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Abstract

Dogwood producers occasionally face a shortage of flowering dogwood tmath 8xcess seed during years when seed are abungant
would allow growers to stabilize their seed supplyis study was conducted to evaluate tHfeat$ of seed moisture and storage
temperature on the viability of stored flowering dogwood seed. Seed were collected in Fall 1999 and 2000, dried to 6, 10
moisture content, and stored at 22, 5 and —20C (72, 41 and —4F) for 1, 2 and 3 years. Following storage, seed were cold st
sown in a greenhouse. Percent germination and seedling dry weight were recorded. Seed stored at 22C (72F) quickly.l8st viability
5C (41F), seed moisture content was critical, with seed dried to 14% moisture content germinating poorly after 2 years and

as critical at —20C (—4F) as it was at 5C (41F), but may become more important if length of storage is extended past 3 years
the results of this studit is recommended that seed be dried to 6 to 10% moisture prior to storage, stortighh@ntainers, and

and 14%
atified and

failing to
germinate after 3 years in storage. In general, storage at —20C (—4F) was superior to storage at 5C (41F). Seed moisture content was ncg
Based ono

stored in a —20C (—4F) freezer

Index words: Cornus florida; seed storage; seed viability

Significanceto the Nursery Industry

An adequate supply of seed is a necessity for production
of flowering dogwood; howevegrowers occasionally face
a seed shortag€he objective of this study was to develop a
reliable method of storing flowering dogwood seed that will
allow producers to overcome yearyear fluctuations in seed

production. Because seed moisture level and storage tem-

perature are known to greatly influence the viability of stored

seed, these two factors were examined. Seed were dried to 6
10 and 14% moisture content and stored at room tempera-

ture (22C/72F), in a refrigerator (5C/41F) and in a freezer
(-20C/-4FY¥or 1, 2 and 3 years. Following storage, seed were

stratified to break dormancy and sown in a greenhouse. Seed®

stored at room temperature quickly lost viahilit§oisture
content was critical for seed stored in a refrigeratoth
seed dried to 14% moisture content germinating poorly after
2 years and failing to germinate after 3 years in storage. In
general, seed stored in a freezer germinated much better thal
that stored in a refrigerat@ased on the results of this study

it is recommended that dogwood seed be dried to 6 to 10%
moisture content prior to storage, packaged inttgfit con-
tainers, and stored in a —20C (—4F) freeldee of these stor

age conditions should allow flowering dogwood seed to be
stored for at least 3 years without a significant loss in viabil-
ity and will stabilize dogwood seed supply

Introduction

Flowering dogwoodornusfloridaL.) is one of the most
popular landscape trees in the Unitéat&s Annual sales of
C. florida exceed $26 million, ranking it fourth among flow-
ering deciduous trees for U.S. salek)(Approximately 100

colors, inflorescence forms, plant habits, foliage colors and
pest resistance (4, 9, 13, 14). Cultivars are primarily propa-
gated by budding onto seedling rootstock (5, 10). In addition
to the named cultivars, a considerable number of seed-propa-
gated plants, listed as ‘white’ or ‘pink’ dogwoods, are pro-
duced and marketed by some growers.

The flowering dogwood fruit is a globular or ovoid drupe
which contains a 2-celled stone (16). Since the stone usually
has only one fully-developed seed, the term seed will be used
throughout this paper in place of stone. Dogwood fruit are
collected in fall when the flesh of the berry begins to soften
(1, 2). Depending on the grower and time of seeding, the
eed may or may not be removed from the fruit before plant-
Ing. Some growers sow dogwood seed in seedbeds in mid-
fall, while others wait and plant in early spring. If seed are to
be sown in spring, they are cleaned shortly after collection in
the fall and then stored in a moist, cool environment until

planting. Dogwood seeds exhibit a high degree of dormancy

and require stratification at 5C (41F) for 90 to 120 days (4).
An adequate supply of dogwood seed is a necessity for
production of this economically important crop; however
growers have occasionally faced a seed shortage. Dogwood
seed crop is &cted by several facto’s year of heavy flow-
ering and seed load is often followed by reduced flowering,
and thus less seed, the following year (15). Cold winters and
late spring freezes can damage flowers and reduce fruit for
mation (3).While winter damage to dogwood flowers usu-
ally only occurs in the northern limits of its adaptation, spring
freeze damage can occur throughout much of the flowering
dogwood growing area. Recent powdery mild&nyéiphe
pulchra) problems on flowering dogwood have exacerbated
the seed supply situation, as heavy infestations of powdery

cultivars have been described, representing a range of braciyjidew have resulted in reduced flower bud formation (4).

