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ABSTRACT 

Two methods of vegetative propagation, stem cuttings 

under mist and air layering, were examined for the 'Desert 

Museum' hybrid palo verde and species of Cercidium. 

Parkinsonia. and Prcsopis. Basal cuttings of 'Desert 

Museum' gave higher rates of rooting than apical cuttings 

and showed better rooting in April than September. Two-node 

cuttings produced more rooted cuttings for an equal stem 

length than three- or four-node cuttings. 

Cuttings of six other species and hybrids of Cercidium 

and Parkinsonia. as well as six species and hybrids of 

Prosopis. were also successfully rooted. Indolebutyric acid 

(IBA) in the range of 2,500 to 5,000 ppm generally improved 

rooting compared with no IBA treatment. Bottom heat of 30 

to 35°C was required for high rooting rates for all species. 

Air layers of Prosopis chilensis averaged 94% rooting 

using stem diameters of 8 to 10 mm. IBA at 5,000 ppm 

improved rooting by 70% over 0 ppm. Air layers of 

Cercidium. Parkinsonia. and other species of Prosopis were 

also rooted. 
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INTRODUCTION 

Cercidiuin (Palo Verde) , Parkinsonia (Palo Verde) , and 

Prosopis (Mesquite) are woody legumes commonly found in 

Southwestern landscapes. These trees are well adapted to 

arid environments with high temperatures, low water 

availability, and poor soils and are often included on 

recommended plant lists for Arizona (Arizona Department 

Water Resources, 1987; SAWARA, 1987). There is great 

variability in characteristics within species of each of 

these three genera and many desirable forms which can only 

be propagated using vegetative (asexual) methods. 

Though primarily known as landscape trees, Cercidium. 

Parkinsonia. and Prosotjis have also been important for food 

as well as a variety of non-food resources for Indian 

peoples of the Sonoran Desert and are considered to have 

potential as new crops (Felger, 1979; Felger, 1990). 

Prosopis is one of the more important genera of woody 

legumes with approximately 45 species distributed in South, 

North and Central America, Africa, and Western Asia 

(Burkhart, 1976; Hunziker et al., 1986). Prosopis species 

have a wide array of uses which include fuel, food, folk 

medicine, forage, gums, tannins, honey production, high 

quality hardwood, reforestation, and soil improvement 

through nitrogen fixation (Felker, 1979; Felker, 1981; 
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Almanza and Moya, 1986; Felger, 1990). Growth and nitrogen 

fixation of some Prosopis have occurred in salinities nearly 

equivalent to seawater (Felker et al., 1981; Rhodes and 

Felker, 1988). Screening of Prosopis species has been 

undertaken for such characteristics as cold tolerance 

(Felker et al., 1982), bioraass production (Felker et al., 

1983; Felker et al., 1989), pod production (Felker et al., 

1984), and nutritional value of pods (Saunders et al., 

1986). 

There is evidence that several species in the section 

Algarobia, such as Prosopis chilensis and P. velutina. are 

self-incompatible (Solbrig et al., 1977; Palacios and Bravo, 

1981; Hunziker et al., 1986). Cross-fertilization results 

in wide genetic variation in populations within these 

species. In addition to the intraspecific variation, 

hybridization frequently occurs between species in the 

section Algarobia (Hunziker et al., 1986; Saidman, 1986; 

Saidman and Vilardi, 1987). These processes create new 

phenotypes and transitional forms that blurr the species 

limits. Included in this section are species commonly used 

in the Arizona nursery industry such as P. alba. P. 

chilensis. P. alandulosa. and P. velutina. A great range in 

characteristics such as growth rate, spines, pod production, 

growth habit, leaf morphology, time of bud break, and frost 

tolerance can be found. This variability leads to much 



confusion over identification of Prosopis species and the 

naming of unique, desirable forms. 

Hybrids have also been found in the Sonoran Desert 

among Cercidium and Parkinsonia species. Q. x sonorae is 

believed to be a hybrid of C. microphvllum and C. praecox. 

It possesses many characteristics which are intermediate 

between C. microphvllum and C. praecox and is only found in 

two areas of the Sonoran Desert where the ranges of the two 

parent species overlap (Carter, 1974). Possible hybrids 

between C. floridum and C. microphyllum. C. praecox and P. 

aculeata. and a combination of several Cercidium species and 

P. aculeata have also been observed (Carter and Rem, 1974) . 

A palo verde cultivar, 'Desert Museum', was released in 

1987 by Mark Dimmitt of the Arizona Sonora Desert Museum 

(Dimmitt, 1987; Huttleston, 1988). This complex hybrid 

exhibits the best traits of the three species in its 

proposed parentage of [(P. aculeata x C. microphvllum^ x C. 

floridumi. 'Desert Museum' has inherited the fast growth 

rate, large yellow flowers, and sturdy upright habit of 

Parkinsonia. From the Cercidium species, it has received 

the small leaves and inconspicous leaf litter. In contrast 

to the parent species, this hybrid is completely spineless. 

The longer flowering period of the 'Desert Museum' overlaps 

that of all three parent species. 

Interest in this unique hybrid has been very strong 



with inquiries generated from as far away as Australia, 

Pakistan, and Israel. The first public release was in April 

1987 when 99 trees were sold to museum members for $30 per 1 

gallon (4 liter) container after a drawing from over 400 

entries (Arizona-Sonora Desert Museum, 1988). 'Desert 

Museum' has remained scarce, however, and has not been 

commercially produced due to difficulties in propagation. 

Since this cultivar is a complex hybrid, vegetative 

propagation methods must be used in order to maintain the 

same characteristics. Seedlings from the F1 and the complex 

hybrid trees have yielded only about 20 out of 3000 

seedlings with the desired combination of traits (Dimmitt, 

1987) . Cuttings were reported as being very difficult-to-

root and the source of the few propagules produced to date. 

Attempts at tissue culture and grafting on palo verde 

rootstoclcs have also failed. 

The great genetic diversity among Cercidium. 

Parkinsonia. and Prosopis offers much opportunity for 

selection of new cultivars with desirable features. 

Selection and evaluation of new landscape cultivars of 

several Prosopis species has been undertaken at Texas A & I 

(Felker pers. comm., 1989). As shown with 'Desert Museum', 

a key factor in the process of introducing new plant 

cultivars and the commercialization of native plants as 

ornamentals lies in developing successful propagation and 
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production procedures. 

Few studies have been done on the propagation of 

Cercidium. Parkinsonia. and Prosopis species using 

vegetative methods. Successful rooting of stem cuttings of 

several species of Prosopis has been achieved with a 

polyethylene enclosure system using 15 cm diameter plastic 

pots sealed in a poly bag and placed in a growth chamber or 

high humidity tent (Felker and Clark, 1981; Klass et al., 

1985). Rooting of Cercidium macrum and Parkinsonia aculeata 

under intermittent mist has been briefly reported by L. 

Lowry (in pars. comm. to Nokss, 1986). However, no detailed 

studies have appeared which investigate the rooting of stem 

cuttings for Cercidium. Parkinsonia. or Prosopis species 

using an inteirmittent mist system, which is one of the most 

widely used commercial production systems. 

Many woody plants such as Eucalyptus can be rooted 

using juvenile material, but difficult or impossible to root 

when mature (Paton et al., 1970). Air layering can often be 

successful in producing propagules from mature woody trees 

when other methods such as cuttings fail. It also has the 

advantage of producing larger plants in shorter time and 

does not require expensive facilities or equipment. Rooting 

of air layers of Prosopis cineraria in India and Acacia koa 

in Hawaii have been reported (Skolmen, 1977; Solanki et al., 

1986). Air layering may have potential as an additional 
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method for vegetative propagation of woody legumes. 

The objectives of this study are; (1) To develop 

methods for successful rooting of cuttings of the 'Desert 

Museum' hybrid palo verde using an intermittent mist system; 

(2) To screen a range of Cercidium. Parkinsonia. and 

Prosopis species or hybrids for rooting response using 

methods developed for 'Desert Museum'; and (3) To assess the 

feasibility of air layering as an alternative method for 

vegetative propagation of woody legumes. 
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Important Factors in cutting Propagation 

Stock Plant 

Although the environment during the rooting period is 

often considered to have the most pronounced effect on 

rooting percentage and quality of cuttings, these responses 

are also significantly influenced by the physiological 

condition of the stock plant (Andersen, 1986). Effects of 

the stock plant environment on rooting of cuttings are 

difficult to generalize. There is much variation from 

species to species and sometimes from cultivar to cultivar. 

Stock Plant Temperature. Though temperature is an 

important factor in controlling many metabolic processes, 

relatively few studies have attempted to determine the 

optimal temperature for stock plants. According to Andersen 

(1986), the limited evidence available suggests that 

temperature during stock plant growth has only a minor 

effect on the rooting of cuttings taken from these stock 

plants. However, several studies have shown that increasing 

the temperature under which stock plants are grown resulted 

in increased auxin content in the plant tissue and better 

root formation in the cuttings (Heide, 1967; Howard, 1975; 

Gislerod, 1983). Further studies are needed to better 

define the importance of this factor. 
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Stock Plant Lighting. Light is of major importance to 

plant growth and development as it is the source of energy 

in photosynthesis and can have effects due to intensity 

(irradiance), photoperiod (day length), and light quality 

(spectral distribution) (Hartman and Kester, 1983). Hansen 

(1987) examined the effect of stock plant lighting on 

adventitious root formation and found that changes in 

irradiance and photoperiod may affect the subsequent rooting 

process in cuttings. While the response differed from 

species to species, it was concluded that most species 

appear to be able to increase their rooting potential under 

moderate light conditions. For Pinus svlvestris (Hansen and 

Ernstsen, 1982) neither irradiance nor photoperiod was 

observed to be the controlling factor. Instead the radiant 

exposure (photon flux density x stock plant period) was 

found to be the most important factor influencing the number 

of roots. 

In a study of the effect of stock plant light intensity 

on rooting, stockplants of several species were grown at 37, 

53, 70, and 100% of full sunlight (Knox and Hamilton, 1982). 

Species showed varying response to different levels. 

Optimum rooting of Berberis occurred with 70% light while 

optimum rooting for Ligustrum obtusifollum var. regellanum 

was at 37% light. Rooting of Ligustrum x vicarvi did not 

respond to light intensity. 



The influence of photoperiod on z'ooting response is 

quite variable. Short-days promoted root formation in 

cuttings of Pinus svlvestris L. (Hansen and Ernstsen, 1982) 

and Abelia arandiflora (Steponkus, 1964). In contrast, 

long-days promoted rooting of Rhododendron (Barba and 

Pokorny, 1975). 

Stock Plant Mineral Nutrition. A moderate level of 

nitrogen (N) in tissue, just as for carbohydrates, is often 

considered best for optimum rooting (Hartman and Kester, 

1983) . Very low N may lead to reduced vigor while very high 

N may cause excessive vigor. Both extremes may be 

unfavox-able for rooting. A low N/high carbohydrate balance 

in stock plants is thought to favor rooting in many cases. 

Since carbohydrate is generally assumed to be the energy 

source for adventitious root formation, efforts are often 

made to increase carbohydrate supply in the stem either 

before or during rooting (French, 1990). However, in some 

cases, high carbohydrate levels have proven to inhibit 

rather than increase rooting. For stock plants of 

Rhododendron, high stock plant irradiance and high COj 

levels produced higher levels of total nonstructural 

carbohydrate and particularly of fructose in the inner stem 

(French, 1990). This resulted in inhibition of rooting 

compared to lower levels of irradiance and COj which caused 

reduced levels of total nonstructural carbohydrate and 
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fructose. 

Stock Plant Maturity. The effect of stock plant age on 

rooting of cuttings has been observed for many years. Among 

21 species of trees, Gardner (1929) noted a higher rooting 

percentage and shorter rooting time for cuttings from one-

year old trees than from two-year and older trees. It is 

also known that in plants with distinct morphological 

phases, such as Hedera, juvenile plants or plant parts often 

root more easily that those that are more mature (Hackett, 

1970; Andersen, 1986). 

Coppice regrowth in Eucalyptus sideroxvlon showed up to 

90% rooting while genetically identical mature tissue failed 

to root (Burger and Lee, 1987). This decrease in rooting of 

mature tissue has been attributed to the possible presence 

of a rooting inhibitor (Paton et al., 1970). Severe pruning 

back (coppicing), grafting, mound layering, removal of 

terminal and apical buds, serial propagation (using 

previously rooted cuttings as stock plants), 

micropropagation, and spraying with growth regulators such 

as gibberellin are some of the methods used for restoring or 

maintaining juvenile growth for cutting production (Hartman 

and Kester, 1983; Struve and Lineberger, 1988). 

Position on the Stock Plant. There can also be varying 

rooting responses depending on positional (topophysical) 

differences such as between lateral and terminal shoots. 
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various parts on the same shoot, flowering and vegetative 

wood, and heel versus non-heel cuttings (Hartman and Kester, 

1983). In the juvenile form of Hedera. there are positional 

or age related differences between the basal internodes 

which form many roots and the more apical ones which form 

few roots on cuttings (Andersen, 1986). 

Stock Plant Genotype. Rooting response can vary 

considerably between individual seedling plants. Cuttings 

of three different clones of Eucalyptus sideroxvlon varied 

in rooting from 0 to 90% under similar conditions (Burger 

and Lee, 1987). Sixty clones of Simmondsia chinensis ranged 

from 1.3 to 66.7% rooting when tested in July (Cardran, 

1980). Cuttings of Vaucmelinia californica also showed 

large clonal differences with rooting ranging frora 0 to 

93.3% (Smith, 1982). 

Season of Cutting Collection. The season of the year 

cuttings are taken often has a large effect on the rooting 

of cuttings. For deciduous species, hardwood cuttings can 

be taken during the dormant season and softwood or semi-

hardwood cuttings during the growing season using succulent 

or partially mature wood (Hartman and Kester, 1983). 

Cuttings of evergreen species are commonly taken during 

periods of growth flushes. Several species of Ouercus 

showed a decrease in rooting with progressive flushes during 

the growing season from May through August (Drew and Dirr, 
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1989). Cuttings of Vauouelinia californica. a Sonoran 

Desert native, had best rooting in May compared with April, 

June, and July (Smith, 1982). In Arizona, cuttings of 

Eucalyptus species have also been observed to root better 

during summer than winter (Price, 1961). 

Cutting Preparation and Treatment 

Rooting Hormones. Auxin is generally accepted as 

having a central role in the initiation and development of 

adventitious roots (Jarvis, 1986). This is the only group 

of chemicals (synthetic or natural) which consistently 

improve root formation in easy-to-root cuttings. Auxin is 

thought to influence the downward movement of carbohydrates. 

Indolebutyric acid (IBA) and naphthalensacetic acid (NAA) 

are usually more effective than indoleacetic acid (lAA) 

(Kawase and Matsui, 1980; Geneve and Heuser, 1982). IBA is 

also much more light stable than lAA (Hartman and Kester, 

1983). The effectiveness of auxin depends on many factors 

such as the species, age of the plant, temperature, 

humidity, type of cuttings, and method of application 

(Komissarov, 1968). 

