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Abstract

The discovery of auxins as plant growth regulating chemicals in the 1930s and their ability to stimulate adventitious rooting|in stem

years has provided information regarding absorption and translocation of auxin in cuttings, as wellfastshef éming of auxin
application, methods of auxin application, type of auxin, and concentration of auxin on the rooting response oflftitthassl
quick-dip method, the powder application method, and the dilute soak method have been the most commonly used methods far applying
auxin to cuttings in commercial horticulture over the past 7 decades, with the first two methods still in common.Useatintiign,
a wide variety of other auxin application methods have been reported beginning in the 1930s and continuing to the present| Some of
these methods remain primarily of historical interest, several find limited use in commercial horticulture, and others show potential for

greater use in the future. Opportunities exist for further development of auxin application techniques that can enhance plant quality

efficiency and productivity of the cutting propagation process, and worker.gdfestyeview provides horticulturists, from the academic
researcher to the commercial propagatagth an exploration of auxin application methods over the past 70 years, along with an
examination of the physiological response of cuttings to applied auxin and an overview of issues leading to future opportunities.

Index words: basal quick-dip method, powder application method, extended basal soak method, indole-3-acetic acid (I1AA), indole-3-
butyric acid (IBA), 1-naphthaleneacetic acid (NAA), plant growth regulators, rooting hormones, adventitious rooting.

Significanceto the Nursery Industry namental Ian_dscape plants (_both established and newly in-
Following the discovery of auxins as plant growth regu- troduced cultivars) by nurseries throughout the world every

lating chemicals in the 1930s, their ability to stimulate root Y&3f _ .
formation on cuttings was soon established and research into 1N nursery industry continues to face challenges and seek
efficient and efective methods of applying auxins to cut- Means of improving productionfigiency, enhancing prod-
tings began in earest. Commercial propagators quickly rec- UCt quality reducing chemical inputs, and promoting worker
ognized the advantages of applying auxin for rooting stem saf_et_y Improved propagation practices have a part to play in
cuttings of many nursery crops, including some of the more fulfilling 'ghese objectives, prowdm_g further opportunities for
challenging-to-root taxa, and incorporated methods of auxin a_cadem|c re_sez_irchers, commercial propagators, and profes-
application into their standard nursery propagation practices. Sional oganizations (such as the International Plant Propa-
Evaluation of the merits of various auxin application meth- 9&tors'Society) to build upon pastfefts and enhance cur
ods continued through the 20th centwith the basal quick- rent knowledge in moving the nursery industry forward
dip and powder application methods becoming established through the 21st century
as the most commonly used techniques in modern nurseries. :
Some less common methods of auxin application still find | Ntroduction
limited use with specific crops or show potential for greater ~ Use of auxins in cutting ppagation The discovery of
use in the future, while others remain of historical interest auxins as plant growth regulating chemicals and early research
and an inspiration for continuing researéithough com- into their physiological éécts and practical applications form
mon methods (such as the basal quick-dip) tend to be easya fascinating story of horticultural research (173). From these
and simple in daily practice, the development and use of thesestudies, the finding that auxins could stimulate adventitious
methods has had a profound impact on clonal plant propaga-rooting in cuttings was a major breakthrough for commercial
tion over the past 70 years. Such an impact is evident in theplant propagation (5). In the 19308himann and Koepfli
production and distribution of millions of cutting-growrr or ~ (170) reported the synthetic preparation of indole-3-acetic
acid (IAA), a naturally occurring auxin that had recently been
- o S _ found to have root-forming properties, and demonstrated its
2%%(;e|ved for publication Septembel, 2006; in revised formpril 10, practical use in stimulating I’_OO'[ _formation on c_uttin_gs. In the
Assistant Research Professdolythe@pss.msstate.edu>. same yeaithe Synthetlc- auxins indole-3-butyric acid (IBA)
and 1-naphthaleneacetic acid (NAA) were shown to be more

SAlumni  Professor <sibleje@auburn.edu> and Professor . . . .
<tiltken@auburn.edu>, respective®epartment of Horticultureduburn effective than IAAfor rooting (193)' IndOIe"?"bUtynC acid

University Auburn,AL 36849. was later found to occur naturally in plants as a conversion
“Professar <ruter@uga.edu>. Department of Horticulture, University of ~Product of IAA, but occurs at lower concentrations th_an IAA
Geopia, Coastal Plain Experimenta8on, Tifton, GA 31793. (111, 112). At present, IBAand NAA are the most widely
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cuttings marked a major milestone in the modern history of plant propagation. Basic and applied research conducted during the past 70
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used auxins for promoting root formation on stem cuttings.
Auxin treatments are commonly used in commercial plant

ron, and chlorophyll extract have also been used in cutting
propagation (47).

propagation to increase overall rooting percentages, hasten

root initiation, increase the number and quality of roots, and
encourage uniformity of rooting (7213).

Publication of results of rooting trials with stem cuttings
of ornamental species conducted at OhaieSUniversity by
Chadwick and Kiplinger in 1938 signaled a major advance
in the application of technology to the field of commercial
plant propagation (75). Chadwick and Kiplinger (34) dem-

onstrated, depending upon species, auxin treatment could
enhance rooting percentage and quality of the root system.

Plants normally propagated by softwood cuttings could be
rooted in less time than nontreated cuttings. Howekey

also noted auxin treatments did not benefit species that were

normally difiicult to propagate, thus providing opportunity
for further researchThe transfer of this technology from
scientists to nursery growers was rapid (140). Commercial
rooting products containing auxin were being manufactured
and made available to commercial propagators within only a
few years of the discovery of auxin.

Auxin formulations for commeel propagation Commer
cial root-promoting products containing auxins as their pri-
mary active ingredients are often labeled or referred to in
popular usage as ‘rooting hormones’. Howeirethe scien-
tific literature, the term hormone is typically limited to natu-

Physiological Response of Cuttingsto Applied Auxin

Timing, concentration, and type of aux®ptimal rooting
response by cuttings typically occurs when auxin is supplied
soon after cutting preparation. In examining the response of
stem cuttings of mung beakifina radiata(L.) R. Wilcz.
(syn.Phaseolus awusRoxb.)] to IBA, Jarvis et al. (93) re-
ported high concentrations of auxin should be supplied im-
mediately after the cutting is prepared to obtain the maxi-
mum efect of auxin. Shibaoka (150) reported |/&fplied
at a high concentration during the first 24 hr increased the
number of roots more than IAA applied during the second 24
hr on cuttings of adzuki bea¥ifjna angularigWilld.) Ohwi
& H. Ohashi varangularis (syn.Azukia angularigWwilld.)
Ohwi)] seedlings. IAA applied at low concentrations during
the first 24 hr did not increase the number of roots on cut-
tings, but enhanced thefeft of IAA applied during the sec-
ond 24 hrindicating more than one auxin-promoted action
leading to root formationA suficiently high dose of IAA
applied on the first day was able to fulfill the requirement for
auxin on the second day

In contrast to the standard practice of applying auxin to
cuttings soon after their preparation, Luckman and Menary
(110) determined root initiation in di€ult-to-root cuttings
of shining gum [Eucalyptus nitengH. Deane & Maiden)

rally occurring auxins (IAA and IBA) and other endogenous Maiden] occurred in response to a 48-hr basal soak in a solu-
compounds that are active in small concentrations, synthe-tion of IBA at 20 mg/liter (ppm), with the greatest response
sized at several sites in the plant, and elicit a variety of growth obtained when auxin was applied 4 or 5 weeks after the cut-

and morphogenetic responses (198)is definition is less
restrictive than that pertaining to animal hormoié term
plant growth regulator (PGR) is used in reference to natu-
rally occurring auxins and other plant hormones, as well as
synthetic auxins and other compounds with hormonal prop-
erties.

Commercial products containing IBA, NAA, or a combi-
nation of IBA and NAA are available to commercial propa-
gators in liquid, powder (talc), and watluble tablet for
mulations (72). Powder (talc) formulations of auxin at low
concentration are reported to remaiieetive for 1 to 2 years
and higher concentrations for up to 5 years (1A8)ough
concentrated solutions of IBA in 50% isopropyl alcohol tend
to change color during storage, no significant change in bio-
logical activity or breakdown was detected when solutions

tings were inserted into the rooting substrataxin treat-
ment immediately after preparation of the cuttings had no
significant efect in comparison with nontreated cuttings.

The proven déctiveness of auxin applications in promot-
ing adventitious root formation in cuttings has attracted more
interest than any other topic in propagation research (107).
However results from these trials are not readily reproduced.
Nevertheless, research findings tend to agree in two respects:
auxins are promotive of adventitious rooting when compared
with nontreated controls, and high concentrations of applied
auxin are often damaging (107).

With increasing concentration, auxins can produce a vari-
ety of growth abnormalities within 24 hr after treatment, in-
cluding leaf epinasty (downward curvature), stem curvature,
intensified green leaf pigmentation, and growth inhibition

were stored in clear glass bottles under refrigeration and at(64). Reductions in stomatal aperture, transpiration, and car

room temperature for up to 6 months (143)e potassium

(K) salt (K-salt) formulations of IBA and NAA (e.g., K-IBA
and K-NAA) enable these auxins to be dissolved in water
without the use of alcohol or otherganic solvents. Potas-
sium salt formulations have been reported to be more, less
or equally afective as acid formulations for rooting cuttings

bon assimilation can also occilihese changes are followed

by accelerated foliar senescence, chloroplast damage, destruc-
tion of membrane and vascular system integrigcrosis,

and plant deattA high level of auxin stimulates biosynthe-

,Sis of ethylene, which in turn triggers abscisic acid (ABA)

production (64)TheABA is translocated through the plant,

depending on species, type and concentration of auxin, typetriggering stomatal closure and, together with ethylene, pro-

of cutting, time of yearand other factors (2, 7, 48, 81, 96,
117,129, 137, 139, 161, 191). Gel formulations of auxin are
also available and have been used successfully (15).
Isopropyl alcohol and ethyl alcohol are common solvents
in liquid formulations (50). Other solvents or carriers that
have been used in commercial and noncommercial auxin for
mulations include acetone, methanol, dimethylsulfoxide
(DMSO0), dimethylformamide (DMF), polyethylene glycol,
propylene glycol, and ethylene glycol (3, 38, 39, 47, 89).
Commercial auxin formulations containing fungicides, bo-
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motes leaf senescence and, ultimatégath (64).

Depending upon type and concentration, auxins can pro-
mote rooting, inhibit shoot growth, or produce herbicidal ef-
fects. NAA, often used in root-promoting products for cut-
ting propagation, can also be used on landscape and con-
tainergrown plants to inhibit unwanted basal sprouting (28,
51, 97). NAA can also be used as a herbicide for weed con-
trol (83).The auxin 2,4-dichlorophenoxyacetic acid (2,4-D),
commonly used as a herbicide, can also be used at low con-
centrations to stimulate rooting of stem cuttings (14, 36, 151).
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Absorption of auxinEffectiveness of exogenous applica-
tions of auxin in promoting rooting on stem cuttings is de-
pendant on adequate absorption by plant tigsbsorption

of auxin solutions at the base of stem cuttings can be influ-

Cuttings of chrysanthemum treated with talc absorbed only
6% as much NAA as that absorbed by cuttings receiving a 5-
sec quick-dip and about 3% of that absorbed by cuttings
soaked for 16 to 24 hfreating cuttings in ethanol for 5 sec

enced by auxin concentration and treatment duration, with prior to applying talc increased auxin uptake 5-folthen

increasing concentration and duration providing greater up-

take (86)Amount of time between cutting collection/prepa-

cuttings were treated with talc, only 3% of the initial amount
of talc was still adhering to the cuttings after 24 hr under

ration and treatment can also have an influence on absorp-mist. The dilute soak method provided the greatest uptake of

tion, with greater water loss from the cutting base prior to

NAA and the greatest number of roots; howgtrerse roots

treatment increasing the suction that develops at the base ofdid not elongate well. Nontreated and talc-treated cuttings

the cutting. Depth of treatment can aldeeifabsorption and

rooted only at the bottom of the cutting, while the quick-dip,

subsequent rooting response, with increased depth provid-dilute soak, and ethanol pre-dip treatments resulted in root-
ing additional solution that can run down the epidermis and ing both at the bottom and along the stems of the cuttings.
be absorbed through the cut base. Gouws et al. (61) reportedOn cuttings treated with auxin solutions, the greatest uptake

most of the auxin applied basally in liquid form to cuttings
of ‘lvy’ protea Proteal. ‘lvy’) was absorbed during the

first second of immersion, and the rate of auxin uptake de-

creased rapidly with increase in time of treatment.
Absorption of auxin applied in liquid solutions is also in-

of auxin occurred at the cut surface.