'Received for publication November 2, 2004; in revised form January 7,
2005. Mention of trade names of commercial products in the publication is
solely for the purpose of providing specific information and does not imply
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Storing dogwood seed during years in which an abundance
of seed is available for use when seed are scarce would help
growers stabilize their seed supglyhas been reported (7)
that airdried dogwood seed can be stored for 4 to 8 years at
3 to 5C (38 to 41F), but seed moisture content of the stored
seed was not specified nor were other storage temperatures
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tested.The objective of this study was to investigate the ef- MC it was either immediately packed for storage or placed
fects of seed moisture content and storage temperature orin a zip-top plastic bag and stored at 5C (41F) overnight.

dogwood seed viability Seed that were stored overnight were re-weighed the follow-
ing morning to ensure that MC had not changed, and then
Materials and Methods were immediately packaged for storage.

Seed were placed in 20-ml glass bottles fitted with a screw-
top lid for storage, with each bottle containing 50 seed. For
each MC, seed were stored at 22C (72F), 5C (41F)%20d
(-4F).A household refrigerator/freezer was used for storing
the 5C and —20C samples, while the 22C seed were stored in
the laboratoryAll seed were stored in the dark. Seed were
stored for 1, 2 and 3 years.

Seed collection. Dogwood berries were collected in Fall
1999, 2000 and 2002 from flowering dogwood plants grow-
ing at theTennesseet&e University Nursery Research Center
in McMinnville, TN. The berries were obtained from the
cultivars ‘Cherokee Brave’, ‘Cherokee Princess’, ‘Cherokee
Chief, ‘Barton’, and ‘Cloud 9'growing in a landscape set-
ting and from seed-derived plants growing in a native stand.
Each yearberries from all sources were bulked after collec-
tion.

The flesh of the fruit was removed using a commercial
seed cleaner (Bouldin and Lawson, McMinnvillgy)
Cleaned seed were placed in a tub of wated any seed that
floated to the top discardetifter the surface of the remain-
ing seed had dried, seed were placed into zip-top plastic bag
and stored at 5C (41F) for up to 1 week.

Germination of stored seed. At the end of each storage
period, seed were stratified and planted in a greenhouse as
described above for the control. Maximum and minimum air
temperatures during germination of the stored seed were 25/
16.6C (77/62F) in 2001, 27.9/15.5C (82/60F) in 2002, 25.6/

516.9C (78/63F) in 2003, and 25.7/15.5C (78/60F) in 2004.
Seed germination, which was defined as the presence of
above-ground tissue, was determined after 4 weeks. Germi-
nation data for the stored seed was converted to a percentage
of the control seed germinatiofihe above-ground portion

of the seedlings was harvested, dried at 60C (140F) for 48

at 5C (41F) for 15 weeks. Seed then were sown in 12.7 cm hr, and dry weight determined. In cases where two seedlings

; . i germinated from a stone, only thedar seedling was har
gsrr:gz]ggga\/rveitﬁ oé_s5(2kz %(:(eldl/.%o% i,o(;a;allnér&%ggleg_gl'qibarkvested and dried. Dry weight for each treatment was divided

Osmocote fertilizer (Scotts-Sierra Horticultural Products by _the numb_er of seed that germinated to give a mean dry
Co., Maryville, OH), 0.6 kg-m (1.0 Ib-yd® Micromax weight/seedling value.

(Scotts-Sierra Horticultural Products Co.), and 0.2 k§-m
(0.4 Ib-yd® Epsom salts. Pots were placed in a heated green-
house under natural light conditions and ekead watered

as necessaryMaximum and minimum air temperatures

Germination of control. Three 50-seed samples from the
1999 and 2000 seed lots were placed into moist vermiculite
in zip-top plastic bags within 1 week of collection and stored

Changesin MC during storage. Seed collected in Fall 2002
were used to determine if changes in seed MC occurred dur
ing storage. Seed were dried to 6, 10 and 14% MC and pre-

; ot d for storage as described for the 1999 and 2000 seed

during germination of the control seed samples were 26.7/ Pared 1 9

15.6C (80/60F) for the 1999 seed lot and 25/16.6C (77/62F) |0tS: Prior to storage at 22, 5 and —20C (72, 41 and —4F), the
weight of each 50-seed sample was determined. Seed were

for the 2000 d loAfter 4 ks, ber of dli
or e see oT & Weexs, numper o seed ings stored for 1 week, 4 weeks, 3 months, 6 months and 1 year

was counted. In those cases in which a stone contained two dth iahed. S | d b of
seeds and both germinated, only one seedling was included®Nd then re-weighed. Separate samples were used at each o

in the count. Percent germination of the three samples wast€ sampling dates. MC of the stored seed was determined

d, and th d as th trol inatiort'sing the following formula: x = (ab —a + ¢) / ¢; where x =
S\elzi;ggteageén © mean served as the contro germina IO%C of stored seed, a = weight of fresh seed, b = MC of seed

prior to storage, ¢ = weight of stored seed.

