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Propagation of Alnus maritimafrom o oot tamine. sothweatt stemn

Aug.), we collected terminal, softwood stem
S f d C - cuttings from mature plants (plant_s that had
0 tWOO UttlngS bloomed and werel0 years old) in Okla-
homa and on the Delmarva Peninsula. The
James A. Schrader and William R. Graves same plants were sampled on both dates. In
Department of Horticulture, lowa State University, Ames, IA 50011-110¢klahoma, cuttings were collected from three
plants along the Blue River (latitude
Additional index wordsseaside alder, provenance, threatened and endangered species, 34°19'40"N; longitude 9635'30"W) and four
indole-3-butyric acid, IBA, woody landscape plants, vegetative propagation plants along Pennington Creek (latitude
34°19'20”N; longitude 9642°20"W) in
Abstract Alnus maritima(Marsh.) Nutt. (seaside alder) is a rare, woody-plant species with johnston County. Onthe Delmarva Peninsula,
potential for use in managed landscapes. Information on the propagation and production cyttings were taken from one plantalong Broad
of this species is not available. Our objective was to evaluate the use of softwood cuttingsreek (latitude 384'03”N; longitude
to propagate A. maritima, with emphasis on how indole-3-butyric acid (IBA), plant 75°37°06"W), one plant along Plum Creek
provenance, and time of collection affect cutting survival, rooting percentage, the number (|atitude 3831'51"N; longitude 7843'57"W),
of roots produced, and their length. Propagation trials were conducted with cuttings from foyr plants along the Nanticoke River (latitude
seven trees on the Delmarva Peninsula (Eastern Shore of Maryland and southerngge32'55”N; longitude 7843'25"W), and one
Delaware) and seven trees in Oklahoma. Cuttings from mature plants in both provenancesplant along Marshyhope Creek (latitude
were collected on 14 June and 23 Aug. 1998; wounded; treated with IBA at 0, 1, or 8 g*kg 38°34'45"N; longitude 7847'34"W). Alnus
and placed under intermittent mist in a greenhouse for 9 weeks. Use of IBA at 8 kg maritima sustains shoot elongation late into
caused a greater rooting percentage (68%), root count (7.2), and root length (39.2 mmjhe growing season, which allowed us to col-
than did the other IBA rates when applied to cuttings from Oklahomain June, butIBAhad |ect softwood cuttings on both dates.
little effect on cuttings from the Delmarva Peninsula. Across IBA treatments, rooting of Collections began at sunrise and were com-
cuttings from Oklahoma (55% in June and 12% in August) was greater than the rooting pleted within 3 h. Cuttings from the 14 plants
of CUttingS from Delmarva (27% inJune and 3%in AUgUSt). Cuttings from Oklahoma had were p|aced in p0|yethy|ene bags that were
greater survival, callus development, root length, and root count than did cuttings fromthe held in insulated containers with ice and were
Delmarva Peninsula during June and August trials. Averaged over IBA treatments and transported to Ames, lowa. After transport
provenances, cuttings collected on 14 June rooted more frequently (41%) than did cuttings(<12 h after collection), the bags were placed
collected 23 Aug. (8%). We conclude that softwood cuttings from mature plants are anin a dark cooler4 °C) until 0800-r the next
effective way to multiply clones ofA. maritima, particularly when cuttings are collected morning. The bags of cuttings were removed
early in the season and treated with IBA at 8 g-kg from the cooler in random order, and stems
were re-cut to between 12 and 20 cm long with
arazor blade. Leaves were removed from the
Demand is increasing for woody plantsof A. maritimato associate with nitrogen- basal half of each stem, and cuttings were
that are ornamental and resistant to envirorfixing bacteria (Furlow, 1979; Stibolt, 1978)wounded by scraping off the epidermis and
mental stresseg\lnus maritima(seaside al- may give it an advantage over other woodphloem of the basal 2 cm on opposite sides of
der) is a rare species from North Americdaxa on sites with soils low in nitrogen. the stem. The basal 3 cm of each stem received
found naturally in three provenances (south- Alnus maritimais propagated easily from one of two concentrations of talc-based IBA,
central Oklahoma, northwestern Georgia, anseed (Schrader and Graves, 2000), but vegethg-kg* [Hormodin® #1 (MSD-Agvet, Merck
the Delmarva Peninsula) that are separated biye propagation will be required to produce& Co., Rahway, N.J.)] or 8 g-KgHormodir®
>1000 km (B. Dickman, personal communi-clones of genotypes selected for superior ho#3 (MSD-Agvet)], by first misting the wounded
cation; Stibolt, 1981). Its appealing ornamenticultural traits. Information that describesstems with tap water and then dipping themin
tal characteristics and physiological attributesegetative propagation of this species is ndhe treatment compound. Control cuttings were
have generated interest A maritimaas a available, but work has been done with othemisted but not treated with talc. Cuttings were
nursery crop. Plants attain a height of 10 mspecies of alder. Softwood cuttings have bednserted vertically to a depth of 6 cmin wooden
with several trunks15 cm in diameter and used to propagate clonesfoflutinosaAlnus flats (inside = 12.8 cm wide 41 cm longx 7
produce glossy, dark green foliage and pendudbra Bong., andAlnus incangL.) Moench. cm deep; volume = 3.67 djiilled with moist
lous, male catkins that are yellow in late sumRoot development on cuttings varies amongorticultural perlite (Krum, Silbrico Corp.,
mer and early autumn (Furlow, 1979; Mazzeahese alders and is influenced by exogenowsodgkins, Ill.). All cuttings were stuck within
1986). The species occurs almost exclusivelgrowth regulators and age of the ortets (Hus#0 h of collection.
in soils saturated with fresh water (SchradeBanell et al., 1980; Monaco et al., 1980; An experimental unit consisted of five cut-
1999; Stibolt, 1981), yet is less affected byRadwan et al., 1989; Saul and Zsuffa, 1982}ings from one of the 14 plants, spaced uni-
drought than are plantsAfnus glutinosdL.) Our objective was to evaluate the use diormly in a row=3 cm from the long side of a
Gaertn. (Hennessey et al., 1985). The capacispftwood cuttings from mature plants towooden flat. Each flat contained two experi-
propagateA. maritima Pilot studies in 1997 mental units. Units from the seven plants of
with cuttings collected in June from plants oreach provenance were arranged in a com-
the Delmarva Peninsula resulted in 44% roopletely randomized, split-plot design, with IBA
Received for publication 1 June 1999. Accepted foing when cuttings were treated with IBA at ltreatments randomly assigned to whole plots
publication 27 Sept. 1999. Journal Paper No. By-kg?™. Cuttings collected from plants in Okla-(84 wooden flats) and provenances randomly
18436 of the lowa Agriculture and Home Economhoma in August rooted at 17% with IBA at 8assigned to sub-plots (the two rows of five
ics Experiment Station, Ames, Project No. 3229.kq1 Based on these observations, we desamples in each flat). This design allowed for
?”ddS“$E9rted by the Hatch Act gr_‘d Statﬁ of lowgigneq trials with cuttings from both prov-168 experimental units from the two prov-
f:‘” s. This project was supported in part ygr"j““ggnances to examine how IBA concentratioenances to be assigned to three treatments,
om the J. Frank Schmidt Family Charitable Trus . . S 2
and the Landscape Plant Development Center. Tianhd provenance affect survival and rooting _orfesgltln_g in 84 replications per provenance, 56
cost of publishing this paper was defrayed in part b§Oftwood cuttings collected on two dates imeplications per IBA treatment, and 12 replica-
the payment of page charges. Under postal regu|&998. Variation in rooting among cuttingstions per ortet.
tions, this paper therefore must be hereby markd@ken from different plants within each prov-  The flats of cuttings were held on a green-
advertisemensolely to indicate this fact. enance also was examined. house bench under intermittent mist controlled
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PropacaTION & Tissue CULTURE

