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Significance to Industry: Plant breeding programs are becoming an increasingly
important segment of the nursery business. Limited research has been published on
the cost of breeding programs, particularly costs associated with different methods of
breeding. Elucidation of the costs of a breeding program can aid in determining the
most efficient methods for selection or development of new cultivars. Furthermore,
information on the most appropriate environment in which to initially select plants based
on costs and resource use is important. Use of this information will help to determine
the optimal environment for selection of plants.
Nature of Work: Few cost analyses have been conducted to compare plant breeding
methods. Cost analysis was conducted for 50 wholesale ornamental plant nurseries in
Florida in 1995. Information was presented on sales, production, costs, assets and
liabilities, and efficiency indicators. Results showed that the majority of the costs were
associated with labor (33.8%) and materials (32%) (3). Adrian et al (1) compared costs
of growing crapemyrtle (Lagerstroemia indica L.) in field, pot-in-pot, or in containers.
Fixed and production costs were obtained for a hypothetical nursery using a 10 acre
production area to grow for three years. Fixed costs were found to be similar for in-field
and above-ground containers; fixed costs for pot-in-pot were higher. Observations of
production costs over three years showed that in-field production was less than both
pot-in-pot and above ground containers.
In our study costs were evaluated for two environments, field and containers, in a Vitex
breeding program. A total of 648 plants were used in the study. Labor hours and plant
production and maintenance costs were recorded, beginning with the clonal propagation
of selections (greenhouse stage) and continuing through planting in both environments,
plant maintenance, data collection, and data entry. Total costs per plant were also
calculated, factoring in the common input costs at the greenhouse stage prior to
planting each treatment (Table 1) and labor hours for data entry (Table 5). Field labor
costs included tilling, planting, mulching, fertilizing, herbicide application, hand weeding,
and data collection. Container labor costs included planting, fertilizing, data collection,
and weekly upkeep and maintenance. Data evaluating characteristics used in the
selection of potential Vitex cultivars were collected throughout the growing season.
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Labor values for each environment were calculated using the median hourly wage of
$7.33 for the state of Georgia (2).
Quantities of all inputs were recorded and costs were calculated using prices charged at
the time of purchase (Tables 1, 2, and 3). Water usage was recorded for each
treatment, but not for the greenhouse stage that was common for both treatments. All
water was obtained from a well source and therefore no cost was assessed. Differential
costs and water usage were obtained between environments (Table 4). Costs did not
include overhead and fixed costs including depreciation, interest, repairs, maintenance,
taxes, insurance, and management.
Results and Discussion: Greenhouse costs that contributed to the total cost per plant
in this study, but were common to the two environments, are listed in Table 1. Labor
associated with the daily hand-watering of plants constituted nearly half the total cost of
production. The highest contributor to the cost of materials was the potting medium
utilized for 800 plants (Table 1). Costs associated with container production are listed in
Table 2. The labor and materials in the container environment that contributed the most
to the cost were data collection and potting media. The container portion of the study
used a range of 342,733 to 511,639 liters (104,148 to 148,768 gal.) more water than the
field portion (Table 4). Primary contributors to cost in-field were labor and mulch
material. A majority of the labor was used to apply mulch and record data. Data
collection in ground took 26 hours longer than collecting the same data in containerized
plants. This is due to the fact that the field treatment was spaced 1.5 m (4.92 ft.) apart
whereas the container treatment was spaced 30 cm (11.8 in.) apart, thereby adding to
labor hours accumulated for this task. Mulch material cost was based on standard
mulch available (Table 3). Without mulch, the cost of materials in ground was $143.44
less than in containers. As mulch was received gratis through the university this was a
more accurate differential assessment. The combined cost differential was determined
to be $2569.49. The cost differential without mulch material was $1157.64 (Table 4).
This additional cost for field-growing plant material may become necessary as water
use restrictions continue to be imposed.
Total hours accumulated over the course of this study, including final data entry, were
711.5. The total cost for labor was $5215.31 and for materials was $2714.58 (Table 5).
Costs for data collection in-containers were $571.74 (Table 2) and in-field were $762.32
(Table 3). Labor hours for data entry totaled 90 and costs were $659.70. While overall
the cost of the ground treatment exceeded the container treatment, it did conserve a
great deal of water. This is important as this resource is becoming increasingly limited
and has recently been under strict use restrictions. Labor was a major contributor to
cost, but there may be more efficient ways in which to do these tasks.
Literature Cited
1. Adrian, J.L., Montgomery, C.C., Behe, B.K., Duffy, P.A., Tilt, K.M. 1998. Cost
Comparisons for Infield, Above Ground Container and Pot-in-Pot Production
Systems. J. Environ. Hort. 16: 65-68.
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Table 1. Cost of labor and materials at the greenhouse stage.

Labor

Hours

Cost

56

$410.48

Potting

29

$212.57

Pesticide spray

3

$21.99

Greenhouse
cleanup

5

$36.65

Unloading

4

$29.32

Watering

126

$923.58

Labor Total

223

$1634.59

Materials

Quantity

Cost

Containers

800 pots

$150

Potting medium

32.5 bags

$338.77

Fertilizer

50.8 lbs

$55.24

Rooting hormone

1 oz

$3.04

0.3 oz

$2.63

0.3 oz

$2.23

Bifenazate
(Florimite)
Dinotefuran
(Safari)
Materials Total
Total Greenhouse
labor and
materials
Cost per plant
(648)
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Table 2. Cost of labor and materials in the container treatment.
Labor

Hours

Cost

Planting

18

$131.94

Upkeep

13

$95.29

Fertilize

1.5

$11

Data collection

78

$571.74

Labor total

110.5

$809.97

Materials

Quantity

Cost

Fertilizer

34.29 lbs

$45.91

Container

324 pots

$60.75

Potting material

4.86 yd3

$340.47

Water estimate

394,245 to 563,151 liters
(104,148.51 to 148,768.75 gal.)

Well source

Total

$447.13

Combined total

$1257.10

Cost per plant (324)

$3.88
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Table 3. Cost of labor and materials in the field treatment.
Labor

Hours

Cost

Till

3

$21.99

Planting

83.5

$612.06

Mulch

56

$410.48

Fertilize

2.5

$18.33

Herbicide (Round-up)

39

$285.87

Data collection

104

$762.32

Labor Total

288

$2111.05

Materials

Quantity

Cost

Herbicide (Round-up)

416.052 fl. oz.

$180.72

Fertilizer

137.76 lbs

$122.97

Mulch

80.68 yd3

$1411.85

Water estimate

51,512 liters (13608.03 gal.) Well source

Material total with mulch

$1715.54

Material total without mulch

$303.69

Combined total with mulch

$3826.59

Cost per plant (324)

$11.81

Combined total without mulch

$2414.74

Cost per plant (324)

$7.45
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Table 4. Treatment differentials of labor, materials, and total cost (field treatment minus
container treatment).
Treatment total differential

$2569.49

Treatment labor hour differential

177.5

Treatment labor cost differential

$1301.08

Treatment material differential

$1268.41

Water use differential

-342,733.41 to -511,639.30 liters
(-90,540.59 to -135,160.80 gal.)