Seed storage. The efect of seed storage on germination
was tested using seed collected in 1999 and Z008e 50-
seed samples were used for determining initial seed mois-
ture content (MC). Seed were weighed and then dried in a
105C (221F) oven for 24 hours. Each sample of seed was
weighed again and MC determined using the following for
mula: (fresh weight — dry weight) / fresh weight = MC. Mean
MC of the three samples was used as the initial MC for the
seed collection.

The remaining seed were divided into three equal batches
and each batch was weighédtarget seed weight was cal-
culated for each batch using the following formula: x —ax =
b(1 - c), where x = tget weight, a = desired MC, b = initial
weight, and c = initial MCTarget weights for 6, 10 and 14%
MC were determined. . .

Seed were spread in a single layer on paper towels in aReultsand Discussion
22C (72F) laboratoryEach batch of seed was weighed at 1999 seed lot. The control seed samples from the 1999
least hourly until it reached the g@t weight. In order to seed lot had a mean germination rate of 58.7% + 1.76. Initial
reach 6% MC, it was necessary to place an incandescent 60M\WMC of the 1999 seed lot was 20.9% + 0.03.
light approximately 18 inches above the seed during the fi-  After 1 year in storage at 22C (72F), seed dried to 10 and
nal 2 to 3 hours of drying. Once seed had reached the desired. 4% MC failed to germinate and seed dried to 6% MC had

Satistical analysis. Data from 1999 and 2000 seed lots
and for diferent lengths of storage were analyzed separately
Each experiment consisted of nine treatments, representing
all seed MC x storage temperature combinations, and was
replicated three timed&Vhen germination of a treatment
dropped to 0%, that treatment was removed from the follow-
ing yeafs statistical analysis. No transformation of germi-
nation percentages was required since the equal variance as-
sumption was not violated. Germination and seedling weight
data were analyzed using the General Linear Model Proce-
dure of Sigmatt (SPSS Inc., Chicagd)vhere data were
significant, Fishers’ LSD procedure was used to separate
means.
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Tablel. Effect of storage temperature and seed moisture on viability of flowering dogwood seed.

1year storage 2 yearsstorage 3yearsstorage
Sorage Seed Germination, Dry weight/ Germination, Dry weight/ Germination, Dry weight/
temperature moisture % of control? seedling (mg) % of control seedling (mg) % of control seedling (mg)
Seed collected Fall 1999
22C 6% 28.9c 13.8d 0.0b — — —
10% 0.0d — — — — —
14% 0.0d — — — — —
5C 6% 53.3b 27.6b 74.4a 29.3a 72.2bc 34.0a
10% 66.7b 30.9a 86.7a 17.6b 63.3c 12.5b
14% 55.6b 21.0c 8.9b 4.9c 0.0d —
-20C 6% 70.0b 28.5ab 80.0a 24.2ab 108.9a 38.7a
10% 72.2b 28.1b 88.9a 30.8a 99.4ab 31.9a
14% 94.4a 28.4ab 94.4a 25.7ab 76.3bc 32.3a
Seed collected Fall 2000
22C 6% 3.3e 7.8d 0.0c — — —
10% 0.0e — — — — —
14% 0.0e — — — — —
5C 6% 42.5b 16.0bc 48.8b 10.8d 13.4c 8.7c
10% 26.7c 18.5bc 96.7a 25.9¢c 69.2b 17.5b
14% 15.8d 13.2cd 50.8b 11.5d 0.0d —
-20C 6% 48.3b 21.3ab 106.7a 32.4a 91.7a 21.9a
10% 44.2b 20.5ab 107.5a 29.1b 87.2a 21.3a
14% 62.5a 26.2a 100.8a 31.5ab 84.8a 20.9a

?/alues within a column and a seed collection followed by the same letter dofaosidifiificantly according to FishisrLSD test (X 0.05). n = 3.
YGermination of control: 1999 seed lot, 58.7%; 2000 seed lot, 80.0%.

poor germination and low seedling dry weighalfle 1). nate and those dried to 6% had very low germination and
Germination of seed stored at 5 and —20C (41 and —4F) rangedseedling dry weight.
from 53.3 to 94.4% of the control, with seed dried to 14%