by a screen balance (Mist-A-Matic®, E.C.linear model (GLM) procedure and the leastooting percentage (68%), root count (7.2),
Geiger, Harleysville, Pa.), which providetl0  significant differenceiép) option of Statisti- root length (39.2 mm), and cutting score (3)
s of mistevery10 min depending on environ- cal Analysis System software (SAS Instituteamong provenance and IBA treatment combi-
mental conditions in the greenhouse. One lay@©88). Sources of error, along with their denations resulted with cuttings collected in June
of black polyethylene was placed on the soutfrees of freedom for the statistical model werdrom Oklahoma that received IBA at 8 g-kg
wall of the greenhouse to block direct solatreatment, 2; flat (treatment), 81; provenance, No significant interactions were found for
radiation, and supplementary irradiance was; ortets, 12; and provenangdreatment, 2. cuttings collected in August, and no IBA ef-
provided by three 100-W incandescent lampBlat (treatment) was the error term used téects existed when means were combined over
between 0600 and 2204k. Environmental determine significance for treatment effectsprovenances (data not presented), except that
conditions were monitored twice each weeland error from ortets was used to analyzehe root count was greater for cuttings that
between 1200 and 1368 with a model 1600 provenance effects. Data from cuttings colreceived IBA at 8 g-k§(0.4) than for cuttings
steady-state porometer (LI-COR, Lincoln/ectedinJune and Augustwere analyzed sepaet treated with IBA (0.1). Averaged over IBA
Nebr.). During the trial that began in June, airately because environmental conditions wereatments, all measures of rooting were greater
temperature averaged 272, mean relative notidentical during the two trials, and the trialfor cuttings from the Oklahoma provenance