The effect of IBA on rooting of cuttings is quite 

variable from species to species and sometimes from season 

to season. Studies in Arizona showed that cuttings of 

Eucalyptus. Rhus lancea. Simmondsia chinensis. and 
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Vacmelinia californlca treated with 4000 to 5000 ppm IBA 

rooted better than untreated cuttings (Price, 1961; Porter, 

1963; Maisari, 1966; Smith, 1982). In contrast, Osmanthus 

heterophvllus 'Illicifolius' had a variable response and 

often showed inhibition from IBA treatment rather than 

improvement in rooting (Blazich and Acedo, 1989). In India, 

IBA and lAA stimulated rooting of Dalberaia sissoo cuttings 

taken in August and November but inhibited rooting in May 

(Nanda et al., 1968). 

IBA formulations may have a significant effect on 

rooting response. A comparison of talc and ethanol 

formulations on root production in Ilex cuttings showed that 

it required four and a half times as much lAA in talc as in 

ethanol to produce the same number of roots (Heung and 

MaGuire, 1973) . Twenty-five carriers (solvents) with and 

without IBA were tested for effectiveness in promoting 

rooting of Photinia x fraseri 'Birmingham' (Dirr, 1989). 

The maximum rooting percentages, root numbers, and root 

lengths resulted from several of the carrier (ethanol, PEG, 

DMSO) plus IBA formulations with rooting ranging from 86 to 

90%. However, carriers alone can have a large effect as a 

95% ethanol carrier resulted in 87% rooting while non-

treated control cuttings had only 6.7% rooting. K-IBA in 

water was much less effective than IBA in 50% ethanol (37% 

vs 90% rooting). 
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Phenolics. A wide range of both natural and synthetic 

chemicals, termed 'auxin-synergists' and 'rooting cofactors' 

have been observed to enhance the rooting response of 

cuttings to applied auxins (Jarvis, 1986). Phenolics are a 

group of such compounds thought to be involved in control of 

root regeneration. Phenolic substances such as p-coumaric 

acid, p-hydrobenzoic acid, and ferulic acid, in combination 

with auxin, were all found to greatly stimulate root 

production on mango cuttings (Sadhu et al., 1978). 

Phenolics in combination with IBA or lAA improved rooting 

over phenolics alone. 

Rooting Inhibitors. The presence of water soluble 

positive and negative rooting factors in olive cuttings was 

demonstrated in a washing experiment (Avidan and Lavee, 

1978). Aqueous extracts of easy-to-root and difficult-to-

root cultivars showed considerable differences in root 

induction in a mung bean test. After a 4 hour wash using 

similar cuttings, washed cuttings showed an increase in 

rooting of 25 to 30% over nonwashed controls in both 

cultivars after cutting bases were treated with K-IBA. 

However, there was no difference in rooting without K-IBA 

treatment. 

In studies of Eucalyptus species, physiological 

evidence suggests that aging of Eucalvptus arandis involves 

a direct and quantitative association between decreased 
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rooting ability of stem cuttings and increased levels of a 

rooting inhibitor in the tissue forming the base of the 

cutting (Paton et al., 1970). As detected by a bioassay 

test, this inhibitor is present in difficult-to-root adult 

tissue but absent in easily-rooted seedling stems of 

Eucalyptus species. 

Mineral Nutrition of Cuttings. One of the common 

elements believed to stimulate root production in some 

plants is boron (Middleton et al., 1978). Use of boron in 

combination with IBA has been observed to increase rooting 

percentage, length, and number of roots of English holly 

cuttings (Weiser and Blaney, 1960). Apparently, boron had a 

synergistic reaction with IBA since boron alone had no 

effect. Boron is thought to be essential for the sustained 

cell division and organization necessary for formation of 

root primordia (Jarvis, 1986). 

Andersen (1986) concluded that while mineral nutrient 

requirements during rooting are low, they are significant 

and there must be enough Ca, N, P, (and probably K) and that 

Mg is not necessary in most cases. Also some Zn and B was 

considered necessary but that anything more than trace 

amounts of Mn should be avoided. Ca nutrition can be 

adversely affected when soils have high levels of Mg. 

Chrysanthemum cuttings rooted in peat, having different 

levels of exchangeable Mg and Ca, showed severe impairment 



of rooting when exchangeable Mg was greater than 80% (Paul 

and Thornhill, 1969). Addition of Ca eliminated this 

inhibition. Mist waters with increasing proportions of Mg 

also caused rooting failure in both sand and peat when the 

percentage of total cations was 70% Mg. Symptoms of calcium 

deficiency occurred at the highest Mg mist treatments. 

Leaching of mineral elements from cuttings under mist 

can reduce rooting. The replenishing of nutrients by mist 

fertilization has increased rooting percentage and quality 

in some cuttings (Wott and Tukey, 1965). Increasing rates 

of surface-applied 18-9-12 Osmocote fertilizer resulted in a 

significant linear increase of between 13 and 47% rooting in 

cuttings of Cotoneaster lucidus. However in the same study, 

cuttings of Svrinaa villosa and Thuia occidentalis 

'Pyramidalis' showed no response to Osmocote applications 

(Chong, 1982). In Simmondsia chinensis. Osmocote treated 

cuttings were greater than controls in nodes, fresh weight, 

and succulence (Feldman, 1982). 

Fungicides. Fungicides have been used in an effort to 

improve rooting percent, quality, and survival. It is 

somewhat debatable as to whether improvement is due to 

protection from fungal attack, or from stimulation of root 

initiation, or both (Hartman and Kester, 1983). In a study 

of the effect of fungicides, benomyl, captan, ferbam, and 

thiram were tested alone or in combination with IBA. The 



fungicides generally either had no effect or delayed root 

initiation and reduced root growth when applied to the ends 

of basal cuttings of Choisva ternata. Cotoneaster conspicua, 

and Hebe diosmifolia (Hocking and Thomas, 1981). 

Spraying stock plants of Camelia sinensis (tea) three 

times at weekly intervals with benomyl before taking 

cuttings, improved the survival (rooting) rate of cuttings 

from 3.3% in the nontreated controls to 76% in treated 

plants (Chen et al., 1990). The treatment also greatly 

improved the growth of surviving cuttings. Soaking cuttings 

in benomyl also improved survival (by 3-5%) and growth 

compared to nontreated cuttings. Effects of the fungicidal 

dip were relatively small compared to that of taking 

cuttings from stock plants sprayed with benomyl. 

Bacterial Pathogens. Bacterial organisms such as 

Erwinia and Pseudomonas species can cause serious 

propagation problems (Hartman and Kester, 1983). Control 

can be difficult and usually involves eliminating sources of 

contamination, sterilizing soil, tools and work surfaces, 

and use of antibiotics and bactericides. Some fungicides 

have antibacterial activity, particularly those containing 

zinc and copper. In addition to protection from bacterial 

attack, the antibiotics streptomycin, kanamycin, 

erythromycin, roscillin, doxycycline, benzylpenicillin, and 

chloramphenicol were found to stimulate rooting on cuttings 
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of Vlqna radiata (Shanmugasundaram et al., 1983). 

Wounding. Basal wounding is beneficial in rooting 

cuttings of some species, particularly cuttings with older 

wood at the base. Wounded tissues may be stimulated into 

cell division and production of root primordia, perhaps due 

to an accumulation of auxins and carbohydrates at the wound 

site (Hartman and Kester, 1983). Absorption of water as 

well as growth regulators may be improved by wounding. 

Wounded tissues have been found to produce ethylene, which 

has root promoting effects in some plants (Krishnamoorthy, 

1970). 

A combination of wounding and IBA dip for Korean and 

Japanese boxwoods resulted in better rooting than wounding, 

IBA alone, or the untreated control (Banko and Stefani, 

1986). Effects of wounding may vary according to season. 

Cuttings of Raphiolepis indica had improved rooting with a 

combination of wounding and IBA in June but not in August 

(Ingram et al., 1984). Wounding alone did not increase 

rooting percentage or root number of Simmondsia chinensis 

but did show a significant increase when combined with IBA 

application (Howard et al., 1984) 

Acid/Base Treatment. Rooting of stem cuttings of 

Bouaainvillea. Ceratonia silioua. Jualans hindsii. Pistacia 

chinensis, and Salix laevigata was greatly improved by 

dipping the base of cuttings in sulfuric acid prior to 
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applying IBA. Pretreatment with sodium hydroxide also 

resulted in a considerable increase in rooting for cuttings 

of Azalea. Bouaainvillea. liiauidambar stvraciflua. Osmanthus 

heterophvllus. Pinus radiata. and Rhododendron (Lee et al., 

1976; Lee et al., 1977). 

Cutting Size and Position. The position of a cutting 

on a stem can have a significant effect on the rooting 

response. Apical cuttings rooted better than basal cuttings 

of seedlings of Aesculus species and mature trees of 

Aesculus X arnoldiana 'Autumn Splendor' (Bergman et al., 

1988). For cuttings of Triolochiton scleroxvlon. the 

position of origin of cuttings strongly influenced the 

rooting ability which decreased basipetally down the length 

of the shoot (Leakey and Mohammed, 1985). Cutting position 

on stock plants of Stephanotls floribunda affected the 

number of roots formed per cutting but not the rooting 

percentage (Hansen, 1989). Best rooting was observed in 

cuttings from the middle part of the stock plant. 

Four-node cuttings of Simmondsia chinensis had 94 and 

85% rooting, respectively, for terminal and middle cuttings 

and 61% for basal cuttings (El-Serafy and Palzkill, 

unpublished data). Single-node cuttings rooted relatively 

well from 2 to 7 consecutive nodes back from the tip and 

showed a drop off for nodes 8 to 12. 

For olive cuttings, rooting ability was noted to 
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decrease with decreasing length of single-node cuttings 

(Avidan and Lavee, 1978). The numbers of leaves or leaf 

area on the olive cuttings was also shown to significantly 

affect rooting. Optimal rooting occured with 2 leaves for 

the 'Shami' cultivar and 4 leaves for 'Manzanillo' with a 

drop off in rooting above or below these numbers. No 

rooting occurred on either cultivar with all leaves removed. 

Rooting Environment of Cuttings 

Rooting Temperature. Temperature is a critical factor 

influencing root formation. In looking at the effects of 

temperature on rooting of cuttings, there are a number of 

interconnected responses to consider such as the speed of 

root initiation, number of initials, number of roots, growth 

of new roots, and percentage of cuttings rooted (Andersen, 

1986). In an experiment with begonias, longer roots and 

faster rooting occurred at higher temperatures (Heide, 

1964) . After 30 days at 18 to 27°C, rooting was 100% but 

only 70 to 80% at 15°C. Root length increased with 

increasing temperature from 15 to 24°C and decreased 

slightly at 27''C. Optimal temperatures for rooting were 

also observed to be higher for cuttings which came from 

stock plants grown at 20 to 22°C than at lower temperatures 

of 12 to 18°C. Komissarov (1968) suggested that cuttings of 

tropical and subtropical plants may require a higher 
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temperature for rooting than do cuttings of plants from 

temperate and colder environments. Hartman and Kester 

(1983) recommended 18 to 2TQ. as the proper temperature for 

rooting of most plants. 

Though rooting percentages were similar for cuttings of 

Hibiscus rosa-sinensis at six different temperatures from 18 

to 34°C, cuttings rooted faster and had greater root weights 

at 26 and SCC (Carpenter, 1989). Cuttings of Juniperus 

chinensis 'Torulosa' rooted in 45 days with a bottom 

temperature of 23 to 26°C (45 days) but not until 90 days at 

13 to 20°C (Wetherington, 1983). Gislerod (1983) suggested 

that a temperature increase in the propagation media may 

influence the endogenous auxin balance in cuttings. For 

Grevillea -iohnsonii. high auxin concentrations appeared less 

detrimental to rooting at 30''C than 24''C (Ellyard and 

Ollerenshaw, 1985). Optimal temperature for rooting 

percentage (22°C) was found to be different than for root 

numbers (27°C) for hardwood cuttings of apple rootstocks 

(Howard, 1968). 

Lighting of Cuttings. Ample but not excessive light is 

recommended by Hartman and Kester (1983) during rooting of 

leafy cuttings. Andersen (1986) points out that although 

there is a large body of information describing the 

relationship between rooting of cuttings and irradiance 

during propagation, much of the literature is weak and does 
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little to clarify the connection between irradiance, 

photosynthesis, carbohydrates, and rooting of cuttings. For 

Viburnum x bodnantense. Forsvthia x intermedia• and Hibiscus 

svriacus. high light (over 2.0 MJ m' day') reduced rooting 

in cuttings (Grange and Loach, 1985). Reduction in rooting 

appeared to be due to the accumulation of solutes (high 

sugar level) in high light. These results indicate that the 

common practice of using high irradiance in mist systems may 

reduce rooting in certain species. Rooting of leafy 

cuttings of Forsvthia x intermedia 'Lynwood' and Weiaela 

florida 'Variegata' rooted best at 20 and 40 W m' and had 

decreased rooting with higher irradiances of 60 and 80 W 

(Loach and Gay, 1979). 

Though examples of improvement in rooting under both 

short-day and long-day photoperiods can be found, long-days 

are generally considered to result in best rooting for most 

plants (Hartman and Kester, 1983; Andersen, 1986). Cuttings 

of Acer rubrum taken in June, July, and August had higher 

rooting percentages and greater dry root weights under a 4 

hour extended photoperiod than under the natural photoperiod 

(Lane and Still, 1982) . 

Rooting Media. Considerable differences exist in 

rooting response to the various artificial media (perlite, 

vermiculite, rockwool, etc.), though most of them give 

reasonable success as propagation media. Perlite has the 
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highest and vermiculite the lowest air content, while 

vermiculite retains the greatest volume of water (Anderson, 

1986). Hartman and Kester (1983) note that a mixture of 

equal parts perlite and vermiculite usually gives better 

results than either material used alone. 

Water Relations. The water relations of cuttings is 

one of the primary concerns of plant propagators. Even 

cuttings with their bases in water can develop a water 

deficit if the irradiance is high enough (> 100 W m'^ PAR) 

(Anderson, 1986). Water loss can be lessened by shading to 

reduce irradiance, enclosing cuttings in plastic tents to 

increase humidity, misting to cool the leaves, and by 

applying anti-transpirants to reduce the rate of water 

diffusion from the leaves (Andersen, 1986). Mist is 

described as having possible effects of (1) cooling by 

evaporation and reduction of transpiration and respiration, 

(2) leaching of nutrients and other metabolites or use of 

nutrient mist to replenish depleted nutrients, (3) leaching 

of root inhibitors, and (4) induction of root promoting 

substances (Tukey, 1978) . 

Grange and Loach (1983) note that using mist under 

polyethylene combines the advantages of both systems with 

leaf wetting during the day and maintenance of high humidity 

at night. In a study of two propagation systems, rooting of 

leafy cuttings of 81 species and cultivars was compared 



under conventional intermittent mist (M) and intermittent 

mist inside a raised polyethylene tent (MP), with both 

systems shaded to a light level around 1.5 MJ m"'d'' (Grange 

and Loach, 1984). Conifer cuttings rooted much better under 

M than MP while broad-leaved species rooted equally well in 

either system. Species particularly susceptible to water 

stress rooted better in MP. However, for most species the 

shading employed was adequate to ensure that water stress 

was seldom critical in either system. 

Air Layering 

Air layering is a method by which adventitious roots 

are caused to form on an above ground portion of a stem 

while still attached to the parent plant. Since the stem 

remains attached during rooting, it is continually supplied 

with water and minerals through the intact xylem. Several 

treatments are used to stimulate formation of adventitious 

roots by interrupting the downward translocation of organic 

materials such as carboyhydrates, auxin, and other growth 

factors (Hartman and Kester, 1983). A girdling cut is 

commonly used to cause these materials to accumulate near 

the point of treatment. Use of root-promoting substances 

such as IBA is often beneficial. 