MC and stored at —20C (—4F) having the highest germina- Changein MC during storage. Only minor changes in seed
tion rate and one of the highest seedling dry weights. weight were observed in seeds stored at any of the storage
After 2 years in storage, all seed stored at 22C (72F) failed periods. Because of the similarity in results from all sam-
to germinateWith the exception of seed dried to 14% MC pling periods, data are presented only for the shortest and

and stored at 5C (41F), which had very poor germination longest storage periods&afle 2).While the weight of the
and low seedling dry weight, all treatments stored at 5 or seed dried to 6 and 10% MC remained almost constant
—20C(41 or —4F) for 2 years had germination rates of at least throughout the storage period, seed dried to 14% lost up to
74% of the control. 0.6% MC.

Seed dried to 14% MC and stored at 5C (41F) failed to  Two categories of seed storage behavior have been de-
germinate after 3 years in storage. Seed dried to 6% MC andfined (8). Orthodox seeds can be safely dried to a low MC
stored at —20C (—4F) germinated better than all other treat- without damage to the se€the longevity of stored ortho-
ments, with the exception of that dried to 10% MC and stored dox seeds generally increases with decreases in seed MC and
at —20C (—4F)After 3 years in storage, all seedlings had storage temperatures (6). In contrast, recalcitrant seeds
similar weights except for the treatment in which seed had quickly lose viability when dried or frozeA.previous study
been dried to 10% MC and stored at 5C (41F).

2000 seed lot. The control seed samples for the 2000 seed Table2. Changesin flowering dogwood seed moisture content dur-
lot had a mean germination rate of 80% + 1.15. Initial MC of ing storage.
the seed collected in 2000 was 20.3% + 0.06.

As in 1999, after one year in storage at 22C (72F), seed

Seed moisture (%)
after storagefor:

dried to 10 and 14% MC failed to germinate and seed dried gorage Seed moisture(%)

to 6% moisture germinated poorlyafile 1). Seed germina-  temperature prior to storage 1 week 1year

tion and seedling dry weight were highest for seed dried to

14% MC and stored at —20C (—4F). 22C o 0ot on N yoa
None of the seed stored at 22C (72F) germinated after 2 14 13.6+ 013 13.4 + 0.09

years in storagdll seed samples stored at —20C (—4F) and sc 6 6.0 +0.00 6.0+0.01

the seed dried to 10% MC and stored at 5C (41F) had germi- ig 13.2 t 8.2411 ig.g t 8.%
i imi i i i .6x0. 8x0.

nation rates similar to the control. Seedling weight was highest o0c 5 614002 50001

for samples stored at —20C (—4F). 10 100+ 0.01 10.0 £ 0.02
After 3 years in storage, seed stored at —20C (—4F) had the 14 14.0 + 0.04 13.8 + 0.07

highest germination and seedling dry weight. Of the samples
stored at 5C (41F), those dried to 14% MC failed to germi- *Mean +s.e.;n=3.
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indicated that dogwood seed exhibit orthodox storage be- and locations. Determining the MC of a small sample of seed
havior (7), an observation that was confirmed by the results periodically during the drying process will ensure that seed
of this study are dried to optimum MC.

Both storage temperature and seed M€ctéd dogwood Based on the results of this studyis recommended that
seed viability Seed germination and seedling dry weight dogwood seed be dried to 6 to 10% MC prior to storage and
dropped rapidly when flowering dogwood seed were stored stored in a —20C (—4F) freezer in-aght containers. Use of
at room temperature. Seed stored in a 5C (41F) refrigeratorthese guidelines should allow growers to store flowering
maintained better viability than those stored at 22C (72F), dogwood seed for at least 3 years without a significant loss
especially if dried to 6 to 10% MC prior to storage. How- in viability.
ever the highest germination percentage and seedling weight
were obtaine_d from those seed that were stored at(—Z(IR_):  Literature Cited
After 1 year in storage at —20C (—4F), the best germination
was obtained from seed stored at 14% MC, but all MCs pro- 1. Brinkman, K.A. 1974Cornus L. Dogwood.In: SchopmeyerC.S.
duced similar results after 2 years in storaljkile results (ed). Seeds diVoody Plants in the Unitedt&es.Agric. Handbook 450,
from the 1999 and 2000 seed lotdatiéd somewhat on the ~ U-S- DePt oRgriculture,Washington, DC. p. 336-342.
efiectof MC on germination after 3 years n storage at -20C 7, Couer SN E Luckiom, S Smes 00 0 G s
_(—4F), the seed dried to 6% MC seemed to germinate as well,;, .~ 006 30pp.
if not better than those dried to 14% MC. MC may become

