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following a period of dormancy.

Abstract

New offset formation in hosta in response to benzyladenine (BA) drenches applied at division and establishment was examined. Hosta
Tratt. ‘Frances Williams’ and H. ‘Francee’ were separated into uniform single-bud divisions and drenched with 50 ml of 0, 100, 500,
1000, 2000 or 3000 ppm (mg/liter) BA just prior to potting (division) or two weeks later when substrate-container interface root
development was evident (establishment). A 3000 ppm (mg/liter) foliar spray applied to established plants served as a standard. Offsets
were counted in plants treated at division 14 days later at which time BA was applied to established plants. Offsets were counted on all
plants 30 and 60 days after BA was applied to established plants and in spring of the following year. Offset counts increased rapidly in
both cultivars following drench applications of increasing BA concentrations, whether applied at division or establishment. This positive
response to increasing BA drench concentrations was evident 60 days after treatment (DAT) and the following spring, except in H.
‘Frances Williams’ drenched at division. However, benefits of either BA method or time of application were less pronounced in spring,

Index words: plantain lily, hosta, offset, cytokinin, container production.
Species used in study: ‘Frances Williams’ hosta (Hosta Tratt. ‘Frances Williams’), ‘Francee’ hosta (Hosta Tratt. ‘Francee’).

Plant growth regulator used in this study: benzyladenine (BA), N-(phenylmethyl)-1H-purine-6-amine.

Significance to the Nursery Industry

Hostas are propagated in the nursery industry by crown
division. Because most cultivars are slow to develop new
offsets during production, foliar sprays of benzyladenine (BA)
have been applied to established plants to promote new oft-
set formation. Our research showed crown drenches of 2000
or 3000 ppm (mg/liter) BA applied at either division or es-
tablishment were as effective as a foliar spray of 3000 ppm
(mg/liter) BA and significantly more effective than an un-
treated control at 30 and 60 days after application. While
these findings provide growers with additional options in the
use of BA to promote offset development in hosta, material
and labor costs of applying crown drenches are greater than
those associated with foliar sprays.

Introduction

Hostas form rhizomic and lateral buds (14) that potentially
develop into new shoots or offsets. Because many hosta cul-
tivars form offsets slowly, growers may benefit from ways
to hasten offset formation during production (9, 10).
Benzyladenine, a synthetic cytokinin, is theorized to release
apical dominance by altering auxin to cytokinin ratios in shoot
tips (3). Benzyladenine (BA) has promoted lateral shoot de-
velopment in several woody ornamental species, including
Heller holly (Zlex crenata Thunb. ‘Helleri’), Formosa azalea
(Rhododendron x ‘Formosa’) and Harbour Dwarf nandina
(Nandina domestica Thunb. ‘Harbour Dwarf” (11). A foliar
spray of 1000 ppm (mg/liter) BA applied to established
Photinia x fraseri significantly increased branching as com-
pared to untreated plants (12). Benzyladenine has also been
used to induce shoot development on the lower nodes of pines
grown as Christmas trees, resulting in denser trees. Boe (2)
reported that 90 days after treatment (DAT) with 20 to 600
ppm (mg/liter) BA, three-month-old Scots pine (Pinus
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sylvestris L.) seedlings had more lateral branches than un-
treated trees. Benzyladenine applied as a foliar spray to ma-
ture herbaceous perennials, such as verbena (Verbena x
hybrida Voss), enhanced lateral budbreak (17). In addition
to positive results from BA application to temperate herba-
ceous and woody species, tropical foliage plants, including
Diffenbachia Schott., Peperomia obtusifolia (L.) A. Dietr.,
and Spathiphyllum Schott., were stimulated to form more
lateral shoots when BA was applied as a foliar spray (6, 7,
18).

