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Significance to Industry: There are more than 130 recognized species in the genus
Rosa (4), but among them only about 7-10 species are found in the background of most
modern rose cultivars (12). To expand the genetic background of modern roses,
breeders should explore wild rose resources extensively. A better knowledge of these
genetic resources will make it possible to incorporate many valuable traits into garden
rose breeding programs and to develop improved garden rose cultivars that are more
broadly adapted. The unexplored wild rose species included in these experiments may
have many potential horticultural traits and also be adapted to alkaline growing
environments. High salinity and alkalinity in soils are common problems faced by many
horticulturists, landscapers, and homeowners. Alkalinity varies between 2 to 4 meq·L-1
across the western and central US regions, with much lower values in the east (5).
Urban soils could be saline, alkaline or sodic in arid or semiarid areas due to a higher
evapotranspiration than precipitation rate (7). The combination of these problems
necessitates the selection and use of more adapted ornamental species and genotypes
for urban areas. Further information is needed on rose performance of plants over
maximum thresholds for chemical-physical stress tolerance to deal with them under
commercial production and landscape conditions. This study may provide alkaline
adaptable/tolerant rose genetic resources to the green industries and breeders.
Nature of Work: The purpose of this study is to evaluate wild rose species for alkalinity
tolerance. Seeds of eight wild rose species (Table 1) provided by Dr. Kevin Conrad,
Curator, U.S. National Arboretum, Washington DC were included in this study. After
stratification, sprouted seeds were sown immediately in 18-hole sheet pots and
transferred later to 3-gallon pots using potting soil with pine bark and the transplanted
plants were allowed to acclimatize. On the first week of September 2011, 20 g of 14-1414 Osmocote® (Scotts Sierra, Marysville, OH) were applied (topdressed) to each pot
(4.7 kg·m-3). Then all the accessions were pruned (headed) back to about 6″ from
ground level, allowing the emergence of new leaf growth to observe the effects of
alkalinity in this tolerance screening study. The experimental design was a completely
randomized design with 3 replications; one pot with one plant was used per replication.
Simulated alkalinity in irrigation water was prepared by adding NaHCO3 at 0, 5mM (0.42
g/L), and 10 mM (0.84 g/L) with tap water (EC= 0.5 dSm-1; pH= 7.4; 1.2 mM
bicarbonate); solutions were prepared in 160 L-tanks. The control irrigation water (0
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mM NaHCO3) had its pH adjusted to 5.7 with H2SO4. Each plant was top irrigated with
~1 L at three-day intervals (on every third day) by a semi-automated irrigation system.
Plants were observed for chlorosis ratings and chlorophyll index (SPAD), plant height,
prikle intensity and overall quality (Table1). The plants were rated on the level of foliar
chlorosis they were exhibiting using a three-point scale: 1= very chlorotic, 2= slightly
chlorotic, and 3= green. Chlorophyll index was determined with a SPAD Meter® (Model
501, Minolta Camera Co. Ltd., Japan).
Results and Discussion: This study evaluated eight wild rose accessions to find
superior adaptive roses for high alkaline growing environments. Most commercial roses
are commonly grown on acid to slightly acid soils and substrates. When grown on
alkaline soils/substrates, their growth is reduced and chlorosis is prevalent (6). The
most conspicuous symptom of excessive alkalinity is the induction of an intervenial
chlorosis in the youngest leaves of plants and stunted growth (10, 11). In this
evaluation, Rosa accessions R87 and R90 exhibited more noticeable chlorosis
symptoms than other accessions (Table 1). Plants were slightly less green with 5 mM
NaHCO3 and an evident chlorosis was observed at 10mM (Fig. 1).
Similarly, the chlorophyll index (SPAD) values showed a gradual decline with increasing
alkalinity level (0 to 10 mM NaHCO3) in the rose accessions R87 and R90 (Fig. 2).
Chlorophyll values were not reduced in R. rugosa (R55) with increasing alkalinity stress,
this species also has high degree of prickle. Leaf chlorosis is correlated to a decrease in
chlorophyll content in the upper leaves, and it has been reported in other species like
sunflower cultivars (2), soybean (8), grapevine (9), and peach (1). Leaf chlorosis has
been attributed to a high pH-induced iron (Fe) deficiency due to a decrease in Fe
uptake (3).
Overall growth of rose plants was also affected by increasing concentration of NaHCO3
in the irrigation water. Compared to the control, plants irrigated with 5 mM and 10 mM
NaHCO3 had reduced plant heights (Fig. 3), indicating a high degree of sensitivity of
some rose species to alkalinity. Analogous results were reported by Hughes and Hanan
(6) in cut flower production in rose ‘Forever Yours’ when plants were irrigated with water
containing a bicarbonate (HCO3-) concentration higher than 2 mM.
Among all accessions Rosa sp. (R87 and R90) exhibited the lowest level of tolerance
with respect to plant height, chlorosis ratings and SPAD values, whereas Rosa sp.
(R83), R. canina (R15), R. pimpinellifolia (R40) and Rosa woodsii (R74 and R75)
showed moderate levels of alkalinity tolerance. Highest levels of tolerance among the
accessions were found in Rosa rugosa (R55).
Acknowledgement. This project is being partially funded by USDA-Specific
Cooperative Agreement (SCA) (58-1230-0-469) (project # 1230-21000-051-07S).
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Table 1: Rose species, country of origin, thorniness and leaf chlorosis responses to
alkalinity stress levels.
Leaf chlorosis rating
Code
Species
Country of
Prickle
0 mM
5mM
10mM
No.
Origin
Intensity NaHCO3 NaHCO3 NaHCO3
R15 Rosa canina
Ukraine
1
3
3
3
R40 Rosa pimpinellifolia
USSR
5
3
3
2
R55 Rosa rugosa
Russia
5
3
3
3
R74 Rosa woodsii
Unknown
1
3
3
2
R75 Rosa woodsii
Colorado
3
3
2
2
R83 Rosa sp.
Albania
3
3
3
3
R87 Rosa sp.
Ames
0
3
1
1
R90 Rosa sp.
Unknown
4
3
1
1
Notes: Plant thorniness scale: 0= no prickles, 5= with most prickles; Scale for chlorosis:
1= very chlorotic; 2= slightly chlorotic; 3= green.