Absorption of auxin solutions by plant foliage can be
strongly afected by the physical structure of the foliage it-
self. Leopold (106) noted waxy leaf surfaces [as with garden
pea Pisum sativumi_.)] are more diicult to wet, causing

fluenced by the presence of natural and man-made openingsapplications of auxin at a given concentration to be less ef-

on cuttings. McGuire et al. (126) reported 7.6 to 10.2 cm (3
to 4 in) long stem cuttings of convex-leaf Japanese Huly [
crenataThunb. ‘Convexa’] absorbed IAA-ZC when the

fective than on plants with leaves that wet easily [e.g., to-
mato Solanum lycopersicuin.)]. In addition, the physical
form of the foliage can influence absorption, as noted by the

cut basal ends and freshly exposed leaf scars on the lowesgreater run-dfof spray droplets from leaves with smaller
2.5 cm (1 in) of the cuttings received a 10-sec basal dip in a surface-to-volume ratios. Howeyeatomata do not appear

solution of IAA. Little IAA was absorbed when the base and
leaf scars of the cutting were sealed with gdargdrior to

receiving the basal dip. Preparation of cuttings with a wound

consisting of a 2.5 cm (1 in) long, 0.16 to 0.32 cm (0.063 to
0.125 in) wide incision extending to the xylem prior to a
basal dip in IAA did not significantly increase uptake of the
auxin.

Absorption of auxin from powder formulations can be in-

to have much bearing on the absorption of fedigplied auxin
(181).

Environmental conditions, including temperature and light,
can also déct absorption of foliaapplied auxin. Rice (141)
showed total absorption of ammonium 2,4-dichlorophenoxy-
acetic acid (2,4-D) was considerably more rapid at 32C (90F)
than at 10C (50F), although the duration of absorption was
apparently less due to more rapid drying of the spray drop-

fluenced by factors operating at the interface of the powder lets at the higher temperatures. Rice (141) also noted absorp-
and the cutting stem (87). Prewetting the base of the cutting tion of 2,4-D was greater in the dark than in the lighis

with water or another solvent increases the loading of the effect was likely due to an extended period of wetting in the
powder and subsequent absorption and rooting responsedark and more rapid evaporation of droplets in the lifjn.
Extended retention time of the powder can also result in more relative rapidity of foliar absorption of auxin was apparent

effective uptake of auxin and improved rooting response, pro-

vided auxin levels are not supraoptinfss. with liquid for
mulations, the entry of auxin from the cut end of the cutting
tends to elicit the most fafient rooting response, although
epidermal applications of powder can be mofeotive if
preceded by a solvent dip. Hitchcock and Zimmerman (81)
reported powder remaining on rose of Shardibiscus
syriacusL.) cuttings for a period as short as 2 hr allowed
sufficient uptake of auxin to induce better rooting than on

in a study by Overholser et al. (134) in which simulated rain
applied 8 hr after application of NAA did not perceptibly
reduce the ééct of auxin in preventing preharvest drop of
apple Malus domesticdorkh.), while simulated rain ap-
plied after 2 hr had an adversdeet. Weaver et al. (182)
reported an immediate heavy rain caused no lessening in the
response to 2,4-D applied in an oil solution to soyb&ay [

cine max(L.) Merr.] and red kidney bearPhaseolus vul-
garis L.), but rainfall often lessened the response to 2,4-D

nontreated cuttings. Powder remaining on the cuttings for 24 applied as an agueous solution. Response of greenhouse-

hr appeared to provide an optimal rooting response.
Uptake of auxin by softwood cuttings of Manhattan eu-
onymus Euonymus kiautschovicli®es. ‘Manhattan’) and
herbaceous cuttings of ‘Bright Golden Princ&age’ chry-
santhemum Chrysanthemumxmorifolium Ramat. (syn.
Dendranthema morifoliurfRamat.)rzvelev) ‘Bright Golden
Princes#\nne’] was studied by Geneve (58) using the quick-
dip [NAA at 2000 mg/liter (ppm)], powder application [NAA
at 2000 ppm (0.2%)], and dilute soak [NAA at 200 mg/liter
(ppm)] methods usingfC-labeled NAA. Number of roots

grown plants to an aqueous solution of 2,4-D was not dimin-
ished by artificial rainfall 6 hr or more after chemical appli-
cation, but response of field-grown plants was diminished if
rainfall occurred within 24 hr of chemical application, indi-
cating developmental stage of the plants or dissimilar envi-
ronmental conditions couldfatt absorption.

The pH of the auxin solution or powder can also influence
the degree of absorption. Crafts (43) noted polar solutions
are generally more fefctive on young foliage, while nonpo-
lar solutions, such as esters, are mofectf/e on the more

per cutting was correlated with auxin uptake regardless of heavily cuticled (more lipoidal) older foliag&lbaum et al.
application method. Cuttings of chrysanthemum absorbed (1) demonstrated auxin entered stonewidite{la Agardh.)
more auxin than cuttings of euonymus, likely due to a less cells in solution as the undissociated acid through a simple

waxy cuticle that permitted greater entry through the epider

mis with the quick-dip, as well as a greater transpiration rate.

168

diffusion process, and occurred most rapidly at pH values
below the pKa value of 4.75. In a study with tissue cultures
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of ‘Gala’ and ‘Triple Red Deliciousapple, Harbage et al.  polar transport; 2) passively through the phloem; and 3) ac-
(65) found root formation and uptake ®f-IBA were in- ropetally in the xylem (with exogenous application).
versely related to root initiation substrate pH, with maximum  Auxin is unique amongst plant hormones in exhibiting a
root count and IBAuptake occurring at pH 4.0. Howeyer  polarity (unidirectional nature) in its movement within plants
pH of the root initiation substrate did nofexdt IBA metabo- (13).As summarized byaiz and Zeiger (167), the polar trans-
lism. Chadwick and Swartley (35) mixed malic acid with port of auxin occurs primarily in a basipetal direction, with
commercial rooting powders to reduce the pH to 3.0 and the shoot apices serving as the primary sources of endog-
found the acid mixtures to be moréeetive than the unal-  enous auxin for the entire plant. Polar transport contributes
tered powder formulations in rooting cuttings of Pfitzer ju- to the creation of an auxin gradient from the shoot to the
niper Junipeus xpfitzeriana(Spath) PA. Schmidt] and Japa-  root, with the auxin gradientfatting various physiological
nese yew Taxus cuspidat&iebold & Zucc.); howevere- processesAccording to the commonly accepted chemios-
sults varied according to the time of year motic model for polar auxin transport, uptake of auxin is
Based on a study examining uptake of 2,4-D byAsdr{a driven by the prain motive force 4E + ApH) across the
L.) coleoptiles, Johnson and Bonner (94) described the up- plasma membrane, while auxirflek (transport from the
take of auxin by plant tissue as consisting of three separablecell) is driven only by the membrane potentisiE). Auxin
processesthe first, completed in 20 to 30 min, resembles a enters cells either by passivefdgion across the phospho-
diffusion into the tissue in the sense that auxin taken up by lipid bilayer or secondary active transport via a proton
this process is readily leached to the outside solufiba. symporterAuxin exits cells via auxin éfix carriers that are
second, also a rapid process, resembles a binding, since théocated mainly at the basal end of each dgie repeated
bound auxin can be removed by exchange for unlabeled auxin.uptake of auxin at the apical end of the cell and release from
The third is a continuing absorption, maintained at a steady the basal end of the cell results in the overall polar transport
rate for several hourhey also determined auxin could be effect. Polar transport is thought to occur primarily in paren-
accumulated by the tissue to a concentration higher than thechyma cells associated with the vascular tissue.
external concentration and the rate of continuing uptake was  The importance of polar auxin transport for adventitious
inhibited by low temperature and metabolic inhibitors, while rooting of cuttings was demonstrated by Ford et al. (57) com-
initial diffusion was little inhibited by these same inhibitors. paring rooting responses offitifult-to-root stem cuttings of
In addition, the rapid initial amount of uptake of auxin was |jjac (Syringa vulgarid_.) and easy-to-root stem cuttings of
increased (primarily with the exchangeably bound compo- forsythia ForsythiaxintermediaZabel). Rooting ability of
nent) in the presence of salts such as KCI, K malate, or |jjac cuttings declined over the growing season (May to June).
KH,PO,, while both the exchangeable binding and the con- |njtial free IAA concentration at the cutting base declined,
tinuing uptake of auxin were inhibited by the presence of a pyt the relationship between basal IAA concentration and
high concentration of a second auxin, IAA. rooting ability was not strong, indicating other factors were
_ Surfactants can alsofatt the uptake of auxin by plant |50 involvedThe ability to transport IAAleclined in lilac
tissues. Lownds et al. (109) demonstrated surfactants cangyer the period of maximum growth, and declined to a lesser

enhance foliar penetration of NAA and the response is re- extent in forsythia; this diérence was also maintained in
lated to the chemical nature of the surfact@he three non- winter hardwood cuttings. Use of the polar transport inhibi-

ionic surfactants tested decreased surface tension of NAAor 2 3 5-triiodobenzoic acid reduced rooting ability in both

solutions, resulting in an increase in droplet to leaf interface gpeciesA basal treatment with IBAid not maintain the root-
area, but dfered in degree of increase in NApknetration.  jng apility of lilac cuttings during the growing season. It was
Enhancement of NAA penetration was greatest during the gyggested a basal auxin dip might not lead tficgerft lev-
droplet-drying phase, but penetration continued to take place g|s of auxin in the specific tissues for root initiation in lilac.
from the deposit after dryinghere was little change in pen- Among the naturally occurring auxins, only IAA and IBA
etration associated with increased .drymg time. In addltlon,. are translocated via polar transport (156). Biologically ac-
surfac_:tant—enhanced NAA penetration caused an increase ing, o synthetic auxins, such as 1-NAA, also show polar trans-
NAA-induced ethylene synthesis. Shafer et al. (149) noted port; however 2,4-D shows little polar transport. Biologi-

s_urfactant concentration cou!dfeaft SOFP“OU by_plant cu- cally inactive analogs, such as 2-NAA and 2,6-dichlorophe-
ticles. In one studyNAA sorption was not significantly af- noxyacetic acid, do not exhibit polar transpatent and

fected below the critical micelle concentration (CMC), but \yhite (187), using an oat coleoptile curvature test, demon-
decreased with increasing surfactant concentration above theg ated diferences in the transport rate among various aux-

CMC. In a study using NAA, 2,4-D, and several nonionic g "\yith |AA being greater than IBA, and IBA greater than
surfactantsTan and Crabtree (168) showed nonionic surfac- ' 99 ' g

tants could have fcts on foliar penetration of plant growth
regulators in addition to changing wetting, drying time, and |,
stomatal entry of the spray solutidrhe efects were related
to the chemical classification and hydrophilic-lipophilic bal-
ance of the surfactants and depended on the type of growth
regulators.

Most of the auxin synthesized in mature leaves appears to
e transported to the rest of the plant in a nonpolar direction
through the phloem along with carbohydrates and other com-
ponents of the phloem (167). Phloem transport of auxin is
primarily passive and occurs at greater velocities than with
polar transport in other plant tissues. Research by Cambridge
and Morris (32) with“C-labeled IAA suggested auxin could

Translocation of auxinEffectiveness of exogenous appli-  be transferred from the nonpolar phloem pathway to the po-
cations of auxin in promoting rooting on stem cuttings also lar transport pathway in garden pea, with the transfer appar
depends on adequate translocation from the site of applica-ently taking place in the immature tissues of the shoot apex.
tion to the site of adventitious root initiatichuxin translo- Weaver and DeRose (181) found 2,4-D was translocated
cation can occur in three primary manners: 1) basipetally by more readily from well-lighted leaves than from shaded
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leaves, indicating translocation of foliapplied auxin had an ethanol solution could enter the stem both from the cut
some relationship to carbohydrat®#ghile translocation of surface and through the epidermis along the entire treated
2,4-D did not appear to take place when applied to plants in length of the stem.

darknessWeintraub and Brown (183) found translocation

occurred readily when plants were moved into the light. Common M ethods of Auxin Application

