
 

 

ABSTRACT 

WOOLDRIDGE, JOHN MICHAEL.  Propagation by Stem Cuttings and Nitrogen 
Nutrition of Eastern Redbud (Cercis canadensis).  (Under the direction of Frank A. 
Blazich and Stuart L. Warren.) 
 

A series of studies were conducted with eastern redbud (Cercis canadensis L.) to 

identify clones with rooting potential, determine the optimum growth stage for taking 

stem cuttings, investigate the effect of auxin treatment on rooting of stem cuttings, and 

determine optimum nitrogen (N) nutrition for seedlings grown in containers.  The first 

study consisted of two experiments, one utilizing softwood cuttings and the other semi-

hardwood cuttings, to investigate the influence of growth stage and auxin treatment on 

rooting of four related clones of eastern redbud.  The clones were ‘Flame’, dwarf white, 

and two selections (NC99-6-1 and NC99-6-2) of an F1 generation of a cross of ‘Flame’ 

and dwarf white.  At each growth stage, rooting responses of the clones varied and were 

influenced greatly by auxin treatment, demonstrating the variable rooting potential of the 

genotypes.  In both experiments, ‘Flame’ rooted well [63% rooting in the softwood 

experiment when treated with the potassium (K) salt (K-salt) of indolebutyric acid at 

5000 mg•L-1(ppm), 83% rooting when treated in the semi-hardwood experiment with K-

IBA at 10,000 mg•L-1].  For the softwood cutting experiment, cuttings of dwarf white 

(46%) and NC99-6-2 (75%) rooted best when treated with K-IBA at 15,000 mg•L-1.  

Softwood cuttings of NC99-6-1 rooted most successfully (46%) when treated with K-

IBA at 10,000 mg•L-1.  Dwarf white and the F1s rooted poorly in the semi-hardwood 

experiment.  In the second study, stem cuttings of four popular clones of eastern redbud 

(‘Ace of Hearts’, ‘Appalachian Red’, ‘Forest Pansy’, and ‘Hearts of Gold’) were taken on 

seven dates following budbreak during Spring and Summer 2007 and evaluated for 



 

 

rooting potential.  Rooting was affected by a clone x cutting date interaction, indicating 

the optimum time to take cuttings was different for each clone.  Cuttings of ‘Ace of 

Hearts’ taken 6 weeks after budbreak (WAB) rooted at 75% and 71% when treated with 

K-IBA at 5000 mg•L-1 and 15,000 mg•L-1, respectively.  In contrast, cuttings of 

‘Appalachian Red’ rooted at 96% and 93% when taken 15 WAB, the last date tested for 

that clone, and treated with K-IBA at 5000 mg•L-1 and 15,000 mg•L-1, respectively.  

When taken 8 WAB and treated with K-IBA at 5000 mg•L-1 or 15,000 mg•L-1, cuttings of 

‘Hearts of Gold’ rooted at 42% and 58%, respectively.  Cuttings of ‘Forest Pansy’ rooted 

poorly no matter when they were collected or the K-IBA treatment.  In the final study, 

containerized seedlings of eastern redbud were grown in a greenhouse for 10 weeks with 

N application rates (NARs) ranging from 0 to 300 mg•L-1.  Seedlings fertilized with N at 

180 mg•L-1 had the greatest leaf area, leaf dry weight, and total dry weight.  Plants 

allocated more resources to root growth at NARs < 60 mg•L-1.  At NARs ≥ 60 mg•L-1, 

allocation of carbohydrates to roots and tops was constant, with a root:top ratio of 0.25.  

Foliar concentrations of nitrogen and phosphorus increased linearly with increasing NAR 

while concentrations of potassium were not affected by NAR.
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General Introduction 

Eastern redbud (Cercis canadensis L., Fabaceae or Leguminoseae) is a small tree 

native to North America and known for its prolific light to dark-pink flowers in the 

spring.  It generally flowers before the leaves emerge creating an attractive show in 

March through June, depending on the region.  Ironically, the common and scientific 

names of this plant are misleading; no known tree has truly red flowers, and Canada is 

outside the native range.  Robertson (10) reports the range to be from Connecticut and 

New York, to Michigan, and south to Florida and Mexico.  In the west, eastern redbud 

prefers strong sunlight and good drainage.  In the north and east, it prefers open 

woodlands, woodland borders, or stream banks.  Across the range, the species is typically 

divided into three varieties:  C. canadensis var. canadensis, var. mexicana, and var. 

texensis (5).  Geography and leaf morphology form the bases of these distinctions.  As 

the range extends south and west, leaves become smaller, thicker, and glossier.  

In cultivation, eastern redbud grows in USDA hardiness zones 4 to 9 (3).  Trees 

reach a height of 6.1 to 9.1 m (20 to 30 ft) with a spread of 7.6 to 10.7 m (25 to 35 ft).  

The trunk is often divided close to the ground.  Nurseries sell many unique clones of 

eastern redbud that bring interest to the home or urban landscape (9).  The available 

clones provide variations in growth habit, flower color, and leaf color.  Because of these 

excellent ornamental characteristics, eastern redbud is widely produced by nurseries and 

eagerly planted by gardening enthusiasts in the United States.   

Currently, nursery professionals commonly use chip or t-budding to propagate 

desirable clones of eastern redbud.  These techniques, however, require significant skill 
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and time and are a limitation to wider utilization of redbuds in the landscape.  

Additionally, trees propagated in this manner may be prone to disease and can develop 

problems at the bud union (Dennis J. Werner, NC State Univ., personal communication).  

Suckering from the rootstock is also a common problem as the plant ages (3).  Because of 

these problems, protocols have been developed to propagate eastern redbud by 

micropropagation, and trees are available that have been produced by these methods.  

However, micropropagation also requires significant skill and resources and concerns 

remain about the vigor of plants produced via these methods.  

Protocols for propagation of eastern redbud by stem cuttings would provide an 

easier and less expensive method of production.  Previously, Tipton (12), Dillion and 

Klingamen (2), Pooler and Dix (8), and Murphy (7) reported on propagation of eastern 

redbud by stem cuttings.  Their results suggested some clones root poorly while other 

clones have good rooting potential.  Additionally, their results demonstrated successful 

propagation by stem cuttings of eastern redbud depended on growth stage and auxin 

treatment; some clones only rooted when cuttings were taken soon after budbreak and 

treated with high rates of auxin.   

In a nursery setting, successful propagation is often followed by growing the plant 

until it reaches a salable size.  During this phase of production, proper nutrition is 

necessary to maximize growth.  Nitrogen (N) is the mineral nutrient that most affects 

growth, and when N supply is suboptimal, overall growth of a plant is reduced (6).  In 

addition, optimum N nutrition of container produced plants is necessary to minimize 

grower costs and to minimize potential loss of nutrients from the container to the 
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environment.  However, little has been reported on the N requirement of containerized 

eastern redbud during the first year of growth.  Beattie et al. (1), Geneve and Weston (4), 

Wright et al. (13), and Stoven et al. (11) investigated aspects of fertility of eastern 

redbud, however, those studies were not designed to determine the N requirement.  

 Development of protocols to propagate eastern redbud by stem cuttings and 

information on N nutrition during containerized culture would aid nursery professionals 

producing eastern redbud.  Therefore, the objectives of this research were to (A) identify 

clones of eastern redbud with rooting potential, (B) determine the optimum growth stage 

for taking stem cuttings of eastern redbud, (C) investigate the effect of auxin treatment on 

rooting of stem cuttings of eastern redbud, and (D) determine optimum N nutrition for 

containerized culture of eastern redbud.   
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Propagation of Selected Clones of Eastern Redbud (Cercis canadensis) by Stem Cuttings 
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Abstract 

 
Two experiments, one utilizing softwood cuttings and the other semi-hardwood cuttings, 

were conducted to investigate the influence of growth stage and auxin treatment on 

rooting four related clones of eastern redbud (Cercis canadensis L.).  The clones were 

‘Flame’ (C. canadensis L. ‘Flame’), dwarf white, and two selections (NC99-6-1 and 

NC99-6-2) of an F1 generation derived from a cross of ‘Flame’ and dwarf white.  At each 

growth stage, rooting responses of the clones varied and were influenced greatly by auxin 

treatment, demonstrating the variable rooting potential of the genotypes.  In both studies, 

‘Flame’ rooted well [63% rooting in the softwood study when treated with the potassium 

(K) salt (K-salt) of indolebutyric acid at 5000 mg•L-1(ppm), 83% rooting when treated in 

the semi-hardwood study with K-IBA at 10,000 mg•L-1], indicating stem cuttings may be 

a commercially feasible means of propagation for ‘Flame.’  For the softwood cutting 

study, cuttings of dwarf white (46%) and NC99-6-2 (75%) rooted best when treated with 

K-IBA at 15,000 mg•L-1.  Softwood cuttings of NC99-6-1 rooted most successfully 

(46%) when treated with K-IBA at 10,000 mg•L-1.  Dwarf white and the F1s rooted 

poorly in the semi-hardwood study. 

Index words:  adventitious rooting, auxin, K-indolebutyric acid, Fabaceae. 



   9 

 

Significance to the Nursery Industry 

Numerous clones of eastern redbud [Cercis canadensis L. (Fabaceae Lindl.)] are 

sold in the nursery trade, and they typically are propagated by budding or 

micropropagation.  However, propagation by stem cuttings would provide a simpler 

means of propagation, although eastern redbud is reputed to be difficult-to-root.  Results 

herein demonstrated the rooting response of softwood cuttings of eastern redbud was 

enhanced by increasing concentrations of the potassium (K) salt (K-salt) of indolebutyric 

acid and that particular clones rooted in high percentages.  The cultivar Flame (C. 

canadensis L. ‘Flame’), was generally the best rooter with good rooting observed on both 

softwood cuttings (63%) and semi-hardwood cuttings (83%).  Thus, propagation of 

particular clones by stem cuttings may be an alternative to more expensive methods of 

propagation.  We therefore suggest ‘Flame’ can be propagated by stem cuttings taken 

over the course of the summer when treated with K-IBA at 10,000 mg•L-1(ppm).   

Introduction 

Landscapers covet small flowering trees such as eastern redbud, and several 

selections are available, each bringing interest to the garden (18).  For a number of 

reasons, it would be advantageous to propagate eastern redbud by stem cuttings.  

However, stem cuttings are reportedly difficult-to-root.  Dirr and Heuser (5) expressed 

“serious reservations” the species can be rooted, noting that the “senior author has never 

rooted a single cutting” and “authors have never seen a redbud on its own roots.”  

Raulston (18) also expressed concern about rooting of redbuds.  He noted “though 
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softwood cuttings of juvenile seedlings can be rooted in good percentages, the adult wood 

of cultivar material is virtually impossible to propagate in this way.”    

Currently, nursery professionals commonly use chip-budding or t-budding to 

propagate desirable clones of eastern redbud.  These techniques, however, require 

significant skill and time and are a limitation to wider utilization of redbuds in the 

landscape.  Raulston (18) reported that experienced and skillful propagators may achieve 

good results (70% to 80%) by budding, while other propagators may achieve 25% to 

40%.  The difficulty is attributed to the bark and adhering cambium of redbud that is very 

thin and, thus, difficult to work with.  Best results are achieved when the understock is 

growing rapidly, providing the greatest chance for healing of bud unions.  This limits 

propagation by budding to the summer months.  Trees propagated in this manner may 

also be prone to disease and can develop problems at the bud union (Dennis J. Werner, 

NC State Univ., personal communication).  Furthermore, suckering from the rootstock is 

a common problem as the plant ages (4).   

