
Hill, R.; Bailey, A.; Harper, C.; Toon, B.; Strip-tillage dark tobacco in Western Kentucky:  adoption and economic 
assessment.  Paper #9 presented at 45th Tobacco Workers’ Conference, 2012.  University of Kentucky, Research & 
Education Center, 1205 Hopkinsville St., Princeton, KY 42445 USA.  Telephone:  270-365-7541 x 240.  Fax:  270-
365-2667.  E-mail:  abailey@uky.edu. 
 
    Strip-tillage production has increased since 2007 and currently accounts for approximately 15% (approximately 
2,000 acres) of the total dark tobacco produced in western Kentucky.  Strip-tillage is somewhat of a hybrid between 
traditional conventional tillage and no-tillage where tobacco is transplanted into cultivated strips 12 to 16 inches 
wide while the remainder of the soil surface is uncultivated.  Strip-tillage should provide many of the benefits of no 
tillage production, such as soil and water conservation and fuel and labor savings, due to reduced field preparation, 
reduced delays in post-transplant field operations following rains, and cleaner tobacco at harvest.  Phosphorus and 
potassium fertilizer rates can also be reduced if applied as band applications as strips are being made.  Probably the 
biggest impediment to adoption of strip tillage is the investment in the specialized equipment required (two 
implements at a total cost of approximately $27,500 currently, if purchased new).  Field research trials with grower 
cooperators have been conducted since 2008 with the following objectives: 1) compare crop performance in strip- 
tillage and conventional tillage systems; and 2) compare actual grower costs in machinery, tillage, chemicals, and 
labor requirements in strip-tillage and conventional tillage systems.  Results of this field research showed 
comparable yields from strip-tillage and conventional tillage in most years, with possible yield advantages for strip- 
tillage in dry years.  Economic assessment of tillage systems suggested a 61% reduction in land preparation costs, 
but a 78% increase in herbicide costs with strip tillage.  In some instances, a slight increase in labor cost was seen 
with strip-tillage where additional hand weeding was required, primarily to remove glyphosate-resistant horseweed 
(Conyza canadensis L.) that was present in strip tillage tobacco, but not present where cultivation was used in 
conventional tillage.  (Reprinted with permission) 
 
Key terms:  dark tobacco, strip tillage, economic analysis. 
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Macialek, J.A.; Ellington, G.H.; Utilization of modulating gas burners in bulk-curing barns.  Paper  #15 presented at 
45th Tobacco Workers' Conference, 2012.  NCSU BAE, 3110 Faucette Drive, Raleigh, NC 27695 USA. 
 
    Modulating burner technology was utilized to extend the longevity of heat exchangers used in flue-cured bulk 
barns.  Modulating burners continuously varied the burner firing rate during the curing process to better match the 
heat energy requirement and consequently reduce the heat exchanger thermal cycling.  Minimizing thermal cycling 
reduces the stresses on the heat exchanger surfaces that potentially result in cracks.  Stress cracks or leaks in the heat 
exchangers may expose the leaf to combustion gases that can result in increased levels of tobacco-specific 
nitrosamines (TSNA) in the cured leaf.  Testing during the 2011 curing season was conducted at two on-farm sites.  
Each location utilized a 10-box barn with a modulating burner and an identical adjacent check barn with a 
conventional burner.  The heat exchanger surface temperatures were monitored and recorded during curing to assess 
the measured temperature fluctuations associated with both type burners.  The modulating burner heat exchanger 
surface temperature was measured directly opposing the surface where the burner was mounted, and ranged from 
200°F to 500°F when the burner was operated continuously over a 24 hour period during leaf drying. The 
conventional burner cycled on for approximately 7 minutes, and off for approximately 3 minutes, and the heat 
exchanger surface temperature ranged from 725oF to 200°F.  The modulating burner technology was also utilized to 
increase the heat exchanger efficiency and potentially decrease fuel consumption.  However, the modulating burner 
resulted in marginal fuel savings.  The lowest attainable firing rate was too high to maintain a steady-state duty cycle 
during yellowing and stem drying, and as a result the modulating burner was controlled similarly to the conventional 
burner.  Additionally, the thermal efficiency of the heat exchanger was not increased at the minimum firing rate 
utilized.  (Reprinted with permission) 
 
Key terms: modulating burners, heat exchanger, thermal cycling, stress cracks, TSNA 
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Ellington, G.H.; Reducing electrical energy usage during curing.  Paper #16 presented at the 45th Tobacco 
Workers’ Conference, 2012.  Biological and Agricultural Engineering Department, North Carolina State 
University, Campus Box 7625, Raleigh, NC 27695 USA.  Telephone: 919-515-6793.  E-mail: 
ghelling@ncsu.edu. 
 