Rohrbaugh and Rice (144) determined application of sugar  three methods of applying auxin to stem cuttings have
to darkened leaves treated with 2,4-D would substitute for aen most common in commercial horticulture over the past

light in causing translocation of 2,4-D from the treated leaf. 4 vears: 1) the basal quick-dip (concentrated-solution di
Weintraub and Brown (183) confirmed these findings by Zimply, q)uick—dip) mgthod; 2F)) t(he powder (talc or dust)p
showing a wide variety of sugars would serve in bringing  5ppjication method; and 3) the dilute soak (dilute-solution
about translocation of 2,4-D. , soaking) methodThe basal quick-dip and powder applica-
Early research by Hitchcock and Zimmerman (78) on the o methods tend to be most common, with the quick-dip
translocation of exogenous auxin in plants showed auxins generally considered to be the superior method of the two
applied to the soil could move acropetally in plants, suggest- 50y The dilute soak method, an older technique, is some-
ing movement within the transpiration stream. Coqper (42) times practiced with cuttings of certain speciet3j1
found when the cut ends of the base of leafy le(@us The basal quick-dip method involves dipping the basal
xlimon (L.) Burm.) or ‘Lady Perkins’ roseRosaL. ‘Lady portion [0.5 to 2 cm (0.2 to 0.8 in)] of a stem cutting into a
Perkins’) cuttings were placed in an auxin solution, there .oncentrated [500 to 10,000 mg/liter (ppm) or greater] solu-
was some upward movement of the auxin depending on theion of one or more auxins for 1 to 5 sec (or longer) prior to
rate of transpiration, with stronger solutionfeefive for in- inserting the cutting into the rooting substratdvantages
ducing root formation. , _ of quick-dips include: 1) speed and simplicity of applica-
Skoog (155) found auxin moves upward in the xylem with - tjon; 2) uniformity of application (with individual or bundled
the transpiration stream, then moves laterally into the sur cuttings); 3) greater economy (particularly if ayguantity
rounding tissues, and then is reexported by normal polar ba-of cuttings is to be treated); 4) ability to prepare a variety of
sipetal transporithe downward movement appeared to con-  fina| concentrations; and 5) general uniformity of results. Dis-
sist of cell-to_-cell movement in nonvasgular tissues anq (ata advantages of quick-dips include: 1) preparation requires ex-
faster rate) in the phloem. Under_ special _condmons, m_the perience and equipment; and 2) auxin concentration can
presence of very high concentrations, auxin introduced into change during extended use due to evaporation of alcohol or
the plant appeared to also move downward in the xylem.  gjlution with water (from wet cuttings or other sources) (16,
After killing a portion of a stem with a flam@/eaver and 72, 13, 190).
DeRose (181) found upward movement of 2,4-D from the  The powder application method involves dipping the basal
soil to the apex was unimpeded, but downward movement portion [0.5 to 2 cm (0.2 to 0.8 in)] of a stem cutting (often
was impeded, supporting movement of auxin in the xylem pre-moistened to enhance adhesion) into a blend of auxin
tissue. Leop_old (106) indicated such translocation in the Xy- and talcum powdefollowed by a light tap to remove excess
lem was unlikely to occur to any great extent when auxins powder prior to inserting the cutting into the rooting sub-
are applied as foliar sprays, but could occur when auxin was strate Advantages of powders include: 1) ease of applica-
applied to the soil or to a cut plant part, providing direct ac- tjon; 2) preparation is not required with commercial formu-
cess to the transpiration stream. lations; 3) easy storage; and 4) visible evidence of applica-
In trials using“C-labeled IAA for rooting leafy stem cut-  tion for workers. Disadvantages of powders include: 1) less
tings of plum(PrunusL. ‘Mariana 2624’), apically and ba-  uniformity of application; 2) loss of powder when inserting
sally applied auxin was absorbed and distributed throughout the cutting into the rooting substrate; 3) limited selection of
the cuttings in 24 hr (163). Howeyenost of the radioactiv-  concentrations; and 4) higher cost compared to a quick-dip
ity remained in the basal portion of the cutting when the auxin when a lage quantity of cuttings must be treated (16, 72,
was applied basallyCuttings without leaves absorbed the 113).
same amount of auxin as leafy cuttings, indicating transpira-  The dilute soak method involves placing the basal portion
tion pull was not a primary factor in the absorption and trans- [1 to 3 cm (0.4 to 1.2 in)] of a stem cutting into a dilute
location of auxin. solution [20 to 250 mgl/liter (ppm)] of auxin for an extended
In a study examining transport and metabolism of IBA, period (2 to 48 hr) in a warm [20C (68F)] location with indi-
Epstein and\ckerman (54) incubated the bases of stem cut- rect illumination An advantage of a dilute soak is that it al-
tings of two cultivars of flametigeucadendsn discolorE. lows greater uptake of auxin by the cuttings, which may en-
Phillips & Hutch.) in a solution containirigl-IBA. IBA was hance rooting of some diifult-to-root speciesA dilute soak
rapidly metabolized in cuttings of both cultivars, although tends to be unpopular due to several disadvantages: 1) the
some free IBA was present in the cuttings throughout the 4- process is cumbersome and requires more time; 2) additional
week rooting period. More of the radiolabeled IBA was trans- space and equipment are required for treating cuttings; 3)
ported to the leaves of the easy-to-root cultivar than the dif- additional planning is required to ensure removal of cuttings
ficult-to-root cultivar while more free IBAaccumulated in from the solution; and 4) results can be variable because the
the cutting base of the easy-to-root cultivar than thié- dif  environmental conditions fact the amount of solution ab-

cult-to-root cultivar sorbed (16, 72,1B).
Using“C-labeled NAA, Geneve (58) concluded auxin ap-
plied to cuttings of ‘Bright Golden Prince&sne’ chrysan- Early use of the extended basal soak metladly re-

themum in talc or an agueous solution moves into the stem search with auxin solutions for rooting stem cuttings focused
primarily at the cut surface and is moved up the stem through on their use as an extended basal soak. In the 1930s, Cooper
the vascular system. In addition, NAA applied to cuttings in (42) found soaking the bases of lemon or ‘Lady Perkins’ rose
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cuttings in auxin solution for 8 hr before insertion in sand (DaphnelL.), glorybower(ClerodendumL.), citrus(Citrus
induced a much greater number of roots than on nontreatedL.), and camelligCamellialL.) failed to root in response to
cuttings soaked in wateprovided the auxin concentration  an initial application of IAA, a second treatment with auxin
was suficiently high. He also found number of roots pro- after several weeks or months resulted in additional rooted
duced were from two to five times greater when auxin was cuttings.

applied at the base than when applied at the tip. Howiever

was also noted that basal application at higher concentra- Development of the powder application and basal quick-

tions could cause injury to cuttings. _ dip methodsAlthough an extended basal soak was éecef
When Hitchcock and Zimmerman (80) summarized results jye means of supplying auxin to cuttings to stimulate root-

of research with I1AA, IBA, and NAA at concentrations of 1 ing, research in the 1930s soon turned to developing more
to 400 mgl/liter (ppm) applied using an extended basal soak gimpjified procedures for practical use in which treatment
to cuttings of approximately 100 varieties, treatment imes  times could be reduced to a few seconds. Grace (62) reported,
were also measured in houfhey found efectiveness of  gepending on the speciesieetiveness of the powder (dust)
the treatment was primarily a_functlon of concentration and application method was frequently superior to the extended
not the total amount of solution absorbed. Hitchcock and pasa| soak method for rooting cuttings. Even when similar
Zimmerman (79) further reported preparations of IAA,  regyts were obtained with the two methods, the powder ap-
indolepropionic acid, IBA, and NAA resulted in earlier root- plication method was recommended for its simplicity and
ing, increased number of roots, and promoted rootgenee convenience.

from a greater area of stem tissue in comparison with  gqoytemyer (157) generally found the powder application
nontreated cuttings. On a concentration basis, aqueous solutnethod to be as fefctive as a 24-hr soak in dilute auxin So-
tions of auxin were 100 to 500 times moréeefive than lutions.Application of auxin in talc form was also easier and
lanolin preparations of auxin. o . allowed greater latitude in the concentration of auxin that
~ Skinner (154) utilized a basal soak in dilute auxin solu- ¢coyld be used on cuttings without being toxipplication
tions for 8 to 48 hr in trials examining the rooting of 45 dif-  of the powder to the basal 1 cm (0.4 in) of the cutting was

ferent ericaceous plants in the gen&rkianthusLour. also shown to be preferable to application to the basal cut
(enkianthus)Erica L. (heath)KalmialL. (laurel),Leucothoe  gyrface onlyThe importance of preventing loss of the pow-
D. Don (fetterbush)OxydendrunDC (sourwood)Pieris D. der by inserting treated cuttings into afisigntly wide open-

Don (pieris), an®Rhododendn L. (azalea, rhododendron).  jng in the substrate was also noted, as insertion into narrow
While some plants rooted satisfactorily without auxin treat- openings caused powder to be rubbddtef cutting base.
ment, most exhibited an increase in average rooting over ' Hitchcock and Zimmerman (81) compared an extended
nontreated cuttingsiuxin treatment also reduced rooting  pasal soak, brief powder dip, and concentrated solution dip
time by an average of 2 weeks and producegetaioot sys-  ysing selected concentrations of IBA for rooting stem cut-
tems in comparison with nontreated cuttings. tings of 70 woody ornamentalEheir studies showed opti-
Chadwick and Kiplinger (34) used a 24-hr basal soak in- mum rooting varied by species, age and relative develop-
their studies with auxin application for rooting cuttings of mental stage of the shoot, time of yearxin concentration,
selected woody and herbaceous ornamentals. DeFrance (444nd method of applicatioffreatments with concentrated
found cuttings of kinnikinnickArctostaphylos uva-urgL.) solutions [1000 to 20,000 mg/liter (ppm)] and powder prepa-
Spreng.] could be rooted successfully by immersing the basalrations [500 to 12,000 ppm (0.05% to 1.2%)] were about
2.5 cm (1 in) of multiple terminal, single terminal, and heel equally efective for a given species, but represented values
cuttings in IBA solutions for 24 and 43 hr; nontreated cut- 10 to 1000 times higher than equivalent concentrations used
tings failed to root. for the extended basal soak method [1 to 80 mg/liter (ppm)].
Preliminary examination of the extended basal soak method  In examining the rooting of stem cuttings of Pfitzer juni-
by Tincker (172) focused on determining an appropriate range per and Japanese yeWakus cuspidat&Siebold & Zucc.),
of auxin concentrations and time of exposure, with high con- Chadwick and Swartley (35) retreated cuttings with auxin
centrations and extended exposure periods determined to bepowders after the cuttings had produced callithough the
injurious to cuttings. In further studies with a broad selec- retreatment tended to produce heavier root systems, the ef-
tion of woody and herbaceous speciéscker (174) reported fects of retreatment were inconsistent and appeared to not
positive rooting results using various auxins applied as a basalwarrant the extra labor
soak to cuttings for 24 and 48 Auxin treatments were ad- As commercial nurseries incorporated use of auxins for
vantageous with most of the readily propagated species testedrooting cuttings into their propagation practices, the conve-
None of the nontreated cuttings showed an advantage ovemience and availability of powder (talc) formulations made
the treated cuttings when an appropriate dilution was used, their use common. By the 1950s, propagators were using com-
but strong solutions caused tissue discoloration, tissue ne-mercial powders and preparing their own talc formulations
crosis, and defoliatioriTreatments were also advantageous (184).The dilute soak and concentrated solution dip were
to 70% of 47 less readily propagated species with accelera-also used to some extent.
tion of rooting and more copious development of roots com-  Additional attention turned to use of a concentrated solu-
pared to nontreated cuttings. Using 30idift-to-root spe- tion dip during the 1950s, with the term ‘quick-dip’ com-
cies, only five showed positive results with auxin treatment. monly used to refer to the technique. Commercial propaga-
Warner andNVent (180) reported hard-to-root cuttings of tors generally prepared their own formulations with alcohol
camellia Camellia japonical.) treated with an extended as a solvent. Hess (74) reported, while rooting percentages
basal soak in a dilute solution of IAA showed improved root- showed little diference among cuttings of yefaxusL.),
ing when the auxin treatment was made 2 weeks after prepa-Pfitzer juniper and Manetti roseHosaxnoisetteanalhory
ration of the cuttings. In addition, when cuttings of daphne ‘Manettii’ (syn.Rosa manetiCriv. ex Rivers)] treated with
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no auxin, talc, and a concentrated dip, a concentrated diptings of convex-leaf Japanese holly exhibited the greatest
tended to promote more roots per cuttimgis was likely uptake of IAA in ethanol solution within 24 hr after applica-
due to improved uniformity of application and greater reten- tion, while cuttings treated with IAA in talc reached a maxi-
tion using the solution. Gray (63) examined a quick-dip for mum after 72 hrUptake of IAAand subsequent rooting of
difficult-to-root species, obtaining both positive and nega- the cuttings were greater from the liquid formulation than
tive results. Negative results were excessive rooting, bud from the talcAlthough uptake of auxin from the talc formu-
dormancyor phytotoxicity of the treated tissue. Pinney (138) lation was slowerit was noted, for some species, a slower
described the quick-dip method as economical, resulting in rate of uptake might provide a suitable level of auxin at a
labor savings due to more rapid development of a quality time when endogenous materials are at an optimum level for
root system that allowed rooted cuttings to be transplanted root initiation.
sooner Roller (145) reported use of quick-dips gave incon-  Ticknor (171) examined rooting of cuttings of 10 woody
sistent results from year to yeHiowever Sroombeek (160) ornamentals in response to one commercial talc formulation
reported erratic rooting results were not noticed when the [Hormex 8 (8000 ppm (0.8%) IBA)] and two commercial
quick-dip solutions were prepared with alcohol and water liquid formulations [Dip ‘N Grow (IBA+ NAA) andWood's
rather than alcohol alone, thus reducing evaporation of the Rooting Compound (IBA NAA)]. Treatment with the lig-
alcohol from the solutions and a resulting increase in auxin uid formulations produced similar or better results than with
concentration as the solutions were used during the work- the powder Bonamino (27) evaluated rooting response to
day: treatment with talc and quick-dip applications of auxin on
The comparative merits of a basal dip in talc formulations cuttings of wax myrtle Morella cerifera(L.) Small (syn.
of auxin versus a basal quick-dip in concentrated auxin solu- Myrica ceriferal.)], Leyland cypressx Cupressocyparis
tions continued to be examined in the 1960s and beyond. leylandii(Dallimore & Jackson) Dallimore], and convex-leaf
Meahl and Lanphear (128) tested both methods with speciesJapanese holly using commercial formulations. Quick-dip
and cultivars of junipgidunipeusL.), apple(MalusP Mill.), application resulted in similar or better rooting than with talc.
sweetgal¢Myrica L.), plum(PrunusL.), and lilac(Syringa It was also noted liquid formulations were easier to apply
L.). They determined, in general, there was equal or greaterthan talc since cuttings could be treated in bundles at one
rooting with the same concentration of IBA in solution as time rather than individually
compared to IBA in talc, possibly due to more uniform ap- A combination of a basal quick-dip in a concentrated auxin
plication of the solution to the base of the cutting. However solution followed by a dip in an auxin powder has also been
they also suggested some species might respond better tased for treating cuttings (72). In trials conducted by Beck
talc preparations due a greater amount being held by the stemand Sink (1) with poinsettiauphorbia pulcheima Willd.
and thus more IBAwvailable to the cutting over timéhey ex Klotzsch) cuttings prepared in late wintssal treatment
also examined diérent holding times for cuttings treated  with a combination of Jiy Grow (liquid) at 1000 mg/liter
with solutions and found little dérence between 5 sec and  (ppm) auxin (IBA + NAA) and Hormodin 2 powder [3000
160 sec, but a decrease in rooting response at 320 sec, angpm (0.3%) IBA] significantly increased the number of roots

thus concluded a quick-dip appearedisigit for optimum on all cultivars tested compared with nontreated cuttings and
response. cuttings treated with either product alone. Number of roots