In the last 2 decades much research has been conducted on micropropagation of 

eastern redbud as an alternative to propagation by stem cuttings or budding.  Geneve and 

Kester (7), Geneve et al. (8), and Trigiano et al. (23) were able to produce somatic 

embryos from zygotic embryos although they developed abnormally.  Distabanjong and 

Geneve (6) overcame the developmental difficulties and produced plantlets from somatic 

embryos.   Yusnita et al. (24), working with white eastern redbud (C. canadensis L. var. 

alba), Geneve et al. (8), working with four clones of eastern redbud, and Mackay et al. 

(14), working with Mexican redbud (C. canadensis var. mexicana), produced plantlets 
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from shoot explants.  Bennet (1) also reported successful micropropagation of Mexican 

redbud.  Thus, redbuds are presently available commercially that have been propagated 

by micropropagation (North American Plants, Lafayette, Oregon), however, concerns 

remain about the vigor of redbuds produced via this method (Pat McCracken, personal 

communication).   

Previous research on propagating eastern redbud by stem cuttings has yielded 

mixed results.  Tipton (21) working with Mexican redbud studied the effect of stem 

maturity and treatment of cuttings with K-IBA.  Cuttings were taken 4, 8, 12 or 16 weeks 

after budbreak from a single tree in the adult growth phase.  The cuttings were wounded 

and treated with one of six concentrations of K-IBA ranging from 0 to 25,000 mg•L-1 and 

then inserted (set) in 1 perlite : 1 vermiculite (by vol).  Regression analysis predicted 

maximum rooting response at 88% for cuttings taken 4 weeks after budbreak and treated 

with K-IBA at 21,000 mg•L-1.  Cuttings taken 8, 12, or 16 weeks after budbreak did not 

root.  Tipton concluded that for optimum rooting cuttings should be taken as soon as 

possible after budbreak.   

Dillion and Klingaman (3) conducted a cutting maturity study and a cutting 

position study on an unidentified clone of eastern redbud prior to its release to the nursery 

industry.  Stem cuttings taken in May, June, or August were treated with 

naphthaleneacetic acid (NAA) or IBA ranging from 0 to 20,000 mg•L-1.  Cuttings treated 

with IBA rooted in higher percentages than cuttings treated with NAA.  When treated 

with IBA at 20,000 mg•L-1, cuttings taken in May rooted at 94%.  Cuttings taken in June 
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and treated with IBA at 20,000 mg•L-1 rooted at 50%, and cuttings taken after June did 

not root. 

Pooler and Dix (17) screened several taxa of redbud (Cercis L.) for rootability for 

inclusion in a breeding program.  Semi-hardwood cuttings were taken from 2-year old 

plants approximately 8 weeks after budbreak.  The cuttings were wounded and subjected 

to one of four treatments.  The treatments were a 5 min soak in DynaGro liquid (0.05% 

IBA, 0.10% NAA), 5-sec dip in Wood’s Rooting Compound (1.03% IBA, 0.66% NAA) 

diluted 1:5 with water, basal treatment with Hormo-Root 2 (2.0% IBA in talc), and a 5 

sec dip in K-IBA at 20,000 mg•L-1.  The cuttings were set in 2 perlite : 1 milled 

sphagnum moss (by vol.) and placed under intermittent mist with bottom heat at 27C 

(81F).  Eastern redbud rooted at 56% across all auxin treatments, while Texas redbud (C. 

canadensis var. texensis) rooted at 63% across all treatments.  Many of the Asian taxa 

rooted at higher levels.  Chinese redbud (C. chinensis Bunge), smooth redbud (C. glabra 

Pampanini), Yunnan redbud (C. yunnanensis Hu et Cheng), and Ching’s redbud (C. 

chingii Chun) rooted at 74%, 100%, 89%, and 100%, respectively.  Data were not 

presented regarding the response to individual auxin treatments.  In contrast, Murphy (16) 

attempted to propagate ‘Forest Pansy’ eastern redbud by hardwood cuttings and was 

unable to root a single cutting.  Cuttings were taken in January and treated with Doff 

rooting powder (0.4% w/w 1 napthylacetic acid).  Cuttings were set at a 45° angle in 1 

peat : 1 perlite (by vol.) in Malling hardwood-cutting bins maintained at either 10 or 20C 

(50 or 68F).  Other anecdotal reports of unsuccessful attempts to root softwood and semi-

hardwood cuttings of ‘Forest Pansy’ support findings of Murphy (16) and others (Dennis 
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J. Werner, NC State Univ., personal communication; Wooldridge et al., unpublished 

data).   

Additional research has focused on species related to eastern redbud.  An early 

report by Thomas (22) claimed 75% to 90% rooting of nontreated stem cuttings of 

Chinese redbud (Cercis chinensis Bunge).  “Softwood heel” cuttings taken in June and 

July rooted in 3 to 4 weeks (22).  More recently, Karam and Gebre (12) investigated the 

effect of cutting position on the branch and IBA or K-IBA concentration on rooting of 

cuttings of European redbud (Judas tree) (Cercis siliquastrum L.).  They collected 25-30 

cm long shoots in April (2-3 weeks after budbreak), June, and January and prepared 

terminal and basal cuttings from the shoots.  The cuttings were treated with either the free 

acid of IBA dissolved in 50% ethanol, K-IBA dissolved in water, or IBA as a commercial 

auxin-talcum powder formulation.  The concentrations of the free acid of IBA, and K-

IBA ranged from 0 to 9600 mg•L-1.  The commercial talcum powder formulations ranged 

from 0.1% to 0.8% IBA.  They found that only cuttings taken in June rooted and terminal 

cuttings from the shoot performed better than basal cuttings from the shoot.  Cuttings 

treated with K-IBA performed better than cuttings treated with the free acid of IBA or 

IBA in talcum powder.  The highest rooting percentages (80%) were observed when 

cuttings were treated with K-IBA at 7200 mg•L-1 K-IBA, although the response curve 

showed optimum rooting percentages would be achieved with concentrations > 9600 

mg•L-1.    

The aforementioned research suggests optimum rooting of eastern redbud most 

likely is achieved by taking cuttings soon after budbreak and by treating the cuttings with 
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high auxin concentrations (3,21).  These studies also indicate genotype is a critical factor 

as one clone of C. canadensis rooted as high as 94% (3), whereas ‘Forest Pansy’ rooted 

poorly (16).  Additionally, studies on species closely related to eastern redbud suggest the 

potential for good rooting of stem cuttings (12, 22).  Therefore, two studies were 

conducted to further investigate the effect of auxin treatment and growth stage on rooting 

stem cuttings of four related clones of eastern redbud.   

Materials and Methods 

The experiments were both 4 x 4 factorials in a randomized complete block 

design with four replications and six cuttings per replication.  The main factors were four 

clones: ‘Flame’, dwarf white (an unreleased selection of the JC Raulston Arboretum), and 

two selections (NC99-6-1 and NC99-6-2) of an F1 generation of a cross of ‘Flame’ and 

dwarf white; and four rates of K-IBA (0, 5000, 10,000, or 15,000 mg•L-1).  For each 

clone, cuttings were taken from a single tree in the adult growth phase.  Trees of ‘Flame’ 

and dwarf white were located at the JC Raulston Arboretum, Raleigh, NC, while trees of 

the F1 selections were located at the Sandhills Research Station, Jackson Springs, NC.   

In the first study, softwood cuttings were taken May 10, 2006, approximately 6 

weeks after budbreak.   For all four clones, the leaves of the softwood cuttings were not 

fully expanded and the stems were green.  When the softwood cuttings were flexed, the 

stems broke without a snapping sound and remained attached.  In the semi-hardwood 

study, cuttings of dwarf white, NC99-6-1, and NC99-6-2 were taken July 7, 14 weeks 

after budbreak.  At that time, the tree of ‘Flame’ was judged to be in an earlier growth 

stage than the other trees, and cuttings were not taken until 2 weeks later on July 24, 16 
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weeks after budbreak.  For all the semi-hardwood cuttings, the leaves were fully 

expanded and stems were a medium brown color.  When pressure was applied, the stem 

broke with a snapping sound, but did not separate.    

During preparation of the cuttings at both stages of growth, terminal succulent 

growth was removed to the first or second distal node.  The cuttings were trimmed at the 

base resulting in a final length of 15 cm (6 in) and leaves were removed from the basal 5 

cm (2 in).  Leaves larger than 10 cm (4 in) in width were cut in half perpendicular to the 

midrib and the basal 2 cm (0.8 in) of each cutting was dipped for 2 sec in a solution of K-

IBA at 0, 5000, 10,000, or 15,000 mg•L-1.  After 15 min of air drying of the IBA 

solutions, each cutting was set in a plastic Anderson Deep Tree Band (Anderson Tool and 

Die, Portland, OR) [6 x 6 x 12 cm (2.4 x 2.4 x 5 in)] containing 1 peat : 1 perlite (by 

vol.).  Bands (containers) were held in deep propagation flats [41 x 41 x 13 cm (16 x 16 x 

5 in)] with 36 cells per flat (6 rows x 6 columns), and the flats  placed under intermittent 

mist in a greenhouse.  The mist operated from 7 am to 7 pm for 4 sec every 10 min in the 

softwood study and 4 sec every 8 min in the semi-hardwood study.  Evaporative cooling 

was activated in the greenhouse if the temperature rose above 21C (70F).  Heating was 

activated if the greenhouse temperature dropped below 16C (60F).  Cuttings were left in 

the mist for 8 weeks.  The softwood study was terminated July 5.  Semi-hardwood 

cuttings of dwarf white, NC99-6-1, and NC99-6-2 were removed and data recorded 

September 18.  Semi-hardwood cuttings of ‘Flame’ were removed and data recorded 

October 2.  A cutting having one primary root ≥ 1 mm (0.04 in) in length was classified 

as rooted.  After recording the number of primary roots, the length of each primary root 
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was measured for the softwood study.  In the semi-hardwood study, the number of roots 

was recorded and total root length and total root area were obtained using a Monochrome 

Agvision System 286 Image Analyzer (Decagon Devices, Inc., Pullman, WA).  For both 

studies, the roots were dried at 65C (149F) for at least 48 hr and then weighed.  Rooting 

percentages were calculated, and all data were subjected to analysis of variance 

(ANOVA) and regression analysis, where appropriate.  When regression analysis was 

significant, simple linear and polynomial curves were fitted to data.  The maximum of the 

polynomial curve was calculated as a first order derivative of the independent variable 

where the dependent variable equaled zero.   

Results and Discussion 

Softwood cuttings.  Rooting percentage, root number, total root length, and total 

root dry weight were significantly affected by clone and K-IBA treatment, whereas the 

clone by K-IBA rate interaction was not significant (Table 1).  K-IBA had a linear effect 

on rooting percentage (Table 2).  Averaging across all clones, nontreated cuttings rooted 

at a mean of 10% whereas cuttings treated with K-IBA at 15,000 mg•L-1 rooted at 55%.  

For those cuttings which rooted, K-IBA had a linear effect on root number, and total root 

length, while K-IBA had a quadratic effect on total root dry weight (Table 2).   

Averaged across clones and K-IBA rate, total rooting of the softwood cuttings 

taken 6 weeks after budbreak was 38%.  Pooler and Dix (17) reported 56% rooting for 

stem cuttings of eastern redbud and 63% rooting for cuttings of Texas redbud.  Those 

cuttings, however, were taken from plants in the juvenile growth phase, and cuttings from 

juvenile plants typically produce adventitious roots more readily than cuttings taken from 
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plants in the adult growth phase (10).  Comparison of our results to those of Pooler and 

Dix (17) is further confounded because the rooting percentages presented by Pooler and 

Dix (17) were the average of four different auxin treatments, including a variety of active 

ingredients (IBA and NAA) as well as carriers (water, alcohol, and talc).  In addition, 

there was no nontreated control.  Tipton (21), working with softwood cuttings of 

Mexican redbud, predicted rooting of 88% when cuttings were taken 4 weeks after 

budbreak.  Mexican redbud, however, has a reputation for rooting in higher percentages 

than other species of the genus (Pat McCracken, Dennis J. Werner, personal 

communication).  Dillion and Klingaman (3) reported cuttings taken in May rooted at 

94%, although there is no mention of how many weeks after budbreak the cuttings were 

taken.       

