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Investigations of three low-water requiring landscape species produced the 

following results: 1) Although Callumdra californica flowered under photoperiods 

from 12 to 16 hours, plants produced more elongation under 16 hour days. Plants 

grew taller and developed greener foliage under irradiances of 600 /imolm'V. 

Branching was not stimulated by foliar sprays of BA, PBA, or BA+GA<+7. 2) 

Caesalpinia pulcherrima increased biomass under 16 hour days, but were stunted 

and chlorotic under irradiances of 1950 /imohn'V. Internodal lengths were 

restricted with drenches of 3.75 mgpot"1 uniconazole, and plants sprayed with 500 

mgliter"1 PBA developed more axillary branching without negative elongating 

effects. 3) Justicia specigera gained more height under 12 hour days, and 

produced greener foliage, more elongation, and faster flowering under irradiances 

of 600 jumolm'V. Plants showed restricted internodal elongation and fewer 

flowers when drenched with 5.0 mgpot'1 uniconazole, and developed more axillary 

branching with no detrimental elongation effects when sprayed with 100 mgliter'1 

BA+GA»+7. 
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In the Western United States, water is a valuable resource which cannot 

be taken for granted. Urban growth, agriculture, and recreation needs all 

demand unlimited water which simply does not exist. In the Southwest, much of 

the available water is ground water which has been exploited in the last 40 years 

(Desai, 1981; Sierra Club, 1988). By the 1950s, irrigated agriculture and 

increasing populations, were resulting in water table declines of 1.6 - 3.0 m per 

year in Pima County (southern Arizona). Since 1960, the water table in Pima 

County has declined approximately 32 meters (Sierra Club, 1988). 

Water use patterns have changed, too. Agriculture, which once used more 

than 85% of the available water in Arizona, has declined in importance, while the 

urban populations of the Sun Belt continue to increase (Sierra Club, 1988). 

Currently it is estimated that 50% of the Southwest urban household water is 

used for landscaping (Desai, 1981; Popkin, 1979; State of California, 1976). If 

current trends of water use continue, the shrinking Southwest water supply will be 

unable to accomodate the projected increase in urban population growth. 

Works on gardening and landscapes for the Southwest have only casually 

addressed the future possibility of limited available water. The Western Garden 

Book (Sunset Magazine, 1976, stresses easy care and maintenance of "plants for 

dry places." Duffield and Jones (1981) instructs readers in the manner to water 

for most efficient results. Sacamano and Jones (1975) suggest mulches for water 
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conservation, native plants for a natural look, and care to avoid over-watering. 

Often landscapes are over watered or incorrectly watered. Studies in 

California have shown that substantial savings in water and in vegetative 

overgrowth can result from reducing the irrigation to an established landscape 

planting (Sachs et al., 1975). 

There is no doubt that the desert climate is a stressful one, with infrequent 

rains, high irradiance, extreme soil temperatures, high evaporation, and freezing 

winter temperatures. However, native and drought-tolerant species are uniquely 

adapted to the desert environment. Drought-tolerant species rely on 

morphological and physiological adaptations to allow rapid and efficient 

absorption of water, to store water, and to minimize water loss. Some of these 

include spreading lateral roots for quick absorption of rain water, tap roots for 

reaching the water table, the ability to quickly grow new roots to take advantage 

of favorable wet conditions, leaf surfaces covered with dense hairs, resins or waxy 

deposits, shedding or curling of leaves in extreme heat, and orientation of leaves 

at 180° to the sun to minimize direct exposure and to lower transpiration (Miller, 

1978). Arid-adapted plants require less frequent irrigations, and generally fewer 

fertilizers and pesticides, and have a lower mortality rate under drought 

conditions than temperate or tropical species (Meilke, 1986). 

There is a broad palate of drought-tolerant species native to Mexico, 

Australia, and South America. The use of more of these native and arid-adapted 

species as landscape material could reduce much of the residential water now 



used on Southwest landscapes (Higgenbotham, 1987). It has been estimated that 

a reduction of 20% in urban landscape water use could save over 1 billion gallons 

in Tucson alone (Univ. of Ariz., 1976). An idea whose time has come is that of 

the xeriscape - a landscape designed to make the best possible use of available 

water. According to the program of the 2nd annual xeriscape conference (held in 

Phoenix, Ariz, in March, 1988), principles of xeriscape include the following: 1) 

good planning and design; 2) limited turf areas; 3) efficient irrigation; 4) use of 

soil improvements; 5) use of mulches; 6) low-water use plants; and 7) appropriate 

maintenance (Arizona Municipal Water Users Assoc., 1988). 

Ideas and suggestions for xeric plant material are available to the public. 

The city of Tucson, Southern Arizona Water Resources Association (SAWARA), 

Arizona Department of Water Resources, and Pima County have published a 

regulatory list of drought-tolerant plants (trees, shrubs, vines, and bedding plants) 

for use by developers, landscapers, and homeowners in Pima County (southern 

Arizona). Plants are rated as to water use and hardiness (Ariz. Dept. Water 

Resources, 1988). The Arizona Native Plant Society (1988, 1989) has published 

two brochures that describe and evaluate desert trees and shrubs for 

Southwestern urban landscapes. Each species is illustrated, and rated for six 

criteria including water requirements. 

This necessary implementation of water-efficient landscapes has 

successfully stimulated more interest in native and arid-tolerant landscape plants. 

However, in order to fill the needs of consumers for interesting new xeriscape 



13 

material, the Arizona nursery industry will require more information on factors 

such as daylength, light intensity, fertilizer regimes, and response to growth 

retardents and branching stimulators. 

Three flowering shrubs, in particular, exhibit attractive form, long 

blooming bright flowers, and drought tolerance, and if more commonly produced, 

would stimulate sales and use of xeriscape material. Calliandra califomica Benth. 

(Fabaceae), or Baja fairy-duster, is a semi-evergreen shrub with fine textured 

foliage and attractive red feathery flowers which bloom all summer (Bailey 

Hortorium, 1976). Caesalpinia pulcherrima L. (Fabaceae), also called red 

Mexican bird-of paradise or dwarf poinciana, is a large lacy shrub known for its 

brilliant red flowers with stamens to 5 cm. long (Bailey Hortorium, 1976). Justicia 

specigera Schlechtend. (Acanthaceae), or Mexican honeysuckle, is a small (0.7-1.0 

m) non-woody shrub with soft ovate leaves and red-orange tubular flowers (Bailey 

Hortorium, 1976). These three species are currently being produced on a small 

scale in southern Arizona. However, cultural methods are empirical at best, and 

quantitative data are lacking. This investigation will provide information leading 

to the identification of significant factors in the growth and development of these 

three species. 

The efficient mass production of colorful drought-tolerant landscape 

material will result in further interest in, and support for, attractive xeriscape 

gardening. 
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CHAPTER I - REVIEW OF LITERATURE 

A: PHOTOPERIOD 

Responses 

All over the world, seasons change and daylengths vary. Daylength is a 

function of both the sun's elevation when at its zenith, and the angle the sun's 

daily path makes across the horizon. In adjusting to seasonal variations, and 

periods of light and darkness, plants have adapted to respond in specific ways. 

Those native to the tropics are exposed to daylengths with little variations 

between seasons, whereas plants in temperate zones are adapted to widely 

fluctuating daylengths. 

In the 1920s Garner and Allard noticed that daylength exerts an influence 

on tobacco plants; in particular, that extended daylengths often led to the same 

formative effects as natural long days of summer (Downs and Hellmers, 1975). 

They conceived the idea of classifying plants according to their response to 

daylength or "photoperiod". Many developmental aspects of plant life are 

photoperiodic responses - long lasting non-directional patterns or morphogenic 

effects whose major controlling influence is timing of the exposure to non-

directional light or darkness (Vince-Prue, 1975; Vince-Prue and Canham, 1983). 

Changes in daylength can stimulate such processes as chlorophyll 

production, de-etiolation (including leaf expansion, inhibition of stem elongation, 

stem stiffening, and elongation of hypocotyls and coleoptiles), tuberization, root 
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development and nodule formation, germination of light-sensitive seeds, synthesis 

of anthocyanin and carotenoids, geotropic and phototropic sensitivity, sex 

expression, and flowering in photoperiodic sensitive species (Downs and 

Hellmers, 1975; Evans, 1969; Salisbury and Ross, 1985; Vince-Prue, 1975; Vince-

Prue and Canham, 1983). 

Woody perennials exhibit a wide range of responses to variations in 

photoperiod, including leaf and stem growth, initiation and further development 

of flowers, leaf abscission, and formation of dormant resting buds, reproductive 

organs, and adventitious roots or buds (Vince-Prue and Canham, 1983). In one 

compilation of several woody plant growth responses to daylengths, stem 

elongation increased as much as 24 times more under 16 hour days as when 

under 8 days (Downs and Hellmers, 1975). While long days usually promote 

growth flushes in woody plants, short days lead to "the autumn syndrome" -

preparation for winter. Typical responses to short days include cessation of shoot 

growth, setting buds, and hardening off. Visible effects include darkening of 

broadleaf species, changing leaf color, and formation of buds and bud scales 

(Salisbury and Ross, 1985). Tropical plants do not go dormant in the strict sense 

of the term, but do slow growth with short days (Downs and Hellmers, 1975). 

Manipulation of daylength has been utilized by commercial growers and 

producers since the 1950s. In combination with selection for types which respond 

to photoperiod, control of daylength is a powerful tool for systematic cropping in 

order to schedule crops for times when returns are highest, to regulate plant size 
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at flowering, to make efficient use of space, to take advantage of a short harvest 

period, and to keep stock plants vegetative (Vince-Prue and Canham, 1983). 

By far the most well-known and studied of the photoperiod responses is 

the flowering response, which is generally of two types in sensitive species: 1) 

facultative/quantitative - will eventually flower in adverse daylengths, but more 

quickly in correct daylength, and 2) absolute/obligatory/qualitative - must have 

critical photoperiod (Downs and Helmers, 1975). Studies begun at the University 

of Chicago in 1938 by Hamner and Bonner indicated that plants are sensitive to 

the length of the dark period (Siegelman and Butler, 1965; Vince-Prue, 1975; 

Vince-Prue and Canham, 1983), and that interruptions of the dark period can 

alter the response. Response types have been further organized through three 

dimensions (Salisbury, 1963): 

1. Photoperiod (quantitative or qualitative) 

Short day plants (SDP) - will flower only if the night length is 

longer than some critical length. 

Long day plants (LDP) - will flower only if the night length is 

shorter than some critical length. 

Day neutral plants (DNP) - are insensitive to photoperiod. 

Long-short day plants (LSDP) - need short nights followed by long 

nights. 

Short-long day plants (SLDP) - need long nights followed by short 

nights. 
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2. Temperature response (quantitative or qualitative) 

3. Interaction between the 2 factors 

Other possible influences on a given plant's flowering response to daylength 

include 1) age, 2) light intensity and light quality, 3) and nutrient levels 

(Salisbury, 1963; Salisbury and Ross, 1985; Vince-Prue, 1975; Zeevaart, 1976). 

Because two factors at subthreshold levels can be additive (an indication that 

different influences are acting through some common mechanism) (Zeevaart, 

1976), the range of adaptive responses to the critical daylength may vary with the 

latitude or ecological niche, even within one species (Evans, 1969). In some 

cases, a plant may have strict photoperiodic requirements under one set of 

circumstances and be day neutral under another (Salisbury and Ross, 1985; 

Vince-Prue, 1975). In some species, sensitivity is often accumulative - more 

cycles of the critical photoperiod will lead to a larger or more prolific response. 

For instance, petunias have been shown to produce eight flowers per plant if 

under 16-hour days, but only four flowers per plant with 12-hour days (Downs 

and Helmers, 1975). 

The floral induction mechanism involves sensitivity in leaves which results 

in morphological changes in the shoot apex. It follows that variations in 

photoperiodic sensitivity between species can result from differences found in 

apices, in leaves, or in both (Zeevaart, 1976). In some cases, photoperiodic floral 

induction then also influences vegetative growth. For instance, carnations will 

flower under long photoperiods, while short photoperiods will produce increased 
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lateral shoots if the plant has not been induced. If short days follow induction by 

long days, no additional vegetative growth occurs. Flowering due to long 

photoperiods leads to fewer lateral shoots (Heins et al., 1979). 

Phytochrome 

The photoperiodic mechanism in most plants can be thought of as consisting of 

"machinery", hormones, enzymes, and a pigment system coupled to a clock 

(Salisbury, 1963). The reversible pigment phytochrome governs responses to 

photoperiod. Borthwick and Hendricks are credited with the discovery of 

phytochrome, through their work at Beltsville, Maryland in the 1950s. Similarities 

between action spectra for plant responses and absorption spectra for 

phytochrome led to evidence that phytochrome is the pigment causing such 

responses (Salisbury and Ross, 1985). Phytochrome was spectrophotometrically 

characterized and biochemically isolated in the early 1960s by H. W. Siegelman. 

Although phytochrome has been detected in all parts of higher plants including 

coleoptiles, hypocotyls, roots, stems, leaves, buds, floral receptacles, inflorescences 

and developing fruits, the highest concentration is in the meristematic regions and 

newly expanded leaves which are the most sensitive to daylength (Lang, 1966; 

Salisbury and Ross, 1985; Vince-Prue, 1975). 

Phytochrome exists in two forms, interconvertible by red (660 nm) and far 

red (730 nm) light; the names Pr and Pfr were given by the Beltsville workers to 

the red-absorbing and far-red absorbing forms, respectively (Evans, 1963; 

Salisbury, 1963; Siegelman and Butler, 1965; Vince-Prue, 1975; Wareing and 



Phillips, 1970)). In daylight, Pr absorbs red light, and rapidly changes to Pfr, the 

so-called active form, responsible for biological responses (Bellini, 1977; 

Siegelman and Butler, 1965). During the dark period, the Pfr slowly reverts or 

denatures to Pr; this is the photoreversion process which the plant senses or 

measures and somehow quantifies (Salisbury and Ross, 1985). 

The red/far red ratio in any light source determines the photostationary 

state of Pr to Pfr within the plant, as well as intermediates in the process (Bellini, 

1977; Vince-Prue and Canham, 1983). Under normal daylight conditions, as 

determined by measuring plant responses to differing combinations of red and far 

red light (a technique referred to as the "null response" technique), the levels of 

the two forms appear to adjust so that the ratio of Pfr to the total P (Pr plus Pfr) 

is about 0.8 (Salisbury and Ross, 1985; Siegelman and Butler, 1965; Vince-Prue 

and Canham, 1983). The dark reversion process is responsible for the distinctions 

between plants which differ in photoperiodic requirements. (Vince-Prue and 

Canham, 1983). High levels of Pfr (less reversion) prevent flowering in plants 

requiring short days (long nights), but promote flowering in plants requiring long 

days (short nights). The reverse is true for low levels of Pfr - long nights allow 

denaturization to Pr which stimulates flowering in plants requiring short days 

(Downs and Hellmers, 1975; Salisbury and Ross, 1985). Daylength extensions or 

intermittent periods of red light, given as night interruptions, can substitute for 

long days in some species because they prevent the Pfr from completely reverting 

to Pr (Downs and Hellmers, 1975). 
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Chemically, phytochrome is a 124,000-dalton protein, with an attached 

chromophore that absorbs light and changes its bond configuration, thus 

becoming able to absorb only the alternate kind of light (Schopfer, 1984). The 

change in the bond under red light is responsible for the potential chemical 

activity of Pfr and the inactivity of Pr (Salisbury and Ross, 1985). 

Interactions with juvenility 

Often plants flower more readily as they grow older. All plants go through 

a non-flowering juvenile stage before reaching maturity, which can be defined as 

some minimal age, beyond the juvenile stage, after which the plant develops a 

specific leaf shape, leaf arrangement, rooting ability, specific trichomes or thorns, 

or the ability to flower (Hackett, 1985; Hartmann and Kester, 1983; Leopold and 

Kriedemann, 1975; Salisbury 1963; Zimmerman, 1972). The length of the 

juvenile, or immature, stage and its resultant insensitivity to photoperiodic 

changes or to other environmental stimuli (eg., vernalization) vary between 

species and with location (Evans, 1969; Hackett, 1985; Hartmann and Kester, 

1983; Leopold and Kriedemann, 1975; Zimmerman, 1972). Correlated with 

attainment of a certain size, this phase change appears to be a gradual process, 

culminating in the ability to flower (Hackett, 1985). 

Organs which detect changes in the environment, usually leaves or 

meristems, must reach a developmental point which has been termed ripeness to 

respond, ripeness to flower (Salisbury, 1963) or competence (Schopfer, 1984). 

Minimal levels of assimilates in the meristem are required for maturation in that 
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organ (Hackett, 1985). Additionally, reserve storage organs need to build up a 

minimal level of carbohydrates (Salisbury, 1963). 

Woody plants vary in their length of juvenility from 20-30 days in hybrid 

tea roses to 30 years for Fagus sylvatica (Hackett, 1985). Because in many woody 

plants, phase change is correlated with the attainment of a certain size, stressful 

conditions such as high temperatures or low light can cause a prolonged juvenile 

phase, while conditions such as high light, long days, and high nutrition levels will 

encourage rapid seedling growth and shorten the time to ripeness to flower 

(Hackett, 1985). Competence or maturation is thus a somewhat variable 

environmentally and genetically determined state which mediates photosensitivity. 

Each individual photoresponse results from the interaction of this genetically-

determined sequence pattern with a precise light-induced time schedule of 

responsiveness to phytochrome (Schopfer, 1984). 

Interactions with light quality 

Although rate of photosynthesis may contribute to the overall inductive 

effect (Salisbury and Ross, 1985; Vince-Prue, 1975; Vince-Prue and Canham, 

1983), it is important to make the distinction between photosynthetic light, 

normally present during daylight hours at medium to high irradiance levels and in 

wavelengths between 400 nm and 700 nm, and photoperiodic light which will 

cause responses at very low intensities. When growers provide long days for 

photoperiodic manipulation, the light quality should be a mixture of red (660 nm) 

and far red (730 nm). It has been found that this quality is best provided by 
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levels (under 5 /imolm'V) (Vince-Prue, 1975). Garner and Allard found that as 

little as 50 to 100 lux in daylength extension (1 to 2 /imolm'V if measured in full 

sun) led to the same formative effects as natural long days in summer (Downs 

and Helmers, 1975). 

Although plants respond to the length of the dark period, the irradiance 

during the photoperiod can influence the degree of sensitivity to the dark period. 

Because high light levels (thus increased photosynthesis) can sometimes substitute 

for long photoperiods, assimilates may be necessary for induction in long day 

plants (Evans 1969), or to fulfill the processes of the dark period (Vince-Prue, 

1975). Several short day species will not respond to the critical night length if the 

photoperiod is given at low irradiances, or when days are extremely short. Dark-

grown Pharbitis nil seedlings do not respond to normal critical night length until 

exposed to a relatively long period of light; an increase in photosynthetic activity 

paralleled the development of photoperiodic sensitivity (Vince-Prue, 1975). At 

three different photoperiods (8, 12, and 16 hours), an increase in irradiance led 

to a reduction in days to floral initiation and in the percentage of bud abortion in 

azaleas (Bodson, 1983). Irradiance levels within the daily light period strongly 

influences the response to inductive long nights in chrysanthemums, and flowering 

is delayed by poor light conditions (Vince-Prue, 1975). 

Interactions with Temperature 

Besides affecting growth rates and time to maturity, temperature can 
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influence either the length of night which is critical to a given plant, or the time 

within the dark period when the plant is sensitive. The reversion of Pfr is a 

metabolic process and, as such, is temperature dependent (Vince-Prue and 

Canham, 1983). Many studies have examined interactions between daylength and 

temperature. Under short days, increasing temperatures produced earlier 

flowering of azaleas, but if days were long, those same increasing temperatures 

led to later flowering. With temperatures held constant, the shorter photoperiod 

resulted in earlier flowering (Pettersen, 1972). Under 16hour photoperiods, 

inflorescence initiation of Dicentra spectabilis was faster at 15 "C than at 22 °C, 

and at both low temperatures, growth was faster than at 300 C (Weiler and Lopez, 

1977). 