Though somewhat more labor intensive than other methods 

of vegetative propagation, air layering has the advantage of 



being able to reproduce plants which do not easily root from 

cuttings. Cuttings of many species can be rooted when young 

but become difficult or impossible to root when mature. Air 

layering can be useful for such difficult cases and can be 

accomplished without having to severely cut back the tree to 

induce more juvenile growth for cutting material. Layering 

also has the advantage of producing a relatively large-sized 

plant in a short time with minimal propagation facilities. 

Air layering is used to propagate many subtropical and 

tropical woody plants such as mango, ber, guava, waterapple, 

jackfruit, fig, pomegranate, cashew, and citrus 

(Nagabhushanam et al., 1980; Rajan et al., 1982; Wutscher, 

1983; Suryanarayana and Rao, 1984a). Forest trees such as 

Pinus and Eucalyptus species have also been successfully air 

layered (Hussain, 1966; Arya and Hague, 1982). 

Stem Diameter. Air layers are usually made on stems of 

the previous season's growth but have also been made late in 

the growing season on current season's growth (Sadhu and 

Bose, 1980; Hartman and Kester, 1983). There are also 

reports of using two-year old stems (Arya and Hague, 1982). 

The best stem diameter depends on the character of the 

species used. Diameters have been observed to range from 

0.5 to 0.7 cm for Simmondsia chinensis (Alcaraz-Melendez and 

Ayala-Rocha, 1982), 1 to 2 cm for Citrus paradisi (Wutscher, 

1983), and 2.0 to 2.5 cm for Pinus species (Arya and Hague, 
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1982) . 

Wounding. Two types of procedures are generally used 

to wound the stem. The first is to remove a strip of bark 

from around the stem, making sure to completely remove the 

phloem and cambium in order to retard healing. The width of 

the girdle has varied from 1.5 cm in Pinus species (Arya and 

Hague, 1982) to 3 to 4 cm in Ficus carica and Punica 

qranatum (Suryanarayana and Rao, 1984a), although 2.0 to 2.5 

cm is the most common width. 

An alternative wounding method is to make slanting 

upward cuts about 3 cm long on one or both sides of the stem 

and use a piece of sphagnum or wood to separate the surfaces 

(Hartman and Kester, 1983) . The slanting cut should be made 

about 1/2 to 1/3 the way through the stem, preferably just 

below a node (Baumgardt, 1987). Air layering of Ficus 

el? "-.ica using girdling resulted in considerably more 

spotting on field grown plants than air layering using two 

vertical cuts (3 cm long) into opposite sides of the stem, 

each directed inward and upward (Broschat and Donselman, 

1981). Another variation used on tropical fruit trees has 

been to remove the bark section in the girdling process by 

tearing the bark away with a regular pair of pliers (Nelson, 

1987). 

Rooting Hormones. Application of an auxin such as IBA 

on the wound surface has been shown to help promote rooting. 



In comparing applications of lAA, NAA, and IBA in lanolin 

and a control of lanolin only, rooting occurred in the 

shortest time and with the highest number of roots using 

10,000 and 20,000 ppm IBA for Ficus carica and Punica 

aranatum (Suryanarayana and Rao, 1984a). A similar study 

for mango, lemon, and ber showed 20,000 ppm IBA to be best 

for all rooting characters studied (Suryanarayana and Rao, 

1984b). The lanolin control did not root for any of the 3 

species. Rooting of air layers of Simmondsia chinensis has 

been improved using a combination of IBA and NAA (Alcaraz-

Melendez and Ayala-Rocha, 1982). 

Other root promoting substances have been used in 

combination with auxins on air layers. For mango, guava, 

and waterapple, ethrel (2-chloroethylphosphonic acid, 250 mg 

a.i./l) in combination with IBA promoted rooting percent, 

root number, and root dry weight more than IBA or ethrel 

alone (Sadhu and Bose, 1980). Ethrel alone was nearly 

equally effective as IBA in root promotion. Pretreatment of 

mango stockplants with cycocel (2-chloroethyltrimethyl-

ammonium chloride, 10,000 mg/1) has also improved rooting of 

both cuttings and air layers in the prescence of IBA, with 

cycocel being found to be more effective than ethrel (Sadhu, 

1979) . Improved root quality and greater survival was also 

achieved using these treatments. 

Rooting Media. Moistened sphagnum moss with the excess 
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water squeezed out is the commonly recommended rooting 

substrate for air layers. However, other rooting media such 

as moist sawdust with a polyethylene sheet wrap and bamboo 

tubing filled with sand have been successfully used to root 

air layers (Hussain, 1966; Suryanarayana and Rao, 1984b). A 

system of air layering has been tested with good results 

using a split, moistened Kys-Kube (Keyes Fibre Company, New 

Iberia, Louisiana) for the rooting media and Parafilm 

(Curtin Matheson Scientific, P.O. Box 53387, New Orleans, 

Louisiana) as a moisture retaining wrap (Hare, 1979). Kys-

Kubes consist of pressed peat, vermiculite, and cellulose 

fiber and provide a neat, uniform rooting medium. Parafilm 

is quick to apply and stretches to make a tight seal which 

is effective at retaining moisture. Aluminum foil reduces 

temperature, keeps layers from drying out, and minimizes 

physical damage to the plastic wrap. 

Season. Air layering can be done throughout the year 

in some areas, but best results are generally obtained 

during periods of most active plant growth. Pinus patula 

and P. caribaea were layered each month of the year in India 

(Arya and Haque, 1982), but rooting only occurred when 

started June through September. Other studies in India, 

have also shown good results for air layers started from 

July through October (Sadhu and Bose, 1980; Suryanarayana 

and Rao, 1984b). Simmondsia chinensis air layers, started 
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during January in Baja, California, were harvested in 14 to 

16 weeks (Alcaraz-Melendez and Ayala-Rocha, 1982). 

Use of IBA can not only increase rooting percent and 

improve root quality, but also speed up rooting. Air layers 

of Ficus carica and Punica aranatum. started in August, 

showed visible roots in 15 days at 20,000 ppm IBA but not 

until 27 days without IBA (Suryanarayana and Rao, 1984a). 

Air layers generally are ready for harvest in 5 to 9 weeks 

for fast-rooting species during the best times of year. It 

may take 6 months or longer for difficult-to-root species or 

if rooting under less than optimal conditions. 

Asexual Propagation of Cereit^iimif Parkinsonia. and Prosopis 

While propagation by stem cuttings is commonly used for 

many traditional ornamental plants, few studies have been 

done on vegetative propagation of woody desert legumes in 

the Southwest. In an early report, stem cuttings taken from 

Acacia greggji. Cercidium floridum. and Prosopis iuliflora 

in March near Palm Springs, California all failed to root 

(Chase and Strain, 1966) . 

Vegetative propagation of several other genera of 

woody legumes found in the Southwest has been achieved. 

Softwood stem cuttings of Calliandra californica and 

subapical softwood cuttings of Caesalpinia pulcherrima have 

been rooted within 5 to 6 weeks using 6,000 to 8,000 ppm IBA 
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in talc under intermittent mist with a minimum temperature 

of 22 to 23''C (Davison, 1989) . Rooting of Acacia koa in 

Hawaii was 36% for cuttings from stem sprouts, 50% for 

cuttings from root suckers, and 36% for air layers (Skolmen, 

1977). Cuttings were treated with 3,000 ppra IBA in talc 

under intermittent mist. Acacia albida was rooted in India 

with up to 65% success without rooting hormones using branch 

cuttings 20 cm in length and 0.5 to 1.5 cm in diameter. A 

rooting media of sandy loam and 30% farm yard manure gave 

better rooting results than sand, sand and 30% farm yard 

manure, or sandy loam (Ahmed, 1987). 

The only reports of procedures for successful rooting 

of cuttings of Cercidium or Parkinsonia were noted in a 

personal communication from L. Lowry to Nokes (1986), 

Cercidium macrum. a native to south Texas, was reported to 

be rooted from softwood cuttings taken in summer or semi-

hardwood cuttings taken in the fall, treated with IBA, and 

placed under mist (Nokes, 1986). Parkinsonia aculeata was 

also rooted from semi-hardwood cuttings taken in summer, 

treated with IBA (Hormidin 3), and placed under intermittent 

mist. 

Chilean mesquite was reportedly rooted from semi-

hardwood cuttings using a 5 sec dip in 3,000 ppm IBA 

dissolved in vodka according to a personal communciation 

from Ron Gass to Felker (1979). No detailed studies of 
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rooting of stem cuttings of either Cercidium. Parkinsonia. 

or Prosopis species using an intermittent mist system have 

been published. 

A poly-enclosure system was successfully used to root 

cuttings of six species of Prosopis representing Hawaiian, 

North American, and South American germplasm (Felker and 

Clark, 1981). Rooting percentages for P. alba. £. 

articulata. P. chilensis. £. alandulosa var. torrevana. P. 

pallida, and P. velutina ranged from 30 to 100% and averaged 

64% for uncovered cuttings and 88% for cuttings covered with 

poly bags. Cuttings were taken in the spring from 

greenhouse grown stock plants and placed in a translucent 

high humidity chamber after treatment with a foliar dithane 

spray, and a 3 second 100% DMSO dip containing 6,000 mg/1 

IBA, 9,000 mg/1 NAA, 100 mg/1 boric acid, 200 mg/1 calcium 

chloride, 100 mg/1 thiamine, and 100 mg/1 Banrot. Cuttings 

from the same stock plants taken in autumn had only 15% 

rooting. 

Studies of a high biomass-producing Prosopis alba 

clone, using poly-covered pots in a growth chamber, 

identified some of the important factors influencing the 

seasonal change in rooting ability (Klass et al., 1985). No 

rooting was obseirved at an air temperature of 20°C while 

optimal rooting percentages and root development occurred at 

35°C. A light intensity of 520 /nmol m'^s"' resulted in 69% 
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rooting, in contrast to 150 fjLmol mV which resulted in less 

than 10% rooting. Photoperiods of 8, 12, 18, and 24 hours 

were given to stock plants and cuttings. The highest 

rooting percentage (83%) was achieved using a 12 hour 

photoperiod for both stock plants and cuttings. The rooting 

percentage of cuttings declined with successive harvesting 

from the same stock plants every 4 weeks. 

The influence of mineral nutrient status of stock 

plants on the rooting of cuttings was examined using 

fertilized and nonfertilized Prosopis alba clone BjVjo stock 

plants (De Souza and Felker, 1986). One liter of Val-Gro, a 

commercial fertilizer, was applied 3 times a week (N-800 

mg/1, P-500 mg/1, K-300 mg/1, and micronutrients). After 

analysis of N and total available carbohydrates for both 

leaves and stems, stem N appeared to correlate best with 

rooting percentage. Though carbohydrate reserves in leaves 

and stems are often considered an important determinant for 

rooting success, no correlation for either leaves or stems 

was found in this study. 

Averaged over 5 harvests, mean rooting percentage was 

greater from fertilized (58%) than nonfertilized (44%) stock 

plants (P=0.087). Although fertilization did not greatly 

increase the rooting percentage, nonfertilized plants grew 

very slowly compared to the fertilized and had much less 

cutting material available. Frequent fertilization appears 
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to be necessary to maintain adequate growth rates for 

commercial production. Since N was positively correlated 

with rooting percentage and negatively correlated with leaf 

carbohydrate, it was suggested that unbalanced fertilizers 

rich in N and low in other nutrients might increase stem N, 

decrease stem carbohydrate, and help maintain high rooting 

percentages from stock plants. This contrasts with the 

recommendation of Hartman and Kester (1983) to maintain a 

low N/high carbohydrate balance in most plants for best 

rooting. 

The effect of growth regulator and fungicide 

concentrations on rooting was examined for cuttings of 

Prosonis alba clone BjVjo (Klass et al., 1987). In a 

comparison of IBA and NAA concentrations of o, 3,000, 

12,000, and 36,000 ppm in talc, 12,000 ppm IBA resulted in 

the greatest rooting percentage (59%) and number of roots 

per cutting. Banrot, benomyl, and captan at concentrations 

of 0.5 and 1.0 g/1 were compared with a control. The 

fungicides had little positive influence on rooting of 

cuttings and severely inhibited root development at a 

concentration of 1 g/1. Banrot at 0.5 g/1 and the control 

with no fungicide had greatest rooting percentages which 

suggested that concentrations of banrot and benomyl at less 

than 0.5 g/1 should be examined to determine if they can 

control pathogens without inhibiting root development. 
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Studies of Prosopis cineraria, a multipurpose tree used 

extensively in India, described an in vitro method for 

clonal propagation from hypocotyl segments (Goyal and Arya, 

1981) and nutritional requirements for maximum shoot 

differentiation and growth from a single bud (Goyal and 

Arya, 1984). Studies of in vitro propagation of Prosopis 

alba clone BjVjo have identified conditions favoring shoot 

stimulation (Tabone et al., 1986). Additional research is 

needed to successfully develop a commercial procedure for 

shoot multiplication, rooting, and transfer of plants back 

to the soil. Explants (apical tips 15 to 22 mm) of P. 

chilensis have been cultured in vitro and rooted 

successfully (73%) on Murashige and Skoog's medium with 5 

mg/1 NAA. Stem cuttings of P. chilensis. 15 cm in length, 

were also rooted with 93% success in a hydroponic setup with 

aerated Hoagland's solution (Balboa et al., 1987). 

Air layers of £. cineraria have been rooted in India 

using stem diameters of 10 to 15 mm (Solanki et al., 1986). 

Air layers with stem diameters of 5 to 7 mm did not root. 

Seradix B3 and 100 ppm lAA in talc both produced rooted air 

layers, in contrast to the control without auxin treatment 

which had no rooting. Both clay and moss were successful as 

a rooting medium, though clay was less prone to dry out. 

Layers were started each month of the year and rooting was 

obtained for layers started in January, February, June, 
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July, August, and September. 
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General Procedures For Cutting Propagation 

Both landscape and container plants of 'Desert Museum' 

were used as stock plants. Cuttings of Prosopis alba 

(Forbes clone) were taken from the southernmost mature 

landscape tree on the west side of the Forbes Building on 

the University of Arizona campus. Since this tree has 

attractive features, it has often been used as a seed source 

by local nurserymen. This tree will be referred to as the 

"Forbes clone" for lack of a better name. Three stock 

plants each of a range of Cercidium. Parkinsonia. and 

Prosopis species or hybrids were maintained in 19 liter (5 

gallon) containers. Container plants were fertilized at 

alternate waterings with 200 ppm Peters 20-20-20 general 

purpose fertilizer. Stock plants were heavily pruned back 

approximately every 5 to 6 weeks to encourage new stem 

growth. 

Cutting material generally consisted of vigorous, green 

stem growth approximately 4 to 6 weeks old. The best stem 

material was flexible but beginning to harden up somewhat. 

For Cercidium and Parkinsonia species, 'apical' cuttings 

refer to the first cutting including the tip. 'Basal' 

cutting refer to the next consecutive position below the 

apical cutting. In later studies, cutting positions further 
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down on the stem were also used. Cuttings of Prosopis 

species were selected by stem diameter regardless of 

position. The lower cut on the bottom end of all cuttings 

was made approximately 5 mm below a node. Leaves were 

trimmed to a maximum length of 4 to 5 cm. 