Keever (8) examined the effects BA has on new offset for-
mation in hosta when applied at concentrations ranging from
125 to 400 ppm (mg/liter). Offset counts at 30, 60, 90 and
300 DAT (following a period of dormancy) increased with
increasing BA concentrations. Schultz et al. (16) found that
a foliar application of 3000 ppm (mg/liter) BA to H. ‘Frances
Williams’ and H. ‘Francee’ stimulated offset counts in both
cultivars. Garner et al. (4, 5) reported increased offset pro-
duction in 10 hosta cultivars at 60 DAT in response to appli-
cations of 1250, 2500 and 3750 ppm (mg/liter) BA. In this
research and the majority of published literature, BA was
applied as a foliar spray to established plants.

Altman and Moses (1) reported that BA was transported
via the xylem, when applied to roots of young citrus (Citrus
L.) seedlings. Uptake was dependent upon BA concentra-
tion, physiological state of the seedlings and duration of ex-
posure. Benzyladenine applied as a drench to Spathiphylum
‘Tasson’ increased the number of visible basal shoots as con-
centration increased from 250 to 1000 ppm (mg/liter) (7).
Soil drenches of BA have also been found to increase new
offset formation in Hosta sieboldiana (Lodd.) Engl. when
compared to plants not treated with BA. Increasing concen-
trations of BA applied as a soil drench to established plants
increased new offset formation at 30, 60, and 90 DAT. How-
ever, higher concentrations of BA (80, 100, 120 mg a.i./pot)
resulted in marginal necrosis, decreased growth index, and
injury to new foliage by two weeks after treatment, although
following dormancy no negative effects were evident (8).
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In previous studies with hosta, BA was applied to estab-
lished plants, presumably to ensure adequate root develop-
ment for water and nutrient uptake to support new shoot
counts. However, in some crops like hosta, root mass fol-
lowing division is often adequate to not require placement in
propagation. Schultz et al. (16) examined the response of H.
‘Frances Williams’ and H. ‘Francee’ to foliar sprays of BA
applied at division and one through six weeks after potting
(WAP) in one-week increments. At 6 WAP, both cultivars
had more new offsets than controls when treated at 1, 2, or 3
WAP, and at 30 DAT plants treated at 3, 4, 5, and 6 WAP
produced more offsets than the controls. Drench applications
of BA at division or establishment, if as effective or more
effective than foliar sprays to established plants, would pro-
vide growers with additional options for BA use. Therefore,
the objective of this study was to determine the effectiveness
of BA crown drenches applied at different concentrations to
two hosta cultivars at division and establishment.

Materials and Methods

Mature stock plants of two hosta cultivars, H. ‘Frances
Williams’ and H. ‘Francee’, were separated on September 9,
1999, into uniform single-bud divisions with adequate roots
to not require placement in propagation (a minimum of 10
roots per division) and placed into 12 groups of 10 plants
each. Five groups of 10 plants per cultivar then received a 50
ml (1.7 oz) drench of 100, 500, 1000, 2000 or 3000 ppm
(mg/liter) BA (BAP-10, Plant-Wise Biostimulant Co., Lou-
isville, KY) by pouring solutions over the crown. The rela-
tively small volume used was adequate to throughly wet
crown and roots. All plants then were potted into 3.8 liter
(#1) containers using a 6:1 bark:sand medium amended per
cum (cuyd) with 4.7 kg (8.0 Ib) 18N-2.6P—10K (Osmocote
18-6—12, The Scotts Co., Marysville, OH), 3.0 kg (5.0 1b)
dolomitic limestone, and 0.9 kg (1.5 1b) Micromax (The Scotts
Co.). Plants were placed outdoors under 47% shadecloth and
irrigated by overhead sprinklers twice daily during the grow-
ing season for a total of 3.8 cm (1.5 in) per day. On Septem-
ber 23, 1999, plants were considered established due to the
presence of extensive root development at the substrate-con-
tainer interface. At this time, BA crown drenches were ap-
plied to established plants at the same concentrations and

