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HorTScience 35(4):738-741. 2000. gate desirable new clones. Cloning by micro-
propagation is a more demanding and poten-

I tially more effective method for improving
Morph0|ogy’ GrOWth! and Rhlzome lowbush blueberry fields, comparable in its
requirements with growing and setting out

Development ofVaccinium angustifolium  scéings

Anderson (1975) brought tissue culture

A|t SGEC”II’]gS, Rooted SOftWOOd technology to the Ericaceae in propagating

. ] Rhododendron Zimmerman and Broome
(1980) modified Anderson’®hododendron

CUHIngS, and Mlcropropagated PIantIetS medium to propagate the highbush blueberry,
V. corymbosunh., and Lyrene (1981) propa-

Sharon Morrison®, John M. Smagul&, and Walter Litten® . gated rabbiteye blueberry,. asheiReade,
Department of Biosystems Science and Engineering, University of Maifigfast-rooting, seedling-like cuttings from
Orono, ME 04469-5722 cultures of shoot tissue. Frett and Smagula
(1983) used single-bud explants of mature
Additional index wordslowbush blueberry, tissue culture, propagation tissue of lowbush blueberry to obtain multiple

shoots that subsequently rooted. The juvenile
characteristics of tissue-cultured lowbush blue-
berry plantlets may facilitate rhizome produc-
E[ipn for quick spread into bare areas of a field.

his study compared outplanted tissue-cul-
%uredv. angustifoliunwith plants from seed-
ings and plants started from rooted softwood
cuttings.

Abstract For accelerating the filling in of bare areas in native lowbush blueberry fields or

converting new areas to production, micropropagated plantlets rooted after three subcul-
tures outperformed seedlings and rooted softwood cuttings. After 2 years of field growth,
they averaged 20.3 rhizomes each of average dry weight 3.5 g, as compared with 5
rhizomes of average dry weight 1.1 g for rooted softwood cuttings. After 1 year of field
growth, seedlings produced on average 3.3 vs. 0.4 rhizomes from micropropagated plant
that had not been subcultured and 0.3 rhizomes from stem cuttings. Apparently, subcul-
turing on cytokinin-rich media induces the juvenile branching characteristic that provides

micropropagated plants with the desirable morphologies and growth habits of seedlings. i
These characteristics favor rhizome production while the benefits of asexual reproduction Materials and Methods
are retained. The advantage in rhizome production of micropropagation over stem

. : Stock clones or their derivatives through
cuttings varied among clones.

seed or asexual propagation from the breeding
program at the Maine Agricultural Experi-
The lowbush blueberry, native to North  Incomplete coverage by the two lowbushment Station or the Research Station, Kentville,
America, is a commercially important crop inblueberry speciesvaccinium angustifolium N.S., were used in three experiments.
Maine and eastern Canada. As a regional crayt. andV. myrtilloidesMichx.) is typical. In Expt. 1.Rooted softwood stem cuttings
subject to year-to-year differences in weatheyoung fields Metzger and Ismail (1977) esti-and rooted microcuttings were compared for
patterns over its region, its variation in yearlymated effective coverage by crop at 20% tdifferences in morphology, growth, and rhi-
production is a disadvantage in the processed0%. Bare ground may result from inadverterdome production after one season of growth.
fruit marketplace. Production in Maine rangedills of blueberry plants in applying herbicide,Potted plantsf Clones 7062 and 7915 grown
from 12,000tin 1989 to 39,000tin 1992 (Newfrom erosion that had been prevented by weedsr 3 years under greenhouse conditions pro-
England Agricultural Statistics Service, 1997)and from “scalping” by machinery. Further-vided stems for rooting and tissue from the
The crop’s market position in the intensifyingmore, even with full coverage by wild blue-same plant for micropropagation. In May,
competition from species of blueberries cultiberry plants, their genetic variation for traitserminal softwood cuttings 7 to 10 cm long
vated continent-wide has been enhanced taffecting yield (berry size, number of berrieawvith basal leaves removed were rooted in a
promotion aswild blueberries, bringing to per cluster, stem density) results in more aniimed lowbush blueberry potting medium of 4
mind charming images from a highly succesdess fruitful areas in a field. Few growers ofscreened peat : 2 vermiculite : 1 perlite (by
ful children’s book where a mother and youndowbush blueberries, however, have beenwilvolume) with fritted trace elements in the
daughter compete for blueberries against iag to sacrifice some years of income by regreenhouse under intermittent mist at°22
mother bear and cub (McCloskey, 1976 placing their wild plants. Kender (1967) rec-Rooted cuttings in 10-cm pots of the medium
Lowbush blueberry remains largely a wildlommended row culture, as in strawberries, fawvere grown at 16-h daylength under General