Treatment differential without mulch material

$1157.64

Treatment material differential without mulch

$-143.44

Table 5. Total costs of the project including data entry.
Data entry

90 hours

Data entry

$659.70

Total labor hours

711.5

Total labor cost

$5215.31

Total materials cost

$2714.58

Overall total
Cost per plant
(648)

$7929.89
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Identification of Mechanisms for Cold Tolerance in Hellebores niger Flowers
Zong Liu*, Suping Zhou, Roger Sauve, Sarah Batii, Jing Zhou,
and Peter Nveawiah-Yoho
School of Agricultural and Consumer Sciences, Tennessee State University,
3500 John A Merritt Blvd, Nashville, TN 37209
liuzong99@hotmail.com
Index Words: Fluorescent DD-PCR, antifreeze, flowers, nursery crops
Significance to Industry: Freeze damage caused by late winter and early spring
freezing temperatures affects the commercial values of plants in garden centers and
their values in the landscape. Two weeks of warm weather that occurred during the
month of March 2007 to 2008 caused many plants to begin growth. This warm late
winter spell was then followed by temperatures that were in the low 20s which resulted
in the death of flower buds and of the new growth on trees and shrubs that came out of
dormancy. Garden perennials that do not seem to be affected by fluctuation in
temperature are the hellebores. Most hellebores have very high cold tolerance. The
outstanding characteristic of this perennial is its unusual flowering season that extends
from mid winter into early spring. This research was conducted to isolate genes in
Hellebores niger that allow the flowers of this plant to survive temperature fluctuations.
Identification and isolation of genes and mechanisms in this plant that confer cold
tolerance would be useful for the development of ornamentals with cold tolerance.
Nature of Work: Flower buds from H. niger planted in a Nashville, TN garden were
collected in December during sunny days when leaves were not frozen, in the early
morning when the leaves were frozen, and at noon on the same day when leaves were
defrosted and partially covered with snow. These flower buds were compared with
some collected when the temperature was above 50F. Total RNA was isolated from all
collected tissues and compared using using the RNAspectraTM Green (GenHunter
Corporation, Tenn) (3). Bands of interest were determined on a 6% polyacrylamide gel.
Differentially displayed fragments were picked from the gel and purified and cloned
using the PCR-TRAP Cloning System (GenHunter Corporation). Bacteria clones
carrying PCR-TRAP plasmids with cDNA inserts were selected on LB medium plates
with tetracycline. These plates were inverted and incubated overnight at 37OC.
Colonies that grew on these plates were selected and checked for plasmids containing
the DNA insert using the colony-PCR method. Positive colonies were then lysed to
purify the plasmid using the plasmid DNA Purification QIAprep spin Miniprep Kit
(Qiagen, Calif.). The identity of the inserts (DD-cDNA bands) was determined by DNA
sequence analysis using a DNA sequence analyzer (Applied Biosystem, Calif.) and
blast against NCBI databank (2).
Results and Discussion: The total RNA was digested with DNase I to remove the
genomic DNA contamination (4). All total RNA samples produced quality DNA-free
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RNA which was seen on denatured agarose gels (Fig.1). The mRNA population was
reverse transcribed using three one-base –anchored oligo dT primers (H-T11A, G, C) to
yield three subpopulations of cDNA. For the PCR reaction, the combination between the
anchored primers (labeled with 5’ fluorescein) with 80 arbitrary 13 mer primers could
cover the majority of mRNA in eukaryotic cells (1). When the PCR products were
separated on the 6.0% polyacrylamide gels and scanned on a FMBIO III scanner, more
bands appeared after the frozen temperature and disappeared when the temperature
was warmed up (Fig. 2, and 3). Some bands showed only density differences (Fig.2).
A total of 611 bands were identified from the 240 primer combinations. Cloning of the
DD-cDNA fragments: Bands were collected from the gels and re-amplified by PCR.
After separation on 1% agarose gel, single bands were obtained from 100% of the
collected cDNA bands (Fig. 3). These PCR products were cloned onto PCR-Trap
cloning vector and transformed into the GH-competent cells. Positive clones were
selected using LB plates that contained tetracycline and with 100% of the clones
containing cDNA fragments confirmed by PCR assay (Fig. 4).
Determination of the identity of isolated genes and the proposed antifreeze mechanism
in hellebores flowers: Plasmids harboring the cloned cDNA were sequenced. After
blasting in the NCBI database, most gene sequences could not be matched with
deposited sequences. These results suggest that hellebores flowers have a unique
antifreeze mechanism compared with plant species that have been investigated.
Presently, we have sequenced 1/10th of the clones. When all 600 clones are
sequenced, it may be possible to find more reported genes. This will allow us to
compare the molecular mechanism in hellebores with those reported in other plant
species.
Acknowledgement: This work was supported by a CSREES-USDA Capacity Building
Grant, award No. 2005-38814-16424.
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3. Zhou, S., R. Sauve, and A. Abudullah. 2005. Identification of genes
regulated by low temperature in Pachysandra terminalis Sieb.et Zucc
using cDNA differential display. HortSci. 40:1995-1997.
4. Zhou, S., R. Sauve,.amd F.C. Chen. 2007. Structure and temperature regulated
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Fig. 1. Total RNA digested with DNase
1. Frozen temperature
2. Unfrozen temperature
3. Temperature above 50F
4. Temperature above 60F

Fig. 2. DD-PCR gel image scanned on a FMBIO III scanner
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Fig. 3. A zoomed in image showing the bands that are induced during freezing
temperature. Band A appeared only in the flowers in the frozen tissue, disappeared
when the tissues were thawed at above freezing temperature. Band B only appeared
only in the thawed the tissues.
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Fig.4. PCR products re-amplified from the DD-PCR bands