Heung and McGuire (76) compared basal dips with two obtained using two dual liquid/powder treatments in late sum-
talc formulation of IAAat 4000 mg/liter (ppm) for &fcts on mer was greater than with nontreated cuttings, but similar to
rooting of cuttings of coleusSplenostemoithonn. (syn. cuttings treated with the single products alone. Sink and

ColeusLour)]. One formulation was prepared by grinding Knowlton (153) tested the same combination of auxin treat-
IAA crystals with talc in a mortar and pestle, and the other ments on cuttings of carnatioBianthus caryophyllius..).
by dissolving IAA crystals in 95% ethanol, pouring the solu- Root fresh weight and dry weight were greater on treated
tion over talc and mixing the two components, and drying than nontreated cuttings, but similar to most other auxin for
the mixture at 25C (77FAfter 10 days of rooting, the num-  mulations applied singly
ber of roots on cuttings treated with the auxin and talc mix-  During the 1990s, both powder and liquid formulations
ture formulations was greater than with no treatment or talc continued to be used in cutting propagation. Dirr (49) listed
alone. Number of roots on cuttings treated with talc prepared nine talc products (some available with multiple concentra-
by dissolving IAA in ethanol was twice that of cuttings treated tions of auxin), one watesoluble tablet product, and five
with the mixture prepared by grinding due to more thorough liquid products available in the UnitedaBs and Europe.
mixing of the former Liquid formulations no longer included dimethylsulfoxide
Heung and McGuire (76) also compared liquid and talc and dimethylformamide as solvents or carriers. Due to gov-
formulations of IAA for amount of auxin absorbed into cut- ernmental regulations in the U.S., propagators were limited
tings or adsorbed to the outer surface and for rate of IAA to purchasing registered products from end-use formulators
uptake. In one experiment, cuttings of convex-leaf Japaneseand could no longer purchase chemicals to prepare their own
holly were basally dipped in water followed by talc or dipped formulations.
for 10 sec in a 40% ethanol solution to simulate auxin treat-  As a modification of the basal quick-dip technique, Beeson
ment.Assuming the talc and alcohol solution had both con- (12) compared water and agueous solutions of Celldi-W
tained IAA at 6000 mg/liter (ppm), a far greater amount of (sodium cellulose glycolate or sodium carboxymethylcellu-
auxin would be taken up using the alcohol solution than would lose) as dilutants for solutions of Dip 'N Grow (IBA + NAA).
be adsorbed using the talc formulation. In a second experi- Auxin prepared at three concentrations with Cell-gtVénd
ment,“C-labeled IAA was used along with unlabeled IAA  water was applied as a basal quick-dip to stem cuttings of
to a prepare talc formulation of 6000 ppm (0.6%) IAA and a five woody ornamental specieghe type of dilutant did not
50% ethanol formulation of 6000 mg/liter (ppm) IAA. Cut-  affect rooting percentage and root ma&ssimilar study
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showed no dference in rooting on cuttings of ‘Little Gem’ Lanolin paste methodm the 1930s, Cooper (41) obtained
southern magnoliaMagnolia grandifloralL. ‘Little Gem’) improved rooting results in comparison to nontreated cut-
(37). However auxin application was faster with Cell-U-  tings by applying lanolin paste containing auxin to the upper
Wett-diluted solutions (quick in-and-out dip) than with wa- stem tissue of cuttings of ‘Eureka’ lemd@ifrus xlimon(L.)
ter-diluted solutions (2 to 4 sec). It was also noted Cell-U- Burm. ‘Eureka’], fig(Ficus carical.), lantanal(antanal..),
Wett solutions had a longer shelf life and greater stability copperleaffAcalyphal.), and spiderwortlfadescantid..).
than watetbased solutions. Blythe and Sibley (19) found One part IBA was mixed with 2000 parts of pure lanolin and
inclusion of sodium cellulose glycolate in liquid auxin solu- approximately 10 mg (0.00035 0z) of the resulting paste was
tions improved rooting response of ‘Collie Mullens’ rose of spread on a small area on one side near the top of each cut-
Sharon Hibiscus syriacud.. ‘Collie Mullens’) and ‘Red ting (which had previously been scraped to remove the epi-
Cascade’ miniature rosR¢salL. ‘Red Cascade’). dermis and outer cortical layerguxin treatment in a lano-
While basally applied auxin is capable of stimulating ad- lin paste resulted in root formation on leafless cuttings of
ventitious rooting, at elevated levels it can also inhibit sub- lemon, while nontreated cuttings did not root.
sequent budbreak. Le Fanu (105) reported axillary buds of Ininitial studies using a lanolin paste containing auxin for
garden pea on single-node stem cuttings were inhibited whenrooting cuttingsTincker (172) described encouraging results
the cuttings were placed with their ends in an auxin solution, with cuttings of some herbaceous species; how#wetech-
as well as when auxin in gelatin was applied to the cut ends nique was indéctive on cuttings of woody plants. In further
of the stems above or below the buds (but more strongly if studies with a broader range of woody and herbaceous plants,
applied from above). Dalés and Dubois (45) treated single-  Tincker (174) described rooting results as disappointing. He
node softwood cuttings of ‘Amanda’ rogasal.. ‘Amanda’) also noted lanolin was not easy to apply in small quantities
with a 10-sec dip in IBA at concentrations ranging from 0 to of uniform weight and the technique could not be considered
5000 mg/liter (ppm)Although IBA promoted greater root  highly eficient.
weight, budbreak of all IBA-treated cuttings occurred sig- Hitchcock and Zimmerman (79) reported lanolin prepara-
nificantly later and less frequently with increasing auxin con- tions of auxin were highly &fctive for rooting cuttings of
centration; howeverBA increased length of new shoots, many types of plants, especially herbaceous species, but were

particularly at low concentrations. relatively inefective in promoting rooting of many woody
Sun and Bassuk (165) treated cuttings of ‘MM.106’ apple plants, including species and cultivars of peyrgsL.),
rootstock(Malus domesticaBorkh. ‘MM.106’) with a 10- plum (PrunusL.), and hawthornGrataegud..). In their stud-

sec basal dip in IBA at concentrations of 0 to 2000 mg/liter ies, auxin in a lanolin paste was applied to the basal portion
(ppm) and found subsequent budbreak on rooted cuttings wasof attached shoots of numerous species growing indoors and
reduced with increasing auxin concentration. Many of the outdoors. Several days to several weeks after application,
cuttings treated with IBA at 2000 mg/liter (ppm) failed to shoots were severed just below the treated region and in-
grow even after several months in a greenhouse. In the sameserted in a mixture of peat and sand. Lanolin pastes failed to
experiment, basal application of IBA at 1000 and 2000 mg/ induce rooting on cuttings of most taxa. Japanese miagde (

liter (ppm) to cuttings of Franklin treEr@nklinia alatamaha palmatunirhunb.) was one of the few species of woody plants
Bartr. ex Marsh.) almost completely inhibited budbreak. Sun responding consistently to the lanolin treatments, with an
and Bassuk (166) also found a 10-sec basal dip in IBA at aincrease in rooting percentage and number of roots per cut-
concentration of 600 mg/liter (ppm) or higher greatly inhib- ting. However high concentrations of auxin also caused an
ited budbreak on single-node cuttings of ‘Royalty’ rd®ega increase in the amount of callus produced and retarded elon-
hybridaL. ‘Royalty’) during 4 weeks of rooting, and deter  gation of young shootépplication of lanolin paste to intact
mined inhibition of budbreak resulted primarily from elevated shoots (with subsequent removal of the shoots from the plant
ethylene levels. Root initiation and root elongation of cut- for cuttings) was noted to be moréeetive than application
tings initially inhibited budbreak, but later promoted directly to prepared cuttings. Overall, Hitchcock and
budbreak. Geneve and Heuser (59) had previously measured&Zimmerman (79) determined an extended basal soak in auxin
ethylene evolution while examining rooting response of mung solutions was preferable to the use of lanolin.

bean cuttings treated with four auxins. Ethylene production
was greatest with cuttings treated with 2,4-D and least on
cuttings treated with IBA. Cuttings treated with IAA and NAA
produced similar quantities of ethylene, intermediate between
cuttings treated with IBA and 2,4-D.

Mial, vacuum, and vapor methaods the 1930s, Hitchcock
and Zimmerman (79) supplied auxin solutions to shoots of
woody and herbaceous plants through a cut surface prior to
collection of the cuttings. Small vials containing auxin solu-

. I tion were tied to the shoot such that the overhanging portion
Uncommon Methods of Auxin Application of a slit cut into the shoot was positioned in the solution.

A variety of other auxin application methods have been After 3 to 10 days, shoots were severed at the slit and in-
reported beginning in the 1930s and continuing to the present.serted into a rooting substrate. Cuttings of chrysanthemum
Some of these methods continue to find limited application (ChrysanthemurmmorifoliumRamat.)American holly (lex
in commercial horticulture, generally for rooting cuttings of opacaAit.), and gardeniaGardenia jasminoidegllis)
certain types of plants or specific species, includinfi-dif  showed more root growth, earlier rooting, and root growth
cult-to-root species. Other methods find no current applica- from a greater area of stem tissue than nontreated cuttings.
tion in commercial horticulture, having served a useful pur Although this method was limited in its practical applica-

pose in early research studies or being Idestife or efi- tion, it was noted solutions of higher concentration could be
cient than more common techniques. Howgsach meth- used compared to solutions used for soaking cuttings.

ods remain of historical interest and a source of inspiration In trials aimed at improving rooting of stem cuttings of
for continuing research. difficult-to-root species, Butterfield and McClintock (31) con-
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ducted tests in which cuttings were placed in 6.4 cm (2.5 in)
of auxin solution in 2-liter (2.1-qgt) bottles and subjected to a
vacuum of 73.7 cm (29 in) of mercury for 4 Results were

Garcia and Borys (146) for dmyering avocados] prior to
planting in a propagation befl.combination of etiolation,
girdling, and auxin produced the best rooting percentages,

compared to nontreated cuttings and cuttings soaked in auxinroot numberand root length, followed by a combination of

solution for 24 hrHardwood cuttings receiving the vacuum

etiolation and girdling (with no auxin). Nonetiolated cuttings

treatment absorbed twice as much solution as cuttings thatfailed to root, even with the use of girdling and IBA (sepa-
were soaked, with indications the vacuum treatment causedrately or in combination).

the solution to be distributed through a greater amount of

tissue.Vacuum-treated cuttings of pussy willd®alix dis-
color Muhl.) and grape\ftis L.) had more extensive distri-
bution of roots along the stem, exhibited greater root prolif-

In an experiment conducted btrisse and Blazich (162),
stem cuttings of eastern white pifr(us stobusL.) treated
with toothpicks soaked in solutions of IBA at 4500 or 8000
mg/liter (ppm), dried and inserted into the basal end of the

eration, and rooted in less time than nontreated and soakedcuttings, initiated more roots per cutting than cuttings treated

cuttings.The vacuum and soaking treatments produced simi-
lar rooting results with softwood cuttings, while both treat-
ments produced better results than nontreated cuttings.

When leafless cuttings of ‘Mrs. Loui¥athen’bougain-
villea (Bougainvilleaxbuttiana Holttum & Standl. ‘Mrs.
Louis Wathen’) failed to root in response to immersion of
the basal ends in a dilute solution of auxin for 18ackson
(92) made fresh cuts on the cutting bases and sigiechéne
basal 2.5 cm (1 in) of the cuttings in an auxin solution con-
tained in a vacuum desiccatbhe desiccator was exhausted
until bubbles emgyed from the base of the cuttings, at which
point the vacuum was broken, forcing the solution into the
cutting basedAfter 2 to 3 months, most of the cuttings had
rooted.