Time measurement 

Not only do plants respond to light quality (red or far red) through the 

interconversion of one of the two forms of phytochrome, they also must measure 

the length of the dark period. Time measurement is thought to be based on a 

circadian oscillator, with which phytochrome interacts in some way to achieve or 

prevent induction at the leaf receptor sites (Vince-Prue and Canham, 1983). 

There are currently two theories on a possible model for time measurement: 1) 

The hourglass model suggests measurement of the length of time required for 

some metabolite to be converted to another, such as a pigment, or for synthesis 

of a flowering stimulus; and 2) The oscillating timer imagines some mechanism 

which resets itself as light and dark periods swing back and forth. This is the 



24 

case found with Xanthium with which the total length of the light + dark periods 

must together equals 24, 48, 72 hours etc., and when the cycles deviate much 

from 24 hours, growth slows down (Salisbury and Ross, 1985). Both theories 

acknowledge that, although the light period usually needs to be of some minimal 

length, time is measured in darkness from some "lights off1 signal (Vince-Prue 

and Canham, 1983). 

Photoperiodic manipulation 

Growers can manipulate daylengths so that flower production coincides 

with the specific sales dates. Chrysanthemums, poinsettias, and azaleas are all 

manipulated photoperiodically. Each crop has specific daylength requirements, as 

well as probable interactive complications from temperatures, light intensities, 

and hormones or applied growth regulators. In order to provide short days, light-

excluding cloth is pulled over the plants in early evening, and removed in early 

morning. To provide long days (short nights) additional low levels of 

incandescent light are provided as daylength extensions in early evenings, or as 

night breaks (midway through the dark period). Either method promotes 

synthesis of Pfr from Pr. Additional daylength is most effective if given with a 

mixture of red and far red light which correspond to the action spectrum of 

phytochrome; it is best reproduced by incandescent bulbs, which convert 50-60% 

Pr to Pfr (Downs and Hellmers, 1975; Salisbury and Ross, 1985). The most 

important parts of the plant to illuminate are the recently mature leaves (Nelson, 

1985). Although azaleas are one woody plant for which photoperiodic 
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requirements have been identified, most container-grown nursery stock is not 

photoperiodically manipulated. However, in climates where flowering time is not 

peak sales time or the best transplanting time, it may be possible to promote 

flowering during periods in which there is a greater chance of transplanting 

success and hence, of customer satisfaction. 

B: IRRADIANCE 

The growth and development of plants is affected by four aspects of the 

radiation environment: irradiance (intensity), quality (spectral composition), 

photoperiod (duration), and the direction of the light (Harris, 1983; Salisbury and 

Ross, 1985). 

Irradiance is a measure of the energy received by a surface illuminated 

with light (Harris, 1983; Jensen and Salisbury, 1978), the amount of which is 

determined by the earth's position relative to the sun. The radiation environment 

at any point on earth is mediated by latitude, daily rotation, environmental or 

climatic influences, and seasonal changes (result of tilted equator) (Salisbury and 

Ross, 1985). 

Visible light encompasses the portion of the electromagnetic spectrum 

containing wavelengths from 380 nm - 760 nm (Harris, 1983). Wavelengths in the 

range of 400-700 nm are referred to as photosynthetically active radiation or 

PAR. Approximately half of the total solar radiation reaching the earth is within 

the PAR range, and biological systems make the most effective use of these 
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wavelengths (Leopold and Kriedemann, 1975). Eighty percent of this PAR is 

absorbed by the leaf. Twenty percent is lost in short wave reflection or is not 

absorbed. Of that which is absorbed, 95% serves to heat the leaf and to vaporize 

water. The remaining 5% results in photosynthesis (Leopold and Kriedemann, 

1975; Salisbury and Ross, 1985). Photosynthesis, photoperiodism, and 

photomorphogenesis all have specific requirements relative to spectral 

composition and light intensity. Photosynthetic processes require wavelengths in 

mostly the blue (400-450 nm) and red (625-700) ranges. Photoperiodic reactions 

need red (625-700) and far red light (700-850). Phototropic reactions require 

blue light (400-450) (Saeki, 1963). Irradiance levels can influence rate of 

development, overall plant morphology, leaf morphology and anatomy, 

photosynthetic efficiency and transpiration rates. The rate of development of the 

growing shoot of poplar was found to be highly positively correlated with 

irradiance levels (32.5, 63, and 130 jumolm'V1). Maximum size (6mm) was 

attained within 50 days at 130 /zmohn'V while plants under 32.5 /imolmV only 

reached 3 mm even after 125 days (Pieters and van den Noort, 1988). 

Plants grown in medium to high irradiance levels often show 

developmental or morphological effects such as earlier flowering, suppression of 

internodal elongation, smaller leaves and a more compact form (Leopold and 

Kreidemann, 1975; Salisbury and Ross, 1985). The rate of geranium development 

from seedling to macrobud stage was found to be influenced by daily light 

integral (cumulative irradiance each day); no flowering occurred below 
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3.3 molm'May"1, and there were progressive decreases in developmental time up 

to ~ 13 molm^day"1. After 17 mol, no difference in developmental rate occurred 

(White and Warrington, 1988). In another study (Armitage and Weitstein, 1984), 

geraniums grown in ambient light produced flowers 37 days earlier than plants 

grown in 60% shade. Leaves emerged faster, and were larger when plants were 

grown in ambient light. Plants grown under ambient light had fewer nodes at 

flowering than those grown in shade. Armitage et al. (1981) found that specific 

leaf weight was positively correlated with quantum flux density at a given 

temperature. Light levels can affect nutritional needs and overall appearance of 

a specimen plant. When hibiscus was grown in either full sun (840 /xmolm V) 

or 50% shade (420 fimolmh'1), plants grown in full sun exhibited earlier 

flowering, and had larger numbers of buds and flowers. However, plants grown 

in shade produced larger flower diameter, deeper green foliage, and higher plant 

quality. Light levels also influenced plant responses to soluble fertilizer 

formulations, with an interactive effect on the number of buds, number of 

flowers, plant size, leaf area, fresh weight, leaf color, and overall quality. At 50% 

light levels, the optimal soluble fertilizer level is less than the optimal level in full 

sun, so would be economical as well (Neumaier et al., 1987). Adverse effects of 

low irradiance are often interpreted in terms of reduced assimilates. When 

azaleas were grown under three different photoperiods (8, 12, 16 hours), 

increasing light intensity led to fewer days until flower initiation regardless of 

daylength. As irradiance increased, the percentage of aborted buds was reduced. 
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The effect of photoperiod and irradiance was interactive: total light flux received 

was the pivotal factor (Bodson, 1983). When Easter lilies were grown under 

ambient light levels, and 20%, 50%, and 85% light reduction, total plant dry 

weight and overall plant quality was lower in plants given shading treatments 

(Miller and Langhans, 1989). 

Light levels often influence developmental responses to other 

environmental factors or production practices. Although fuchsias require long 

days to induce flowering, light intensities can override the inductive effects. 

Fifteen long days under only 450 ftc suppressed flowering by interfering with 

developing buds (Sachs and Bretz, 1961). Flower development and anthesis of 

Dicentra spectabilis (bleeding heart) required greater light levels than 144,000-

352,000 lux-hrs per day, although the quality of above-ground growth and 

inflorescence initiation were good at those levels (Weiler and Lopez, 1976). For 

sunlight, 1 nmol »54 lux «5 ft. candles (Harris, 1983). 

Plants are classified as "shade" or "sun" plants based on their genetic or 

evolutionary adaptations to the light levels prevailing in their natural habitat 

(Boardman, 1977). Those grown in low light have the capability to adapt to 

maximize the interception of radiant energy. Their leaves tend to be displayed 

horizontally. Branches of peach trees grown in 50% and 25% of full sun were 

more horizontally oriented and had darker foliage than those of plants in full sun 

(Nii and Kuroiwa, 1988). Plants adapted to full sun which have been grown in 

lower irradiances are often taller (become "leggy") and have less branching, a 
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response designed to over-top the canopy (Salisbury and Ross, 1985). Because 

high light can contribute to the plant's heat load, leaves of plants which have 

adapted to high light and heat often hang vertically, or curl slightly inward, to 

avoid the highest irradiances during midday (Boardman, 1977; Leopold and 

Kreidemann, 1975). 

Leaf morphology and anatomy are affected by ambient light conditions. 

Medium to high irradiation increases leaf blade expansion, petiole elongation, 

chlorophyll formation, and chloroplast development (Salisbury and Ross, 1985). 

Leaves on the exterior of a plant (sun leaves) have less area per leaf, are thicker, 

weigh more per unit area, are more densely distributed on the stem (shorter 

internodes), and are lighter in color than leaves on the interior of the plant or 

under the canopy (Salisbury and Ross, 1985). Species which have adapted to 

areas of high intensity light such as desert environments often exhibit grayish 

leaves, eg., atriplex, leucophyllum, salvia. Epidermal hairs and waxy surfaces also 

aid in the resistance to heat absorption (Leopold and Kreidemann, 1975). 

Leaves on plants adapted to high irradiation contain more palisade cells, 

have more stomates per unit area, and contain less chlorophyll on a per weight 

basis. They contain fewer grana (light harvesting apparatus), but a higher 

proportion of stroma lamellae (which convert C02 to energy) than leaves on 

plants adapted to shade (Boardman, 1977; Leopold and Kreidemann, 1975; 

Salisbury and Ross, 1985). Leaf cells of plants adapted to high irradiances have 

chloroplasts distributed vertically, while shade leaves have chloroplasts near the 
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surface of mesophyll palisade cells (Boardman, 1977; Salisbury and Ross, 1985). 

In one study, peaches treated to four irradiances (full sun, 50%, 25% and 10% 

full light) produced differences in leaf morphology and anatomy. Leaves grown 

in high light contained two to three layers of well-developed palisade cells, 

showed high stomatal density, and had low chlorophyll content per unit leaf area. 

Chloroplasts of light leaves were high in starch, and showed poorly stacked grana. 

Leaves from plants in shade were thinner, flatter, and darker green than sun 

leaves. In deep shade, leaves contained only one or two poorly-developed layers 

of palisade cells, showed low stomatal density, and contained large chloroplasts 

rich with thylakoids but low in starch (Nii and Kuroiwa, 1988). Higher light 

levels may enhance synthesis of anthocyanins and other flavonoid pigments 

(Salisbury and Ross, 1985). Oleander plants were grown in 200, 800, and 1000 

/xmohn'V, and the pigment ratios were determined at the end of a 12-hour dark 

period. Plants exposed to the highest irradiance contained higher ratios of 

carotenoids to chlorophylls than those grown in low light (Demmig et al., 1988). 

Irradiance levels affect the rate and efficiency of photosynthesis 

(Boardman, 1977). Chloroplasts are saturated at intensities around 1/20 of full 

sun light, yet this is much more light than can be used by the Calvin cycle or the 

C4 process (Leopold and Kreidemann, 1975). At midday in June, PAR levels in 

the Northern hemisphere can average 2400 /imohn'V. Because adequate 

irradiance levels are 1000 /umolm V for most species, and 200 nmolmh'1 for 

shade plants (Harris, 1983), it is apparent that plants do not utilize all available 
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light. In a study in which peach trees were treated with different light levels (Tan 

and Buttery, 1986), PAR levels were the most important factor regulating 

maximum photosynthesis (PS) rates (mg C02h ' dm'2). Shifts in optimum 

temperature for efficient PS were also influenced by increasing PAR levels. 

Osonubi and Davies (1980) found that net photosynthesis (mg COjdm'^hr'1) of 

well-watered birch seedlings rose with irradiance levels (8 to 1200 /imohn'V) at 

constant temperatures. At all leaf temperatures (15 - 35 °C), light saturation 

occurred at around 900 /imohn'V. With increasing PAR, optimal temperatures 

for efficient net photosynthesis increased as well. While plants adapted to high 

irradiances reach their most efficient photosynthetic rates at higher light levels 

than do shade-adapted plants (Boardman, 1977), if sun-adapted plants are grown 

at low irradiances, their photosynthesis curves are not as high as those of shade 

plants grown at the same low light levels (Boardman, 1977; Salisbury and Ross, 

1985). Photosynthesis can actually be inhibited by excessive light levels which can 

destroy reaction-center chlorophyll. This high-light response (particularly evident 

in shade-adapted plants) is often followed by oxygen-dependent bleaching of 

chloroplast pigments (Boardman, 1977; Salisbury and Ross, 1985). 

Stomatal conductance is influenced indirectly by light levels; differences in 

leaf anatomy (eg., increased stomatal density and mesophyll surface area in sun-

adapted leaves) affect intake and diffusion of C02 (Boardman, 1977). High heat 

levels often associated with strong light can stimulate stomatal closing as a water 

conservation measure, in turn regulating the intake of C02 and contingent 
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photosynthetic rates (Leopold and Kreidemann, 1975; Saeki, 1963; Salisbury and 

Ross, 1985). At high irradiances (1200 /imolmV), stomatal conductance 

(cm sec"1) of birch leaves reached a maximum value at around 20 °C, but fell at 

higher and lower temperatures. At medium irradiances (900, 600 /xmohn'V), the 

high-temperature restriction of conductance did not occur; ie., if the light levels 

were not so extreme, high temperature was less influential in affecting stomatal 

conductance (Osonubi and Davies, 1980). 

Production practices of landscape plants grown specifically for high light 

situations may need to be a compromise between the advantages of maximum 

photosynthetic efficiency, earlier flowering, and acclimation of the material, with 

those such as greener foliage, more efficient respiration and less frequent 

watering. 

C: PLANT GROWTH REGULATORS 

Phyto-hormones are naturally-occurring organic compounds synthesized in 

one part of a plant and translocated to another part, where, in very low 

concentrations, they cause a physiological response (Salisbury and Ross, 1985). In 

contrast, plant growth regulators (PGRs) are organic compounds, both naturally 

occurring and synthetic. They affect physiological processes of growth and 

development in a plant when applied in relatively low concentrations (Nickell, 

1982). Since the early part of the 20th century, there has been interest in plant 

substances which govern developmental processes. Fritz Went discovered that the 
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first naturally-occurring auxin: indole-3-acetic acid (IAA) was responsible for the 

curvature of oat coleoptiles toward light (Salisbury and Ross, 1985). Since the 

late 1940s and early 1950s, growers have become able to manipulate crop growth 

and development through the use of exogenous PGRs which produce their effects 

by influencing endogenous levels of the naturally-occuring hormones. This shift 

then leads to modification of growth and development (Nickell, 1982). PGRs are 

a boon to growers and are frequently utilized to reduce labor, produce a more 

attractive product, regulate harvest, and increase yield. 

Naturally-occurring endogenous regulators which regulate height, form and 

flowering are auxins, cytokinins, and gibberellins. 

Auxins 

Auxins are involved in cell enlargement, in the rooting of cuttings for 

propagation, and in apical dominance. Indoleacetic acid (IAA) is a naturally-

occurring auxin, and was the subject of Went's early experiments focusing on the 

relationship between the coleoptile tip and its influence on tropistic responses. 

Other naturally-occuring indole compounds may cause typical responses through 

their conversion to IAA. IBA and NAA, the best and most commonly used 

synthetic chemicals for inducing rooting of cuttings, are decomposed more slowly 

than IAA by auxin-destroying enzyme systems, and are relatively non-mobile in 

plants. Auxins are synthesized in meristematic regions, shoots, young leaves, and 

young fruit (Nickell, 1982; Salisbury and Ross, 1985). In many plants, auxins 

govern apical dominance, preventing axillary buds from developing unless the 
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apical bud is removed. This property is the basis for the potential to regulate 

axillary branching. Normal slow auxin movement through living cells is an 

energy-requiring process and occurs mostly in a basipetal direction. Movement of 

auxins down the stem results in the apical dominance responsible for inhibition of 

axillary bud expansion and lateral growth of woody plant vascular cambium 

(Salisbury and Ross, 1985; Wareing and Phillips, 1981). 

Gibberellins 

Gibberellins stimulate cell division, cell enlargement or both. In intact 

plants they enhance elongation of stems, promote germination of dormant seeds 

and growth of dormant buds (and can often replace any chilling requirement), 

stimulate flowering (can substitute for long days) and help in forming 

parthenocarpic (seedless) fruits (Salisbury and Ross, 1985; Wareing and Phillips, 

1981). 

Extracted from the fungus Gibberela fujikoroi in 1926, gibberellic acid 

(GA3) is one of many gibberellins (over 70 naturally-occurring forms have been 

isolated so far). In plants of all types, gibberellins are made in seeds, young 

leaves, and roots, and are translocated through the xylem and phloem to the 

stem. Gibberellins act on the apical meristem and subapical meristem to 

stimulate increased cell division and elongation of the stem, increased 

development of the leaves and, eventually, more roots (Sachs, 1965; Salisbury and 

Ross, 1985). Commercial growth retardants which inhibit stem elongation, 

resulting in overall reduction in height, do so because they inhibit GA synthesis 
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or suppress GA movement (Salisbury and Ross, 1985) or prevent action of 

endogenous levels of GA (Sachs, 1965). 

Cytokinins 

Cytokinins are substituted derivatives of adenine which promote cell 

division (Nickell, 1982; Salisbury and Ross, 1985; Wareing and Phillips, 1981). 

Originally extracted from autoclaved herring sperm DNA by Miller and Skoog in 

1956, kinetin was the name given to the first natural cytokinin isolated and 

identified. Later, zeatin and other substances with adenine-like structures that 

promote cell division were found in seed plants. BA or benzyl adenine (N-

(phenylmethyl)-l//-purin-6-amine) is a highly active synthetic cytokinin, and is 

commonly used in horticulture and agriculture experiments (Horgan, 1984). 

Cytokinins are metabolized by conjugation with sugars (commonly glucose and 

ribose) and with amino acids. In drawing metabolites to growing areas, they 

increase protein synthesis and subsequent cell division (Horgan, 1984; Salisbury 

and Ross, 1985; Wareing and Phillips, 1981). 

The effects of externally applied cytokinins are to promote cell division 

and organ formation, delay senescence and increase sink activity, promote lateral 

bud development, increase cell expansion in dicot cotyledons and leaves, and 

promote chloroplast development and chlorophyll synthesis (Horgan, 1984; 

Nickell, 1982; Salisbury and Ross, 1985). Sites of cytokinin synthesis are typically 

the young organs - the apices, young leaves, fruits, root tips, from which they 
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move through the xylem and phloem to areas where active growth is occurring 

(Horgan, 1984; Letham and Palni, 1983; Wareing and Phillips, 1981). 

Exogenous PGR Applications 

Through application of exogenous PGRs or manipulation of environmental 

factors, growers can control the balance of endogenous hormones, and hence, the 

resulting size, shape, and flowering of many nursery and greenhouse species 

(Bruinsma, 1973). PGRs have been used and tested with many species, and at 

times the results are confusing or hard to interpret. There are many factors 

which may influence the responses to exogenously applied growth regulators: the 

specific chemical and its mode of action, the species and cultivar, the time and 

method of application, environmental conditions including soil characteristics, and 

interaction with other growth regulators (Seeley, 1979). 

Each particular PGR affects specific sites within the treated plant: eg., 

subapical meristems respond to application of GAs, but the shoot apical meristem 

is insensitive to GAs. The growth retardants such as chlormequat chloride (2-

chloro-N,N,N-trimethylethanaminium chloride) and daminozide [mono (2,2-

dimethyl hydrazide)], are known sometimes as anti-gibberellins because they act 

on the subapical area; thus, they fail to influence directly the growth of roots in 

which cells divide in apical meristems only (Bruinsma, 1973). 