humidity was 68.1%, and mean photosynthetiwere randomized separately.
cally active radiation was 12@mol-nr2-s.

During the trial that began in August, the

Results

corresponding means were 256, 59.2%,

and 103umol-nr2s™,

than for those from the Delmarva Peninsula
(Table 2).

Responses varied among cuttings from the
seven ortets within both provenances (data not

There was no interaction between provshown). Means over IBA treatments by ortet

After 9 weeks, cuttings were harvestedenance and IBA concentration for cutting surfor rooting percentage ranged from 25% to
and experimental units were evaluated for theival and percentage of cuttings with callu95% (Oklahoma) and from 7% to 88%
percentages of cuttings that were alive and hatliring the trial that began in June. With cut{Delmarva) in the first trial and from 0 to 33%
at least one viable leaf, had formed callus, antthgs from both provenances, IBA at 1 g’kg (Oklahoma) and from 0 to 12% (Delmarva)
had formed at least one adventitious root >Bad no effect, whereas IBA at 8 g=kgduced during the trial that began in August. Cuttings
mm long. The number of primary roots >5 mmsurvival and callus development (Table 1)collected in June from one plant in Oklahoma
long (root count) and the length of the longedProvenance IBA treatmentinteractions were had the greatest rooting percentage (95%) and
root per cutting were measured. Each cuttinfpund for rooting percentage, root count, lengthoot count (11), the longest roots (52 mm), and
was given a score of 0 if dead, or 1 to 5 if alivef longest root, and cutting score (Table 1)the greatest cutting score (4). In contrast, no
(1=no callus; 2 = leaves and callus; 3 = one t¥leans for these variables increased with ineuttings from one plant on the Delmarva Pen-
four primary roots; 4 = five to nine primary creasing IBA concentration for cuttings frominsula were alive when the trial that began in
roots; and 5 =10 primary roots). Root count, Oklahoma, and increased only slightly or noAugust ended.
length of longest root, and cutting score for that all for cuttings from Delmarva (Table 1). More of the cuttings collected in June sur-
five cuttings in an experimental unit wereResponses for cuttings from Oklahoma wergived (72%), developed callus (67%), and
averaged to obtain a value for each unit.  consistently higher than those from theooted (41%) than did cuttings collected in

Data were analyzed by using the gener@elmarva Peninsula (Table 1). The greategtugust (31% survived, 29% developed callus,
and 8% rooted) when means were combined
over provenances and IBA treatments. Cut-
tings collected in June developed longer roots
(19.5 mm) and had a greater root count (2.4)
and cutting score (2.2) than did cuttings col-

Table 1. Effects of IBA concentration on softwood cuttingsAlifus maritima
collected on 14 June from plants in Oklahoma and the Delmarva Perinsula.

