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Abstract

In 2000 and 2004, cultivars bfemerocallis were treated with foliar applications of 2500 or 5000 ppm benzyladenine (BA) for 1, 2, 3,
4 or 5 consecutive weeks. In both years, BA increased ramet production of all cultivars although treatment response was
dependent. In 2000, an increasing number of BA applications resulted in ‘Lavinia Love’ and ‘Beguine’ forming 1.6 to 3.2 and 07
more ramets, respectivelthan control plants at 9 weeks after initial treatmemiT)Vregardless of concentration. Increasing BA
concentration increased ramet formation by up to one ramet in ‘Begmid@/p to 3 ramets in ‘Lavinia Lovat QWAT, regardless of
the number of application&t 9 WAT in 2004, increasing weekly applications of Biireased ramet formation in ‘Dainty Délm
a mean of 1.3 ramets with one application to a mean of 3.0 ramets with five applications, and in ‘Sarah Sikes hybrid’ from 0.5 ramets
with one application to 2.1 ramets with five applications, regardless of concentration. Compared to control plants, ‘Dainty Deb’ increased
ramet production by 1.9 ramets and 2.3 ramets\&A® in 2004 when treated with 2500 ppm and 5000 ppm BA, respectively
regardless of the number of applications. Compared to untreated controls, ‘Sarah Sikes hybrid’ formed 1.1 and 1.3 more ramets when
treated with 2500 ppm and 5000 ppm BA, respectively

Index words: plant growth regulatodaylily, cytokinin, propagation, herbaceous perennial.
Growth regulator used in this study:BAP-10, benzyladenine (BA), 6-benzylaminopuriNgphenylmethyl)-H-purin-6-amine.

Species used in this studydaylily, Hemerocallis x ‘Dainty Deb’, unnamed hybrid of ‘Secofiéhoughts’x ‘Neal Berrey’(referred to
as ‘Sarah Sikes hybrid’), ‘Beguine’, ‘Lavinia Love'.

Significance to the Nursery Industry from established plants, when left to nature, can be g slow
Daylily production has traditionally centered on produc- erratic process with some cultivars producing more ramets

ing new plantlets (ramets) from established plants and more than others_ (3)' lilies develon f | Lor rhi ic bud
recently from tissue culture. For growers or hybridizers with- Ramets mh a%/ |h|es ke)vg op from atertz)i orr |zom|cdlkj) S
out the specialized equipment to perform tissue culture, pro- PUt outgrowth of these buds appears to be suppressed by api-

ducing more ramets from existing plants has been the only @ dominance. Hormonal interaction between auxins and
way to increase numbers.crucial limit to this method of  CYtOKinins is a primary mechanism of apical dominance (2),
propagation is the slow production of ramets by many popu- and exogenous applications of cytokinins can stimulate lat-

lar cultivars.The number of ramets produced on newly pot- eral bud gr_owthApp_Iication of the synthetic cytokinin
ted, single-shoot divisions of daylilies can be significantly Penzyladenine (BA) induced the outgrowth of lateral buds

increased by 1 to 3 consecutive weekly applications of N hosta (7), and &fets formed from BA-induced buds were
benzyladenine (BA) at 2500 ppm, depending on cultivar '€moved from the mother plant within 30 days of BA appli-
Increasing the number of consecutive applications or the C&tion and rooted under intermittent mist {@)ese findings
concentration of BA to 5000 ppm will likely produce only suggest that_BA mlght facilitate conventional propagation
slight further increases. BA as BAP-10 currently remains Methods by increasing the number of ramets available for

i ; it harvest from daylilies.
unlabelled for use on daylilies, but projected application costs ; I -
of 2500 and 5000 ppm solutions is about 2.2 and 4.4¢, re- A Single application of up to 2500 ppm BA had minimal

spectively per 3.8 liter (#1) containeassuming four pots  ffect on shoot formation in either Indian hawthorn or
per square foot. nandina, but two applications 12 weeks apart increased shoot

formation in ‘Harbour dwatfnandina (10). Furthermore, up
Intr oduction to five weekly applications of 2500 or 5000 ppm BA were
more efective in promoting shoot formation in ‘Harbour
Dwarf’ nandina (1) and Olivia™ and Eleandiaber™ In-
dian hawthorn (12) than a single applicatiotudies with
hosta (5) Dieffenbachia (6), and Mugo pine (14) have re-
ported similar greater fefctiveness with multiple applica-
tions of BA.The objective of our study was to determine the

Hemerocallis is one of the most popular genera in orna-
mental production today with themerican Hemerocallis
Society listing more than 56,000 named and 40,000 regis-
tered cultivars (1). Daylilies are usually propagated asexu-
ally, either by tissue culture or removal of ramets from older

established plants. Daylily growers without specialized equip- effects of multiple foliar applications of Bén ramet forma-

ment necessary for tissue culture production must rely on . "~ - ;
harvesting ramets from established plants. Harvesting rametstlon in daylilies when applied at 2500 ppm or 5000 ppm.