The potassium (K) salt form of IBA was used for all 

studies and dissolved in deionized water to prepare the IBA 

solution. The bottom 2 cm of cuttings were dipped for 5 

seconds in the IBA solution and allowed to air dry for 5 to 

10 minutes before sticking. Cuttings were inserted 2.5 to 

3.5 cm into a rooting medium consisting of a 1:1 ratio of 

medium grade vermiculite and perlite. The rooting medium 

was generally drenched with 0.5 g/1 Banrot (Sierra Crop 

Px'otection Co. , Milpitas, California) prior to sticking 

cuttings. Rooting containers consisted of either 32 cell 

Rootrainers (Jiffy-Products N.B. LTD., Shippegan, Canada), 5 

cm (2") Jiffy peat pots (Jiffy-Products (N.B.) LTD., 

Shippegan, Canada) in 50 cell trays, or 3 cm (1.25") Jiffy 

peat pots in 98 cell trays. Rootrainer cells were 3.75 cm 

sq X 12.5 cm (1.5" sq. x 5"). 

Intermittent mist was applied at an interval of 8 

minutes for a duration of 8 to 10 seconds during the first 

three weeks. At times when the mist bench was full, the 

mist duration was increased to 12 seconds to avoid drying of 

cuttings in areas of the bench receiving a lighter 
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application of mist. After three weeks, the mist duration 

was gradually decreased until cuttings were removed from the 

mist bench at about five weeks. Cuttings were kept under 

70% shadecloth for several more weeks before exposure to 

full sun. 

Bottom heat was provided with a Biotherm heating system 

(Biotherm Engineering Co., Petaluma, California). Soil 

temperatures usually averaged between 30-35°C with 

occasional brief fluctuations a few degrees above or below 

this. Shadecloth (55% reduction) was used to reduce light 

intensity in order to reduce water stress in the cuttings. 

Light intensity under the shadecloth was approximately 425 

/imol mV in mid-April, 525 /xmol m'^s' in mid-June, and 325 

Mmol m'^s"' in mid-October. Shadecloth was removed from late 

October through March. In mid-November, light intensity in 

full sun on the mist bench was 500 to 600 fixaol mV' 

All studies had from 7 to 25 cuttings per experimental 

unit. Each experimental unit was replicated 3 to 4 times in 

either a completely randomized, randomized complete block, 

or split-split-plot design. 

Cuttings were considered rooted if there were one or 

more roots at least 1 cm in length. The number of rooted 

cuttings was recorded and the rooting percentage calculated. 

Since the objective was to increase the number of 'Desert 

Museum' plants, as well as to build up stock plants of other 
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clones, root quality determinations were not made in order 

to avoid root damage. Roots of 'Desert Museum* are very 

fragile in the early rooting stages and break easily when 

disturbed. 

Statistical analysis was performed on either the number 

of rooted cuttings or arc-sine transformed percentage data 

using the CoStat statistical program (CoHort Software, 

Berkeley, CA) or SAS statistical program (SAS Institute, 

Inc., Gary, NC). Graphs were constructed using CoPlot 

(CoHort Software, Berkeley, CA) and Plotlt. 

Cutting Propagation of 'Desert Museum* 

IBA Concentration x Stem Position 

The effect of six levels of IBA on rooting of apical 

and basal cuttings of 'Desert Museum' was examined in three 

different studies in April, July, and September. An IBA dip 

was used with concentrations of 0, 1,250, 2,500, 5,000, 

7,500, and 10,000 ppm. Cuttings were taken from a landscape 

tree which had been repeatedly cut back every 5 to 6 weeks 

from late April to late August to stimulate new stem growth. 

Rootrainers with 32 cells were used for the April and 

September studies. Trays with 98 peat pots (3 cm) were used 

in the July study in order to allow transplanting of 

individual cuttings as soon as well-rooted. All cuttings 

for these three IBA studies received a 1 cm slice wound 
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opposite the node on the bottom of the cutting prior to 

dipping in the IBA solution. Cuttings for all other studies 

were not wounded. 

In the first IBA study begun on April 22, 1989, a 

randomized complete block design was used with 3 

replications and 8 cuttings per experimental unit. Cutting 

material used for this study was in optimal condition and 

consisted of vigorous flexible, stem material from the first 

flush of new spring growth. 

A randomized complete block design with 3 replications 

and 12 cuttings per experimental unit was used in a second 

IBA study begun on July 15, 1989. Rooting containers 

consisted of 3 cm peat pots. Cutting material was still in 

quite vigorous condition but showed some insect damage. 

Cutting material for the third IBA study begun on 

September 14, 1989 showed considerable decline in condition 

and was quite variable. In general, stem tips were thinner 

and more hardened up than in the two previous studies. 

Cutting material began to decline in condition quite rapidly 

beginning in early September. Rootrainers were used for 

containers. There were 8 basal cuttings per experimental 

unit but only 7 apical cuttings per experimental unit since 

many stem tips were damaged. A completely randomized design 

with 3 replications was used. 
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Number of Nodes x Position on Stem 

The effect on rooting of the number of nodes (length) 

and position of the cutting on the stem was examined in a 

study begun on September 21, 1989. Cutting material was 

taken from 4 liter (1 gallon) and 8 liter (2 gallon) 

container plants kept in a shadehouse with 30% shading. A 

randomized complete block design was used with 3 

replications and 16 cuttings per experimental unit. The 

first 4 cm, including the tip, were removed from each stem 

since this portion of the stem was too succulent and soft to 

be used for the first 2-node cutting. Each stem was cut 

into lengths of either 2-nodes, 3-nodes, or 4-nodes. For 2-

node cuttings, eight consecutive positions were taken back 

from the terminal end of the stem. Six positions of 3-node 

and four positions of 4-node cuttings were taken. 

Stem Diameter 

The effect of stem diameter on rooting of stem cuttings 

of 'Desert Museum' was investigated in two studies. 

Cuttings were taken from 57 liter (15 gallon) stock plants 

growing in full sun. 

Basal cuttings 8 to 11 cm in length with diameters of 

2, 3, 4, and 5 mm were used in a study of rooting diameter 

begun on June 9, 1989. The apical cutting (8 to 11 cm) was 

discarded and all suitable green stem material below the 
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apical cutting cut into 8 to 11 cm lengths and sorted 

according to diameter. Rooting containers consisted of 5 cm 

peat pots with 50 pots per tray. A completely randomized 

design was used with 4 replications and 10 cuttings per 

experimental unit. 

The same 57 liter (15 gallon) stock plants were again 

used in a study started on September 26, 1989. Though in 

better condition than landscape plants, there was still some 

yellowing of leaves occuring on the lower areas of the 

container plants. Cutting material was green and flexible, 

but not quite as vigorous in appearance as earlier in the 

year. Rootrainers with 32 cells were used for containers 

rather than peat pots. Basal cuttings were cut into 8 to 11 

cm lengths and sorted according to diameters of 2, 3, 4, 5, 

6, and 7 mm. A randomized complete block design was used 

with 3 replications and 16 cuttings per experimental unit. 

Controlled Release Fertilizer in Rooting Media 

The effect of 0 and 5 kg/m' of 18-6-12 (18%N-2.6%P-

10%K) Osmocote (Sierra Chemical Company, Milpitas, CA) 

controlled release fertilizer in the rooting media on apical 

and basal cuttings was investigated. This study was started 

on June 7, 1989 using a completely randomised design ;;ith 4 

replications and 25 cuttings per experimental unit. Rooting 

containers consisted of 5 cm peat pots. 



Inoculation With Pectolvtlc Bacteria 

The objective of this study begun on November 7, 1989 

was to determine the response of stem cuttings of three 

different species or hybrids to inoculation with a 

pectolytic bacteria isolated from infected cuttings of 

•Desert Museum' in September 1989. Cuttings (8 to 11 cm) of 

'Desert Museum' (apical and basal), Cercidium x sonorae 

(apical), and Prosopis chilensis were used. Light intensity 

in full sun in the greenhouse was approximately 5 0 0  to 6 0 0  

Hmol m'V. The 32 cell Rootrainers were used as containers. 

All cuttings were sprayed with inoculum immediately after 

sticking using a culture prepared by the University of 

Arizona, Plant Pathology Department. 

Temperature x IBA Concentration 

The objective of this preliminary study, started on 

February 6, 1990, was to compare the rooting of cuttings 

with and without bottom heat at 0 and 5,000 ppm IBA. Two 

types of electric heating mats were used: Agritape Heat 

Mats - 28 cm X 305 cm (11" x 10') (Ken-Bar, Reading, MA) and 

Olson Low Watt Propagation Mats - 5 6  cm x 2 4 4  cm ( 2 2 "  x 9 6 " )  

(Olson Products Inc., Medina, OH). Agritape AT-Jr 

controllers were used to maintain the temperature for both 

mat types. Polystyrene sheets 2.5 cm (1") thick were placed 

under the mats to help retain heat. Aluminum screening was 
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placed over both types of mats and connected to an 

electrical ground. The temperature of bottom heated 

cuttings ranged from 28 to 39°C and unheated cuttings from 

16 to 24°C. The electric mats sometimes showed as much as a 

5 to 10°C variation from the warmest to the coolest portion 

of the mats. The highest temperature was reached in mid-

afternoon and the lowest early in the morning. 

Cuttings of 'Desert Museum' were prepared to a length 

of 8 to 11 cm. The first cutting with the tip was 

designated as the apical, the second consecutive cutting as 

the first basal, and the third cutting back from the tip as 

the second basal. Two combinations of mats and container 

types were used. On the Olson Mat, 5 cm plastic pots were 

used for rooting containers and randomly placed in 53 x 25 

cm (21" X 10") plastic trays resting on the mat. On the 

Agritape mat, 32 cell Rootrainer trays were used. Since 

this was a preliminary study and the temperature treatments 

were not randomized, data was combined for both heating 

setups and presented as percentage data with no statistical 

analysis. 

In a second temperature study begun on May 8, 1990, 

three Olson heating mats were used to provide randomized 

bottom heat treatments. Two temperatures (unheated: 16 to 

24°C and bottom heated: 28 to 39°C) and two IBA 

concentrations (0 and 5,000 ppm) were used. Four 



53 

consecutive cuttings with a length of 4-nodes each were 

prepared. Cutting positions were designated as apical, 1st 

basal, 2nd basal, and 3rd basal. A split-split-plot design 

was used with 3 replications and 16 cuttings per 

experimental unit. Temperature was designated as the main 

plot, cutting position as the sub-plot, and IBA 

concentration as the sub-sub-plot. Cuttings were harvested 

at 4 weeks instead of 5 weeks as done for other studies. 

Cutting Propagation of Cercidium and Parkinsonia 

IBA Concentration x Stem Position 

Two studies were set up to determine the rooting 

response of apical and basal cuttings for six Cercidium and 

Parkinsonia species or hybrids treated with 0 and 5,000 ppm 

K-IBA and placed under intermittent mist. Three 19 liter (5 

gallon) stockplants (genotypes) each of Cercidium floridum. 

C. microphvllum. C. x sonorae. C. praecox. Parkinsonia 

aculeata. and a Parkinsonia hybrid were used. Cutting 

material was quite limited and rather variable in condition 

on some stockplants. New shoot growth was cut into 8 to 11 

cm apical and basal cuttings using procedures similar to 

those for 'Desert Museum'. 

For the first study begun on August 2, 1989, 3 cm peat 

pots were used with 98 pots per tray. Apical and basal 

cuttings were each treated with 0 and 5,000 ppm IBA. A 



randomized complete block design with 3 replications and 7 

cuttings per experimental unit was used. Each block 

represented one genotype of the species or hybrid type. 

A second study was started on September 23, 1989 with 

32 cell Rootrainers as containers instead of peat pots. A 

randomized complete block design was used with 3 

replications and 8 cuttings per experimental unit. 

Temperature 

A study of the effect of two temperatures on rooting of 

stem cuttings of C. praecox and £. x sonorae was begun on 

May 8, 1990 using procedures already described for 'Desert 

K"seura'. Apical and basal cuttings were treated with 5,000 

ppm IBA and received bottom heat (28 to 39''C) or were left 

unheated (16 to 24°C) . A randomized complete block design 

was used with 3 replications and 8 cuttings per experimental 

unit. 

Cutting Propaoation of Prosopis 

IBA Concentration x Stem Diameter 

In a study begun on July 29, 1989, the effect of IBA 

and cutting diameter on rooting of Prosopis alba (Forbes 

clone) was examined. Cutting material was taken from the 

flexible new, stem growth on the outer edges of the canopy 

as well as from sprouts along the trunk of this mature tree. 
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Cuttings were prepared to a length of 8 to 10 cm with 

diameters of 2, 3, and 4 mm. For 3 mm diameters, cuttings 

were treated with 0, 2,500, 5,000, and 10,000 ppm IBA. 

Since cutting material was more limited, 2 and 4 mm diameter 

cuttings were only treated with 0 and 5,000 ppm IBA. The 

degree of hardening of the stem material was somewhat 

variable. Rooting containers consisted of 3 cm peat pots 

with 98 pots per tray. All other rooting procedures were 

similar to that used for 'Desert Museum*. A completely 

randomized design was used with 3 replications and 12 

cuttings per experimental unit. 

Three 19 liter (5 gallon) stockplants (genotypes) each 

of P. alandulosa. P. 'South American' hybrid, P. velutina. 

and an unnamed Prosopis hybrid were used for cutting 

material in a study begun on August 4, 1989. The three 

unnamed Prosopis hybrid stockplants are similar in 

appearance and may likely be a hybrid of P. alandulosa (and 

possibly also of £. alba). Cuttings with a diameter of 3 mm 

were treated with 0 and 5,000 ppm IBA. Diameters of 2 and 4 

mm were only treated v/ith 5,000 ppm since cutting material 

was more limited. Containers consisted of 3 cm peat pots 

with 98 pots per tray. A randomized complete block design 

was used with 3 blocks and 7 cuttings per experimental unit. 
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ISA Concentration 

For a study begun on October 21, 1989, 4 liter (1 

gallon) stock plants, previously established from the mature 

Prosopis alba (Forbes clone), were used for cutting 

material. Since previous studies of Prosopis have used 2-

node cuttings without regard to position with fairly uniform 

rooting, a similar preparation method was used here in order 

to maximize the number of cuttings. Cuttings were prepared 

in lengths of 5 to 7 cm (2 to 3 nodes) with only one set of 

leaves remaining. The six treatments used were 0, 1,250, 

2,500, 5,000, 10,000, and 20,000 ppm IBA in a 5 second dip. 

Rootrainer trays with 32 cells were used for containers. A 

randomized complete block design was used with 3 

replications and 16 cuttings per experimental unit. 

Shadecloth was not used for this study as the light 

intensity in full sun in the greenhouse had decreased to 

550-650 jumol mV. 

A study was started on September 30, 1989 to compare 

rooting of 3 mm diameter cuttings at 0 and 5,000 ppm for P. 

glandulosa. P. 'South American' hybrid, P. velutina, and an 

unnamed Prosopis hybrid using the same stock plants as for 

the August 4, 1989 study. Rootrainers with 32 cells were 

used for containers. Cutting material was rather variable 

in condition and hardened up somewhat from earlier in the 

year. A randomized complete block design was used with 3 



replications and 16 cuttings per experimental unit. 

Temperature x IBA Concentration 

A preliminary temperature study, similar to that 

already described for 'Desert Museum', was started on 

February 6, 1990 using cuttings of £. alba (Forbes clone) 

and three clones of £. chilensis. £. chilensis cuttings 

were taken from stock plants established from the air 

layering studies and cuttings taken the previous summer from 

mature trees. 