Zimmerman and Hitchcock (192) examined response of
cuttings to vapor application of auxins. Cuttings of euony-
mus Euonymud..) and privet (igustrumL.) were exposed
to vapors of the methyl esters of IAA, IBA, and NAA for 30

with a rooting powder containing 8000 ppm (0.8%) IBA or
toothpicks soaked in a solution of IBA at 1000 mg/liter (ppm).
There were also diérences in total root length and weighted
root score (an index of root number and spatial symmetry
among initiated roots), but not in rooting percentage. In a
second experiment, cuttings treated with a solution of IBA at
10,000 mg/liter (ppm) for 30 sec or inserted toothpicks soaked
in an IBAsolution at 1000 mg/liter (ppm) showed ndelif
ences in rooting percentage. Howeweittings receiving the
toothpick treatment initiated more roots during the period
between 3 and 13 months after the first roots were observed
than cuttings receiving a basal dip, suggesting slow release
of auxin from the toothpicks.

Auxin solutions can be applied to the base of cuttings us-
ing a spray application. Cuttings are typically bundled prior
to treatment so that multiple cuttings can be sprayed at one
time. In the 1970s, Hartley et al. (71) reported rooting of
cuttings of carnation receiving a basal spray df J&row

min under bell jars. Cuttings of euonymus responded readily (IBA + NAA) was comparable to, or higher than, cuttings

to methyl indolebutyrate and privet cuttings responded to me-

receiving a 20-sec basal dip using equivalent concentrations.

thyl naphthaleneacetate. Rooting responses were qualitativelyNisio (132) evaluated rooting of ‘Seiun’ chrysanthemum

similar to responses to auxin applied using liquid solutions.

Injection, insetion, and basal spray methadEincker
(174) briefly mentions injection of cuttings with hormones
in the 1930s, but without providing methods or datafi-Dif

culties when injecting liquids into herbaceous tissues and loss

of material by exudation were noted as problems with this
technique.

Leakey (103) treated stock plants of obeciglochiton
scleoxylonK. Schum.), a commercially importanestAf-
rican hardwood, using injections of auxin prior to taking cut-

(ChrysanthemummorifoliumRamat. ‘Seiun’) cuttings with
IBA applied as a powdedip, and sprayRooting occurred

on almost all nontreated cuttings and cuttings treated with
IBA powder while approximately two-thirds of cuttings
rooted when the cutting bases were sprayed with IBA or
dipped in a solution of IBA.

Wounding, pewetting, and acid/base gireatment meth-
ods Powder and basal quick-dip applications of auxin are
sometimes carried out in conjunction with a wound treat-
ment, particularly on hard¢o-root cuttings of woody spe-

tings in the 1990s. Solutions of IBA or NAA (250 ug each) cies.Techniques of wounding include stripping the leaves or
were injected into the xylem either 10 cm (4 in) from the branches at the cutting base, making one or more vertical
plant base or 10 cm (4 in) below the uppermost lateral shoot incisions down the side of the cutting base, splitting the stem
of the stock plants at 1 to 8 weeks before the cuttings were base (leaving both sides, or removing one side, of the split
severed from the plants. Cuttings taken from lateral shoots stem base), or removing a shallow or deep slice of tissue
treated with auxin at the shoot base rooted better thanfrom one side (or slices from two sides) of the proximal end
nontreated control cuttings. Injection at 4 and 8 weeks be- of a woody stem cutting so as to expose more of the cam-
fore severance provided greater rooting percentages than in-bium tissue to the auxin (72, 8%ounding appears to in-
jection at 1 or 2 weeks before severance, although there werecrease the amount of auxin absorbed by cuttings, based on
more roots per cutting on cuttings taken from plants injected results of research by Scalabrelli and Couvillon (147) exam-
1 week prior to collection. ining ethylene release from hardwood cuttings of peach
In examining use of etiolation, girdling (or ‘ring barking”),  [Prunus persic4L.) Batsch]. Howard et al. (89) found a sig-
and auxin on the rooting of cuttings of avocd@@rsea nificant wounding response of hardwood cuttings of M.26
americanaP. Mill.) cultivars ‘Fuerte’and ‘ColinV-33’in the apple rootstockMalus pumilaP Mill.) occurred only with
1980s, Barrientos-Priego et al. (8) applied auxin to cuttings application of IBA, both when wounding preceded and fol-
using thin pieces of wood treated with IBA at 10,000 mg/ lowed IBAtreatment. Mackenzie et al.1d) concluded the
liter (ppm) and NAAat 300 mg/liter (ppm)The pieces of critical factor in improving rooting performance of hardwood
auxin-treated wood were inserted into a lengthwise cut in cuttings of M.26 apple wounded by splitting the cutting base
each cutting [following a technique described by Salazar prior to treatment with an IBA solution was exposure of a
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greater quantity of tissue susceptible to the root-promoting
influence of applied auxin. Research conducted by Edwards
andThomas (52) demonstrated the influence of a wounding

nonwounded cuttings; howeyapplication of NAAnegated
the positive dect. Al-Salem and Karam (2) found wound-
ing by making two longitudinal slits at the cutting base prior

treatment on rooting can vary depending on factors such asto a 5-sec dip in an IBA solution greatly increased rooting of

plant species, type of wound, and auxin concentration.

Stuart and Marth (164) prepared cuttingénoferican holly
with a 0.64 cm (0.25 in) long, upward splitting of the cut-

Grecian strawberry treé(butus andrachné.) cuttings.
A technique described by Howard (86) involved applica-
tion of auxin in talc formulation following treatment of cut-

tings bases with two right-angle cuts prior to soaking cut- tings with solvents as prewetting agents. Fifty percent aque-
tings in IBAat 100 mg/liter (ppm) for 18 hFhese cuttings ous solutions of acetone, ethanol, and methylated spirits were
rooted at 100% and produced root systems that were some-more efective than water in stimulating rooting response on
what lager and better distributed than those on nonwounded, winter cuttings of ‘MM.1l1’ apple rootstock Malus
IBA-treated cuttings. Cuttings prepared without a wound and domesticaBorkh. ‘MM.111’) and ‘Myrobalan Bplum root-

not treated with IBA failed to root, while there was almost stock(Prunus cerasiferd&hrh. ‘Myrobalan B’), but less ef-

no rooting on cuttings wounded but not treated with IBA. fective than dimethylsulfoxide. Howevehis method pro-
Another group of cuttings was prepared and inserted in a duced rooting responses less than those obtained by dipping
rooting bench to produce callus, but the cuttings were not cuttings directly into solutions of IBA in the same solvents.
treated with IBAuntil 76 days laterCuttings wounded by Auxin has also been applied to stem cuttings of ornamen-
removing two thin slices of bark from opposite sides of the tal crops in association with a pretreatment with acid or base.
stem just above the basal callus prior to the delayed IBA In a study by Lee et al. (104), stem cuttings were basally
treatment showed a better rooting response than woundeddipped in 2N sulfuric acid for 15 sec or soaked in sodium
cuttings receiving no IBA treatment. hydroxide at pH 10.5 for 10 min, washed with distilled wa-

Chadwick and Swartley (35) wounded cuttings of Pfitzer ter and then dipped in an aqueous solution of K-&&000

juniper by making two opposite slits on the lower 2.5 cm (1
in) of each cutting, slightly twisting the knife as the slits were
made so as to create a slight grodWeunded cuttings treated
with IBA powder rooted at 52% while nonwounded cuttings
treated with IBApowder rooted at 24%\lso, wounded cut-

tings tended to produce more roots than nonwounded cut-

tings.Wells (184) reported a higher percentage of Pfitzer ju-
niper cuttings rooted in response to a 3.8-cm (1.5-in) incision
wound followed by treatment with 4000 ppm (0.4%) or 8000
ppm (0.8%) IBA powder compared with no treatment, auxin
treatment alone, or an incision wound followed by a 24-hr
soak in a solution of IBA at 40, 60, or 80 mg/liter (ppm).
Wells (185) also found a combination of wounding and IBA
to be efective for cuttings of several other conifer cultivars;
howevery rooting of Brown$ yew {axusx media Rehder
‘Brownii’) cuttings treated in this manner was described as

mg/liter (ppm) for 10 sec for herbaceous cuttings and 20 sec
for hardwood cuttings, inserted into rooting substrate, and
placed under intermittent migtcid treatment promoted root-
ing of ‘San Diego Red’ bougainville86ugainvilleaComm.

ex Juss. ‘San Diego Red’), car@xfatonia siliqud..), chry-
santhemum, Japanese euonymHsgnymus japonicus
Thunb.), poinsettia, English iviHedera helix_.), star jas-
mine [Trachelospermum jasminoidésindl.) Lem.], north-

ern California black walnutJuglans hindsiiJeps. ex R. E.
Sm.), Chinese pistacl{Pistacia chinensi8unge), and red
willow (Salix laevigataBebb). Pretreatment with base in-
creased rooting of ‘Sweetheart Supremeddodendron
(Rhododendyn L. ‘Sweetheart Supreme’), bougainvillea
(BougainvilleaComm. ex Juss.American sweetguml.{g-
uidambar styraciflualL.), holly osmanthus@smanthus
heteophyllus(G Don) PS. Green], and Monterey pirféifus

excessive and unnatural in comparison with nonwounded radiataD. Don). It was suggested short exposure to acid may
cuttings treated with IBA. Nursery trials conducted in Great break acid-labile linkages in the cell walls of calciphilous
Britain (85) indicated a trend toward improved rooting when Plants, while base pretreatment may break base-labile link-
cuttings of several woody ornamentals were treated with a @ges in the cell walls of acid-loving or acid-tolerating plants,

slice wound on the proximal ends of the cuttings prior to a
powder application of IBA and reduced rooting when wounded
cuttings received a basal quick-dip in an alcohol-based solu-
tion of IBA. In some cases, wounding was beneficial whether
IBA was applied before or after the wound was made.
Howard et al. (88) found use of one or two incision wounds,
followed by a dip in K-IBA at 4000 mg/liter (ppm), enhanced
rooting of jojoba Fimmondsia chinensidink) Schneid.]
cuttings, particularly cuttings prepared without a proximal
node When Palzkill and Feldman (135) prepared jojoba cut-
tings with two shallow slice wounds followed by a dip in
K-IBA at 1000 mg/liter (ppm), roots enged along a greater

thus increasing water permeabilitgcilitating absorption of
applied auxin, and/or facilitating enggnce of root initials.
Khosh-Khui andrafazoli (98) also tested the acid and base
pretreatments of Lee et al. (104) in association with IBA and
NAA for rooting hardwood cuttings of damask rofoga
xdamascenaill.). Acid pretreatment increased root num-
ber, root length, and root dry weight, but did ndeaf root-
ing percentage. Ingram et al. (91) found sulfuric acid ne-
gated the beneficial fefct of IBA, while sodium hydroxide
had no efect on rooting cuttings of Indian hawthorn
[Rhaphiolepis indicdL.) Lindl. ex Ker Gawl.].

length of the stem on wounded cuttings than on nonwounded Sock plant spray gatment methodsSome researchers

cuttings.Teklehaimanot et al. (169) tested three wounding
treatments [each with and without NAA at 100 mg/liter
(ppm)] for rooting cuttings of the undomesticatsitican
locust beanPRarkia biglobosa(Jacq.) R. Brex G Don]: a

have investigated auxin application to cuttings by spraying

stock plants with auxin prior to cutting collectioto&emyer

and O’Rourke (158) sprayed stock plants of several woody
ornamentals with selected concentrations of the auxin, 2,4,5-

diagonal cut made to expose additional tissue, a bruising trichlorophenoxyacetic acid (T@Jand its sodium salt, and

performed by squeezing to loosen the bark from the woody prepared cuttings from the treated plants after several days
tissue, and four equidistant horizontal cuts. In general, only or weeks.The results, which the researchers considered to
the diagonal cut enhanced rooting in comparison with be preliminary in nature, suggested cuttings taken from plants
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treated withTCPA at a suitable concentration after a certain the rooting of cuttings from older (nonjuvenile) trees of
interval would show essentially the same rooting responses American sycamorePlatanus occidentalis.), Formosan
as cuttings treated with generally accepted methods of appli- sweetgum I{iquidambar formosan&lance), and water oak
cation. (Quercus nigral.) (67, 68, 69). No improvement in rooting
Whatley et al. (188) sprayed stock plants of rose of Sharon was noted using this technique with cuttingsAaferican

with a solution containing NAA, dimethylsulfoxide (DMSO), sweetgum, probably due to being performed too late in the
acetone, glycerin, antriton X100 approximately 10 days season (68).
before collecting cuttings for one treatment. Cuttings from  Another method of pretreating cuttings with auxin while
nontreated stock plants received no auxin treatment, a 15-the shoots are still attached to the stock plant involves appli-
min soak in IBA at 1000 mg/liter (ppm) with 0.5% DMSO, cation of auxin in association with a banding treatment. Band-
or a 30-min soak in IBA at 1000 mg/liter (ppm) with 0.5% ing involves wrapping a short length of shoot (eventually to
DMSO. Cuttings were rooted in both a continuously aerated be the cutting base) with an opaque material to exclude light,
Hoagland solution (82) and distilled wat€uttings receiv- and may be performed on etiolated (dark- or shade-grown)
ing the 15-min soak in IBA rooted better than cuttings re- shoots upon their shift to lighted conditions or on develop-
ceiving the foliar spraywhile cuttings from both of the treat-  ing light-grown shoots to blanch the tissue. Maynard and
ments rooted better than nontreated cuttings. Cuttings receiv-Bassuk (19) examined the use of 2 cm (0.8 in) wide black
ing the foliar spray rooted better in water than in Hoagland plastic electrical tape antelcro (a reusable adhesive mate-
solution. rial) as banding materials, along with the application of IBA
powder at 8000 ppm (0.8%) to the bands prior to banding
etiolated and light-grown shoots of a range ofialift-to-