crop projected by Moore (1994) to be grown irhigher productivity from such fields. On theElectric FAOCW lampsf25umol-nr2 st pho-
2000 on twice the area devoted to cultivatetasis of faster plant spread he found seedlingssynthetic photon flu{PF)]. In December,
blueberries in North America. It has also bebetter than softwood cuttings for establishinglormancy requirements were met in a dark
come an intensively managed wild cropmatted rows, and that most cut rhizomes diecboler at 3C. After 6 weeks the plants were
(Smagula and Yarborough, 1990), althougkvhen planted directly. returned to the greenhouse for 1 year. After a
yields of lowbush plants are lower than those Hall (1983) compared berry yields fromsecond 6-week dormancy period, the plants
of its cultivated competitors (Moore, 1994). plants grown from seedlings produced by threvere returned to the greenhouse until

types of crosses: 1) uncontrolled from averageutplanting in May.

wild stands, 2) both parents from high-yield- Micropropagated plants for comparison

ing clones, 3) open-pollination of flowers onwith the plants from rooted stems were started
Received for publication 22 Mar. 1999. Acceptedhigh-yielding clones, with other high-yielding at the same time from Clones 7062 and 7915.
for publication 2 Sept. 1999. Maine Agricultural andclones nearby. He was able to rank the threghoots from a new flush of growth were
Forest Experiment Station Contribution No. 2356types distinctly by fruit yield, at least for thestripped of leaves and surface-sterilized in
We gratefully acknowledge the technical assistancgarly crop years of a field's history. Both on0.5% sodium hypochlorite solution from a
of Edward McLaughlin. The cost of publishing thisthe hasis of the weight of 25 berries and afommercial bleach for 20 min, followed by
paper was defrayed in part by the payment of page, et yield per unit area of plant coveragehree rinses in sterile water. Shoots were cut
charges. Under postal regulations, this paper thergig, o 0eny of two high-yielding clones rankednto single-bud explants and placed on me-

fi h k i lel . : . . .
ir?zj?cgtistthti): f:crfby markadvertisemersolely to highest, that of average fields ranked lowestlium described by Zimmerman and Broome

1Former Graduate Research Assistant. and that from open-pollinated flowers of high{1980) using 10 gt Phytagar (Gibco, Grand

2Professor of Horticulture; to whom reprint requestyieming plants were intermediate. Island, NY) and modified by reducing the
should be addressed (smagula@maine.edu). In addition to seedlings and softwood cutconcentration of indoleacetic acid (I1AA) to 1
3Faculty Associate. tings, micropropagation can be used to propang-L. Shoots produced in vitro in 6 weeks at
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25°C under 16-h daylength at géhol-nt>s?  marked by a slash, and a square more th&®9P-5.8K (Peters Fertilizer Products, Allen-
PPF from 60-W fluorescent lamps (Generalhalf-filled with leaf image was marked with atown, Pa.). In subsequent weeks, the fertilizer
Electric F96T12) were cut into single budcircle. Adding the squares with a circle, consolution was applied with N concentration
explants and placed on fresh medium. Thresidered as full coverage, and half the numbeaised in 50 mg-1tincrements to 200 mg-L
subcultures were performed before 3- to 5ef squares with a slash, considered half coveFertilization was stopped after 4-1/2 months
cm-long shoots were cut and rooted iklld  age, gave an estimate of area covered by tbéthe 200 mg-££ N regime. At 5 months the