As noted above, clone had a significant affect on rooting.  Results averaged across 

all K-IBA treatments showed ‘Flame’ was the strongest performer (50% rooting) while 

dwarf white was the weakest (28% rooting) (Table 3).  In fact, for every dependent 

variable measured, ‘Flame’ performed at a significantly higher level than dwarf white.  

The F1s generally performed intermediate to ‘Flame’ and dwarf white (Table 3).  This 

suggests a strong genetic influence with additive gene action on the rootability of eastern 

redbud, though additional research would be necessary to confirm this hypothesis.   

Reports of clonal differences in the rooting of stem cuttings are not uncommon 

for both angiosperms and gymnosperms (9).  As early as 1929 Zimmerman and 

Hitchcock (25) reported on the effect of genotype on the rooting of American holly (Ilex 

opaca L.).  More recently, the effect of genotype on the rooting capacity of stem cuttings 
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have been reported for many species including Fraser fir [Abies fraseri (Pursh) Poir.] 

(15), eastern redcedar (Juniperus virginiana L.) (11), common cypress (Cupressus 

sempervirens L.) (2), lemon myrtle (Backhousia citriodora F. Muell) (13), sycamore 

(Platanus occidentalis L.) (19), and hybrid aspen (Populus tremula L. x Populus 

tremuloides Michx.) (20). 

Overall, ‘Flame’ was the best performer, but the highest single rooting percentage 

was for cuttings of NC99-6-2 treated with K-IBA at 15,000 mg•L-1.  Those cuttings 

rooted at 75% with an average of 6.1 roots per cutting, a total root length of 30.6 cm 

(11.9 in) and total root dry weight of 25 mg (0.000875 oz) (data not presented).  ‘Flame’ 

rooted in the highest percentage (63%) when treated with K-IBA at 5000 mg•L-1.  

However, cuttings of ‘Flame’ treated with K-IBA at 10,000 mg•L-1 had larger root 

systems [13.1 roots, total root length of 57.3 cm (22.3 in), and total root dry weight of 46 

mg ( 0.00161 oz)], the largest of any treatment-clone combination.  Cuttings of NC99-6-1 

and dwarf white rooted best (both 46%) when treated with K-IBA at 10,000 and 15,000 

mg•L-1 respectively.  Rooted cuttings of NC99-6-1 and dwarf white at those treatments 

had an average number of roots, total root length, and total root dry weight of 6.9 and 3.8 

roots, 29.1 cm (11.3 in) and 17.1 cm (6.7 in), and 17 mg (0.000595 oz) and 15 mg 

(0.000525 oz), respectively.    
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Semi-hardwood cuttings.  For semi-hardwood cuttings taken in July, rooting 

percentage was again affected by clone and by K-IBA treatment.  In addition, the clone 

by K-IBA interaction was highly significant for rooting percentage (P = 0.0001) (Table 

4). 

‘Flame’ rooted well, while dwarf white, NC99-6-1, and NC99-6-2 rooted poorly 

(Fig. 1).  Dwarf white did not root regardless of K-IBA treatment.  At each level of K-

IBA other than 0 mg•L-1, ‘Flame’ rooted at a significantly higher percentage than the 

other clones (data not presented).  Treating cuttings of dwarf white, NC99-6-1, and 

NC99-6-2 with K-IBA did not stimulate rooting, as all measured variables were not 

significantly affected by rate of K-IBA (data not presented).   

 Stem cuttings of ‘Flame’ treated with K-IBA at 10,000 mg•L-1 rooted at 83% 

(Fig. 1).  These cuttings had a mean of 15.3 roots, a mean total root length of 80.9 cm 

(31.6 in), a mean total root area of 10.4 cm2 (1.6 in2), and a total root dry weight of 77 mg 

(0.0027 oz) (Table 5).  The rooting response of semi-hardwood cuttings of ‘Flame’ to K-

IBA treatment was quadratic (R2 = 0.98) with maximum rooting percentage predicted at 

10,700 mg•L-1.  There was also a quadratic effect of increasing K-IBA concentration on 

root number, total root length, total root area, and total root dry weight (Table 5). 

 While semi-hardwood cuttings of dwarf white, NC99-6-1, and NC99-6-2 rooted 

poorly compared to softwood cuttings, semi-hardwood cuttings of ‘Flame’ were observed 

to root in higher percentages and have larger, more robust root systems than softwood 

cuttings of ‘Flame’.   These results were surprising as Tipton (21) reported stem cuttings 

of Mexican redbud did not root when taken 8, 12, or 16 weeks after budbreak.   Similarly, 
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Dillion and Klingaman (3) observed that cuttings of an unnamed clone taken after June 

did not root.  In contrast, cuttings of ‘Flame’ taken on July 24, 16 weeks after budbreak, 

rooted in percentages as high as 83%.   

  Summary.  At both growth stages, softwood or semi-hardwood, clones of eastern 

redbud responded differently.  In the softwood cutting study, ‘Flame’ outperformed 

dwarf white for each response measured.  In the semi-hardwood study, ‘Flame’ rooted at 

a statistically higher level than the other clones for each level of K-IBA > 0 mg•L-1.   

Although the present studies were not designed for statistical comparisons of the 

influence of growth stage on rooting, dwarf white, NC99-6-1, and NC99-6-2 rooted in 

higher percentages in the softwood study, whereas ‘Flame’ had a higher rooting 

percentage in the semi-hardwood stage.  This was surprising as previous research 

indicates optimum rooting of stem cuttings of eastern redbud is achieved when cuttings 

are taken soon after budbreak.   

Based on our results, it appears propagation protocols for clones of eastern redbud 

should be considered on a case-by-case basis.  The clones investigated did not respond 

alike, and ‘Flame’ did not respond as expected.  It is unlikely a single protocol for 

propagation by stem cuttings would yield satisfactory results for all selections of eastern 

redbud. 

In conclusion, propagation by stem cuttings may be commercially feasible for 

particular genotypes of eastern redbud as evidenced by the strong rooting response of 

‘Flame.’  In the softwood study, ‘Flame’ rooted at 63% with well developed root 

systems.  In the semi-hardwood study ‘Flame’ rooted at 83% and had even more robust 
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root systems.  It seems likely ‘Flame’ can be rooted in commercially acceptable 

percentages with cuttings taken in May through July and treated with K-IBA at 10,000 

mg•L-1. 
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Table 1. ANOVAs for rooting percentage, root number, total root length, and total root 

dry weight of softwood cuttings of eastern redbud (Cercis canadensis) as influenced by 

clone, K-IBA rate, and clone by K-IBA rate interaction. 

Treatment 

 

Rooting (%) 

 

Root no.z 

 

Total 

root lengthz 

 

Total 

root dry wt.z 

Clone 0.0101 0.0002 0.0234 0.0062 

K-IBA rate < 0.0001 0.0161 0.0056 0.0051 

Clone x K-IBA rate 0.3629 0.3393 0.3631 0.2513 

zRooted cuttings only. 
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Table 2. Rooting response of softwood cuttings of four clones of eastern redbud (Cercis 

canadensis) as influenced by K-IBA treatment.  

K-IBA concn. 

(mg•L-1) 

Rootingz 

(%) 

 

Root no.y 

 

Total  

root lengthy 

(cm)  

 

Total  

root dry wt.y 

 (mg)  

0 10.4 ± 3.5 2.6 ± 1.1 6.2 ± 3.3 6.5 ± 2.8 

5000 41.7 ± 6.6 4.3 ± 0.7 20.4 ± 3.7 19.6 ± 4.1 

10,000 43.8 ± 5.0 6.8 ± 1.5 33.0 ± 6.6 27.2 ± 4.6 

15,000 55.2 ± 5.6 6.1 ± 0.9 25.0 ± 3.3 19.7 ± 2.2 

Linearx *** * * NS 

Quadratic NS NS * * 

zData are means based on four replications with six cuttings per replication ± 1 

SE. 

yData are means based on four replications and the number of cuttings which 

rooted per replication ± 1 SE. 

xNS, *, *** Nonsignificant or significant at P< 0.05, or 0.001, respectively. 

Regression equations are: rooting(%) = 3.6 + 1.4x, R2 = 0.84; root no. = 1.7 + 

1.3x, R2 = 0.78; total root length (linear) = 3.9 + 6.9x, R2 = 0.63; total root 

length (quadratic) = -23.7 + 34.5x – 5.5x2, R2 = 0.95; total root dry wt. = -19.3 

+ 30.5x -5.1x2, R2 = 0.98. 
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Table 3. Rooting response of softwood cuttings of four clones of eastern redbud (Cercis 

canadensis).  

Clone (%) 

Rootingz 

(%) Root no.y 

Total root lengthy 

(cm) 

Total root dry wt.y 

(mg) 

‘Flame’ 50 ± 6 ax 8.5 ± 1.5 a 30.6 ± 7.2 a 25.8 ± 5.2 a 

NC99-6-2 42 ± 8 ab 5.1 ± 0.7 b 28.4 ± 3.8 a 26.0 ± 3.7 a 

NC99-6-1 31 ± 6 b 4.3 ± 0.8 b 18.3 ± 3.7 ab 12.8 ± 2.5 b 

dwarf white 28 ± 6 b 2.6 ± 0.3 b 14.8 ± 2.7 b 15.4 ± 2.7 b 

zData are means based on four replications with six cuttings per replication ± 1 SE. 

yData are means based on four replications and the number of cuttings which rooted 

per replication ± 1 SE. 

xMean separation within columns by Fisher’s LSD at P < 0.05. 
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Table 4. ANOVAs for rooting percentage, root number, total root length, total root area, 

and total root dry weight of semi-hardwood cuttings of eastern redbud (Cercis 

canadensis) as influenced by clone, K-IBA rate, and clone by K-IBA rate interaction.  

 

Treatment Rooting (%) Root no.z 

Total  

root lengthz 

Total  

root areaz 

Total  

root dry wt.z 

Clone < 0.0001 < 0.0001 0.0061 0.0005 < 0.0001 

K-IBA rate < 0.0001 0.1762 0.1972 0.1355 0.2985 

Clone x  

  K-IBA rate 0.0001 0.0487 0.0866 0.1118 0.1604 

zRooted cuttings only. 
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Table 5. Rooting response of semi-hardwood cuttings of ‘Flame’ eastern redbud (Cercis 

canadensis ‘Flame’) as influenced by K-IBA treatment.z 

K-IBA concn. 

(mg•L-1) 

 

Root no. 

 

Total root 

length (cm) 

 

Total root 

area (cm2) 

 

Total root dry 

wt. (mg) 

0   5.8 ± 2.8 23.9 ± 10.1 3.0 ± 1.2 28 ± 13 

5000 11.6 ± 2.4 63.1 ± 6.0 8.0 ± 1.0 61 ± 11 

10,000 15.3 ± 2.0 80.9 ± 4.7 10.4 ± 0.8 77 ± 4 

15,000 11.6 ± 0.9 55.5 ± 8.7 8.1 ± 1.0 58 ± 8 

Lineary NS NS NS NS 

Quadratic * *** ** * 

zData are means based on four replications and the number of cuttings which rooted 

per replication ± 1 SE. 

yNS, *, **, *** Nonsignificant or significant at P< 0.05, 0.01, or 0.001, respectively. 

