978), formulation and concentration of growth 

hormones (Hartmann and Loretti, 1965; Loretti and Hartmann, 

1964), bottom heat (Howard, 1971), temperature of the 

rooting media (Smith, 1950), environmental conditions 

(Lanphear, 1963), and the incidence of disease (Howard, 

1968) all affect rooting success. Hartmann and Kester 

(1975) have a good discussion of general propagation 

procedures. 



MATERIALS AND METHODS 

Experiment I 

The objectives of this experiment were to examine 

(1) clonal variation, and (2) the effect of IBA treatment 

on root initiation of Arizona rosewood. 

Plant Selection 

Cuttings were taken from 10 Arizona rosewood plants 

grown at 4 different locations. Plants 1 through 5 were 

located at the University of Arizona Campbell Avenue Farm; 

plants 6 and 7 were located at the University of Arizona 

main campus; plants 8 and 9 were located on Mt. Lemmon in 

the Santa Catalina Mountains north of Tucson at 4000 feet 

above sea level; and plant 10 was located at Catalina 

Heights Nursery east of Tucson. Plants 1 through 5 and 

plant 10 seem to have originated from seeds taken from Mt. 

Lemmon in the Santa Catalina Mountains. 

Similarities in age, height, and width were the only 

criteria for selection. All ten plants were approximately 

six to ten years of age and ranged from 6 to 8 feet in 

height and 5 to 7 feet in diameter. Only healthy plants 

were selected. The foliage characteristics of ten plants 

used varied greatly (see Fig. 1). 
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Fig. 1. 

14 

Foliage characteristics of 10 clones of Vauquelinia 
californica used in the experiment -- Each number 
indicates the clone number. Leaf samples were 
taken at full maturity. 
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Cutting Preparation and Treatment 

One hundred and twenty terminal softwood cuttings 

were obtained from each plant on April 15, May 20, June 18, 

and July 14, 1981: a total of 1200 cuttings each time or 

4800 cuttings for the entire experiment were used. Cuttings 

were 10-12 cm long and contained 5-8 fully expanded leaves. 

Cuttings were placed in portable coolers and transported to 

facilities at the University of Arizona Campbell Avenue Farm 

(CAF). The same or next day, cuttings were clipped below 

the lowest node and 2 to 3 basal leaves were removed. The 

cuttings were then dipped separately in 4000 ppm and 8000 

ppm of either ethanol or water soluble indole-3-butyric acid 

(IBA) for 5 seconds and stuck in a mixture of 1 part 

vermiculite and 1 part perlite. Cuttings of the control 

group were treated with distilled water. The rooting media 

containers were 38 cm long, 53 cm wide, and 10 cm deep 

galvanized steel flats. Forty flats were used with 30 

cuttings per flat: 10 cuttings per treatment. 

In April and May, ethanol soluble IBA was used. The 

IBA solutions were prepared by dissolving .20 g (4000 ppm) 

and .40 g (8000 ppm) of IBA in 25 ml of 95% ethanol and then 

diluting each with 25 ml of distilled water to obtain a 

final concentration of 4000 ppm and 8000 ppm IBA dissolved 

in 50% ethanol. Stem blackening and high mortality rates 

of cuttings were found during April and May. To alleviate 

these problems, ethanol soluble IBA was changed to water 
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soluble IBA for June and July. The same IBA concentrations 

were maintained throughout the entire experiment. 

Cuttings were arranged in a randomized complete 

block design with 4 replications. Flats were placed on 

sand-filled ground beds located in a polyethylene-covered 

.quonset greenhouse. The propagation bed was bottom-heated 

with hot water running through PVC pipes that maintained 

an even temperature of 33°C. Cuttings were kept under 

intermittent mist for 8 weeks (Fig. 2). The mist was 

applied for 4 seconds at 2 to 8 minute intervals depending 

on the air temperature and relative humidity. Very 

frequently, cuttings were found to be too dry or too wet. 

A four-second misting every 4 minutes was determined to be 

the best. 

Rooting Examination 

Cuttings were examined after 8 weeks for rooting 

percentages, new growth and leaf abscission. Rooting 

percentages were determined by the number of rooted 

cuttings per treatment per plant. For each treatment, 

the number, length and grade of roots per cutting were 

determined. Table 1 shows how the root grades were 

determined. 

Statistical Analysis 

An ANOVA for a randomized complete block design was 

performed to determine if differences in rooting among all 
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Fig. 2. Experimental layout for mist propagation of Arizona 
rosewood stern cuttings. 



Table 1. Scale used for determining root grades for 
individual cuttings. 

Grade-/ 
Number of roots 

per cutting Rating 

0 0 none 

1 1-5 poor 

2 6-10 fair 

3 11-25 good 

41/ 26-50^/ very good 

5—^ over 50^ excellent 

x/ —Quality determination. 

—^Number of roots are estimated. 

z / — Cuttings showed extensive secondary rooting. 
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10 clones in a four month period was evident. The complete 

analysis of this experiment was made with an arc-sine 

transformation of actual rooting percentages; an F test for 

determining singificant values and a least significant 

difference test of means for rooting percentages, number of 

roots and lengths of the longest roots. Little and Hills 

(1978) provided the necessary reference for obtaining all 

required information for completing this analysis. 

Experiment II 

The objectives for this experiment were to (1) 

examine clonal variation, and (2) evaluate two different 

formulations of indole-3-butyric acid for their effective

ness in inducing rooting of Arizona rosewood cuttings. 

Plant Selection 

Cuttings were taken from three plants grown at 

three different locations. The plant locations were the 

same as in Experiment I: plant 1 from CAF, plant 2 from 

Catalina Heights Nursery, and plant 3 from Mt. Lemmon. The 

three plants chosen for this experiment were different from 

the 10 plants studied in Experiment I. Plant 1 seems to 

have originated from open-pollinated seeds collected from 

Mt. Lemmon in the Santa Catalina Mountains north of Tucson. 

Plant 3 located on Mt. Lemmon at 4000 feet may have a 

similar genetic background with that of plant 1. The same 

selection criteria in Experiment I were also followed in 
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this experiment. Age of these three plants varied from six 

to fifteen years and their heights were approximately 6-9 

feet, but their width was less upright than those plants 

used in Experiment I. 

Cutting Preparation and Treatment 

Cuttings were taken three times during the spring 

and summer of 1981 (April 15, June 17, July 14). One 

hundred and thirty-five cuttings were taken from each plant. 

They were trimmed, treated, and stuck in the same manner as 

in Experiment I. A total of 4 05 cuttings were used in this 

experiment. However, treatments and number of cuttings per 

treatment were different from Experiment I. For this 

experiment, five cuttings were used instead of ten for each 

treatment. The treatment levels were: 1000, 4000, 8000, 

12,000, 16,000, 20,000 ppm IBA, Hormex #30 (3.0% IBA), 

Hormex #45 (4.5% IBA) (product of Brooker Chemical Co., 

No. Hollywood, Ca.) and distilled water as a control. Stem 

blackening and high mortality rates also occurred in this 

experiment as it did in Experiment I. In order to alleviate 

this problem as in Experiment I, usage of ethanol soluble 

IBA in April was terminated and changed to water soluble 

IBA in June and July. The same IBA concentrations were 

maintained throughout the entire experiment. Fifteen 

galvanized steel flats (38 cm long, 53 cm wide, and 10 cm 

deep) were used with 40 cuttings per flat or 5 cuttings per 



treatment. A split plot design with 3 replications of 45 

cuttings per plant per replication was used. The cutting 

flats were placed in the same environment as described in 

Experiment I. 

Rooting Examination 

Cuttings were examined in the same manner as in 

Experiment I. Rooting grades from 0 to 5 as described in 

the first experiment were used. 

Statistical Analysis 

An ANOVA for a split plot design was done to 

determine if differences in rooting occurred between 

treatments and the three clones in a three-month period. 

The complete analysis of this experiment was made by 

following the same criteria as was done in the first 

experiment. 

Experiment III 

The objective of this experiment was to study the 

feasibility of using tissue culture as an alternative 

method in the propagation of Arizona rosewood. 

Apical shoot tips of V. californica were precultured 

on a Murashige and Skoog media (Table 2) supplemented with 

combinations of 0, 0.2, 2 mg/1 kinetin plus 0, 0.2, 2 mg/1 

indoleacetic acid (IAA) on May 25, 1981. Three different 

sterilization techniques were used. On May 25, 1981 and 
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Table 2. Tissue culture medium used for Vauquelinia 
californica shoot tip cultures.17 

Components mg/liter 

NH4N03 1,650 

KN03 1,900 

CaCl2-2H20 440 

MgS04-7H20 370 

KH2P04 170 

KI 0.83 

H3B03 6.2 

. MnS04-4H20 22.3 

ZnS04-7H20 8.6 

Na2Mo04-2H20 0.25 

CUS04-5H20 0.025 

CoCl2-6H20 0.025 

FeS04-7H20 27.8 

Na2EDTA 37.3 

Pyridoxine-HCl 0.5 

Thiamine-HCl 0.1 

Nicotinic Acid 0.5 

Inositol 100.0 

Glycine 2.0 

Sucrose 30,000 

Agar 10,000 

pH was adjusted to 5.7. 

z / — The medium contains the macro- and micronutrients of 
Murashige and Skoog medium supplemented with combinations 
of 0, 0.2, and 2 mg/1 kinetin plus 0, 0.2, and 2 mg/1 IAA. 



June 1, 1981, apical shoot tips with 1-2 leaves attached 

were sterilized with a 5% chlorox (household bleach con

taining 5% sodium hypochlorite) solution containing 1 drop 

of Tween 2 0 for 10 minutes and 5 minutes, respectively. 