IBA applied (g-kg')

Provenance 0 1 8 Mean lected in August (1.9 mm long, root count =
Cutting survival (%) 0.2, and cutting score = 0.6).
Oklahoma 93a 91a 79b 88
Delmarva 58 ab 64 a 48 b 57 Discussion
IBA x provenance NS
Cuttings with callus (%) Propagation from softwood cuttings of
Oklahoma 93 a 87 a 71b 84 mature ortets is a viable method for obtaining
Delmarva 56 a 56 a 39b 50 clones ofA. maritima Cuttings from plants in
IBA x provenance NS
Rooting percentage (%) Table 2. Effects of plant provenance on survival,
Oklahoma 39¢ 57b 68a 55 callus development, rooting percentage, root
Delmarva 20b 32a 29 ab 27 count, root length, and cutting score of softwood
IBA x provenance * cuttings ofAlnus maritimaduring the late-sea-
Root count son propagation trial that began on 23 Aug.
Oklahoma l4c 29b 7.2a 3.8 -
Delmarva 0.6 b 11b 18a 1.2 Dep_endent \_/arlable Oklahoma Delmarva
IBA x provenance *kk Cutt!ng sur_vwal (%) 46% 16 b
Cuttings with callus (%) 45 a 12b
Length of longest root (mm) Rooting percentage (%) 12 a 3b
Oklahoma 16.3 ¢ 309b 39.2a 28.8 Root count 0.4 a 01b
Delmarva 6.4b 13.1a 11.6 ab 10.4 Length of longest
IBA x provenance * root (mm) 31a 06b
Cutting score Cutting scoré lla 0.3b
Oklahoma 24b 272 30a 27 ?Values are provenance means for 84 experimental
Delmarva l4a 16a l4a 15 units.

IBA x provenance

ZValues are means of 28 experimental units from each provenance.

YMean separation within rows by Fisher’s least significant differencd*s4,05.

*Each cutting was given a score of O if dead, 1 to 5 if alive (1 = no callus; 2 = leaves
and callus; 3 = one to four primary roots; 4 = five to nine primary roots; azd 8 =
primary roots). Scores for the five cuttings in an experimental unit were averaged to
obtain a composite value for each unit.

v Nonsignificant or significant & < 0.05, 0.01, or 0.001, respectively.

YMean separation within rows by Fisher’'s least
significant difference tesk < 0.05.

*Each cutting was given a score of 0 if dead, 1 to 5
if alive (1= no callus; 2 = leaves and callus; 3 = one
to four primary roots; 4 = five to nine primary roots;
and 5 =210 primary roots). Scores for the five
cuttings in an experimental unit were averaged to
obtain a composite value for each unit.
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Oklahoma were more suitable for this methodumber of roots produced (Table 1). Of thd-urlow, J.J. 1979. The systematics of the American
of propagation and responded more favorabIfBA concentrations used in our study, 8 gtkg ~ species ofAlnus (Betulaceae). Rhodora 81:1—
to exogenous IBA than did cuttings from thevas most effective for the rooting of cuttings 121, 151-248. _
Delmarva Peninsula. Treatment with IBA im-from Oklahoma, whereas 1 and 8 g'kgere Harima””i::"'T" D.E. Kester, ;‘r.‘d FIT Dav&es, Jr.
proved the rooting of softwood cuttings, busimilarly effective for cuttings from the tiggg' Sthazgpéﬂzi%igogé” rg'rféﬁ’e‘ivsogg cﬁ;fic-
effects of IBA concentration varied dependindelmarva Peninsula (Table 1). The most no- 'y ' ' '
on provenance. ldentification of amenablgable difference was the greater increase ifennessey, T.C., L.K. Bair, and R.W. McNew.
ortets is crucial for successful propagatiomoot count evoked by 8 g-Kgincreased 5.1 1985. Variation in response among thédeus
from cuttings taken from mature stock plantstimes) compared with that evoked by 1 g*tkg  spp. clones to progressive water stress. Plant
and collection of cuttings in June leads tdincreased 2.1 times) for cuttings from Okla-  Soil 87:135-141.
greater success than collection in August. homa. The higher concentration produced Huss-Danell, K., L. Eliasson, and I. Ohberg. 1980.
Softwood cuttings have been used to pragreater number of well-rooted cuttings. Conditions for rooting of leafy cuttings Afnus
duce clones of other alder species. Cuttings The variationin survival and rootingamong, _ncana Physiol. Plant. 49:113-116.
from 2-year-old seedlings &f glutinosaooted ortets from each provenance showed that sul22280: P- 198@Inus maritima Amer. Nursery-
60% to 100% after treatment with IBA at 3cessful production of new plants from matur man 163(11):146. ;