Translocation pathways of an applied growth regulator depend on the site 

of synthesis. If the chemical is synthesized in the roots, movement is through the 
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xylem, and soil drenches are often the most advantageous formulation. Chemicals 

that move through the phloem both acropetally, from roots upward, and 

basipetally, from mature leaves to stems and roots, are often applied as foliar 

sprays (Neumann, 1988). 

Factors which Influence Responses 

The degree of response by a given species to a particular PGR depends 

not only on the rate and duration of the uptake process, but also on the time 

period during which the effective concentration is maintained at the target site 

(Neumann, 1988), variables which, in turn, are affected by methodological and 

environmental factors. 

Methods of application vary. Exogenous growth regulators may be applied 

as soil drenches, as foliar sprays, or as granular soil amendments. Soil application 

is the most common method, its advantage being the soil's natural storage and 

buffer capacity, and disadvantages being possibilities of leaching with container 

irrigation, chemical immobilization/fixation onto soil particles, or competitive 

uptake by microbes (Neumann, 1988). Advantages of foliar application include 

rapid uptake and movement, high percent recovery of the original formulation, 

and the possibility that more than one type can be applied as a mix. 

Disadvantages include drift, limited leaf area to intercept chemical (eg., 

seedlings), varying cuticle penetrability, washing off by rain or dew, difficulty in 

translocation within the plant, and inconsistent results (Neumann, 1988). 

Importantly, foliarly-applied chemicals can only affect plant growth after 
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penetration into cell network (symplast), through the cuticle, a process which 

depends on morphological characteristics of the surface, surface wetting, length of 

foliar pathway, and extent of chemical resistances within the plant (Neumann, 

1988). 

Soil and environmental characteristics both during and after the time of 

application will influence the effectiveness of any specific chemical. Soil qualities 

affect the chemical's persistance in the rhizosphere (Cathey, 1961). Aged pine 

bark in the root medium is thought to reduce the effectiveness of some soil 

drenches (Larson, 1985; Seeley, 1979). Wind, humidity, temperatures, and 

irradiance all can determine a plant's response through effects on transpiration 

(Sill and Nelson, 1970). In one instance, azaleas were more responsive to 

chemical pinching with methyl esters of fatty acids (C6 - C12) when air turbulence 

was reduced, night temperatures were cool, relative humidity was low, and when 

shoots were 4-6 weeks old (Carr and Lindstrom, 1972). At times one compound 

can interfere with the stimulus from another or from environmental cues. 

Forsythia intermedia did not respond to BA applications as a chemical pinch, but 

the combination of BA and GA«+7 promoted increased height and a more 

spreading horizontal shape (Grzesik and Rudnicki, 1985). Chlormequat chloride 

(CCC) induced early flowering of Bougcunvillea 'San Diego Red', in addition to 

reducing height. Subsequent applications of GA3 prevented the CCC-induced 

early flowering. Alone, GA3 delayed flowering (Hackett and Sachs, 1966). To 

complicate matters further, one chemical may have more than one effect. For 
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example, growth retardants additionally often affect branching or flower 

development. Kalanchoes treated with daminozide showed not only reduced 

height, but also increased branching and fewer flowers (Nightingale, 1970). 

Hibiscus treated with ethephon [(2-chloroethyl)phosphonic acid] produced fewer 

flowers in addition to reduced height, while chlormequat chloride or ancymidol 

[a-cyclopropyl-a-(4-methoxyphenyl)-5-pyrimidinemethanol] treatments reduced 

heights but increased the number of flowers (Shanks, 1972). 

Three plant characteristics which are often manipulated by growers 

through the use of plant growth regulators are form, height, and flowering. 

Form 

A woody plant's shape is often altered if it is mechanically or chemically 

pinched. For growers, chemical pinching is often cheaper and faster than more 

labor-intensive mechanical pinching. In combination with an ample supply of 

nutrients, chemical pinching allows the lateral buds to expand and override apical 

dominance through a reduction in auxin strength relative to cytokinins and 

gibberellins (Bruinsma, 1973). There are 3 possible mechanisms of inducing 

chemical pruning: 1) retarding of internode elongation without interfering with 

the function of the apical meristem, 2) permanently reducing the activity of, or 

killing, either the apical meristem or the terminal meristem of the lateral 

branches, or 3) temporarily reducing the apical dominance thus encouraging 

simultaneous growth of lateral shoots (Nickells, 1982; Sachs and Hackett 1972). 

Successful foliar applications of branching stimulators require penetration 
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of the chemical through bud scales or enclosing leaves. When methyl decanoate 

is sprayed onto azaleas, it must directly contact the meristem. The outer 

enclosing leaves of vegetative buds neither allow this contact nor permit 

translocation to the meristem. 'White Gish', a nonresponsive cultivar contained 

more layers of enclosing leaves on the bud than did 'Coral Bells', a responsive 

cultivar. Additionally, the larger total area of lipid deposit, and more trichomes, 

in the hard-to-pinch buds may have prevented absorption of the chemical (Sill 

and Nelson, 1970). 

As with most chemical applications, environmental factors play a large part 

in the eventual effectiveness of any branching stimulator. Temperatures affect 

evaporation of the chemical and transpiration of the plant, an interaction which is 

compounded by air movement and relative humidity. Off-Shoot-O (a 45% 

emulsified methyl ester of fatty acids: C6-4%, C„-56%, C10-38%, C12-2%) stimulated 

branching on four cultivars of rhododendron. Although light regimes and air 

movement had no effect on a successful pinch, plants preconditioned with low 

temperatures were more sensitive to the treatments than those preconditioned 

with high temperatures (Brabson and Lindstrom, 1971). 

Combinations of chemicals can alter responses to branching hormones. 

BA alone increased the number of lateral branches and the fresh weight of 

various field-grown ornamentals but without increasing height. Applications of 

BA + GA3 resulted in taller plants with more branching than controls 

(Rounkova, 1985). On several cultivars of Sclumbergera truncata sprayed with 
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BA, ethephon, GA3, daminozide, ancymidol, or BA + GA3 in combination, only 

the plants sprayed with BA + GA3 initiated new subterminal phylloclades under 

12-hour days. Under 8-hour days, only the BA + GA3 combination induced 

elongation of phylloclades, initiated lower buds, lateral branching, and flower 

buds (Ho et al., 1985). 

At times, branching hormones also reduce height or affect flowering. 

Daminozide applied to increase axillary branching in kalanchoes, also reduced 

height, resulting in a better proportioned more desireable plant (Nightingale, 

1970). Applied to geraniums, ethephon [2-(chloroethyl) phosphonic acid] alone 

or in combination with chlormequat chloride or CBBP [tributyl (2,4-

dichlorobenzyl) phosphonium chloride] stimulated basal branching but inhibited 

flowering by 70 days (Semeniuk and Taylor, 1970). Applications of 100 mgliter'1 

BA led to delayed flowering on Easter cactus (Rhipsalidopsis gaertneri) but 

produced an increase of flower buds on apical phyloclades, more bud abortion, 

and smaller flowers (Boyle et al., 1988). 

Height 

One of the most important potential uses for PGRs is in the control of 

final plant size. Growth retardants are synthetic chemicals which are designed to 

slow cell division and cell elongation in shoot tissue, and regulate plant height 

physiologically without adverse morphological changes. The floriculture industry 

makes wide use of the growth retardants for height regulation of 

chrysanthemums, azaleas, poinsettias, and bedding plants. In addition, they are 
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used to suppress vegetative growth in containerized production of woody 

ornamentals such as Rhododendron, Cornelia, Gardenia, and Ilex species 

(Semeniuk and Taylor, 1970). Treated plants are not ultimately stunted or 

completely suppressed from growing and the rate of development is unaffected 

(Cathey 1961, 1975). They inhibit gibberellin synthesis and can scale plants down 

to any size through suppression of cell elongation in the subapical meristem 

(Bruinsma, 1973; Cathey, 1975; Sachs and Hackett, 1972; Salisbury and Ross, 

1985). 

Mechanisms of height control include 3 types: 1) terminal bud destruction, 

2) reduced apical control, and 3) suppression of internode elongation (Sachs and 

Hackett 1972). Terminal bud destruction causes severe disruptions in the apical 

meristem functions, and is not appropriate if subsequent leaf development is 

necessary. The reduction of apical control allows axillary breaks and the growth 

of lateral branches, and is often chosen for control on woody plants. The 

suppression of internode elongation, through reduced GA synthesis and/or cell 

expansion, is the favored method of retarding growth if eventual flowering is 

important (Sachs and Hackett, 1972). 

Responses to growth retardants vary, as with most plant growth regulators, 

depending on the species, formulation, environmental factors, and persistence. 

There is no obvious relationship between a plant's taxonomic classification and 

the response to a particular chemical (Cathey, 1975). The most sensitive species 

are those with elongated stems and those which grow slowly and constantly. 
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Eucalyptus spp. and some oaks which grow episodically in the drier areas of 

California were found to be poorly controlled by single applications of the growth 

retardant maleic hydrazide (l,2-dihydro-3,6-pyridazinedione) possibly due to 

sporadic and rapid metabolism (Sachs and Hackett 1972), whereas peach and 

apple trees have responded readily to uniconazole [(E)-l-(p-chlorophenyl)-4,4-

dimethyl-2-(l,2,4 triazole-l-yl)-l-penten-3-ol] (Sterrett, 1988). 

Growth retardants may be applied as foliar sprays, the efficacy of which 

depends on adequate penetration through the cuticle, or as soil drenches, which 

are affected by persistence (Cathey, 1975). Some of the more recently developed 

products, the triazoles such as paclobutrazol {/3-[(4-chlorophenyl)methyl]-a-(l,l-

dimethylethyl)-H-l,2,4-triazole-l-ethanol} and uniconazole are available in 

granular form which allows safer and more specific application rates. Trunk 

injections are often successful in established landscape or orchard situations. 

Environmental conditions can always influence results of growth retardent 

applications. Foliar applications of maleic hydrazide and daminozide for 

reduction of stem elongation in woody ornamentals resulted in differing effects 

depending on the species, relative humidity, season, and whether the applications 

were given in the greenhouse vs open field (Sachs and Maire, 1967). Foliar 

sprays or drenches of ancymidol, flurprimidol, paclobutrazol, and uniconazole 

were shown to retain their efficacy even if irrigated within an hour (in contrast to 

daminozide) (Barrett et al., 1987). Apples and peaches treated with foliar sprays 

of paclobutrazol and flurprimidol showed more response in the second year, 
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implying that the active ingredient had washed off onto the soil and was absorbed 

through the roots (Tukey, 1986). Persistence in soil varies with clay content and 

formulation solubility. Shrubs which respond to growth retardants in production 

resume vigorous growth if shifted to larger containers or planted outdoors 

(Cathey 1975). 

Flowering 

Growers can stimulate flowering by use of exogenously applied plant 

growth regulators as well as by the use of photoperiodic stimuli. PGR treatments 

may influence flower initiation and development as a function of their effect on 

assimilate supply to the apical meristem regions. One theory is that they may act 

as assimilate mobilizers or transport-enhancing factors rather than as specific 

morphogenetic agents or gene depressors; through the increase of sink strength 

they promote flowering (Sachs and Hackett, 1977). Flowering can be a secondary 

influence of some growth retardants. Both chlormequat chloride and ancymidol 

induced more and earlier flowering on hibiscus during summer months in 

addition to causing shorter internodes (Shanks, 1972). Chlormequat chloride 

promoted faster flowering in hybrid geranium if applied before bud initiation, but 

not if applied after flowers had initiated (Armitage, 1986). Hydrangeas were 

chemically stimulated to initiate flowers under non-inductive conditions by foliar 

application of the growth retardants ancymidol and paclobutrazol (Bailey et al., 

1986). 

The manipulation of container nursery or greenhouse crops through the 



application of plant growth regulators requires precise knowledge of formulations, 

concentration levels, environmental interactions, and species/variety sensitivity. 

Emperical experiments which vary chemical levels and application methods will 

aid in determining optimal procedures for each crop. This knowledge then can 

be used to economically produce consistent attractive container material. 
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LITERATURE REVIEW 

Calliandra Benth. is in the family Fabaceae. The genus contains 150-200 

species, mostly shrubs and small trees (Bailey Hortorium, 1976), and is widely 

distributed throughout the tropics (Bailey, 1928). Several species are grown for 

their fine-textured foliage, and globose brightly colored flowers. 

Most literature on Calliandra spp. has focused on classification and 

description of new species and on chemical analyses. The similar taxonomic 

features of the flowers and foliage of Calliandra species make classification 

confusing. In 1875, Bentham described the difficulty of segregating species on the 

basis of gross morphological characters (Renvoize, 1981). In general, Calliandra 

species can only be accurately determined when flowers or fruits are available; 

attempts to identify from vegetative material alone carry a high risk of failure 

(Hernandez and Nicolson, 1986). For instance, C. surinamensis from India has 

dimorphic flowers (Chaturvedi et al., 1980), a characteristic which would make 

identification and classification more difficult. Hernandez (1986) has proposed a 

reclassification of some 25 species into a new genus Zapoteca, based on pollen 

grain morphology. New species have recently been described: C. slaneae Howard 

from St. Lucia, W. Indies (Howard, 1986) and C. erythrocephala and C. physocalyx 

from southern Mexico (Hernandez and Sousa, 1988). 

Complex forms of rare pipecolic acid derivatives, previously found only in 



seeds of other legumes, have been isolated from the sap and leaves of several 

xeric Calliandra spp. (Bleecker and Romeo, 1981, 1983; Romeo et al., 1983). Six 

of these non-protein imino acid derivatives were tested against a polyphagous 

herbivore, the fall armyworm (Spodoptera Jrugiperda), and produced negative 

effects on growth, metamorphosis, and survival of the larvae when added to 

artificial diets at 0.1 to 5.0% of total diet (Romeo, 1984). Four saprophytic and 

pathologenic fungi were isolated from the leaf surfaces of C. haematocephala. 

Growth of one species (Aspergillus spp.) was inhibited by leaf extracts containing 

rare imino acids, suggesting that the imino acids may play some role in the 

specific resistance of Calliandra spp. to Aspergillus spp. (Brenner and Romeo, 

1986). 

Other species within the genus have been the subject of studies on range 

and forest management. Calliandra eriophylla, native to southern Arizona, is 

highly regarded as a browse plant, though it is apt to defoliate in drought or in 

winter (Martin and Morton, 1980). Calliandra calothyrsus is a forage shrub which, 

when used for live fences in Indonesia, can also provide firewood, in some cases 

for 15-20 years (Baggio and Heuveldop, 1984). Seedling emergence, nodulation, 

and yield (shoot dry matter in gm"1 row) of C. calothyrsus were all inhibited by 

fertilization (100 kg N/ha and 200 kg P/ha) at sowing (Maasdorp and Gutteridge, 

1986). This species has also been used in Hawaii to improve soils low in N 

(Barnett, 1986). 

Calliandra species are pollinated by several types of insect. Calliandra 
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surinamensis is pollinated by ants (Chaturvedi et al., 1980), while C. calothyrsus is 

bee-pollinated (Baggio and Heuveldop, 1984), and some other members of the 

genus are pollinated by sphingids (Cruden, 1976). 

Pollen of C. eriophylla, native to west Texas and elsewhere, has been found 

on the wings of adult male boleworm moths (Heliothis zed) as far away as 

Arkansas (Hendrix et al., 1987). In one study, the pollination success of four 

Calliandra spp, all pollinated by hawkmoths, was found to be negatively 

correlated to the amount of nectar (ie., flowers) available. Species with relatively 

few flowers open at night (either due to differences in age or in altitude at which 

the plants grew) had high fruit set, while those with more flowers open had lower 

fruit set (Cruden, 1976). 

Calliandra califomica Benth. is a drought- and heat- tolerant shrub native 

to Mexico (Bailey, 1928). It is endemic to Baja California, where it is called 

'tabardillo' or 'zapotillo' (Wiggins, 1980). The species has bipinnate leaves and 

bright crimson flowers with numerous prominent stamens, giving rise to the 

common name 'fairy duster'. There is very little written about the species, and 

even less primary research literature. 

Although the drought tolerance and striking ornamental value of other 

members of the genus are mentioned in works on gardening and landscape 

(Sacamano and Jones, 1975; Sunset, 1976), the only mention of C. califomica as 

potential xeric landscape material is fairly recent. Meilke (1986) describes the 

compact habit, bright flowers, heat tolerance, and freezing damage at -3.0° C., 
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while the Arizona Native Plant Society recommends the species for spring and 

summer color. 

Propagation and culture of other arid-tolerant landscape legumes have 

been investigated (Charles, 1962; Desai, 1981; Klass et al., 1985; Nokes, 1986; 

Skolmen, 1977). However, none of these works addresses Calliandra spp. 

Vegetative propagation of native species requires attention to such factors as soil 

temperatures, susceptibility to pathogens, and seasonal influences on the stock 

plants (Charles, 1962). Juvenile growth of Acacia koa Gray has been successfully 

propagated by rooting of cuttings under mist, by air layering, and by tissue culture 

(Skolmen, 1977). Good rooting percentages of Prosopis alba resulted when both 

the stock plant and the cuttings were exposed to 12 hr photoperiods (Klass et al., 

1985). 

Seed propagation of leguminous trees such as Gleditsia spp. and Cercis spp. 

require scarification of the seeds (Hartmann and Kester, 1983). Propagation of 

Mimosa borealis and Mimosa dysocarpa, of Mimosoideae (the subfamily which 

includes Calliandra), requires scarification of seeds and seeding into cones or 

other containers suitable to accommodate the long tap roots. Semi-hardwood 

cuttings, taken in summer and early fall, must be treated with a root-promoting 

hormone (Nokes, 1986). 

Studies on growth and development of C. californica will provide growers 

with additional quantitative data on efficient production, which will, in turn 

stimulate sales and use of arid-tolerant species. 
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MATERIALS AND METHODS 

General 

Calliandra californica can be propagated either by seeds or by softwood 

stem cuttings. Preliminary studies indicated that tip cuttings, treated with 6000 -

8000 ppm IBA in talc, root easily within 6 weeks under intermittent mist if 

temperatures are maintained at a minimum of 22 "C. For purposes of these 

investigations, stock plants were maintained in greenhouses. Succulent new growth 

was constantly available. 

Experiments were performed in Tucson, Arizona, 32° N latitude. The 

percent shading and irradiance levels given are based on measurements made 

with a LI-COR, Model LI-1000 quantum sensor. Statistical analyses was done 

with the aid of CoStat statistical program version 2.03 (CoHort Software). Graphs 

were constructed using PlotlT, version 1.0 (Eisensmith). 

Photoperiod 

Stem tip cuttings taken from greenhouse-grown stock plants treated with 

8000 ppm IBA in talc and were rooted in 1 : 1 perliteivermiculite (v/v) under 

mist. After six weeks, rooted cuttings were transplanted into 10.2 cm pots and 

kept under 30% shade for five weeks, at which time they were transplanted, one 

week prior to start of treatments, to 2.2 liter plastic pots containing a 2 peat: 2 

perlite : 1 soil (by volume) medium amended with 890 g treble superphosphate, 

594 g KNOj, 594 g MgS0;7H20, 4.75 g CaCOs, and 74 g Frit Industries Trace 
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Elements No. 555 (Peter's Fertilizer Products, W. R. Grace and Co., Fogelsville, 

Pa.) per cubic meter. 