On June 2, 1981, apical shoot tips without any leaves 

attached were sterilized with a 5% chlorox solution con

taining 1 drop of Tween 20 for 5 minutes. On June 2, 1981, 

Murashige and Skoog media with 0, 10, 50, and 100 mg/1 IBA 

were used to subculture the live shoot tips of the initial 

cultures made on May 25, 1981. The objective was to 

stimulate rooting. The basal end of these shoot tips were 

first trimmed to remove the blackened areas that resulted 

from sterilization. Due to excessive necrosis and mortality 

of the shoot tips above, a sterilization experiment using 

two different chlorox concentrations under two different 

time allotments was done to determine if the chlorox 

solutions were the problem. The Murashige and Skoog media 

with the same grid amounts of IAA and kinetin of May 25, 

1981 were used. One-half of each treatment was sterilized 

with a 10% chlorox solution containing 1 drop of Tween 20 

for 5 minutes while the other one-half was sterilized with a 

5% chlorox solution containing 1 drop of Tween 20 for 10 

minutes. 

On June 25, 1981, a switch was made from solid to 

liquid media due to the unsuccessfulness of obtaining live 

and rooted shoot tips. It was thought that the agar was 
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inhibiting root growth. A Murashige and Skoog liquid 

medium containing Miller's vitamins was used (Table 3). 

Three treatment groups were set up to determine if rosewood 

shoot tips would root. The shoot tips were sterilized for 

2 minutes with a 10% chlorox solution containing 1 drop of 

Tween 20, rinsed three times with sterile water, inoculated 

and incubated for three weeks on a Rollo-Drum incubator. 

On June 30, 1981, a more complete sterilization 

experiment was done to determine which technique, if any, 

would successfully sterilize the shoot tips without 

excessive necrosis or high mortality rates. A Murashige and 

Skoog liquid medium without growth hormones was used. One 

hundred shoot tips were divided into eight treatments 

(Table 4). Two and one-half milliliters of media was 

allocated per tube, and the shoot tips were then sterilized, 

inoculated, and incubated on a Rollo-Drum incubator. 

A related experiment was conducted to determine to 

what extent Vitamin C (ascorbic acid) had on shoot tip 

sterilization. Twenty-five shoot tips were sterilized with 

a 5% chlorox solution containing 25 mg/1 Vitamin C, and 

inoculated on 2 ml per tube of Murashige and Skoog liquid 

medium (see Table 3). This time, glucose was substituted 

for sucrose in order to prevent the tissues from quickly 

becoming necrotic. 
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Table 3. Composition of the liquid medium used for shoot 
tip cultures of Vauquelinia californica. 

Components mg/liter 

NH4NO3 
KNO3 
CaCl2-2H20 

MgS04-7H20 

KH2P°4 
KI 

H3B03 
MnS04-4H20 

ZnS04-7H20 

NaMo04-2H20 

CuS04-5H20 

COC12-6H20 

FeS04-7H20 

Na2EDTA 

Pyridoxine-HCl 

Thiamine-HCl 

Nicotinic Acid 

Inosital 

Glycine 

Sucrose 

pH was adjusted to 5.6. 

z / — The medium contains the macro- and micronutrients of 
Murashige and Skoog medium supplemented with vitamins of 
Miller's medium. Treatment Group 1 contained 100 mg/1 
autoclaved IBA, 200 ml basal media, and 70 ml distilled 
water; treatment Group 2 contained 100 mg/1 filtered 
sterilized IBA, 200 ml basal media, and 70 ml distilled 
water; treatment Group 3 contained no growth regulators, 
200 ml basal media, and 100 ml distilled water. 

1,650 

1,900 

440 

370 

170 

0.83 

6 . 2  

22.3 

8.6 

0.25 

0.025 

0.025 

27.8 

37.3 

0.5 

0.1 

0.5 

0 . 0  

2.0 

27,000 



26 

Table 4. Treatments and the number of Vauquelinia 
californica shoot tips used in sterilization 
experiment. 

Treatment Number of Shoot Tips 

Double-distilled water 10 

5% Chlorox 10 

5% Chlorox plus 1 drop Tween 2 0 10 

5% Chlorox plus 25 mg/1 ascorbic 
acid (Vitamin C) 10 

Surface flaming 30 

1% 7x-/ 10 

0.5% 7X-/ 10 

v / 1% Alconox— 10 

^Ingredients include 7.3% phosphorus by weight. Product of 
Scientific Products, McCaw Park, 111. 

z / — A detergent product of Linbro Scientific Inc., Hamden, 
Conn. 



Experiment IV 

The objectives of this experiment were to (1) 

examine clonal variation, (2) evaluate two different 

formulations and concentrations of IBA for their effective

ness in inducing rooting, and (3) examine the effect of 

irrigation on the rooting ability of Arizona rosewood 

cuttings. 

Plant Selection 

Cuttings were taken from 4 Arizona rosewood plants 

grown at Campbell Avenue Farm. Plants 2, 3, 4, 5 were 

chosen and they correspond to the same stock plants, 2 

through 5, used in Experiment I. The selection criteria 

were the same for this experiment as they were for the 

first experiment. 

Cutting Preparation and Treatment 

Softwood cuttings were taken twice during the summer 

of 1981. Eighty cuttings were taken from each clone on 

June 4, 1981 (1 week before irrigation) and again, on June 

24, 1981 (2 weeks after irrigation). Cuttings were prepared 

in the same manner as described in the first experiment. 

Three hundred and twenty cuttings were taken each time or a 

total of 640 cuttings were used for the entire experiment. 

The cuttings were clipped below the lowest node and the 

basal leaves were removed. They were then dipped in 4000 

ppm and 8000 ppm of both water soluble and ethanol soluble 



IBA for 5 seconds and stuck in a mixture of 1 part 

vermiculite to 1 part perlite contained in a galvanized 

steel flat (38 cm x 53 cm x 10 cm). Eight flats were 

used with 4 0 cuttings per flat or 5 cuttings per treatment. 

Cuttings were arranged in a split-split plot design with 

4 replications. Flats were placed the same way as in 

Experiment I for the same length of time, and under the 

same misting rate of 4 seconds on every 4 minutes. 

Rooting Examination 

Cuttings were examined after 8 weeks for rooting 

percentages, new growth and leaf abscission. Rooting per

centages were determined by the number of rooted cuttings 

per treatment in each plant. The number, length and grade 

of roots per cutting per treatment of each plant were also 

determined. See root grading table in the first experiment. 

Statistical Analysis 

An ANOVA for a split-split plot design was conducted 

to determine the effect of clones, irrigation and IBA 

formulations on rooting. The complete analysis of this 

experiment was made by following the same criteria as was 

done in the first experiment. 



RESULTS AND DISCUSSION 

Experiment I 

Rooting Percentages 

Overall rooting results were affected by a fungal 

infection that was determined to be caused by Rhizoctonia sp. 

(Fig. 3). Due to the high incidence of this disease and 

the high mortality rate associated with it, cuttings that 

did not root but had died due to Rhizoctonia sp. were 

included in the results as cuttings that had undeveloped or 

no root systems. Therefore, the rooting averages were lower 

with the addition of the diseased and dead cuttings. 

Significant rooting differences between all 10 

clones were found over a four-month period. Rooting 

percentages varied each month with an average of 9.4% in 

April, 46.0% in May, 41.5% in June, and 32.6% in July. 

Rooting of individual clones also varied considerably within 

each month regardless of the given treatment. Figure 4 

shows the rooting variation that occurred in the experi

mental month of May with 2 of the 10 clones. However, 

significant differences at the .05 level were found with 

month, clone and the interactions of month by clone, 

treatment by clone, and the 3-way interaction of treatment 

involving replication and clone (Table 5). Although 
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Fig. 3. Foliage discoloration of vauquelinia californica 
caused by the fungus Rhizoctonia sp. 
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Fig. 4. Rooting variation of Arizona rosewood clone #2 
(right) and clone #8 (left) in May. 

, 

31 
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Table 5. ANOVA for rooting percentages of cuttings from 10 
Vauquelinia californica clones..5/ 

Source df ss ms F 
Req F 

at 0.05 

Months (M) 3 . 0364 . 0121 120.14** 2.68 

Clones (C) 9 .0389 .0043 42.89** 1.96 

Error A^ 120 .0121 .0001 

Treatment (T) 2 .0003 .00013 1.150 3.13 

M x C 27 .0280 .0011 9.186** 1.65 

T X C 18 .0038 .00021 1.876* 1.75 

v/ Error B— 72 .0082 .00011 

T x R x C 54 .0046 .00008 1.197* 1.195 

Error 276 .0195 .00007 

Total 479 .1416 

^Error A = R, RC, RM, RMC; Error B = TC, TMC; Error C = 
TR, TRC, TMC, TRMC. 

z / , —Analysis was made with an arc-sine transformation of 
actual rooting percentages. Formula used was: 

2.3026 ((log mean x E df) - (df/sample x E log coded s.)) 
Adjusted X = r 1 

1 + - ( 
number of treatments 

3(samples-1) 

•Significant at 0.05 level. 

**Highly significant at 0.01 level. 

df/treatment E df 
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significant rooting differences were found between clones in 

each month, the overall clonal pattern of rooting over the 

entire experimental period showed no consistency. For 

instance, clones 1 and 2 showed 46.6% rooting; clone 3, 

50.8%; clone 4, 38.7%; and clone 5, 19.7%. Clone 6 showed 

47.4% rooting; clone 7, 39.2%; clone 8, 3.3%; clone 9, 18.5%; 

and clone 10, 12.5%. Essentially, this shows that no single 

clone stood out as being superior in rooting. Rooting 

percentages of all 10 clones as affected by month and treat

ment are given in Table 6. 

The effect of growth regulator treatment on rooting 

was found to be different when determined in each separate 

month (Table 7). Overall treatment differences were found 

to be non-significant. Six of the ten clones were found to 

be significantly different in each of the four months while 

the remaining four clones were not significantly different 

in the third and fourth months when tested for least 

significant differences (Table 8). 