) , _ ants from | R1onaco, P.A., T.M. Ching, and K.M. Ching. 1980.
g-kg* (Saul and Zsuffa, 1982). Stem sectionstock will depend on the identification of = Rooting ofAlnus rubracuttings. Tree Planters’
from 2-year-old seedlings &f rubrarooted at amenable ortets. Use of juvenile stock plants Notes 31:22-24.

78% under intermittent mist after applicationcan reduce variation and increase rooting sugadwan, M.A., T.A. Max, and D.W. Johnson. 1989.
of IBA at 4 g-kg' (Monaco et al.,, 1980). cess (Couvillon, 1988; Hartmann etal., 1990), Softwood cuttings for propagation of red alder.
Rooting ofA. rubrawas 80% when cuttings and this may be true fok. maritima In a New For. 3:21-30. _
were taken from epicormic sprouts on maturereliminary study, we found that all cuttingsSAS Institute Inc. 1988. SAS/STAT user’s guide.
trees (Radwan et al., 1989). Rooting percenfrom one greenhouse-grown seedling from, Release 6.03 ed. SAS Instit,, Cary, N.C.
ages from 93% to 100% can be achieved f@klahoma rooted following treatment with aL:_I,G.H.and L. Zsuffa. 1982. Vegetative propaga-
; . - ion of alder Alnus glutinosalL.) by rooted
cuttlngsfrom 5-to 8-y_ear-olN. mcaneheld inIBA at bc_)th land8 g-k_g o cuttings. For. Res. Note 33. Ministry of Natural
a nutrient solution with and without applica-  The time of collection is important for  Resources, Maple, Ont.
tion of IBA (Huss-Danell et al., 1980). Com-successful propagation &. maritimacut-  Schrader, J.A. 1999. Propagatiodfus maritima
pared with these species, maritimaseems tings from mature ortets. Early-season collec- from its three disjunct populations. MS Thesis,
more difficult to root. Yet, variation in rooting tion (=15 June) should be favorable for propa- Dept. of Horticulture, lowa State Univ., Ames.
percentage among provenances, IBA treagration when using mature plants in their nativéchrader, J.A. and W.R. Graves. 2000. Seed germi-
ments, ortets, and collection dates shows thebitats. Observations from our early-season nation and seedling growth éinus maritima
potential for improving rooting success. Therial indicate that newly elongated stems may ffom its three disjunct populations. J. Amer.
greater rooting percentage and root count farot be of sufficient length and rigidity if col- Soc. Hort. Sci. 125:128-134.

- . . Stibolt, V.M. 1978. Th I d syst ti f
cuttings from Oklahoma (Table 1, Table 2)ected earlier than this. ' Xmus maritimaMuiﬁcho?\lyu?th (S)e/tsu?arzgés_o

suggest that plants of this provenance are more MS Thesis, Dept. of Botany, Univ. of Maryland,

suitable as sources of softwood cuttings than Literature Cited College Park.

are plants of the Delmarva Peninsula. Stibolt, V.M. 1981. The distribution @finus mar-
Treatment of cuttings fronA. maritima Couvillon, G.A. 1988. Rooting responses to differ-  itima Muhl. ex Nutt. (Betulaceae). Castanea

with IBA increased rooting percentage and the ent treatments. Acta Hort. 227:187-196. 46:195-200.
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