On 1 September 1988, all plants were randomly assigned to one of three 

daylength treatments: 8 hours (8 hours natural light), 12 hours (8 hours natural 

light plus 4 additional hours incandescent light), or 16 hours (8 hours natural light 

plus 8 additional hours incandescent light). The average height of the plants at 

the start of treatments (± SD) was 10.8 _± 3.7cm. Daylength was controlled by 

means of light-excluding cloth which covered the plants each day from 1530 to 

0730 HR daily. Two 100 W bulbs were centered over the 1.2 m x 2.4 m benches, 

suspended one meter above the plant canopy, to provide extended daylengths 

with approximately 5 Mniolm'V at plant height. A completely randomized design 

was used, with experimental units defined as pots; there were 14 units per each of 

the three treatments. 

Maximum light levels in the double-poly covered, quonset-style greenhouse 

ranged from 1123 juntiolm V in September to 842 /imohn'V in December. Mean 

temperatures ranged from 17 °C (night) to 29 °C (day). Monitoring of daily 

ranges beneath the pulled curtains yielded no temperature gradients between 

treatments. Fertilizer was administered by means of a positive displacement 

pump at 200 mgliter'1 N and K, supplied from 367 mg NH<N03/liter and 517 mg 

KN03/liter, respectively. Fertilizer solution was maintained at pH 6.0 by injecting 

75% (w/w) technical grade H3P04 into the system, supplying 37 mg P/liter at 

every watering. Pesticides were applied as needed. 
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Parameters measured at monthly intervals during the 12-week study 

included plant height from soil level to the tip of main leader, number of nodes 

and number of axillary breaks on this shoot, and final fresh and oven-dried 

weights of plants cut at soil level. 

Irradiance 

Stem tip cuttings taken from established landscape plants on 4 April 1988, 

were dusted with 12,000 ppm IBA in talc and were rooted under intermittent mist 

in 1 perlite : 1 vermiculite (by volume) with 22 °C bottom heat. After three 

weeks under mist, and one month prior to the start of treatments, the rooted 

cuttings were transplanted to 2.2 liter pots containing a 2 peat: 2 perlite : 1 soil 

(v:v:v) medium amended as previously described, then drenched with Banrot 

(Ugpot1). Three weeks before treatments began, the established plants (average 

height: 8.5 ± 1.1 cm) were set out into full sun (approximately 2000 /imolm'V to 

acclimatize. 

On 1 June 1988, ninety plants were randomly assigned to one of three 

treatments: full sun (control), 30% shade, or 63% shade. The shade treatments 

consisted of shade cloth attached to metal frames 1.2 m x 2.4 m x 1.0 m high. 

The distance between the metal frames was sufficient to avoid shading of one 

plot onto another from 0800 HR to 1600 HR during the 12-week study. The 

experimental design was a randomized complete block with 10 pots per treatment 

x 3 treatments x 3 replications = total 9 plots. Each block contained the three 

treatment levels. 
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Fertilizer was applied as previously described. Mean ambient 

temperatures ranged from 24 °C (night) to 42 °C (day). Over the 12-week study, 

maximum light levels measured at midday ranged from 600 /imolm'V under the 

63% shade to 1950 /zmolm'V in the uncovered plots (control). Mean high soil 

temperatures for the three treatments ranged from 36 °C (63% shade) to 43 °C 

(control). 

Data collected at four-week intervals during the 12-week study include 

height from soil line to the tip of the main leader, number of nodes and number 

of axillary breaks on this shoot, and final fresh and oven-dried weights of the 

plant cut at soil line. 

Branching 

On 23 October 1988, stem tip cuttings of greenhouse-grown plants were 

basally dusted with 5000 ppm IBA in talc and placed under mist in 1 perlite : 1 

vermiculite (by volume) with bottom heat at 22 °C. After 5 weeks, the rooted 

cuttings were planted and established with bottom heat at 22 °C in 2.2 liter plastic 

pots containing 2 peat: 2 perlite: 1 soil (by volume) medium amended as 

previously described, under 16 hour photoperiods provided by 100 W 

incandescent bulbs hung 1 m above plant height. 

On 5 December 1988, 80 plants were randomly assigned to 1 of 10 

treatments: 100, 300, or 500 mgliter"1 each BA, PBA (Accel), BA+GA.+, 

(promalin), or water only (control). The chemicals were applied as foliar sprays 

at the rate of 204 mlm"2 and were amended with 1 ml X-77 (a nonionic 
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spreader/activator) per 204 ml spray. A completely randomized design with 

experimental units defined as pots was used, with 8 replications in each of the 10 

treatments. 

Average temperatures throughout the 12 week study ranged from 16.0 °C 

(night) to 30 °C (day). The mean irradiance at midday ranged from 798 nmolm 

V in December to 823 /imolm'V in February. Fertilizer and pesticides were 

administered as previously described. 

Parameters measured each month during the 12-week study included 

height from soil line to the tip of main leader, number of nodes and axillary 

breaks on this shoot, and final fresh and oven-dried weights of the plants cut at 

soil line. 

RESULTS 

Photoperiod 

Variations in daylength had an almost immediate effect on growth rate of 

C. californicaMter 4 weeks, plants grown under 16-hour photoperiods were taller 

than those in other treatments (Figure 2.1). Because the cuttings were not 

initially the same size, the increase in height was analyzed. After 4 weeks and 

throughout 12 weeks, plants exposed to 16-hour photoperiods gained more height 

than those under shorter daylength treatments (Table 2.1). The differences in 

elongation due to treatment levels were influenced by differences in internodal 

lengths. There was no difference in node number at 8 weeks (16.0 ± 4.6) and at 
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12 weeks (17.1 ± 4.7) between treatments. 

Floral development was not influenced by photoperiod; days to first flower 

were similar for all treatments (4 _+ 1 day). All plants flowered, regardless of 

daylength, and continued to produce axillary blooms throughout the 12 week 

study. The amount of axillary shoot initiation at 12 weeks (1.2 ± 0.8) was not 

significantly different between treatments. Although average shoot fresh weight 

(7.9 ± 2.0g) and dry weight (3.3 ± 0.9g) were not affected by daylength, the 

percent water was lower by 5% under 16 hour days (Table 2.1). 

These results indicate that, through its influence on internodal length, 

photoperiod significantly affects elongation of Calliandra califomica. Neither the 

rate of floral development nor initiation of axillary shoots are responsive to 

daylength. 

Irradiance 

Ambient light levels can influence growth rates of C. califomica. Plants 

grown under high irradiance did not grow as tall as those grown under shade. 

After 8 weeks, plants grown under 63% shade were twice as tall as those under 

30% shade or the controls (Figure 2.2). Because the cuttings were initially not of 

uniform heights, increases in height were calculated. By 12 weeks, those under 

63% shade were 6 times taller than those in full sun (Figure 2.3). The 

differences in the change in heights parallelled variations in the number of nodes 

within the 3 treatments (Table 2.2) which continued to differentiate through 12 

weeks; the mean internodal length at 12 weeks was similar for all treatments at 
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1.0 cm ± 0.1 cm. Plants grown in full sun had lower shoot fresh and dry weights 

than those under either shade level (Table 2.2), although the percent water was 

similar (60% ± 1%). 

Irradiance levels had no effect on flower initiation or formation. All 

plants initiated flowers within the first week of treatments and continued to 

flower throughout the 12-week study. Although soil temperatures were highly 

correlated with light levels (r2 - value of 0.98) and showed midday averages of 36, 

39, and 43 ° C for the 63% shade, 30% shade, and full sun, respectively, there 

were no differences in the sensitivity of the plants to the 3 soil temperatures as 

measured by survival rates (91 ± 13.6%). 

Thus, although irradiance levels and resulting soil temperatures do not 

significantly affect rates of survival, or incidence of floral initiation in Calliandra 

californica, they do influence height gain and accumulation of biomass, with more 

growth occurring under deeper shade. 

Branching 

C. californica did not respond to foliar sprays of BA, PBA, or 

BA+GA,+7. Eight weeks after treatments, the mean number of axillary breaks on 

all plants was similar (1.5 ± 1.2) regardless of regulator or concentration. 

Elongation after 8 weeks was suppressed by the use of 500 mg liter'1 BA+GA,+7 

and of 100 and 300 mgliter'1 BA (Table 2.3); only the high level of BA+GA»+7 

restricted internodal length compared to controls (Table 2.3). The shoot fresh 



and diy weights of plants sprayed with 500 mgliter'1 BA+GA»+7 were also lower 

than those of the untreated plants (Table 2.3). All growth regulator treatments 

except 100 and 300 mgliter"1 PBA suppressed flower initiation during the 8 week 

experiment compared to controls (Table 2.3). 
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Table 2.1. Effect of photoperiod on growth rates and mean intemode lengths of 
Calliandra californica. 

Elongation (cm) Mean intemode Water 

Photoperiod 
4 wks 8 wks 12 wks length at 12 wks 

(cm) 
content 

(%) 

8 hrs 5.0 a 9.6 a 12.2 a 1.4 a 62 a 

12 hrs 3.5 a 11.0 a 12.0 a 1.4 a 58 ab 

16 hrs 7.4 b 18.8 b 21.4 b 1.7 b 57 b 

Mean separations within columns with Student Newman Kuels at a = 0.05. 
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Figure 2.2 Heights of Calliaridra califomica through 12 weeks under 3 irradiance 
levels. Data are means of 30 observations. 
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Table 2.2. Effect of irradiance on node formation and shoot weight of Ccdliandra 
californica. 

Irradiance Gain in nodes 
at 12 wks 

Shoot wt (p) 
fresh dry 

Full Sun 3.3 a 2.54 a .99 a 

30% Shade 4.4 b 6.61 b 2.65 b 

63% Shade 4.8 b 9.84 b 4.04 b 

Mean separations within columns with Student Newman Keuls at a = 0.05. 
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Figure 2.3 Cumulative elongation of Calliandra califomica through 12 weeks 
under 3 irradiance levels. Data are means of 30 observations. 
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Table 2.3. Effects of 3 exogenous PGRs, applied as foliar sprays, on growth and 
development of Calliandra californica. 

Elongation Internode No. 
Treatment 
(mgliter1) 

at 8 wks 
(cm) 

length at 
8 wks (cm) 

flowers 
at 8 wks 

Shoot Wt (g) 
fresh dry 

Control 12.9 1.18 2.0 5.38 2.23 

BA 
100 5.5 0.74 0.0 2.74 1.05 

300 4.5 0.66 0.1 2.81 1.04 

500 8.9 1.00 0.0 4.58 1.61 

PBA 
100 12.9 1.18 1.6 4.94 1.83 

300 12.6 1.31 0.8 5.23 1.98 

500 8.4 0.93 0.1 4.05 1.46 

B A+G A.,, 
100 9.4 1.02 0.1 3.67 1.29 

300 8.5 1.02 0.0 4.20 1.55 

500 3.8 0.62 0.0 1.18 0.41 

LSD (a = 0.05) 6.0 0.41 1.2 2.37 0.92 
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DISCUSSION 

Photoperiod 

At 4 weeks, C. californica showed differences in elongation in response to 

photoperiod. By 12 weeks, plants exposed to 16 hour days had gained 75% more 

in height than had those grown under 8 hour days (Table 2.1). Elongation in 

response to long days has been reported for other woody species. Photoperiod 

and temperature interacted to produce differing growth rates on subtropical trees 

during winter months. Tamarindus indica, Bauhinia variegata, and Jacaranda 

mimosifolia were described as quantitative long day plants because they grew at 

faster rates under long days than under natural winter photoperiods (Broschat 

and Donselman, 1983). In a second study, daylength extension which provided 13 

to 16 hour photoperiods resulted in rapid growth rates of Dalbergia sissoo Roxb. 

and of Koelreuteria elegctns A.C. Sm. seedlings when compared to those grown 

under natural winter daylengths of 9 to 12 hours (Broschat and Donselman, 

1986). Azaleas which were given long days responded with increased number of 

leaves and longer shoots due to expanded internode length (Pettersen, 1972). 

Under 8 hour days, Catalpa bignoniodes elongated 2 cm while 16 hour days 

produced gains of 35 cm (Downs and Hellmers, 1975). 

In this study the number of nodes per plant under the 3 photoperiodic 

treatments was similar after 8 and 12 weeks, so height differences in C. ccdifornica 

were attributed to variations in internodal lengths (Table 2.1). Photoperiods of 
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16 hours produced greater internodal expansion. The correlation between the 

change in height after 12 weeks (as the independent variable) and the mean 

internodal length at 12 weeks (as the dependent variable) was equal to 0.54. 

The cuttings had been taken, in July, from stock plants which had been 

induced to flower. None of the photoperiodic treatments restricted the 

continuing initiation and development of axillary flowers throughout the 12 weeks. 

This apparent lack of photoperiodic influence on the rate of flower development 

indicates that floral induction in C. californica is permanent, i.e., is not reversed 

or inhibited by subsequent exposure to any of the 3 photoperiodic treatments 

tested. 

Although shoot fresh and dry weights did not differ, the 16 hour daylength 

produced plants with lower water percentages, signifying a real increase in dry 

matter. 

In conclusion, growers who provide 8 weeks of 16 hour photoperiods to C. 

californica cuttings from induced stock plants will be able to stimulate elongation 

and gain in biomass without inhibiting floral development. 

Irradiance 

Mean midday irradiances of 1950 /umolm'V suppressed height gain of C. 

californica. After 12 weeks, plants grown in full sun had gained only 1/6 the 

height of those grown in 63% shade (Figure 2.3). This result supports those from 

a study by Ingram (1981) with 3 subtropical woody species, in which plants 

exposed to 47% shade were taller than those grown in full sun. In our study, 
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shoot fresh and dry weights of plants in unshaded plots averaged 1/4 those grown 

in 63% shade. Extreme irradiance levels can produce photoinhibition through 

inactivation of the reaction centers of the photosystems (Boardman, 1977). In 

this study, the mean light level of the unshaded plots at midday was twice that 

which has been found to be the light saturation point of tropical pasture legumes 

(Ludlow and Wilson, 1971). Studies with geranium (Armitage and Vines, 1982) 

and peach (Tan and Buttery, 1986) exposed to high light have corroborated 

reduced photosynthetic rates under extreme irradiance levels. 

Differences in growth rates could also have been the result of effects due 

to nutrient status, extremes in soil temperature, or both. Due to high light and 

ambient temperatures, unshaded plants often required irrigation twice a day, a 

practice which undoubtedly leached soluble nutrients initially present in the 

medium. Plants under the shade treatments needed less frequent irrigation. The 

high heat could also have volatilized the NH3 component of the soluble fertilizer, 

exposing plants in full sun to N deficiencies. 

High light levels correlated strongly with soil temperatures (r2 = 0.98). 

Plants in full sun were exposed to midday soil temperatures of 43 "C, which have 

been shown to influence root growth, shoot growth, or both. Banana shoot 

elongation was decreased at soil temperatures of 40 °C, but root growth was 

unaffected (Ingram et al., 1986). Root temperatures of 36° C reduced shoot and 

root growth of Acer rubrum L. (Graves et al., 1989) while temperatures greater 

than 40° increased shoot:root ratio of pittosporum through lowered root 
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carbohydrate levels (Johnson and Ingram, 1984). 

Even with adequate nutritional status, temperature extremes can have an 

adverse effect on chlorophyll production and the enzyme-dependent steps in 

photosynthesis (Leopold and Kreidemann, 1975), possibly due to reduced 

cytokinins (weakened sink activity) in both roots and leaves as were found with 

apples (Gur et al., 1972). In work with geranium (Armitage et al., 1981), plants 

grown under a range of temperatures showed adverse effects after prolonged 

exposures to 32 °C. The authors speculated that this stress and eventual death of 

the plants under high heat was due to reduced daily net gain of photosynthates 

(lack of significant increases in net photosynthetic rates as temperatures rose, 

though respiration rates approximately doubled), and to thermal breakdown of 

chlorophyll at high temperatures. 

The combined effects of high irradiance, possibly reduced N status, and 

supraoptimal soil temperatures produced stunted chlorotic plants in the unshaded 

plots, although effects seemed to be less distinct by the 3rd month (August), 

possibly due to increases in rain and lower ambient irradiances. 

Flowering of C. californica was not influenced by irradiance levels. All 

plants flowered continually through the 12 week study. However, because plants 

under full sun had fewer nodes (Table 2.2), the number of axillary flowers on 

those plants was slightly reduced. 

Plants under 30% shade were a healthy green and woody, without 

appearing too delicate. Production of landscape container specimens during 
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February, March, and April in Tucson, Arizona would require no shading, yet 

would avoid the resulting extreme soil temperatures which can necessitate more 

frequent irrigation. Photoperiods during mid-spring would range from 11 to 13 

hours, and would not be inhibitory to flower development on cuttings from 

induced plants. 

The plants grown under 63% shade were taller, less woody, darker green, 

and had longer, more attractive foliage with leaflets displayed horizontally. 

Flower development appeared to be slower, but flowers were more long-lasting. 

Plants under this deep shade may possibly have been too tall and succulent to 

have value as arid-tolerant landscape plants. However, because flowering was 

prolific, this irradiance level may prove to be optimal for production of C. 

californica for use as a florists' potted plants. Investigations on the minimal 

irradiance required for flowering would be beneficial in addressing this question. 

In summary, the use of 30% shade cloth can produce vigorous green 

landscape specimens of Calliandra californica that will flower continuously and 

will require less frequent irrigation. 

Branching 

C. californica does not respond to BA, PBA, or BA+GA,+7 Foliar sprays of 

each, at 3 different levels, did not produce significant increases in lateral 

branching, although suppression of growth resulted from high levels of 

BA+GA,+7 and from low levels of BA. In other studies, BA has been shown to 

stimulate branching on Schhimbergera truncata (Haw.) (Ho et al., 1985), poinsettia 



(Carpenter et al., 1971; Semeniuk and Griesbach, 1985), and Photinia x fraseri 

(Ryan, 1985). PBA promoted branching on poinsettias (Carpenter et al., 1971), 

on Photinia spp. when combined with Off-Shoot-O (Ryan, 1985), and on 'Bartlett' 

pear, and 'Bing' cherry (Cody et al., 1985). BA+GAI+7 has been found to be an 

effective branch stimulator on 'Oregon Spur II Delicious' apple (Cody et al., 

1985), Thanksgiving cactus (Ho et al., 1985), and Boronia megastigma 'Lutea' 

(Lewis and Warrington, 1988). The absence of branching response with C. 

califomica in this study may have resulted from lack of penetration of the active 

ingredient through the cuticle, possibly due to unfavorable environmental 

conditions, particularly low relative humidity. However, because there was a 

suppression of growth in response both to 100 and 300 BA and to 500 

BA+GA,+7, it is difficult to assert that the cuticle was too great a barrier. 

The restriction of height gain on plants treated with 100 and 300 mgliter'1 

BA and 500 mgliter'1 BA+GA<+7 corroborates other findings that secondary 

elongation responses to branching stimulators are often species specific. In a 

study in which woody ornamentals were sprayed with several cytokinin 

combinations, differences in height varied by species. The heights of forsythia 

and Rosa multiflora treated with BA+GA«+7 did not differ from BA treatments. 

Weigela florida 'Tristis' treated with BA+GA,+7 was shorter than those sprayed 

with BA. Salix alba 'Styriaca' sprayed with BA+GA.+7 was taller than those 

sprayed with BA (Grzesick and Rudnicki, 1985). In another investigation, 

suppression of elongation occurred when 500 mgliter'1 BA+GA»+7 was sprayed 
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onto Boronia megastigma 'Lutea', although branching was also increased in that 

case (Lewis and Warrington, 1988). 

Cytokinins often influence the number of flowers, either because of a 

change in the number of terminal shoots, or through interference with the 

flowering mechanism. In one study, although applications of 100 mgliter'1 BA 

increased flower buds on apical phyloclades of Easter cactus, they also delayed 

flowering and caused bud abortion and smaller flowers (Boyle et al., 1988). 

Mefluidide used as a foliar spray on hibiscus increased lateral branching and 

number of flower buds, but delayed flowering (Woodson and Raiford, 1986). In 

this study, plants treated with all levels of BA and BA+GA«+7 reduced flower 

initiation compared to controls. While PBA did not suppress flower formation, 

neither was it effective in increasing the amount of branching. 