Number of Roots 

Number of roots were found to be significantly 

different at the .05 level for treatments, months, clones, 

and the interactions of months by clones, and treatments by 

replications and clones. Treatments of 4000 and 8000 ppm 

IBA gave larger number of roots per cutting than the 

control for all 10 clones (Table 9). However, clone #8 did 



Table 6. Influence of cutting month, indole-3-butyric acid, and clones on 
rooting percentages of Vauquelinia californica cuttings grown for 
8 weeks under mist. 

April May June July 

1BA (ppra) I6A (ppm) IBA .(pprn) ZBA (ppm) 

Clone 0 4000 8000 Avg. 0 4000 8000 Avg. 0 4000 8000 Avg. . 0 4000 8000 Avg. 
Clonal 
Hean 

1 7.5 2.5 2.5 4.1 60.0 47.5 60.0 55. 8 72» 5 77.5 65.0 71.6 65. 0 47.5 52.5 55.0 46.6 

2 7.5 2.5 0.0 3.3 92.5 92.5 95.0 93. 3 52. 5 57.5 60.0 56.6 25, .0 32.5 42.5 33.3 46.6 

3 5.0 0.0 12.5 5.8 62.5 65.0 75.0 67. 5 80. 0 65.0 92.5 79.2 42. ,5 47.5 62.5 50.8 50.8 

4 7.5 2.5 10.0 6.6 12.5 30.0 30.0 24. 2 67. 5 42.5 55.0 55.0 72, ,5 57.5 77.5 69.2 38.7 

5 0.0 0.0 0.0 0.0 27. S 42.5 30.0 33. 3 12. 5 40.0 42.5 31.6 10. .0 25.0 7.5 14.1 19.7 

6 17.5 17.5 27.5 20.8 70.0 62.5 80.0 70. a 70. 0 67.5 77.5 71.6 27. .5 22.5 30.0 26.6 47.4 

7 45.0 42.5 67.5 51.6 55.0 65.0 47.5 55. 8 32. 5 42.5 2.5 26.0 40. ,0 22.5 7.5 23.3 39.2 

8 0.0 0.0 0.0 0.0 2.5 10.0 15.0 9. 2 0. 0 0.0 2.5 .8 0. .0 7.5 2.5 3.3 3.3 

9 0.0 0.0 5.0 1.6 25.0 42.5 27.5 31. 6 5. 0 15.0 20.0 13.3 10. .0 30.0 42.5 27.5 18.5 

10 0.0 0.0 0.0 0.0 20.0 17.5 15.0 17. ,5 5. 0 7.5 2.5 9.2 25, .0 27.5 17.5 23.3 12.5 

Treatment 
Mean 9.0 6.7 12.5 9.4 42.8 47.5 47.5 45. .9 39. ,8 41.5 42.0 41.5 31, ,2 32.0 34.2 32.6 32.3 

Monthly 
Hean 9. .4 46 .0 41 .5 32, .6 
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Table 7. Comparison of treatment by month for rooting per
centages of cuttings from 10 V. californica 
clones.£/ 

Month 

Treatment April May June July 

1 .0083^ • 029a .026a • 023a 

2 . 006a .033b .028b .026b 

3 .010a • 032b .027a .024a 

^Values labeled with the same letter are not significantly 
different at 0.05 level. 

z / — Analysis based on mean comparisons between each treatment 
of each month (column). 

Table 8. Comparison of month by clone for rooting per
centages .of cuttings from 10 V. californica 
clones.—' 

Month 

Clone April May June July 

1 .ooea^/ .037a .042a .036a 
2 . 005a .048b . 037a .027b 
3 . 006a .041b .044a .035a 
4 . 008a .023c . 036a . 041a 
5 .000b . 028c .025b .015b 
6 .019c .041b .042a .020b 
7 . 035d • 037a .021b • 021b 
8 .000b .Olid .001c . 005c 
9 . 003a . 026c .014b .023b 
10 .000b . 018d .007c .023b 

^Values labeled with the same letter are not significantly 
different at 0.05 level. 

z / — Analysis based on mean comparisons between each clone of 
each month (column). 



Table 9. Influence of cutting month, indole-3-butyric acid, and clones on the 
average number of roots/cutting of Vauquelinia californica grown for 
8 weeks under mist. 

April May June July 

IBA (ppm) IBA (ppm) IBA (ppm) IBA (ppm) 
Clonal 

Clone 0 4000 8000 Avg. 0 4000 8000 Avg. 0 4000 8000 Avg. 0 4000 8000 Avg. Mean 

1 S. .0 15.0 4.0 .20 216. 0 180. 0 271.0 5. 5 178. 0 300.0 162.0 5.5 172. .0 119. 0 121.0 3.4 3.7 

2 26. 0 15.0 0.0 2.0 509. 0 723. 0 753.0" 16. 5 136. 0 214. 0* 233.0 4.9 73. 0 81. 0 93.0 2.1 6.4 

3 9. 0 0.0 25.0 .28 297. 0 437. 0 504.0 10. 3 251. ,0 251.0 305.0 6.7 87. .0 111. 0 138.0 2.8 5.0 

4 25. 0 5.0 20.0 .42 10. 0 102. 0 85.0 1. 8 195. 0 255.0 161.0 4.4 203. .0 142. 0 197.0 4.7 2.8 

5 0. 0 0.0 0.0 0.0 56. 0 105. 0 34.0 1. 6 37. 0 295.0 88.0 1.8 11. .0 30. 0 9.0 .42 .95 

6 16. .0 21.0 55.0 .76 327. 0 287. .0 385.0 8. ,1 212. ,0 167.0 273.0 5.2 54. .0 78. ,0 65.0 1.6 3.9 

7 127. ,0 217.0 160.0 4.2 111. 0 248. 0 87.0 3. 7 44. ,0 147.0 1.0 1.6 73. .0 S3. ,0 14.0 1.2 2.7 

8 0. .0 0.0 0.0 0.0 1. 0 22. 0 9.0 26 0. ,0 .0.0 10.0 .08 0. .0 6. ,0 1.0 .06 .10 

9 0, .0 0.0 4.0 .13 21. .0 49. .0 29.0 83 16. ,0 26.0 ' 21.0 .53 11, .0 25. .0 55.0 .73 .55 

10 0. .0 . 0.0 0.0 0.0 45. 0 37. ,0 46.0 1. .1 4. .0 20.0 2.0 .22 34. .0 60. .0 48.0 1.2 .63 

Treatment 
Mean 20, .8 27.3 26.8 .80 159. .3 219. .0 220.3 5. .0 107. ,3 167.5 125.6 3.1 71, .8 70. .5 74.1 1.8 

Monthly 
Mean 25 .0 199.5 133.5 72 .1 
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not root at all, but only formed large calli (Fig. 5). 

The number of roots induced by these same two treatments 

did not differ significantly from each other. Table 10 

shows the ANOVA for number of roots per cutting. All 

individual clones were significantly different from each 

other for the number of roots within each month and over 

the four-month period. All treatments showed non

significant differences for the months of April and July. 

However, they all were significantly different in June while 

only the control and 4000 ppm IBA treatments were signifi

cantly different in May (Table 11). Each treatment was 

significantly different at the .05 level for each month over 

this entire four-month period (Table 12). The interaction 

of treatments by clones was found not to be significant. 

Clonal root grades, as determined by the number of 

roots per cutting in all clones (see Table 1), were found to 

be significantly different within and between each month. 

Clones 8, 9, and 10 consistently had low root grades while 

the root grades of clones 1 through 7, except clone 4, 

varied considerably throughout this four-month experimental 

period. Clone 4 maintained the same root grade in each 

month of this same period. Table 13 shows the root grades 

of Vauquelinia cuttings as affected by clone and month. 



Fig. 5. Formation of large calli on cuttings from Arizona 
rosewood clone #8. 

38 
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Table 10. ANOVA for number of 
californica clones. 

roots per ' cutting for 10 V. 

Source df ss ms F 
Req F 
0.05 

Months (M) 3 1265.6 421.8 69.7** 2.68 

Clones (C) 9 1803.8 200.4 33.11** 1.96 ' 

Error A—^ 120 726.42 6.053 

Treatment (T) 2 38.92 19.46 4.879* 3.13 

M x C 27 2320.4 85.94 21.55** 1.65 

Error B5/ 72 287.14 3.988 

T x M 6 42.88 7.146 1.871 2.14 

T x R x M 18 54.62 3.034 .7945 1.65 

T x R x C 54 264.78 4.903 1.284* 1.19 

Error c—/ 276 1054.0 3.818 

Total 479 7423.3 

2 / —Error A = R, RC, RM, RMC; Error B = TC, TMC; Error C = 
TR, TRC, TMC, TRMC. 

•Significant at 0.05 level. 

**Highly significant at 0.01 level. 
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Table 11. Comparison of treatment by month for average 
number of roots per cutting for 10 V. californica 
clones.2/ 

Month 

Treatment April May June July 

1 0.52a^ 3.98a 2.68a 1.82a 

2 0.68b 5.48b 3.68b 1.76a 

3 0.67b 5.50b 3.14b 1.85a 

^Values labeled with the same letter are not significantly 
different at 0.05 level. 

z / —Analysis based on mean comparisons between each treatment 
of each month (column). 

Table 12. Comparison of month by treatment for average 
number of roots per cutting for 10 V. californica 
clones. .5/ 

Treatment 

Month 1 2 3 

April 0.52a—^ 0.68a 0.67a 

May 3.98b 5.48b 5.50b 

June 2. 68c 3.68c 3.14c 

July 1.82d 1.76d 1.85d 

^Values labeled with the same letter are not significantly 
different at 0.05 level. 

z / — Analysis based on mean comparisons between each month for 
each individual treatment (column). 
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Table 13. Root grades of V. californica cuttings grown for 
8 weeks under mist as affected by clone and 

. month.*/ 

Month 

Clone April May June July Avg. 