volumes as applied at division. Treatments also included a
3000 ppm (mg/liter) foliar spray of BA at 0.2 liter/sq m (2 qt/
100 sq ft) and an untreated control. Buffer X (Kalo Agr.
Chemicals, Overland, KS), a nonionic surfactant, was added
to all BA solutions at 0.2% (v/v). The foliar spray treatment
was applied with a compressed air sprayer equipped with a
flat spray nozzle (Teelet 8004 VS, Bellspray, Inc., Opelousas,
LA) at 138 kPa (20 psi). Treatments in the 2 x 5 factorial
experiment + standard + control were completely random-
ized within cultivar and replicated with 10 single plants. Off-
sets were counted in plants treated at division when BA was
applied to established plants on September 23, 1999, and on
all plants 30 and 60 days later and on May 11, 2000, follow-
ing a period of dormancy. Analysis of variance (ANOVA)
was used to test the significance of main effects and interac-
tions within cultivar using the SAS General Linear Model
procedure (13). BA concentration response and differences
between time of application were determined by orthogonal
contrasts. The foliar spray treatment was compared to each
other treatment using Dunnett’s T-Test (P = 0.05).

Results and Discussion

Hosta ‘Francee’. At division, H. ‘Francee” had mature fo-
liage and there was no new growth present. No abnormal
response was evident at rates below 2000 ppm (mg/liter) BA,
however, in plants treated at division or establishment with
either 2000 or 3000 ppm (mg/liter) BA, new growth was ab-
normally twisted, and leaf margins were bleached and ne-
crotic. On September 23, 1999, two weeks after drench treat-
ments were applied at division, offsets of H. ‘Francee’ were
counted (Table 1). New offset counts increased quadratically
with increased concentration in plants treated at division, from
50% with 100 ppm (mg/liter) BA, to the greatest increase of
550% with 3000 ppm (mg/liter). Keever (1994) reported a
similar rapid increase in offset production in response to both
a foliar spray and crown drench BA application in H.
sieboldiana. Similarly, H. ‘Francee’ and H. ‘Frances Will-
iams’ receiving a foliar spray of BA at potting increased new
offset formation by 6 weeks after potting as compared to
controls (16).

Plants treated at establishment rapidly increased new off-
sets such that the interaction between time of application and

Table 1. Effects of BA drenches applied at division and establishment and foliar spray applied at establishment on offset formation in ‘Francee’ hosta
at establishment, 30 and 60 days after treatment of established plants (DAT) and in spring of the following year when grown in 3.8 liter (#1)

containers.
Offset counts
Concn.
Method of application (ppm) Establishment 30 DAT 60 DAT Spring
Drench 0 0.8% 1.3¥ 1.7 4.2
100 1.2 2.0 1.8 4.1
500 33 39 42 5.6
1000 3.8 3.8 3.6 6.0
2000 5.1 53 52 7.6
3000 5.2 5.5 5.4 6.1
Significance* Q*** Q* Q* L**
Foliar 3000 — 6.0 5.6 7.6

“Means for drench treatments applied at division; established plants not treated at this time.

YMeans for drench averaged over division and establishment due to nonsignificant interactions at 30 and 60 DAT and spring of the following year.

*Linear (L) or quadratic (Q) response at P = 0.05 (*), 0.01 (**) or 0.001 (***) based on orthogonal polynomial analysis.
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Table 2. Effects of time of application on offset counts in ‘Francee’
hosta grown in 3.8 liter (#1) containers at 30 and 60 days
after established plants were treated (DAT) with different
concentrations of BA and in spring of the following year.

Offset counts
Time of application 30 DAT 60 DAT Spring
Division* 3.9a¥ 3.9a 5.2b
Establishment 4.2a 4.1a 6.7a

“Division and establishment means are the averages of all BA concentra-
tions, except the control.