Because the use of these plant growth regulators did not lead to increased 

lateral branching or increased numbers of flowers, yet inconsistently interfered 

with growth, recommendations to growers would not include foliar sprays of BA, 

PBA, or BA+GA»+7, at least at the levels tested. 

Although the treatments did not address pinching effects, preliminary 

studies indicated that it is possible to control the form of C. californica with 

occasional mechanical pruning. Flowers are formed in the leaf axils, and if water 

and fertilizer are not limited, lateral branches commonly develop at those sites 

after anthesis. Thus form control may simply require infrequent pruning of 

excessively long branches. 
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LITERATURE REVIEW 

The genus Caesalpinia L. [Libidibia Schlechtend.; Poinciana L.] is a 

member of the family Leguminosae. It contains about 70 species, mostly tropical 

or subtropical trees or shrubs (Bailey Hortorium, 1976). Caesalpinia pulcherrima, 

known as red Mexican bird of paradise or dwarf poinciana, is native to Sonora, 

Mexico (Meilke, 1986b; Sacamano and Jones, 1975), and has been widely 

distributed in the subtropical regions of the world (Bailey Hortorium, 1976; 

Morton, 1981). A shrub with delicate mimosa-like bipinnate leaves, the species 

has bright red and yellow crisped flowers with long red exserted stamens (Bailey, 

1928). 

C. pulcherrima has been the subject of studies in diverse fields. An arid-

adapted species, C. pulcherrima showed a reduction in development and reduced 

levels of metabolic activity as a result of 5 weeks of flooding treatments in 

Nigeria (Kinako and Onuegbu, 1983). Studies of floral morphology in the 

indeterminate racemes has shown that diagnostic species differences occur late in 

development and tend to be features such as color, number of stamens, and petal 

character (frills, hairs, claws) (Tucker et al., 1983). C. pulcherrima flowers all 

year long in India (latitudes between 8° and 32" degrees N), with maximum 

flowering occurring in May. Flower bud development takes approximately 9 days 

from visible bud to opening of the first flower on the inflorescence; flower 
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opening occurs from 0600 HR to 0800 HR, with stigma receptivity greatest during 

the 24 hour period following opening of the flower (Nalawadi et al., 1980). 

C. pulcherrima is primarily cross-pollinated by butterflies that distribute 

pollen on their wings. Foraging visits of all butterflies are in proportion to the 

volume of accumulated nectar. As in the flowers of many other butterfly-

pollinated species, the access to nectar is indicated by a yellow "target" in a red 

background (Cruden and Hermann-Parker, 1979). Percentage fruit set increases 

with decreasing number of open flowers per plant. Seed set increases with 

increasing pollen/ovule ratio; i.e., it depends on the number of pollinators 

(Cruden, 1976). 

Leaves of C. pulcherrima contain 1% (by weight) tannins, and release HCN 

(Bailey Hortorium, 1976; Morton, 1981); they have been used in Central America 

to stupefy fish (Morton, 1981). The flowers contain beta-sitosterol, lupeal, gallic 

acid, quercitin, and rutin (Rao and Prassad, 1978; Varshney and Pal, 1978). In a 

study investigating molluscicidal activity, ethanol extracts of the flowers of C. 

pulcherrima killed most or all of snails Biomophalaria glabrata at 100 mgliter"1. 

Boiled water extracts of the flowers killed 10 of 10 snails at 1000 mgliter'1 

(Mendes et al., 1986). Extracts of the flowers also exhibited toxic effects against 

the Diamondback moth, a crucifer pest (Morallo-Rejesus, 1985). The hulled 

green seeds are edible (Morton, 1981). 

Although culture and maintenance of the large brightly flowered shrub has 

been described in several works on subtropical landscape material, (Duffield and 
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Jones, 1981; Meilke, 1986b; Sacamano and Jones, 1975; Sunset Magazine, 1976), 

and in suggestions for use of arid-adapted native species (Higgenbotham, 1987; 

Meilke, 1986a; Miller, 1978), no writer has addressed efficient production 

practices. 

Propagation and culture of other arid-tolerant landscape legumes have 

been investigated (Charles, 1962; Desai, 1981; Klass et al., 1985; Nokes, 1986; 

Skolmen, 1977); however, the only work focusing on propagation or production of 

Caesalpinia spp. indicates that Caesalpinia regia (poinciana) can be successfully air 

layered by treating 1 year old shoots with 4000 ppm each IBA and IAA (Misra, 

1983). 

Studies on the growth and developments of Caesalpinia pulcherrima, a 

colorful and useful drought-tolerant shrub, will provide producers with 

documented quantitative data on environmental influences, allowing more 

efficient production, and stimulating interest in this and other xeric species. 

MATERIALS AND METHODS 

General 

Preliminary studies indicated that Caesalpinia pulcherrima can be 

propagated either sexually or by stem cuttings. Germination rates over 90% 

resulted with seeds which had been stored dry for at least 4 months then scarified 

either mechanically followed by an 8 hour soak in water, or by soaking for 30 

minutes in 95% sulfuric acid followed by a rinse. Best results were obtained 



74 

when soil temperatures exceeded 29 ° C. Planting medium was composed of 1 

pine bark: 1 perlite (by volume). Softwood subapical cuttings treated with 6000 

ppm IBA rooted within 5 weeks under intermittent mist. High percentages of 

rooting resulted with a 1:1 mix of perlite:vermiculite (by volume) and minimum 

soil temperatures of 23 °C. 

All experiments were conducted in Tucson, Arizona, at 32 ° N latitude. 

The percent shading and inradiance levels given are based on measurements 

made with a LI-COR, Model LI-1000 quantum sensor. Statistical analyses were 

done with the aid of CoStat statistical program version 2.03 (CoHort Software). 

Graphs were constructed using PlotIT, version 1.0 (Eisensmith). 

Photoperiod 

Nine-month old nicked Caesalpinia pulcherrima seeds were sown 6 June 

1988. Six weeks later, seedlings were transplanted, one week prior to start of 

treatments, to 2.2 liter plastic pots containing a 2 sphagnum peat: 2 perlite: 1 soil 

(by volume) mix amended with 889 g triple superphosphate, 594 g KNOa, 594 g 

MgS047H20, 4.75 kg CaC03, and 74.5 g fritted trace elements per m3. 

On 1 September 1988, all plants were randomly assigned to one of three 

daylength treatments: 8 hours (8 hours natural light), 12 hours (8 hours natural 

light plus 4 additional hours incandescent light), or 16 hours (8 hours natural light 

plus 8 additional hours incandescent light). The average height of the 60 plants 

(+_ SD) was 20.8 _+ 3 cm. 

Daylength was controlled by means of light-excluding cloth which covered 
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the plants from 1530 HR to 0730 HR daily. Two 100 W bulbs were centered over 

the 1.2 m x 2.4 m benches, suspended 1 m above the plant height, to provide 

extended daylengths with approximately 5 /tmolm'V at plant canopy. 

The experiment utilized a completely randomized design with experimental 

units defined as pots; there were 20 units in each of the three treatments. 

Mean maximum irradiance in the double-poly-covered quonset style 

greenhouse ranged from 1123 /imolm^sec"1 in September to 842 /xmolm^sec"1 in 

November through the 12 week study. Mean temperatures ranged from 17 ° C 

(night) to 29 ° C (day). Monitoring of daily ranges beneath the pulled cloth 

indicated there were no temperature differences between treatments. A positive 

displacement pump provided fertilizer at 200 mgliter"1 N and K supplied from 367 

mg NH4N03/liter and 517 mg KN03/liter N and K respectively. Fertilizer solution 

was maintained at pH 6.0 by injecting 75% (w/w) technical grade H3P04 into the 

system, supplying 37 mg P/liter at every watering. Pesticides were applied as 

needed. 

Parameters measured on a monthly basis during the 12 week study 

included plant height (measured from soil level to tip of main shoot), number of 

nodes and number of axillary breaks on this shoot, and final fresh and oven-dried 

weights of plants cut at soil level. 

Irradiance 

Caesalpinia pulcherrima seeds, nicked then soaked in water for 8 hrs, were 

planted 6 April 1988, and were transplanted after 5 weeks to 2.2 liter plastic pots 
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containing an unamended 1 soil: 2 bark: 2 sand (by volume) medium. After 

being acclimated outdoors under 30% shade for 2 days, the plants were placed in 

full sim (approximately 2000 /imolm'V) for 3 weeks prior to start of treatments. 

On 3 June 1988, each plant was randomly assigned to one of 3 irradiance 

levels. The experimental design was a randomized complete block with 10 pots 

per treatment x 3 treatments x 3 blocks = total 9 plots. Each block contained 

three treatments: 30% and 63% shade and full sun. 

The shade treatments consisted of metal frames 1.2 m x 2.4 m x 1 m high, 

covered by 2 grades of shade cloth. The distance between the metal frames was 

sufficient to avoid shading of one plot onto another from 0800 HR to 1600 HR 

during the experiment. Plants and pesticides were administered as previously 

described. Mean ambient temperatures ranged from 24 °C (night) to 42 °C (day). 

Over the 12 week study, average midday irradiance levels (400-700nm) 

ranged from 1950 /imolm'V in the uncovered plots (control) to 600 /nmolm'V 

under the 63% shade. Mean soil temperatures for the 3 treatments, measured at 

midday, ranged from 43 °C (full sun) to 36 °C (63% shade). 

Data collected at 4 week intervals during the 12-week study include height 

(cm from soil line to tip of main leader), number of nodes on this shoot, and 

final fresh and oven-dried weights of the plant cut at the soil line. 

Height Control 

One-year-old seeds of Caesalpinia pulcherrima were nicked, soaked in 

water for 8 hours, then planted on 20 September 1988 into 1 perlite : 1 
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vermiculite (by volume). Four-week-old seedlings were transplanted to 2.2 liter 

plastic pots containing a 2 sphagnum peat: 2 perlite: 1 soil (by volume) mix 

amended as previously described. The plants were established under 16 hour 

days, provided by 100 W incandescent bulbs suspended 1 m above the bench 

level, and with bottom heat set at 22 °C. 

The design was completely randomized, with experimental units defined as 

pots. On 23 October, 50 pots were randomly assigned to one of 5 treatment 

levels: 0, 1.25, 2.5, 3.75, 5.0 mg ai/pot uniconazole (XE-1019) solutions or water 

only (control), applied as a soil drench at the rate of 125 ml/2.2 liter container. 

Mean temperatures throughout the 12 week study ranged from 16 ° C 

(night) to 20 ° C (day). Midday irradiance levels within the greenhouse averaged 

893 JL 76.1 /imol m'V. Incandescent 100 W bulbs provided sixteen hour 

photoperiods with 7.5 /imolm'V from 1800 HR to 2000 HR each day. Fertilization 

and pesticides were administered as previously described. 

Parameters measured at monthly intervals throughout the 12-week study 

included height of main leader from soil line to tip, number of nodes and axillary 

breaks on this shoot, and final fresh and oven-dried weights of the plant cut at 

soil level. 

Branching 

On 15 April 1988, Caesalpinia pulcherrima seeds were scarified in 98% 

sulfuric acid, and planted in 2.2 liter plastic containers of 1 soil: 3 bark (by 

volume) ammended with 297 gm3 superphosphate, 593 gtn3 STEM micronutrients, 
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and a topdressing of Osmocote (16-9-12) at 18 g per container. On 20 July 1988, 

plants were placed into a 30% shade structure with mean midday light levels of 

1400 /iniolm'V. 

The experimental design was a 2-way factorial completely randomized 

design. Experimental units were defined as pots; 20 pots were randomly assigned 

to each of the following 7 chemical treatments: water only (control), 100, 300, or 

500 mgliter'1 BA + GA,+7 (Promalin), or 100, 300, or 500 mgliter'1 PBA (Accel). 

The 20 plants receiving each chemical treatment were further divided to be 10 

pinched or 10 non-pinched. Pinching involved the removal of the apex, and was 

performed just previous to spray treatments. The chemicals were applied by 

foliar spray at the rate of 204 mlm"2; each solution was amended with 1 ml X-77 

(a nonionic spreader/activator) per 204 ml solution. 

Mean ambient temperatures ranged from 180 C (night) to 25 ° C (midday). 

Fertilizer and pesticides were administered as previously described. 

Parameters measured at monthly intervals during the 12 week study 

included height of the main leader from soil line to tip, number of nodes and 

axillary breaks on this shoot, number of flowers per plant, and final fresh and 

oven-dried weights of the plants cut at soil line. 

RESULTS 

Photoperiod 

Variations in daylength produced a rapid effect on the height of C. 
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pulcherrima. After 4 weeks, plants grown under 16 hour photoperiods were taller 

than those in other treatments (Figure 3.1). Because the cuttings were initially of 

non-uniform sizes, changes in height were also calculated. By 4 weeks, and 

through 12 weeks, plants exposed to 16 hour photoperiods increased in height 

four to five times more than plants receiving shorter photoperiods (Table 3.1). 

At 4 weeks, the number of nodes on plants under 16 hour photoperiods was 

greater than on plants under shorter days and this difference becomes more 

pronounced (Table 3.2). Neither the number of axillary breaks (1.6 +_ 1.9), nor 

the mean internodal length (1 _+ 0.15cm) at 12 weeks showed significant 

treatment differences. Final fresh shoot weights (8.3 _+ 3.9 g) and dry weights 

(3.33 +_ 1.5 g) after 12 weeks were not significantly different. 

Irradiance 

C. pulcherrima plants exposed to irradiances of 1950 /nmolTn'V had a high 

rate of mortality. Because in some cases the entire block of unshaded plants 

died, ANOVAs for rates of growth can not be determined. Correlation of the 

growth over time with irradiance as the independent variable show an r2 value of 

0.94 to the 12-week heights and of 0.86 to the elongation by 12 weeks. 

Correlation of percent survival (arcsin transformation) with irradiance yielded an 

revalue of 0.68. Thus, although significance can not be determined, some 

relationship may be inferred. 

The final fresh weights (2.8 gms _+ .9 gm) and dry weights (0.75 gm _+ .2 

gm) of the surviving plants were not significantly different between treatment 
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levels, indicating similar biomass accumulation. 

One of the most important effects of the three light level treatments was 

the soil temperature, which reached an average of 430 C in the unshaded pots at 

midday. Means for the 3 treatment levels were 43°, 39°, and 36°C for the full 

sun, 30% shade, and 63% shade, respectively. Correlation (r2) between the 

irradiance levels (1950, 1365, and 600 jumolm'V respectively) and soil 

temperature (as the dependent variable) was .98. These varying soil temperatures 

were associated with differing survival rates of plants within plots exposed to the 

3 light treatments. The r2 between the soil temperatures (as the independent 

variable) and percent survival (arcsin transformation) was 0.64. 

Height Control 

Soil drenches of uniconazole suppressed elongation of Caesalpinia 

pulcherrima (Figure 3.2). By 8 weeks, and again at 12 weeks, plants drenched 

with 3.75 mgpot'1 uniconazole had gained less height than those treated with 1.25 

mgpot"1 (Table 3.3). This difference in elongation was due to differences in 

internodal lengths which were reduced in treated plants (Table 3.3). The 

variations between height increase from 8 to 12 weeks pointed to differing 

persistence effects. Plants exposed to 0 and 1.25 mgpot"1 gained more height 

within that interval than during the previous 4 weeks, in contrast to plants treated 

with higher concentrations which continued to suppress elongation after 8 weeks 

(Figure 3.3). Shoot fresh and dry weights of plants treated with 3.75 mgpot'1 were 

significantly less than plants exposed to 0 or 1.25 mgpot'1 (Table 3.3). No plants 
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initiated flowers within 12 weeks, regardless of uniconazole levels. Axillary 

branching was also unaffected by treatments; none of the plants initiated axillary 

breaks within the 12 weeks. 

Branching 

Foliar-applied growth regulators and mechanical pinching interacted to 

strongly influence the final height and form of Caesalpinia pulcherrima After 4 

weeks, pinched plants sprayed with 100 and 300 mg liter'1 BA+GA,+7 or 100 and 

300 mgliter'1 PBA developed more axillary breaks than non-pinched plants 

sprayed with those concentrations. Plants treated with 500 mgliter'1 of either 

chemical did not initiate more branches than controls within 4 weeks, regardless 

of pinching (Figure 3.4). 

Only non-pinched plants sprayed with 500 ppm PBA showed large changes 

in numbers of axillary breaks between 4 and 12 weeks (cf Figures 3.4 and 3.5). 

Non-pinched plants treated with 500 mgliter'1 PBA had developed more axillary 

branching than non-pinched controls or than non-pinched BA+GA^ treatments 

(Figure 3.5). At 12 weeks, only pinched plants treated with 300 mgliter'1 

BA+GA»+7 produced more breaks than pinched controls. After 12 weeks, 

interactive effects on branch initiation between pinching and levels of growth 

regulators had developed (Table 3.4). Pinched plants sprayed with 100 or 300 

mgliter'1 PBA or 100 or 300 mgliter'1 BA+GA,+7 developed significantly more 

branches than non-pinched plants sprayed with those concentrations. Branching 

initiation in response to 500 mgliter"1 PBA was not improved by pinching (Figure 



82 

3.5). 

Because the seedlings were not initially of uniform sizes, the changes in 

height were calculated. At 4 weeks, non-pinched plants sprayed with 300 

mgliter"1 BA+GA«+7 gained more height in the first 4 weeks than any non-pinched 

PGR treatment, except 100 mgliter'1 BA+GA,+7. Pinched plants did not differ in 

height gain regardless of chemical treatment. However, pinching did suppress 

height gain of plants treated with 100 or 300 mgliter'1 BA+GA,+7 (Figure 3.6), as 

compared to non-pinched plants. 

By 12 weeks, interactive effects on elongation were evident between 

pinching and levels of growth regulators (Table 3.5). Non-pinched plants sprayed 

with 300 mgliter'1 BA+GA^ continued to elongate more than non-pinched 

control plants or non-pinched plants exposed to all levels of PBA (Figure 3.7). 

Among pinched plants, there were no differences in height due to chemical 

treatment. Only plants treated with 100 and 300 mgliter"1 BA+GA,+7 showed 

elongation effects due to pinching; pinching prevented height gain after 12 weeks 

on plants sprayed with these levels. In general, the BA+GA«+7 treatments did not 

suppress growth except in combination with pinching. In contrast, after 12 weeks, 

plants treated with PBA continued to have growth rates similar to controls 

regardless of pinching treatment. 

There were no significant treatment effects on shoot fresh weights (25.2.+ 

20 g) or dry weights (10.3 _+. 2.5 g). 
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Figure 3.1. Heights of Caesalpinia pulcherrima through 12 weeks under 3 
different photoperiods. 



Table 3.1. Effects of daylength on height increases of Caesalpinia pulcherrima 

Photoperiod Elongation (cm) after 
4 wks 8 wks 12 wks 

8 hrs 0.4 A 0.7 A 0.9 A 

12 hrs 0.6 A 1.3 A 1.1 A 

16 hrs 2.8 B 3.5 B 4.6 B 

Mean separations within columns with Student Newman Kuels at a = 0.01. 
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Table 3.2. Effects of daylength on node number of Caesalpinia pulcherrima. 

Photoperiod Number of nodes on main leader at 
4 wks 8 wks 12 wks 

8 hrs 20.3 a 20.4 A 20.9 A 

12 hrs 20.9 ab 21.6 AB 21.6 AB 

16 hrs 22.7 b 24.2 B 25.3 B 

Mean separations within columns with Student Newman Kuels at a = 0.05 (lower 
case letters) or a = 0.01 (upper case letters). 
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Figure 3.2 Heights of Caesalpinia pulcherrima seedlings treated with 5 levels of 
of uniconazole (XE-1019) as a soil drench. 
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Table 3.3 Effects of uniconazole (XE-1019) applied as a soil drench on height 
increases, internodal lengths, shoot fresh and dry weights of Caesalpinia 
pulcherrima. 