Fig.5. Validation of cloned inserts
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Identification of Mechanisms for Tolerance to Drought and Salt Stresses in
Solanum chilense [(Dunal) Reiche]
Peter Nveawiah-Yoho*, Zhou Suping, Sauve Roger, Sarah Batii, Zhou Jing,
and Liu Zong
School of Agricultural and Consumer Sciences, Tennessee State University
3500 John A Merritt Blvd, Nashville, TN 37209.
pnveawiahyoho@mytsu.tnstate.edu
Index words: tomato, fluorescent differential display, DD-PCR,
Significance to Industry: In many parts of the globe, crop plants are subjected to
periods of water deficits and high soil salinity. Currently, elevated soil salinity affects
agricultural production in a large proportion of the world; it is estimated that more than a
third of all irrigated land or 25% of the total land surface is affected (2). An
understanding of how plants respond to or tolerate drought and salt stresses can play a
major role in the development of new crops that can be productive under such
conditions (4). When challenged by high salinity, many plants and other organisms
have developed, over time, specific mechanisms to overcome this stress factor (11).
Salt stress induces the expression of a number of dehydration related genes, most of
which are also responsive to ABA (abscisic acid) (10). Some plants react to such stress
factors by accumulating proline (5) while others respond by accumulating ABA, a plant
growth hormone (1). Sodium chloride is the principal salt stress factor in saline soils.
Thus, much research has been focused on the transport systems in plants that are
involved in utilization of Na+ as an osmotic solute (3).
The tomato is one of the most common garden fruits grown in the United States. It is
second only to potatoes in both farm value and vegetable consumption. Its value to the
US agricultural sector is $1.8 billion. During the last 20 years, the annual per capita use
of fresh tomatoes and tomato products has increased by 30 percent (8). Some wild
tomato strains are tolerant to drought and salt stress. It is believed that in those plants
certain genes are induced by this stress to produce protective compounds. An
understanding of the molecular mechanisms in wild tomatoes that allows them to
survive salt stress is needed to develop new crop plants that can thrive under saline
environments. The objectives of this project were to identify DNA sequences in
Solanum chilense, a wild tomato species, associated with tolerance to salt and drought
stress.
Nature of Work: Seeds of S. chilense [(Dunal) Reiche], initially obtained from the
Tomato Genetics Resource Center, at UC Davis during the spring of 2007, were
propagated in a greenhouse at Tennessee State University, Nashville campus. Seeds
were collected from macerated fruits, and dried and stored in a refrigerator until used.
Seeds were surface disinfected by submerging in 50% bleach (sodium hypochloride) for
10 min followed by three washes with sterile distilled water. Surface-disinfected seeds
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were germinated on moist filter paper in Petri dishes. Germinated seeds were then
transferred to pots filled with sterile beach sand and irrigated twice every week with 50%
Hoagland hydroponic solution (6). Drought treatments were initiated when seedlings
had four mature leaves. Salt treatments consisted of irrigating each set of plants with
50% Hoagland solution supplemented with 200, 400, 600, or 800 mM NaCl. Two sets
of experiments were done, short term experiments (1day) and long term experiments (3
weeks). Control plants were treated with only 50% Hoagland solution (6).
For the fluorescent differential display procedure (FDD-PCR), roots from the salt treated
and control tomato plants were harvested. Root tissues were snap-frozen in liquid N2
immediately after harvest and stored at -94oF (-70oC) until used. FDD-PCR was
performed following Zhou et al. (12) procedure. Total RNA was extracted from root
tissues using the RNApure reagents (GenHunter Corporation, Nashville, TN). The
genomic DNA was removed by DNase I and the cDNA generated from DNA-free total
RNAs using the enzyme reverse transcriptase contained in the RNAspectraTM Green
Fluorescent mRNA Differential Display system. Bands of interest were observed and
picked from 6% polyacrylamide gels (7). The cDNA products were inserted into a PCRTRAP cloning vector and grown on LB medium plates containing tetracycline in
disposable Petri dishes. Plates were inverted and incubated overnight at 98.6oF (37oC.
Colonies were selected and checked for plasmids containing the DNA insert using the
colony-PCR method, lysed, and the plasmid DNA purified. The identity of the inserts
(DD-cDNA bands) was determined by DNA sequence analysis on a DNA sequence
analyzer (Applied Biosystem) and blast against NCBI databank (9).
Results of Work: Plant response to drought and salt conditions. After three weeks
under treatment, although plants appeared healthy, growth was affected by the salt
treatment that contained 200 mM NaCl. Plant treated with salt concentrations of 400600 mM NaCl began to die after one day of the treatments. Those treated with 800 mM
NaCl began to wilt and die after just a few hours (Fig. 1). Plants that were grown under
drought conditions for three weeks were smaller compared to watered ones but had a
much larger root system (Fig.2).
Identification of drought and salt induced genes. When cDNA DD-PCR products were
observed on polyacrylamide gels, only bands from salt treated plant tissue were
observed; there was a difference in density between treated and untreated control
tissues. After re-amplification, 65% of the bands showed a single band on the agarose
gel. PCR products were cloned on the PCR-TRAP vectors and validated by the
amplification with the same pair of primers (Fig. 3). Sequence analysis and blast search
against the NCBI databank showed that the identified clones matched genes induced by
dehydration in commercially cultivated tomato and other plant species. Some gene
sequences could not be matched with sequences in the database. Sequences that did
not have matches in the database may be unique to the drought and salt tolerant wild
tomato species.
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Fig.1. Wild tomato treated with various sodium chloride concentrations.
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Fig. 2. Tomato plant growth under drought conditions.
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Fig.3. PCR validation of the cloned cDNA inserts.
Molecular Marker: 100bp low scale DNA ladder (Fisher Scientific, MO)
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Advanced Generation Progeny from Hybrids of Hydrangea macrophylla
and Dichroa febrifuga
Sandra M. Reed
U.S. National Arboretum, ARS, USDA
TSU Nursery Research Center, 472 Cadillac Lane, McMinnville, TN 37110
Sandra.Reed@ars.usda.gov
Index Words: Dichroa, Hydrangea, intergeneric hybridization
Significance to Industry: Dichroa febrifuga represents a source of germplasm for the
improvement of Hydrangea macrophylla. Intergeneric hybrids between these species
and advanced generation progeny have been previously described. This study verifies
maternal fertility in H. macrophylla × D. febrifuga hybrids and maternal and pollen
fertility in D. febrifuga × H. macrophylla hybrids in which a triploid cultivar was used as
the H. macrophylla parent. Results of this study will be utilized in planning breeding
schemes for combining desirable traits from the two species.
Nature of Work: Dichroa febrifuga Lour. is an evergreen shrub that is a member of the
Hydrangeaceae. It has inflorescences consisting entirely of perfect flowers, which may
be white, pink or blue. Unlike H. macrophylla (Thunb.) Ser., blue flower color has been
observed in D. febrifuga even when no available aluminum was present in the growing
medium. In addition, it has winter interest in the form of persistent bright blue berries.
Molecular marker and hybridization data have shown D. febrifuga to be closely related
to H. macrophylla (1, 3, 4, 5). Reciprocal hybrids between H. macrophylla and D.
febrifuga were obtained using both diploid (2n = 2x = 36) and triploid (2n =3x = 54)
cultivars of H. macrophylla, even though the selection of D. febrifuga that was utilized in
the crosses was hexaploid (2n = 6x = 108) (4). While hybrids with H. macrophylla as
the pistillate parent did not form pollen-producing anthers, D. febrifuga × H. macrophylla
hybrids had functional anthers that produced abundant pollen. F2 and BC1 progeny
were obtained using D. febrifuga × H. macrophylla hybrids in which a diploid cultivar
(‘Veitchii’) was used as the H. macrophylla parent (4). The objective of this study was to
investigate if H. macrophylla ‘Veitchii’ × D. febrifuga hybrids possessed female fertility
and if advanced generation progeny could be produced from hybrids in which a triploid
cultivar (‘Taube’) served as the H. macrophylla parent.
Controlled pollinations were made in a greenhouse during summer 2007 using
previously published procedures (4). Pollen from D. febrifuga × H. macrophylla ‘Veitchii’
hybrids was applied to stigmas of H. macrophylla ‘Veitchii’ × D. febrifuga plants.
Dichroa febrifuga × H. macrophylla ‘Taube’ hybrids were intercrossed to produce full sib
F2 progeny. They were also backcrossed, as the pistillate parent, to H. macrophylla.
One diploid (‘Souvenir du President Doumer’) and two triploid (‘Altona’ and ‘Gertrude
Glahn’) H. macrophylla cultivars (2) were used in the backcrosses. Seed were
harvested when mature and sown in Jan. 2008. Seedlings were grown in a greenhouse
Plant Breeding Section
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during summer 2008. Percent pollinations producing fruit, number of seed per fruit,
percent seed germination, and number of seedlings that survived transplant to 2 in (5
cm) cell packs were recorded for all crosses.
Results and Discussion:
Viable seedlings were produced when H. macrophylla ‘Veitchii’ × D. febrifuga hybrids
were used as the maternal parent in F2 crosses and when D. febrifuga × H. macrophylla
‘Taube’ plants were intercrossed to produce full sib F2 progeny (Table 1). The two sets
of F2 pollinations resulted in similar fruit set, seed set, seed germination, and number of
surviving seedlings per fruit. As compared to full-sib D. febrifuga × H. macrophylla
‘Veitchii’ crosses (4), the F2 pollinations made in this study had lower fruit and seed set,
higher percent seed germination, and a similar number of surviving seedlings per fruit.
Seeds were produced when D. febrifuga × H. macrophylla ‘Taube’ plants were
backcrossed as the pistillate parent to H. macrophylla ‘Souvenir du President Doumer’
and ‘Altona’, but only those seedlings that had the diploid cultivar ‘Souvenir du
President Doumer’ as a parent survived (Table 1). Seed set and number of surviving
seedlings per fruit from the backcrosses to ‘Souvenir du President Doumer’ were higher
than observed in the F2 crosses. This is probably due to the male gamete from the
diploid H. macrophylla parent having a balanced chromosome number, in place of the
aneuploidy expected from the hexaploid × diploid or hexaploid × triploid intergeneric
hybrids used as staminate parents in the F2 crosses. The lack of viable progeny from
backcrosses that utilized a triploid H. macrophylla pollen parent is also likely due to
unbalanced chromosomes numbers in the male gamete.
In summary, although H. macrophylla × D. febrifuga hybrids lack anthers, they can be
utilized as maternal parents in breeding programs. Dichroa febrifuga × H. macrophylla
hybrids in which the H. macrophylla parent is a triploid cultivar can also be used to
generate advanced generation progeny but, when used as the pistillate parent in
backcrosses, should be hybridized to diploid H. macrophylla cultivars.
Literature Cited
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Hydrangeaceae: Dichroa febrifuga × Hydrangea macrophylla. Proc. Southern
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2. Jones, K.D., S.M. Reed, and T.A. Rinehart. 2007. Analysis of ploidy level and its
effects on guard cell length, pollen diameter and fertility in Hydrangea macrophylla.
HortScience 42:483-488.
3. Kardos, J.H., C.D. Robacker, M.A. Dirr and T.A. Rinehart. 2006. Production and
verification of hybrids from Hydrangea macrophylla × H. angustipetala and H.
macrophylla × Dichroa febrifuga. Proc. Southern Nursery Assoc. Res. Conf. 51:570-572.
4. Reed, S. M., Jones, K. D. and Rinehart, T.A. 2008. Production and characterization
of intergeneric hybrids between Dichroa febrifuga and Hydrangea macrophylla. J.
Amer. Soc. Hort. Sci. 133:84-91.
5. Rinehart, T.A., B. E. Scheffler and S.M. Reed. 2006. Genetic diversity estimates for
the genus Hydrangea and development of a molecular key based on SSR. J. Amer.
Soc. Hort. Sci. 131:787-797.
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Table 1. Results of F2 and BC1 crosses involving hybrids between H. macrophylla and D. febrifuga
Hybridization