x 5-cm plastic flats containing the previouslytwo plants. supplementary lights were turned off, and at 5-
described lowbush blueberry potting medium. A randomly chosen half of each of thel/2 months the greenhouse temperature was
The flats were then placed in plastic bags arniéixpt. 2 blocks was dug out at the end of theeduced to 13C to allow the plants to harden
set in the greenhouse under a frame coversdcond growing year, their rhizomes countedff. At the end of the sixth month, growth
with one layer of plastic and three layers ond measured, and their tops dried for 2 d at @haracteristics of the plants were measured.
cheesecloth, creating a shaded, high-humidifC and weighed. On one randomly selected stem of each
growth chamber. One layer of cheesecloth Expt. 3 Propagation from seedlings, theplant, leaf area and the lengths of the first four
was removed each week to acclimate the cuteans by which the various clones in blueinternodes were measured beginning with the
tings slowly to greenhouse light. Tissue-culturéerry fields originated naturally, was com-first node >1 cm below the growing tip (node
plants were grown under the same greenhoupared with micropropagation and propagatiod). Leaf area was measured by passing the
conditions as the rooted cuttings and alsby rooted softwood cuttings. The seedlingseaves through a LI-COR portable area meter
received the same dormancy-breaking treatvere the progeny of crosses of known highmodel LI-3000; LI-COR, Lincoln, Nebr.).
ment. yield clones: 1Ellx Ca315, 8Ellsx Ca206, Foreach plantwe recorded the total number of

In May, 16 micropropagated plants and 12827 x 8Ells, Ca510x 2827, and 706X vegetative buds and the number of vegetative
plants from softwood cuttings were set out 6@€a510. Plants grown from seed were combuds that would be buried in planting to 5-cm
cm apart in a Colton series soil at Blueberrypared with plants cloned by tissue culture andepth, the number of flower buds, the number
Hill Farm of the Univ. of Maine, Jonesboro, inplants cloned by rooted softwood cuttingf stems, and the number of primary, second-
16 randomized complete blocks. Because tHfeom the maternal parent clones 1Ells, 8Ellsary, and tertiary branches. All plants were then
clones produced plants that differed conside2827, Ca510, and 7062. cooled at 3C to satisfy the dormancy require-
ably in sizeplants of Clone 7062 were planted The crosses were made in May on pottethent. In May they were outplanted to the
5 cm deeper, and the Clone 7915 plants 2.5 cstiock plants of the clones. Flowers remove@olton-series soil at Blueberry Hill Farm in
deeper, than in the pots. The soil level fofrom a pollen donor plant were rolled betweemandomized complete-block design. To utilize
outplanting was determined while the plantshumb and forefinger and the pollen collectedll available plant material, Clones 7062, 2827,
were in pots. Before planting, vegetative buds a petri dish with a red-painted bottom. WithCa510, 8Ells, and 1Ells were replicated in 12
above and below this point were counted, aartist's paintbrush, pollen was transferred tdlocks with 15 plants per block; Clones 7062,
well as the numbers of stems, flower buds, angtigmata protruding on a flower of the receiv2827, Ca510, and 8Ells in 16 blocks with 12
primary, secondary, and tertiary branches tmg clone. Ripe berries from the cross werglants per block; and Clones 7062, 2827, and
be left above ground on each plant. Stemsarvested and the seeds squeezed out on fil@a510 in 20 blocks with nine plants per block.
were considered to be any portion of a plarmaper, surface-sterilized with 0.5% sodiunThus, a block consisted of either five sets of
that emerged from the soil in the pot. The plothypochlorite from a commercial bleach, andhree plants, four sets of three plants, or three
were mulched with 7.5 cm of sawdust. After 4hen rinsed 8 with sterile distilled water. sets of three plants, and a set comprised a plant
months of growth, near the end of the growingeedlings for the comparison were providedhicropropagated from a specific clone, a plant
season, the entire plants were harvested, thg germinating seeds in petri dishes of watgoropagated from a softwood cutting of that
number of rhizomes on each and their lengthegar at 25C and 16-h photoperiod providedclone, and a plant propagated from a seed-
measured, and weights of the rhizomes araly General Electric F96T12 60-W fluorescenting of which the clone was the maternal
stems recorded after drying for 2 d at’€l  lamps at a level of 30mol-nT%s'PPF, mea- parent.

Expt. 2 Micropropagated plants and rootedsured with an Apogee Basic Quantum Meter, After 4 months of field growth all plants
softwood cuttings were compared over 2 yeammnodel BQM-SUM (Apogee Instruments, Lo-were harvested without leaves, and the rhi-
of field growth. At the same time that thegan, Utah). zomes and aerial portions dried separately in
plants of Expt. 1 were set out in their test plots, Procedure for producing the tissue-culpaper bags at 6C for 2 d, and weighed.