Fig.1. Representative leaves from rose accession R87 (Rosa sp.) showing chlorosis
symptoms.
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Fig.2. Chlorophyll SPAD index of Rosa species and accessions irrigated with 0, 5 and
10mM NaHCO3.

Fig.3. Plant height of Rosa species and accessions irrigated with 0, 5 and 10mM
NaHCO3.
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Significance to Industry: Bioenergy production draws from a wide range of potential
raw materials and transformation processes, providing flexible solutions to increasing
global petroleum scarcity (1). Perennial grasses (PGs) are attractive candidates for
bioenergy production that can exhibit substantial biomass yields (2), require relatively
few inputs, and provide a variety of ecological benefits (3-5). However, adaptability and
yield of PGs can vary considerably by region (6-8). Because candidate PGs are diverse
and information on regional yields and suitability is often lacking, an assessment of
performance under different conditions is an integral component of the transition
towards large scale bioenergy production. In this study, biomass yield, nitrogen
response, and regional suitability of selected PGs were evaluated over three years at
two locations in North Carolina as part of an ongoing effort to develop improved plants
and production practices.
Nature of Work: A number of PGs have received considerable attention as potential
bioenergy crops, including Miscanthus, Panicum, Arundo and Saccharum members.
Miscanthus contains approximately 14 species of tall, warm season C4 grasses native
to South East Asia that exhibit high light absorption rates and high nitrogen and water
use efficiencies (9, 10). Generally, nitrogen fertilizer treatments do not increase biomass
production in Miscanthus, and the primary limiting factor is often water availability (912). Miscanthus sinensis ‘Gracillimus,’ a popular ornamental, yielded 5.5 T·A-1 in
production trials in Germany (13). Miscanthus ×giganteus is a naturally occurring sterile
triploid hybrid derived from diploid M. sinensis and tetraploid Miscanthus sacchariflorus
(14). This hybrid has been reported to yield between 8.9 and 14 T·A-1 in Illinois, and is
one of the most highly studied PGs for bioenergy applications (15). Panicum virgatum is
a native vigorous, spreading, sod-forming C4 grass. Panicum virgatum ‘Alamo,’ a
lowland variety, was selected for its ability to thrive in the South (16). In North Carolina
various P. virgatum cultivars have been found to produce 5-6.4 T·A-1 (17, 18). Arundo
donax is a C3 riparian cane grass that forms densely packed monotypic stands. Arundo
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donax has been shown to respond favorably to N fertilizer applications in some
instances and yield data from Italy found that A. donax can produce approximately 13.4
T·A-1 (19). Saccharum arundinaceum and S. ravennae are stout, reedy, cold-hardy C4
canes, native to temperate and tropical Asia, predominantly India and China (20).
Reliable yield data for these species is lacking.
The seven taxa selected for this study were: Arundo donax, M. ×giganteus, M. sinensis
H2006-006-001, M. sinensis ‘Gracillimus’, S. ravennae, S. arundinaceum, and P.
virgatum ‘Alamo’. Miscanthus sinensis H2006-006-001 is a breeding line selected for
evaluation based on initial performance in Western North Carolina. The objectives of
this study were to determine the biomass yield, nitrogen response, and regional
adaptability of the aforementioned taxa as part of a larger effort to develop dedicated
energy crops appropriate for the region.
Trial Establishment: In the spring of 2008, field trials were established in Mills River
(Mountain) and Williamsdale (Coastal Plain), North Carolina. Both sites were treated
with herbicide (glyphosphate), tilled, and conditioned with 1 T·A-1 of preplant lime. The
experimental design was composed of seven taxa and four nitrogen treatments (0, 30,
60, 120 lbs N·A-1) arranged in a completely randomized factorial containing 28 plots at
each of the two locations. In June 2008, plugs of each taxon were planted in 16.4 x
16.4ft plots that contained 25 plants in five rows with plants spaced 3.28ft apart, with
the exception of P. virgatum ‘Alamo’ which was seeded in 12 inch rows at a rate of
approximately 7.12 lbs·A-1. Bare-ground aisles 6.56 ft wide were maintained between
the plots. Both sites received irrigation as needed for the first 3 months after planting. In