F2

(H. macrophylla ‘Veitchii’ × D.
febrifuga)
× (D. febrifuga × H. macrophylla
‘Veitchii’)
(D. febrifuga × H. macrophylla
‘Taube’) full sib crosses

BC1
(D. febrifuga × H. macrophylla
‘Taube’)
× H. macrophylla ‘Souvenir du
President Doumer’
(D. febrifuga × H. macrophylla
‘Taube’)
× H. macrophylla ‘Altona’
(D. febrifuga × H. macrophylla
‘Taube’)
× H. macrophylla ‘Gertrude Glahn’

No.
pollinations

Percent
pollinations
producing
fruits with
seeds

No.
seeds
per fruit

139

21

11.0

44

2.4

238

22

10.8

54

3.1

56

30

30.0

48

8.6

59

5

9.0

22

0

42

0

---

---

---
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Storage and Viability of Hedychium Pollen
Hamidou F. Sakhanokho
Thad Cochran Southern Horticultural Laboratory, USDA-ARS
810 Hwy 26 West,, Poplarville, MS 39470
Hamidou.Sakhanokho@ars.usda.gov
Index Words: Hedychium, in vitro pollen germination, pollen viability
Significance to Industry: Hedychium species belong to the ginger family and are used
for various purposes. For example, Hedychium aerial stems can be used as raw
material for manufacturing paper. Some species are grown for their edible flowers and
others for their medicinal properties. Finally, the diverse, showy, and fragrant flowers of
Hedychium make species very attractive as ornamental plants. Some of the desirable
characters targeted for breeding include fragrance, bract arrangement, flower color,
plant height, and flowering period (2). Flowering generally occurs in the summer and
fall, but some species bloom in winter and spring times. The different flowering times of
the species implies that there is a need to find a way for storing and conserving viable
pollen. The maintenance of pollen viability depends on several factors, including
genotype, temperature and storage duration. In vitro germination is a quick and
dependable method used for testing pollen viability (5).
Nature of Work: For pollen germination test, fresh flowers from four Hedychium
species, H. angustifolium, H. coccineum, and H. bousigonianum H. forrestii, and six
cultivars, ‘Anne Bishop’, ‘Double Eagle’, ‘Dave Case’, ‘Dr. Moy’, ‘Disney’, and ‘Daniel
Weeks’ were collected from greenhouse grown plants between 09:00 and 10:00 am.
The hanging drop technique was employed following published procedures (1, 3) with
some modifications. A liquid medium containing 1.2 M (3.43 lb/gal) sucrose, 0.42 g/l
(0.056 oz/gal) calcium nitrate (Ca(NO3)2), 0.20 g/l (0.027 oz/gal) boric acid (H3BO3), 0.1
g/l (0.0035 oz/gal) potassium nitrate (KNO3), and 0.22 g/l (0.029 oz/gal) magnesium
sulfate (MgSO4.7H2O) was used. The effect of storage temperature [(4°C (39.2°F) and
-20°C (-4°F)] and duration (0, 1, and 3 months) on pollen germination was evaluated for
H. forrestii. The effect of genotype on in vitro pollen germination was also assessed.
Pollen germination was determined by direct microscopic observation after two hours.
A pollen grain was considered to have germinated when pollen tube length equaled or
exceeded the grain diameter (4). Germination percentage was determined by dividing
the number of germinated pollen grains by the total number of pollen grains per slide
(about 100 pollen grains). Three replicates (slides) were used for each treatment.
Results and Discussion: When H. forrestii pollen grains were cultured with the
hanging drop technique, they started to germinate within 5-10 min (Fig. 1). Germination
rate was highest (88.5%) for freshly processed pollen and lowest (1.2%) for pollen
grains stored for three months at 4°C (39.2°F) (Fig. 2). Both storage temperature and
duration affected germination rate. Compared to that of the control (88.5%), viability of
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pollen grains stored at 4 0C (39.2°F) for one and three months decreased about 82 and
87 percentage points, respectively (Fig. 2). On the other hand, a high germination rate
(74.8%) occurred when pollen grains were stored at -20°C (-4°F) for one month. This
viability dropped about 59 percentage points (74.8 to 16.2%) when pollen grains were
stored at the same temperature for two additional months (Fig. 2). These results
suggest that Hedychium pollen grains can remain viable for at least three months when
stored at -20 °C (-4°F)]. Overall, the pollen germination medium used with the hanging
drop technique was effective, but germination was sensitive to genotype, with rate
ranging from 67.5% (‘Anne Bishop’) to only 11.2% (‘Daniel Weeks’) for fresh pollen (Fig.
3). This sensitivity indicates that different methods and/or media may be necessary for
optimum pollen germination of some Hedychium species or cultivars. Both genotype
and storage conditions (temperature and storage duration) affected pollen germination.
It could be suggested from the results obtained with H. forrestii that Hedychium pollen
can be successfully stored at -20°C (-4°F) for at least three months. However, given
differences among genotypes, a viability test on pollen stored for at least one month
should be undertaken before any pollination work.
Literature Cited:
1. Deng, Z. and B. K. Harbaugh. 2004. Technique for in vitro pollen germination and
short-term pollen storage in caladium. HortSci. 39:365-367.
2. Gao, L., N. Liu, B. Huang, and X. Hu. 2008. Phylogenetic analysis and genetic
mapping of Chinese Hedychium using SRAP markers. Sci. Hort. 117:369-377.
3. Loupassaki, M., M. Vasilakasis, and L. Androulakis.1997. Effect of pre-incubation
humidity and temperature treatment on the in vitro germination of avocado pollen
grains. Euphytica. 94:247-251.
4. Luza, J.G., V.S Polito, and S.A Weinbaum. 1987. Staminate bloom date and
temperature responses of pollen germination and tube growth in two walnut
(Juglans regia L.) species. Am. J. Bot. 74:1898-1903.
5. Sato, S., N. Katoh, S. Iwai, and M. Hagimori. 1998. Establishment of reliable
methods of in vitro pollen germination and pollen preservation of Brassica rapa
(syn. B. campestris). Euphytica 103:29-33.
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Fig. 1. Hedychium pollen grains started germinating 5-10 min after transfer to a liquid
medium containing 1.2 M (3.43 lb/gal) sucrose, 0.42 g/l (0.056 oz/gal) calcium nitrate
(Ca(NO3)2), 0.20 g/l (0.027 oz/gal) boric acid (H3BO3), 0.1 g/l (0.0035 oz/gal) potassium
nitrate (KNO3), and 0.22 g/l (0.029 oz/gal) magnesium sulfate (MgSO4.7H2O). The
hanging drop method was used.
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Fig. 2. Effect of storage temperature and duration on in vitro pollen germination of
Hedychium forrestii.
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Fig. 3. In vitro Hedychium pollen germination was highly dependent on species or
cultivar, with germination rate ranging from 67.5% (‘Anne Bishop) to 11.2% (‘Daniel
Weeks) for fresh pollen.
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Doubling Chromosomes in Hydrangea macrophylla Cultivars Using Four
Anti-mitotic Agents
Timothy A. Rinehart
USDA-ARS, Southern Horticultural Laboratory, 810 Highway 26 West
Poplarville, MS 39470
tim.rinehart@ars.usda.gov
Index Words: oryzalin, trifluralin, amiprofos methyl, colchicine, agar, methanol,
glycerol, flow cytometry.
Significance to Industry: Hydrangea macrophylla cultivars are known to be diploid or
triploid, but none of the cultivars examined appear to be tetraploid (3, 5). Increasing
ploidy in ornamental plants has been shown to alter morphology and enhance some