    The majority of the electrical energy consumed during bulk curing is associated with the electric motor 
driven fan.  The quantity of electrical energy varies with the load on the fan, length of the cure and the fan 
motor horsepower.  However, fan motors can operate for extended periods at a reduced load as the tobacco 
dries during curing.  As a result, energy and cost savings are possible by reducing the motor speed to match 
the time varying load.  Variable frequency drives (VFD) or adjustable speed drives were implemented at 
multiple on-farm locations to strategically reduce the fan speed during curing.  The electrical energy 
consumption was monitored and comparisons were made with a barn utilizing a VFD motor control and an 
identical barn that maintained a constant fan motor speed.  Additionally, a programmable logical controller 
(PLC) was utilized to automate changing the fan speed.  A typical schedule was to decrease the motor 
speed initially during the yellowing phase and again during the transition from leaf drying to stem drying.  
The fan motor was operated at rated speed all other times during the curing process and the maximum 
reduction in motor speed utilized during any cure was 20%.  The seasonal average electrical energy savings 
ranged from 10% to 25% (75 kWh to 425 kWh) and depended mainly on the fan motor horsepower.  The 
maximum energy savings attained during a single cure was approximately 32%.  Although this technology 
can be applied to any existing barn, barns utilizing 10 horsepower fan motors have the most electrical 
energy savings potential.  The cure duration was not increased as a result of reducing the fan speed and 
only minimal differences in the cured leaf quality were observed.  (Reprinted with permission) 
 
Key terms: curing, energy, fan, VFD. 
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Gooden, D. T.; Bett, R.; Johnson, B.; and Fortnum, B. A.; Curing efficiency as affected by various heat exchangers 
on flue-cured tobacco barns in South Carolina. Paper #18 presented at 45th Tobacco Workers Conference, 2012.  
Clemson University , Pee Dee Research and Education Center, 2200 Pocket Road , Florence, SC 29506-9706, USA. 
Telephone: 843-669-1912 ext. 203.  Fax: 843-661-5676. E-mail: dgooden@clemson.edu. 
 
    This study compared the impact of different heat exchangers on curing efficiency in South Carolina.  Studies were 
conducted in Georgetown County in 2010, in 2010 and 2011 in Marion County, and from 2009-2011 in Horry 
County.  Studies were conducted on the same barn at each location in each year.  All barns were equipped with 
automatic damper controls and a gas meter to measure propane usage.  Seven heat exchanger models were 
compared.  Fourteen barns were equipped with 5 different gas burners.  There were 5-6 cures/barn and all barns 
were uniformly loaded with similar tobaccos.  All barns were eight-box barns, except for 2 ten-box barns in Marion 
County.  Fuel usage and pounds of cured leaf/gallon of fuel used were compared.  Combustion efficiency and the 
stack temperature of each burner-heat exchanger unit were measured using an IMR-1400 combustion analyzer.  
Results were very similar across years for each barn.  Stack temperatures and combustion efficiencies were highly 
correlated.  Only two barns had stack temperatures greater than 500o F, while burner efficiency ranged from 75.7 to 
88.8%.  Propane usage ranged from 207 gallons/barn to a high of 488 gallons (home-made unit).  Cured leaf/gallon 
of propane ranged from 7.8 to 9.4 pounds in Georgetown County, to 6.8 to 15.9 for Horry County, and 8.3 to 11.5 in 
Marion County.  The home-made heat exchanger in Horry had the lowest burner efficiency, highest stack 
temperature, greatest fuel usage, and the poorest cured leaf efficiency.  A Long heat exchanger in Georgetown, the 
Tharrington in Horry (except for the home-made heat exchanger), and a Taylor in Marion, all produced the poorest 
cured leaf efficiency at their locations.  An Evans heat exchanger produced the greatest cured-leaf efficiency in both 
Georgetown and Marion Counties, while a Reddick and a Long single stack unit each performed best in Horry 
County.  (Reprinted with permission) 
 
Key terms:  curing efficiency, automatic damper controls, fuel savings, cured leaf/fuel volume. 
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Bett, R.; Gooden, D. T.; Fortnum, B. A.; The impact of adding additional insulation to flue-cured tobacco barns.  
Paper #19 presented at 45th Tobacco Workers Conference, 2012. Clemson University,  Pee Dee Research and 
Education Center, 2200 Pocket Road, Florence, SC 29506-9706, USA.  Telephone 843-669-1912 ext 203.  FAX 
843-661-5676.  E-mail:  dgooden@clemson.edu. 
 
    The objective of this work was to measure potential curing efficiency improvements by adding additional 
insulation to flue-cured tobacco barns.  Studies were conducted at four locations in 2008.  At two locations, old 
barns with no sidewall insulation were used.  Insulation was blown through a hole cut in the plywood sidewalls and 
the hole was resealed.  Batt insulation was also applied to the roof of these barns and covered with plywood.  At a 
third location where barns with sidewall insulation were used, batt insulation was added to the roof and back wall 
and then was covered with plywood.  At a fourth location, attempts were made to add additional batt insulation to 
sidewalls of a barn already insulated.  Curing efficiency improvements were measured by increases in cured 
leaf/gallon of propane used.  In the two non-insulated barns where insulation was blown into the sidewalls, curing 
efficiency was improved by 30%.  The insulated barn where batt insulation was added to the roof and back wall 
showed a 6% improvement.  There was no curing efficiency improvement at the fourth location, where additional 
batt insulation was added to the sidewalls of an already-insulated barn.  (Reprinted with permission) 
 