A second study of the effect of two temperatures and 0 

and 5,000 ppm IBA on rooting of stem cuttings of P. alba 

(Forbes clones) and P. chilensis was begun on May 7, 1990 

using procedures described for 'Desert Museum'. Cuttings 

received bottom heat (28 to 39°C) or were left unheated (16 

to 24°C). A randomized complete block design was used with 

3 replications and 16 cuttings per experimental unit. 

Air Layering of Proaopis chilensis 

Three mature Prosopis chilensis trees (genotypes) were 

selected for air layering using stems 4 to 5 or 8 to 10 mm 

in diameter. Leaves and side branches were trimmed from the 

region where the layer was to be prepared and a ring of bark 

2.5 cm long removed from the stem. K-IBA was dissolved in a 

small amount of deionized water then diluted with ethanol 
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and mixed with talc to form a paste. Though ethanol was not 

necessary to dissolve the potassium salt form of the IBA, it 

was used to help speed drying of the talc. After drying, 

the IBA and talc preparation was ground in a mortar and 

pestle to ensure even mixing. 

The talc preparation was mixed with a little water to 

form a moist paste which was then applied with a paint brush 

on the side of the wound towards the stem tip (acropetal 

end). Treatments not receiving IBA had a pure talc paste 

applied to the wound. A split, moistened Kys-Kube (pressed 

peat, vermiculite, and cellulose fiber) was applied around 

the wounded area. The Kys-Kube was wrapped first with 

Parafilm and then aluminum foil. This procedure is a slight 

modification on traditional methods using sphagnum moss 

(Hartmann and Kester, 1983) and was adapted from a report by 

Hare (1979). 

Layers were evaluated for rooting at 5 and 8 weeks. 

Rooted layers were harvested, planted into 15 cm (6") pots, 

placed under 70% shadecloth, and misted periodically for one 

week to allow roots to establish. 

Stem Diameter x IBA Concentration 

In a study started on April 14, 1989, the effect of two 

levels of IBA and two stem diameters on rooting of air 

layers of Prosopis chilensis was examined. A talc paste 
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with either 5,000 or 15,000 ppm IBA was applied to wounds on 

stem diameters of 4 to 5 mm and 8 to 10 mm. Eight layers 

each of the four treatments was applied to each of three 

different trees (genotypes) of Prosopis chilensis growing in 

a Tucson landscape. A randomized complete block design was 

used with 3 replications and 8 air layers per experimental 

unit. Each block reprfisented one genotype. 

IBA Concentration 

In a second study begun on August 16, 1989, the effect 

of 0 and 5,000 ppm on rooting of 1 cm diameter air layers of 

P. chilensis was examined. Air layers were applied to 1 cm 

diameter branches on the same three trees. A talc paste 

with either 0 or 5,000 ppm K-IBA was applied to the wounded 

areas. A randomized complete block design was used with 3 

replications and 10 air layers per experimental unit. 
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RESULTS 

Cutting Propagation of 'Desert Musetun' 

Effect of IBA Concentration x Stem Position 

A study evaluating the effect of IBA on rooting of 

apical and basal cuttings was begun on April 22, 1989 with 

cutting material of the first flush of new spring growth 

from landscape stock plants (Figure lA; Table lA). For 

apical cuttings, IBA at 2,500 to 5,000 ppm significantly 

improved rooting over 0 ppm (79% vs. 13%). Higher levels of 

IBA (7,500 to 10,000 ppm) reduced rooting to 50%. In 

contrast, basal cuttings showed no response to IBA. Rooting 

was high at all levels (88 to 100%) including 0 ppm IBA. 

Basal cuttings rooted significantly better (95%) than 

apical cuttings (53%) averaged over all IBA levels. For the 

best treatment, basal cuttings had 100% rooting and apical 

79% rooting. 

Though root quality determinations were not made, there 

appeared to be no differences in root development nor in 

later success at establishment and growth of rooted cuttings 

for different IBA treatments. Basal cuttings initially 

tended to form new shoot growth faster than apical, but 

differences were minimal after several weeks in 10 cm (4") 

pots. 

Cuttings rooted in this study were moved from mist and 
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Figure lA. Effect of K-IBA concentration and stem position on 
rooting of cuttings of 'Desert Museum' (4/22/89). 



Table lA. Effect of K-IBA concentration on 
rooting of apical and basal stem cuttings of 
'Desert Museum' (4/22/89). 

Cutting Position 
IBA Concn (ppm) Apical Basal 

Number Rooted 

0 1.00' 7.33 

1,250 3.67 7.00 

2,500 6.33 8.00 

5,000 6.33 7.67 

7,500 4.00 8.00 

10,000 4.00 7.67 

1.93 0.86 

'Number rooted per 8 cuttings. 
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placed under 70% shadecloth at 5 weeks. At 7 weeks, the 

shadecloth was removed and the cuttings exposed to full sun. 

At 8 weeks, cuttings were transplanted into 10 cm (4") 

containers with over 99% survival. Young plants grew very 

quickly at this stage and at 10 weeks were potted into 4 

liter (1 gallon) containers. 'Desert Museum' plants 

averaged about 10 to 20 cm in height at 8 weeks, 30 to 40 cm 

at 10 weeks, and 60 to 80 cm at 12 weeks. 

In a second study started on July 15, 1989, basal 

cuttings again rooted better. Rooting percentages ranged 

from 37 to 50% over all IBA levels for apical cuttings and 

50 to 77% for basal cuttings (Table IB). Cutting material 

was still in quite vigorous condition, but showed 

considerable insect damage on new growth. Though rooting 

was fairly good, no statistical analysis was performed due 

to poor drainage of the 3 cm peat pots and occurrence of 

pectolytic bacteria which first appeared in cuttings begun 

in June. Distribution of the bacterial rot in the cutting 

trays was irregular. Cuttings not affected by these two 

problems rooted nearly as well as in the April study. 

Roots of 'Desert Museum' are very fragile in early 

rooting stages and can be easily damaged if the rootball is 

disturbed when transplanting. In this study, 3 cm peat pots 

were tried in order to allow transplanting of cuttings as 

soon as rooting occurred and to minimize root damage. 



Table IB. Effect of K-IBA concentration on 
rooting of apical and basal stem cuttings of 
'Desert Museum' (7/15/89). 

Cutting Position 
IBA Concn (ppm) Apical Basal 

Rooting Percentage 

0 37' 67 

1, 250 27 77 

2,500 50 63 

5, 000 43 50 

7,500 47 63 

10,000 50 50 

Average 42 62 

'Based on 3 replications of 12 cuttings per 
treatment. 
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Larger peat pots (5 cm) were first used in June studies, but 

caused a problem with poor drainage which reduced rooting 

percentages. The 3 cm peat pots also had waterlogging 

problems and showed more uneven drainage in the trays than 

the 5 cm pots. 

In a third IBA study begun on September 14, 1989, 

cuttings were again taken from the same landscape plants as 

the April and July IBA studies. Cutting material was in 

poor condition and quite variable. Stem tips were thinner 

and much more hardened up than in earlier IBA studies. 

Landscape stock plants remained in fairly good condition 

until late August, but declined rapidly in September. 

Rootrainers were used in this study. No evidence of 

bacterial rot was found. 

Rooting declined sharply from spring to fall with basal 

cuttings decreasing from an average of 95% to 21% and apical 

cuttings from 53% to 10% for April and September, 

respectively (Figure IB; Table IC). Though overall rooting 

was low in September, basal cuttings again rooted better 

than apical cuttings. In September, IBA showed no 

significant effects on rooting for cuttings from either 

position. Rooted cuttings were much slower to establish 

after transplanting in the fall than in April and July. 
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Figure IB. Effect of K-IBA concentration and stem position on 
rooting of cuttings of 'Desert Museum' (9/14/89) . 



Table IC. Effect of K-IBA concentration on 
rooting of apical and basal stem cuttings of 
'Desert Museum' (9/14/89). 

Cutting Position 
ISA Concn (ppm) Apical Basal 

Number Rooted 

0 0.33' 2.00>' 

1,250 2.00 0.67 

2,500 0 1.00 

5,000 0.33 2.00 

7,500 1.33 2.33 

10,000 0.33 2.00 

LSD(^ 2.01 2.84 

'Number rooted per 7 cuttings. 

^Number rooted per 8 cuttings. 
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Effect of Number of Nodes ^Lenath^ x Stem Position 

The effect of number of nodes (length) and stem 

position on rooting of cuttings of 'Desert Museum* was 

examined in a study begun on September 21, 1989. In 

contrast to the IBA studies, cuttings were taken from 57 

liter (15 gallon) container stock plants. Cutting material 

from container plants was in considerably better condition 

than cutting material taken from landscape plants a week 

earlier. 

The highest rooting percentage for all combinations of 

node number and stem position was 90% for the first position 

of the 4-node cuttings (Figure 2). Rooting for 2-node, 3-

node, and 4-node cuttings decreased with increasing distance 

below the stem tip. For the three cutting lengths, 2-node 

cuttings had the lowest overall rooting percentage (44%). 

However, 2-node cuttings produced a greater number of rooted 

cuttings for an equal amount of stem material than 3-node 

and 4-node cuttings (Figure 3). The advantage of 2-node 

cuttings would likely be even greater in spring when rooting 

would probably be better at all stem positions with more 

optimal cutting material available. 

Survival of rooted cuttings maintained in Rootrainers 

for three months was similar for all three lengths of 

cuttings (2-node, 68%; 3-node, 66%; and 4-node, 61%). 

Survival was substantially lower and growth much less 
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Position of Cutting From Tip of Stem 
Effect of number of nodes (length) and stem position 
on rooting of cuttings of "Desert Museum' (9/21/89) . 
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Figure 3. Number of rooted cuttings produced per 100 
node stem length (9/21/89). 
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vigorous during fall and winter than during spring and 

summer. The survival rate would probably have been somewhat 

higher if the cuttings had been transplanted sooner into 10 

cm pots, rather than being kept in Rootrainers for three 

months. 

Effect of Stem Diameter 

On June 9, 1989, a study was begun comparing rooting 

response of cuttings varying from 2 to 5 ram in diameter at 

the base. Cuttings with 3 mm diameter (48%) rooted 

significantly better than 2 mm (28%), 4 mm (13%), and 5 mm 

(3%) diameters (Figure 4; Table 2). Overall, rooting 

percentages were probably depressed by the poor drainage of 

the 5 cm peat pots used in this study. Trays had foul 

smelling water sitting in the bases of individual peat pots. 

A few scattered occurences of pectolytic bacteria were also 

observed. 

In a second study of stem diameter begun on September 

26, 1989 using Rootrainers, 3 mm cuttings showed 40% rooting 

which was significantly higher than for 2, 4, 5, 6, and 7 mm 

diameters (Figure 4; Table 2). Overall rooting percentages 

were rather low which was likely due to declining condition 

of the 57 liter (15 gallon) stock plants. There was 

considerable yellowing of leaves on the lower, larger 

diameter portions of the stems. Improved rooting at all 
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Figure 4. Effect of stem diameter on rooting of basal cuttings 
of 'Desert Museum'. 



Table 2. Effect of 2 to 7 mm stem diameters on 
rooting of cuttings of 'Desert Museum'. 

Date of Study 
Stem Diameter 6/6/89 9/26/89 

Number Rooted 

2 mm 2.75' 2. 00" 

3 mm 4.75 6.33 

4 mm 1.25 0 

5 mm 0.25 0 

6 mm _ *  0.33 

7 mm - 0 

^(.OS) 1.70 1. 39 

'Number rooted per 10 cuttings. 

"Number rooted per 16 cuttings. 

"No treatments made. 
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stem diameters would be expected if optimal cutting 

material, such as found in spring and early summer, were 

used. 

Effect of Controlled Release Fertilizer in Rooting Media 

The effect of a controlled release fertilizer on the 

rooting of stem cuttings of 'Desert Museum' was examined in 

a study begun on June 9, 1989. Osmocote (18%N-2.6%P-10%K) 

at 5 kg/m' in the rooting media improved rooting of apical 

cuttings to 52% compared with that of unfertilized cuttings 

which had 33% rooting (Table 3). Rooting of basal cuttings 

was not improved by fertilizer treatment. Poor drainage of 

the 5 cm peat pots used in this study probably again lowered 

rooting. No differences were found between treatments in 

establishment and growth of rooted cuttings. 

Restjonse to Inoculation with Pectolvtic Bacteria 

The objective of this study was to attempt to inoculate 

cuttings with a pectolytic bacteria which appeared 

periodically on cuttings from June through September 1989. 

On November 7, 1989, cuttings of 'Desert Museum' hybrid palo 

verde, Cercidium x sonorae. and Prosotjis chilensis were 

inoculated with a culture of the pectolytic bacteria which 

had been prepared by the University of Arizona, Plant 

Pathology Department. In previous occurrences of the 



Table 3. Effect of 0 and 5 kg/m^ Osmocote 
(18-6-12) on rooting of apical and basal 
stem cuttings of 'Desert Museum' (6/9/89). 

Osmocote 
Cutting Position 0 kg/m^ 5 kg/m' 

Rooting Percentage 

Apical 33' 52 

Basal 48 44 

Average 41 48 

'Based on 4 replications of 25 cuttings 
per treatment. 
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bacteria, rotting usually appeared from 2 to 10 days after 

sticking of cuttings. Though some rooting of cuttings 

occurred for all three species, no rotting appeared on the 

cuttings over a 4 week period. Cutting material may not 

have been in a sufficiently vigorous and succulent condition 

for growth of the bacteria during November. 

Effect of Temperature x IBA Concentration 

In a study begun on February 6, 1990, cuttings 

receiving bottom heat (28 to 29''C) rooted better than 

unheated cuttings (16 to 24°C) (Table 4A). No rooting 

occurred for any of the three positions of cuttings not 

receiving bottom heat. With bottom heat and a quick dip of 

0 and 5,000 ppm IBA, apical cuttings had 10 and 13% rooting, 

the 1st basal cuttings had 13 and 20%, and 2nd basal 

cuttings 0 and 11% rooting. Rooting of basal cuttings 

declined approximately 70 to 80% from the previous spring 

and summer studies. Cuttings had low vigor and considerable 

rotting of roots for all treatments. A mist interval of 8 

minutes and duration of 8 seconds was probably heavier than 

necessary for February. 

The effect of temperature, IBA concentration, and 

cutting position on rooting was investigated in a second 

study begun on May 8, 1990. A very significant improvement 

in rooting resulted with the use of bottom heat compared to 
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Table 4A. Effect of 0 and 5,000 ppm K-IBA and two 
temperatures on rooting of stem cuttings of 'Desert 
Museum* (2/6/90). 

Unheated' Heated 

IBA foom) IBA fppm^ 
Cutting Position 0 5,000 0 5,000 

Rooting Percentage 

•Apical 0' 0 13 10 

1st Basal 0 0 13 20 

2nd Basal 0 0 0 11 

Average 0 0 9 14 

'Unheated cuttings; 16 to 2^°C. 
Heated cuttings: 28 to 39°C. 

^Based on 62 cuttings per treatment. 
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unheated cuttings (Table 4B). Apical and basal cuttings 

treated with 5,000 ppm IBA averaged 60 and 58% rooting with 

bottom heat but only 0 and 4% without bottom heat. IBA at 

5,000 ppm IBA significantly improved rooting over 0 ppm IBA 

for bottom heated cuttings but had no effect without bottom 

heat. Rooting of apical cuttings improved from 38 to 60% 

and basal from 42 to 58% with 5,000 ppm IBA. The mist 

system broke down for several hours about 10 days after the 

study was started. Cuttings showed signs of stress and 

rooting levels were probably decreased somewhat as a result. 