ornamental characteristics such as shorter internodes, sturdier stems, and larger flower
petals. Some of these traits, along with elongated stomatal guard cells and larger
pollen, appear moderately increased in triploid cultivars such as ‘Oregon Pride’ (3).
Creating tetraploid plants by applying anti-mitotic agents to meristem tissue of known
diploid cultivars could be a productive breeding strategy to produce enhanced cultivars.
Moreover, tetraploid hydrangeas have potential as breeding lines to produce more
triploid cultivars or to combine genetic backgrounds with wide hybridizations
experiments (4). Thus far, an effective, rapid method for doubling chromosome number
in Hydrangea macrophylla has not been published.
Nature of Work: The existence of multiple triploid hydrangea cultivars can be
explained by a tetraploid parent being crossed with a diploid parent, most likely within a
breeding program, or by the production of unreduced gametes (2N) that are
subsequently fused with normal, haploid gametes (1N). Either or both mechanisms
may be responsible for the triploid cultivars currently available since some were
developed within breeding programs that may have contained unknown tetraploid
parental lines. Alternatively, some diploid Hydrangea macrophylla plants have been
shown to produce large, possibly unreduced, gametes at high frequency (3). The
purpose of this study is to establish methods to create tetraploid parental lines and use
those lines to confirm the production of new triploid seedlings from crosses with diploid
plants.
In the course of this study we tested four chemicals, oryzalin, trifluralin, amiprofos
methyl (APM), and colchicine, on three distinct types of plant material (seedlings, rooted
cuttings, and mature plants). Shoot tips containing the apical meristems were removed
and chemical solutions applied to the nodes and axillary buds on the remaining portion
of the stem for all experiments. Seedlings were less than 2 months old and only two or
four nodes were available below the apical meristem. Rooted cuttings were excised
from mature plants growing in three gallon pots, treated with Rootone™ rooting
hormone powder, and stuck in 2.5 inch pots with soilless media. Cuttings were grown in
high humidity under a plastic cover for 1 month and then hardened off to ambient
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humidity for an additional month before treatment. Mature plants were grown in threegallon pots for two years under 50% shade outside. Before treatment in the summer of
2008, mature plants were brought inside and the apical meristems removed. As many
as 12 nodes were treated on each stalk because of their larger size. After treatment, all
plants were grown under 16 hour fluorescent light at 24° C, or 75.2° F, for more than
one month.
Treatments included 12.5 mM (4334 ppm) solution of oryzalin, 12.5 mM (4195 ppm)
solution of trifluralin, 100 mM (30464 ppm) solution of APM, and 25 mM (9997 ppm)
solution of colchicine. All chemicals were dissolved in methanol and then mixed 1:1
with glycerol. One to two drops of a single solution, approximately 0.003381 fluid
ounces, were applied to a node, where it remained for 24 hours and was then rinsed
with water. Chemical concentrations were empirically determined by testing a range of
concentrations on rooted cuttings and visually observing tissue damage for one week.
Various solutions, including water, gelled agar, and lanolin, were also empirically tested
before choosing glycerol for its viscous properties and presence for at least 24 hours.
Mortality was recorded one month beyond treatment date for all cultivars and tissue
types. Preliminary data suggested that seedlings and rooted cuttings were not surviving;
therefore, testing for tetraploid cells by flow cytometry was only done on treated tissue
of mature plants. Flow cytometry is a reliable indicator of chromosome number of
diploid and triploid Hydrangea macrophylla cultivars and has been confirmed by
counting chromosomes under a microscope (1, 2, 3, 5).
Flow cytometry was conducted as described in Jones et al (3) using the fluorochrome
4’,6-diamidino-2-phenylidole (DAPI). Relative fluorescence of the total DNA was
measured for each nucleus using a Partec PA-1 ploidy analyzer (Partec GMBH). For
each sample, at least 1000 nuclei were recorded. Samples showing a single peak at the
same position as untreated tissue from the same plant were recorded as negative for
the presence of doubled cells. Samples showing two peaks, the second being twice the
size of the untreated control, were recorded as containing some doubled cells.
Results and Discussion: Seedling experiments were not viable under the chemical
concentrations used in this study and mortality after one month for all cultivars and
treatments was nearly 100%. The initial screen for chemical concentrations using a one
week window to observe damage probably overestimated tolerance to anti-mitotic
chemicals. Mortality among rooted cuttings was also high with 53% of the plants dead
after treatment with trifluralin, 74% after colchicine, 94% after APM, and 58% after
oryzalin. None of the treated stalks died on the mature plants although several nodes
did not produce new shoots during the month after treatment. Control treatments
lacking anti-mitotic chemicals were run in parallel with all experiments and produced 0%
mortality.
After 5 weeks, treated lateral buds on mature plants that produced new shoots or leaves
were examined by flow cytometry. Cultivars used in this study included two triploid
plants (‘Oregon Pride’ and ‘Blaumeise’) and three diploid plants (‘All Summer Beauty’,
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‘Nigra’ and ‘Amethyst’). Varying amounts of tetraploid cells were observed in all
cultivars (Table 1, Figure 1 and 2). Treatment with trifluralin produced the most
shoots with doubled cells, 18 shoots total, followed by oryzalin, which produced six, and
APM with four. Colchicine failed to produce any shoots showing doubled cells. This
preliminary study suggests that high concentrations of trifluralin may be more effective
than colchicine, oryzalin, and APM for creating tetraploid or hexaploid tissue in buds of
mature diploid and triploid plants. We will continue to monitor partially tetraploid and
hexaploid shoots using flow cytometry. Confirmation of a true tetraploid and hexaploid
Hydrangea macrophylla will require further isolation and clonal propagatation.
Literature Cited:
1. Cerbah, M., E. Mortreau, S. Brown, S. Siljak-Yakovlev, H. Bertrand, and C. Lambert.
2001. Genome size variation and species relationships in the genus Hydrangea.
Theor. Appl. Genet. 103:45-51.
2. Demilly, D., C. Lambert, and H. Bertrand. 2000. Diversity of nuclear DNA contents
of Hydrangea. Acta Hort. 508: 281-284.
3. Jones, K., S. Reed, and T. Rinehart. 2007. Analysis of Ploidy level and its effect on
guard cell length, pollen diameter and fertility in Hydrangea macrophylla.
HortScience, 42:483-488.
4. Reed, S., K. Jones, and T. Rinehart. 2008. Production and Characterization of
Intergeneric Hybrids between Dichroa febrifuga and Hydrangea macrophylla. J.
Amer. Soc. Hort.Sci. 133:84-91.
5. Zonneveld, B.J.M. 2004. Genome size in Hydrangea, p. 245-251. In C.J. van
Gelderen and D.M. van Gelderen. Encyclopedia of hydrangeas. Timber Press,
Portland, OR.