Regression equations are: root no.  = 5.49 + 0.0018x – 0.000000096x2, R2=0.97; total 

root length = 22.83 + 0.012x – 0.00000065x2, R2=0.99; total root area = 2.87 + 

0.0015x – 0.000000074x2, R2=0.99; total root dry wt. = 27.14 + 0.010x – 

0.00000052x2, R2=0.99. 
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Fig. 1. Rooting response of semi-hardwood cuttings of three clones of eastern redbud 

(Cercis canadensis) as influenced by K-IBA treatment.  Data points are means based on 

four replications with six cuttings per replication.  Vertical bars = ± 1 SE.
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Abstract 

 
Stem cuttings of four popular clones of eastern redbud (Cercis canadensis L. ‘Ace of 

Hearts’, ‘Appalachian Red’, ‘Forest Pansy’, and ‘Hearts of Gold’) were taken on seven 

dates following budbreak during Spring and Summer 2007 and evaluated for rooting 

potential.  Results indicated rooting was affected by a clone x cutting date interaction, 

indicating the ideal time to take cuttings was different for each clone.  Cuttings of ‘Ace of 

Hearts’ taken 6 weeks after budbreak (WAB) rooted at 75% and 71% when treated with 

the potassium (K) salt (K-salt) of indolebutyric acid (K-IBA) at 5000 mg•L-1 and 15,000 

mg•L-1, respectively.  In contrast, cuttings of ‘Appalachian Red’ rooted at 96% and 93% 

when taken 15 WAB, the last date tested for that clone, and treated with K-IBA at 5000 

mg•L-1 and 15,000 mg•L-1, respectively.  When taken 8 WAB and treated with K-IBA at 

5000 mg•L-1 or 15,000 mg•L-1, cuttings of ‘Hearts of Gold’ rooted at 42% and 58%, 

respectively.  Cuttings of ‘Forest Pansy’ rooted poorly no matter when they were 

collected or the K-IBA treatment.  Treatment with lower K-IBA rates often resulted in 

higher rooting percentages, but more robust root systems generally were noted from 

cuttings treated with higher K-IBA rates.  Propagation by stem cuttings may be feasible 

for some clones of eastern redbud, but separate protocols are necessary for each clone.    

Index words:  adventitious rooting, auxin, K-indolebutyric acid, Fabaceae. 
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Significance to the Nursery Industry 

Clones of Eastern redbud [Cercis canadensis (Fabaceae Lindl.)] are typically 

propagated by budding or micropropagation, however, recent research suggests some 

clones can be propagated by stem cuttings.  Results herein support this hypothesis as the 

clones ‘Appalachian Red’, ‘Ace of Hearts’, and to a lesser extent, ‘Hearts of Gold’ 

demonstrated good rooting potential.  However, results indicate the optimum time for 

taking stem cuttings and optimum K-IBA treatment differ for each clone.  Stem cuttings 

of ‘Appalachian Red’ rooted at 96% when taken in July, 15 weeks after budbreak 

(WAB), and treated with the potassium (K) salt (K-salt) of indolebutyric acid (K-IBA) at 

5000 mg•L-1(ppm).  Stem cuttings of ‘Ace of Hearts’ rooted at 75% when taken in May, 

6 WAB, and treated with K-IBA at 5000 mg•L-1.  Stem cuttings of ‘Hearts of Gold’ 

rooted at 58% when taken in June, 8 WAB, and treated with K-IBA at 15,000 mg•L-1.  In 

contrast, no matter when stem cuttings of ‘Forest Pansy’ were taken, rooting was 

negligible.     

Introduction 

 Eastern redbud is a small flowering tree native to the eastern United States.  

Several unique clones exist and are commonly grown in nursery production (1).  

Typically, propagation is by budding or micropropagation, though propagation by stem 

cuttings would offer a more economical approach (7).  However, propagation by stem 

cuttings traditionally is considered unfeasible (3, 7). 

Previous research indicates some genotypes of redbud (Cercis L sp.) may be 

propagated successfully by stem cuttings, but only if cuttings are taken during a short 
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growth stage occurring soon after budbreak.  Tipton (8) was able to propagate Mexican 

redbud [Cercis canadensis var. Mexicana (Rose) M. Hopkins] by stem cuttings when 

cuttings were taken shortly after budbreak.  Rooting of 88% was predicted for cuttings 

taken 4 WAB, while cuttings taken 8, 12, or 16 WAB did not root. Dillion and 

Klingaman (2) reported 94% rooting of stem cuttings of an unidentified clone of eastern 

redbud when cuttings were taken in May.  Cuttings taken in June rooted at 50% and 

cuttings taken after June did not root. 

Some clones, notably ‘Forest Pansy’, have proven extremely difficult to propagate 

by stem cuttings regardless of when cuttings were taken.  Murphy (6), working with 

hardwood cuttings, did not root a single cutting of ‘Forest Pansy’.  Wooldridge et al. 

(unpublished data) were not able to root semi-hardwood cuttings of ‘Forest Pansy’.  

Additionally, because ‘Forest Pansy’ is an extremely popular clone, many nursery 

professionals have also attempted to propagate it by stem cuttings, but no one has 

reported success.  The reputation of eastern redbud as difficult to root may have resulted 

in part from working with ‘Forest Pansy’.   

The aforementioned studies indicate cuttings taken soon after budbreak provide 

the best chance for successful propagation.  However, Wooldridge et al. (9) reported 

semi-hardwood stem cuttings of ‘Flame’ eastern redbud taken 16 WAB rooted in higher 

percentages (83%) than softwood cuttings (63%) taken 6 WAB. These findings suggest 

cuttings should not always be taken soon after budbreak.  They also suggest that for some 

genotypes the time period during which cuttings can be successfully rooted is not short.  
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While semi-hardwood stem cuttings of ‘Flame’ rooted more successfully, softwood 

cuttings also rooted in relatively high percentages.   

Previous research suggests the optimum time for collecting cuttings of eastern 

redbud depends on the genotype.  While reports of clonal effects on adventitious rooting 

are not uncommon (4), reports of interactions between clone and optimum cutting 

collection date are rare.  Members of the genus Populus L. (poplars) appear to be 

influenced by this interaction.  Yu et al. (10) took stem cuttings of hybrid aspen clones 

(Populus tremula L. x P. tremuloides Michx.) in May and again in July.  For most clones, 

cuttings collected in May rooted better, but for a few clones, cuttings taken in July 

performed better.  Zalesny and Wiese (11) evaluated cuttings of several genomic groups 

of poplar taken every 3 weeks from December to April.  Within several genomic groups 

there was variation in the collection date that resulted in the most roots and greatest root 

dry weights.  Kibbler et al. (5) conducted a study in Australia on the effects of genotype 

on propagation of lemon myrtle (Backhousia citriodora F. Muell) by stem cuttings.  

While most genotypes rooted in higher percentages from cuttings taken in spring, some 

genotypes performed better when cuttings were taken in autumn. 

Eastern redbud may respond similarly as reported in the aforementioned studies, 

and a protocol for propagation of each clone may be slightly different.  Therefore, the 

following research was conducted to determine the optimum growth stage to take stem 

cuttings for propagation of four popular clones of eastern redbud.  

Describing growth stage, however, is difficult.  Reporting the date when a stem 

cutting is taken is not an adequate indicator of growth stage as plant/tissue maturity on a 
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given date can vary yearly because of environmental factors that influence growth of 

stock plants.  Interpreting the growth stage based on calendar dates is especially 

problematic for growers in different geographic regions.  Cuttings are often described as 

“softwood”, “semi-hardwood”, or “hardwood”, but these descriptions are not precise.  

One method of using calendar dates and reducing, but not eliminating, variation caused 

by environmental conditions is to record the number of weeks after budbreak the cutting 

is taken.  This approach helps to mitigate the influence of environmental conditions prior 

to budbreak.  In the following study WAB was used to describe when the cuttings were 

taken.  Additional descriptions including stem diameter, color of leaves and stems, extent 

of leaf expansion, and lignification of the stems are also provided.   

Materials and Methods 

On seven dates during Spring and Summer 2007, stem cuttings were taken from 

four clones of eastern redbud growing in containers at Hawksridge Nursery, Hickory, 

NC.  The clones were ‘Ace of Hearts’, ‘Appalachian Red’, ‘Forest Pansy’, and ‘Hearts of 

Gold’.  ‘Ace of Hearts’ is a dwarf cultivar with small leaves.  ‘Appalachian Red’ has 

reddish flowers.  ‘Forest Pansy’ has purple foliage, and ‘Hearts of Gold’ has golden 

yellow foliage.  Each clone was growing in a block of approximately 50 to 100 trees 

under uniform management, and cuttings were taken at random.  Cuttings were taken 4, 

6, 8, 10, 12, 15, and 18 weeks after budbreak (WAB) (Table 1).  Cuttings were not taken 

from ‘Appalachian Red’ 18 WAB because sufficient cutting material was not available.  

On each date cuttings were taken, they were placed in plastic bags, and the bags placed in 

a cooler with ice for transport to NC State University, Raleigh.  In Raleigh, cuttings were 
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stored overnight in a coldroom maintained at 4.4C (40F).  The following day, cuttings 

were removed from the cooler and processed.  Cuttings of ‘Appalachian Red’, ‘Forest 

Pansy’, and ‘Hearts of Gold’ were trimmed from the bases resulting in final lengths of 12 

to 15 cm (4.7 to 5.9 in).   Cuttings of ‘Ace of Hearts’ were also trimmed from the bases 

resulting in final lengths of 7 to 9 cm (2.8 to 3.5 in).  The diameter immediately above the 

base of each cutting was then measured using calipers.  If there was a node at the base, 

the diameter was measured above the node where the stem had returned to normal size.  

Mean diameter was calculated for each clone and WAB.  The basal 5 cm (2 in) of each 

cutting was stripped of leaves and remaining leaves wider than 10 cm (3.9 in) were cut in 

half perpendicular to the midribs.  Each cutting was administered a heavy wound with a 

razor blade by removing a 1 to 2 mm ( 0.04 to 0.08 in) wide strip of bark to expose the 

cambium on the basal 2 cm (0.8 in).  Following wounding, the basal 1.5 cm (0.6 in) of 

each cutting was dipped for 2 sec in a solution of K-IBA at 5000 or 15,000 mg•L-1 and 

cuttings were allowed to air dry for approximately 15 min.  Each cutting was set 

(inserted) in a plastic Anderson Deep Tree Band (Anderson Tool and Die, Portland, OR) 

[6 x 6 x 12 cm (2.4 x 2.4 x 5 in)] containing 2 perlite : 1 peat (by vol.).  Bands 

(containers) were held in deep propagation flats [41 x 41 x 13 cm (16 x 16 x 5 in)] with 

36 cells per flat (6 rows x 6 columns), and flats were placed under intermittent mist in a 

ventilated, polyethylene covered greenhouse.  The greenhouse, also covered with 50% 

shade cloth, was located at the Horticulture Field Laboratory, Raleigh.   

The experiment was a split-split plot with four replications and six cuttings per 

replication.  K-IBA rate was at the whole plot level, clone at the split-plot level, and 
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WAB at the split-split plot level.  Each block was bordered on two ends by a buffer row 

of cuttings.  Cuttings were taken over the course of 14 weeks but remained in the mist for 

only 8 weeks.  Therefore, not all the cuttings were in the mist at the same time.  For 

example, cuttings taken 4 WAB were removed before cuttings taken 18 WAB were 

taken.  Position in the mist bed for each WAB, as well as K-IBA rate and clone, was 

based on randomization.  To not have gaps in the canopy of the cuttings, cuttings were 

moved together when a new group was inserted or removed.  Because each cutting was in 

an individual Deep Tree Band, roots of cuttings were not disturbed when moved.  

Water was applied by nozzles that emitted fine mist at the rate of 11.4 L•hr-1 (3 

gal/hr).  Timing of mist application was designed to keep cuttings cool and moist.  