50 plants grown from Clone 7062 rooted softtured plants was as described for Expt. 1, Datawere subjected to analysis of variance
wood cuttings and 50 micropropagated plantsxcept that no subculturing was done. Shootssing the General Linear Model of SAS (Re-
from Clone 7062 as described for Expt. 1 wer8 to 5 cm long that had proliferated 6 week$ease 5.0, SAS Institute, Cary, N.C.). Treat-
planted out 60 cm apart and 5 cm deeper thanafter culturing were cut and stuck into thement effects were separated by Waller-
the pots, in the same soil type at Blueberry Hibotting medium described above in2@5x% Duncan’s multiple range test at the 1% level.
Farm in a randomized complete-block desigh-cm plastic flats and acclimated at high hu-

in five blocks of like-size plants. Each blockmidity to greenhouse conditions as previously Results

consisted of a row of 10 micropropagatedlescribed. Atthe same time in May, softwood

plants and 10 plants grown from rooted softeuttings 7 to 10 cm long were taken from new Expt. 1 After 1 year of growth in the field,
wood cuttings, mulched with 7.5 cm of sawdusgrowth of potted plants of each clone andnicropropagated plants of two lowbush blue-

In May of the second growing seasonprepared as previously described for rooting iberry clones exhibited more vigorous rhizome
flower buds were counted on each plant,and B2 x 38 x 6-cm flats of the same potting growth than plants obtained by rooted soft-
August the berries produced by each plamhedium. In August the rooted softwood cutwood cuttings (Table 1). Compared with the
were weighed. In September, photographs wetiags, the rooted tissue-cultured shoots, anghore upright growth of plants from cuttings,
taken to measure plant spread, and the numtsa&redlings with true leaves were all transplantetthe micropropagated plants produced more
of flower buds per plant formed during theinto Rootrainers (Spencer-Lemaire Industrieprimary branches on more stems. Micropropa-
second season of growth was assessed. Ltd., Edmonton, Alta., Canada) containing thgated plants averaged some 4.5 times as many

To measure area covered by a pair of planfgotting medium. vegetative buds available for burial, and all of
encompassed within a 12muadrat, we pho- Inthe Rootrainers randomized in the greenthese plants produced rhizomes in the field.
tographed them from directly above by a camhouse, the plants grew at a minimum temper@nly four of the 16 Clone 7062 plants from
era mounted on the quadrat. The resultinyire of 22°C and 16-h daylength under Gen-cuttings produced rhizomes, while eight of the
slides were projected onto graph paper rulegral Electric FAOCW 35-W fluorescentlamps11 Clone 7915 plants from cuttings that sur-
into 2.5-cm squares so that the quadrat jus5 umol-nt2s! PPF. After 2 weeks they vived a year in the field did so. Micropropa-
filled 400 of the squares. A 2.5-cm square thatceived a solution containing 50 mg-IN  gated plants produced longer rhizomes. At
was less than half-occupied by leaf image wdsom Peters Azalea Neutral Fertilizer 21N-outplanting, the cutting-propagated plants had
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Table 1. Effect of tissue-culture and stem-cutting propagation on characteristics of two clones of lowbush blueberry béferermadeason’s field growth.

Significance

Clone 7062 Clone 7915
Characteristic Micropropagation Stem cuttings Significance Micropropagation Stem cuttings
Before outplanting

Number of stems 927 2.1 *x 6.8 1.6 *
Number of branches

Primary 21.6 9.1 *x 22.9 6.9 *x

Secondary 8.8 9.9 NS 18.2 11.7 NS

Tertiary 1.2 2.8 * 4.9 4.0 NS
Number of flower buds 0.9 26.2 *x 3.9 17.6 **
Number of vegetative buds 531.8 271.6 ki 379.2 119.7 *x
Number of vegetative buds buried 175.5 47.3 i 68.6 5.9 *x

After one season of field growth

Number of rhizomes 7.0 0.6 *x 4.8 1.8 *
Rhizome length (mm) 69.0 8.8 ** 46.5 34.9 ki
Rhizome dry weight (g) 0.2 0.1 NS 0.2 0.1 NS
Stem dry weight (g) 4.0 2.7 NS 4.0 2.7 NS

“Each value is the average for 16 plants.
v Nonsignificant or significant & = 0.05 or0.01, respectively.

more flower buds than did the micropropaTable 2. Effects of tissue-culture and stem-cutting propagation on characteristics before and after a second

gated plants. season’s field growth of lowbush blueberry clone 7062.

