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Abstract

A study was conducted to determine the effects of timing of benzyladenine (BA) application following division and potstayaf hp
offset formation as a means of accelerating propagation. Stock plants of two cultivars, ‘Francee’ and ‘Frances Williasihngtedere
and potted. Plants received a single foliar spray application of 3000 ppm BA immediately after potting (0) or 1, 2, 8, WeBker
after potting. BA stimulated the outgrowth of axillary and rhizomic buds in both cultivars, but in most cases, only for plaicts
BA application was delayed 3 or more weeks after potting. Compared to the non-treated control, plants treated with BAv&@eksnore
after potting produced more offsets; however, plants treated 0, 1, or 2 weeks after potting produced similar numberaotluffsets
control. Offsets on plants treated with BA formed more leaves than offsets on non-treated control plants, but appliogith iobin
affect leaf number. ‘Francee’ produced offsets with more leaves than offsets of ‘Frances Williams'. Neither applicationttiBAng
affected growth index.

Index words: plantain lily, hosta, cytokinin, plant growth regulator.

Species used in this studyhosta,Hosta Tratt. (Funkia K. Spreng;Niobe Salisb.) ‘Francee’, anHi. sieboldiana(Lodd.) Engl. H.
glauca(Siebold ex Mig.) Stearn ‘Frances Williams'.

Plant growth regulators used in this study:benzyladenine (BA), N-(phenylmethylHipurine-6-amine.

Significance to the Nursery Industry unfurled leaves on the offsets (7). Garner et al. (3) reported

Hostas are popular clump-forming herbaceous perennials &t BA response was cultivar dependent, and sequential ap-
that increase in size by forming offsets. Crown division, the Plications of BA were necessary to continue the positive re-

traditional propagation method for hosta, yields few offsets SPONS€ t(; BA afterh(_)ﬁr?et remoyal (). divisi ith
on an annual basis because many cultivars are slow to form 0SS Of roots, which occurs in crown division, without a

new offsets. Benzyladenine (BA) can stimulate the outgrowth reduction in shoots causes a decrease in the root:shoot ratio,
of rhizomic' and apical buds, resulting in more rapid offset resulting in water stress that affects many metabolic processes

formation in hosta if there is sufficient root mass to support N€cessary for growth (10). Shoot growth is dependent upon
the growth of vegetative buds. Results of this study indicate 1€ SuPply of water and nutrients from roots (1). Water stress
that hosta’s response to BA increases when BA application alters th_e balanc_e of hormones, speqﬂcally auxin, which af-
is delayed 3 or more weeks after division and potting. A good fects aplcz_il dommanc_e (9.).' Recent IlteratL_Jre suggests that a
practical indicator of hosta’s ability to respond to BA is evi- deécrease in water availability promotes apical dominance (5,
dence of surface root development. Understanding the ef- 9)- Mineral nutrients absorbed by roots also affect inhibition
fects of application timing relative to division and potting on ©f Puds (2), but not to the degree of water availability (9).
hosta’s response to BA provides valuable information nec- Although BA-induced offset formatlon has been a fast ".ind
essary for growers to take full advantage of a non- effective method for propagating hosta, the role of potting

micropropagation system for the accelerated propagation of d_ate relati\_/e to treatment date has not been _examined. In pre-
this perennial. vious studies conducted at Auburn University, BA applica-

tion was delayed until surface roots were present at the sub-
strate-container interface, approximately 4 weeks after pot-
) ] ) ) o ting. However, when BA was applied shortly after potting in

_ Outgrowth of axillary and rhizomic buds in hosta is inhib- 3 commercial nursery, minimal stimulation of offset forma-
ited by apical dominance, a process regulated by an internaltion occurred (personal observation). The objective of this
balance between auxin and cytokinins (2). This balance of stdy was to examine the effects of timing of BA application

hormones is affected by water availability (5, 9, 12). relative to division and potting on offset formation in two
Benzyladenine (BA) is a synthetic cytokinin effective in pro- posta cultivars.

moting elongation of inhibited buds (2) that induced offset
formation in hosta (6). Plants with no offsets at the time of paterials and Methods
BA application produced more offsets than plants with mul-
tiple offsets (8). These offsets could be removed and rooted
under intermittent mist. The percentage of offsets that rooted
and survived was positively correlated with the number of

Introduction

The two cultivars selected for this stubly,Francee’ and
H. sieboldiana‘Frances Williams’, are widely used in the
landscape; however, ‘Frances Williams’ forms fewer offsets
than ‘Francee’ (2). On May 7, 1997, stock plants of each
cultivar were divided into single-eye plants and potted into