1 1 3 3 2 2.2 

2 1 4 2 2 2.2 

3 1 3 2 2 2.0 

4 2 2 2 2 2.0 

5 0 2 2 1 1.2 

6 1 3 3 1 2.0 

7 3 2 2 1 2.0 

8 0 1 1 1 .75 

9 1 1 1 1 1.0 

10 0 2 1 1 1.0 

Avg. 1.0 2.3 1.9 1.4 1.6 

2 y1 ~ 
—Values are the average root grades of 120 individual 
cuttings of each clone in each month. 
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Length of the Longest Root 

The average lengths of the longest roots were found 

to be significantly different at the .05 level for treat

ments, months, clones, and the interactions of months by 

clones, and of treatments by replications (Table 14). 

Treatments of 4000 and 8000 ppm IBA were significantly 

different from the control, but these same two treatments 

did not differ significantly from each other at the .05 

level (Table 15). Averages of the longest roots were found 

to be highest in June followed by May, July, and April. 

Figure 6 shows the variations in the root lengths of 

Arizona rosewood cuttings. Significant differences were 

found in root length for the entire period, except for June 

(Table 16). Generally, 8000 ppm IBA gave the longest roots 

in all 4 months followed closely by 4000 ppm IBA with the 

control a distant third (Table 17). 

Eight of the ten clones were significantly different 

in each month of this four-month period. The remaining two 

clones were significantly different in May. The average 

lengths of the longest roots of these two clones varied 

throughout the remaining three months (Table 18). May was 

the only month in which all 10 clones were significantly 

different from each other. Table 19 shows the average of 

the longest roots as affected by clone and month. 
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Table 14. ANOVA for the lengths of the longest roots of 
cuttings for 10 V. californica clones. 

Source df ss ms F 
Req F 
0.05 

Months (M) 3 428.53 142.84 56.05** 2.68 

Clones (C) 9 629.61 69.95 27.45** 1.96 

z / 
Error A— 120 305.83 2.549 

Treatment (T) 2 27.773 13.87 8.109* 3.13 

M x C 27 639.07 23.67 13.84** 1.65 

z / Error B— 72 123.12 1.710 

T x M 6 9.575 1.596 1.014 1.96 

T x R x M 18 34.263 1.903 1.210 1.65 

T x R 6 25.425 4.237 2.694* 2.14 

z / Error C— 276 434.15 1.573 

Total 479 2546.7 

z / — Error A = R, RC, RM, RMC? Error B = TC, TMC !; Error C = TR, 
TMC, TRC, TRMC. 

•Significant at .05 level. 

**Highly significant at 0.01 level. 
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Table 15. Comparison of treatments for the lengths of the 
longest roots of cuttings for 10 V. californica 
clones.2/ 

Longest root 
Treatment length (cm) 

1 l.eea^/ 

2 2.14ab 

3 2.20b 

^Values labeled with the same letter are not significantly 
different at 0.05 level. 

7 / 
—Analysis based on mean comparisons between treatments. 

Table 16. Comparison of months for the lengths of the 
longest roots of cuttings for 10 V. californica 
clones.£/ 

Longest root 
Month length (cm) 

April 0.42a—^ 

May 2.65b 

June 2.81b 

July 2.10c 

Values labeled with the same letter are not significantly 
different at 0.05 level. 

z / —Analysis based on mean comparisons between months. 



Fig. 6. Variations in root lengths of cuttings from 
Arizona rosewood clones. 

45 
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Table 17. Comparison of treatment by month for the lengths 
of the longest roots of cuttings for 10 V. 
californica clones.—/ 

Month 

Treatment April May June July 

1 0. 28a^ 2.11a 2.34a 1.88a 

2 0. 32a 2.98b 3.07b 2.17b 

3 0.68b 2.84b 3. 00b 2.25b 

^Values labeled with the same letter are not significantly 
different at 0.05 level. 

z / — Analysis based on mean comparison between treatments of 
each month (column). 



Table 18. Comparison of month by clone for the lengths of the longest roots of 
cuttings for 10 V. californica clones. 

Month 

Clone 

Month 1 2 3 4 5 6 7 8 9 10 

April 0. 21a^ 0. 14a 0. 16a 0.30a 0. 00a 0. 77a 2. 60a 0. 00a 0. 05a 0. 00a 

May 3. 29b 6. 73b 4. 43b 1.02b 1.44b 5. 06b 2. 10a 0. 32b 1. 38b 0.77b 

June 4. 62c 3. 63c 5. 23c 4.00c 1.92b 5. 88b 1. 41b 0. 07a 1. 00b 0.32b 

July 3. 49b 2. 18d 2. 85d 5. 05d 0.58c 1. 99c 1. 26b 0. 12b 2. 00c 1.52c 

^Values labeled with the same letter are not significantly different at 0.05 
level. 

z/ — Analysis based on mean comparisons between each month for each individual 
clone (column). 
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Table 19. Average root lengths of V. californica cuttings 
grown for 8 weeks under mist as affected by 
clone and month.£/ 

Clone 

Average lengths of the longest roots (cm) 

Clone 

Month 

Avg. Clone April May June July Avg. 

1 0.2 3.3 4.6 3.4 2.9 

2 0.1 6.7 3.6 2.2 3.2 

3 0.1 4.4 5.3 2.8 3.2 

4 0. 3 1.0 4.0 5.0 2.6 

5 0.0 1.4 1.9 0.5 .98 

6 0.7 5.8 5.8 2.0 3.6 

7 2.5 2.1 1.4 1.3 1.8 

8 0. 0 0. 3 0.1 0.1 .13 

9 .05 1.4 1.0 2.0 1.1 

10 0. 0 0.8 0.3 1.5 .65 

Avg. 0.4 2.7 2.8 2.1 2.0 

z / — Values are the average lengths of the longest roots 
produced by 120 individual cuttings of each clone in each 
month. 
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Experiment II . 

Rooting Percentages 

Rooting percentages between months and between 

clones were found to be significantly different. Percentages 

varied from 12.3% in April to 24.0% in June. July followed 

April with 19.0% rooting. Rooting percentages of individual 

clones varied from 0.0% to 49.0% without any specific clonal 

trend. However, one clone rooted poorly consistently over 

this entire three-month period. Rooting percentages in each 

treatment varied without any consistency. In April, IBA 

treatments with 1000 and 4000 ppm, and treatments of 

Hormex #30 (3.0% IBA) and Hormex #45 (4.5% IBA) did not root 

at all while 16,000 ppm IBA treatment only rooted well for 

the first clone. The second clone rooted poorly in all 

three months. Essentially, this clone did not root at all 

in June and in only seven of nine treatments in July. 

However, in April, the second clone did root in seven of 

nine treatments. The third clone rooted well in April and 

July for all of the nine treatments, but only in seven of 

nine treatments in June. IBA treatments of 1000, 8000, and 

12,000 ppm for the third clone produced the highest rooting 

percentages of 66.6%, 66.6%, and 33.3% for July, June, and 

April, respectively. Rooting percentages as affected by 

treatment, clone, and month are given in Table 20. 



Table 20. Influence of cutting month, indole-3-butyric acid, and clones on rooting 
percentages of Vauquelinia californica cuttings grown for 8 weeks under 
mist. 

April June July 

Cloned Clone^ Clone^-' Treat-
Treat- ment 
ment^/ 12 3 Avg. 12 3 Avg. 1 2 3 Avg. mean 

1 6.6 0.0 6.6 4.4 46.6 0.0 0.0 15.5 6.6 0.0 33.3 13.3 11.1 
2 0.0 6.6 20.0 8.9 46.6 0.0 46.6 31.1 0.0 0.0 66.6 22.2 20.7 
3 0.0 13.3 26.6 13.3 60.0 0.0 13.3 24.4 6.6 0.0 60.0 22.2 19.9 
4 13.3 13.3 26.6 17.7 66.6 0.0 66.6 44.4 20.0 0.0 60.0 26.6 29.6 
5 13.3 6.6 33.3 17.7 0.0 0.0 33.3 11.1 13.3 0.0 40.0 17.8 15.5 
6 40.0 0.0 26.6 22.2 0.0 0.0 0.0 0.0 0.0 0.0 53.3 17.8 13.3 
7 13.3 6.6 13.3 11.1 60.0 0.0 20.0 26.6 6.6 0.0 33.3 13.3 17.0 
8 0. 0 6.6 20.0 8.9 53.3 0.0 40.0 31.1 Q.O 6.6 33.3 13.3 17.8 
9 0.0 6.6 6.6 4.4 40.0 0.0 40.0 26.6 0.0 6.6 60.0 22.2 17.7 

Clonal 
Mean 9.6 6.6 19.9 12.1 41.5 0.0 28.9 23.4 5.9 1.5 48.9 18.7 18.1 

Monthly 
Mean 12 .1 23 .4 18 .7 

Y-' Percentages were based on the number of rooted cuttings out of 5 treated cuttings. 
7 / 
— 1 = control; 2 = 1000 ppm IBA; 3 = 4000 ppm IBA; 4 = 8000 ppm IBA; 5 = 12,000 ppm 

IBA; 6 = 16,000 ppm IBA; 7 = 20,000 ppm IBA; 8 = Hormex #30 (3% IBA); 9 = 
Hormex #45 (4.5% IBA). 
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Clones and the interaction of month by clone were 

found to be significantly different at the .05 level for 

rooting percentages (Table 21). The IBA treatment of 8000 

ppm was the only treatment that was significant at the .05 

level for the entire three-month period while the remaining 

eight treatments were non-significant (Table 22). June was 

the only month that was significantly different over this 

three-month period (Table 23). 