Table 1. Number of treated lateral buds showing the presence and absence of tetraploid
cells.
No. of buds without
No. of buds containing
Cultivar
tetraploid cells.
tetraploid cells
Oregon Pride
Blaumeise
All Summer Beauty
Nigra
Amethyst

19
23
19
3
14
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Figure 1. Flow cytometry results for a single bud on ‘All Summer Beauty’ that was
treated with Trifluralin. Peak #2 represents cells with twice the nuclear DNA content of
cells in peak #1.

Figure 2. Flow cytometry results for a single bud on ‘Oregon Pride’ that was treated with
APM. Because this plant is a triploid, the mean position of peak #1 is approximately 1/3
farther along the X-axis than peak #1 for diploid cultivars such as ‘All Summer Beauty’
in Figure 1.
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Studies with Transgenic Tomato Expressing the Oxalate Oxidase Gene
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State University of New York, Syracuse, NY
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Index Words: Ralstonia solanacearum, PCR, enzyme activity
Significance to Industry: Ralstonia solanacearum race 3 (biovar2) is a bacterial
pathogen that causes several important plant diseases including southern bacterial wilt
of geranium. The goals of this project were: (a) to develop transgenic tomatoes, as
model plants, expressing the oxalate oxidase gene that would provide disease
resistance to plant pathogenic organisms, and (b) to evaluate the function of the oxalate
oxidase gene and transform selected nursery plants for the nursery industry.
Nature of Work: Southern bacterial wilt and bacterial blight incited by Ralstonia
(Pseudomonas) solanacerum and Xanthomonas campestris pv pelargonii, respectively,
are serious diseases of tomato and other food crops worldwide. Thus the development
of resistant crops to such diseases would have a positive impact on agricultural
production worldwide. Oxalate oxidase catalyses the conversion of oxalate and
dioxygen to CO2 and H2O2. Hydrogen peroxide is involved in plant defense responses
by mediating cross-linking of lignin and proteins during cell wall modification and
participating in signal transduction pathways to regulate gene expression. The
production of reactive oxygen species (ROS) plays a key role in plant response against
various biotic and abiotic stresses.
Transformation of Tomato. Tomato seeds 'Money-Maker' were surface disinfected by
submersion for 8 minutes in a solution containing of 6% sodium hypochlorite (household
bleach) and 0.1% Tween, rinsed 3 times in sterile distilled water and germinated on MS
medium agar plates (1). Cotyledons explants were inoculated with Agrobacterium
tumefaciens harboring the OXO plasmid (Fig.1). After callus induction, shoots were
regenerated on a selection media containing 0.003 oz/gal (20 mg/L) of the herbicide
glufosinate ammonium (Sigma, St Louis, MO) (2) and rooted on MS medium containing
0.0008 oz/gal (0.5mg/l) IBA and glufosinate ammonium.
Polymerase chain reaction (PCR) was performed to detect foreign gene insertions in
transgenic plants. PCR products were also cloned onto a T/A cloning vector (Promega,
MD) to determine the DNA sequence analysis. The analysis was performed using an
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Avant 3100 DNA sequence analyzer with a Bigdye Terminator V.3.1 kit (Applied
Biosystem, CA).
Growth of T1 plants: T1 plants were planted into nursery gallon pots and placed in the
greenhouse. Plants were grown to maturity and seeds harvested for further
evaluations.
Selection and evaluation of T2 transgenic plants: Germinated seeds obtained from T1
plants were planted in 4" pots. When cotyledons were fully expanded and full true
leaves emerged, they were sprayed with 0.15% glufosinate ammonium aqueous
solution daily for five days. Plants that survived the herbicide were transferred to
individual gallon pots and maintained in a greenhouse until fruit set. The total protein
was extracted from young leaves of each plants by macerating the tissue in 50mM TrisBuffer (pH6.5) overnight at 39.2F (4C) (3). The presence of the oxalate oxidase gene
was assayed using the SoftMax Pro plate reader (Molecular Devices, MO) at 600 nm
wavelength.
Results and Discussion:
Generation of putative transgenic tomato plants: Callus tissue of putative transgenic
cultured plants was transferred onto media to initiate shoots and roots. When the first
shoots formed, plantlets were transferred back to the selection medium (Fig. 2). Tissue
was taken from plantlets that survived the selection medium and the DNA extracted.
PCR analysis of this DNA was used to confirm transformation. PCR analysis detected a
band with the size matching the targeted fragment of the inserted gene, which was
further validated by DNA sequence analysis.
Phenotypic evaluation of T1 plants: Compared to control plants, leaves of transgenic
plants were darker (Fig. 3). When transgenic plantlets were grown to maturity, all
produced fruits. Some of the transgenic plants produced distorted fruits. When these
fruits were examined for seed production, very few viable seeds were observed.
Selection and evaluation of T2 plants: When T1 tomato seedlings were screened for
herbicide resistance, some transformed plants survived while non-transformed controls
died (Fig. 4). Because not all seeds were fully developed in T1 tomato fruits, we were
not able to establish the separation ratio for transgenes, or the number of copies of the
inserts in the genome of transgenic plants. Fruits from T2 plants are now being
harvested. Seeds obtained from these plants will be screened for homozygosity.
To determine the expression of the OXO genes in transgenic plants, enzyme assays of
oxalate oxidase were performed. Results are showing that different transgenic plants
propagated from seeds obtained from the same fruits had different enzyme activity. All
transgenic plants had higher enzyme activity than non-transgenic ones (Table 1).
Resistance of the transgenic plants to abiotic and biotic stresses: Plants are presently
being evaluated for resistance to several bacterial and fungal plant pathogens.
Acknowledgement: This work was supported by a CSREES-USDA Capacity Building
Grant, award No. 2005-38814-16424, and Evan Allen funds.
Plant Breeding Section