'Received for publication September 27, 1999: in revised form February 17, 3-8 liter (#1) pots using a pinebark:sand (6:1 by vol) me-

2000. dium amended perityd®) with 10.8 kg (18 Ib) Polyon 22N—
*Graduate Student. 1.8P-11.7K (22—4-14), 3 kg (5 Ib) dolomitic limestone, and
*Professor. 0.9 kg (1.5 Ib) Micromax. A 3000 ppm BA solution (+BA) at
“Assistant Professor. 0.2 liter/n? (0.5 gal/100 ft) was applied 0, 1, 2, 3, 4,5, 0r 6
SProfessor, Department of Botany-Microbiology weeks after potting (WAP) using a C€prayer at 137 kPa
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(20 psi). Buffer-X (Kalo Agr. Chemicals, Overland, KS) at Table 1. BA application timing comparisons across cultivars for off-

0.2% was added to the BA solutions as a surfactant before zftte?f;;f’ﬁ;gt"%iﬂ:? S‘Xﬁ%":ﬂg%g’s\’gz)téagdofg :\5‘5060 nf:g’ts
spra_ying. Temperature and relative humidity when BA was (SOD), 1997. ’ 9 P
applied ranged from 22.2—28.9C (72—84F) and 50-87%, re-

spectively. A non-treated control group of each cultivar was BA application timing Offset number

included for comparison.
Offsets for controls and plants that had received a BA ap-
plication were counted 6 weeks after potting (WAP), and 30

WAP 6 WAP 30 DALT 60 DALT SOD*

0 15 45 55 4.4
and 60 days after the last BA treatment was applied (DALT). 1 5.0% 5.0 4.8 45
Growth index (GI) [(height + width at widest point + width 2 4.3 4.5 5.5 5.1
90° to first width) / 3] and number of unfurled leaves (stage i i-g* 55-98’; 2—?* 5525
of offset development, SOD) for each offset were recorded 5 15 6.4 6.7+ 5.8
60 DALT with SOD 1 = elongated bud with first leaf furled, 6 _x 6.8+ 6.7 5.9

SOD 2 = one unfurled leaf, SOD 3-6 = 2-5, respectfully, Control 1.4 33 37 5.5
unfurled leaves.

Treatments in this 2 x 7 (cultivar x BA timing) factorial Sigtiifrifeaa?ce . ** . e
experiment were completely randomized and replicated with  quagratic - NS NS NS
10 single plants. Analysis of variance (ANOVA) was used to Cubic o NS NS NS

test for significance of main effects and interactions using
SAS General Linear Model procedure (11). Comparisons *SOD 1 = elongated bud with first leaf furled, SOD 2 = one unfurled leaf,
between cultivars and among BA applications were made SOP 3-6 = 2-5, respectiully, unfurled leaves.
using single degree of freedom orthogonal contrasts. Com- "Means followed by an asterisk are significantly different from the control
parisons between BA application dates and the control Werei)ased on Dunnetts T test, P = 0.05. ,
made using Dunnett's T test (11)_ BA treatment not applied until after data collection.

. . . P “Nonsignificant (NS) or significant regression responsesa@®5 (*), P<
o d-g?oeg;);tl)i?le Eeenftowgvs\llr’legpgif:%c:)“‘z)rjﬁggIgﬁltrs]gwsérrgllgrvzgztjh- 0.01 (**), or P< 0.001 (***); control not included in regression analysis.
and potted and the first application of BA was made on April
20, 1998. Temperatures at the time of BA application ranged .
from 24.4-28 gpc (76-84F); relative humidﬁ)? was betwegen were different from controls 6 WAP, but not 30 or 60 DALT,
63% and 73%. In 1997, mo’st data were collected 30 and Goprobably due to the natural INcrease in offsets over time for
DALT. It appeared that basing data collection on DALT was control plants. The trend of diminished response to BA over

not detecting treatment effects that may have occurred ear-?mle agﬁ[eets_wnh prior work that retpogiq, c<)tmpared?:8 B%_
lier but had dissipated. Hence, offsets for each BA applica- rois, OIISEL INCrease In response 1o IS stronger

tion and controls were counted 30 and 60 days after eachthan 60 DAT (6), and sequential applications are necessary