Materials and Methods

This study consisted of two experiments, one in 2000 and
'Received for publication May 31, 2006; in revised form October 19, 2006. a second in 2004. On July 14, 2000, 3.8-liter (#1) plants of

2Graduate @ident. Hemerocallis x ‘Beguine’and ‘Lavinia Love’'grown in full
%Professar sun were separated into uniform single shoot divisions and
“Associate Professor potted into 3.8-liter (#1) pots using a pine bark:sand sub-
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strate (6:1, by vol) amended petwith 7.1 kg (12 Ib/yé) of 2000. At 3 weeks after initial treatment @&WV) ramet counts
18N-2.6P-10K (Osmocote 18—6-12, 9-month formulation, in ‘Lavinia Love’ changed quadratically in response to in-
The Scotts Co., Marysville, OH), 3 kg (5 Ib#ydf dolomitic creasing BAapplications, regardless of concentratioalé
limestone, and 0.9 kg (1.5 IbAydf Micromax (The Scotts 1). A single BAapplication more than doubled ramet pro-
Co.). Immediately after potting, plants were placed in full duction compared to control plants. Maximum ramet pro-
sun and irrigated by overhead impact sprinklers twice daily duction at 3VAT occurred following two applications of BA,
applying 3.8 cm (1.5 in) per da@nAugust 3, plants with with ramet production more than three times that of the con-
one shoot per pot and evidence of surface root developmenttrols. At 6 WAT, ramet counts increased linearly in response
were selected for uniformity and assigned to treatments. Onto increasing BA applications with 3.1 and 2.9 more ramets
August 4, plants began receiving weekly foliar sprays of 2500 forming in plants receiving 4 and 5 applications, respectively

or 5000 ppm BA(BAP-10, Plant-Wise Biostimulant Co., than in controls. Similar linear increases in ramet counts per
Louisville, KY) for 1, 2, 3, 4 or 5 consecutive weeKkeeat- pot with increasing application number occurred S/
ments were applied with a G€prayer equipped withTeeJet and after dormancy (AFAT). This lage early increase fol-
8001 nozzle (Spraying Systems Cé/heaton, IL) at 138 lowed by a leveling éfin ramet production concurs with
kPa (20 psi) outlet pressure and in a volume of 0.2 litérs/m earlier work showing the short-lived properties of BA (5, 7,
(equivalent to 2 qt/1003t A non-ionic surfactant (Bédr- 11,12, 13).

X, Kalo Agr. Chemicals, Overland, KS) was added to spray =~ Ramets on ‘Lavinia Love’ increased linearly in response
treatments at 0.2%. Plants were removed from irrigation for to increasing concentration, regardless of BA application
treatment and were hand watered for 12 hours after treat-numberCompared to controls, ramets increased by 162, 164,
ment without wetting the foliag@emperature and relative 171, and 150% at 3, 6, 9 and @/AT, respectivelywhen
humidity at treatment were 30.0C (86F) and 77% (August treated with 2500 ppm BA. Increasing BA concentration from
4), 32.8C (91F) and 70% (Augudf)137.8C (100F) and 50% 2500 ppm to 5000 ppm increased new ramet production to
(August 18), 34.5C (94F) and 60% (August 25) and 30.6C 192, 207, 214 and 167% more than that of controls at 3, 6, 9
(87F) and 88% (September 5). Ramets were counted at 3, 6and 2AVAT, respectivelyGreater déctiveness of 5000 ppm
and 9 weeks after initial treatment AW and after shoots BA compared to 2500 ppm agrees with a previous study with
had emeged the following spring (March 13, 2001, or 27 ‘Harbour Dwarf nandina (1).
WAT). Treatments in this 2 x 5 factorial experiment plus an  Plants of ‘Beguine’ increased ramet production linearly at
untreated control were completely randomized within culti- all collection dates in response to increasing application num-
var and replicated with 8 single plants. ber except 8VAT, when the response was quadrat@b(é
OnApril 2, 2004, plants oHemerocallis x ‘Dainty Deb’ 2).When plants were treated with five Bfsplications, new
and ‘Sarah Sikes hybrid’ were separated into single shoot ramets increased up to 37, 37, 32 and 41% at 3, 6, 9, and 27
divisions and subjected to similar methodology as plants were WAT, respectivelyregardless of BAoncentration. Responses
in 2000 except as noted beldlhe substrate was amended to BA application number were less pronounced in ‘Beguine’
per n? with 9.5 kg (16 Ib/y8) 17N-2.6P-10K (Polyon 17—  than in ‘Lavinia Love’ due to much higher ramet formation
6-12, 9-month formulation, Pursell Industries, Sylacauga,
AL). On May 10, plants were graded for uniformity and
blocked by number of initial ramets, ranging from 0 to 2. Table 1. Mean number of ramets formed in ‘Lavinia Love’ daylily as