Cutting Propagation of Cerciditun and Parkinsonia 

Effect of IBA Concentration x Stem Position 

Cuttings of six species or hybrids of Cercidium and 

Parkinsonia were successfully rooted under intermittent mist 

(Table 5). Data were combined for studies beginning August 

2, and September 23, 1989. Apical and basal cuttings showed 

greater numbers of rooted cuttings using 5,000 ppm than 0 

ppm IBA. Though cutting material was quite variable and 

limited in availability, IBA at 5,000 ppm gave a fairly good 

response for most species. However, IBA response should be 

examined for each specific clone since there can be much 

variation in rooting response among genotypes within a 

species. Though average rooting rates presented in Table 5 

are low to moderate, the best treatment for one genotype of 
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Table 4B. Effect of 0 and 5,000 ppm K-IBA and two 
temperatures on rooting of stem cuttings of 'Desert Museum' 
(5/8/90). 

Unheated' 

IBA fppm) 

Heated 

IBA fppm) 
Cutting Position 0 5,000 0 5,000 Avg 

Rooting Percentage 

Apical 0" 0 38 60 49 

1st Basal 0 4 42 58 50 

2nd Basal 0 0 23 31 27 

3rd Basal 0 0 6 10 8 

Average 0 1 27 40 34 

Temperature Means: IBA Means: Position Means: 
Heated = 31.3% 0 ppm = 20. 8% Apical = 26. 0% 
Unheated = 0 5, 000 ppm = 13. 5 1st Basal = 24. 5 
LSD(,)s) = 3 0.0 6. 2 2nd Basal = 13. 5 

3rd Basal = 4. 2 
LSD((J5J = 10. 7 

'Unheated cuttings: 16 to 24''C. 
Heated cuttings: 28 to 39°C. 

^Based on 3 replications of 16 cuttings per treatment. 



Table 5. Rooting response of apical and basal 
cuttings at 0 and 5,000 ppm K-IBA for six 
species or hybrids of Cercidium and 
Parkinsonia. 

Apical Basal 

IDA foom) IBA fDom) 
Species/hybrid 0 5,000 0 5, 000 

Rooting Percentage 

C. floridum 16' 31 18 27 

C. microohvllum 0 4 0 7 

C. Draecox 29 31 24 24 

C. X sonorae 27 51 • 44 53 

P. aculeata 16 13 2 4 

P. hybrid 31 42 18 51 

Average 20 29 18 28 

'Based on data combined from 3 genotypes per 
species for 2 dates (8/29/89 and 9/23/89) for 
a total of 45 cuttings per treatment. 
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each species or hybrid was considerably higher and ranged 

from 42 to 100%. 

Temperature 

The effect of two temperatures on rooting of apical and 

basal cuttings of C. praecox and C. x sonorae was examined 

in a study begun on May 8, 1990. As observed with 'Desert 

Museum*, bottom heat again resulted in a significant 

improvement in rooting (Table 6). Apical and basal cuttings 

of £. praecox averaged 33 and 29% rooting and C. x sonorae 

averaged 54 and 59% with bottom heat. No cuttings of either 

species rooted without bottom heat. 

Genotypic differences in rooting were evident among the 

three clones of each species. The difference in rooting 

between two clones for the same treatment was as much as 62% 

for C. praecox and 63% for C. x sonorae. No significant 

Cutting propagation of Prosopis 

Effect of IBA Concentration x Stem Diameter 

A study of the effect of IBA concentration on cuttings 

varying in stem diameter from 2 to 4 mm was begun on May 29, 

1989. Diameters of 2, 3, and 4 mm were treated with 0 and 

5,000 ppm IBA. In addition, 3 mm cuttings were also treated 

with 2,500 and 10,000 IBA. Cutting material was taken from 

a mature P. alba tree (Forbes clone) in the landscape. 
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Table 6. Effect of 5,000 ppm K-IBA and two 
temperatures on rooting of stem cuttings of 
Cercidium praecox and Cercidium x sonorae (5/8/90) 

Species/hybrid 

Unheated' 

Position 

Heated 

Position 
Apical Basal Apical Basal 

Cercidium praecox 
Rooting Percentage 

Clone 1 O^' 0 13 0 

Clone 2 0 0 75 38 

Clone 3 0 0 12 50 

Average 0 0 33 29 

Cercidium x sonorae 

Clone 1 0 0 75 88 

Clone 2 0 0 63 63 

Clone 3 0 0 25 25 

Average 0 0 54 59 

Cercidium praecox 

Temperature Means: 
Heated = 31.3% 
Unheated = 0 
XJ3 ~ 3 0 • 0 

Position; 
Apical = 
Basal = 
LS D(,(13) = 

16.7% 
14.6 
30.0 

Cercidium x sonorae 

Temperature Means; 
Heated = 56.3% 
Unheated = 0 
LSD((J5) = 23.7 

Position; 
Apical = 
Basal = 

^(.05) ~ 

29.2% 
27.0 
23.7 

'Unheated cuttings: 16 to 24''C. 
Heated cuttings: 28 to 39°C. 

''Based on 3 replications of 8 cuttings per treatment, 
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Though cutting material was quite variable in condition 

and the degree of hardening, rooting was quite good at all 

three stem diameters. Cuttings treated with 0 and 5,000 ppm 

IBA had 81 and 58% rooting for 2 mm diameters, 84 and 42% 

for 3 mm diameters, and 47 and 58% rooting for 4 mm 

diameters (Table 7). In addition, 3 mm diameter cuttings 

treated with 2,500 and 10,000 ppm had 67% and 58% rooting 

respectively. Fairly high rooting was achieved without any 

IBA treatment. Peat pots were used for this study but 

cuttings of £. alba did not appear to be as adversely 

affected by the poor drainage as cuttings of 'Desert Museum, 

Cercidium. and Parkinsonia. Rooting was successful even 

though cuttings were taken from a mature rather than young 

tree. 

In a study begun on August 4, 1989, cuttings of four 

additional Prosopis species or hybrids were rooted under 

intermittent mist with high rates of rooting for 2, 3, and 4 

mm stem diameters (Table 8). Each of the three diameters 

treated with 5,000 ppm resulted in rooting ranging from 67 

to 81% for a Prosopis hybrid, 71 to 85% for P. alandulosa. 

62 to 90% for Prosopis 'South American Hybrid', and 100% for 

all diameters of P. velutina. For 3 mm diameters, IBA at 

5,000 ppm improved rooting of P. alandulosa from 24 to 71%, 

Prosopis 'South American Hybrid' from 14 to 76%, and P. 

velutina from 91 to 100% compared with 0 ppm. However, for 



Table 7. Effect of K-IBA concentration on rooting 
of 2, 3, and 4 mm diameter stem cuttings of 
Prosopis alba (Forbes clone) (7/29/89). 

IBA Concn ^ppm) 
Stem Diameter 0 2,500 5,000 10,000 

Rooting Percentage 

2 mm 81' _y 58 -

3 mm 84 67 42 58 

4 mm 47 _ 58 _ 

Average 71 67 52 58 

'Based on 3 replications of 12 cuttings per 
treatment. 

'No treatments made. 



Table 8. Effect of stem diameter and K-IBA treatment 
on rooting of stem cuttings of four species or 
hybrids of Prosopis. 

Stem Diameter 
2 mm 3 mm 3 mm 4 mm 

IBA Concn fotDm^ 
Species/hybrid 5,000 0 5,000 5,000 

Rooting Percentage 

P. hybrid 67' 95 
( 7 7 y  

76 
(33) 

81 

P. alandulosa 76 24 
(31) 

71 
(23) 

85 

P. S. Am. Hyb. 62 14 
(50) 

76 
(69) 

90 

P. velutina 100 91 
(73) 

100 
(83) 

100 

Average 76 56 
(58) 

81 
(52) 

89 

'Data not in parentheses from a study started on 
8/4/89. Values given based on 3 replications 
(genotypes) of 7 cuttings per treatment. 

^Data in parentheses from a study started on 9/30/89. 
Values given based on 3 replications (genotypes) of 
16 cuttings per treatment. 
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the Prosopls hybrid, IBA appeared to inhibit rooting as 

rooting decreased from 95% at 0 ppm to 76% at 5,000 ppm. 

Effect of IBA Concentration 

Cuttings from 4 liter (1 gallon) stock plants of P. 

alba (Forbes clone), in a study begun on October 21, 1989, 

showed a strong response to IBA (Figure 5; Table 9). IBA at 

1,250 to 5,000 ppm significantly improved rooting (71 to 

85%) over 0 ppm (42%). At 10,000 and 20,000 ppm IBA, 

rooting was reduced to 46 and 48% compared with 85% at 5,000 

ppm. Root quality did not noticeably differ for cuttings 

treated with 1,250 to 5,000 ppm IBA. However, at higher 

levels of 10,000 and 20,000 ppm IBA, cutting bases turned 

black from toxic effects and roots formed above the 

blackened portion of the stem dipped in the IBA solution. 

Bases of cuttings not treated with IBA remained green. 

Cuttings from a study begun on September 30, 1989, 

generally showed a lower rooting response compared to 

cuttings taken on August 4th for a Prosopis hybrid, Prosopls 

glandulosa. Prosopls 'South American Hybrid', and P. 

velutina. This decrease was likely due to a declining 

condition of the stock plants. However, in spite of an 

overall lower response, IBA again appeared to show strong 

inhibition of rooting in the P. hybrid. Rooting decreased 

from 77% at 0 ppm to 33% at 5,000 ppm IBA (Table 8). 
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Figure 5. Effect of K-IBA concentration on rooting of stem 
cuttings of Prosopis alba (Forbes clone) (10/21/89) . 



Table 9» Effect of K-IBA concentration on 
rooting of 3 mm stem cuttings of Prosopis alba 
(Forbes clone) (10/21/89). 

IBA Concn (ppm) Number Rooted 

0 6.67' 

1,250 13.67 

2,500 11.33 

5,000 13.67 

7,500 7.33 

10,000 7.67 

3.87 

'Number rooted per 16 cuttings. 
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Rooting in the Prosopis 'South American Hybrid' increased 

from 50 to 69% and in £. velutina from 73 to 83% with 5,000 

ppm IBA. Though these two studies were based on limited 

cutting material, the results suggest that IBA can inhibit 

as well as improve rooting for some genotypes of Prosoois. 

It is important to examine the effect of IBA on rooting for 

each specific clone. 

Effects of Temperature x IBA Concentration 

P. alba (Forbes clone) showed strong improvement in 

rooting when bottom heat was provided for cuttings started 

in mid-winter. In a study begun on February 6, 1990, 

cuttings were treated with 0 or 5,000 ppm IBA, with or 

without bottom heat (Table lOA). At 0 and 5,000 ppm IBA, 

rooting was 0 to 1% for temperatures of 16 to 24°C and 15 to 

16% for temperatures of 28 to 39°C (bottom heat) . IBA had 

no noticeable effect on rooting percentage or root quality. 

Overall, rooting percentages were low reflecting the poor 

condition of stock plants and cutting material in mid

winter. 

Bottom heat resulted in a large improvement in rooting 

for three clones of P. chilensis. At 0 and 5,000 ppm IBA, 

Clone 1 had 25 and 13% rooting for unheated cuttings and 63 

and 75% rooting for bottom heated cuttings (Table lOA) . 

Clone 2 had 13 and 25% rooting with no heat and 63 and 69% 
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Table lOA. Effect of 0 and 5,000 ppm K-IBA and two 
temperatures on rooting of stem cuttings of 
Prosopis alba and Prosopis chilensis (2/6/90). 

Unheated' Heated 

IBA ^ppm) IBA fDPm) 
Species/hybrid 0 5,000 0 5,000 

Rooting Percentage 

P. chilensis 

Clone 1 13 63 75 

Clone 2 13 25 63 69 

Clone 3 0 0 13 6 

Average 13 13 46 50 

P. alba (Forbes) 0" 1 15 16 

'Unheated cuttings: 16 to 24°C. 
Heated cuttings: 28 to 39°C. 

''Based on 16 cuttings per treatment per clone. 

"Based on 100 cuttings total per treatment. 
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rooting for heated cuttings. Clone 3 showed a much lower 

rooting percentage than the other 2 clones, but still showed 

an increase in rooting from 0% with no heat to 13 and 6% 

using bottom heat. For all three clones of jP. chilensis. 

unheated cuttings averaged 13% rooting at both 0 and 5,000 

ppm IBA and 46 and 50% for bottom heated cuttings. 

Though there was little difference in rooting 

percentage, clones 1 and 2 both showed obvious differences 

in root quality when treated with IBA. Roots of cuttings 

not treated with IBA were very long and few in number. 

However with IBA, roots were short and very numerous. IBA 

treated cuttings would likely survive transplant better 

because of the more compact and prolific roots. 

A second study was begun on May 7, 1990 investigating 

the effect of two temperatures and 0 and 5,000 ppm IBA on 

rooting. Bottom heat again resulted in a very significant 

improvement in rooting for both P. alba (Forbes clone) and 

three clones of P. chilensis (Table lOB). As in the October 

1989 study, IBA at 5,000 ppm significantly improved rooting 

compared to untreated cuttings of P. alba (71% versus 10%). 

IBA had no effect on rooting without bottom heat. 

Cuttings of P. chilensis averaged 65% rooting using 

bottom heat but had no rooting without bottom heat. IBA 

again had a similar effect on rooting as observed in the 

February 1990 study. IBA did not significantly improve 



Table lOB. Effect of 0 and 
temperatures on rooting of 
Prosopis alba and Prosopis 
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5,000 ppm K-IBA and two 
stem cuttings of 
chilensis (5/7/90). 

Unheated' Heated 

IBA (ppm) IBA (ppm) 
Species/hybrid 0 5,000 0 5,000 

Rooting Percentage 

£. chilensis 

Clone 1 0' 0 56 75 

Clone 2 0 0 81 75 

Clone 3 0 0 6 44 

Average 0 0 48 65 

P. alba (Forbes) 0* 0 10 71 

P. chilensis 

Temperature Means: 
Heated = 56.3% 
Unheated = 0 
LSD^oj] = 26.0 

IBA Means; 
0 ppm = 24.0% 
5,000 ppm = 32.3 
LSD(05] = 2 6.0 

P. alba 

Temperature Means; 
Heated = 40.6% 
Unheated = 0 
LSD(.o5) = 12.4 

IBA Means; 
0 ppm = 5.2% 
5,000 ppm = 3 5.4 
XJS ~ 12.4 

'Unheated cuttings; 16 to 2 4''C 
Heated cuttings: 28 to 39°C 

''Based on 16 cuttings per treatment per clone 

'Based on 3 replications of 16 cuttings per 
treatment. 
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rooting percentage for Clones 1 and 2 but did have a 

substantial effect on root quality. Cuttings treated with 

IBA had much shorter and more prolific roots than untreated 

cuttings. Though showing improved rooting at 5,000 ppm in 

this study compared with February, clone 3 again had much 

lower rooting than the other two clones. 

Air Layering of Prosopia chilensis 

Effect of IBA Concentration x Stem Diameter 

For air layers begun on three P. chilensis trees on 

April 14, 1989, roots first became visible at about three 

weeks. Approximately 90% of the air layers were rooted by 

five weeks and the remainder were harvested at eight weeks 

whether rooted or not (Figure 6; Table 11). There was no 

statistical difference in rooting between the two IBA 

levels. 