YMean separation within columns by single degree of freedom orthogonal
contrasts (P = 0.05).

concentration for offset counts was nonsignificant by 30 DAT
and at all subsequent data collection dates, hence, main ef-
fects only are reported (Table 1). As drench concentrations
increased, offset counts increased quadratically up to 218%
and 284% at 30 and 60 DAT, respectively, in plants treated at
division or establishment. In spring 2000, following a period
of dormancy, new offset counts increased linearly up to 45%
as drench concentrations of BA increased. The reduction in
the percent increase in offset counts over time in response to
BA drench application was due to an initial rapid increase in
offset counts following application with few offsets forming
during the remainder of the study. This rapid increase in new
offset formation followed by minimal further increases has
been reported (8, 10, 16) in hosta treated with a foliar BA
spray, with further increases in new offset formation requir-

ing additional applications of BA (5). In contrast, offset pro-
duction in controls gradually increased during the season of
division and dramatically increased 147% in spring, follow-
ing a period of dormancy.

Plants treated at division and establishment had similar
numbers of new offsets at 30 and 60 DAT (Table 2). How-
ever, in spring of the following year, plants treated at divi-
sion had 22% fewer offsets than plants treated at establish-
ment.

Plants treated at establishment with a 3000 ppm (mg/liter)
foliar spray of BA had similar numbers of offsets at 30 (6.0
offsets) and 60 DAT (5.6 offsets) as those treated at division
or establishment with all drench concentrations, except for
fewer offsets in controls [1.3 (30 DAT) and 1.7 (60 DAT)
offsets], plants drenched with 100 ppm (mg/liter) BA at divi-
sion [2.0 (30 DAT) and 2.1 (60 DAT) offsets], and 100 ppm
(mg/liter) [2.0 (30 DAT) and 1.5 (60 DAT) offsets] and 1000
ppm (mg/liter) [3.2 (30 DAT) and 3.0 (60 DAT) offsets] at
establishment (Table 1, means across application time only).
Following a period of dormancy, offset counts of plants treated
with a foliar spray of BA were similar to those of plants in all
other treatments (data not shown).

Hosta ‘Frances Williams’. At division, H. ‘Frances Will-
iams’ had no new growth and exhibited marginal necrosis of
the existing foliage. H. ‘Frances Williams’ is commonly noted
for exhibiting foliar necrosis before eventually completely
deteriorating when exposed to average summer environmen-
tal conditions in the southern United States. (14). While mar-
ginal foliar necrosis was present in all treatments of H.
‘Frances Williams’, it appeared more severe in plants receiv-
ing drenches of 2000 or 3000 ppm (mg/liter) BA at either
time of application. Keever (8) reported similar foliar necro-

Table 3. Effects of BA foliar application or drench at division and establishment on offset formation in ‘Frances Williams’ hosta grown in 3.8 liter
(#1) containers at establishment, 30 and 60 days after established plants were treated (DAT), and in spring of the following year.

Application Offset counts
Concn.
Method Time (ppm)* Establishment 30 DAT 60 DAT Spring
Drench
Division 0 0.0 0.0* 0.0% 0.4
100 1.4 1.6 1.6 1.9
500 1.6 1.5 1.1 2.0
1000 2.7 2.4 2.1 0.8
2000 3.9 2.9 2.1 2.4
3000 3.8 1.9 2.0 1.7
Significance* Q** Q** L* NS
Establishment 0 —v 0.0* 0.0* 0.4
100 — 0.1 0.2%+" 0.3
500 — 3.0 2.6+ 2.0
1000 — 2.9 2.4 1.8
2000 — 4.4 3.9+ 2.4
3000 — 4.9+ 3.6 3.6
Significance — L#** QF** L**
Foliar 3000 — 32 2.4 1.4

“Time of application x rate significant at 30 and 60 DAT and in spring of the following year.
YTreatment means followed by and asterisk (*) were significantly different from foliar spray treatment based on Dunnett’s T-Test, P = 0.05.
*Non-significant (NS), linear (L), or quadratic (Q) response for concentration at P = 0.05 (*), 0.01 (**) or 0.001 (***).

“No treatment applied at time of data collection.

Division treatment means followed by a plus (+) were significantly different from corresponding establishment means within concentration, based on orthogo-

nal contrasts, P = 0.05.
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sis in H. sieboldiana drenched with higher concentrations of
BA.