Treatments were arranged in a randomized complete block affected by consecutive weekly BA applications and concen-
tration. Treatments wee made in 2000 on newly potted and

design within cultivar and replicated with 10 single plants. established single-shoot divisions. n = 10.
Temperature and relative humidity at treatments were 29.5C
(85F) and 66% (May1), 31.7C (89F) and 68% (May 18), Weeks afterinitial tr eatment

31.1C (88F) and 62% (May 25), 22.8C (73F) and 97% (June Consecutive weekly

1) and 30.6C (87F) and 70% (June 8). On all dates, except__ 2Ppiications 3 6 o 21

June 1, plants were removed from irrigation, treated outdoors 0 1.3 1.4 1.4 1.8

and not irrigated until the following da@n June 1, plants 1 2.8 3.1 3.0 33

were removed from irrigation and placed inside a greenhouse 2 4.1 4.2 4.4 5.1

for treatment due to inclement weathBlew ramets not 3 3.7 4.0 4.3 4.8

L 4 — 4.5 4.6 4.8
present at initial treatment were counted at 3, 6, 9 and 12 5 _: 43 4.4 5.1
WAT.
Data from both experiments were analyzed using one-way Significancé Q*** L L Lxe*

analysis of variance (ANQ\j and two-wayANOVA to test Weeks afterinitial tr eatment

the interaction between BA concentration and number of ~ .o eexs afterinital fr eafmen

cqnsecutive applicatiqns of BArend analyses were deter (Ppm) 3 6 9 27

mined by the general linear models procedure using orthogo-

nal contrasts (SAS Institute, CaNC). 0 13 14 14 1.8
2500 3.4 3.7 3.8 4.5
5000 3.8 4.3 4.4 4.8

Results and Discussion

There were no interactions between concentration and Significance
number of applications of BA for ramet counts in any culti-
var_in either experiment, hence only maiieets are reported. receiving 3, 4, or 5 applications were averaged.

Neither were ther.e any adverséeefs on plant. appea(anqe YApplication number x concentration not significant, hence means are aver
due to concentration or number of consecutive applications aged over either concentration or application number; trend analyses linear
of BA. (L) or quadratic (Q) aP = 0.001 (***).

L*** L*** L*** L***

zAt 3 WAT, applications 4 and 5 had not been applied; data from plants
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Table 2. Mean number of ramets formed in ‘Beguine’ daylily as af- Table 3. Mean number of ramets formed in ‘Dainty Deb’ daylily as

fected by consecutive weekly BA applications and concen- affected by consecutive weekly BA applications and concen-
tration. Treatments wee made in 2000 on newly potted and tration. Treatments wee made in 2004 on newly potted and
established single-shoot divisions. n = 10. established divisions. n = 10.
Weeks afterinitial tr eatment Weeks afterinitial tr eatment
Consecutive weekly Consecutive weekly
applications 3 6 9 27 applications 3 6 9 12
0 3.0 35 34 3.9 0 0.0 0.5 17 2.6
1 4.3 4.3 4.1 4.9 1 0.2 19 3.0 4.4
2 3.7 4.3 4.3 4.9 2 0.3 21 3.2 4.2
3 4.1 4.8 4.5 5.1 3 0.3 2.9 4.2 5.7
4 — 45 4.4 5.4 4 — 3.2 4.1 5.0
5 — 4.1 4.5 5.5 5 — 3.0 4.7 5.2
Significance L* Q* L* Lx* Significance L* Lrxx Lrxx Q***
Weeks afterinitial tr eatment Weeks afterinitial tr eatment
Concentration Concentration
(ppm) 3 6 9 27 (ppm) 3 6 9 12
0 3.0 35 3.4 3.9 0 0.0 0.5 17 2.6
2500 4.0 4.4 4.3 5.1 2500 0.2 21 3.6 4.7
5000 4.1 4.4 4.4 5.2 5000 0.4 3.0 4.0 5.0
Significance L* NS NS L* Significancé NS Lrxx Lrxx Lxxx

ZAt 3 WAT, applications 4 and 5 had not been applied; data from plants At 3 WAT, applications 4 and 5 had not been applied; data from plants
receiving 3, 4, or 5 applications were averaged. receiving 3, 4, or 5 applications were averaged.