370

SNA Research Conference Vol. 54 2009

Literature Cited:
1. Murashige, T. and F. Skoog. 1962. A revised medium for rapid growth and
bioassays with tobacco tissue cultures. Physiol. Plant 15:473-479.
2. Park, S. H., J. Morris J., K.D. Hirschi, and R.H. Smith. 2003. Efficient and
genotype- independent Agrobacterium-mediated tomato transformation. J. Plant
Physiol. 160:1253-1257.
3. Zhou, S., R. Sauve. and F. Howard. 2002. Identification of a cell wall peroxidase in
red calli of Prunus incisa Thunb. Plant Cell Report . 21: 380-384.
Table 1. Enzyme activity of the oxalate oxidase gene in transgenic tomato plants
Plant

Oxalate Oxidase
Enzyme activity (unit/g protein)
Control 1
1.61 ± 0.005*
Control 2
1.60 ± 0.003
Control 3
1.59 ± 0.003
Control 4
1.45 ± 0.003
Transgenic 1
13.03 ± 0.005
Transgenic 2
6.29 ± 0.002
Transgenic 3
5.32 ± 0.003
Transgenic 4
6.29 ± 0.005
Transgenic 5
6.18 ± 0.004
Transgenic 6
7.69 ± 0.005
Transgenic 7
6.18 ± 0.007
Transgenic 8
6.29 ± 0.004
*Average of four measurements ± SD (standard deviation)

Fig.1. Plasmid map of the binary vector pVSPB OxO.
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A
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B

D

Fig. 2. Stages of tomato transformation and regeneration. (A) Callus induction from
cotyledons, (B) Regenerating buds on selection media, (C) Putatively transformed
plantlets, (D) Rooting of putatively transformed shoots.
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Fig. 3. The upper two images are T1 transgenic plants showing a physiological
disorder. The lower right image shows a normal T1 transgenic plant and the lower left is
a non-transgenic control plant.