In April, IBA treatments of 1000, 4000, 8000, 12,000, 

16,000, and 20,000" ppm and Hormex #45 were found to be 

significantly different while in June, the control, Hormex 

#30 and Hormex #45 as well as IBA treatments of 1000, 4000, 

8000, and 20,000 ppm were significantly different from each 

other. In July, only treatments of 4000 and 8000 ppm IBA 

and Hormex #45 were found to be significantly different 

(Table 24). The third clone was the only clone to be 

significantly different from the other two at the .05 level 

in this three-month period. Meanwhile, the first and 

second clones were found to be not different in April and 

in April, June, and July, respectively. In April, the third 

clone was found to be the only clone that was significantly 

different from the other two (Table 25). 

Number of Roots 

Number of roots were found to be significantly 

different at the .05 level for months, clones and the 
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Table 21. ANOVA for rooting percentages of cuttings from 
3 V. californica clones. 

Source df ss ms F 
Req F 
0.05 

Clones (C) 2 .0264 .0132 55.06** 3.55 

v / Error A— 18 .0044 .0003 

M x C 4 .0157 .0039 15.47** 2.57 

Error 48 .0122 .0003 

Error 144 . 0226 .0002 

Total 242 .0866 

^Error A = R, RC, RM, RMC; Error B = TC, TMC; Error C = 
TR, TRC, TMC, TRMC. 

z / — Analysis based on arc-sine transformation of actual 
rooting percentages. Formula used was: 

2 
2 2.3026 ((log mean x E df) - (df/sample x E log coded s^)) 

Adjusted X ^ number of treatments 1 . 

3(samples-l) df/treatment E df 

**Highly significant at 0.01 level. 

Table 22. Comparison of treatments for rooting percentages 
of cuttings for 3 V. californica clones."L/ 

Treatment 

1 2 3 4 5 6 7 8 9 

. 011a .016a .017a .024b .015a . 013a .017a .016a • 017a 

^Values labeled with the same letter are not significantly 
different at 0.05 level. 

2 / —Analysis based on mean comparisons between treatments. 



Table 23. Comparison of months for rooting percentages of 
cuttings for 3 V. californica clones.£/ 

Month 

April June July 

0.0 la^ 0.02b 0.02b 

^Values labeled with the same letter are not significantly 
different at 0.05 level. 

2 / —Analysis based on mean comparisons between months. 

Table 24. Comparison of treatment by month for rooting 
percentages of cuttings for 3 V. californica 
clones 

Month 

Treatment April June July 

1 , .OOSa^ .013a .014a 
2 .011b .022b • 016a 
3 .012b .021b .017a 
4 .018b • 031c .022b 
5 .018b .011a .016a 
6 • 020b . 006a .014a 
7 .014b .022b .014a 
8 . 008a .025b . 014a 
9 .OlOab .024b .018a 

^Values labeled with the same letter are not significantly 
different at 0.05 level. 

z / — Analysis based on mean comparisons between treatments in 
each month (column). 
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Table 25. Comparison of month by 
percentages of cuttings 
clones. 

clone for 
for 3 V. 

rooting 
californica 

Month 

Clone April June July 

1 .009a—^ . 033a .007a 

2 .007a .000b . 002a 

3 • 022b .025a .040b 

Values labeled with the same letter are not significantly 
different at 0.05 level. 

z/ — Analysis based on mean comparisons between each clone in 
each month (column). 
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interactions of month by clone and of treatment by replica

tion by month and clone (Table 26). Number of roots as 

affected by treatment, clone, and month are given in Table 

27. Treatments of 1000 and 8000 ppm IBA were the only 2 of 

9 treatments that were found to be significantly different. 

The remaining seven treatments were not significantly dif

ferent when tested for least significant differences (Table 

28). For rooting, June was proven to be the best month 

followed by July and April, respectively (Table 2 9). 

Treatments of 1000, 4000, 12,000, 16,000, and 20,000 

ppm IBA were found to be significantly better than other 

levels in April with treatments of Hormex #30 and #45 as 

well as treatments of 1000, 4000, 8000, 16,000, and 20,000 

ppm IBA being significantly different in June. In July, 

treatments of 1000, 4000, 8000, and 16,000 ppm IBA and 

Hormex #45 only were found to be significantly different 

(Table 30). During this three-month period, only two of the 

three clones were found to be different. The third clone 

was significantly different in each month of this period 

while the first clone was found only to be significantly 

different in June. The second clone was not significantly 

different in each month of this entire period (Table 31). 

Clonal root grades, as determined by the number of 

roots per cutting (see Table 1), were found to be signifi

cantly different from each other. Root grades of clone 1 and 

2 varied considerably in each month while the root grades of 
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Table 26. ANOVA for the average number of roots per 
cutting for 3 V. californica clones. 

Req F 
Source df ss ms F 0. 05 

Months : (M) 2 43.53 21.76 23 . 53** 3. 55 

Clones i (C) 2 "93.50 46.75 50 .55** 3. 55 

Error A—7 18 16.65 .9248 

M x C 4 109.3 27.33 15 .16** 2. 57 

Error B—/ 48 86.51 1.803 

T x R x M x C 64 109.9 1.717 1 .077* 1. 00 

Error C—^ 144 229.6 1.594 

Total 242 611.9 

—^Error A = R, RM, RC, RMC; Error B = TC, TMC; Error C = 
TR, TRC, TMCf TRMC. 

•Significant at 0.05 level. 

**Highly significant at 0.01 level. 



Table 27. Influence of cutting month, indole-3-butyric acid, and clones on the 
average nvimber of roots/cutting of Vauguelinia californica grown for 
8 weeks under mist. 

April June July 

Treat-
mentE' 

Clone 

Avg. 

Clone 

Avg. 

Clone 

Avg. 

Treat
ment 
mean 

Treat-
mentE' 1 2 3 Avg. 1 2 3 Avg. 1 2 3 Avg. 

Treat
ment 
mean 

1 3. 0 0.0 1. 0 1.3 29. 0 0.0 0. 0 9.6 3. 0 0.0 23. 0 8.6 2.9 
2 0. 0 3.0 13. 0 5.3 52. 0 0.0 32. 0 28.0 0. 0 0.0 83. 0 21.0 18.1 
3 0. 0 .5.0 12. 0 5.6 38. 0 0.0 17. 0 18.3 2. 0 0.0 50. 0 17.3 13.7 
4 2. 0 2.0 7. 0 3.6 49. 0 0.0 67. 0 38.6 16. 0 0.0 43. 0 19.6 20.6 
5 7. 0 1.0 13. 0 7.0 0. 0 0.0 24. 0 8.0 11. 0 0.0 20. 0 10.3 8.4 
6 21. 0 0.0 11. 0 10.6 56. 0 0.0 0. 0 18.6 0. 0 0.0 62. 0 20.6 16.6 
7 10. 0 1.0 8. 0 6.3 59. 0 0.0 15. 0 24.6 7. 0 0.0 17. 0 8.0 12.9 
8 0. 0 1.0 12. 0 4.3 28. 0 0.0 19. 0 15.6 0. 0 6.0 26. 0 10.6 10.2 
9 0. 0 4.0 10. 0 4.6 53. 0 0.0 26. 0 26.3 0. 0 8.0 39. 0 15.6 15.5 

Clonal 
Mean 4. 7 1.8 9. 6 5.4 40. 4 0.0 22. 2 20.9 4. 3 1.5 38. 1 14.6 13.6 

Monthly 
Mean 5 .4 20 .9 14 .6 

z / 
— 1 = control; 2 = 1000 ppm IBA; 3 = 4000 ppm IBA; 4 = 8000 ppm IBA; 5 = 12,000 ppm 

IBA; 6 = 16,000 ppm IBA; 7 = 20,000 ppm IBA; 8 = Hormex #30 (3.0% IBA); 9 = 
Hormex #45 (4.5% IBA). 
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Table 28. Comparison of treatments for the average number 
of roots per cutting for 3 V. californica 
clones.^./ 

Treatment Avg. No. Roots 

1 0.44a^/ 

2 0.21b 

3 0.92a 

4 1.38b 

5 0. 56a 

6 1.13b 

7 0.87a 

8 0.68a 

9 1.04b 

^Values labeled with the same letter are not significantly 
different at 0.05 level. 

z/ • —Analysis based on mean comparisons between treatments. 

Table 29. Comparison of months for the average number of 
roots per cutting for 3 V. californica clones.H./ 

Month Avg. No. Roots 

April 0.36a' 

June 1.40b 

July 1.00b 

w 

Values labeled with the same letter are not significantly 
different at 0.05 level. 

z / — Analysis based on mean comparisons between months. 
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Table 30. Comparison of treatment by month for the average 
number of roots per cutting for 3 V. californica 
clones. .5/ 

Month 

Treatment April June July 

1 0. 09a^ 0. 64a 0.58a 
2 0.36c 1.87c 1.40c 
3 0. 38c 1.22b 1.16b 
4 0.24b 2. 58d 1.31c 
5 0.47c 0. 53a 0.69a 
6 0. 71d 1.24b 1.42c 
7 0.42c 1.64c 0.53a 
8 0.29b 1.04b 0.71a 
9 0.31bc 1.76c 1.04b 

^'Values labeled with the same letters are not significantly 
different at 0.05 level. 

z / — Analysis based on mean comparisons between treatments xn 
each month (column). 

Table 31. Comparison of month 
number of roots per 
clones.—' 

by clone for the 
cutting for 3 V. 

average 
californica 

Month 

Clone April June July 

1 0.32a^/ 2.70a 0.29a 

2 0.13b 0.00b 0.10b 

3 0.64c 1.48c 2.56c 

^Values labeled with the same letters are not significantly 
different at 0.05 level. 

z/ — Analysis based on mean comparisons between each clone in 
each month (column). 



clone 3 remained the same in each month of this entire 

three-month period. Table 32 shows the root grades of 

Vauquelinia cuttings as affected by clone and month. 