YApplication number x concentration not significant, hence means are aver YApplication number x concentration not significant, hence means are aver
aged over either concentration or application number; trend analyses non-aged over either concentration or application number; trend analyses non-
significant (NS), linear (L), or quadratic (Q)Rt= 0.05 (*) or 0.01 (**). significant (NS), linear (L), or quadratic (Q)Rt= 0.05 (*) or 0.001 (***).

in untreated ‘Beguine’ control plants, but similar ramet counts relative to untreated controls. Numeric maximal ramet for
for the two cultivars when treated with BA. Untreated plants mation was reached at Y2AT in plants that received three
of ‘Beguine’ averaged 3.0 new ramets per pidie maxi- BA applications, all9% increase relative to untreated con-
mum number of ramets per pot after dormancy was 5.5 new trols. Ramet formation in ‘Dainty Deb’ increased linearly in
ramets per pot in plants treated with five BA applications, an response to increasing B#oncentration, except atVBAT
average increase of 1.6 ramets per pot compared to controls.

In ‘Lavinia Love’ the diference between maximum ramet Table 4. Mean number of ramets formed in ‘Sarah Sikes hybrid’ day-

counts and controls was 3.3 ramets per pot, indicating culti- lily as affected by consecutive weekly BA applications and

var differences irHemerocallis when treated with BA. Cul- concentration. Tr eatments wee made in 2004 on newly pot-

tivar differences in response to Byave been previously re- ted and established divisions. n = 10.

ported (4) . R . . Weeks afterinitial tr eatment
Ramet counts in ‘Beguine increased linearly in response -, <eccutive weekly

to increasing concentration of B 3 and 2WAT, but were applications 3 6 9 12

unafected by BAconcentration at 6 and\WAT. At 3 WAT

plants treated with 5000 ppm BA showed an average increase 0 0.0 11 2.9 35
of 1.1 ramet compared to contrdldis difference remained 3 o2 - 39 e
nearly constant throughout data collectiéfier dormancy 3 0.2 25 3.8 47
plants treated with 5000 ppm BA produced 5.2 ramets per 4 — 2.8 4.3 4.8
plant on average compared to 3.9 by untreated control plants. 5 — 3.0 5.0 5.1
2004. Ramet formation in ‘Dainty Deb’ increased linearly ~ >'9nificance NS L= L= il
at all sampling dates in response to increasing BA applica- Weeks afterinitial tr eatment
tion number (&@ble 3). Increases a/@AT averaged only 0.2 Concentration
to 0.3 ramets and may reflect treatment of plants less estab-  (PPm) 3 6 9 12
lished than in 2000 (13) or cultivar féifences (4)At 6 WAT, 0 0.0 11 29 35
increases in ramet formation relative to untreated control  ,g5qg 0.1 25 4.0 47
plants ranged from 280% to 500% as applications increased. 5000 0.2 2.7 4.2 4.6
At 9 WAT, plants that had received a single Bpplication - o P s

had nearly twice the number of ramets as did the controls. Significance
MaXi-mum-ramet prOqutio-n an@AT was 4.71in plants that ZAt 3 WAT, applications 4 and 5 had not been applied; data from plants
received five BA applications, 176% more ramets per pot receiving 3, 4. or & applications were averaged. ;

than pIants recewing five BAplecanons at 8VAT. A qua- YApplication number x concentration not significant, hence means are aver
dratic response was observed a¥#&T, when plants treated  aged over either concentration or application number; trend analyses non-
with a single BA application increased ramet production 69% significant (NS) or linear (L) & = 0.05 (*), 0.01 (**), or 0.001 (***).
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when there was no response, regardless of number of appli-plantlets as early as 3 toV@AT. Treated plants were fuller
cations. Increases were 500, 135, and 92% at 6, 9, and 12han untreated controls, and if the ramets stimulated to form
WAT, respectivelyThe decrease in the percenteli€énce over by BA were not removed for propagation, plants may be more
time reflects the natural formation of ramets in control plants. marketable or marketable sooner