. ; ; P ; root woody species. Bands were removed after 4 weeks and
examining cutting propagation of ddult-to-root species, a cuttings were prepared and treated with IBA powder at 4000

technique of girdling (also known as ‘ringing’ or ‘ring bark- - )
ing’) and pretreating shoots with auxin several weeks before PP™M (0.4%) before planting in the rooting substrEte. band-

removal of the shoots from the plant and preparation as cut- N9 téchnique and initial application of auxin was facilitated
tings has shown to be useful with a number of spegiesk- by use of th&/elcro strips in comparison with the black tape

ing with 14C0, and seedling and mature plants of Monterey and sometimes resulted in stem wounding, swelling, and root

pine, Cameron (33) found girdling the shoot increased the fc_>rmati0n on the treated shoots. Rooting response to inclu-

proportion of radioactive photosynthates accumulating at the S'0" O_f IBAIn theVeIcr_o ban(fils varied by species. In s_imilar
site of root initiation (the base of a subsequently prepared air XPeriments (8), cuttings of Japanese stewarizatia

layer or stem cutting) compared with nongirdled shoots, while psegdocamellia/laxim.) obtaine_d from shoots trg_ated with
treatment of the base of the shoot with IBA at the time of auxin-treate®/elcro bands benefited from an additional basal

girdling enhanced this fefct. quick—di_p in IBA at 4000 mg/li@er (ppm) prior to planting in
Using girdling (or ‘ringing’) by removal of a 2-cm (0.8 in)  the rooting substrate, but cuttings of Japanese treeSiac |

ring of bark at the base of seedling shoots of mango "N9a reUcuIata(BIum_e) H. Hara] did not. In o'ghertrlal_s (120,

(Mangifera indical.) and pretreatment with lanolin paste 121, 122, 148), rooting _results ObtamEd using auxm-treated

containing IBA at 2000 ppm (0.2%) at the time of girdling, Velcro bands have varied depending on species and other

Basu et al. (10) reported improved rooting (88 and 12% root- treatment factors.

ing for cuttings from girdled and non-girdled shoots, respec-

tively). Use of NAAIn the lanolin paste was lesdestive Upper stem dip, foliar dip, and total immersion methods

than IBA. Supplementary treatment with a 24-hr basal soak Auxin application has been performed by dipping the upper

in solutions of IBA or NAA at 100 mg/liter (ppm) following  (distal) cut end, foliage, or terminal portion of cuttings into

Girdling and banding mtreatment methodsn research

cutting preparation had an adverskeeif an auxin solution prior to insertion into the rooting substrate.
A protocol described by Hare (66) for propagation of slash Auxin has also been applied by completely immersing cut-
pine Pinuselliottii Engelm.) involved girdling <1-yeald tings in an auxin solution prior to insertion into the rooting

branches of 12-yeald trees by removing a 2-cm (0.8 in)  substrate.
ring of bark 15 cm (6 in) below the terminal bud, covering Krisantini et al. (100) treated two-node cuttings of two
the upper portion of the girdled area with paste (powder and grevillea GrevilleaR. Br. ex Knight) cultivars with a 5-sec
water) containing IBA at 1000 ppm (1%) and other com- upper [1 cm (0.4 in)] stem dip in a solution of IBA at 1000
pounds, and covering the girdled area with saran and alumi- mg/liter (ppm), basal dip in a solution of IBA at 1000 mg/
num foil. After 2 months, these shoots were severed at the liter (ppm), basal dip in an IBA powder at 16,000 ppm (1.6%)
upper end of the girdled area and the resulting cuttings were (standard treatment), or no auxin treatment. Rooting percent-
inserted into a perlite/vermiculite substrate for rooting under ages with cuttings of ‘Royal Mantle’ grevillea were higher
intermittent mist. Survival and rooting of pretreated cuttings using the upper stem dip and the basal powder application
were notably better than with conventional, nongirdled cut- than the basal solution treatment or no auxin treatment. Some
tings receiving a basal treatment in the same rooting powder cuttings of ‘Coastal Dawn’ grevillea rooted in response to
prior to placement into the rooting substrate; howes- the upper stem dip and the standard powder treatment, while
cess of the technique was dependant on the time of yearno cuttings rooted in the other two treatments.
Further experiments by Hare (70) confirmed slash pine cut- McGuire and Sorensen (127) conducted studies using cut-
tings receiving the girdling and auxin pretreatment rooted tings of 12 ornamentals including cultivars of junjpbodo-
faster produced lager root systems, and survived better both dendron, and viburnunvipurnumL.). All cuttings were pre-
before and after rooting than nongirdled cuttings. pared with a terminal bud and four node®atment 1 was a
The technique of girdling and pretreatment with an auxin- terminal dip to a depth of two nodes with leaves in a mixture
containing paste has also shown to be useful in improving of 10,000 mg/liter (ppm) IBA and 500 mg/liter (ppm) NAA
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in 40% polyethylene glycol, with cuttings blotted to remove Complete immersion of cuttings in auxin solutions was
all excessTreatment 2 was a basal dip to a depth of 2.5 cm also studied byan Bragt et al. (179). In a preliminary ex-
(1 in) of defoliated stem in a mixture of 2000 mg/liter (ppm) periment, cuttings of several woody ornamentals were to-
IBA and 500 mg/liter (ppm) NAA in 40% polyethylene gly- tally immersed for 2 sec to 2 min in K-1AA or K-IBA solu-
col. Treatment 3 was a basal application to a depth of 2.5 cm tions at concentrations of 1, 10, 100, or 1000 mg/liter (ppm)
(1 in) of defoliated stem in a commercially prepared talc con- (plus 1.5 mL/literTween 20 as a wetting agent), and results
taining IBA at 3000 ppm (0.3%)lerminal application re- were compared to cuttings receiving a basal application of
sulted in significantly greater root development than both 10,000 ppm (1.0%) powder preparations of IAA or IBA.
forms of basal application for two species, similar to one Immersion treatments for 2 min in 2000 mg/liter (ppm) auxin
form of basal application with five species, and similar to provided the best results. Cuttings of three cultivars treated
both forms of basal application with three species; results with IAA rooted similarly with both treatment methods, while
were inconclusive with two species due to limited rooting. two cultivars treated with IAA and two cultivars treated with
McGuire and Sorensen (127) concluded terminal treatments IBA rooted better with the immersion treatment. In a second
were feasible and could be used on a practical basis providedexperiment using IBA to treat cuttings of three cultivars of
optimum concentrations were determined for each species. barberry BerberisL.) and two cultivars of firethorrPyra-

In another studyMcGuire et al. (125) applied 10,000 mg/ canthaM. Roemer), cuttings receiving the immersion treat-
liter (ppm) IBA in a 50% solution of ethanol to cuttings of ment rooted similarly or better than cuttings treated with
convex-leaf Japanese holly as a terminal dip, as a spray apfowder It was also noted that shoot growth was retarded for
plied to the entire leaf area, or as a basal dip of the cutting the first 3 months after immersion; howeviitial loss of
and reported similar results among all three treatments. Fourgrowth was compensated at a later stage of growth so that
applications of 2500 mg/liter (ppm) IBA in 50% ethanol re- both treatments yielded marketable plants on the same date.
sulted in significantly fewer roots per cutting than the previ-  Treatment of cuttings with auxin by total immersion has
ous three treatments, but similar to nontreated cuttings. been used as a commercial practice for perennitissk®
Nontreated cuttings produced roots at the lowest part of their (159) described use of the technique in which tip cuttings of
basal stem section, cuttings treated with a basal dip producedherbaceous perennials were dipped into tubs containing a
roots higher up on the basal part of the stem and none on thesolution of K-IBA and a fungicide for 2 min before insertion
lowest part, and cuttings treated with a terminal dip produced into rooting substrate. Singletary and Martin (152) utilized
roots all along the lower and upper parts of the basal stemthe same procedure to examine rooting of three perennials
section. using K-IBA at 0, 500, 1000, and 2000 mg/liter (ppm). Root-

Working with ““C-labeled IAAapplied to 12.7 cm (5 in) ing percentage for cuttings of ‘Nodilliams’ speedwell
long cuttings of convex-leaf Japanese holly through a termi- (VeronicaL. ‘NoahWilliams’) was lowest and root number
nal dip, McGuire (124) concluded $iafent auxin entered ~ Was greatest at the highest concentration, while responses
the foliage and terminal bud of cuttings to result fecfve with the other three treatments were mostly simRaoting
increases in rooting compared to nontreated cuttings. He alsof€sponse for fern leaf yarrowghilleaL. ‘Moonshine’) ap-
determined more auxin was absorbed using a basal dip tharPeared highest using 1000 and 2000 mg/liter (ppm) K-IBA.
with a terminal dip, with the auxin carried to the uppermost Rooting percentage for white wild indigBdptisia alba(L.)

2.5 cm (1 in) of the cuttings within 24.fihe lagestamount ~ Vent. varalba (syn. BaptistapendulaLarisey] appeared to
remained in the lowest 2.5 cm (1 in) with progressively lesser increase up to 1000 mglliter (ppm) K-IBA, while root num-
amounts in each succeeding 2.5 (1 in) cm up the cutting. Per appeared highest with K-IBA at 2000 mg/liter (ppm).
With a terminal dip, the greatest amount of auxin remained

in the 2.5 (1 in) cm that was dipped, with progressively less  Foliar spray methodsCuttings may also be treated with
in each lower 2.5 cm (1 in), with a slight exception in the auxin by spraying cuttings with an auxin solution after inser
lowest 2.5 cm (1 in). In addition, removal of the shoot apex tion into the rooting substratalthough other agricultural
resulted in increased auxin uptake of terminally dipped cut- chemicals (including some plant growth regulators) are ap-

tings, but did not result in increased transport. plied as sprays in commercial practice, auxins as root-pro-

A foliar dip in solutions of IBAvas reported bnuradha moting chemicals are not commonly applied in this manner
and Sreenivasan (4) to be beneficial for rooting single-node Spray applications of auxin are useful in agriculture for a
cuttings of ‘Cauverytoffee (Coffea arabica.. ‘Cauvery’). variety of purposes, including their use as herbicides, thin-

Rooting at 90 days after planting cuttings in trenches in- ning agents on fruit trees, and agents able to control regrowth
creased from 35% in the nontreated controls to 53% with a of tree sprouts after pruning, induce flowering of bromeli-
basal dip in 5000 mg/liter (ppm) IBA, 90% with a foliar dip  ads, and promote fruit set (56).
in 7000 mg/liter (ppm) IBA, and 90% with a foliar dip in In the 1930s, Chadwick and Kiplinger (34) tested a foliar
10,000 mg/liter (ppm) IBAAMong these same treatments, spray of IAAon chrysanthemum cuttings in afoef to avoid
the foliar dip in 7000 mg/liter (ppm) IBA was rated as supe- the inconvenience of soaking the basal ends of cuttings in
rior as it provided the highest values for number and length auxin solutionsAlthough data on the trials were not pre-
of primary roots and number of leaves per cutting. Notable sented in their report, they noted spraying cuttings once with
shoot retardation was observed on cuttings receiving a foliar IBA at a concentration of 100 mg/liter (ppm) and three times
dip in 10,000 mg/liter (ppm) IBA. with a concentration of 20 mg/liter (ppm) was not decef
Tincker (174) mentions an early study using the total im- tive as soaking the basal ends of cuttings in IBA at a concen-
mersion technique. Cuttings of myrtMyrtus communis.) tration of 2.5 mg/liter (ppm) for 24 hHfhe spray technique
(an easily rooted species) were placed with their leaves in aalso required a greater amount of auxin.
dilute solution of IAAand NAAfor 12 hr with results de- Tincker (174) sprayed cuttings of strawberry tr&eb(I-
scribed as unsatisfactory compared with treatment of the stem.tus unedd..) after insertion in a rooting frame with 100 mg/
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liter (ppm) IAA three times over 2 days, resulting in some
injury, defoliation, and no successful rootidgsimilar test
with Tasmanian snow gunf(calyptus cocciferédook. f.)
cuttings resulted in leaf injuryput no rooting.