Expt. 2 In the second year of field grOWth’gharacteristic Micropropagation Stem cuttings

Significance

the micropropagated Clone 7062 plants angy, o oriower buds (May) 514 65.4
the cutting-propagated plants had similar nu erry fresh weight (g) 43.2 37.2
bers of flower buds, and similar berry weightyumber of flower buds (September) 183.2 133.9
per plant (Table 2). However, at the end of th&umber of rhizomes 20.3 5.7
second year of field growth, micropropagate@®hizome length (mm) 11.9 9.6

plants had 37% more flower buds than didkhizome dry weight (g) 35 1.1
cutting-propagated plants. All micropropa-Stem dry weight (g) 23.1
gated plants and 46 of the 50 cutting-propa?rea covered (cf 7396

NS

NS
*k

*k
*

*k

NS
NS

gated plants that survived produced rhizome#ach value is the average for 50 micropropagated plants.

but the micropropagated plants produced alEach value is the average for 46 plants propagated from stem cuttings.
most four times as many. These were IongeNSr*' “Nonsignificant or significant & = 0.05 or 0.01, respectively.

and had a greater dry weight than those on

plants from cuttings. Both propagation meth-

ods gave about the same final stem Weighﬂ'gable 3. Effects of propagation by seed, micropropagation (without subculture), or stem cuttings on

and leaf area per plant.

Expt. 3.Before outplanting, micropropa- __2fter one season of field growth.

characteristics of five lowbush blueberry clones (clones 7062, 2827, Ca510, 8Ells, ahdédfhis and

gated and cutting-propagated plants had tf@haracteristic Seéd Micropropagation Stem cuttings
same stem numbers per plant, but both had .
. . . Before outplanting

more than did seedlings (Table 3). After_grov\rtmumber of stems 1.3 15b 15b
in the greenhouse for 6 months, seedlings haf,mber of branches
developed the least leaf area, cutting-propa- Primary 52a 23b 26b
gated plants the most, and micropropagated Secondary 24a 0.7b 06b
plants were intermediate. Micropropagated Tertiary 0.2a 0.0b 0.0b
plants and seedlings had shorter internodéernode length (mm) 54a 6.la 83b
than did rooted cuttings. No flower budsformeO(%\‘\Ieaf grea f(%m bud 5-3 8‘ 7-35 1253 70 )
on seedling plants and very few on the micrg?UMper of lower buds Ha ~a '
propagated plants. The seedlings had the m mger 0; vegetative E”gs buried 1341'31‘3 412'87% i%?éb
vegetative buds and branches on their rela- mber of vegetative buds burle ~a o ©e
tively few stems. With more vegetative budg . 33 After one seasc())n4og field growth 03b
for burial, this method gave the most rhizomtjgu.m er of rhizomes oa : :

f fiel h h hizome length (mm) 6.1a 43a 53a
aft(_ar a season of fie d growth. Lengt 'and_ dréhizome dry weight (g) 0.2a 02a 01a
weight of the rhizomes produced during fielostem dry weight (g) 1.68a 08b 15a

growth, however, were roughly the same foicy;. 7665 = 14; clone 2827, n = 144; clone Cab10, n = 144; clone 8E1ls, n = 84; and clone 1Ells, n = 36,

the three methods. Dry weight of stems P8Each value is the average for 186 plants.

plant for the micropropagated plants was abokiean separation within rows by Waller-Duncan multiple rangeRes0.01.
half that for the other methods.