Length of the Longest Root 

Length of the longest roots were found to be 

affected by treatments, months, clones, and the interaction 

of month by clone (Table 33). Treatments of 1000 and 8000 

ppm IBA were the only treatments to be significantly 

different out of the 9 treatments (Table 34). All three 

months were found to be significantly different with June 

qualifying as the best month followed by July and April, 

respectively (Table 35). In April, all treatments, except 

the control, were significantly different while all treat

ments in June, except 12,000, 16,000, and 20,000 ppm IBA, 

were found to be significantly different. In July, all 

treatments, except the control and treatments of 20,000 ppm 

IBA and Hormex #30, were significantly different at the .05 

level when tested for least significant differences (Table 

36). The third clone was found to be significantly differ

ent in each of the three months while the first clone was 

significantly different only in the month of June. The 

second clone did not significantly differ in each month of 

this three-month period (Table 37). Table 38 shows the 

lengths of the longest roots as affected by clone and month. 
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Table 32. Root grades of V. californica cuttings grown for 
8 weeks under mist as affected by clone and 
month. 

Clone 

Month 1 2 3 Avg. 

April 1 1 2 1.3 

June 2 0 2 1.3 

July 1 1 2 1.3 

Avg. 1.3 0. 7 2.0 1.3 

z / — Values are 
cuttings of 

the average root grades of 
each clone in each month. 

45 individual 

Table 33. ANOVA for 
cuttings 

the lengths of the 
for 3 V. californica 

longest roots 
clones. 

of 

Source df ss ras F 
Req F 
0.05 

Months (M) 2 46.88 23.45 26.96** 3.55 

Clones (C) 2 109.59 54.80 63.04** 3.55 

z / Error A— 18 15.64 .8691 

Treatment (T) 8 33.65 4.207 2.221* 2.14 

M x C 4 127.07 31.77 16.77** 2.57 

Error B—^ 48 90.91 1.894 

z / Error C— 144 172.91 1.200 

Total 242 599.99 

7 / 
— Error A = R, RC, RM, RMC; Error B = TC, TMC; Error C = 

TR, TRC, TMC, TRMC. 

•Significant at 0.05 level. 

**Highly significant at 0.01 level. 
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Table 34. Comparison of treatments for the lengths of the 
longest roots of cuttings for 3 V. californica 
clones.£/ 

Treatment 
Length of longest 

roots (cm) 

1 0.53a^/ 
2 1.60b 
3 1.04b 
4 1.62b 
5 0.62a 
6 0.90a 
7 0.76a 
8 0.76a 
9 1.05b 

Values labeled with the same letter are not significantly 
different at 0.05 level. 

z / Analysis based on mean comparisons between treatments. 

Table 35. Comparison of months for the lengths of the 
longest roots of cuttings for 3 V. californica 
clones.£/ 

Length of longest 
Month roots (cm) 

April 0. 41a^ 

June 1.47b 

July 0.09c 

Values labeled with the same letter are not significantly 
different at 0.05 level. 

Z / • — Analysis based on mean comparisons between months. 
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Table 36. Comparison of treatment by month for the lengths 
of the longest roots of cuttings for 3 V. 
californica clones.^./ 

Month 

Treatment April June July 

1 0. 07a—^ 0.98a 0.56a 
2 0.51b 2.51c 1.78c 
3 0.40b 1.71b 1.02b 
4 0.40b 2.78c 1.69c 
5 0.47b 0.56a 0.82a 
6 0.47b 0.73a 1.49c 
7 0.4 0b 1.16b 0.71a 
8 0.42b 1.20b 0.64a 
9 0.51b 1.58b 1.07b 

^Values labeled with the same letter are not significantly 
different at 0.05 level. 

z / — Analysis based on mean comparisons between treatments in 
each month (column). 

Table 37. Comparison of month by clone for the lengths of 
the longest roots of cuttings for 3 V. 
californica clones.£/ 

Clone 

Month 

Clone April June July 

1 0.253^ 2.70a 0.29a 

2 0.29a 0.00b 0.07b 

3 0.67b 1. 07c 2.90c 

Values labeled with the same letter are not significantly 
different at 0.05 level. 

z / • — Analysis based on mean comparisons between each clone in 
each month (column). 
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Table 38. Root lengths of V. californica cuttings grown for 
8 weeks under mist as affected by clone and 
month.z/ 

Month 

Average length of the longest roots (cm) 

Month 

Clone 

Avg. Month 1 2 3 Avg. 

April .25 .29 .66 .40 

June 2.7 0.0 1.7 1.5 

July .28 .07 2.9 1.1 

Avg. 1.1 .12 1.8 1.0 

2 / — Values are the average lengths of the longest roots 
measured in centimeters that were produced by 45 
individual cuttings of each clone in each month. 
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Experiment III 

All tissue culture experiments, including the 

various sterilization procedures, were found to be unsuccess

ful due to very high mortality rates. A total of only three 

shoot tips survived from all of the various culture and 

sterilization techniques used. However, two of the three 

remaining shoot tips died soon after, thus leaving only one 

living shoot tip. The lone surviving shoot tip was 

cultured on a Murashige and Skoog liquid medium with 3% 

glucose and 25 mg/1 vitamin C (ascorbic acid). It also 

eventually died. 

Essentially, in all experiments, the basal end of 

the shoot tips turned from green to black upon sterilization 

although sterilization time was less than a minute. These 

blackened basal ends would remain clean and uncontaminated 

while the entire surface of the media and the upper portion 

of the shoot tips would be covered with fungal mycelia. All 

contaminants were of a fungal nature and thought to have 

originated from the shoot tip materials themselves. Un

contaminated shoot tips that had blackened basal ends would 

turn brown and die about one week after being sterilized and 

cultured. Therefore, no rooting of the shoot tips ever 

occurred. 

The shoot tip cultures of Vauquelinia were very 

unsuccessful mainly due to basal shoot tip blackening and 

the eventual death of the shoot tip, either by internal or 
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external contaminants, inadequate sterilization techniques, 

or an accumulation of phenolic compounds in the tissue. 

High mortality rates occurred despite the various types of 

media and sterilization techniques that were used throughout 

these experiments. Therefore, the use of tissue culture as 

an alternative propagation method in Vauquelinia californica 

does not seem to be feasible at the present time. However, 

the possibility of using tissue culture in the future has 

not been completely ruled out. More intensive study is 

required in order to optimize tissue culture procedures for 

this particular species. 

Experiment IV 

Rooting Percentages 

Rooting percentages varied considerably in each 

period and for the various treatments and clones. Irriga

tion water was applied to the stock plants in the field 

between the June 4 and June 24 periods. The purpose of 

irrigation was to determine if rooting varied more 

significantly with June 24 cuttings than June 4 cuttings and 

if it did, try to assess if irrigation alone was the reason 

or if an interaction occurred with treatment, irrigation and 

clones. Average rooting percentages for June 4 were 42.0% 

while 36.0% rooted June 24. June 4 percentages ranged from 

0.0 to 70.0% regardless of the treatments. Treatments of 

4000 and 8000 ppm water soluble IBA rooted from 0.0 to 40.0% 
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and 5.0 to 55.0%, respectively. Treatments of 4000 and 8000 

ppm ethanol soluble IBA rooted from 5.0 to 70.0% and from 

5.0 to 55.0%, respectively. June 24 percentages ranged 

from 0.0 to 95.0%, also, regardless of the treatments. 

Treatments of 4000 and 8000 ppm water soluble IBA rooted 

from 0.0 to 70.0% while treatments of 4000 and 8000 ppm 

ethanol soluble IBA rooted from 5.0 to 95.0% and from 0.0 to 

85.0%, respectively. Between these two periods, the June 24 

period rooted better overall than the June 4 period. 

However, the June 24 period did not root at all for treat

ments of 4 000 and 8000 ppm water soluble IBA, and for 8000 

ppm ethanol soluble IBA for the third clone. The treatment 

of 4000 ppm water soluble IBA did not root for the fifth 

clone in the June 4 period. The second, third, fourth, and 

fifth clones rooted from 40.0 to 55.0%, 5.0 to 15.0%, 20.0 

to 40.0%, and 0.0 to 20.0%, respectively, for the June 4 

period. These same clones rooted from 45.0 to 55.0%, 0.0 to 

5.0%, 70.0 to 95.0%, and 10.0 to 25.0%, respectively, for 

the June 24 period. Table 39 shows rooting percentages of 

Vauquelinia cuttings as affected by treatment, clone, and 

period. 

Treatments and clones were found to be significantly 

different at the 0.05 level (Table 40). However, when 

tested for least significant differences, no significant 

difference was found between treatments (Table 41). There

fore, only an overall treatment effect was evident without 



Table 39. Influence of cutting period, indole-3-butyric acid, and clones on 
rooting percentages of Vauquelinia californica cuttings grown for 8 
weeks under mist. 

June 4 June 24 

IBA (ppm) IBA (ppm) 

Ethanol soluble 'Water soluble Ethanol soluble Water soluble 
. Clonal 

Clone-' 4000 8000 Avg. 4000 8000 Avg. Avg. 4000 8000 Avg. 4000 8000 Avg. Avg. mean 

2 70.0 55.0 62. .5 40.0 55. .0 47. .5 55. .0 45. .0 55. .0 50. .0 45. .0 40. .0 42. .5 46.3 50.1 

3 10.0 5.0 7. ,5 5.0 15. 0 10. .0 8. .8 5. .0 0. .0 2. .5 0. .0 0. .0 0. .0 1.3 5.1 

4 40.0 30.0 35. .0 20.0 30. .0 25. .0 30, .0 95. .0 85. .0 90. .0 70, .0 70. .0 70. .0 80.0 55.0 

5 5.0 20.0 12. .5 0.0 5. .0 2. .5 7, .5 12. .5 "'15. .0 13. .8 10. .0 • 25. .0 17. .5 15.7 11.6 

Treatment 
Mean 31.3 27.5 29. .4 16.3 26. .3 21. ,3 25. .4 39: .4 38. .8 39. .1 31. .3 33. .8 32. .5 35.8 30.5 

Period 
Mean 25.4 35. .8 

—^Percentages were based on the number of rooted cuttings out of 5 treated cuttings. 