. to continue the response (4). Differences between cultivars
geAz_T_tment was applied (DAT). SOD and Gl were recorded 60 were not significant for offset number 6 WAP (data not

shown), but ‘Francee’ produced 54% more offsets 30 DALT
and 48% more 60 DALT than ‘Frances Williams’ (Table 2);
o ] these cultivars differences agree with previous research (3).
~ Offset numbein 1997, there were no significant interac- | 1998, there was a significant interaction between culti-
tions between cultivar and BA application timing for any yar and BA timing for offset numbers. Offsets for ‘Francee’
offset counts. Across cultivars, offset number changed cubi- plants increased linearly with BA application at increasingly
cally (P<0.01) for BA timing 6 WAP (Table 1). Plants treated  |ater times 30 and 60 DAT, which agrees with the results
1,2, or 3 WAP produced 187% to 287% (2 and 3 weeks after from 1997 (Table 3). Plants treated 2 or more WAP produced
potting, respectively) more offsets than plants treated at pot- 1099 to 318% (2 and 3 WAP, respectively) more offsets than
ting. Plants treated 4 or 5 WAP produced similar numbers of pjants treated immediately after potting at 30 DAT. The 60
offsets as those treated at potting. The lack of positive re- DAT response was not as strong as that at 30 DAT, but plants
sponse in plants treated 4 or 5 WAP was probably due to datatreated 3 or more WAP produced 130% to 143% more off-
being collected just 1 or 2 weeks after treatment and plants sets than plants treated at potting. There were no significant
not having as long to respond to BA as plants treated 1, 2, orregression responses for offset numbers for ‘Frances Will-

3 WAP. Offset number increased linearly with BA applica- jams’ 30 or 60 DAT, although plants treated 3 or 5 weeks
tion atincreasingly later times 30 and 60 DALT. At 30 DALT,

plants treated 3 or more WAP produced 29% to 51% more
offsets than plants treated at potting. At 60 DALT, plants
treated 3 or more WAP produced 11% to 22% more offsets Table 2. Cultivar comparisons across BA application timing for off-

Results and Discussion

than plants treated at potting, and probably is due to insuffi- set number in hosta 30 and 60 days after last BA treatment
. (DALT), 1997.

cient root development needed to support shoot growth (1,

5, 9)- Offset number

Compared to control plants, plants treated with BA 1, 2 or _

3 WAP produced 279% to 314% more offsets 6 WAP (Table Cultivar 30 DALT 60 DALT

1). By 30 DALT, plants treated 3 or more WAP produced . __ .. 6.38 6.8a

79% to 106% more offsets than control plants. Plants treated:grances williams' 4.1b 4.6b

3, 5, or 6 weeks after potting produced 78% to 81% more
offsets than controls 60 DALT. Plants treated 1 or 2 WAP 2Means separated within a date by F-test;dP05.
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Table 3. BA application timing comparisons within cultivar and cul- Williams’ (5_7a versus 4.7b, P = 0_05)_ BA application tim-

tivar comparisons within BA treatment for offset number 30 ing and control comparisons were not significant for SOD.
and 60 days after treatment (DAT), 1998. In 1998, BA application timing was not significant for SOD
Offset number (data not shown); however, cultivar was significant for SOD.
‘Francee’ offsets had a 125% higher SOD than ‘Frances Wil-
BA application timing ‘Francee’ ‘Frances Williams’ liams’ (7.2a versus 1.6b, P = 0.05). Dunnett’s T-test revealed
that compared to controls, plants treated 5 or 6 WAP pro-
wap SODAT  CODAT  SODAT  60DAT duced offsets with a 74% and 79% higher SOD, respectively
0 2.2 4.0a 0.5 0.9b across cultivars (6.6a and 6.8a, respectively, versus 3.8b, P =
1 3.0 45 0.9 2.0 0.05).
2 4.6a¥ 5.0a 0.5b 0.6b
2 3:%2: 2;32: ézég* 11..3(‘)?) Growth index 'I_'her_e were no significgint BA timing ef-
5 7 1a* 8.3a* 2 3p* 25p fects or BA x cultivar interactions for Gl in 1997 or 1998. In
6 8.9a* 9.7a* 1.3b* 1.7b addition, none of the BA application timing treatment ef-
Controk 14 2.8 0.2 0.6 fects were significant when compared to the control. These
Sianif results support previous research, which showed BA appli-
ignificance . . .
Linear ok - NS NS cation has minimal effects on plant size (3, 6).
Quadratic NS NS NS NS BA-induced offset formation is an effective method to
Cubic NS NS NS NS accelerate propagation of hosta; however, BA is most ben-