Uniconazole Eloneation fcml 
Internode 
length at 
12 wks (cm) 

Shoot wt 
(mgpot1) 8 wks 12 wks 

Internode 
length at 
12 wks (cm) fresh diy 

0 (control) 9.0 15.2 1.12 7.9 2.3 

1.25 9.4 15.6 1.22 8.0 2.6 

2.50 7.5 11.5 1.00 6.4 1.9 

3.75 5.8 9.2 0.89 5.4 1.6 

5.00 8.7 13.1 0.99 7.4 2.2 

Treatment * ** 
linear NS NS 
quadratic * ** 
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Figure 3.3. Cumulative elongation of Caesalpinia pulcherrima seedlings treated with 
5 levels of uniconazole as a soil drench. 
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Figure 3.4. Number of axillary breaks at 4 weeks on pinched and non-pinched 
Caesalpinia pulcherrima seedlings in response to foliar sprays of PBA and 
BA+GA«+> LSD is the experimental LSD. 
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Figure 3.5. Number of axillary breaks at 12 weeks on pinched and non-pinched 
Caesalpinia pulcherrima seedlings in response to foliar sprays of PBA and 
BA+GA4+7. LSD is the experimental LSD. 
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Table 3.4. Interactive effects of PBA and BA+GA<+7 on pinched and non-pinched 
Caesalpinia pulcherrima seedlings. 

Treatment No. axillary breaks after 12 wks 
(mgliter1) No pinch Pinch 

Control 0.7 2.6 

PBA 
100 1.9 4.6 

300 0.9 4.8 

500 3.5 3.5 

BA+GA.., 
100 0.2 4.5 

300 1.4 6.3 

500 1.2 1.4 

Analysis of variance for axillaiy breaks initiation after 12 weeks. 

Source F P 

Main effects 
Pinch 38.35 .0000*" 
Chemical 3.06 .0080** 

Interaction 
Pinch X Chem 3.19 .0059** 
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Figure 3.6. Elongation at 4 weeks on pinched and non-pinched Caesalpinia 
pulchenima seedlings in response to foliar sprays of PBA and BA+GA,+7. LSD is 
the experimental LSD. 
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Table 3.5. Interactive elongation effects of PBA and BA+GA,+7 on pinched and 
non-pinched Caesalpinia pulcherrima seedlings. 

Treatment Elongation after 12 wks (cm) 
(mgliter1) No pinch Pinch 

Control 14.3 18.6 

PBA 
100 21.2 19.4 

300 17.0 19.8 

500 15.5 15.4 

BA+GA,., 
100 26.9 21.0 

300 28.1 18.2 

500 18.9 18.2 

Analysis of variance for elongation after 12 weeks. 

Source F P 

Main effects 
Pinch 2.64 .1070 NS 
Chemical 5.98 .0000*** 

Interaction 
Pinch X Chemical 3.51 .0030** 
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Figure 3.7. Elongation at 12 weeks on pinched and non-pinched Caesalpinia 
pulcherrima seedlings in response to foliar sprays of PBA and BA+GA<+7. 
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DISCUSSION 

Photoperiod 

Vegetative growth. After 12 weeks, plants exposed to 16 hour-

photoperiods gained 5 cm more in height than those under shorter days. In 

general, longer daylengths stimulate photosynthesis and stem lengthening through 

cell-division in the apical meristem and cell-elongation in the sub-apical meristem, 

thereby increasing either the number of nodes or internodal lengths (Salisbury, 

1963; Salisbury and Ross, 1985; Vince-Prue, 1975; Vince-Prue and Canham, 

1983). Increased levels of GA (responsible for cell elongation) in leaf and apex 

tissues have been measured after lengthening of photoperiod (Vince-Prue, 1975). 

Tomato, a tropical day-neutral perennial, develops considerable stem 

elongation under long days compared to short days (Salisbury and Ross, 1985). 

Daylength extension which provided 13 to 16 hour photoperiods resulted in rapid 

growth rates of Dalbergia sissoo and of Koelreuteria elegans seedlings when 

compared to those grown under 9 to 12 hours (Broschat and Donselman, 1986). 

Azaleas given long days respond with increased number of leaves, and longer 

shoots due to expanded internode length (Pettersen, 1972). Under 8 hour days, 

Catalpa bignoniodes elongated 2 cm while 16 hour days resulted in gains of 35 cm 

(Downs and Hellmers, 1975). 

In this study the mean internodal lengths of plants under all daylength 

treatments were similar after 12 weeks; therefore, height differences in 
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Caesalpinia pulcherrima were attributed to increased number of nodes on the 

plants under the 16 hour days. The treatment differences in number of nodes 

(thus leaves) were apparent by 4 weeks (Table 3.1). This result is similar to that 

obtained with Weigela florida on which the number of nodes increased from 5.6 

under short days to 16.1 under long days (Downs and Borthwick, 1956). 

The final shoot fresh weight and dry weights did not significantly differ yet 

the percentage water of the plants grown under 16 hour photoperiods was 

significantly less than plants grown under 8 hour photoperiods, indicating the 

accumulation of more biomass under 16 hour days. 

Flowering. C. pulcherrima is adapted to the subtropics and blooms year 

round in India at a latitude of 8° - 30° N. (Nalawadi, 1980) where the natural 

photoperiods range between 10 and 14 hours (Salisbury and Ross, 1985). Thus, it 

might be expected that the plants treated to 12 hour days would have initiated 

flowers. Possible reasons for their failure to do so include suboptimal 

temperatures and juvenility. 

In this study, although maximum day temperatures averaged 290 C, 

minimal temperatures averaged 17 °C and may have inhibited photoperiod 

sensitivity of this subtropical species. Many temperate-zone plants show 

temperature/photoperiod interactive effects. In one study, under continuous light, 

Dicentra spectabilis initiated flowers at 15° and at 22.5 °C, but not at 30° under 

the same light conditions (Weiler and Lopez, 1976). Azaleas were found to be 

day neutral at 15-16 °C, but they reacted as facultative short day plants above 20° 
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(Pettersen, 1972). Although plants adapted to the tropics and subtropics do not 

stop growing to enter dormancy in winter the way temperate plants do, they may 

slow growth or enter a state of imposed dormancy or 'quiescence' in response to 

lowered temperatures, reduced light intensities, short days or other seasonal cues 

(Downs and Helmers, 1975). At high temperatures, poinsettia, a subtropical 

shrub, is a short day plant, but when temperatures drop, it is a long day plant 

(Vince-Prue, 1975). Plants adapted to subtropical deserts are often day neutral 

plants, but are commonly affected by temperatures and water availability. 

Although Artemesia herba alba, a desert shrub from the Mid-East, will flower 

under either 9 hour or 16 hour days if temperatures are 22° - 12 °C (day-night), 

temperatures of 17° - 2°C prevented flowering under either photoperiod 

(Evenart and Gutterman, 1985). 

In this study, the combination of moderately cool night temperatures and 

16 hour daylengths (greater than the 14 hour midsummer photoperiod to which 

C. pulcherrima is adapted), may have combined to produce some contradicting 

signals, such that flower initiation failed to occur. 

It is more likely that by 19 weeks, the seedlings (7 weeks old at the start of 

12 weeks of treatments) were not mature - were still in the juvenile phase. 

Duffield and Jones (1981) note that Caesalpinia pulcherrima is "slow to get started 

in the landscape, but becomes a vigorous grower and profuse bloomer in a year 

or two," implying a period of juvenility. Simmondsia chinensis (jojoba), another 

native of southwestern US and Mexico, typically requires 3 years to flower 
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(National Research Council, 1985). Citrus species remain in a juvenile phase 

characterized by thorniness and simple leaves for up to 10 - 15 years (Leopold 

and Kriedemann, 1975). Among subtropical members of Leguminoseae, juvenility 

is a common property (Evenart and Gutterman, 1985; Ison and Hopkinson, 1985). 

In conclusion, although flowering responses to daylength may be 

suppressed by juvenility, vegetative growth of Caesalpinia pulcherrima seedlings 

can be enhanced by exposure to 16 hour photoperiods which increase the number 

of nodes compared with shorter daylengths. 

Irradiance 

Full sun in June, July, and August in Tucson, Arizona proved to be 

harmful for C. pulcherrima seedlings in black 2.2 liter containers. After 4 weeks, 

24 of the original 30 plants in full sun had died, including one entire plot of 10. 

Because this missing data was not randomly dispersed throughout the 3 

treatments, ANOVA for growth rates was unable to be determined. However, 

some trends can be reported. 

Rates of survival under full sun, 30% shade and 63% shade averaged 

16.7%, 53.3%, and 83.3% respectively. Correlation (r2) between the mean midday 

irradiance levels of 1950, 1365, and 600 Mmolm'^sec'1 (as the independent 

variable) and the (arcsin transformation of) percent survival was 0.62. The mean 

gain in heights of the surviving plants under full sun, 30% shade and 63% shade 

were 5.2 cm, 7.7 cm, and 11.5 cm respectively. Thus not only did a greater 

proportion of the plants in full sun die, the ones which survived gained less than 
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1/2 the height of those under 63% shade. This result corroborates those in a 

study by Ingram (1981) with 3 woody ornamental species, in which plants exposed 

to 47% shade were taller than those grown in full sun. 

Extreme irradiance levels can produce photoinhibition through inactivation 

of the reaction centers of the photosystems (Boardman, 1977). In this study, the 

mean light level of the unshaded plots at midday was twice that of the levels 

which has been found to be the light saturation point for tropical pasture legumes 

(Ludlow and Wilson, 1971). Studies with geranium (Armitage and Vines, 1982) 

and peach (Tan and Buttery, 1986) exposed to high light have corroborated 

reduced photosynthetic rates under extreme light levels. Ingram (1981) noted 

that Pittosporum grown in full sun was noticeably chlorotic. 

Differences in growth rates of the surviving plants could have been the 

result of effects due to nutrient status, extremes in soil temperature, or both. 

Due to high light and ambient temperatures, unshaded plants need to be irrigated 

twice a day, a practice which undoubtedly leached soluble nutrients initially 

present in the medium. Plants under both shade treatments required less 

frequent irrigation. The high heat could also have volatized the NH3 component 

of the soluble fertilizer, exposing plants in full sun to N deficiencies. 

In this study, high light levels correlated strongly with soil temperatures (r2 

= 0.98). Plants in full sun were exposed to midday soil temperatures of 430 C, an 

effect of high irradiance which most probably caused the high mortality in 

unshaded plots. Although at the study site in Tucson, Arizona, a large C. 
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pulcherrima shrub is established, the average high soil temperature for the 3 

months during which this study occurred was 35.8 °C, considerably less than the 

43 ° C in the unshaded containers. 

Soil temperatures can influence root growth, shoot growth, or both. 

(Graves et al., 1989; Ingram et al., 1986; Johnson and Ingram, 1984), and even 

with adequate nutritional status, can have an adverse effect on chlorophyll 

production and enzyme-dependent steps in photosynthesis (Leopold and 

Kreidemann, 1975). In work with geranium (Armitage et al., 1981), plants grown 

under a range of temperatures showed adverse effects after prolonged exposures 

to 32 °C. The authors speculated that this stress and eventual death of the plants 

under high heat was due to reduced daily net gain of photosynthates (lack of 

significant increases in net photosynthetic rates as temperatures rose, though 

respiration rates approximately doubled), and to thermal breakdown of 

chlorophyll at high temperatures. 

The combined effects of high irradiances, reduced N status, and 

supraoptimal soil temperatures produced stunted chlorotic plants in the 

sunshaded plots. Plants grown under the 63% shade were not only taller, but 

also darker green, and had longer, more attractive compound leaves with the 

leaflets displayed horizontally. Although statistical analysis is not appropriate, the 

results of this investigation indicate that shade treatments should be examined 

more closely. Production times most likely would be earlier in the year; tests 

should be done in February, March and April. During those months in Tucson, 
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Arizona, low shade levels (eg., 30%) would allow less frequent irrigations, would 

not cause such extreme soil temperatures, and could pinpoint optimal light levels 

for the production of dark green, compact container specimens. 

Height Control 

Soil drenches of 3.75 mg uniconazole/plant restricted elongation of C. 

pulcherrima seedlings after 12 weeks. Similar results have been reported with 

other containerized ornamentals. Knox and Norcini (1987) found that 

Rhododendron X 'George Lindley Tabor', Pyracantha koidzumii 'Wonderberry', 

and Ligustrum x ibolium responded to uniconazole drenches with restricted 

height, width, or both. Davis et al. (1987) reported that poinsettias treated with 

500 /ig uniconazole per 15 cm pot elongated approximately 25% the length of 

untreated plants. The growth of chrysanthemum stem lengths was reduced by 

25% with soil drenches of paclobutrazol and ancymidol, although the medium 

composition influenced the effectiveness (Barrett, 1982). 

The triazole types of growth retardants act on the subapical meristems and 

reduce elongation by suppression of gibberellin biosynthesis (Larson et al., 1985; 

Steffans and Wang, 1986; Sterrett, 1988), resulting in restricted elongation (Sachs 

and Hackett, 1972; Sterrett, 1988). In this study, concentrations of 3.75 mg 

uniconazole per plant produced internodal lengths an average of 0.2 cm less than 

those treated with 1.25 mg. The same result has been found by others using 

growth retardents (Cathey, 1975; Larson, 1985). In this study, the number of 

nodes after 12 weeks was not significantly different between treatment levels (19.3 
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_+ 3.5). 

Although other workers have reported that the triazoles can influence 

axillary branching in Columnea sp. (Davis et al., 1987), peach (Liyambani and 

Taylor, 1989), and nectarine (Erez, 1986), none of the C. pulcherrima seedlings in 

this study initiated axillary breaks by 12 weeks. 

The triazoles (such as uniconazole) can influence flowering as a secondary 

result of growth suppression. Foliar sprays of uniconazole on 3 varieties of 

chrysanthemum produced later flower opening and smaller inflorescences (Bassi 

et al., 1987). Tukey (1986) found that flurprimidol soil drenches on peach trees 

increased the number of fruits per tree in the year after treatment. Hibiscus 

treated with soil drenches (4 and 8 mg per pot) of ancymidol initiated more and 

earlier flowers than those not treated (Shanks, 1972). In two separate studies, 

hydrangeas responded differently to uniconazole. Plants treated with 2 sprays of 

30 mgliter'1 of uniconazole responded with later and smaller flowers in addition 

to reduction in internodal elongation (Bailey, 1989); however, 4-5 sprays of 15 

mgliter'1 shortened the time to inflorescence development (Bailey, 1988a). In this 

study, C. pulcherrima did not initiate flowers regardless of treatment. Most 

probably the seedlings at 4 to 16 weeks old were too immature to initiate flowers. 

Subtropical woody legumes commonly undergo a period of juvenility (Ison and 

Hopkinson, 1985). 

The lower fresh and dry weights of C. pulcherrima treated with 3.75 mg 

uniconazole/pot is in agreement with findings that Forsythia spectabilis produced 
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significantly less shoot dry weight, when drenched with 2.5 mg per plant, 

compared to controls (Vaigro-Wolff and Warmund, 1987). Stem dry weights of 

hydrangea decreased with increasing uniconazole levels, although leaf dry weights 

did not (Bailey, 1989), a distinction suggesting that triazoles influence subapical 

meristem activity, since leaves develop from the apical meristem tissue. 

Persistence of the growth retardant effects varied with the amount of 

chemical applied. Control plants and those treated with 1.25 mg uniconazole 

gained more height between 8 and 12 weeks than plants drenched with higher 

levels. At 12 weeks, 3.75 mg uniconazole was still effective in suppressing 

elongation. This result agrees with those found with field-grown woody 

perennials such as peach and apple (Tukey, 1986), nectarine (Erez, 1986), 

established hedges (Hield, 1986), and pecan (Wood, 1986), all of which 

responded with reduced growth for at least one year to soil-applied triazole 

treatments. Container-grown Podranea ricasoliana, however, "grew out" of the 

growth suppression effects of uniconazole treatments by 4 to 5 weeks, regardless 

of spray application rates (Bailey, 1988b). Since the triazoles are known to move 

through the xylem (Barrett and Bartuska, 1982; Sterrett, 1988), and to be 

absorbed readily by root systems, the key to variations in persistence may lie in 

the differences between spray and drench application methods. 

In conclusion, soil drenches of 3.75 mg'liter'1 uniconazole suppress 

elongation of Caesalpinia pulcherrima in container production, without side effects 

on flower initiation or on axillary branching. 
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Branching 

By 4 weeks, only plants which had been previously pinched responded to 

any level of the foliar-applied PGRs in this study. In addition, excessive 

elongation of plants treated with BA+GA.+, could be suppressed at 4 weeks only 

if the plants had been pinched at the time of PGR application. 

By 12 weeks, non-pinched plants were beginning to respond to the 

treatments. If treated with 100 or 300 mg liter"1 BA+GA<+7, only plants previously 

pinched responded with increased axillary branching (Figure 3.5); further, height 

gain was suppressed only if plants treated with these levels had been pinched. If 

100 or 300 mg liter'1 BA+GA,+7 was sprayed on unpinched C. pulcherrima, large 

increases in height resulted with no corresponding increase in branching (compare 

Tables 3.4 and 3.5). Higher concentrations (500 mgliter"1) neither stimulated 

branching nor affected elongation, regardless of pinching. 

These results differ slightly from those found in studies on other species. 

Lower levels (100 mgliter'1) of BA+GA,+7 were sufficient to increase the number 

of phylloclades on Thanksgiving cactus (Ho et el., 1985), likely due to its non-

woody character which might have allowed more of the chemical to penetrate the 

cuticle to contact the meristem. Lewis and Warrington (1988) found that 500 

mgliter'1 BA+GA«+7 increased branches on Boronia lutea and that plants treated 

with that concentration showed suppressed elongation compared to controls. 

However, 1000 and 2000 mgliter'1 were necessary to induce increased lateral 

branching on 'Bartlett' pear, 'Bing' cherry, and 'Oregon Spur II Delicious' apple 
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trees (Cody et al., 1985). Higher concentrations of BA+GA»+7 may be necessary 

to increase branching on non-pinched semi-woody seedlings of Caesalpinia 

pulcherrima, because of a possibly higher lipid content, often characteristic of 

desert plants (Miller, 1978), which has been reported to decrease effectiveness of 

branching regulators (Sill and Nelson, 1970). 

Foliar sprays of PBA on C. pulcherrima produced importantly different 

results. If 100 or 300 mg liter'1 PBA was sprayed onto non-pinched plants, there 

was no increase in branching by 12 weeks. Low concentrations (100 and 300 

mgliter'1) only increased the incidence of axillary branching if plants had 

previously been pinched. At 12 weeks, height gain in response to these 2 levels 

was unaffected by pinching. However, 500 mgliter'1 PBA successfully stimulated 

branching on non-pinched plants after 12 weeks, resulting in an increase in 

number of breaks compared to non-pinched controls. In addition, 500 mgliter'1 

PBA on non-pinched plants did not cause significantly greater elongation than 

non-pinched controls or than pinched plants treated with the same level. 

These results also differ slightly with those found with other species. 

Photinia X frazeri did not respond to levels of 500 or 1000 mgliter"1 PBA unless in 

combination with other cytokinins (Ryan, 1985). However, PBA at 200 to 300 

mgliter"1 was sufficient to cause increased development of lateral branches in 

poinsettia, though none of the axillary branches of these laterals developed 

further (Carpenter et al., 1971). Differing environmental conditions, particularly 

relative humidity, can influence responses to foliarly applied chemicals. Brabson 
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and Lindstrom (1971) and Carr and Lindstrom (1972) found that temperatures of 

32 °C and RH of 30% failed to produce responses to several branching regulators, 

and speculated that the low RH caused increased evaporation rate, which 

reduced penetration. In this study, although treatments were applied in the 

morning, ambient conditions in July in southern Arizona include low relative 

humidity (considerably less than 30%) most of the day, and morning temperatures 

often in excess of 32.2 "C, both of which would have caused rapid evaporation of 

the solutions. Thus, control of the form of desert species by Southwest growers 

may require higher concentrations of most branching hormones, if applications 

must be made under low relative humidity (Sachs and Maire, 1967). 