<J\ 
00 
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Table 40. ANOVA for rooting percentages of cuttings for 4 
V. californica clones. 

Source df ss ms F 
Req F 
0.05 

y/ 
Error A— 4 .0145 .0036 

Error 24 .0157 .0006 

Treatment (T) 3 .0034 .0012 6.678* 3.49 

Clone (C) 3 .0923 .0308 179.88** 6.59 

v/ Error C— 12 .0021 .0002 

y/ 
Error D^ 72 .0297 .0004 

Total 127 .1610 

X/ Error A = P, PC; Error B = R, RC, RP, RPC; Error C = TP, 
TPC? Error D = TR, TRC, TRP, TRPC. 

2 / —Analysis based on arc-sine transformation of actual 
rooting percentages. Formula used was: 

2 
2 2.3026 ((log mean x E df) - (df/sample x E log coded s^)) 

Adjusted X = 
1 + - ( 

number of treatments 
3(samples-1) 

*Significant at 0.05 level. 

**Highly significant at 0.01 level. 

df/treatment E df 

Table 41. Comparison of treatments for rooting percentages 
of cuttings for 4 V. californica•clones 

Treatment 

1 2 3 4 

0.0 3a^ 0.05a 0.04a 0.05a 

y~' Values labeled with the same letter are not significantly 
different at 0.05 level. 

z / — Analysis based on mean comparisons between treatments. 
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any specific conclusions of individual treatments. There 

was no significant differences between periods, suggesting 

that irrigation does not affect the rooting ability of 

clones (Table 42). Significant differences were found 

between the second and fourth clones, but not between the 

third and fifth clones (Table 43). The interactions of 

treatment by period, treatment by clone, and of treatment 

by period and clone showed some significant differences. 

The treatment by period interaction was found to be 

significant for treatments of 4000 and 8000 ppm ethanol 

soluble IBA for the June 24 period (Table 44) while the 

treatment by clone interaction was significant only for 

8000 ppm ethanol soluble IBA and the fifth clone (Table 45). 

The interaction of treatment by period and clone showed 

only significant differences for the June 24 period (Table 

46). Treatments of 4000 and 8000 ppm ethanol soluble IBA 

were found to be significant at the .05 level for the third 

and fifth clone, respectively. This suggests that irriga

tion and ethanol effects were evident depending on the 

clone involved. 

Number of Roots 

Significant differences were found only between 

plants. No treatment, period, or any interaction effect 

was seen at the .05 level (Table 47). The number of roots 

as affected by clone, treatment, and cutting period is 
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Table 42. Comparison of periods for rooting percentages of 
cuttings for 4 V. californica clones.£/ 

Period 

June 4 June 24 

O.OSa^ 0.04a 

^Values labeled with the same letter are not significantly 
different at 0.05 level. 

z / —Analysis based on mean comparisons between periods. 

Table 43. Comparison of clones for rooting percentages of 
cuttings for 4 V. californica clones..?/ 

Clone 

1 2  3 4 

0 .  0 7  0.01a 0.07a 0.02a 

Values labeled with the same letter are not significantly 
different at 0.05 level. 

z / —Analysis based on mean comparisons between clones. 
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Table 44. Comparison of treatment by period for rooting 
percentages of cuttings for 4 V. californica 
clones.2/ 

Period 

Treatment June 4 June 24 

1 . 04 la^ .028a 

2 • 050a .045b 

3 . 043a .04 Oab 

4 . 050a .044b 

^Values labeled with the same letter are not significantly 
different at 0.05 level. 

z / — Analysis based on mean comparisons between each treatment 
in each period (column). 

Table 45. Comparison of treatment by clone for rooting 
percentages of cuttings for 4 V. californica 
clones.^./ 

Clone 

Treatment 1 2 3 4 

1 0.063^ 0.01a 0.06a 0.01a 

2 0.07a 0. 02a 0.08a 0. 02a 

3 0.06a 0.01a 0.07a 0.02a 

4 0.07a 0.01a 0.07a 0.04a 

Values labeled with the same letter are not significantly 
different at 0.05 level. 

z / — Analysis based on mean comparisons between each treatment 
of each clone (column). 



Table 46. Comparison of treatment by period and clone for rooting percentages of 
cuttings for 4 V. californica clones..5/ 

Period 

June 4 June 24 

Clone 

Treatment 1 2 3 4 1 2 3 4 

1 0.073^ 0. 06a 0.00a 0.01a 0. 08a 0.04a 0.02a 0.00a 

2 0. 06a 0.08a 0.01a 0.02a 0.09a 0.06a 0.03a 0.01a 

3 0.05a 0.07a 0.00a 0.03a 0.08a 0.05a 0.03a 0.01a 

4 0.07a 0.07a 0. 00a 0.01a 0.09a 0.05a 0.04a 0.04a 

y7 

Z / 
— Analysis based on mean comparisons between each treatment of each clone (column) 

in each period (group). 

Values labeled with the same letter are not significantly different at 0.05 
level. 
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Table 47. ANOVA for average number of roots per cutting for 
4 V. californica clones. 

Source df ss ms F 
Req F 
0.05 

Periods (P) 1 .000 .000 .000 7.71 

z / 
Error A— 4 71.05 17.76 

z / 
Error B— 24 81.23 3.385 

Treatments (T) 3 34.42 11.47 2.938 3.49 

Clones (C) 3 277.1 92.35 23.65** 6.59 

z / 
Error C— 12 46.87 3.906 

_ z/ 
Error D— 72 193.6 2.689 

Total 127 736.2 

z / — Error A = P, 
TPC; Error D 

PC; Error 
= TR, TRC 

B = R, RC, 
, TRP, TRPC 

RP, RPC; Error C = TP, 

**Highly significant at 0.01 level. 



shown in Table 48. The second and fourth clones were found 

to be significantly different from each other (Table 49). 

The interaction of treatment, period, and clone did show 

significance when tested for least significant differences. 

Essentially, it showed that the treatment of 4000 ppm 

ethanol soluble IBA was significant for the third clone in 

the June 4 period (Table 50). 

Clonal root grades, determined by the number of 

roots per cutting (see Table 1), were found to be signifi

cantly different in each period. The root grades of the 

third, fourth, and fifth clones did not change from the 

June 4 period to the June 24 period. However, the root 

grades of the second clone decreased in the June 24 period. 

Table 51 shows the root grades of V. californica cuttings as 

affected by clone and period. 

Length of the Longest Root 

Treatments and clones were found to significantly 

affect the length of roots at the .05 level. However, when 

tested for least significant differences, no specific 

individual differences were evident, thus, suggesting only 

an overall treatment effect (Table 52). No significance 

was found between periods and the various interactions 

(Table 53). However, the treatment by period and clone 

interaction showed significant differences. The second and 

fourth clones were found to be significantly different 



Table 48. Influence of cutting period, indole-3-butyric acid, and clones on the 
average number of roots per cutting of Vauquelinia californica grown 
for 8 weeks under mist. 

June 4 June 24 

I6A (ppm) IBA (ppm) 

Ethanol soluble Water soluble # Ethanol soluble Water soluble 

Clone-'' 4000 8000 Avg, 4000 8000 Avg. Avg. 4000 8000 Avg. 4000 8000 Avg. Avg. mean 

2 127.0 81.0 104. .0 44. .0 85. .0 64.5 84.3 42.0 58.0 55. ,0 36.0 37.0 36.5 45.8 65.1 

3 2.0 4.0 3. .0 1. .0 59. .0 30.0 16.5 10.0 0.0 5, .0 0.0 0.0 0.0 2.5 9.5 

4 51.0 56.0 53. ,5 22, .0 65. .0 43.5 48.5 117.0 121.0 119. .0 53.0 71.0 62.0 90.5 69.5 

5 2.0 6.0 4. .0 0. .0 1. .0 0.5 . 2.3 13.0 10.0 11. ,5 4.0 24.0 . 14.0 12.8 7.6 

Treatment 
Hean 45.5 36.8 41. .1 16. .8 52. .5 34.6 37.9 45.5 49.8 47, .6 23.3 33.0 28.1 37.9 • 37.9 

Period 
Hean 37. .9 37 .9 

-^Values are based on the number of rooted cuttings out of 5 treated cuttings. 
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Table 49. Comparison of clones 
per cutting for 4 V. 

for average number of roots 
californica clones.£/ 

Clone Avg. no. roots 

1 3.25a—^ 

2 0.48b 

3 3.48a 

4 0.38b 

^Values labeled with the same letter are not significantly 
different at 0.05 level. 

2 / —Analysis based on mean comparisons between each clone. 



/ 

Table 50. Comparison of treatment by period and clone for the average number of 
roots per cutting for 4 V. californica clones. 

Period 

June 4 June 24 

Clone 

Treatment 1 234 1234 

1 1.80a—^2.20a 0.00a 0.05a 2.65a 1.10a 0.20a 0.00a 

2 2.10a 6.35c 0.50a 0.10a 5.85b 2.55b 0.65a 0.10a 

3 1.85a 4.25b 0.00a 2.95b 3.55ab 3.25b 1.20b 0.05a 

4 3.40b 4.05b 0.00a 0.20a 6.05b 2.80b 0.40a 0.30a 

^Values labeled with the same letter are not significantly different at 0.05 
level. 

z / — Analysis based on mean comparisons between each treatment of each clone 
(column) in each period (group). 
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Table 51. Root grades of V. californica cuttings grown for 
8 weeks under mist as affected by clone and 
period. .5/ 

Period 

Clone June 4 June 24 Avg. 