. . _ - . 3. Dana, M.N. and B.R. Lerne2002.A guide to flowering and why
more critical du”ng storage at 20C ( 4F) if seed are stored plants fail to bloom. Purdue University Cooperative Extension Service

for longer than 3 years. _ Publication HO-173-Wa4 pp.
At each MC, germination rates of the seed collected in Dirr, M.A. 1998. Manual ofWoody Landscape PlantSheir

2000 and stored at 5 and —20C (41 and —4F) for 1 year weregentification, Oramental Characteristics, Culture, Propagation and Uses.
approximately half that of those stored for 2 years. Seed col- 5" ed. Sipes Publishing, Champaign, IL.

lected in 2000 and stored 1 year were germinated in Spring 5. pirr, M.A. and C.W Heuser Jr 1987.The Reference Manual of
2002 under the same conditions as the seed collected in 199%oody Plant Propagation: From Seediigsue Culturévarsity Pressithens,

and stored 2 years. Since germination of the 1999 seed |otGA. 239 pp.

that had been stored for 2 years at —20C (—4F) ranged from 6. Ellis, R.H. 1991The longevity of seeds. HortScience 269-1125.

80 to 94% of the control, it does not appear that the low ger 7 peit, c.E. 1967. Propagation from seed — part orage of
mination rate of the 2000 seed in 2002 was due to poor envi- deciduous tree and shrub seefs. Nurseryman 126(10):12—13, 86-94.

ronme_ntal conditions deing ge_rmination. No cleat ex- 8. Roberts, E.H. 1973. Predicting the viability of seeds. Seed Sci. &
planation for the poor germination of the 2000 seed lot fol- Technol. 1:499-514.
lowing 1 year in storage can be given. 9. SantamouyrF.S., JrandA.J. McArdle. 1985. Cultivar checklists of

Because seed are hygroscopic, it is important to regulatethe lage-bracted dogwood€ornus florida, C. kousa, andC. nuttallii. J.
the relative humidity of atmosphere under which they are Arbor. 11:29-36.
stored. In this studyseed were stored in sealed glass bottles  10. Shadow D.O. 1995. Field production &ornus cultivars. Comb.
and MC remained fairly constant during storage. Since the Proc. InterPlant Prop. Soc. 45:615-616.
seed only occupied about one-third of the volume of the Stor ~ 11. U.S. Department digriculture. 2001. 1998 Census of Horticultural
age bottle, the small loss in MC that occurred in the seed thatSpecialtiesTable 13. Nursery plants sold for the Unitedt€sAccessed 17
had been dried to 14% MC was probably due to seed mois-Sept 2004. http://wwwass.usda.gov/census/census97/horticulture/
ture reaching equilibrium with the ambient relative humid- table13.pdf.
ity of the bottle 12. Walters, C. and J. Engels. 1998e efects of storing seeds under

Information Has been provided to producers thatlgérd extremely dry conditions. Seed Science Res. 8, Supplement No. 1:3-8.
dogwoods seed will maintain good viability for 4 to 8 years __ gj]-i?z;n\:)vmfgh;Bméo,\rAr.\E’sEI; iSﬁ%ﬁﬂ&ggtgpjﬁkg'Kr;gwhﬁtne' ﬁg\?v;i-r':‘d
!f the seed are stored at 3-5C (3_8_4:“:) (1' 2! _7)'_Our reSUItSdogwood resistant to dogwood anthracnose. HortScience 33:1265-1267.
indicate that dogwood seed retain better viability if stored at 14. Windham, M.T, W.T. Witte, and R.NTrigiano. 2003Three white
—20C (_4F) _than at 5C (41F)' If _Seed are to Ee StOI’eC_I at 5Cbracted cultivars’ OCO’I’nLIS roridai that are resistant to powdery mildew
(41F), itis critical than they be dried to 6 to 10% MC priorto  HortScience 38:1253-1255.

1 0, i -

storage. Drying dogwood seed below 6% MC is not recom- 15 e .., M.T, Windham,A.S. Windham, FA. Hale, D.C. Fare,
mended as S.eed d“eq to very low MC often germinates Very andw.K. Clatterbuck. 2001. Dogwoods famerican Gardens. University
poorly (12).Time required to dry seed to the desired mois- of Tennessee Extension Publication PB1670. 31 pp.
ture content depends on initial seed moisture content, air tem- 16, voung, J.A. and C.Groung. 1992. Seeds Woody Plants of North
perature, relative humidity and thus will vary between years America. Dioscorides Press, Portland, OR. 407 pp.
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