eficial when plants are allowed to establish prior to applica-
*Means for cultivars within a BA application timing treatment and DAT are  {ion. |n the South, this establishment period is usually 3 or 4
Ysl\(jlgzgastefgllt:)zvzlgile::irsetzr?sfljrae:eds(,)imnicf(i)cr::rr\?%ﬁfse.rent from control; P = weeks after potting; however, the establishment period is
0.05. y 9 y T cultivz_ir depgndent. A good i_ndicator of root establishment
*Control not included in regression analysis. used in previous work (?_), 6) is evidence of syrface root de-
“Nonsignificant (NS) or significant regression responsesa@@01 (***). VeIOpm?m' R_eSUItS of this study §Upp0l’_t previous work con-

ducted in which BA was not applied until plants were estab-
lished. Allowing plants to establish prior to BA application
will increase hosta’s response to BA by increasing offset for-
mation and possibly SOD, resulting in higher rooting per-
centages, thereby minimizing cropping time.

after potting produced 120% to 360%, respectively, more
offsets than plants treated at potting 30 DAT and 44% to
170%, respectively, 60 DAT. The low offset counts recorded
in all treatments 30 and 60 DAT are typical of ‘Frances Wil-
liams’; this cultivar is slower than ‘Francee’ to establish and
form offsets and is also less tolerant to high summer tem- 1. Borchert, R. 1975. Endogenous shoot growth rhythms and
peratures (3). indeterminate growth in oak. Physiol. Plant. 35:153-157.

Certain comparisons between BA treatments and the con- 2. Cline, M.G. 1988. Apical dominance. Bot. Rev. 57:3358.
trol were significant for offset number for both cultivars 30 3. Garner, J.M., G.J. Keever, D.J. Eakes, and J.R. Kessler. 1997. BA-
DAT and for ‘Francee’ 60 DAT. ‘Francee’ plants treated 2 or induced offset formation in hosta dependent on cultivar. HortScience-32:91
more WAP produced 229% to 557% more offsets than con- 93.
trol plants 30 DAT, and plants treated 3 or more WAP pro- 4. Garner, J.M., G.J. Keever, D.J. Eakes, and J.R. Kessler. 1998.
duced 196% to 246% more offsets than controls 60 DAT Sequential BA applications enhance offset formation in hosta. HortScience
(Table 3). ‘Frances Williams’ +BA plants treated 3, 5, or 6 33:70#709.
WAP produced 1.1-2.3 offsets, while controls produced 0.2 5. Hsiao, A.l. and G.I. Mcintyre. 1984. Evidence of competition for
offsets at 30 DAT. These results were similar to 1997 results Water as a factor in the mechanism for root-bud inhibition in milkweed
and reinforced that BA stimulates rapid offset formation (Asclepias syriaca Can. J. Bot. 62:37384.
within 30 DAT when applied to established division. But 6. Keever, G.J. 1994. BA induced offset formation in hosta. J. Environ.
due to the normal rate of offset formation over time in con- Ho™ 12:3639. N
trols, the difference in offset numbers between treated and _7- Keever, G.J., D.J. Eakes, and C.H. Gilliam. 1995. Offset stage of
non-treated plants is decreased. As reported in earlier stud-‘fgf'f_'gpmem affects hosta propagation by stem cuttings. J. Environ. Hort.
les, sequential applications of BA are necessary to continue .8 .Keever G.J. and T.J. Brass. 1998. Offsets increase in hosta following

‘ ) 0, 0, . y . J. . .

the respons? (4) Fran_c<_ee p,mduced 209% to 820% more benzyladenine application. J. Environ. Hort. 8.1
offsets than ‘Frances Williams’ 30 DAT for plants treated 2— . .
6 WAP (Table 3), and 232% to 800% more offsets 60 DAT 9. Mclintyre. G.I. 1987. The role of water in the regulation of plant

development. Can. J. Bot. 65:128298.
for plants treated 0 and 2—-6 WAP. . . ,
10. Percival, G. and J. Gerritsen. 1998. The influence of plant growth

. . regulators on root and shoot growth of containerized trees following root
Stage of developmenn 1997, the interaction between  removal. J. Hort. Sci. Biotech. 73:35859.

BA appllcapon timing ?md CUItIYar for SOD. was not _Slgnlfl- 11. SAS Institue. 1988. SAS/SAT user’s guide, release 6.03. SAS Institute.
cant. SOD increased linearly with BA application at increas- cary, nC.
ingly later times across cultivars (Table 1). Prior work re- 12. Smith, D.J. and W.W. Schwabe. 1980. Cytokinin activity in oaks

ported that rooting percentage inC_reased as SOD increaseqquercus robuy with particular reference to transplanting. Physiol. Plant.
(7). ‘Francee’ offsets had a 21% higher SOD than ‘Frances 48:27-32.
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