Periodically timing was adjusted to account for increases or decreases in air temperature 

within the propagation house (Table 1).  In general, however, mist was applied as 

follows: 12 am to 5 am: 6 sec every 45 min; 5 am to 10 am: 6 sec every 8 min; 10 am to 8 

pm: 8 sec every 4 min; 8 pm to 12 am: 6 sec every 12 min.  Temperature in the mist bed 

was recorded every 15 min during the course of the study by a HOBO Pendant 

Temperature Data Logger (Onset Computer Corp, Bourne, MA.) shielded from solar 

radiation. 

When cuttings taken 6 WAB were set, an unidentified fungus was observed on 

especially succulent cuttings of ‘Hearts of Gold’ taken 4 WAB.  Subsequently all cuttings 

were sprayed periodically alternately with Cleary’s 3336 (Cleary Chem. Corp., Dayton, 

NJ) and Quadris (Syngenta Crop Protection, Inc., Greensboro, NC).     
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On the morning of Friday, July 13, (13 WAB) it was discovered the mist had not 

been operating for approximately the past 36 hr.  At the time, cuttings taken 6, 8, 10, and 

12 WAB were under mist.  The problem was corrected, and the study continued.  

Cuttings taken 6 and 8 WAB had been in the mist bed for 7 and 5 weeks, respectively.  

Because rooting was likely to have already occurred (or not) in these cuttings, they were 

included in the statistical analysis.  No data recorded from cuttings taken 10 and 12 WAB 

were included in the statistical analysis. 

Cuttings were evaluated for rooting 8 weeks after they were set.  A cutting having 

one primary root ≥ 1 mm (0.04 in) in length was classified as rooted.  After recording 

number of primary roots, root length and root area were obtained using a Monochrome 

Agvision System 286 Image Analyzer (Decagon Devices, Inc., Pullman, WA).  Roots 

were placed in an oven and dried at 65C (149F) until weight stabilized and then weighed.  

Rooting percentages were calculated, and all data were subjected to analysis of variance 

(ANOVA) procedures.  Weeks after budbreak was analyzed by regression analysis, and 

when regression analysis was significant simple linear and polynomial curves were fitted 

to the data.  The maximum of the polynomial curve was calculated as a first order 

derivative of the independent variable where the dependent variable equaled zero.  When 

regression analysis was not significant, WAB treatment comparisons were made by linear 

contrasts.  Treatment means of clone and K-IBA rate were separated by Fisher’s 

protected least significant difference (LSD), P= 0.05.     
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Results and Discussion 

All variables were affected significantly by the three way interaction of clone, 

WAB, and K-IBA rate (Table 2).  Due to the interactions and the desire to determine the 

optimum collection date for cuttings, data are presented for each clone.   

‘Ace of Hearts’.  At both levels of K-IBA treatment, rooting percentage of 

cuttings take 6 WAB was greater than other weeks as indicated by linear contrasts.  

Cuttings taken 6 WAB and treated with K-IBA at 5000 mg·L-1 and 15,000 mg·L-1 rooted 

at 75% and 71%, respectively (Table 3).   Those cuttings had significantly greater total 

root area, total root length, and total root dry weight when treated with K-IBA at 15,000 

mg·L-1 compared to 5000 mg·L-1.  For cuttings treated with K-IBA at 5000 mg·L-1, root 

systems generally were larger for cuttings taken later in the season as evidenced by the 

strong linear effect of WAB on total root dry weight.  However, rooting percentage was 

poor (17%) when cuttings were taken 18 WAB, the final time of collection.  In contrast, 

rooting percentage for cuttings taken 18 WAB and treated with K-IBA at 15,000 mg·L-1 

was high (63%), indicating as the stem tissue matured, a higher auxin concentration was 

necessary to stimulate rooting.  For cuttings treated with K-IBA at 15,000 mg·L-1 there 

was a cubic effect of WAB on rooting percentage, root number, and total root area, and 

total root dry weight, demonstrating there were two periods during which good rooting 

occurred.   

While moderate rooting percentages were observed throughout the summer, we 

recommend taking cuttings of ‘Ace of Hearts’ 6 WAB and treating with K-IBA at 15,000 

mg·L-1.  The leaves of cuttings taken 6 WAB were not fully expanded and were tinged 
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with a bronze color.  Basal stem diameter of the cuttings was 1.74 mm (0.07 in) (Table 

1).  As the diameter of cuttings taken earlier was smaller and the diameter of cuttings 

taken in subsequent weeks was larger, this suggests 6 WAB stem elongation of the plants 

was slowing and stems were beginning to thicken after an initial growth flush.  The stems 

were green in color, and when pressure was applied the stems broke without sound and 

remained attached. 

‘Appalachian Red’.  At 5000 mg·L-1 and 15,000 mg·L-1 rooting of cuttings of 

‘Appalachian Red’ increased linearly with increasing WAB, resulting in the highest 

rooting percentages when taken 15 WAB, the last date sampled for this clone (Table 4).  

Cuttings treated with K-IBA at 5000 mg·L-1 or 15,000 mg·L-1 rooted at 96% and 92%, 

respectively and had an average of 8.0 and 19.2 primary roots, respectively.   In addition, 

for cuttings treated with K-IBA at 15,000 mg·L-1 the effect of WAB on root number, total 

root length, total root area, and total root dry weight was linear, whereas root number 

total root length, total root area, and total root dry weight of cuttings were unaffected by 

WAB with K-IBA at 5000 mg·L-1. 

For every collection date, rooting percentage was higher for cuttings treated with 

5000 mg·L-1 than when treated with 15,000 mg·L-1.  The disparity was most apparent for 

cuttings taken 4 WAB when the higher K-IBA rate resulted in basal tissue necrosis and 

higher mortality.  However, cuttings treated with 15,000 mg·L-1 generally had more 

robust root systems.  For example, for cuttings taken 15 WAB rooting percentages were 

comparable (96% and 92%) (Table 4), but root number, total root length, total root area, 

and total root dry weight for cuttings treated with K-IBA at 15,000 mg·L-1 were 
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significantly greater and more than double the corresponding values for cuttings treated 

with 5000 mg·L-1 (Table 4). 

Good results can likely be obtained by taking cuttings over the entire summer, but 

those cuttings taken at the end of the growing season and treated with high auxin rates are 

likely to have the largest root systems.  When cuttings were taken 15 WAB on July 25, 

the stems were stout/thick and dark green or brown in color.  Growth had stopped on 

many shoots.  When the stems were flexed, they broke without a snapping sound. 

‘Forest Pansy’.  Cuttings of ‘Forest Pansy’ rooted poorly and were not influenced 

by collection date or K-IBA treatment (data not presented).  Rooting percentages ranged 

from 0% to 12.5%.  Of a total of 336 cuttings of ‘Forest Pansy’ set during the study, 15 

rooted and only one of these had a robust root system (cutting taken 15 WAB and treated 

with K-IBA at 15,000 mg·L-1).  Propagation of ‘Forest Pansy’ by stem cuttings is likely 

not feasible.  This conclusion is based on the aforementioned results, the findings of 

Murphy (6), previous unpublished work by the authors, and other anecdotal reports from 

nursery professionals.   

‘Hearts of Gold’.  At both levels of K-IBA treatment, rooting percentage of stem 

cuttings of ‘Hearts of Gold’ responded quadratically, with the highest rooting observed 

for cuttings taken 8 WAB.  Cuttings treated with K-IBA at 5000 mg·L-1 and 15,000 mg·L-

1 rooted at 42% and 58%, respectively (Table 5).  Cuttings taken 8 WAB and treated with 

K-IBA at 15,000 mg·L-1 had significantly greater root number, total root area, and total 

root length.  For cuttings treated with K-IBA at 5000 mg·L-1, total root length and total 

root area increased linearly with increasing WAB.   
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Rooting > 50% was achieved only when cuttings were taken 8 WAB and treated 

with K-IBA at 15,000 mg·L-1 (Table 5).  Rooting percentages increased from early 

collection dates, peaked when cuttings were taken 8 WAB, and subsequently decreased 

for K-IBA at both 5000 and 15,000 mg·L-1.  Successful propagation of ‘Hearts of Gold’ 

by stem cuttings is likely dependent on collecting cuttings during a relatively short period 

of time when stem growth is most conducive for adventitious root formation.  It is 

conceivable rooting percentages would have continued to increase for cuttings taken 10 

WAB, but these cuttings experienced high mortality because of the mist malfunction.  

Those cuttings rooted at an average of 10% (data not presented) and were not included in 

the analysis.   

Leaves of cuttings taken 8 WAB were not fully expanded, and when stems were 

flexed, they broke without a snapping sound and remained attached.  The basal diameter 

of the cuttings was 2.31 mm, the smallest of any collection date (Table 1).  Cuttings taken 

in prior and subsequent weeks had larger diameters suggesting these cuttings were taken 

during a stage of rapid growth.  We recommend taking cuttings during this period and 

treating the cuttings with high rates of auxin.    

Summary.  Good rooting percentages were observed for stem cuttings of ‘Ace of 

Hearts’ ‘Appalachian Red’, and ‘Hearts of Gold’.  In contrast, cuttings of ‘Forest Pansy’ 

rooted poorly.  Similar to poplars (10, 11) and lemon myrtle (5), the optimum time to 

take cuttings differed for each clone of eastern redbud.  Cuttings of ‘Appalachian Red’ 

rooted well all summer, but cuttings consisting of the most mature wood clearly had the 

strongest response.  Cuttings of ‘Hearts of Gold’ only rooted well when taken 8 WAB.  
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Cuttings of ‘Ace of Hearts’ also performed well all summer, but peak rooting was noted 

from cuttings taken 6 WAB.  Treatment of cuttings with high K-IBA rates did increase 

the mortality of the cuttings, particularly softwood cuttings of ‘Appalachian Red’ taken 4 

WAB.  Root development in the surviving cuttings, however, generally was stimulated 

by the higher K-IBA rate.   

Tipton (8) reported highest rooting percentages of Mexican redbud from stem 

cuttings taken 4 WAB and treated with K-IBA at 20,000 mg·L-1.  Tipton (8) also 

suggested higher rooting percentages could be obtained if cuttings were taken prior to 4 

WAB, as soon as possible after budbreak.  In the present study, however, the first 

cuttings taken following budbreak did not respond best.  Additionally, cuttings taken at 

that time (4 WAB) did not root in higher percentages when treated with higher rates of K-

IBA.  These results support findings of a previous study by Wooldridge et al. (9) in which 

‘Flame’ rooted better from semi-hardwood cuttings than softwood cuttings.  In that same 

study, however, other clones (dwarf white and two F1s from a cross of ‘Flame’ and dwarf 

white) responded similar to Tipton’s hypothesis and rooted in higher percentages from 

softwood cuttings treated with high rates of K-IBA (15,000 mg·L-1). 

Results herein indicate propagation by stem cuttings may be feasible for some 

clones of eastern redbud, while other clones remain difficult-to-root.  For the clones that 

exhibit good rooting potential, the protocol for each one is slightly different.  Cuttings of 

‘Ace of Hearts’ should be taken 6 WAB, while ‘Hearts of Gold’ showed the most rooting 

potential when cuttings were taken 8 WAB.   Cuttings of ‘Appalachian Red’, should be 

taken from more mature wood.  Growers should treat cuttings with K-IBA with the 
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knowledge that lower rates yield rooting percentages comparable to higher rates, but 

higher rates result in larger root systems. 
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Table 1.  Weeks after budbreak (WAB) and dates stem cuttings were taken with 

corresponding mean basal stem diameters of stem cuttings of four clones of eastern 

redbud and mean air temperatures during the 8 weeks the cuttings were under intermittent 

mist.  