July 2008, crab grass was removed manually and 2,4-dichlorophenoxyacetic acid (2, 4D) was applied for broad leaf weed control. After year 1, little weed control was required
and no irrigation was supplied. Nitrogen (ammonium nitrate, 33.5 - 0 - 0) was broadcast
annually in the spring at the rates described previously. Plots were harvested in late
December/early January of 2008, 2009 and 2010. Survivability data was recorded at
that time.
Harvest: Nine plants, selected from the interior 9.8 x 9.8ft area of each plot, were cut at
approximately 1.6 in from the ground and weighed fresh, with the exception of P.
virgatum ‘Alamo’ and A. donax whereby the entire interior 9.8ft x 9.8ft square was cut
and weighed. Plants located within the guard rows that fell outside of the 9.8ft x 9.8ft
block were also cut and removed during sampling. Approximately 2 lbs of ground plant
material, derived from the 9 subsamples per plot, was selected at random, ground,
weighed, oven dried at 113°F for 72 hours and reweighed to determine fresh to dry
weight ratios. Adjusted yields corrected for any dead/missing plants and were calculated
as: yield x (potential area (96.04ft2)/actual plant-filled area).
Data analysis: Survival and yield were analyzed for significant differences by analysis of
variance (PROC GLM, SAS Institute, Cary, N.C.) with nitrogen rate and year designated
as continuous variables.
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Results and Discussion: Survival: At the mountain site, M. ×giganteus, M.
‘Gracillimus’, H2006-006-001, P. virgatum ‘Alamo,’ and A. donax had greater than 90%
survival through harvest in late December 2010. Survival at this site for both
Saccharum species was considerably lower at 69% for S. ravennae and 25% for S.
arundinaceum (and was excluded from yield analysis as a result). Saccharum
arundinaceum has been reported to survive in USDA hardiness zone 7, though more
investigation as to its cold-hardiness in zone 6 and colder is needed (20). Based on high
mortality rates in 2009, Zone 6b may reflect the marginal limit of this taxon’s cold
hardiness. At the coastal plain site, M. ×giganteus, S. ravennae, P. ‘Alamo,’ and A.
donax had greater than 90% survival while M. ‘Gracillimus’, S. arundinaceum , and M.
H2006-006-001 had survival rates of 86, 81, and 22% (and was excluded from yield
analysis as a result), respectively.
Yield: Dry matter biomass production was influenced by multiple interactions between
nitrogen rate, location, taxa, and growing year, though the simple effect of nitrogen rate
alone was generally not significant. There were three exceptions at the coastal plain site
in 2010 where S. arundinaceum (p=0.053), and S. ravennae (p=0.039) and A. donax
(p=0.056) had a significant positive linear response to nitrogen rate. Lack of nitrogen
response in the Miscanthus representatives is consistent with the literature (9, 12) and
life history characteristics of the genus, including symbiotic N fixation and nutrient
cycling to rhizomes (9). In some instances, P. virgatum has been shown to respond to
nitrogen fertilizer applications, but no response was seen in this study (17).
At the mountain site in 2010, M. ×giganteus, M. sinensis ‘Gracillimus’ and’H2006-006001, P. ‘Alamo,’ and A. donax produced the greatest amount of biomass, between 8.47
and 9.86 T·A-1. At the coastal plain site in 2010, S. arundinaceum and A. donax
produced the most biomass with 15.17 and 13.15 T·A-1, respectively. The Billion Ton
Study (2005) estimated that 40-60 million acres of pasture and farmland could be
replaced to produce 150-380 million dry tons of biomass assuming annual yields of 5-8
dry T·A-1. There were six taxa capable of producing more biomass than this required
minimum yield, at either the mountain or coastal plain sites.
Results from this study indicate that certain taxa of Miscanthus, P. virgatum, S.
arundinaceum, and A. donax are promising bioenergy crops for certain locations in
North Carolina and other similar regions, and are able to meet national dry matter
production benchmarks. A better understanding of the agronomy of emerging bioenergy
crops will be key in elucidating efficient production strategies, and continued evaluation
and improvement of these crops with a focus on taxa appropriate for the SE United
States may position the region to be competitive in the emerging bioenergy sector.
Acknowledgements: This work was supported by the NC Agricultural Research
Service, the Biofuels Center of North Carolina, and BP Biofuels.
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Figure 1: Dry matter yield and survival data for selected perennial grasses at the