Plants of ‘Sarah Sikes hybrid’ increased ramet production
linearly with increasing number of BA applications, except Literatur e Cited
at 3WAT, when there was no responsalfle 4). Relative to , _
ramet counts in control plants, increases in ramets from five 1. AHS-Registered Daylily Database. Jan 2006. http://
BA applications ranged from 173% aW\AT, to 72% at 9  db-tnkersgardens.com.
WAT, and 46% at 1RVAT. These trends highlight the rela- 2. Cline, M.G 1991 Apical dominance. Bot. Re%7:318-358.
tively rapid increase in ramet formation in daylily following 3. Dunwell,W.C. 1996. Hemerocallis (daylily) propagation. Proc. Intl.
BA applications, followed by a more gradual increase. Ramet Plant Prop. Soc. 46:590-594.
production in ‘Sarah Sikes hybrid increased linearly at 6 and 4. GarnerJ.M, GJ. KeeverD.J. Eakes, and J.R. Kessléir 1997. BA
9 WAT with increasing BAconcentration, but was not af- application promotes fsfet formation in hosta cultivars. J. Environ. Hort.
fected by concentration at 3 or WAT. Increases in ramet 15:119-122.
formation relative to those of control plants were 145% at6 _ 5. Garney J.M., GJ. Keeveyr D.J. Eakes, and J.R. Kessla996.

WAT and 45% at SVAT. All cultivars in these two experi- Sequential BAapplications enhancefsét formation in hosta. HortScience
. ; L . 33:707-709.
ments increased ramet formation in response to a single fo-
liar application of BA regardless of concentratidhis re- 6. HennyR.J. 1986. Increasing basal shoot production in a nonbranching

. . Dieffenbachia hybrid with BA. HortScience 21:1386-1388.
sponse concurs with results of Swann (15) who used various ) T ,
application methods of BA to increase ramet formation in HoZt' 1*;_9;},’_6;;53- 1994. BA-induced tdet formation in hosta. J. Environ.
‘Stella D’Oro’ daylilies. Howeverour results show a clear e ' ' _ _
benefit to using multiple foliar applications of BAtoincrease | 8. KeeverGJ.andr.). Brass. 1998. et increase in Hosta following
ramet formation of daylily cultivarhe number of ramets ~ P°"2Y'adening application. & Environ. Fort. £:225.
produced on newly potted, single-shoot divisions of daylil- 9. Keever &J. D.J. Eakes, antd cH. (f"“am-ttl_ggf’fij‘afESt@ge OfH t
ies were significantly increased by 1 to 3 consecutive weekly {577 2Pmen #¢ts 10514 propagation by siem cuilings. = =nviron. Hor
of BA at 2500 ppm, depending on cultivémcreasing the 10.K 3. and\.J. Foster1990. Chemically induced branching of
number of consecutive applications or the concentration of - Keevey GJ. andV.J. Foster1990. Chemically induced branching o
. . woody landscape plants. J. Environ. Hort. 8:78-82.
BA to 5000 ppm produced only slight further increaskese _ _ ,
responses to BA agree with those of others showing multiple __11- Keever GJ. andT.A. Morrison. 2003. Multiple benzyladenine
L . . . applications increase shoot formation in nandina. J. Environ. Hort. 21:144—

BA applications to be morefettive than a single BAppli- 147,
cation (5, 6, 14).' . . . . 12. Oates, J.M., G. Keeverand J.R. Kessledr 2004. BA-induced shoot

Ramet formation increased linearly in response to increasedsmation in Indian hawthorn. J. Environ. Hort. 22:71—74.
BA concentration or was urfatted by concentration. Simi-
lar i in et f i @ inh yt ith i d BA 13. Schultz, H.C., G. KeeverJ.R. Kesslerand R.R. Dute. 2000. BA
ar mcreas,es In we Orm,a 10N In hostas with increase application timing &&cts ofset formation in hosta. J. Environ. Hort. 18:45—
concentration have previously been reported (4, 8), although 4s.
the response was clultlvar.dependent in hostas (4) 14. stiff, C.M. andA.A. Boe. 1985. Efiects of foliarapplied

Plants _Of all d_ay“'y CL_”“V?WS formed more ramets when  penzylaminopurine on fascicular bud development in Mugo pine.
treated with multiple applications of BA, thus providing plant-  HortScience 20:285-287.

lets for propagati_on._ Ramet formation was rapid following 15. Swann;T. 2001. Rapid vegetative propagation of hemerocallis using
multiple BA applications, potentially allowing removal of  benzyladenine. Daylily J. 56(1):37-47.

12 J. Environ. Hort. 25(1):9-12. March 2007

$S900E 98] BIA §1-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy woll papeojumoc]