Discussion cuttings is an inconsistency in production of

Micropropagated lowbush blueberry plants

rhizomes. While larger and more vigorousrom shoots that passed through several sub-
Restoring nonproducing areas of a field orooted cuttings produce more rhizomes, clonemultures had smaller leaves and shorter intern-
creating a new production area with plantseacted differently to N fertilizer treatmentsodes similar to those of seedlings, as reported
propagated asexually is appealing because aiimed at stimulating rhizomes (Smagula antbr Vaccinium asheiultivars (Lyrene, 1981).
the assurance of high production with knowrHepler, 1980). Aalders and Hall (1968) foundluvenility is also evident in the branching
genetic stock (Hall et al., 1978). When theyhat planting with one-third to one-half of thecharacteristics and scant flower bud formation
compared yields of eight clonal lines and foutop underground increased survival and spreadf clones 7062 and 7915 (Table 1). The short
seed-propagated lines of the lowbush blugossibly because buried branches preventhealdration of this juvenility is evident from the
berry, the top six performers were rooted cutng by the formation of adventitious roots anchumber of flower buds formed by the micro-
tings. One problem associated with rootetbecause buried buds may develop into rhizomeastopagated plants after 1 and 2 years of field
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growth (Table 2, May and September data). Literature Cited McCloskey, R. 1976. Blueberries for Sal. Puffin
Micropropagated plants that did not result Books, N.Y.

from subcultures (Table 3) had stem charaaalders, L.E. and I.V. Hall. 1968. The effect ofMetzger, H.B. and A.A. Ismail. 1977. Costs and
teristics more similar to stem cuttings than to  depth of planting on the survival, yield, and spread  f€tUrns in lowbush blueberry production in

seedlings, with less branching than seedlings of the common lowbush blueberijaccinium Xsriné’)ql)?@tcr%p'l U;;‘é' of Maine Life Sci. and
; ; angustifoliumAit. HortScience 3:72-74. : - Sta. bul. 730.
and fewer vegetative buds for burying. These d Moore, J.N. 1994. The blueberry industry of North

; :Anderson, W.C. 1975. Propagation of rhododen : .

glgnmtscgtt[?ndguscesduBgu?:l?rzﬁgrgﬁgglgiirtl?ri rr]i cdr:é drons by tissue culture: Part 1 Development of Arlmzwerllca. dH:rt_Smlencel 3:96'_;02.8 ice. 1997

. - OUh ; ; _aculture medium for multiplication of shoots. NEW Engiand Agricu tural Statistics Service. 1997.
media apparently induces the juvenile branch- 5.0 " \ni Plant Prop. Soc. 25:129-135 Maine wild blueberries. New England Agr. Stat.
ing characteristic that provides micropropagrett, J.J. and J.M. Smagula. 1988vitro shoot Serv., Concord, N.H. 24 July 1997.
gated plants with the desirable morphological production of lowbush blueberry. Can. J. PlanSMmagula, J.M. and P.R. Hepler. 1980. Effect of
and growth habits of seedlings with the ben- Sci. 63:467—472. nitrogen status of dormant rooted lowbush blue-
efits associated with asexual propagation. Hall, 1.V. 1983. Geneticimprovementofthe lowbush ~ REITy cutings on rhizome production. J. Amer.

Growers must decide if the higher cost of ~blueberryVacciniumangustifoliun€an. J. Plant Soc. Hort. Sci. 105:283-285.

the micropropagated plantsis justified by long-  S¢i- 63:1091-1092. Smagula, J.M. and D. varborough. 1990. Ghanges
term increase in fruit yields of clonal material Hall: V-, L.E. Aalders, and D.L. Craig. 1978. Propa- ! the lowbush blueberry industry. Fruit var. J.

: P " gation of lowbush blueberries. Agr. Can. Publ. _ 44:72—76.
While crosses of known high-yield clones willy . \e "y 5 "1067. On the domestication of th@mmerman, R.H. and O.C. Broome. 1980. Blue-

serve well for increasing plant cover in com- "o gy blueberry. Fruit Var. Hort. Dig. 21:74-76.  berry micropropagation. Proc. Conf. on Nursery
merc!al lowbush blueberry fields, it is Iessl_yrene’ P.M. 1981. Juvenility and production of  Prod. of Plants Through Tissue Cult.—Applica-
certain that they will yield as well in commer- ~ fast-rooting cuttings from blueberry shoot cul-  tions and feasibility. Beltsville, Md. U.S. Dept.
cial lowbush blueberry fields. tures. J. Amer. Soc. Hort. Sci. 106:396-398. Agr. Publ. ARE-NE-11.
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