Mountain and Coast sites.
Year
2008

2009

2010

2008

2009

2010

Taxa

M. ×giganteus
M. ‘Gracillimus’
M. H2006-006-001
S. arundinaceum
S. ravennae
P. ‘Alamo’
A. donax
M. ×giganteus
M. ‘Gracillimus’
M. H2006-006-001
S. arundinaceum
S. ravennae
P. ‘Alamo’
A. donax
M. ×giganteus
M. ‘Gracillimus’
M. H2006-006-001
S. arundinaceum
S. ravennae
P. ‘Alamo’
A. donax
M. ×giganteus
M. ‘Gracillimus’
M. H2006-006-001
S. arundinaceum
S. ravennae
P. ‘Alamo’
A. donax
M. ×giganteus
M. ‘Gracillimus’
M. H2006-006-001
S. arundinaceum
S. ravennae
P. ‘Alamo’
A. donax
M. ×giganteus
M. ‘Gracillimus’
M. H2006-006-001
S. arundinaceum
S. ravennae
P. ‘Alamo’
A. donax

Survival Z
Yield
-1 Z
(T·A )
Mountains
2.25 A
1.00 A
0.44 CD
1.00 A
0.24 D
1.00 A
2.53 A
0.94 A
1.15 BC
0.83 A
0.65 BCD 1.00 A
1.31 B
1.00 A
8.10 AB
1.00 A
8.18 AB
1.00 A
7.28 B
0.94 A
6.44 B
0.75 A
6.27 B
0.78 A
6.78 B
1.00 A
10.57 A
0.97 A
8.47 A
0.94 A
9.86 A
0.97 A
8.78 A
0.92 A
---0.25 C
4.25 B
0.69 B
9.83 A
1.00 A
9.27 A
0.97 A
Coast
0.71 BC
0.97 A
0.12 C
0.92 A
0.02 C
0.67 B
2.55 A
0.92 A
1.71 AB
0.94 A
2.91 A
1.00 A
0.26 C
1.00 A
5.08 CD
0.97 A
1.64 E
0.92 A
---0.22 B
12.38 A
0.92 A
5.94 C
0.92 A
4.00 D
1.00 A
8.25 B
0.89 A
9.04 B
0.97 AB
4.71 C
0.86 AB
---0.22 C
15.17 A
0.81 B
8.91 B
0.92 AB
7.08 B
1.00 A
13.15 A
1.00 A

Adjusted Yield (T·A-1)Z
2.25 A
0.44 C
0.24 C
2.63 A
1.42 B
0.65 C
1.31 B
8.10 AB
8.18 AB
7.64 AB
8.24 AB
9.02 AB
6.78 B
10.86 A
9.00 AB
10.21 A
9.69 AB
---6.47 B
9.83 AB
9.51 AB
0.73
0.12
0.03
2.63
1.75
2.91
0.26
5.22
1.68