 
Mean basal stem diameter (mm) 

WAB 

Cutting 
Date 

(mm/dd) 
‘Ace of 
Hearts’ 

‘Appalachian 
Red’ 

‘Forest 
Pansy’ 

‘Hearts of 
Gold’ 

Mean 
temp.(C)z 

4 05/09 1.67 3.38 2.48 2.57 24.8 

6 05/23 1.74 2.53 2.39 2.36 25.6 

8 06/06 1.84 2.43 2.64 2.31 25.8 

10 06/20 2.00 2.92 2.77 2.57 26.7 

12 07/02 1.87 2.78 2.28 2.53 26.9 

15 07/25 1.93 3.09 2.46 2.33 26.4 

18 08/15 2.14 -- 2.70 2.66 24.7 

zMean temperature is an average of air temperature readings recorded every 15 min for 

the 8 weeks the cuttings were in the mist bed. 
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Table 2.  ANOVAs for rooting percentage, root number, total root length, total root area, 

and total root dry weight of stem cuttings of four clones of eastern redbud as influenced 

by K-IBA rate, clone, weeks after budbreak (WAB), and the interactions thereof. 

 

Treatment 

Rooting 

(%) Root no.z 

Total  

root lengthz 

Total  

root areaz 

Total  

root dry wt.z 

K-IBA rate 0.9724 0.0863 0.0775 0.1226 0.0957 

Clone < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 

WAB < 0.0001 0.0057 0.0348 0.0540 0.0094 

K-IBA rate x  

  Clone 0.0948 0.0190 0.3653 0.4827 0.3463 

WAB x 

  K-IBA rate 0.0770 0.3348 0.3038 0.5611 0.1463 

WAB x 

  Clone < 0.0001 0.0013 0.0455 0.0863 0.0029 

WAB x 

  K-IBA rate x 

    Clone 0.0500 0.0045 0.0165 0.0603 0.0188 

zRooted cuttings only. 
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Table 3. Rooting response of stem cuttings of ‘Ace of Hearts’ eastern redbud as 

influenced by K-IBA rate and collection date. 

K-IBA 

(mg·L-1) WABz 

Rootingy 

(%) Root no.x 

Total root 

lengthx 

(cm) 

Total root 

areax (cm2) 

Total root 

dry wt.x 

(mg) 

5000 4 50 ± 12 2.6 ± 0.5 2.5 ± 0.5 0.19 ± 0.02 1.7 ± 0.2 

  6 75 ± 5 2.4 ± 0.6 3.9 ± 0.8 0.37 ± 0.07 2.3 ± 0.2 

  8 33 ± 7 2.2 ± 0.5 3.9 ± 1.5 1.06 ± 0.85 1.1 ± 0.1 

  15 58 ± 5 2.3 ± 0.6 4.6 ± 0.9 0.43 ± 0.08 3.2 ± 0.5 

  18 17 ± 10 1.3 ± 0.3 5.1 ± 0.8 0.55 ± 0.12 4.8 ± 1.3 

Linearw  NS NS NS NS *** 

Quadratic NS NS NS NS * 

Cubic NS NS NS NS NS 

15,000 4 33 ± 7 2.4 ± 0.6 4.5 ± 0.8 0.38 ± 0.06 2.3 ± 0.5 

  6 71 ± 4 4.2 ± 0.6 6.7 ± 0.6 0.71 ± 0.07 3.9 ± 0.4 

  8 50 ± 7  5.3 ± 1.1 5.5 ± 1.0 0.73 ± 0.18 1.7 ± 0.2 

  15 46 ± 13 2.6 ± 0.7 5.3 ± 1.6 0.46 ± 0.15 3.0 ± 0.8 

  18 63 ± 8 4.1 ± 0.8 10.3 ± 2.5 1.04 ± 0.23 6.9 ± 1.1 

Linearw  NS NS NS NS ** 

Quadratic NS NS NS NS * 

Cubic * * NS ** * 



  52 
 

 

 
zWAB = weeks after budbreak 

yData are means based on four replications with six cuttings per replication ± 1 SE. 

xData are means based on four replications and the number of cuttings which rooted per 

replication ± 1 SE. 

wNS, *, **, *** Nonsignificant or significant at P< 0.05, 0.01, or 0.001, respectively. 

Regression equations for K-IBA at 5000  mg·L-1 are: total root dry wt. (linear) = 0.6 + 

0.2x, R2=0.51; total root dry wt (quadratic) = 3.4 – 0.5x + 0.03x2, R2=0.66. 

Regression equations for K-IBA at 15,000  mg·L-1 are: rooting  = -66.2 + 40.2x -4.0x2 + 

0.1x3, R2=0.28; root no. = -9.4 + 4.5x – 0.4x2 + 0.01x3, R2=0.37; total root area = -1.6 + 

0.8x – 0.08x2  + 0.003x3, R2=0.44; total root dry wt. (linear) = 1.1 + 0.2x, R2 = 0.34; total 

root dry wt. (quadratic) = 6.3 – 1.0x + 0.05x2, R2= 51; total root dry wt. (cubic) = -1.6 + 

1.9x -0.3x2 + 0.009x3, R2=0.63. 
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Table 4.  Rooting response of stem cuttings of ‘Appalachian Red’ eastern redbud to K-

IBA rate and collection date. 

K-IBA 

(mg·L-1) WABz 

Rootingy 

(%) Root no.x 

Total root 

lengthx 

(cm) 

Total root 

areax (cm2) 

Total root 

dry wt.x 

(mg) 

5000 4 67 ± 7   6.9 ± 2.4 7.7 ± 1.9 0.52 ± 0.14 4.0 ± 0.8 

 6 63 ± 19 7.1 ± 1.4 25.6 ± 6.4 2.98 ± 0.79 13.6 ± 3.6 

 8 88 ± 8 7.6 ± 1.2 15.3 ± 2.2 1.75 ± 0.27 6.3 ± 1.0 

 15 96 ± 4 8.0 ± 1.2 18.6 ± 4.2 1.93 ± 0.42 11.8 ± 3.3 

   Linearw  * NS NS NS NS 

   Quadratic NS NS NS NS NS 

   Cubic NS NS * * * 

15,000 4 25 ± 14  9.5 ± 0.3 7.1 ± 1.2 0.50 ± 0.12 1.9 ± 0.9 

 6 54 ± 17 8.2 ± 1.4 18.0 ± 3.7 2.07 ± 0.50 9.1 ± 2.4 

 8 75 ± 8 11.7 ± 2.5 21.3 ± 5.2 2.40 ± 0.55 9.0 ± 2.0 

 15 93 ± 5 19.2 ± 0.6 45.7 ± 7.6 4.46 ± 0.76 28.4 ± 5.3 

   Linearw  ** *** *** *** *** 

   Quadratic NS NS NS NS NS 

   Cubic NS NS NS NS NS 
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zWAB = weeks after budbreak. 

yData are means based on four replications with 6 cuttings ± 1 SE. 

xData are means based on four replications and the number of cuttings rooted per 

replication ± 1 SE. 

wNS, *, **, *** Nonsignificant or significant at P< 0.05, 0.01, or 0.001, respectively. 

Regression equations for K-IBA at 5000  mg·L-1 are: rooting  = 54.0 + 2.9x, R2=0.27; 

total root length = -185.3 + 83.5x – 10.3x2 + 0.4x3, R2=0.45; total root area = -24.7 + 

10.8x – 1.3x2 + 0.005x3, R2=0.53; total root dry wt. = -111.1 + 50.5x – 6.4x2 + 0.2x3, 

R2=0.45. 

Regression equations for K-IBA at 15,000  mg·L-1 are: rooting  = 16.8 + 5.4x, R2=0.47; 

root no. = 3.7 + 1.0x, R2=0.68; total root length = -4.5 + 3.4x, R2=0.70; total root area = 

-0.3 + 0.3x, R2=0.64; total root dry wt. = -7.1 + 2.3x, R2=0.73. 
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Table 5. Rooting response of stem cuttings of ‘Hearts of Gold’ eastern redbud as 

influenced by K-IBA rate and collection date. 

K-IBA 

(mg·L-1) WABz 

Rootingy 

(%) Root no.x 

Total root 

lengthx (cm) 

Total root 

areax (cm2) 

Total root 

dry wt.x 

(mg) 

5000 4   4 ± 4 2.0v 0.9v 0.05v 1.0v 

  6 25 ± 5 1.4 ± 0.2 2.6 ± 0.6 0.25 ± 0.07 3.1 ± 0.7 

  8 42 ± 11 1.4 ± 0.3 3.1 ± 0.5 0.29 ± 0.06 1.6 ± 0.2 

  15 17 ± 12 3.0 ± 2.0 3.8 ± 1.4 0.36 ± 0.02 1.8 ± 0.2 

  18 13 ± 8 1.3 ± 0.3  13.5 ± 10.1 1.74 ± 1.45 8.8 ± 6.8 

Linearw  NS NS * * NS 

Quadratic * NS NS NS NS 

Cubic NS NS NS NS NS 

15,000 4   4 ± 4 2.0v 5.1v 0.33v 3.0v 

  6 29 ± 12 4.7 ± 0.9  15.0 ± 5.1 1.53 ± 0.52 6.9 ± 2.2 

  8 58 ± 8 4.3 ± 0.4 8.4 ± 1.3 0.87 ± 0.14 3.0 ± 0.6 

  15 25 ± 8 3.1 ± 1.7  10.2 ± 6.2 0.90 ± 0.61 5.5 ± 3.5 

  18   8 ± 8 1.5v 9.3v 1.07v 7.5v 

Linearw  NS NS NS NS NS 

Quadratic *** NS NS NS NS 

Cubic NS NS NS NS NS 
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zWAB = weeks after budbreak. 

yData are means based on four replications with six cuttings per replication ± 1 SE. 

xData are means based on four replications and the number of cuttings which rooted per 

replication ± 1 SE. 

wNS, *, **, *** Nonsignificant or significant at P < 0.05, or 0.001, respectively. 

vDatum is based on a single observation. 

Regression equations for K-IBA at 5000  mg·L-1 are: rooting  = -35.7 + 13.7x – 0.6x2, 

R2=0.30; total root length = -2.2 + 0.7x, R2=0.33; total root area = -0.4 + 0.09x, R2=0.31. 

Regression equations for K-IBA at 15,000  mg·L-1 are: rooting  = -64.6 + 22.2x – 1.0x2, 

R2=0.53. 
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Abstract 

 
Containerized seedlings of eastern redbud were grown in a greenhouse for 10 weeks with 

nitrogen application rates (NARs) ranging from 0 to 300 mg•L-1.  Seedlings fertilized 

with nitrogen (N) at 180 mg•L-1 had the greatest leaf area, leaf dry weight, and total dry 

weight.  Plants allocated more resources to root growth at NARs < 60 mg•L-1.  At NARs 

≥ 60 mg•L-1, allocation of carbon to roots and tops was constant, with a root:top ratio of 

0.25.  Foliar concentrations of N, phosphorus, and sulfur increased linearly with 

increasing NAR while concentrations of potassium were not affected by NAR.  Foliar 

concentrations of calcium and magnesium responded quadratically with minimum 

concentrations at 240 and 180 mg•L-1, respectively.  Boron also responded quadratically 

with maximum concentrations predicted at a NAR of 175 mg•L-1.  Concentrations of 

copper decreased linearly with increasing NAR.  Foliar iron, sodium and manganese 

(Mn) were not significantly affected by NAR.  Foliar Mn concentrations were generally 

low and approached critical levels.  Based on observed growth and the concentrations of 

various mineral nutrients, we conclude that during the first season of growth 

containerized eastern redbud should be fertilized with N at 180 mg•L-1 per daily 

irrigation. 