Although plants used in this study were less than one year old, pinching 

appeared to stimulate flower initiation, regardless of growth regulator treatment 

(data not shown). Of the 70 plants which were pinched, 10 initiated small 

terminal inflorescences, in contrast to the non-pinched plants which did not 

initiate any. It would seem that pinching may overcome juvenility influences on 

flowering, and growers may be able to select individuals which flower readily in 

response to pinching. Furthert work with seedlings would be beneficial in this 

regard. 

Thus, there is no need for mechanical pinching when plants are treated 

with 500 mgliter"1 PBA. This level will allow increased axillary branching on 

Caesalpinia pulcherrima, without the undesireable effect of excessive elongation. 
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CHAPTER 4 - JUSTJCIA SPECIGERA 

LITERATURE REVIEW 

The genus Justicia L. Adhatoca Medic.; Beloperone Nees; Cyrtanthera Nees; 

Drejerella Lindau; Libonia C. Koch; Jacobinia Nees ex Mode.; Sericographis Nees) 

is a member of the family Acanthaceae. It contains approximately 300 species of 

perennial herbs or shrubs native to the tropics and subtropics of both 

hemispheres, extending into temperate N. America (Bailey Hortorium, 1976). 

Classification of the species within the genus has resulted in many conflicting and 

overlapping designations (Bailey Hortorium, 1976). New species are being noted 

each year in remote places, and previously defined species have recently been 

renamed. Brummitt et al., (1983) have presented evidence to reject the name of 

J. verticillaris, incorrectly given to two species in Africa, possibly as long ago as 

1847, and suggest they should be reclassified as Hypoestes spp. McDade (1982) 

has described a new species /. sarapiquensis from Costa Rica, as an unusual vine 

with large magenta bracts and white corollas, most probably related through its 

similarity of pollen grains. Revision of the African J. capensis group (containing 

sessile and protandrous flowers) has been suggested (Hedren, 1988). Brummitt 

(1985) has renamed a woody species J. jrancoiseana from Malawi which is also 

found in Uganda, Zimbabwe, and Mozambique. Wasshausen (1981, 1982) has 

presented new species from Venezuela (/. falconensis) and Mexico (/. sonorae). 

Daniel (1980) has made distinctions between 5 wispy subshrubs found in the 
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Chihuahuan desert and northern Mexico, reclassifying two new species as J. 

coahuilana and J. Henricksonii. 

Justicia flowers are pollinated by hummingbirds (Linhart and Feinsinger, 

1980; Willmer and Corbet, 1981). Work has focused on understanding 

relationships between corolla shape, pollinators, and nectar composition of 

several species. In a study of the pollinators, Willmer and Corbet (1981) found 

that two species of Costa Rican hummingbirds took pollen legally from J. aurea 

(ie., their beaks and habits matched the corollas), while one hummingbird species 

was unable to take pollen except by piercing the corolla, which subsequently 

allowed bees and ants to invade and "rob" nectar. In a central Mexico study, 

more than 90% of the flowers were pierced by "illegal" pollinators before noon 

each day (McDade and Kinsman, 1980). Further investigations indicated that 

holes poked into the corolla by nectar robbers affected the accessibility and 

composition of the remaining nectar (Corbet and Willmer, 1981). Work with J. 

secunda in Trinidad and Tobago indicated that plants having relatively open 

corollas were accessible to many hummingbirds, and the number of visits, as well 

as the patterns of pollen dispersal, were similar on both islands, while species 

with closed corollas were more affected by island-induced reduction in pollen 

diversity (Linhart and Feinsinger, 1980). 

Investigations of the chemical composition of Justicia spp. have allowed 

isolation and identification of certain lignans (Ghosal et al., 1979, 1980; Olaniyi 

and Powell, 1980). The leaves of /. specigera contain a compound which, when 
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they are soaked in hot water, is used as a "blueing" in local laundry (Morton, 

1981). Some species have been utilized traditionally for pharmaceuticals. /. 

simplex is found in the western Himalayas where it is used as a stimulant or 

antifatigue source in traditional medicine (Ghosal et al., 1980). J. pectoralis, 

native to Peru, has been used to treat wounds and chest infections, and although 

it is also prized as a hallucinogenic snuff ingredient, recent analysis of extracts 

from stems, flowers and leaves did not show evidence of hallucinogenic 

constituents (Macrae and Towers, 1984). 

Justicia specigera Schlechtend. is a semi-woody low shrub native to the 

tropics from southern Mexico through Central America to Columbia, where it 

grows wild on the western slopes of the Andes, between 300-500 m (Bailey 

Hortorium, 1976; Morton, 1981). The bright orange tubular flowers are 2-lipped 

and are formed in axillary and terminal racemes. The branches are upright or 

ascending, and the soft ovate leaves are entire (Bailey Hortorium, 1976). 

Very little has been written pertaining to this species. It has been noted in 

recent works on southwestern landscaping, and is described as "a wonderfully 

dependable non-woody shrublike plant" (Duffield and Jones, 1981), flowering year 

round, suitable for filtered shade, and hardy to -3.8 "C (Meilke, 1986). No writer 

has addressed propagation or production, although the species is most commonly 

propagated by cuttings. One study in Ohio (Lewis, 1980) investigated vegetative 

reproduction of another species, J. americana, commonly called 'water willow\ 

and found that although some soil deposition was required for the rhizomes to 



110 

generate roots, light was also necessary. Flame acanthus (Anisacanthus wrightii), 

another ornamental member of the Acanthaceae, roots without benefit of any 

applied rooting hormones, while untreated seeds germinate easily (Nokes, 1986). 

Rooting success of /. gendarussa was found to be associated with low levels of N 

(Ghosh and Basu, 1973a; Basu and Ghosh, 1974) and high levels of P (Ghosh and 

Basu, 1973b) to the stock plants. In addition, application of NAA to cuttings of J. 

gendarussa counteracted inhibitory rooting effects of chlorflurenol, and interacted 

synergistically with high levels of P (Ghosh and Basu, 1973b; Punjabi et al., 1974). 

The lack of documented information pertaining to the production and culture of 

/. specigera has prevented its widespread use as a drought-tolerant landscape plant 

in the southwest. 

MATERIALS AND METHODS 

Preliminary studies indicated that Justicia specigera can be propagated 

vegetatively by rooting stem tip cuttings under intermittent mist without IBA or 

any additional rooting compound. To provide easy access to succulent material, 

stock plants were maintained in greenhouses. All experiments were conducted in 

Tucson, Arizona, at 32° N latitude. The percent shading and irradiance levels 

given are based on measurements made with a LI-COR - Model LI-1000 

quantum sensor. Statistical analyses were done with the aid of CoStat statistical 

program version 2.03 (CoHort Software). Graphs were constructed using PlotIT, 

version 1.0 (Eisensmith). 
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Photoperiod 

Beginning 15 February 1988, stem tip cuttings of Justicia specigera were 

rooted for two weeks under mist in 1:1 perlite:vermiculite (by volume) with 

bottom temperatures of 22 "C. Rooted cuttings were established for two weeks in 

0.4 liter plastic pots containing a 2 peat: 2 perlite : 1 soil (by volume) medium 

amended with 890 g treble superphosphate, 594 g KN03, 594 g MgS0«7H20, 4.75 

g CaC03, and 74 g Frit Industries Trace Elements No. 555 (Peter's Fertilizer 

Products, W. R. Grace and Co., Fogelsville, Pa.) per cubic meter. At the start of 

treatments, all axillary inflorescences were removed without disturbing the foliage 

or apices. 

On 1 March 1988, 60 plants were randomly assigned to one of three 

daylength treatments: 8 hours (8 hours natural light), 12 hours (8 hours natural 

light plus 4 additional hours incandescent light), or 16 hours (8 hours natural light 

plus 8 additional hours incandescent light). The average initial height for all 

treatments was 3.9 _+_ 0.8 cm. 

Day length was controlled by means of light-excluding cloth which covered 

plants from 1530 HR to 0730 HR each day. Two 100 W bulbs were centered over 

the 1.2 m x 2.4 m benches, suspended one meter above the plant height, to 

provide extended daylengths; approximately 5 /imolm'V was received at canopy 

level. The experiment utilized a completely randomized design with experimental 

units defined as pots; there were 20 units in each of the three treatments. 
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Average midday irradiance levels in the double-poly quonset-style 

greenhouse ranged from 950 /xmolm'V in March to 1460 /iniolm'V1 in June. 

Mean temperatures ranged from 17 °C (night) to 33'C (day). Monitoring of daily 

ranges beneath the pulled curtains indicated there were no temperature gradients 

between the treatments. Fertilizer was administered by means of a positive 

displacement pump at 200 mgliter'1 N and K, supplied from 367 mg 

NH4N03/liter and 517 mg KN03/liter, respectively. Fertilizer solution was 

maintained an 6.0 pH by injecting 75% (w/w) technical grade H3P04 into the 

system, supplying 37 mg P/liter at every watering. Pesticides were applied as 

needed. 

Data collected on a monthly basis during the 16-week study included days 

to first fully expanded flower, plant height (cm from soil line to tip of main 

leader), number of nodes and axillary breaks on this shoot, final fresh weight and 

oven-dried weight of plants cut at soil level. 

Irradiance 

On 1 May, 1988, Justicia specigera stem tip cuttings from container-grown 

stock plants were rooted under mist, in 1:1 perlite:vermiculite (v:v). After 2 

weeks, the rooted cuttings were transferred to 2.2 liter plastic pots containing a 2 

peat: 2 perlite: 1 soil (by volume) medium amended as previously described. The 

plants were acclimatized in full sun (approximately 2000 /imolm'V) for 2 weeks 

prior to start of treatments, at which time all inflorescences were removed 

without disturbing the apices. 
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On 1 June 1988, 90 plants were randomly assigned to one of 3 irradiance 

regimes: full sun (control), 30% shade, and 63% shade. The shade treatments 

were covered in shade cloth attached to metal frames 1.2 m x 2.4 m x 1.0 m 

high. The distance between the metal frames was sufficient to avoid shading of 

one plot by another from 0800 HR to 1600 HR during the 12 week study. The 

experimental design was a randomized complete block with 10 pots per treatment 

x 3 treatments x 3 reps = total 9 plots. Each block contained the 3 treatment 

levels. Fertilization and pesticides were administered as previously described. 

Mean ambient temperatures ranged from 24 ° C (night) to 420 C (day). 

Over the 12-week study, mean maximum light levels, measured at midday, ranged 

from 1950 jumolm'V in the uncovered plots to 600 /amolm'V under the 63% 

shade treatment. Soil temperatures for the three treatments ranged from 36 ° C 

(63% shade) to 430 C (full sun). 

Data collected on a monthly basis during the 12-week study include height 

(cm from soil line to tip of main leader), number of nodes and number of axillary 

breaks on this shoot, days to first expanded flower, and final fresh and oven-dried 

weights of plants cut at soil level. 

Height Control 

Beginning 14 June 1988, stem tip cuttings of Justicia specigera were rooted 

for 2 weeks under mist in 1:1 perlite:vermiculite (by volume) mix. They were 

established for four weeks in 2.2 liter plastic pots containing a 2 peat: 2 perlite: 1 

soil (by volume) medium amended as previously described. At the start of the 
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experiment, all axillary influorescences were removed without disturbing the 

apices. 

On 29 July 1988, 50 plants were randomly assigned to one of 5 growth 

regulator treatments: 0 (control), 10, 20, 30, and 40 mgliter'1 uniconazole solutions 

applied as a foliar spray at the rate of 204 ml per square meter. Spray solutions 

were amended with 1 ml X-77 (a nonionic spreader/activator) per 204 ml spray. 

The design was completely randomized, with pots as experimental units and 10 

pots per treatment. 

Mean temperatures throughout the 3-month study ranged from 18 °C 

(night) to 350 C (day). Mean midday irradiance levels within the 30% shade 

structure ranged from 1380 /xmolm'Vin August to 1150 /xmohn'Vin October. 

Fertilization and pesticides were administered as previously described. 

Parameters measured at monthly intervals during the 12-week study 

included height (cm from soil line to tip of main leader), number of nodes and 

number of axillary breaks on this shoot, final number of inflorescences, and final 

fresh and oven-dried weights of plants cut at soil level. 

Branching 

Beginning 21 October 1988, tip cuttings of /. specigera were stuck into a 1 

perlite: 1 vermiculite (by volume) medium under mist, with bottom heat at 22 °C. 

Three weeks later, the rooted cuttings were transplanted to 2.2 liter plastic pots 

containing 2 peat: 2 perlite: 1 soil (by volume) medium amended as previously 

described. The plants were established for four weeks in the greenhouse, under 
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16 hour photoperiods provided by 100 W incandescent bulbs suspended 1 m 

above the plant canopy, with bottom heat of 22° C. 

On 5 December 1988, 60 plants were randomly assigned to one of 10 

treatments: 100, 300, or 500 mgliter'1 each of BA, PBA (Accel), BA+GA»+7 

(Promalin), or water only (control). The chemicals were applied as foliar sprays 

at the rate of 204 mlm'2 and were amended with 1 ml X-77 (a nonionic 

spreader/activator) per 204 mis solution. The experiment was a completely 

randomized design with experimental units defined as pots and 6 replications in 

each of the 10 treatments. Average temperatures throughout the 12 week study 

ranged from 16 °C (night) to 30 °C (day). The mean irradiance at midday ranged 

from 798 /xmolm'V in December to 823 /imolm'V in February. Fertilization 

and pesticides were administered as previously described. 

Parameters measured each month during the 12-week study included 

height (cm from soil line to the tip of main leader), number of nodes and axillary 

breaks on this shoot, and final fresh weight and oven-dried weight of the plant cut 

at soil line. 

RESULTS 

Photoperiod 

Variations in photoperiod influenced the rate of growth and eventual 

height of Justicia specigera. Although after 8 weeks, the plants grown under 16 

hour days were significantly taller than those exposed to 8 hour days; after 16 



116 

weeks, plants grown under 12 hour photoperiods were the tallest (Figure 4.1). 

Because the cuttings were not initially of uniform heights, the increases over time 

were also calculated. By 16 weeks, plants grown under 12 hour photoperiods had 

gained 4 cm more in height that those under 8 hours (Table 4.1). Differences 

between mean internodal lengths were highly significant. The differences in 

elongation after 16 weeks were positively correlated to internodal length (r2 = 

0.80, with elongation after 16 weeks as the independent variable, and internodal 

length as the dependent variable). Shoot fresh (7.1 _+ 2.5 g) and dry (2.1 _± .7 g) 

weights were not significantly different among plants exposed to the 3 

photoperiods. 

Prior to the start of treatments, the plants had been stripped of any 

inflorescences; nevertheless, they all began to initiate new racemes. The days to 

first fully-expanded flower were not significantly different for the 3 treatments 

(41.8 _±. 9.2 days). 

Thus, 8 hour photoperiods restricted growth of Justicia specigera, while 12 

hour days stimulated growth through increased internodal expansion. 

Photoperiod did not affect time to flowering nor accumulation of dry matter 

under the conditions of this study. 

Irradiance 

Light levels were negatively associated with elongation of Justicia specigera. 

After 4 weeks, the plants grown under 63% shade were taller than those grown 

under the other 2 treatments. After 12 weeks, plants under all 3 treatment levels 
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exhibited highly significant differences in height (Figure 4.2). Because the 

original cuttings had not been of uniform sizes, increases in height were 

calculated, over time, for all treatments. By 12 weeks, the total elongation for 

plants grown in 63% shade was three times greater than plants under the higher 

intensities (Figure 4.3). In addition, there was a strong correlation (f value of 

0.98) between light intensity (independent variable) and amount of growth after 

12 weeks (dependent variable). Since the number of nodes (± SD) at 8 weeks 

(8.5 +_ 1.1) and at 12 weeks (11.25 ±_ 1.7) were not significantly different between 

the 3 treatments, the variations in height were attributed to the mean internodal 

lengths (Table 4.2). 

Fresh weights and dry weights were also affected by irradiance; after 12 

weeks, plants grown under 63% shade accumulated significantly more biomass 

than those grown in full sun (Table 4.2). 

Soil temperatures were highly correlated with light intensity (r2 = 0.98); 

the mean high soil temperatures during the study were 42°, 39°, and 36°C for 

the full sun, 30% shade, and 63% shade treatments, respectively. Significantly 

differing responses to heat stress were shown by the fact that survival rates of the 

plants under 63% shade were double those of plants grown in 30% and no shade 

(Table 4.2). The days to first fully-expanded flower were also influenced by 

irradiance. Plants grown in the 63% shade formed flowers 4 days earlier than 

those under the 30% shade and control (Table 4.2). 

Thus, variations in irradiance levels had a significant effect on rate of stem 
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elongation, final height, internode length, time to flowering, and fresh and dry 

weights of Justicia specigera. High soil temperatures were correlated with high 

irradiance levels, and in turn adversely affected the plants' health and eventual 

survival. 

Height Control 

Foliar applications of uniconazole produced an almost immediate and 

highly significant effect on the growth of J. specigera. After 4 weeks, the plants 

which had been treated with 40 mgliter'1 were shorter than the others; the control 

plants were significantly larger than those exposed to any level of the growth 

retardant. This effect became more pronounced at 8 weeks (Figure 4.4). 

Because the cuttings were not uniform initially, increases in height were 

calculated. Within the first 4 weeks, plants exposed to increasing levels of 

uniconazole showed correspondingly less elongation (Figure 4.5). By 12 weeks, 

however, the rate of increase as well as the differences between treatments levels 

were beginning to be less distinct (Figure 4.5). At 8 weeks, when differences 

were greatest, the suppression of elongation of plants exposed to 40 mgliter"1 was 

due to differences in internodal lengths (Table 43). Overall, the correlation of 

elongation after 8 weeks as the independent variable with mean internodal length 

after 8 weeks (as the dependent variable) showed a i* value of 0.88. Treatment 

differences in fresh and dry weights were also highly significant; plants sprayed 

with 40 mgliter'1 uniconazole produced less biomass (Table 4.3). The use of most 

levels of uniconizole produced fewer axillary breaks compared to controls; only 
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the 30 mgliter"1 rate did not inhibit branching. Flowering was reduced by 

applications of uniconizole. At 12 weeks, control plants had produced nearly 

three times as many axillary racemes as those plants treated with 40 mgliter'1 

uniconazole (Table 4.3). 

Thus, uniconzole, applied as a foliar spray is an effective growth retardant 

for Justicia specigera, reducing height and biomass in almost a linear fashion 

relative to the concentration used. 

Branching 

Justicia specigera responded both to concentration levels and to specific 

branching regulators. All levels of BA+GA«+7 produced more branches than 

medium to low levels (100 and 300 mgliter'1) PBA, low levels of BA (100 

mgliter"1), or the controls (Figure 4.6). While the highest levels of PBA 

stimulated more branching than the controls, highest levels of BA failed to 

produce more branching than either low levels or the controls. Although 500 

mg liter'1 of all 3 chemicals tested stimulated similar incidence of axillary 

branching after 8 weeks, comparisons between low levels (100 mgliter'1) indicated 

differences in branching rates due to chemicals; plants sprayed with 100 mgliter'1 

BA+GA«+7 initiated significantly more arillaiy breaks than plants exposed to 100 

mgliter'1 of BA or PBA, or than the control plants (Figure 4.6). 