CD
D
D
AB
BC
A
D
CD
E
----

13.77 A
6.42 C
4.00 D
9.24 B
9.28 C
5.38 D
---19.37 A
9.85 BC
7.08 CD
13.15 B

Z

Means followed by different letters within columns for a given taxa are significantly different, LSD P<
0.05.
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Using ‘Micro-Tom’ Tomato as a Landscape Plant
Sasikiran Reddy Sangireddy, Suping Zhou, Sarabjit Bhatti and Roger Sauve
Department of Agricultural and Environmental Sciences, College of Agriculture, Human
and Natural Sciences, Tennessee State University, Nashville, TN 37209
Index Words: Miniature, accent plants,
Significance to Industry: From shrubs to annuals, dwarf plants are becoming more
popular, especially for backyards with limited space. Tomato ‘Micro-Tom’ (MT) is a
cultivar genetically developed for its compact size. All parts of the plant including stem,
leaves and fruits, are smaller in size than typical garden varieties. MT is a small,
compact tomato plant that grows only to about 6 to 18 inches in height and spreads
twice that wide (Scott and Harbaugh, 1989). It has a short life cycle and grows well in a
fertile, moist soil in either full sunlight or partial sunlight. The mature plant bears clusters
of red cherry tomatoes
Nature of Work: Seeds were obtained from Dr. Lazaro EP Peres of Brazil and plants
were grown in a greenhouse in Nashville, Tennessee. Plants bearing mature fruits
were placed in different background settings around the campus and photographed.
Results and Discussion: Fig. 1 shows the arrangement of MT in the landscape. As
shown in the pictures, the size and shape of the plant makes it suitable for use as a
bedding or border plant (1A). The low growing property of the plants makes it suitable
to be used as a groundcover plant species (1B). MT plants can be mixed with larger
shrubs in shrub beds (1C), and be used as edgings or specimens in small spaces (1D).
They combine well with rose bushes (1E) and ornamental grasses, providing interest
and color and can serve in both formal and informal settings.
For gardeners with limited space, low-growing tomato plants are ideal as they require
little room and can be easily grown in containers on a patio or deck. They are a perfect
choice for small gardens, especially in urban areas where outdoor space is at a
premium. These plants have a finer texture that enables them to be used in groups in
large numbers (1D). They add interest, texture and color with their lush green foliage
and bright red fruit in small clusters. They are insect and disease tolerant and can grow
in sun or shade. This paper highlights a rather unique landscape choice. MT tomato is
suitable for large scale mutagenesis and transgenic plant production (Sun et al, 2006),
therefore plants with different traits can be produced rather easily. As native plants and
landscapes continue to increase in demand, the Green Industry may need to reevaluate plants such as ‘Micro-Tom’ that may possess greater landscape longevity in
terms of drought and disease tolerance, non-invasive growth habits, and considerable
aesthetic and cultural value. While this study is preliminary, there may be evidence of
an untapped market warranting effort towards the introduction of this plant into the
larger Green Industry.
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Fig 1: Arrangement of ‘Micro-Tom’ tomatoes in various landscapes
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Significance to Industry: Increasing public awareness and desire for sustainable
landscapes will broaden the need for low maintenance plants that thrive in urban
environments. Cotoneasters are widely used across the United States as a robust shrub
known for their ability to tolerate adverse conditions. However, in many areas of the
U.S. fire blight (Erwinia amylovora) attacks available cultivars that are overwhelmingly
susceptible to fire blight. Disease susceptibility and a lack of new introductions have
reduced public opinions, acceptance and interest in this genus. New forms and resistant
cultivars could fill a niche in the market and increase sale of cotoneasters.
Nature of Work: Disease pressure for fire blight is greatest in hot, humid climates that
favor the rapid replication of the bacteria, including areas in the Midwest, south and
eastern U.S. (6). Fire blight is a bacterial pathogen that is vectored by floral and
vascular feeding insects, rain splash and through mechanical injury. Primary infection
most often occurs at flowers where bacteria will enter the plant through natural
openings. In susceptible plants, infection then expands into shoots and supporting
branches. Symptoms result in flower, shoot, and branch necrosis that is unsightly.
Efforts to screen the genus have lead to conflicting results and comprise a limited range
of species (2,3,5).
Thirty-one taxa of cotoneaster were arranged in a glasshouse in a randomized complete
block with nine inoculated replications of each species and three controls that were not
inoculated to show wounding response. Screened germplasm were clonally propagated
cuttings from the collection at OSU, 1.65 liter containers (Gage Dura-Pot, Lake Oswego,
Ore.) with a custom substrate composed of 1 part pumice, 2 parts peat, and 7 parts
douglas fir bark (Rexius, Eugene, Ore.) and liquid fed weekly with Jack’s Professional
20-20-20 with micronutrients (J.R. Peters Laboratory, Allentown, Pen.), and watered by
hand as needed. Aphids and other greenhouse pests were managed with Impede (Dow
Agrisciences, Indianapolis, Ind.).
Foliar assay was conducted by taking one terminal shoot from each plant and bisecting
the two youngest leaves with a pair of scissors dipped in inoculum of the pathogen at a
concentration of 1.53 × 109 CFU•mL-1 prior to each cut (4). The disease lesion length
was measured weekly for eight weeks after inoculation. Severity of infection was
calculated by the length of the fire blight lesion as a percentage of the overall shoot
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length (1). The pathogen was reisolated from plants after the study concluded using
immunoassay strips (Ea AgriStrip, BIOREBA, Reinach, Switzerland) to confirm the
presence of Erwinia amylovora in order to fulfill Koch's postulate. To confirm results, a
repeated inoculation trial will be conducted with species that exhibited the greatest
resistance and fell below a five percent shoot necrosis threshold.
Results and Discussion: In ornamental systems, diseases that affect aesthetic values
have a very low threshold. Because fire blight damage is unsightly and could be a
perennial problem when left untreated, a threshold of five percent was chosen. Those
species that show less than threshold damage were identified as showing resistance.
Disease response varied greatly within the species sampled (Table 1.). There were four
species; Cotoneaster arbusculus, C. artropurpureus, C. delsianus and C. splendens that
showed no disease symptoms. Cotoneaster chungtinensis and C. simsonii had lesions
that covered less than one percent of the shoot length. Four other species exhibited
less than five percent shoot necrosis at the end of the disease screening.
Results agree with previous reports that Cotoneaster franchetii and C. simsonii appear
to have fire blight resistance (2, 5). Our results have also identified several other
species that may possess resistance. These species are being re-screened to confirm
resistance, in addition to 20 other accessions that were not included previously.
Cotoneasters are also being evaluated in the field to examine behavior in landscape
and disease incidence under natural conditions in the Willamette Valley of Oregon.
Results from field evaluations and disease screening will be used to design crossing
strategies as part a breeding program that will introgress disease resistance from
traditionally unused germplasm.
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Table 1. Results of screening 31 species of Cotoneaster for resistance to fire blight
performed in a glasshouse. Plants were inoculated by bisecting the terminal two
leaflets with scissors dipped in inoculum. Data are presented as means ± SEM.
Species