 
Index words:  mineral nutrition, nursery production, woody plant, leaf area ratio, 

Fabaceae. 
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Significance to the Nursery Industry 

Eastern redbud [Cercis canadensis L. (Fabaceae Lindl.)] is grown commonly in 

the nursery industry, and optimum mineral nutrition is necessary to reduce grower costs 

and to minimize unwanted impacts to the environment.  Results herein demonstrated that 

during the first season of growth, containerized eastern redbud should be fertilized with N 

at 180 mg•L-1 per daily irrigation.  Nitrogen rates less or greater than 180 mg•L-1 reduced 

growth.  Plants grown with N rates < 60 mg•L-1, compared to plants grown at higher 

rates, allocated more resources to root growth.  Eastern redbud grown at N rates > 60 

mg•L-1 allocated resources such that the root:top ratio (RTR) was 0.25. 

Introduction 

Eastern redbud, native from Michigan to Mexico, is a small flowering tree notable 

for its attractive spring flowers (13).  The tree occurs in a wide variety of phenotypes 

(e.g., growth habit and flower and leaf color) that bring interest to the garden (15).  A 

redbud can be found to suit the needs of nearly every garden (6), and it is also 

recommended as an urban tree for use under power lines (14).  Because of these 

attributes, it is commonly produced in containers by the nursery industy (3). 

Nitrogen (N) is the mineral nutrient that most affects growth (12).  When N 

supply is suboptimal, overall growth of a plant is reduced.  As N supply increases, 

particularly in early growth stages, shoot growth is favored over root growth.  This may 

put the plant at a disadvantage in later growth stages as the roots struggle to acquire 

adequate water and mineral nutrients (12).  Growers must balance N fertility so that top 

growth and root growth maintain a favorable ratio.  In addition, optimum N nutrition of 
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container produced plants is necessary to minimize grower costs and to minimize 

potential loss of nutrients from the container to the environment.     

Research indicates a wide range of optimum N levels for container grown woody 

deciduous plants, although comparing studies is difficult due to differences in cultural 

practices.  Optimum N rates are usually lower when coupled with frequent fertilization 

while higher rates are associated with less frequent fertilization.  Cabrera and Devereaux 

(4) found that rooted stem cuttings of crape myrtle (Lagerstroemia indica L. x fauriei 

Koehne ‘Tonto’) grew best when fertilized with N at 60 mg•L-1.  The N was supplied by 

irrigation with irrigation events based on gravimetric analysis.  Concentrations of N > 60 

mg•L-1 reduced growth, probably due to high electrical conductivity (EC).  In contrast, 

Larimer and Struve (11) reported N at 300 mg•L-1 produced the greatest growth in rooted 

stem cuttings of red maple (Acer rubrum L.) and northern red oak (Quercus rubra L.) 

seedlings when the nutrients were applied through overhead irrigation in two daily 45 

min events.  Similarly, Barnett and Ormrod (1) observed that 1-year-old seedlings of both 

littleleaf linden (Tilia cordata Mill.) and Norway maple (Acer platanoides L.) grew best 

when fertilized with N ranging from 210 to 420 mg•L-1.  These plants were grown 

outdoors with trickle irrigation (260 mL applied daily) and every 5 to 7 days the pots and 

tubing were leached.  Lastly, Rose et al. (16) reported no difference in growth of liners of 

‘Calocarpa’ crabapple (Malus x zumi ‘Calocarpa’), a small flowering tree like eastern 

redbud, when fertilized with N at 50 to 200 mg•L-1.  Fertigation was applied through drip 

emitters automatically when specified substrate water tension thresholds were met.   
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Some research of limited scope has reported on the fertility requirements of 

eastern redbud.  Beattie et al. (2) studied the effects of three different slow-release 

fertilizers on the growth of eastern redbud when used at half the recommended rate, the 

recommended rate, and double the recommended rate.  He found the greatest growth with 

half the recommended rate of a 19N-2.6P-10K (19N-6P205-12K20) fertilizer, however, 

the source of the mineral nutrients and rate of release of the fertilizer was not specified 

and no statistical analysis was performed.  Other studies by Wright et al. (21) and Stoven 

et al. (18) examined the effect of lime rate and fertilizer type (water soluble or control 

release) on growth of eastern redbud, but N rate was not considered in either study. Of 

tangentially related studies, the most informative is that of Geneve and Weston (8) on 

growth of redbud in competition with sudex [Sorghum bicolor (L.) Moench x Sorghum 

sudanese (P.) Stapf. cv. FFR 201].  They found increased fertilizer applications did not 

offset reduction in growth caused by sudex.  Of more interest is the control for this study 

which was plants grown without sudex but fertilized with N at 100, 200, 300, or 400 

mg•L-1.  Plants were grown in a greenhouse from seeds and watered overhead by hand as 

needed.  The irrigation water contained a water soluble fertilizer [Peters 14N-6.5P-13.3K 

(14N-15P205-16K20) (J.R. Peters, Inc., Allentown, PA)] in one of the above N 

concentrations.  After 50 days plants were evaluated for root dry weight, top dry weight, 

and height.  Plants fertilized with N at 200 mg•L-1 had the greatest growth for each 

parameter.  The study did not report on mineral nutrient status of the plants. 

Recent research on another member of the genus Cercis L. (redbud) is also 

informative.  Zahreddine et al. (24) studied growth and mineral nutrient partitioning in 
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container production of Judas tree (C. siliquastrum L).  Seeds were obtained from six 

trees in Lebanon and seedlings grown initially in a greenhouse where they were watered 

as needed and fertilized weekly a with 20N-8.3P-4.6K (14N-10P205-10K20) fertilizer 

with N at 100 mg•L-1.  When the plants were 2-years old the study was initiated.  Plants 

were moved outdoors and transplanted into 11-L containers with a substrate of 3 pine 

bark : 1 composted municipal sewage sludge (by vol.).  Plants were irrigated with 1 L of 

water daily from June 1 to September 20.  The irrigation water contained a 21N-3.1P-

5.9K (21N-7P205-7K20) water soluble fertilizer providing one of two concentrations of N:  

N at 25 mg•L-1 or N at 100 mg•L-1.  Plants fertigated with N at 25 mg•L-1 had the greater 

root dry weight, total plant dry weight, and a greater percentage of total dry weight in the 

roots.  For N at 100 mg•L-1 a greater percentage of total dry weight was in the stems and 

leaves.  Plants grown with N at 25 mg•L-1 had a higher leaf area ratio and a higher net 

assimilation rate.  With the exception of one seed source (mother tree), plants had a 

higher relative growth rate with N at 25 mg•L-1.  However, the fertilizer rate did not 

significantly affect height. 

The aforementioned studies indicate a wide range of optimal N application rates 

for growth of redbud species.   Optimum N nutrition is necessary to minimize grower 

costs and minimize the potential impact on the environment.  Therefore, the following 

research was conducted to investigate further the effect of N application rate (NAR) on 

growth of eastern redbud.   
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Materials and Methods 

Seeds of a New York State provenance of eastern redbud were purchased from 

Sheffield Seed Company, Inc., Locke, NY, in December 2006.  On January 1, 2007, 

seeds were scarified by soaking in water that had been previously boiled and allowed to 

cool to 82C (180F).  The seed-water mixture was allowed to cool to room temperature.  

Seeds were removed from the water and placed in a plastic bag filled with moist sand [10 

dry sand : 1 water (by vol.)].  The plastic bag was placed in a black sateen cloth bag, and 

the seeds were stratified (moist-prechilled) at 4.4C (40F) for 10 weeks.  On March 22, 

2007, the seeds were removed from stratification and sown 0.6 cm (0.25 in) deep in cell 

packs with a 8 pine bark : 1 sand (by vol.) substrate amended with 0.9 kg·m-3 (2 lb/yd3) 

dolomitic limestone.  Seeds with signs of decay were discarded.  Two seeds were sown in 

each cell [5.4 cm x 5.4 cm x 7.3 cm (2.1 in x 2.1 in x 2.9 in)] and placed in a greenhouse 

with days/nights of 26.7C/18.3C (80F/65F) and natural photoperiod and irradiance.  The 

seeds were watered by hand as needed, about every other day.  Once most of the seeds 

had germinated, the seedlings were fertilized with N at 25 mg•L-1 with every watering.  If 

both seeds in a cell germinated, the less vigorous seedling was removed.   

On May 21, 2007, the seedlings were potted into black 3.8-L (#1) containers with 

an 8 pine bark : 1 sand (by vol.) substrate amended with 0.9 kg·m-3 (2 lb/yd3) dolomitic 

limestone [providing calcium (Ca) and magnesium (Mg)].  On May 30, 2007, fertilizer 

treatments were initiated.  Just prior to initiation of fertilization, 10 seedlings were 

harvested and separated into leaves, stems, and roots.  Initial leaf area was measured 

using a LI-COR 3100 leaf area meter (LI-COR, Inc., Lincoln, NE).  Initial mean leaf area 



    
 

 

65

of the seedlings was 12.5 cm2 (1.9 in2).  The leaves, stems, and roots were dried to 

constant dry weight at 65C (149F).  Initial mean dry weights of leaves, stems, and roots 

were 0.064 g (0.002 oz), 0.023 g (0.0008 oz), and 0.031 g (0.001 oz), respectively.     

The study was a randomized complete block design with six single-plant 

replications and seven nitrogen application rates (NARs) of 0, 30, 60, 120, 180, 240, or 

300.  Nitrogen, phosphorus (P), and potassium (K) were derived from reagent grade 

ammonium nitrate, potassium phosphate, and potassium sulfate, respectively.  As the 

NARs increased in the nutrient solution from 30 to 300 mg•L-1, P and K rates were 

increased to maintain a N:P:K ratio of 4:1:2.  The 0 NAR solution contained P and K in 

the same concentrations as N at 30 mg•L-1 (P and K at 7.5 mg•L-1 and 15.5 mg•L-1, 

respectively).  Concentrated stock solutions were prepared for each NAR, and the 

treatments were applied with a fertigation system using two Dosatron 16I proportional 

injectors (Dosatron, Inc., Clearwater, FL) connected in series.  Micronutrients were 

supplied from a concentrated modified Hoagland’s solution (10) at a constant rate 

through the second Dosatron injector.  The injectors diluted the stock solutions with tap 

water having a pH of 7.4 and containing NO3-N, NH4-N, P, K, Ca, Mg, and alkalinity at 

0.10, 0.96, 0.5, 7.0, 10.0, 4.0, and 20.0 mg•L-1, respectively.  The NPK and micronutrient 

solutions were delivered to each plant through a single pressure compensated spray stake 

(Acu-Stick, Wade Mfg. Co., Fresno CA).  After each treatment was applied, the irrigation 

lines were flushed with tap water.   

Leaching fractions (LF = volume leached ÷ volume applied) were measured every 

4 weeks and irrigation volume was adjusted to maintain at least a 0.2 LF.  Fertigation was 
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applied every-other-day until July 10, 2007, at which point daily fertigation was initiated.  

Substrate solution samples were collected every 4 weeks using the pour through 

extraction method (20).  These samples were analyzed for EC and pH using a 

combination EC/pH meter (Accumet 50, Fisher Scientific Co. Pittsburgh, PA). 

On August 13, 2007, the study was terminated and plants separated into roots, 

stems, and leaves.  Substrate was washed from the roots.  Total leaf area of each plant 

was measured using a LI-COR 3100 leaf area meter (LI-COR, Inc., Lincoln, NE).  

Leaves from replications 1 to 4 were washed in distilled water for later mineral nutrient 

analysis, and leaves, stems, and roots from all replications were dried to a constant dry 

weight at 65C (149F) followed by recording leaf, stem, and root dry weights.   