Physiologists at the U.S. Departmenigfriculture (77)

receiving only the basal dip. Rooting was similar or less us-
ing a foliar spray of NAD. Root number per cutting was
greater when cuttings received both a foliar and basal appli-
cation of auxin compared with a foliar spray aldnth in-
creasing auxin concentration in the foliar spray treatments,

recommended using a fine foliar spray of auxin as an aque-there were indications of decreasing axillary budbreak of
ous solution or an emulsion to the tops of cuttings of herba- rooted cuttings at the end of the rooting period.
ceous perennials after they had been inserted into the rooting Trials were conducted by Blythe et al. (21) to determine

substrateA concentration of 300 mg/liter (ppm) IBas
suggested for cuttings of beaRh@seolusL.), marigold
(Tageted..), coleus, majuerite Argyranthemum frtescens
(L.) Schultz-Bip.], and carnation. Spray treatment with an
emulsion of IBA resulted in a greater number of roots on
cuttings in comparison to nontreated cuttiigsimilar con-
centration of IAAor NAA was also déctive on cuttings of

whether a foliar spray application of the auxins IBA and NAA
as a dilution of the commercial root-promoting formulation
Dip ‘N Grow (IBA + NAA) would be as déctive as a basal
quick-dip for rooting cuttingsA foliar spray application of
50 mg/liter (ppm) IBA+ 25 mg/liter (ppm) NAAafter inser
tion into the rooting substrate was afeefive as the basal
quick-dip for terminal cuttings of silver and gold chrysan-

carnation and coleus. Compared to a dilute basal soak, thethemum Chrysanthemum pacificuiakai (synAjania paci-

spraying technique was reported to be easier to alasly

fica (Nakai) K. Bremer & Humphries)], while other spray

likely to cause injury to cuttings, and permitted repeat appli- treatments (at lower concentrations) were leflestbe. Cut-

cations without disturbing cuttings. Howeytre spray tech-

tings of ‘Lynwood Gold’border forsythia Korsythia

nigue was noted to be somewhat less economical and no morexintermediaZab. ‘Lynwood Gold’) rooted well using a basal

effective than some of the soaking treatments.
Mitchell and Marth (130) briefly discussed spray applica-

dip; howeversubsequent shoot development from the rooted
cuttings was better with the foliar spray treatments.

tion of auxin to the leaves and upper ends of stems as an aid Further trials by Blythe et al. (23) evaluated use of a foliar

in rooting stem cuttings of flowering, fruiting, and vegetable
plants.A solution of IBAdissolved in alcohol and diluted
with water was noted to provide good results with certain

spray application of Dip 'N Growas well as K-IBA, for
rooting stem cuttings of ornamentals. Cuttings of silver and
gold chrysanthemum sprayed with 10 mg/liter (ppm) K-IBA

herbaceous species, while lanolin-emulsion sprays were sug-produced greater total root length than cuttings receiving the

gested for species requiring longer periods for roofiihg.

lanolin was used to retain the auxin on the foliage and make tween spray treatments and the basal quick-dip. Root and

it available to the cutting over an extended period of time.
Fish (55) reported using a spray application of auxin in
association with a powder dip for rooting cuttings of camel-
lia. Cuttings were treated with Hormodin 3 [8000 ppm
(0.8%)] powder prior to insertion into the rooting substrate

basal quick-dip; otherwise, root development was similar be-

shoot development measures were similar or lower for cut-
tings of glossy abeliadbeliax grandiflora (André) Rehd.],
panicled hydrangeaHydrangea paniculateSieb.), and
‘Natchez’ crapemyrtle [agerstoemia (indica x fauriei)
‘Natchez’] sprayed with auxin compared to a basal quick-

and, after an additional 6 weeks, were sprayed with a light dip.

application of Jifiy Grow (IBA + NAA) liquid formulation

In testing foliar sprays of auxin on stem cuttings of four

(diluted 1:5). Excessive application of the liquid was reported tropical ornamentals, Blythe et al. (20) found terminal cut-

to retard root growth.

In reviewing potential uses of a watasluble IBAprod-
uct using a foliar spray application, Kroin (101) noted the
‘spray drip downmethod is cost &ctive since it uses mini-
mum labor and low IBAoncentrationgAfter cuttings have

tings of Chinese evgreen Aglaonema modestugthott ex

Engl.) receiving a basal quick-dip produced the greatest num-
ber of roots and total root length per cutting, nontreated cut-
tings produced the fewest roots and lowest total root length,
while auxin spray treatments gave intermediate results.

been inserted in trays, a rooting solution is sprayed onto the Nontreated and sprayed two-node cuttings of dwarf garde-

leaves until beads of liquid drip down into the substrate.
Aqueous solutions of IBA at 50 to 250 mg/liter (ppm) were
recommended for cuttings of chrysanthemum, begd@ea (
gonial.), dieffenbachia DieffenbachiaSchott), heath, and
hibiscus HibiscusL.). Chrysanthemum cuttings treated us-
ing the spray drip down method with IBA at 5 to 150 mg/
liter (ppm) are noted to produce high qualgymmetrical

root systems based on production tests in Holland. In addi-

nia [Gardenia jasminoidegllis ‘Radicans’(syn. Gardenia
augusta(L.) Merrill ‘Radicans’)] and terminal cuttings of
weeping fig Ficus benjamind..) produced similar or lesser
results in comparison to a basal quick-dip. Results with sub-
terminal cuttings of ‘Ivalace’ English ivyHedera helixL.
‘Ivalace’) were similar among all treatments. Subsequent
shoot or foliage development on cuttings of all species re-
ceiving the spray treatments was similar in most cases to

tion, rose cuttings were noted to produce quality roots using cuttings receiving no auxin treatment or a basal quick-dip

the spray drip down method with 50 to 100 mg/liter (ppm)
IBA based on tests at a commercial research center
Bartolini and Fiorino (9) tested biweekly foliar spray ap-
plications of 0, 50, 100, or 200 mg/liter (ppm) IBA or the
amide form of NAA (NAD) on cuttings of ‘Maurino’ olive
(Olea euopaeal. ‘Maurino’), the auxin sprays being used

treatment.

In five experiments conducted by Blythe et al. (25), single-
node cuttings of ‘Red Cascade’ miniature rose were treated
with a basal quick-dip (prior to insertion into the rooting sub-
strate) or sprayed to the drip point with a single foliar appli-
cation (after insertion) of Dip 'N GravK-IBA, or K-NAA;

alone and in combination with a 4- to 5-sec basal dip in a a single foliar spray application of Dip 'N Grow with and

solution of 4000 mg/liter (ppm) IBA. Cuttings treated with

without Kinetic surfactant; or multiple foliar spray applica-

the IBA sprays alone showed increased rooting response withtions of Dip 'N Grow Spray treatments were compared with

increasing IBA concentration. Rooting of cuttings sprayed
with 200 mg/liter (ppm) IBA was similar to that of cuttings
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their respective basal quick-dip controls. Sprayed cuttings
exhibited rooting percentages, total root length, percent of
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rooted cuttings with shoots, and shoot length similar to or

and often at least one type of auxin (102). Microcuttings to

less than control cuttings. Exceptions were cuttings sprayed be rooted in tissue culture can receive either a short (acute)

with 0 to 0.5 mg/liter (ppm) K-NAA which exhibited shoot
length greater than the control cuttingddition of 1.0 mg/
liter (ppm) Kinetic oganosilicone surfactant to spray treat-

ments resulted in greater total root length and shoot length.

or prolonged (chronic) application of auxin, depending upon
the requirements of the particular species (@0)ite appli-
cations of auxin can be accomplished either by culturing
shoots in a substrate containing concentrated auxin for a short

Repeated sprays (daily up to 7 consecutive days) had no omeriod or by briefly dipping shoots into a concentrated auxin

negative dects on root and shoot development.

Substrate application methaddntil recent years, scien-
tific literature has reported little regarding auxin application

to conventional stem cuttings by way of the rooting substrate.

However auxin-containing substrates are commonly utilized
in micropropagation (tissue culture) to promote adventitious

solution or powderwith treated shoots then cultured in an
auxin-free substrate. Chronic applications of auxin are ac-
complished by culturing shoots in a substrate containing a
low concentration of auxin for an extended period of time.
Sabilized oganic substrate treated with auxin has been
used to successfully root microcuttings in vivo. In a series of
experiments, Malavasi and Ranieril@) transferred

rooting, suggesting such a technique has potential for propa-microcuttings of the peach clonal rootstock ‘GF 6 PfUnus

gation by stem cuttings.
In the 1930sTincker (174) briefly mentioned obtaining
successful root formation on cuttings stimulated by pouring

dulcis(P. Mill.) D.A. Webb (synPrunus amygdaluBatsch)
x Prunus persicdL.) Batsch] into small plugs composed of
peat and a proprietary bingdraving pretreated the plugs

an auxin solution onto the rooting substrate (sand), but did With 0.1 mL (0.0034 fl 0z) of IAA, IBA, or NAA solutions at

not provide information on species tested or quantitative data.

Tincker (174) suggested use of aganic substrate, although
of practical value, would not permit determination of the auxin

concentrations from 10 to 500 mg/liter (ppAjhough auxin
was not essential for rooting, root formation was increased
using 25 to 100 mg/liter (ppm) auxin in comparison to

concentration to which the cuttings were exposed since the Nontreated control§reatment of microcuttings with an auxin

breakdown of ayanic material (e.g., peat) in the substrate
might provide active (root-promoting) products.

dip was also examined, but was not investigated further be-
cause it seemed to demand more labor as compared to pre-

Stem cuttings rooted in a hydroponic system can be treated {réating the plugs with auxin.

with auxin via a recirculating hydroponic solution. Using a
hydroponic system based on the nutrient film technique,
Boland and Hanger (26) inserted terminal cuttings of winter
daphneDaphne odord hunb.) into a layer of black polypro-
pylene beads within plastic-lined, galvanized channels with
recirculating solutions containing tap water only or tap wa-
ter containing 10 mg/liter (ppm) K-IBA, with groups of cut-
tings in the K-IBA solution transferred to tap water only chan-
nels at selected intervals. Cuttings exposed to K-IBA exhib-
ited accelerated root formation compared to cuttings with no
K-IBA exposure. Root numheroot length, and root dry
weight were maximized with around 10 days of exposure to
auxin. Heating the solution to maintain a minimum tempera-
ture improved rooting percentage.

Wilkinson (189) used a hydroponic system similar to that
of Boland and Hanger (26) to root stem cuttings of several
woody ornamentals. Cuttings dii®’s desert pefswainsona
formosa(G Don) JoyThomps.] exposed to 10 mg/liter (ppm)
IBA produced a similar rooting percentage, but did produce
a lager root mass, than cuttings in water oi@yttings of
Lady Banks roseRosa banksia®V. T. Aiton var. banksiag
rooted successfully in water onlyhile exposure to 5 mg/
liter (ppm) IBA was toxic to all cuttings. Rooting of slender
honeymyrtle Klelaleuca gibboséabill.) and winter daphne
was stimulated with exposure to IBA. Rooting of heath-leaf
banksia Banksia ericifoliaL. f.) was improved when peat

Malavasi and Predieri {b) tested this same auxin-treated
plug technique with microcuttings of ‘Hayward’ kiwi
(Actinidia chinensisPlanchon ‘Hayward’) and European
plum [Prunus domestich. var. insititia (L.) Fiori & Paoletti
(syn.Prunus insititial.)] clonal rootstock. Microcuttings of
kiwi rooted in vivo in both treated and nontreated plugs; how-
ever microcuttings treated with 25 mg/liter (ppm) NAsfo-
duced a greater rooting percentage than the control, while
both 25 mg/liter (ppm) NAA and 25 mg/liter (ppm) IBA pro-
duced more roots (but shorter root length) than the nontreated
control. Microcuttings of European plum rootstock exhib-
ited high rooting ability in all treatments; however IAA at 25
mg/liter (ppm) increased the rooting percentage over the con-
trol.

McComb and Newton (123) reported successfully rooting
microcuttings of kangaroo pavAiigozanthod abill.) in
cubes of flexible polyurethane in vitrAuxin was supplied
to the microcuttings by inserting microcuttings into the foam
cubes and placing the cubes into culture tubes containing
liquid rooting substrate with IBA. Roots grew through the
foam and emered from the base and sides. Rooted shoots
were transferred directly to soil without removing the foam.