Rooting for 8 to 10 mm diameter stems averaged 88% at 

5,000 ppm and 100% at 15,000 ppm IBA. For 4 to 5 mm 

diameter stems, rooting was 72% at 5,000 ppm and 75% at 

15,000 ppm. All layers not rooted had mechanical damage 

from wind or overly severe wounding cuts. Smaller diameter 

layers were much more susceptible to mechanical damage from 

the wounding cuts being too deep. 

Air layers were harvested, transplanted into 15 cm (6 

cm) pots, then placed on the mist bench under 70% shadecloth 
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Figure 6. Effect of K-IBA and stem diameter on 
rooting of air layers of Prosopis 
chilensis trees (4/14/89). 



Table 11. Effect of K~IBA and stem diameter 
on rooting of air layers of Prosopis 
chilensis trees (4/14/89). 

IBA Concn fpnm^ 
Stem Diameter 5,000 15,000 

Number Rooted 

4-5 mm 5.67' 6.00 

8-10 mm 7.00 7.67 

LSD(.o5) = 2.98 

'Number rooted per 8 air layers. 
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for one week. Roots began growing out of holes in the 

bottom of the pots within a week. Air layers were moved to 

55% shade in the greenhouse for a few weeks before being 

exposed to full sun. Stems up to 1 meter in length were 

successfully layered and established in containers using 

this procedure. New flowers were formed on several air 

layers within two weeks after removal from the tree. 

Effect of IBA Concentration 

In a second layering study begun on August 16, 1989, 

using the same three P. chilensis trees, IBA significantly 

improved rooting (Figure 7; Table 12). Average rooting at 

5,000 ppm IBA was 83% compared with only 13% at 0 ppm. Root 

quality was also greatly improved with IBA. Roots of air 

layers treated with IBA were much thicker and more numerous 

than without IBA. 

Air layers of several other woody legume species were 

also rooted using similar methods. These included Prosopis 

alba (Forbes clone), P. alandulosa. P. velutina. Prosopis 

'South American Hybrid', an unnamed Prosopis hybrid, 

Parkinsonia aculeata, Cercidium x sonorae. and 'Desert 

Museum' hybrid palo verde. Rooting was obtained for these 

species both with KYS-Kubes and sphagnum moss as a rooting 

medium. Commercial rooting hormones successfully used in 

rooting these air layers were Rootone (1,000 ppm IBA, 2,000 
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Figure 7. Effect of 0 and 5,000 ppm K-IBA in talc 
on rooting of air layers of three 
Prosopis chilensis trees (8/16/89) . 



Table 12. Effect of 0 and 5,000 ppm K-IBA on 
rooting of air layers of three Prosopis 
chilensis trees (8/16/89). 

Stem Diameter 

8-10 mm 

IBA Concn fppm) 
0 5,000 

Number Rooted 

1.33' 8.33 

LS D(,o5) — 3.46 

'Number rooted per 10 air layers. 
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ppm NAA), Hormodin 2 (3,000 ppm IBA), and Hormodin 3 (8,000 

ppm IBA). 
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100 

cutting Propagation 

Stem cuttings of 'Desert Museum' hybrid palo verde, six 

species or hybrids of Cercidium and Parkinsonia. and six 

species or hybrids of Prosopis were successfully rooted 

using an intermittent mist system. Variables examined for 

effects on rooting were IBA concentration, rooting 

temperature, season, cutting diameter, length, and position 

on stem. 

IBA Concentration 

IBA had a varying effect on rooting of cuttings. For 

•Desert Museum', highest rooting of apical cuttings was 79% 

at 2,500 to 5,000 ppm IBA. In contrast, basal cuttings 

generally showed little or no response to IBA and averaged 

95% rooting over all levels (Figure lA; Table lA). Six 

other species or hybrids of Cercidium and Parkinsonia had a 

higher average rooting at 5,000 ppm IBA than at 0 ppm for 

both apical and basal cuttings (Table 5). 

Prosopis showed an increase in rooting with IBA for 

most species, though a Prosopis hybrid showed possible 

inhibition in rooting when treated with 5,000 ppm IBA in two 

different studies (Table 8). For general purposes, K-IBA in 

the range of 2,500 to 5,000 ppm in water appears to be a 



101 

suitable level for many species of Cercidium. Parkinsonia. 

and Prosopis. Though cutting availability was limited and 

variable, there appeared to be some differences in rooting 

rates and response to IBA among the three genotypes used for 

each species. Prior to large scale production, testing 

should be done to determine the optimum IBA concentration 

for each specific clone. 

Rooting of Prosopis alba (Forbes clone) was highest at 

1,250 to 5,000 ppm IBA (Figure 5; Table 9). Higher levels 

of IBA (10,000 and 20,000 ppm) showed toxic effects and 

blackening of cutting bases. In contrast, studies at Texas 

A & I of Prosopis alba clone BjVjo, found both rooting 

percentage and root number to be higher at 12,000 ppm than 

at 0, 3,000, and 36,000 ppm IBA in talc (Klass et al., 

1987). The difference in optimal IBA concentrations between 

the two studies may be due to differences in genotype but 

more likely are due to varying effectiveness of the IBA 

formulations. IBA in talc is generally less effective than 

the same level in water or alcohol. A comparison of talc 

and ethanol showed that four and a half times as much lAA in 

talc as in ethanol was required to produce the same amount 

of roots on cuttings of Ilex (Heung and MaGuire, 197 3). 

IBA was found to have effects on root quality for some 

species. In two studies of Prosopis chilensis. IBA had 

little effect on rooting percentage but very noticeable 
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effects on root quality and morphology for 2 out of 3 clones 

tested. IBA treated cuttings had much shorter and more 

numerous roots than cuttings not treated with IBA. Cuttings 

with the shorter, more prolific roots would likely be easier 

to transplant. IBA did not appear to have much noticeable 

effect on root quality on other species of Cercidium. 

Parkinsonia. and Prosopis which were examined. 

Rooting Temperature 

Bottom heat (28 to 39°C) greatly improved rooting 

compared to unheated cuttings (16 to 2A°C) in all studies of 

Cercidium. Parkinsonia. and Prosopis. Without bottom heat, 

no rooting occurred for C. praecox and C. x sonorae (Table 

6) and less than 1% for 'Desert Museum' (Tables 4A, 4B) and 

P. alba (Forbes clone) (Tables lOA, lOB). P. chilensis had 

only 0 to 25% rooting without bottom heat but as high as 75 

to 81% rooting with bottom heat. A temperature range of 3 0 

to 35°C, which was maintained by the Biotherm bottom heating 

system, produced high levels of rooting for these three 

genera of woody legumes. 

These results agree with the findings for a study of P. 

alba clone BjVjo which showed no rooting in a growth chamber 

at temperatures of 20°C and optimal rooting percentages and 

root development at around 35°C (Klass et al., 1985). 

Although air temperatures were often considerably higher, 



103 

rooting temperatures under mist usually ranged from 15 to 

25°C. Bottom heat of about 30 to 35°C appears to be 

necessary to achieve high rooting rates for many woody 

legumes from warm desert areas. A requirement for high 

rooting temperatures appears to be consistent with the 

observation by Komissarov (1968) that cuttings of tropical 

and subtropical plants may require a higher temperature for 

rooting than do cuttings of plants from temperate and colder 

environments. 

Though important for promoting root formation, high 

bottom heat temperatures are probably also optimal for rapid 

growth of many pathogens. This makes use of a clean, well-

drained media and sanitary procedures particularly important 

to minimize fungal and bacterial rotting of cuttings. 

Seasonal Effects on Rooting 

Cuttings of 'Desert Museum' taken from landscape plants 

showed a sharp decline in rooting from April to September as 

rooting of basal cuttings decreased from an average of 95 to 

21% and apical from 53 to 10% (Figures lA, IB). Container 

stock plants extended the season for good cutting material 

as 90% rooting was achieved in late September when landscape 

cutting material was in poor condition. The high N 

fertilizer used on container plants probably helped to 

stimulate vigorous growth later in the season. Landscape 
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plants received no supplemental fertilizer. However, even 

cuttings from container stock plants showed a decline during 

winter as rooting in February decreased to only 10 to 20% 

(Table 4A) under the shorter photoperiods, reduced light 

intensity, and cooler temperatures in the greenhouse. 

Other species of Cercidium. Parkinsonia. and Prosopis 

also showed a decline in condition and rooting of cutting 

materials during the fall and winter from container stock 

plants in the greenhouse. Prosopis alba cuttings declined 

from 85% rooting in October (Figure 5; Table 9) to only 15 

to 16% in February (Table lOA). However, during the same 

study in February, two clones of P. chilensis showed much 

better rooting (69 and 75%) under similar conditions. 

Genotypic differences are probably important as a third 

clone of P. chilensis had a maximum of 13% under the same 

conditions (Table lOA) and has consistently showed lower 

rooting rates for several studies using both air layers and 

cuttings. 

These seasonal variations in rooting ability of 

cuttings indicate the importance of the physiological status 

of the stock plant at the time cuttings are removed. High 

temperatures appear to be particularly important for optimal 

growth of plants as well as for best rooting of cuttings of 

Cercidium. Parkinsonia. and Prosopis. Cuttings from stock 

plants in the Tucson area continued to grow rapidly and 
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produced vigorous cutting material from late April to late 

August when daily maximum temperatures exceeded 32-35°C. 

Other studies have reported a similar seasonal decline 

for Prosot)is as rooting of six species of Prosopis dropped 

from 60 to 100% in spring to only 15% in fall using 

greenhouse-grown clonal stock plants (Felker and Clark, 

1981). Hormonal treatments were found to be ineffective in 

overcoming the seasonal influence on the rooting of cuttings 

(Klass et al., 1985). Prosopis species were also observed 

by Klass to grow rapidly all year long with the natural 

photoperiod as long as 35°C daily maximum temperatures are 

maintained. By optimizing the air temperature (35°C) , light 

intensity (520 juE mV) , stock plant photoperiod (12 hours), 

and cutting photoperiod (12 hours), 83% rooting was achieved 

at different times from January to July in growth chambers 

(Klass et. al, 1983) for a Prosopis alba clone. 

Cutting Length. Diameter, and Position 

The position of cuttings on the stem was found to have 

an important effect on the rooting of 'Desert Museum'. 

Basal cuttings rooted better than apical cuttings in nearly 

all cases. Apical cuttings are thinner and have a succulent 

tip which is much more suceptible to wilting than cutting 

material further down on the stem. 

Since there was no advantage in using the apical tip of 
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•Desert Museum', the first 4 cm including tip were removed 

in a study of additional cutting positions. Rooting 

occurred as far back as 8 positions for 2-node cuttings, 

though rooting did progressively decrease with increasing 

distance below the stem tip (Figure 2). A similar decrease 

in rooting back from the stem tip has been also been found 

in other plants such as Triplochiton scheroxvlon (Leakey and 

Mohammed, 1985). 

'Desert Museum' cuttings used in the first studies were 

8 to 11 cm long (4 to 5 nodes). Later studies showed that 

2-node and 3-node cuttings could also be used with good 

results. Cuttings with 2-nodes had a lower rooting 

percentage than 3-node and 4-node cuttings, but produced 

more rooted cuttings for an equal amount of stem material 

(Figures 2, 3). However, 3-node cuttings are easier to 

handle during preparation and sticking than 2-node, so 3-

node cuttings are a good compromise between 2-node and 4-

node lengths. 

Smaller cuttings also have the advantage of having a 

shorter base of old stem below the new shoot that develops. 

This has a more aesthetic appearance in young container 

plants, but becomes unnoticeable in larger plants. One 

caution in cutting back plants is to be sure to leave at 

least one or two healthy lateral buds and sets of leaves on 

the stub. Plants usually die if there is not a satisfactory 
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bud remaining. Care must be taken not to water plants too 

heavily once cut back as Cercidium and Parkinsonia species 

are particularly susceptible to overwatering. 

Apical and basal cuttings rooted about equally well for 

a range of six Cercidium and Parkinsonia species (Table 5). 

The character of the stem tips of these different species 

varies considerably. The tips of C. microphvllum and C. 

floridum are much smaller and less fleshy at the tips than 

Parkinsonia. The stem tip of 'Desert Museum' most closely 

resembles Parkinsonia but tends to be more succulent. 

Prosopis cuttings were prepared using from 2 to 5 

nodes, with little apparent difference in rooting percentage 

and subsequent growth. Other studies used 2-node cuttings 

of green stem material of P. alba without regard to position 

with good success (Felker and Clark, 1981; Klass et al., 

1985). 

A study of stem diameter of 'Desert Museum' found 

highest rooting to occur at 3 mm diameters (Figure 4, Table 

2). This agrees with conclusions regarding cutting position 

as the better rooting stem positions, which are close to the 

apical tip, usually have stem diameters in the the range of 

2.5 to 3.5 mm. Diameters of 2 and 4 mm seemed to root 

nearly as well as 3 mm for Prosonis species examined in 

these studies. Other studies have achieved high rates of 

rooting for Prosopis using all green stem material up to 4 
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Iran in diameter (2-node cuttings) (Felker and Clark, 1981; 

Klass et al., 1985) 

Controlled Release Fertilizer in Rooting Media 

Osmocote controlled release fertilizer improved rooting 

for apical (from 33 to 52%) but not basal cuttings of 

'Desert Museum' (Table 3). Since apical cuttings are 

thinner, very succulent, and probably more susceptible to 

leaching, nutrient availability may be more limiting than 

for basal cuttings. Osmocote may provide additional 

nutrients which improve root development. 

Other species such as Cotoneaster have also shown 

improvement in rooting percentage, root number, and length 

with application of Osmocote (Chong, 1982). Osmocote 

treatments increased number of nodes, fresh weight, and 

succulence in cuttings of Simmondsia chinensis (Feldman, 

1982) . Root weights and number were not measured for 

'Desert Museum' in order to avoid root damage. However, 

there appeared to be no noticeable differences in shoot 

growth and development after rooting. Any differences due 

to the Osmocote may have been undetectable since liquid feed 

fertilizer was usually applied to cuttings at about 3 to 4 

weeks after sticking as a standard procedure. 
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Root Characteristics 

Roots of 'Desert Museum' usually formed at the base of 

cuttings with no particular orientation to the nodes. 

Occasionally roots also formed slightly higher up on the 

stem. Relatively little callus was formed, though sometimes 

a grainy appearing substance would form along the portion of 

the cutting base inserted into the rooting media. Wounding 

was tried on small numbers of cuttings, but no differences 

in rooting percentage or root quality were seen. In early 

rooting stages, roots were usually long, few in number, and 

extremely fragile. In contrast to the 'Desert Museum', the 

cutting base in most Prosopis species would swell and 

frequently form a thick, corky-like callus with roots 

occurring along the entire length of stem inserted into the 

media. Sometimes roots would even form above the surface of 

the media and grow down into it. 

Roots of Prosopis were much stronger and could be 

handled at an earlier rooting stage than 'Desert Museum'. 

In Rootrainers, cuttings of 'Desert Museum' were too fragile 

to transplant until about 5 to 6 weeks after sticking. Peat 

pots enabled the cuttings to be transplanted at about 3-4 

weeks, but caused problems with waterlogging and rotting of 

cuttings. Prosopis could be transplanted from Rootrainers 

or peat pots as soon as fairly good rooting occurred from 

about 3 to 5 weeks. Prosopis were also much less sensitive 



to poor drainage in the peat pots than Cercidium and 

Parkinsonia species. 
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Rooting Media and Containers 

Selection of a suitable combination of rooting 

container and media proved to be important. A 1:1 ratio of 

vermiculite and perlite provided a clean, well-drained media 

which was conducive to high rates of rooting and good root 

development. Rootrainers worked well as containers and 

allowed for good drainage and could be opened to examine 

roots with minimal disturbance. Peat pots worked well for 

early transplanting but caused problems with poor and uneven 

drainage. 