2 2 1 1.5 

3 1 1 1.0 

4 2 2 2.0 

5 1 1 1.0 

Avg. 1.5 1.3 1.4 

z / — .Values are the average root grades of 80 individual 
cuttings of each clone in each period. 

Table 52. Comparison of treatments for the lengths of the 
longest roots of cuttings for 4 V. californica 
clones.£/ 

Lengths of longest 
Treatment roots (cm) 

1 1.00a^/ 

2 2.07b 

3 1.63ab 

4 1.83ab 

^Values labeled with the same letter are not significantly 
different at 0.05 level. 

z / 
—Analysis based on mean comparisons between each treatment. 
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Table 53. ANOVA for the lengths of the longest root of 
cuttings for 4 V. californica clones. 

Source df ss ms F 
Req F 
0.05 

Periods (P) 1 13.65 • 13.65 .7301 7.71 

z / 
Error A— 4 74.78 18.70 

z / 
Error B— 24 57.10 2.379 

Treatment (T) 3 20.08 6.693 3.976* 3.49 

Clone (C) 3 207.7 69.22 41.11** 6.59 

z / Error C— 12 20.20 1.684 

z / Error D— 72 124.7 1.734 

Total 127 517.6 

—Error A = P, PC; Error B = R, RC, RP, RPC; Error C = TP, 
TPC; Error D = TR, TRC, TRP, TRPC. 

•Significant at 0.05 level. 

**Highly significant at 0.01 level. 
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(Table 54). Treatment of 4000 ppm ethanol soluble IBA for 

the third clone of the June 4 period was found to be 

significant as was the treatments of 4 000 and 8000 ppm 

ethanol soluble IBA for the second clone of the June 24 

period (Table 55). This may suggest an irrigation and 

treatment effect that may be associated with the water 

potential of that particular clone. Table 56 shows the 

root lengths of V. californica cuttings as affected by clone 

and period. 
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Table 54. Comparison of clones for the lengths of the 
longest roots of cuttings for 4 V. californica 
clones.£/ 

Lengths of longest 
Clone roots (cm) 

1 2.62a^/ 

2 0.28b 

3 3.16a 

4 0.46b 

values labeled with the same letter are not significantly 
different at 0.05 level. 

7 / 
—Analysis based on mean comparisons between each clone. 

/ 



Table 55. Comparison of treatment by period and clone for the lengths of the 
longest root of cuttings for 4 V. californica clones..E./ 

Period 

June 4 June 24 

Clone 

Treatment 1 2 3 4 1 2 3 4 

1 1.95a—^ 1.80a 0.00a 0.05a 2. 90a 0.95a 0.35a 0. 00a 

2 2.35b 4.15c 0.45b 0.20a 6.00b 2.15b 1.10b 0.15a 

3 1.70a 2.95b 0. 00a 1.15b 3.75a 2.20b 1.15b 0.10a 

4 3.20c 2.85b 0. 00a 0.40a 5.75b 1.55b 0.65a 0.20a 

^Values labeled with the same letter are not significantly different at 0.05 
level. 

2 / 
— Analysis based on mean comparisons between each treatment of each clone 
(column) in each period (group). 
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Table 56. Root lengths of V. californica cuttings grown for 
8 weeks under mist as affected by clone and 
period.iL/ 

Root length (cm) 

Clone June 4 June 24 Avg. 

2 2.9 2.3 2.6 

3 0.45 0.13 0.29 

4 1.7 4.6 3.1 

5 0.10 0.81 0.45 

Avg. 1.3 2.0 1.6 

7 / 
— Values are the average lengths of the longest roots 

measured in centimeters that are produced by 80 
individual cuttings of each clone in each period. 



SUMMARY AND CONCLUSIONS 

The objectives of this study were to optimize 

Arizona rosewood rooting procedures, determine clonal 

differences in rooting "ability according to location, 

investigate seasonal effect on rooting efficiency and 

evaluate two different formulations of indole-3-butyric 

acid (IBA) in inducing rooting of cuttings. 

The study was done over a four month period for 

Experiment I, a three month period for Experiment II, and 

a one month period for Experiment III to examine clonal 

variations in relation to rooting percentages, number of 

roots, lengths of the longest roots and grade of roots. 

Results indicate specific evidence that various clonal 

populations do exist with Arizona rosewood. However, 

superior rooting of these populations depend on the season, 

location of the clone, IBA concentration and formulation, 

and the physiological makeup of the clone itself. Conclu

sions for Experiment III were given in the previous 

chapter. 

Leaf abscission was observed to study its relation

ship to rooting; however, it was found that Rhizoctonia sp. 

affected the effectiveness of this observation. 

Vauquelinia clones differed significantly in rooting 

percentages, number of roots, lengths of the longest roots, 

85  
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and grade of roots. Overall rooting percentages ranged from 

0.0 to 95.0% in Experiment I, 0.0 to 67.0% in Experiment 

II, and from 0.0 to 95.0% in Experiment IV. Significantly 

different average monthly rooting percentages occurred in 

each experimental period. Experiment I ranged from 9.4% to 

46.0%, Experiment II from 12.3% to 24.0%, and Experiment IV 

from 36.0% to 42.0%. The number of roots, lengths of the 

longest roots, and grade of roots per cutting varied 

greatly among clones and IBA treatments. 

Individually, rooting percentages of each clone 

significantly differed from each other for all three experi

ments. Overall significant differences occurred between 

treatments in Experiment IV only. However, when individual 

treatments were tested, all treatments in Experiment I were 

found to be significantly different while in Experiment II 

only 1 of 9 treatments was found to be significantly 

different. In Experiment IV, however, no significant 

individual treatment differences were found. Although 

significant treatment differences occurred in all experi

ments, it was determined that 4000 and 8000 ppm IBA gave 

superior overall root initiation than the other treatments. 

However, superior root development was not restricted to 

only these two treatments. Therefore, it is recommended 

that some type of treatment, whether aqueous or non-aqueous, 

be required when propagating Vauquelinia. In the first and 

second experiments, significant monthly differences 



occurred. May and June were determined to be the optimum 

months in which superior rooting would occur, and that the 

month of July would follow closely behind. No significant 

differences between periods were found in Experiment IV. 

Therefore, irrigation was determined not to influence root 

initiation and development. Various interactions of 

treatments by clones and periods were evident in all three 

experiments. This suggests that each clone would signifi

cantly differ in rooting when subjected to various treat

ments and seasonal periods. The physiological effect of the 

individual clone and its location will also greatly 

influence these rooting differences and qualities. Young, 

well-developed clones located in well-acclimated and 

superior geographic areas and subjected to optimum environ

mental conditions will produce propagules of high quality. 

Overall, all formulations and concentrations of the growth 

regulator treatments significantly differed from each other 

in all three experiments. Therefore, it is suggested that 

treatment selection be a vital and very important aspect of 

Vauquelinia propagation and that all clonal and seasonal 

factors have to correspond in order to achieve maximum 

rooting quality. 

Six of the ten clones in Experiment I, 2 of the 3 

clones in Experiment II, and all four clones in Experiment 

IV were grown from seed that were collected, germinated, and 

planted in the Tucson area six to ten years ago. Therefore, 
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more work should be done to determine if these plants were 

from the same genetic background, and if they were, 

determine if they significantly differ in rooting from other 

non-related plants from the same area. 

Two of the ten clones in Experiment I rooted well 

throughout the four-month period while four of the six 

clones grown from seed collected in the Tucson area gave 

cuttings that rooted well in three of the four months. In 

Experiment II, all three clones, including two that were 

grown from seed, rooted less than 50% of the time while in 

Experiment IV, two of the four clones grown from seed, 

rooted well over the one-month period. Clones that rooted 

well usually rooted the fastest and had very high average 

rooting percentages in that period for all treatments. 

However, no similarities were evident in their rooting 

percentages. This suggests that specific clonal differ

ences do exist and that certain treatments will enhance or 

reduce the rooting ability of Vauquelinia. Lack of 

similarity for rooting percentages also shows the extent at 

which rooting can vary within the same species. 

Large callus formations developed on the cuttings 

before initial root formation, and the fastest callus 

formations usually resulted in the earliest root develop

ment, and subsequently, gave the highest rooting percentages. 

Cuttings that eventually gave the highest rooting per

centages had developed sufficient primary roots by week 4 
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and had remained among the highest rooting throughout the 

experiments. A possibility exists in which cuttings would 

only need to be rooted for 4 to 6 weeks in order to form 

well-developed root systems. 

Cuttings made in May produced more roots and had 

higher rooting percentages in Experiment I while June was 

the better root-producing month in Experiment II. The 

first period of Experiment IV produced slightly more roots 

than the second period. Because of the extreme variability 

in rooting due to treatment and clone, it is suggested that 

cuttings be taken from known superior clones in its optimal 

season. However, if the status of the clone is unknown, 

then it is suggested that cuttings of each individual clone 

be tested during the year to determine the optimal treatment 

and season of rooting in order to obtain high rooting 

percentages. 

Leaf abscission was less frequent with the high 

rooting clones. However, many of the low rooting clones 

had both high and low leaf abscissions. High leaf abscis

sion that occurred with the low rooting clones was due to 

the adverse effects of a fungal infection caused by 

Rhizoctonia sp., and its acceleration by the presence of 

intermittent mist. Therefore, it may be difficult to 

readily associate the rooting ability in Vauquelinia to 

leaf abscission due to the many interrelated factors that 
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can occur when asexually propagating Vauquelinia or any 

other ornamental plant species. 

Essentially, it is recommended that the asexual 

propagation of Vauquelinia californica be done during the 

summer months of May, June, and July. The use of a non

aqueous or aqueous treatment is also recommended. However, 

the use of a treatment during the summer has to correspond 

with the superior physiological makeup and the optimum 

location of the stock plant as well as favorable rooting 

conditions in order to obtain superior clonal rooting. 

Therefore, if these requirements are not followed, then 

superior root initiation and development would not be 

accomplished. 
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