Fig. 4. T2 transgenic tomato seedlings sprayed with 0.15% herbicide. The dead ones
are non transgenic controls while the live ones are transgenic plants that survived the
herbicide treatment.
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Significance to Industry: The genus Magnolia L. includes a broad range of valuable
nursery and landscape plants. In 1980, The Journal of the American Magnolia Society
posthumously quoted E.H. Wilson, the great 19th century British plant explorer as
saying: “No group of trees and shrubs is more favorably known or more highly
appreciated in gardens than magnolias, and no group produces larger or more
abundant blossoms.” (9). Considerable progress has been made breeding improved
Magnolias; however, a greater understanding of polyploidy in this genus would greatly
enhance future breeding efforts. Polyploidy is an important factor in plant breeding as it
can influence reproductive compatibility, fertility, and gene expression (7). This
research provides an extensive survey of polyploidy and determination of genome sizes
in the genus Magnolia and will provide a valuable database for Magnolia breeders.
Nature of Work: The genus Magnolia contains more than 250 species belonging to
various sections within three subgenera (3). Although basic information on
chromosome counts and ploidy levels of different magnolia species have been compiled
(1, 2), sampling has been limited and little is known about ploidy levels of specific
hybrids and cultivars. The base chromosome number for Magnolia is 1n=1x=19.
However, different subgenera contain species with a variety of ploidy levels from
2n=2x=38 to 2n=6x=114. Crosses of species with varying ploidy levels may yield
hybrids with odd ploidy levels, which often result in reduced fertility or sterility (7).
Because of these constraints, Magnolia breeders with a desire to incorporate the best
features of these hybrids have attempted to induce new polyploids to overcome these
limitations, yet most of these putative polyploids have never been confirmed. The range
in ploidy levels within this genus also provides an opportunity to indirectly substantiate
hybridity of distant hybrids, based on chromosome number and genome size, when
parents differ in ploidy levels.
Because many species with significant ornamental appeal are polyploids with high
chromosome counts, traditional cytology with light microscopy is extremely difficult.
Diploid counts are more feasible, but still require considerable skill and effort. Flow
cytometry has proved to be an efficient means of estimating genome size and allows for
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elucidation of ploidy level (5). The objectives of this study were to determine the
genome sizes and relationships to ploidy levels of a diverse collection of species,
hybrids, and cultivars of Magnolia by using flow cytometry in order to: 1) increase
sampling among and within species to develop an extensive database for use by
magnolia breeders; 2) determine the ploidy level of suspected, but unconfirmed,
polyploid taxa (both naturally occurring and chemically induced); and 3) confirm
hybridity in interploid crosses and interspecific hybrids that vary in genome size.
Over 275 diverse species and cultivars were sampled from various sources that
included taxa from each subgenera of Magnolia as well as both species of genus
Liriodendron. Nuclei from newly expanded leaf or tepal tissue, were extracted, stained
(with DAPI), and then analyzed (minimum 2500 events) using a flow cytometer (PA-I,
Partec, Münster, Germany) to determine relative DNA content. Genome sizes were
determined by comparing mean relative fluorescence of each sample with an internal
standard, Pisum sativum L. ‘Ctirad’, with a known genome size of 8.76 ρg (4). To
increase resolution of genome size, tetraploid Magnolias which have similar genome
sizes to Pisum sativum ‘Ctirad’, M. virginiana ‘Jim Wilson’ (3.73 ρg) and M. grandiflora
‘Little Gem’ (10.92 ρg) were used as secondary standards. Genome sizes for the
secondary standards were calculated as the mean of 10 separate subsamples
determined with the Pisum sativum ‘Ctirad’ as an internal standard. Holoploid, 2C DNA
contents were calculated as: 2C = DNA content of standard × (mean fluorescence
value of sample/ mean fluorescence value of standard). The relationship between
ploidy levels and genome sizes was determined for plants with documented
chromosome numbers. Mean 1Cx monoploid genome size (i.e., DNA content of the
non-replicated base set of chromosomes with x = 19) was calculated as (2C genome
size / ploidy level) to assess variability in base genome size. A minimum of two
subsamples were tested to derive a mean relative genome size for each taxa. Data
were subjected to analysis of variance and means separation using the Waller
procedure.
Results and Discussion: Flow cytometry was an efficient and effective method of
estimating genome size. Genome size varied significantly among taxonomic sections
(Table 1), indicating that these groups have undergone considerable evolutionary
divergence (8). Furthermore, this indicates that it is necessary to calibrate ploidy level
with genome size for each section, in order to estimate ploidy level from genome size in
Magnolias. However, within a section, genome sizes for a given ploidy level had narrow
ranges and could clearly be used to determine ploidy levels (Table 1). In general, the
ploidy levels determined for different species was consistent with past reports, with a
few exceptions. Magnolia cylindrica was found to be a tetraploid here, while past
reports have indicated it is a diploid (1, 2).
The results of this study also verified that M. stellata and M. cylindrica accessions from
the Holden Arboretum were induced polyploids. Phenotypic characteristics such as
thickened foliage and increased width to length ratio in foliage (6,7) were suggestive of
polyploidy in M. seiboldii ‘Colossus’, a reported hexaploid. In this study, samples of M.
seiboldii ‘Colossus’ from multiple sources had genome sizes (2C =4.35 ρg -4.62 ρg)
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consistent with a diploid. This unexpected lack of congruency between phenotypic
characteristics and ploidy level will require further investigation.
Analysis of various putative interploid hybrids also had mixed findings. Magnolia
(virginiana var. australis (2x) x M. grandiflora ‘Samuel Sommer’ (6x))‘Sweet Summer’
has been described as an allotetraploid cultivar since its introduction in 1990. Samples
collected from two different sources were tested and had estimated genome sizes (2C
=11.11 ρg and 11.54 ρg) consistent with a hexaploid, bringing the hybridity of M. ‘Sweet
Summer’ into question. This result remains enigmatic given the reported direction of the
cross indicatingthat M. virginiana var. australis was the maternal parent (1). Flow
cytometry did provide confirmation of hybridity between taxa of varying genomic size in
the case of Magnolia (figo(2x) x acuminata (4x)). This is an important cross that was
once considered to be intergeneric before Michelia was given sectional status within
subgenus Yulania. Relative genome size (2C =6.16 ρg) of this hybrid is consistent with
a triploid condition, confirming it to be intermediate between the diploid and tetraploid
parents. M. (insignis x virginiana) ‘Katie-0’ is another important intersectional cross that
demonstrates pigmentation of tepals can be introgressed into white flowered species of
subgenus Magnolia. Hybridity of M.‘Katie-O’ is suggested based on morphological
appearance, but intermediate genome size (2C= 4.33 ρg) further substantiated its
hybrid origin. The difference in mean relative genome size for diploids in section
Manglietia (2C=4.78 ρg) and section Magnolia (2C=3.79 ρg ) allow for this distinction to
be made. Flow cytometry did not allow for distinction of cultivars or interspecific hybrids
within a given section due to highly conserved genome sizes within sections.
Overall, flow cytometry provides an extremely useful tool to study polyploidy and
provides an entry to the investigation of reproductive biology in the genus Magnolia.
This research provides a foundation and database for breeders that will facilitate the
development of hybrids in the future.
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Table 1. Summary of means and ranges for 2C, holoploid genome size (ρg) and 1Cx
monoploid genome size (ρg) of Magnolia species grouped by section and ploidy level.

Classification
Subgenus Magnolia
Section Magnolia
(including
Theorhodon,5,401)

2n=2x=38

Ploidy Level
2n=4x=76
2n=6x=114

2n=8x=152

2C=3.792 D
(3.43-4.40)
1CX=1.90
(1.72-2.20)

NA

2C=11.16 C
(10.83-11.63)
1CX=1.86
(1.81-1.94)

NA

Section Gwillimia (2,3)

2C=5.34 A
(5.1-5.47)
1CX=2.67
(2.55-2.73)

NA

NA

NA

Section Oyama (1,7)

2C=4.52 C
(4.35-4.62)
1CX=2.26
(2.17-2.31)

NA

NA

NA

Section Manglietia (6,12)

2C=4.78 B
(4.65-5.07)
1CX=2.39
(2.33-2.53)

NA

NA

NA

Section Rhytidospermum
(4,8)

2C=3.96 D
(3.66-4.69)
1CX=1.98
(1.83-2.35)

NA

NA

NA

2C=4.56 BC
(4.41-4.87)
1CX=2.28
(2.20-2.43)

NA

NA

NA

Section Auriculata (1,2)

2C=3.83 D
(3.74-3.92)
1CX=1.92
(1.87-1.96)

NA

NA

NA

Section Kmeria (1,1)

2C=5.51 A
(5.48-5.54)
1CX=2.76

NA

NA

NA

2C=4.07 D
(3.84-4.16)
1CX=2.04
(1.92-2.08)

2C=8.43 A
(7.71-8.88)
1CX=2.11
(1.93-2.22)

2C=12.74 A
(11.49-13.22)
1CX=2.12
(1.92-2.20)

Section Tulipastrum (1,3)

NA

NA

Section Michelia (14,22)

2C=4.55 BC
(4.27-4.87)
1CX=2.28
(2.14-2.44)

2C=8.01 A
(7.86-8.26)
1CX=2.00
(1.97-2.07)
NA

2C=17.34
(17.0717.49
1CX=2.17
(2.13-2.19)
NA

NA

NA

2C=11.57 B
(11.44-11.72)
1CX=1.93
(1.91-1.95)
NA

NA

Section Macrophylla (1,5)

Subgenus Yulania
Section Yulania
(including Beurgaria and
M. liliiflora, 13,46)

Subgenus Gynopodium
Section Gynopodium (1,3)

Genus Liriodendron (2,2)

NA

NA

2C=3.39 E
(3.35-3.43)
1CX=1.70
(1.68-1.72)

NA

NA

1

Numbers in parenthesis, following classifications, indicated the number of species sampled,
and the total number of taxa within those species sampled.
2
Values represent means followed by (ranges) for all magnolia species sampled. Means for 2C
genome size followed by different letters, within a column, are significantly different, P<0.05.
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