Growth rates were affected by differences between the three PGRs. Plants 

sprayed with 100 mgliter'1 BA+GA4+7 produced more elongation after 8 weeks 

than medium levels (300 mgliter'1) of PBA, yet were not more that the controls 
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(Table 4.4). Fresh weights and dry weights also differed; plants treated with 100 

mg liter*1 BA+GA«+7 produced more biomass than those sprayed with 100 mgliter'1 

BA or 300 mgliter"1 PBA (Table 4.4). At 8 weeks, plants treated with all levels of 

PGRs had similar numbers of flowers, although the use of medium levels of BA 

and all levels of BA+GA,+7 suppressed flower development compared to controls. 

None of the treatments produced any variations in internodal length (3.0 _+ .6 

cm) or the number of nodes at 8 weeks (11.6 _+ .9). 

Thus, 100 mgliter'1 BA+GA»+7 as a foliar spray stimulated increased 

axillary branching without affecting height or fresh or dry weights. Flower number 

after 8 weeks was reduced compared to the controls. 
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Figure 4.1 Height of Justicia specigera through 16 weeks under 3 photoperiods. 
Data are means of 20 observations. 
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Table 4.1. Effect of photoperiod on monthly shoot elongation of 
Justicia specigera over 16 weeks. 

Elongation (cml at Internode 
Photoperiod 8 wks 12 wks 16 wks length (cm) 

at 16 wks 

8 hrs 2.4 a 4.2 a 6.0 A .9 A 

12 hrs 3.7 b 6.4 b 10.0 B 1.2 B 

16 hrs 3.9 b 5.4 ab 8.3 AB 1.0 AB 

Mean separations within columns with Student Newman Kuels at a = 0.05 (lower 
case letters) or a = 0.01 (upper case letters). 
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Figure 4.2 Height of Justicia specigera through 12 weeks under 3 irradiance 
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Figure 4.3 Cumulative elongation of Justicia specigera through 12 weeks under 3 
irradiance levels. Data are the means of 30 observations. 
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Table 4.2. Effects of irradiance level on growth rate, biomass, and survival of 
Justicia specigera over 12 weeks. 

Irradiance 
Internode 
length (cm) 
at 12 wks 

Shoot wt fel 
Days to 
first Survival 

Internode 
length (cm) 
at 12 wks fresh dry flower (%) 

Full sun 0.8 A 2.8 A 0.9 A 25 a 43 a 

30% shade 1.6 A 6.8 AB 2.2 AB 23 a 47 a 

63% shade 3.1 B 13.5 B 4.3 B 19 b 83 b 

Mean separations within colmns with Student Newman Kuels at a = 0.05 (lower 
case letters) or a = 0.01 (upper case letters). 
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Figure 4.4 Height of Justicia specigera seedlings treated with 5 levels of 
uniconazole as a foliar spray. Data are means of 10 observations. 
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Figure 4.5 Cumulative elongation of Justicia specigera treated with 5 levels of 
uniconazole as a foliar spray. Data are means of 10 observations. 



Table 4.3. Effect of 5 levels of uniconazole on growth and development of Justicia specigera. 

Mean Axillary 
Uniconazole No. nodes internode Shoot wt (el breaks No. flowers 
(mg-liter1) at 8 wks length (cm) fresh dry 12 wks at 12 wks 

Control 11.9 3.2 25.0 8.8 6.7 33;3 

10 11.9 2.6 20.2 7.3 3.9 19.8 

20 11.8 2.1 21.0 6.8 4.4 29.3 

30 11.5 2.0 20.2 6.8 5.4 25.0 

40 9.3 1.4 12.5 4.0 4.2 12.1 

Treatment *«* *** «** *** NS *«* 

linear *** *** *** *** NS »» 

quadratic ** NS *** **» NS *** 
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Figure 4.6 Number of axillary breaks at 8 weeks on Justicia specigera in response 
to foliar sprays of BA, PBA, and BA+GA»+7. Data are means of 10 observations. 
LSD is experimental LSD. 
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Table 4.4. Effects of three exogenous PGRs, applied as foliar sprays, on growth 
and development of Justicia specigera. 

Treatment 
Axillary 
breaks at 

Flowers 
at 

Elongation 
at Shoot wt fart 

(mgliter1) 8 wks 8 wks 8 wks (cm) fresh dry 

Control 0.0 9.7 30.2 12.2 3.9 

BA 
100 0.5 7.7 24.0 10.2 3.1 

300 3.2 5.5 29.2 12.5 3.8 

500 2.3 6.0 27.5 12.2 3.8 

PBA 
100 0.2 9.2 22.5 11.0 3.6 

300 0.7 8.2 21.7 10.0 3.1 

500 3.3 7.0 28.7 12.3 3.9 

BA+GA,+7 
100 5.3 5.8 36.3 15.1 4.7 

300 4.7 5.7 34.8 13.6 4.3 

500 4.3 6.3 35.8 12.8 3.9 

LSD (0.01) 2.3 2.8 9.6 3.0 
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DISCUSSION 

Photoperiod 

After 8 weeks, 8 hour photoperiods caused restricted elongation in J. 

specigera (Table 4.1). By 16 weeks, plants under 12 hour days had elongated 4 

cm more than those under 8 hour days, due to increased internodal lengths. 

Daylengths in the tropics and subtropics, to which Justicia specigera is adapted, 

range from 10-13 hours (Salisbury and Ross, 1985) and 12 hour days would be 

prevalent much of the year. More importantly, under the conditions of this 

experiment, 16 hour days failed to promote more growth than the 12 hour days. 

This lack of effect from 16 hour photoperiods agrees with those found for 4 

tropical trees (Psidium, Calophyllum, Lysiloma, and Callistemon spp.) the growth 

rates of which were not influenced by the extension of photoperiods from their 

natural length of 9-12 hours to 13-16 hours (Broschat and Donselman, 1986). 

Cuttings had been taken in February from stock plants that were 

flowering. Axillary inflorescences developed on the cuttings during rooting, and 

were removed prior to the start of treatments. None of the three photoperiods 

tested influenced the continuing development of flowers; time to first fully-

expanded flower averaged 6 weeks. This apparent lack of photoperiodic 

influence on the rate of floral development indicates that floral induction in 

Justicia specigera is permanent; ie., is not reversed nor inhibited by subsequent 

exposure to any of the photoperiods tested. 

Growers of container specimens of /. specigera who provide a 12 hour 
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photoperiod for cuttings from induced stock plants will be able to stimulate 

internode elongation and increased biomass production within 8 weeks, with no 

concern that the daylength extension will alter the rate of inflorescence 

development. 

Irradiance 

Twelve weeks of irradiances which averaged 1950 /iniolm^sec'1 at noon 

proved to be a harsh environment for young J. specigera plants. After 12 weeks 

of treatments, plants exposed to full sun gained only 1/6 the height of those 

under 63% shade. Differences in elongation rates between treatments were due 

primarily to differences in internodal lengths (full sun plants had internodes of 

1/4 the length of those under 63% shade). The stimulation of auxin synthesis in 

low irradiances can promote stem elongation (Salisbury and Ross, 1985). Thus 

plants grown in high light often are not as tall as those in shade. However, 

extreme irradiance levels can produce photoinhibition, through inactivation of the 

reaction centers of the photosystems (Boardman, 1977). In this study, the mean 

light level of the unshaded plots at midday was approximately twice that of the 

light saturation point of tropical pasture legumes (Ludlow and Wilson, 1970). 

Studies with geranium (Armitage and Vines, 1982) and peach (Tan and Buttery, 

1986) exposed to high light have corroborated reduced photosynthetic rates under 

extreme light levels. 

Differences in the growth rates could also have been the result of 

effects due to extremes in nutritional status, temperature, or both. Because of 
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the extreme heat, plants in full sun required irrigations twice a day, while shaded 

plants needed less. Often the medium felt wet to the touch at midday, yet plants 

in full sun would show drought/heat stress symptoms. Soluble nutrients originally 

present in the medium were likely leached away in the unshaded plots, or, 

alternatively, the NH3 component in the soluble fertilizer may have volatized 

under the high heat, reducing available N in plants exposed to full sun. 

In this study high light levels correlated with high soil temperatures (r2 

= .98) which averaged 43 ° C in the unshaded containers, were detrimental to 

plant growth, and produced twice the rate of plant death as the soil temperatures 

in 63% shade (366 C). 

Even with adequate nutritional status, temperature extremes can have 

an adverse effect on chlorophyll production and photosynthesis (Leopold and 

Kriedemann, 1975). Ingram (1981) noted that Pittosporum sp. exposed to soil 

temperatures of 41 °C was chlorotic. In work with geranium (Armitage et al., 

1981), plants grown under a range of temperatures showed adverse effects after 

prolonged exposures to 32 "C. The authors speculated that this stress and 

eventual death of the plants under high heat was due to reduced daily net gain of 

photosynthates (lack of significant increases in net photosynthetic rates as 

temperatures rose, though respiration rates approximately doubled), and to 

thermal breakdown of chlorophyll at high temperatures. At the study site in 

Tucson, Arizona, where /. specigera is established in several locations, average 

high soil temperatures for the 3 months during which this study occurred was 
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35.8 °C, considerably less than the 43 °C in the unshaded containers. Justicia 

specigera grown under full sun exhibited the reduced height and paler green 

leaves, effects most probably due to these two factors as well. 

Visually, the plants grown under 63% shade were more attractive, a 

darker green with softer leaves, although possibly too succulent and certainly less 

acclimated to a high light landscape situation. Because the shaded plants 

initiated flowers more quickly, they would be saleable earlier. Production times 

most likely would be earlier in the year. Tests should be done in February, 

March and April. During those months in Tucson, Arizona, midday irradiances 

approximate 1600-1800 /nmolm^sec'1. Low to intermediate shade levels (eg., 30-

50%) would not cause such extreme soil temperatures, would require less 

frequent irrigation, and might be optimal for producing dark green, compact 

container specimens which would transplant readily to full sun or partial shade. 

Height Control 

The suppression of growth within 4 weeks with increasing concentrations 

of uniconizole supports findings of Sterrett (1988), who found that uniconazole 

injections of 0.1 to 1000 /igplant'1 suppressed elongation and weight gain of 

Phaseolus vulgaris L. seedlings within 7 days. The triazoles, such as uniconazole, 

reduce elongation by suppression of of shoot internodal growth (Sachs and 

Hackett, 1972; Sterrett, 1988), commonly by restriction of gibberellin biosynthesis 

(Larsen et al., 1987; Steffans and Wang, 1986; Sterrett, 1988). In /. specigera, 

responses at 8 weeks to increasing levels of uniconazole included reduced 



135 

internodal lengths and decreased number of nodes. Similar results have been 

reported for florists' hydrangea (Bailey, 1988a), Podranea recasoliana (Bailey, 

1988b), poinsettia (Davis et al., 1987), and California privet (Sterrett, 1988). 

Slight suppression of branching occurred with all levels of uniconazole, 

except 30 mgliter'1. Other recent results have been similar. Hydrangeas 

responded to weekly sprayings of 15 or 30 mgliter"1 uniconazole with a reduction 

in number of leaf pairs formed (Bailey, 1988c). Peach seedlings sprayed with 

either 1 or 4 sequential doses of varying concentrations of uniconazole (0.75 - 48 

mgtree'1) or paclobutrazol (7.5 - 480 mgtree"1) exhibited reduced lateral shoot 

number when treated with the highest levels (Liyembani and Taylor, 1989). 

The delay of flowering as a result of treatment with triazoles has been 

reported for chrysanthemum (Cathey, 1975), Easter lilies (Bailey and Miller, 

1989), and florists' hydrangea (Bailey, 1988a; 1989). In contrast, more and earlier 

flowering on hibiscus resulted from ancymidol treatments (Shanks, 1972) and 

uniconazole shortened time to inflorescence initiation and development of 

hydrangea (Bailey, 1988b) and azaleas (Larson, 1985). Number of days to 

anthesis of the first flower in this study were not measured. However, at 12 

weeks, plants exposed to 40 mgliter'1 had produced fewer flowers than the 

controls, a condition unrelated to the node number which was similar (data not 

shown). 

The reduction of fresh and dry weights supports the findings of 

Liyembani and Taylor (1989) who found that XE-1019 sprayed on peach seedlings 
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reduced the total plant dry weight in a consistently linear fashion, regardless of 

the spray method used. 

The persistence of uniconazole effectiveness warrants further 

investigation. Container-grown landscape plants which have responded to growth 

retardants may resume their normal rates of growth upon being transplanted 

(Cathey, 1975). In this study, the growth-retarding effects were persistent through 

12 weeks. At this time, all plants had initiated inflorescences and were in 

saleable condition. In studies on established hedges, effective elongation was 

restricted by paclobutrazol and flurprimidol for over one year (Hield, 1986). 

Other investigations have shown that pecan growth responds to triazole basal 

trunk drenches for 2 years (Wood, 1986), though American sycamore only showed 

effects for one year (Sterrett, 1988). 

These results indicate that sprays of 30 mgliter"1 uniconazole will 

suppress internodal lengths of Justicia specigera, resulting in reduction of 

elongation without interference with axillary branching. Flower number is 

proportionally reduced with increasing concentrations, however. 

Branching 

Foliar sprays of BA+GA«+7 stimulated axillary branch formation in/. 

specigera after 8 weeks, without affecting height. Similar results were found after 

8 weeks with 500 and 1000 mgliter"1 promalin sprayed onto Boronia megastigma 

'Lutea' (Lewis and Warrington, 1988), and after 5 months with 1000 and 2000 
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mgliter"1 sprayed onto one-year old 'Bartlett' pear, 'Bing' cherry, and 'Oregon spur 

II Delicious' apple (Cody et al., 1985). In the present study, the concentration of 

BA+GA,+7 did not significantly affect the results: 100 mgliter'1 produced branch 

numbers similar to 500 mg (Table 4.4). Thus, 100 mgliter'1 would more 

economically stimulate branching of J. specigera when applied as a foliar spray. 

BA at medium levels (300 mgliter"1) produced more branches than the 

controls, yet high levels of BA were not effective (Figure 4.6), possibly indicating 

a toxic reaction at higher levels. Responses to BA levels have been shown to 

vary by species. Sprays of 100 and 200 mgliter"1 BA, when applied to 

Schlumbergera truncata (Haw.), were sufficient to increase the number of 

phylloclades on plants grown under 16 hour photoperiods, and BA at 200 mgliter" 

1 stimulated greater flower bud number on plants under 8 hour days (Ho et al., 

1985). On the other hand, 1000 mgliter'1 and higher concentrations of BA 

stimulated axillary shoot development in a non-pinched non-branching genotype 

of poinsettia when applied in lanolin to axillary buds (Semeniuk and Griesbach, 

1985). Thus responses to BA concentrations are species specific. 

In contrast to BA, high levels of PBA were needed to induce axillary 

breaks. Differences between effective concentrations in BA and PBA were also 

reported by Carpenter et al. (1971) who used 200 and 300 mgliter"1 PBA, yet 

required 500 and 1000 mgliter'1 BA, to stimulate lateral branches on non-pinched 

poinsettias. Other investigators (Cody et al., 1985; Elfving, 1984) have suggested 

that BA alone and BA+GA,+7 induce similar branching responses, and that the 
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GA component of promalin, while it might elongate axillary breaks, does not 

promote an additive effect on branching rates. Our results support this 

hypothesis, at least at levels of 300 and 500 mg-liter"1. Comparisons of BA and 

BA+GA,+7 at these 2 levels indicate no significant differences in the initiation of 

branching. 

Although comparisons between 500 mgliter"1 of the 3 chemicals 

indicated no significant differences, 100 mgliter"1 BA+GA,+7 produced more 

breaks than 100 mg of either BA or PBA Therefore, for economical reasons, 

100 mgliter"1 BA+GA,+7 would be more feasibile. Even though none of the 

treatments influenced height after 8 weeks when compared to the controls, the 

trends were for BA+GA<+7 to induce elongation and for PBA to restrict growth 

(Table 4.4). On Psuederanthemum and Strobilanthes, two other genera within the 

family Acanthaceae, PBA applied as pre-propagation dips at 200 and 300 

mgliter'1, did restrict subsequent growth (Sanderson, et al., 1987). Although fresh 

and dry weights of plants treated with any of the chemicals did not differ from 

the controls, those sprayed with BA+GA«+7 tended to weigh more than others. 

Because of the lack of differences in node number or in internodal lengths, this 

slight increase in biomass would most probably be due to the greater number of 

axillary breaks, in combination with slightly increased height, on plants treated 

with BA+GA»+7. 

Branching stimulators often influence the number of flowers, either 

because of a change in the number of terminal shoots, or through interference 
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with the flowering mechanism. In one study, although applications of 100 

mg^er'1 BA increased flower buds on apical phyloclades of Easter cactus, they 

also delayed flowering and caused bud abortion and smaller flowers (Boyle et al., 

1988). The inflorescences of /. specigera are formed in the axils prior to induction 

of breaks. It would seem that the presence of the flowers might influence the 

number of breaks. However, after 8 weeks, medium and high levels of BA and 

all levels of BA+GA^, reduced the number of flowers in J. specigera compared 

to the controls, yet did not have more branches as a result (Table 4.4). 

In summary, when used as a foliar spray on J. specigera in container 

production, 100 mgliter'1 BA+GA,+7 will economically stimulate increased lateral 

branching by 8 weeks, yet will have little or no detrimental effects on elongation. 
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Increasing urban populations in the face of decreasing available water has 

made landscaping with native and arid-adapted material an idea whose time has 

come. The increased use of drought-tolerant species depends on efficient 

production of attractive specimens which in turn requires knowledge of factors 

which influence growth and development. Investigations of optimal production 

practices for three arid-tolerant landscape species produced the following results: 

Calliandra californica 

Photoperiods of 16 hours increased biomass through expansion of 

internodal lengths and did not revert floral induction. Plants showed increased 

heights and greener foliage, and required less frequent watering under 63% shade 

although 30% shade may be more suitable for plants to be used in the landscape. 

Neither BA, PBA, or BA+GA<+7, applied as foliar sprays, produced increases in 

axillary branching, although some inconsistent height restriction occurred. 

Flower development was not affected by any level of the factors investigated; all 

plants produced flowers throughout all treatments. 

Caesalpinia pulcherrima 

C. pulcherrima responded within 4 weeks to 16 hour photoperiods through 

elongation due primarily to increased number of nodes. Responses to irradiances 

of 1950 /imohn'V, and resultant soil temperatures of approximately 430 C, 

included stunting, chlorosis, and high percentage of mortality. A soil drench of 
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3.75 mg uniconzole per pot suppressed elongation within 8 weeks due to 

decreases in internodal lengths. Foliar sprays of 500 mgliter'1 PBA stimulated 

production of axillary breaks without excess elongation and without the need for 

pinching. Pinching may be able to overcome juvenility and allow for selection of 

early flowering genotypes. 

Justicia specigera 

Plants under 12 hour photoperiods increased heights after 8 weeks through 

expansion of internodal lengths, without interference with previous flower 

induction. Shade levels of 30% and 63% produced greener foliage, stem 

elongation, and faster flowering after 12 weeks, as well as requiring less frequent 

irrigations. While uniconazole foliar sprays at 40 mgliter*1 suppressed elongation, 

that level restricted axillary branching and floral development after 12 weeks; 30 

mgliter'1 suppressed elongation less reduction in axillary branching. Foliar sprays 

of 100 mgliter'1 BA+GA^ increased the amount of axillary branching, with no 

detrimental elongation effects. 

The manipulation of factors which influence final size, shape, and 

flowering will allow the nursery industry in the Southwest to produce compact, 

branched container specimens of Ccdliandra californica, Caesalpinia pulcherrima, 

and Justicia specigera. The increased availability of these and other low-water use 

material will, in turn, stimulate sales and interest in xeriscape gardening. 
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