Leaves from replications 1 to 4 were ground separately using a Foss Tecator 

Cyclotec™ 1093 sample mill (Analytical Intruments, LLC, Golden Valley, MN) to pass a 

≤ 0.5 mm (0.02 in) sieve.  Mineral nutrient analysis [N, P, K, Ca, Mg, sulfur (S), sodium 

(Na), manganese (Mn), zinc (Zn), copper (Cu), iron (Fe), and boron (B)] of leaves was 

conducted by the North Carolina Department of Agriculture and Consumer Services, 

Raleigh.  Nitrogen concentrations were determined by oxygen combustion with an 

elemental analyzer (NA 1500, CE Elantech Instruments, Milan, Italy).  All other mineral 

nutrient concentrations were determined by EPA method 200.7 with an ICP 

spectrophotometer (Optima 3300 DV ICP Emission Spectrometer; Perkin Elmer Corp., 

Wellesley, MA), following open-vessel nitric acid (HNO3) digestion in a microwave 

digestion system (CEM Corp., Matthews, NC).  Only by bulking four samples was there 

sufficient plant tissue to determine the N concentration for the NAR of 0 mg•L-1.  For 
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these plants, foliar concentrations of the other mineral nutrients were not determined due 

to the lack of plant tissue. 

 Dry weight data were used to calculate the following: top dry weight = stem dry 

weight + leaf dry weight; root:top ratio (RTR) = root dry weight ÷ top dry weight; leaf 

weight ratio (LWR) = leaf dry weight ÷ total plant dry weight; stem weight ratio (SWR) 

= stem dry weight ÷ total plant dry weight; and root weight ratio (RWR) = root dry 

weight ÷ total plant dry weight. 

Data were subjected to regression analysis and segmented linear regression 

(quadratic plateau) in SAS version 9.1 (SAS Inst. Inc., Cary, NC).  Simple linear or 

polynomial curves were fitted to the data when significant trends were identified.  The 

maximum of the polynomial curve was calculated as a first order derivative of the 

independent variable where the dependent variable equaled zero.   

Results and Discussion 

 Plant growth.  Leaf area and leaf, stem, root, top, and total plant dry weights 

responded quadratically to increasing NAR with maximum values for each response 

predicted with NARs at 184, 189, 170, 174, 186, and 179 mg•L-1, respectively (Fig. 1).  

At NARs > 190 mg•L-1, growth was likely limited by high substrate EC.  At the 

termination of the study, average EC in the containers fertilized with N at 180 mg•L-1 

was 0.9 dS•m-1 which is within recommended EC for liquid feed container production 

(0.8 to 1.5 dS•m-1) (23).  At NARs of 240 and 300 mg•L-1, EC levels increased to 2.6 and 

3.1 dS•m-1, respectively.   
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Maximum growth of eastern redbud was observed with N at 180 mg•L-1.  This 

result is consistent with reports that N application at 100 to 200 mg•L-1 often produces 

maximum growth in woody plants (17).  Our results are also similar to those of Geneve 

and Weston (8) who reported eastern redbud fertilized with N at 200 mg•L-1 had the 

greatest growth.   

The optimum NAR reported herein for eastern redbud is much higher than the 

optimum rate reported by Zahreddine et al. (24) for Judas tree.  In that study, plants 

grown outdoors in 11-L containers were larger when grown with N at 25 mg•L-1 than N 

at 100 mg•L-1.  The substrate used in the study on Judas tree contained compost of 

municipal sewage sludge known as Comtil [2N-1.3P-0K (2N-3P2O5-0K2O)] (19).  The 

compost, however, did not contain sufficient N to account for the differences in the 

observed optimum NAR of Judas tree and eastern redbud.  Another potential difference is 

plant age.  The study of Zahreddine et al. (24) used 2-year-old seedlings, while the 

present study used recently germinated seedlings.  The newly germinated and rapidly 

growing seedlings may have had a greater demand or ability to take up N than the 2-year-

old plants. 

Growth ratios.  Leaf weight ratio increased rapidly with N at 0 to 30 mg•L-1, 

while at 30 to 300 mg•L-1, LWR was relatively constant (Fig. 2A).  A quadratic plateau 

model (P = 0.0003, R2 = 0.94) predicted the response more accurately than a quadratic 

model (P = 0.42, R2 = 0.44).  In contrast, the response of SWR to increasing NAR was 

quadratic (P = 0.04, R2 = 0.78) (Fig. 2B).  The response of RWR to increasing NAR was 
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inverse to LWR.  Root weight ratio decreased from 0.66 to 0.24 for N at 0 and 60 mg•L-1, 

respectively (Fig. 2C).  At N > 60 mg•L-1 RWR was unchanged.  

As NAR increases, top growth of woody plants generally increases while root 

growth decreases (7).  In the present study, eastern redbud followed this pattern as RTR 

decreased 87% between N at 0 and 60 mg•L-1 (Fig. 2D).  However, above 60 mg•L-1 

RTR remained constant at 0.25.  Thus, seedlings of eastern redbud fertilized with N at 

300 mg•L-1 allocated carbon in a similar manner to plants fertilized with N at 60 mg•L-1.  

Root to top ratios for woody plants growing in natural habitats are usually 0.15 to 0.20 

(9).  Our results indicate that containerized redbuds produce more root growth relative to 

shoot growth than a typical forest tree. 

Foliar mineral nutrient concentrations.  Foliar concentrations of N, P, and S 

increased linearly with NAR (Figs. 3A, B, and F).   At maximum growth, foliar N, P, and 

S concentrations were 38 mg•g-1, 6.0 mg•g-1, and 1.6 mg•g-1, respectively.  As noted 

above, plant growth decreased at the highest NARs, resulting in increased concentrations 

of N, P, and S.  Similar nutrient loading has also been observed in red maple and 

‘Calocarpa’ crabapple (11, 16). Nutrient loading could have a short-term beneficial effect 

on growth once a plant is transplanted to a nutrient poor landscape.  This phenomenon 

has been observed in the transplanting of crape myrtle (Lagerstroemia indica L. x fauriei 

Koehne ‘Tonto’) (5) and chinese fir [Cunninghamia lanceolata (Lamb) Hook] (22).  As a 

result of nutrient loading, the plant may have more reserves for root establishment in the 

new environment.   
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Increasing NAR did not have a significant effect on foliar K levels.  Potassium 

concentration was relatively constant as all values were between 12 and 14 mg•g-1 (Fig. 

3C).   

Calcium and Mg responded quadratically with minimum concentrations occurring 

with N at 240 mg•L-1 and 180 mg•L-1, respectively (Figs. 3D and E).  At maximum 

growth foliar concentrations of Ca and Mg were 4.5 mg•g-1 and 1.9 mg•g-1, respectively, 

higher than typical critical deficiency levels (12).  Calcium and Mg were not applied by 

fertigation and were only supplied by initially amending the substrate with dolomitic 

lime.  Thus, as plant growth increased, uptake of Ca and Mg did not increase 

proportionally.  As plant growth decreased with increasing NAR, Ca and Mg 

concentrations increased again, and it should be noted there was some Ca and Mg 

supplied in the irrigation water.  

Foliar Cu concentration decreased linearly with increasing NAR (Table 1).  

Increasing N application is known to accentuate Cu deficiency by causing increased 

sequestration of Cu by amino acids and proteins in mature tissue and decreasing the rate 

of translocation to growing areas (12).  In woody plants, Cu deficiency is thought to 

occur when foliar concentrations decrease to a range of 3 to 5 µg•g-1 (12).  At NARs of 

240 mg•L-1and 300 mg•L-1 the Cu foliar level was 4.2 and 4.6 µg•g-1, respectively, 

although no visual symptoms of Cu deficiency were observed.   

Foliar Zn concentration increased linearly (Table 1) with a concentration of 33 

µg•g-1 at maximum plant growth.  Boron responded quadratically with maximum 

concentration predicted at a NAR of 175 mg•L-1 and a foliar concentration of 64 µg•g-1 at 
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maximum growth.  Iron and Na were not significantly affected by NAR and had foliar 

concentrations of 76 µg•g-1 and 104 µg•g-1, respectively at maximum growth. 

Foliar Mn concentrations were not significantly affected by NAR and were 

generally low (Table 1).  Interveinal chlorosis of young leaves, a typical visual symptom 

of Mn deficiency, was observed on some plants.  At maximum growth foliar Mn 

concentration was 26 µg•g-1.  For all NARs, mean foliar Mn concentrations ranged from 

25 to 39 µg•g-1 with concentrations for particular plants as low as 19.5 µg•g-1.  Critical 

Mn deficiencies are reported to occur at concentrations < 20 µg•g-1 (12).  Observations by 

the authors suggest Mn deficiency may be a common problem with redbuds in the 

landscape and merits further attention.  While trees with this symptom appear otherwise 

healthy, chlorosis of the leaves could affect the marketability of plants.        

Summary.  Maximum growth of eastern redbud was achieved with a NAR of 180 

mg•L-1.  Nitrogen application rates > 180 mg· L-1 decreased growth, but increased foliar 

concentrations of N, which may confer some benefit for transplant success.  This benefit 

was achieved without creating a top that was disproportionately large for the root ball.  

As NARs increased above 60 mg•L-1, there was little change in RTR.  Thus, a grower 

must balance the benefits of high NARs with decreased plant size, cost of the additional 

fertilizer, and the greater potential for environmental impact due to runoff of excess 

nutrients.  In light of those factors, we recommend fertilizing eastern redbud with N at 

180 mg•L-1 per daily irrigation during the first season of growth. 
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Table 1. Effect of nitrogen application rate (NAR) on foliar mineral nutrient 

concentrations of eastern redbud.z 

NAR  Fe Mn Zn Cu B Na 
(mg•L-1) ------------------------------------ µg·g-1 ------------------------------------- 

30 110 ± 17 36 ± 3 23 ± 2 11.7 ± 1.7 47 ± 2 92 ± 12 

60   70 ± 7 25 ± 2 22 ± 1 7.5 ± 0.4 48 ± 2 83 ± 10 

120   92 ± 7 30 ± 4 28 ± 1 6.5 ± 0.8 64 ± 3 93 ± 17 

180   76 ± 6 26 ± 2 33 ± 1 6.8 ± 0.9 64 ± 1  104 ± 8 

240   86 ± 11 37 ± 2 33 ± 1 4.2 ± 0.2 58 ± 3 79 ± 7 

300   83 ± 6 39 ± 1 34 ± 3 4.6 ± 0.5 55 ± 4 78 ± 17 

Significancey       

Linear  NS NS ** * NS NS 

Quadratic NS NS NS NS * NS 
 

zData are means of four observations ± 1 SE. 

yNS, *, ** Nonsignificant or significant at P ≤ 0.05 or 0.01, respectively. Regression 

equations are: Zn, y = 21.4 + 0.5x, R2 = 0.86; Cu, y = 10.3 – 0.02x, R2 = 0.74; B, y = 38.0 

+ 0.3x – 0.0008x2, R2 = 0.84.  
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Fig. 1. Effect of nitrogen application rate (NAR) on (A) leaf area, (B) leaf dry weight, (C) 

stem dry weight, (D) root dry weight, (E) top dry weight, and (F) total plant dry weight of 

eastern redbud.  Symbols are means of six observations and vertical bars represent ± 1 

SE. 
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Fig. 2. Effect of nitrogen application rate (NAR) on (A) leaf weight ratio (leaf dry weight 

÷ total plant dry weight), (B) stem weight ratio (stem dry weight ÷ total plant dry weight), 

and (C) root weight ratio (root dry weight ÷ total plant dry weight), and (D) Root:top 

ratio [root dry weight ÷ (leaf dry weight + stem dry weight)] of eastern redbud.  Symbols 

are means of six observations and vertical bars represent ± 1 SE.  
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Fig. 3. Effect of nitrogen application rate (NAR) on foliar (A) nitrogen, (B) phosphorous, 

(C) potassium, (D) calcium, (E) magnesium, and (F) sulfur concentrations of eastern 

redbud.  Symbols are means of four observations except for N at 0 mg•L-1 which is a 

bulked sample of four plants.  Vertical bars represent ± 1 SE. 

 