Offsets in plants drenched at division and counted two
weeks later increased quadratically as BA concentration in-
creased (Table 3). Similar to results seen in H. ‘Francee’,
control plants formed no new offsets, while offset counts in-
creased from 1.4 with 1000 ppm (mg/liter) BA to 3.9 and 3.8
new offsets in plants treated with 2000 and 3000 ppm (mg/
liter) BA, respectively.

There was a significant time of application x drench con-
centration interaction at 30 DAT and later data collection dates
for H. ‘Frances Williams’ (Table 3). At 30 DAT, offset counts
in plants drenched at division increased as BA concentra-
tions increased from 100 ppm (mg/liter) to 2000 ppm (mg/
liter), before decreasing at 3000 ppm (mg/liter). At 60 DAT,
offset counts of plants treated at division increased linearly
as BA concentration increased. Control plants had formed
no offsets at either sampling. Offset counts in plants drenched
at establishment increased linearly at 30 DAT and quadrati-
cally at 60 DAT, with increasing concentrations of BA. Fol-
lowing a period of dormancy offset counts were 800% greater
in plants drenched with 3000 ppm (mg/liter) than in con-
trols. In summary, drenches of 2000 and 3000 ppm (mg/li-
ter) BA maximized offset formation in two hosta cultivars,
regardless of application immediately following division or
when surface root growth was evident (establishment), but
resulted in injury to existing foliage and foliage of offsets
formed in the season of application. No injury was evident
to foliage following a period of dormancy.

With few exceptions, offset counts were similar in H.
‘Frances Williams’ treated at division and establishment
(Table 3). For example, at 30 DAT and in spring following
dormancy, the only difference in offset counts occurred in
plants treated with 3000 ppm (mg/liter), with fewer offsets
forming on plants drenched at division compared to those
drenched at establishment. Although differences in offset
counts between plants drenched with 3 BA concentrations at
division and establishment occurred at 60 DAT, results were
inconsistent. Plants drenched at division had more offsets
when treated with 100 ppm (mg/liter) BA but fewer offsets
when treated with 500 or 2000 ppm (mg/liter) BA compared
to those treated at establishment.

Except for fewer offsets in control plants at 30 and 60 DAT
and in plants drenched with 100 ppm (mg/liter) BA at estab-
lishment and more offsets present in spring, following a pe-
riod of dormancy, in plants drenched with 3000 ppm (mg/
liter) BA at establishment, plants drenched at division or es-
tablishment formed similar numbers of offsets as plants re-
ceiving a foliar spray of 3000 ppm (mg/liter) BA at estab-
lishment, regardless of drench rate (Table 3). These results
are similar to those of H. ‘Francee’ in this study and in H.
sieboldiana in a similar study (8). Generally, H. ‘Francee’
showed increases in new offset formation over time, regard-
less of treatment, in contrast to H. ‘Frances Williams’ in which
offsets increased within 30 DAT, but declined thereafter when
treated with BA by either method or time of application. Pre-
vious studies have reported this random bud abortion as an-
other expression of phytotoxicity (8). This poor performance
of H. ‘Frances Williams’ has been reported in response to
typical summer conditions in the southern United States and
was presumably unrelated to treatment applications (14).
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Stimulation of offset formation in response to BA drenches
at division and establishment and a foliar spray at establish-
ment was rapid, occurring in 30 days or less, but the effect
was less pronounced following a period of dormancy due to
the natural offset formation in untreated plants. Our research
showed crown drenches of 2000 or 3000 ppm (mg/liter) BA,
a rate similar to that which maximized offset formation in
numerous hosta cultivars (4, 5, 8, 10, 15, 16), applied at ei-
ther division or establishment were as effective as a foliar
spray of 3000 ppm (mg/liter) BA and significantly more ef-
fective than an untreated control at 30 and 60 days after ap-
plication in H. ‘Francee’ and H. ‘Frances Williams’. How-
ever, drenches at these rates resulted in foliar injury that per-
sisted throughout the season of application. These findings,
while providing growers with additional options in using BA
to promote offset development in hosta, may be less cost
effective than foliar sprays applied to established plants.
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