Auxin-treated substrate has also been used for layering.
Wells (186) described the dayering process utilized at a
commercial nursery for propagating compact Oregon grape
holly (Mahonia aquifolium(Pursh) Nutt. ‘Compacta’) in

moss was added to the beads in the substrate and the solutiowhich sphagnum moss is soaked in a solution of 60 mg/liter

was recycled intermittentlyrather than continuouslyhe
technique provided only limited success with cuttings of spe-
cies and hybrids of grevillea and failed to produce roots on
cuttings of mature redflower gunCérymbia ficifolia (F.
Muell.) K.D. Hill & L.A. Johnson (synEucalyptus ficifolia

F. Muell.)].

In micropropagation, microcuttings of some species are
rooted in a f&age Il (root induction) substrate containing
specific types and concentrations ofjamic and inaganic
chemicals, including nutrients, sucrose, a solidifying agent,

J. Environ. Hort. 25(3):166—-185. September 2007

(ppm) IBA and inserted into a cut flap of stem tissue prior to
completion of the air layer

In a study conducted by Blythe et al. (22) to evaluate auxin
application to stem cuttings via the rooting substrate, single-
node cuttings of English ivy and ‘Red Cascade’ miniature
rose were inserted into plugs of a stabilizeghoic rooting
substrate (plugs comprised of peat and a polymer binder)
that had been soaked in water or aqueous solutions of K-IBA
+ K-NAA at concentrations ranging from 50 + 25 mg/liter
(ppm) to 2000 + 1000 mg/liter (ppnWith increasing auxin
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concentration in the plugs, treatments first provided a root- the years subsequent to their discoyeryxins remain the
promoting response of the lower stem tissue of the cuttings, only applied compounds that consistently enhance adventi-
then a phytotoxic response of the lower stem tissue and sometious rooting, and there has been little improvement in the
root-promoting response of the upper stem tissue, and finally effectiveness of auxins beyond that achieved with IBA, NAA,
a phytotoxic response by all stem tissue. Results suggestedand related compound$he need for research to develop
cuttings inserted in plugs treated with a low concentration of new more efective auxins is noted, the need being justified
auxin [below 100 mg/liter (ppm)] could potentially provide by the economic importance of adventitious rooting in horti-
results similar to cuttings receiving a conventional basal culture and forestry worldwide. Precise identification and
quick-dip. In a second experiment conducted in a similar characterization of possible rooting co-factors (auxin syner
manneycuttings were inserted into plugs that had been soakedgists) is also proposed as a critical area of research. How-

in water aqueous solutions of K-1B&t concentrations rang-
ing from 15 to 75 mg/liter (ppm), or aqueous solutions of
K-IBA + K-NAA at concentrations ranging from 15 + 7.5
mg/liter (ppm) to 60 + 30 mg/liter (ppm), with results com-
pared to cuttings receiving a conventional basal quick-dip in
K-IBA at1000 mg/liter (ppm) or K-IBA + K-NAA at 1000 +
500 mgl/liter (ppm)Although auxin was not essential for
rooting, number of roots and total root length on cuttings of
English ivy were greater in plugs treated with K-IBA at 45
or 60 mg/liter (ppm) and similar with other treatments com-
pared to the basal quick-dip. Shoot length was similar on
cuttings in nontreated plugs and all K-IBA treatments com-
pared to the basal quick-dip, and lower with all K-IBA +
K-NAA treatmentsAuxin was not essential for rooting cut-
tings of ‘Red Cascad@hiniature rose; howevecutting re-
sponse trends indicated a low level of auxin [K-IBA at 30 or
45 mg/liter (ppm)] in the plugs could be beneficial.

In a subsequent study by Blythe et al. (24), results indi-

ever until new auxins and rooting co-factors are clearly iden-
tified, Blazich (16) points to the need for research in tfie ef
cient use of current rooting formulations, along with facili-
tating auxin uptake, minimizing auxin destruction, and en-
couraging the health and vigor of cuttings during the critical
period preceding rooting.

The Horticultural Research Institute \Washington, DC,
the research division of tihemerican Nursery and Landscape
Association, lists among its research priorities the topics of
propagation-related management issues, as well as mecha-
nization and applied technology (84). Included within the
latter topic are labor reduction andigéncy issues, use of
new machinery and technologies, arngb&omic issues. De-
velopment of alternative methods of auxin application can
play a part in each of these focus areas.

For alternative methods of auxin application in cutting
propagation to be successfully integrated into commercial
nursery production, such methods must meet the needs of

cated improvements in rooting of both easy- and less-easy-the changing horticultural industrin discussing quality
to-root woody ornamental species over a conventional basal management systems in ornamental horticultural production,

quick-dip are possible by applying auxin to stem cuttings via
a stabilized aganic substrate provided an appropriate for
mulation and concentration of auxin is selected. In this study
cuttings of ‘Wintergreen’boxwood Buxus sinicgRehd. &
Wils.) M. Cheng varinsularis (Nakai) M. Cheng “Whter-
green’], Ebbinges silverberry Elaeagnus<ebbingeiBoom

ex Door), weeping fig, dwarf gardenia, ‘Nigrakberry [llex
glabra (L.) A. Gray ‘Nigra’], dwarf yaupon holly I{ex
vomitoriaAit. ‘Nana’), ‘Blue Pacific'shore juniperJunipeus
conferta Parl. ‘Blue Pacific’), Japanese ternstroemia
[Ternstioemia gymnanther@\ight & Arn.) Sprague], and
Asian star jasmin€lfachelospermum asiaticu(®iebold &

Briercliffe (29) reported, in addition to reducing costs and
enhancing diciency, modern production systems call for an
approach that also emphasizes quatifety and environ-
mental responsibilityln reviewing key issues in the man-
agement of a commercial propagation program, Blythe and
Sibley (18) noted ééctive propagators must continually
strive to improve their methods of production by evaluating
processes, eliminating unneeded steps, streamlining produc-
tion, and investing in laborsaving systems.

Jones (95) reported engineering in horticulture has the
potential to reduce chemical inputs and reduce repetitive,
laborintensive practices by automation and robotics. Ex-

Zucc.) Nakai] were inserted into plugs that had been soakedgmples of engineering solutions that have been applied suc-

in water or aqueous solutions of K-IBA [15 to 75 mg/liter
(ppm)] or K-IBA + K-NAA (15 + 7.5 mg/liter (ppm) to 60 +
30 mg/liter (ppm)]. Rooting and initial shoot growth responses
were compared with cuttings receiving a basal quick-dip in
K-IBA (1000 mg/liter (ppm)) or K-IBA + K-NAA [1000 +
500 mg/liter (ppm)]. Rooting percentage, number of roots
per rooted cutting, and total root length per rooted cutting
for cuttings rooted in auxin-treated plugs were similar to or

cessfully to nursery production systems include airblast trans-
planters in seedling production, repotting machines for nurs-
ery stock production, and gantry cranes for handling and trans-
porting containegrown plantsAs another example, the
National Institute for Occupational Safety and Health funded
a series of projects by the University of CaliforAgricul-

tural Egonomics Research Centene of which involved
development of a power cutter for woody plant cuttings (131).

greater than cuttings receiving a basal quick-dip; lesser re- The machine reduces repetitive and forceful gripping, with

sults were obtained in a few cases with K-IBA + K-NAA.

reduced need for handling cuttings and improved productiv-

Percent of rooted cuttings with new shoots and shoot length ity hy reducing worker fatigue.

per rooted cutting for cuttings rooted in plugs treated with
K-IBA were mostly similar to cuttings receiving a basal quick-
dip in K-IBA, while cuttings rooted in plugs treated with
K-IBA + K-NAA exhibited similar or lesser results compared
to cuttings receiving a basal quick-dip in K-IBA + K-NAA.

Future Research Opportunities

Alternative methods of auxin application should be appli-
cable to both well-established, manual propagation processes,
as well as neweautomated cutting propagation processes.
Although cutting propagation has traditionally been gdir
manual process, recent innovations point to the increasing
incorporation of automated systems in commercial propaga-
tion. Howard (90) described use of the Jansen Plant Cut ma-

Opportunities continue to exist for research in the use of chine that mechanizes production of cuttings of some woody

auxins for rooting cuttings. Blazich (16) commented that, in
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ornamentalsAn operator feeds stems of plant material into
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sets of rubber belts, which in turn move the material to blades chemical-resistant gloves to avoid skin contact (46). Use of
that prepare cuttings by severing at both ends, and then dePPE is not required during the REI for products such as Dip
posits the cuttings into a collection bifhe machine can 'N Grow provided there is no contact with the treated area
produce 1500 to 2000 cuttings per halgpending on the (136). However PPE is required during dilution, mixing, and
uniformity of the material. Kondo et al. (99) described an use of such liquid formulations. Requirements und@&s
automated system that individually separates and, using aalso include pesticide safety training for nursery workers
robotic manipulatgmicks up chrysanthemum cuttings based (175).
on size, shape, and orientation and sends them to a cutting Although the volume of root-promoting chemicals used
sticking robot that carries out the cutting insertion operation. in horticulture is small in comparison to other agricultural
A planting machine described by Hayashi et al. (73) is able chemicals, changes in the method of applying these chemi-
to remove the lower leaves from chrysanthemum cuttings cals to cuttings can, at least in small part, help to enhance
and insert them in plugs trays at a rate faster than that ofemployees’ well-being and overall job satisfaction in a num-
manual plantingAn automated cutting and placement de- ber of ways by: 1) lowering the chemical concentration be-
vice has also been developed for micropropagation (40).  ing used; 2) reducing the time spent handling chemicals; and
Where manual procedures are employed in cutting propa- 3) reducing the number of employees who handle chemi-
gation, alternative methods of auxin application should play cals.The Occupational Safety and HeaRktiministration
a part in reducing labor requirements and thus reducing pro- (133) suggests engineering controls, work practices, and ad-
duction costs. In a study examining the costs of cutting propa- ministrative controls be employed to avoid situations where
gation for Frasés photinia Photinia xfraseri Dress) and worker safety will require the use of PPE.
tamarix juniperJunipeus sabind.. ‘Tamariscifolia’) in nurs-
eries in theWillamette Valley of Oregon, labor accounted . .
for >50% of the total cost of propagation (17he process  Literature Cited

of preparing and inserting cuttings into the rooting substrate 1. Albaum, H.G S. Kaiserand H.A. NestlerL937.The relation of

comprised 22 and 27% of the total cost of propagation for nhygrogen ion concentration to the penetration of indoleacetic achitetta
Fraser photinia and tam junipeespectivelyln examining cells.Amer. J. Bot. 24:513-518.

work flow and costing in cutting propagation, Baldwin and 2. Al-Salem, M.M. and N.S. Karam. 200Auxin, wounding, and

Stanley (6) noted the importance of concentrating on three propagation medium fafct rooting response of stem cuttingsAsbutus

value operations: 1) cuts made on the cutting in the correct andrachne HortScience 36:976-978.

position; 2) treating with auxin; and 3) inserting the cutting 3. Amissah, J.N. and N.L. Bassuk. 2004. Clonal propagatiQuefcus

in the growing substrate. Bunker (30) also observed one of spp. using a container layering technique. J. Environ. Hort. 22:80-84.

the steps in the propagation process with potential for in- 4. Anuradha, K. and M.S. Sreenivasan. 1998dis on rooting ability

creased ditiency involves rooting hormones and their ap- of Couvery (Catimor) cuttings. J. Geé Res. 23:55-58.

plication. Richey (142) emphasized that cutting crops with 5. Arteca, R.N. 1996. Plant Growth Substances: Principles and

lower rooting percentages are not necessarily more costly toApplications. Chapman and Hall, Negork.

produce than cutting crops with higher rooting percentages; 6. Baldwin, I. and J. @nley 1981.Work flow and costing in

rather he noted the labor of handling cuttings is a more ex- propagation. Comb. Proc. Intl. Plant Prop. Soc. 31:366-376.

pensive factor than rooting percentage. 7. Banko,T.J. 1983. Bects of IBA, K-IBA, and ethyl alcohol on rooting
Finally, alternative methods of auxin application must take of Juniperus chinensis. ‘Hetzii’. Plant Propagator 29(2):8-10.

into account the issues of chemical use and chemical safety 8. Barrientos-PriegoA., M.W. Borys, and FBarrientos-Pérez. 1986.

Elliott (53) noted employee health and safety issues, includ- Rooting of avocado cuttingBérsea americaniill.) cvs. Fuerte and Colin

ing chemical safefymerit the same attention as other issues Y-33- Calif-Avocado Socyrbk. 70:157-163.

in nursery production. 9. Bartolini, G and PFiorino. 1975. La moltiplicazione dell'olivo per
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under the Federal Insept|C|de, FungICIde’ .and ROde.n_tICIde 10. Basu, R.N., N. RoychoudhyflK. Bose, and.R. Sen. 1966. Rooting
Act of 195_38 (FIFRA), which governs regulation qf pestlc:ldes of mango cuttings. IndiaAgricst. 10:147-151.
in the U”'ted &t‘?s (178). Under F”:RA’ all pesticides mu_St 11. Beck, GR. and K.C. Sink, J1974.The response of poinsettia cultivars
be registered (licensed) by the EnV|r0nme_r1ta| PFOteCt|0n to auxins in root promotion of stem cuttings. Scientia Hort. 2:231-236.
Agency (EIA) before Fhey may be sold or dISt”bUt_ed in com- 12.Beeson, R.C., J2000. Putting the speed back in quick-dip auxin
merce;The ER c!as§|f|es |BAand pl’QdUCtS_ containing IBA _ application. Proc. Southern Nursgkgsn. Res. Conf., 45#nnu. Rpt. p.
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Precautionary labeling on pesticides includes information Phil- Trans. Royal Soc. London B 353:1511515.
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sonal protective equipment (PPE) required undewibrer proceraffom Sthiopias confribution to the conservation &ffican pencil
Protection &andards (WPS) of FIFRAL78). PPE require- _ - Vgt T _
ments are based on acute toxicity tests performed on the end- _ 15 Eﬂatla_, N.B '?__B:att'av i”d N%Shwa:h- ZI_OOZA?eX“a' propagation
use product and the solvents (e.g., alcohol) used in the end-g\ustérlac| JOUBSC')? gg.g"7'7_558ezp owards resforation of & rare metaflophyte.
use prOdUCt (136AS an example, precaUtionary statements 16. Blazich, FA. 1988. Chemicals and formulations used to promote
on t.he product label. for Dip ‘N Grow (lB.A + NAA) Ilql'”d . ,adventitious r(;oting, p. 132-148: T.E. Davis, B.E. Haissig, and N. Sankhla
rooting concentrate instruct users to avoid eye contact, avoid eds.) Adventitious Root Formation in Cuttings. Dioscorides Press, Portland,

breathing vapors, and wear long-sleeved shirts, pants, andor.
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