Percent shoot infected (%)

C. arbusculus
C. atropurpureus
C. atrovirens
C. chungtinensis
C. delsianus
C. franchetii
C. sikagensis
C. simsonii
C. splendens
C. sternianus
Exceeded disease threshold
C. amenous
C. applanatus
C. bacillaris
C. braydii
C. buxifolius
C. cashmiriensis
C. cinerascens
C. cohleatus
C. congestus
C. divarcatus
C. frigidus
C. glabratus
C. hebephyllus
C. henryanus
C. nitens
C. rhytidophyllus
C. rugosus
C. salicifolius
C. turbinatus
C. wardii
C. zabelli

0
0
2
<1
0
1
2
<1
0
3

50
79
27
87
60
62
65
14
10
33
59
79
15
48
69
>100 y
>100
86
44
>100
16

Below disease thresholdz

± 1.9
± 0.3
± 1.2
± 1.5
± 0.4
± 2.4

± 11.9
± 13.7
± 4.1
± 5.0
± 11.1
± 12.3
± 7.2
± 7.7
± 5.2
± 14.6
± 6.2
± 5.7
± 6.8
± 12.2
± 3.2
± 1.6
± 1.4
± 4.8
± 11.5
± 4.7
±10.2

z

Disease threshold set at 5%.
Percent shoot infection >100% means infection traveled beyond branch union and
additional branches showed infection. In extreme cases, plants were killed to substrate
level.
y
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