Bacterial Rot 

A bacterial rot first appeared in June 1989 on cuttings 

of 'Desert Museum' being rooted in peat pots. The rotting 

continued to appear sporadically on cuttings through 

September 1989 and again in May 1990. The bacteria did not 

appear in two studies started in November 1989 and February 

1990. The University of Arizona Plant Pathology Department 

identified the pathogen as a pectolytic bacteria (Orum, 

1989). Though the genus was not identified, it was 

determined that it was not Erwinia which is a bacteria that 

commonly produces soft rot symptoms. 
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The bacterial rot appeared beginning from about 2 to 10 

days after sticking of cuttings. Signs of infection would 

first appear on the lower leaves which became blackened and 

dropped off. The rot could be seen spreading where the 

leaves of adjacent cuttings touched each other. The 

infection usually moved from the leaves into the stem, 

inhibiting further root development, or killing the cutting 

entirely. In some cases, an entire tray or study would show 

signs of infection simultaneously, and at other times, the 

bacteria appeared in several small spots and spread in 

expanding circles. No other species of Cercidium. 

Parkinsonia. or Prosopis showed signs of the infection. 

In the most heavily infected studies, which used peat 

pots, rooting was reduced to as low as 10%. Though cuttings 

also became infected in the Rootrainers, outbreaks tended to 

be less severe and rooting remained at fairly high levels. 

Better drainage in the taller Rootrainers, and the greater 

separation between cuttings provided by the cells, helped 

slow down spread of the bacteria. 

A study was started in November which attempted to 

inoculate cuttings of 'Desert Museum', Cercidium x sonorae. 

and Prosopis chilensis with a culture of bacteria isolated 

from cuttings infected during September. Though some 

rooting occurred for all three species, there was no sign of 

bacterial rot. Cutting material may not have been 
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sufficiently vigorous and succulent, and environmental 

conditions unsuitable for growth of the bacteria in 

November. 

Cuttings were treated several times with the antibiotic 

streptomycin once the bacterial rot was detected. However, 

after cuttings were already infected, the antibiotic 

treatment did not seem to help. Dipping the cuttings in a 

bleach solution prior to sticking or pretreating the 

cuttings with antibiotics or bactericides might be helpful. 

Application of the antibiotics and bactericides to the 

stockplants might be more effective than to cuttings, since 

better success has sometimes been achieved for application 

of fungicides directly to stockplants. Stockplants of 

Camellia sinensis sprayed three times at weekly intervals 

with benomyl at 500 ppm increased rooting and survival by 70 

to 75%, while soaking of cuttings in Benomyl only made an 

improvement of 3 to 6% (Chen, 1990). 

Use of sanitary procedures should be able to keep the 

bacterial rotting at manageable levels. Removal of infected 

cutting material as soon as it appears will help minimize 

spread of the bacteria. Cutting material should be 

collected in new plastic bags or disinfected coolers, kept 

cool, and stuck as soon as possible. All containers, 

coolers, pruners, work surfaces, and mist benches should be 

kept clean and treated with a disinfectant in order to 
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reduce contamination. 

General Cutting Production Schedule 

One possible schedule for producing rooted cuttings of 

'Desert Museum' and Prosopis species in the Tucson and 

Phoenix, Arizona area is presented as follows; (1) Place 

cuttings under mist for 3 weeks at full mist rate. Oil 

burner type nozzles at 40 to 60 p.s.i were used in these 

studies with an 8 minute interval and 8 to 10 second 

duration. However, the mist settings should be determined 

specifically for each mist system. (2) Reduce mist 

gradually from 3 to 5 weeks (to intervals of about 16 

minutes with a 6 to 8 second duration). Also, begin 

application of liquid feed fertilizer at 3 weeks. (3) Move 

rooted cuttings under 70% shadecloth in the greenhouse at 5 

weeks. (4) Transplant rooted cuttings at 6 weeks into 10 cm 

(4") pots and leave under heavy shadecloth for 1 more week. 

(5) Remove shadecloth at 7 weeks and expose plants to full 

sun in the greenhouse (about half the light intensity of 

full sun outdoors). (6) At 9 weeks, transplant cuttings 

into 4 liter (1 gallon) containers and move outside under 

shadecloth for at least 2 to 3 days. (7) By about 12 to 14 

weeks, most plants should be ready for sale as 4 liter (1 

gallon) plants, transplanted into 19 liter (5 gallon) pots, 

or heavily pruned back for cutting material and allowed to 



regrow. Heavily pruned plants in 4 liter (1 gallon) pots 

usually regrow to original heigth or greater within 4 to 5 

weeks and have a thicker, stronger stem than before being 

cut back. 

In general, rooting can be done with best success from 

late April to late August from stock plants pruned back 

every 4 to 6 weeks to encourage new, vigorous stem growth. 

Cuttings of 'Desert Museum', rooted by June 1, can usually 

be shifted to 19 liter (5 gallon) pots by early October. 

Cuttings rooted by July 1 and August 1 should be in 8 and 4 

liter (2 and l gal) pots, respectively, by this time. 

Cultural practices will have a large effect on how fast the 

plants grow and when they can be moved to larger sizes. 

Air Layering of Prosopis chilensis 

Air layers were rooted on three mature Prosopis 

chilensis trees using KYS-Kubes as the rooting media and 

Parafilm as a moisture retaining wrap as described by Hare 

(1979). The effect of stem diameter and IBA concentration 

on rooting of air layers was examined in two studies begun 

in April and August 1989. 

IBA Concentration 

K-IBA applied as a talc paste greatly improved both 

rooting percentage and root quality of air layers. IBA at 
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5,000 ppm increased rooting by 70% over air layers not 

treated with IBA (Figure 7, Table 12). Root diameter and 

number was also much greater for IBA treated stems. No 

significant difference in rooting was found between 5,000 

and 15,000 ppm IBA (Figure 6, Table 11). Small numbers of 

air layers attempted for other species of woody legumes, 

such as P. velutina. P. alba, and 'Desert Museum', did not 

root without use of IBA. 

The root promoting effects of IBA on air layers shown 

in this study agree with findings in India for Prosoois 

cineraria. which showed up to 50 to 100% rooting using 

Seradix B3 (8,000 ppm IBA in talc) and 100 ppm lAA in talc, 

but no rooting without some type of auxin (Solanki et al., 

1986). Root promoting effects of IBA on air layers has been 

well documented for a variety of other species such as Ficus 

carica. Punica aranatum. Simmondsia chinensls (Alcaraz-

Melendez and Ayala-Rocha, 1982; Suryanarayana and Rao, 

1984a). 

IBA resulted in a much higher increase in rooting of 

air layers than cuttings taken from the same clones of 

Prosopis chilensis. Cuttings started during winter showed 

rooting as high as 63% without IBA and an improvement of 

only 6 to 12% with 5,000 ppm IBA (Table 10a). However, air 

layers treated with 5,000 ppm IBA showed over a 70% average 

increase in rooting for the same three clones. 
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Stem Diameter 

Stem diameters of 4 to 5 mm (mostly current season's 

growth) and 8 to 10 mm (previous season's growth) were 

compared for their effect on rooting of Prosopis chilensis. 

Diameters of 8 to 10 mm averaged 94% rooting while diameters 

of 4 to 5 mm averaged 74% rooting over 5,000 and 15,000 ppm 

K-IBA (Figure 6). All air layers not rooting showed signs 

of mechanical damage from either wind damage to the air 

layer or an overly severe wounding cut. In most cases, the 

damage was caused by the girdling cut being made too deeply 

which caused death of the stem from the girdle to the stem 

tip. Smaller diameters proved much more susceptible to 

mechanical damage. 

Use of larger diameter air layers offers the important 

advantage of being able to utilize older stem wood. This is 

usually more abundant on mature trees than suitable young 

growth for cutting material. Many trees which are too 

mature to be propagated by cuttings can often be rooted 

successfully using air layers. 

Harvest and Establishment 

During the most active growth period of Prosopis from 

late April through late August, air layers usually begin to 

show roots after about 3 weeks. In the April and August 

studies, about 90% of the air layers of Prosopis were well 
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rooted after 5 weeks and the remainder could be removed by 7 

to 8 weeks. Air layers started in February in the 

greenhouse took longer to root (8 to 10 weeks). 

Air layers were removed from the tree by cutting the 

stem directly below the bottom of each layer. Air layers 

were potted into 15 cm (6") pots and placed under mist in 

the greenhouse with 70% shade. After one week, roots were 

already growing out of the bottom of the pots, and the air 

layers placed under lighter shadecloth without mist. Stems 

up to 1 meter in length were left on the layers with no 

establishment problems. If air layers are not misted after 

removal from the tree, they should be placed in heavy shade, 

and probably cut back substantially in order to reduce 

transpiration until roots become established. Film-forming 

anti-transpirants might also be used to reduce water stress 

in air layers after removal from the tree. 

Air Layering of Other Woody Lecmme Species 

Several air layers each were attempted for other woody 

legumes species including Prosopis alba (Forbes clone), P. 

cflandulosa. P. velutina. P. 'South American Hybrid', an 

unnamed Prosopis hybrid, Cercidium x sonorae. Parkinsonia 

aculeata. and 'Desert Museum' hybrid palo verde. All were 

successfully layered in February on container plants. 

Layers were rooted using commercial preparations of either 
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Rootone (1,000 ppm IBA and 2,000 ppm NAA), Hormidin 2 

(3,000 ppm IBA), and Hormidin 3 (8,000 ppm IBA). No rooting 

occurred on air layers not treated with a rooting hoirmone. 

Rooting was slow (8 to 10 weeks) due to the slower growth of 

plants during the winter. Both KYS-Kubes and the more 

traditional rooting media of sphagnum moss produced rooted 

layers. 

KYS-Kubes are dense and probably hold more water than 

is optimum under the cooler and moister conditions of the 

greenhouse environment. Cercidium and Parkinsonia species 

seem to be less tolerant of overly wet rooting conditions 

for both air layering as well as cuttings when compared to 

Prosopjs species. KYS-Kubes are probably best for very dry, 

hot conditions since they are guite dense and retain 

moisture well. A lighter medium like sphagnum moss is 

probably better in cooler and moister environments where 

drying out of air layers is less of a problem. 

General Air Layering Production Schedule 

Air layers can be successfully rooted in about 5 to 8 

weeks during the period of most active growth from late 

April through late August in the Tucson and Phoenix area. 

Less than about two weeks is needed for roots to get well 

established in 4 liter (1 gallon) containers after removal 

from the tree. Air layers harvested by June 1 can be potted 



into 4 liter (1 gallon) containers after removal from the 

tree, into 19 liter (5 gallon) containers by mid-July, and 

into 57 liter (15 gallon) containers by early October if 

grown under optimal conditions. Air layers harvested by 

mid-July and mid-August can be shifted to 19 and 0 liter (5 

and 2 gal) containers, respectively, by early October. 
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Cercidium. Parkinsonia. Prosoois species show great 

variability in characteristics and have many desirable forms 

which can only be propagated using vegetative techniques. 

•Desert Museum' hybrid palo verde is a unique woody legume 

that has much potential as a new drought tolerant landscape 

plant, but has remained scarce due to difficulties in 

propagation. Two methods of vegetative propagation were 

examined. Successful rooting was achieved using both stem 

cuttings under intermittent mist and air layers for all 

three genera of woody legumes. 

IBA had a varying effect on rooting of cuttings. 

Apical cuttings of 'Desert Museum' rooted best at 2,500 to 

5,000 ppm K-IBA, while basal cuttings showed no response to 

IBA and rooted well at all levels from 0 to 10,000 ppm. 

Basal cuttings rooted better than apical cuttings in nearly 

all studies. A seasonal difference in rooting success was 

shown as basal cuttings declined from an average of 95% in 

April to 21% in September and apical cuttings from 53% to 

10%. Though having lower average rooting than 3-node and 4-

node cuttings, 2-node cuttings produced a greater number of 

rooted cuttings for an equal amount of stem material. 

However, cuttings with 3-nodes proved easier to handle. 

Stem diameters of 3 mm rooted best. Bottom heat in the 
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range of 30 to 35°C resulted in high rates of rooting, while 

cuttings without bottom heat had less than 1% rooting. 

Cercidium floridum. C. microphvllum, C. x sonorae. C. 

praecox. Parkinsonia aculeata. and a Parkinsonia hybrid were 

also successfully rooted under intermittent mist using both 

apical and basal cuttings. Greater numbers of cuttings were 

rooted at 5,000 ppm than at 0 ppm K-IBA. With the exception 

of C. microphvllum. all species or hybrids tested showed 

good potential for large scale production by cuttings. 

Prosopis alba. P. chilensis. P. alandulosa. P. 

velutina. and several Prosopis hybrids were rooted using 2 

to 4 mm stem diameters with rooting rates for the best 

treatments ranging from 75 to 100%. IBA also had a varying 

effect on rooting of Prosonls species. Best rooting for P. 

alba (Forbes clone) occurred at 1,250 to 5,000 ppm IBA, 

while higher levels of IBA showed toxic effects. IBA 

improved rooting of P. velutina and Prosopis 'South American 

hybrid' but showed possible inhibition on another Prosopis 

hybrid. IBA had little effect on rooting percentage for P. 

chilensis but a large effect on root quality for two 

different clones. IBA treated roots were much shorter and 

more numerous. Bottom heat (28 to 39''C) strongly improved 

rooting of P. alba and three clones of P. chilensis compared 

to unheated cuttings (16 to 2^°C). Rooting of two clones of 

P. chilensis remained fairly high while P. alba (Forbes 
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clone) showed a sharp drop in rooting during winter. 

Air layers of P. chilensis were rooted with good 

success using pressed peat cubes (KYS-Kubes) for a rooting 

medium and Parafilm for a moisture retaining wrap. Stems 

with diameters of 8 to 10 mm averaged 94% rooting compared 

to 74% for stems with 4 to 5 mm diameters. Smaller diameter 

layers were more susceptible to mechanical damage from 

wounding cuts. IBA in talc significantly improved both 

rooting percentage and root quality of layers. Rooting 

averaged 83% at 5,000 ppm and only 13% at 0 ppm IBA. Roots 

of IBA treated stems were thicker, much more numerous, and 

rooted faster. 

Small numbers of air layers were also rooted of 'Desert 

Museum', Cercidium x sonorae. Parkinsonia aculeata. Prosopis 

alba. Prosopis alandulosa. Prosopis velutina. and several 

Prosopis hybrids. Sphagnum moss and KYS-Kubes were both 

successfully used as a rooting medium along with Rootone, 

Hormidin 2, and Hormidin 3 as auxin treatments. 

High rates of rooting for stem cuttings of 'Desert 

Museum' as well as for other species of Cercidium. 

Parkinsonia. and Prosopis were achieved using an 

intermittent mist system. Air layering also showed good 

results as an alternative technique for propagation of woody 

desert legumes. Large scale production of such unique 

hybrids as 'Desert Museum' is now possible. These two 
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vegetative propagation methods can be used to increase the 

quality and variety of drought tolerant plants available for 

Southwestern landscapes. 
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