Key terms: Curing efficiency, insulation, fuel savings, cured leaf/ fuel volume. 
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Henderson, R.D.; Reed, T.D.; Gooden, D.T.; Fortnum, B.A.; Solar-assisted curing in flue-cured tobacco.  Paper #21 
presented at 45th Tobacco Workers’ Conference, 2012.  Clemson University, Pee Dee Research and Education 
Center, 2200 Pocket Road, Florence, SC 29506-9706, USA.  Telephone: 843-669-1912 ext. 259.  Fax: 843-661-
5676.  E-mail: rdhende@clemson.edu. 
 
    The first objective of this study was to develop a sound methodology for assessing the relative efficiency of a 
prototype curing barn that utilized solar heat collected in a plenum around the outside of the barn in lieu of side wall 
insulation.  Part of this assessment entailed creating a thermodynamic profile of the barn during the curing process to 
determine temperature uniformity throughout the barn.  Ambient outdoor temperature and weather conditions were 
also taken into consideration in reference to the overall efficiency of the prototype barn.  The goal was to better 
understand the prototype barn system as a whole.  Prior work with an identical prototype barn conducted at 
Blackstone, VA indicated this type of barn required less fuel for heating when compared to conventional barns of 
similar or same age.  Preliminary work conducted at Florence, SC was inconclusive, due to an unknown factor that 
prevented the prototype barn from reaching the maximum temperature range required in the latter stage of the curing 
process.  The second objective was to assess the viability of using synthetic gasses formed by the pyrolysis of local 
biomasses in lieu of liquid propane.  A small-scale gasification unit was selected for the production of synthetic 
gasses from readily available biomasses by the Clemson University Biosystems Engineering Research Program for 
evaluation during the year 2012.  This unit was set to be implemented and further assessed in the curing process for 
the 2013 growing season at Florence, SC. (Reprinted with permission) 
 
Key terms:  curing efficiency, fuel savings, biofuels, gasification 
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Miller, R.D.; Neal, B.R.; Weinberger, G.A.; Hensley, R.A.; Effects of variety, harvest date, and harvest management 
on burley tobacco quality.  Paper #23 presented at the 45th Tobacco Workers’ Conference, 2012.  Department of 
Plant and Soil Science, 321 Plant Science Building, University of Kentucky, Lexington, KY 40546-0312 USA.  
Telephone:  859-608-8868.  Fax: 423-638-6458.  E-mail: rdmiller@uky.edu. 
 
    A decline in leaf quality of burley tobacco has been observed in some markets in recent years.  While quality 
issues are likely related to adverse weather conditions during curing and to changes in production practices that have 
occurred since the end of quota restrictions, some growers have questioned the leaf quality of recently released 
burley varieties in comparison to older varieties TN 90LC and ms KY 14 X L8LC.  A study was conducted to 
determine the relative effects of variety, transplant/harvest dates, and harvest management on burley tobacco quality.  
Six varieties were evaluated at two transplant/harvest dates at three locations.  For each transplant/harvest date (mid-
May/mid-August and late June/late September), all plots were cut on the same day.  Harvest management treatments 
included: pick up from the field on the same day as cutting; pick up three days after cutting; pick up six days after 
cutting; and pick up 10 days after cutting.  When data were combined across locations, transplant/harvest dates, and 
harvest management practices, varieties had a minimal effect on cured leaf quality; a difference in grade index of 
only four points was observed among varieties.  However, much larger effects on quality were observed between 
transplant/harvest dates and among harvest management treatments, particularly when rainfall occurred while 
tobacco was in the field.  In the absence of rainfall, the grade index for the earlier transplant/harvest date was 19 
points higher than for the later date.  Leaving the tobacco in the field for up to six days before pick-up resulted in a 
relatively small decrease in the grade index if no rainfall occurred; however, waiting 10 days before pick-up resulted 
in a noticeable decrease in quality.  Rainfall occurring shortly after cutting resulted in a 30-50 point drop in the 
grade index, regardless of how long the tobacco remained in the field.  (Reprinted with permission) 
 
Key terms:  Burley tobacco quality, burley varieties, burley harvest management 
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Herbener, B. C.; Wilhoit, J. H.; Pearce, R. C.; Bailey, W.A.;  Evaluation of methods for wilting standing burley 
tobacco plants in the field.  Paper #24 presented at the 45th Tobacco Workers Conference, 2012.  Biosystems and 
Agricultural Engineering Department, University of Kentucky, Lexington, KY  40546 USA.  Telephone: 859-257-
3000 ext 208.  E-mail: ben.herbener@gmail.com 
 
    Traditionally, tobacco harvesting has been done manually by hand because of green plant weight, volume, and 
leaf fragility.  This study examined possible ways to quickly and cost-effectively pre-wilt a plant in the field as a 
way to reduce weight, volume, and leaf fragility.  Several methods of pre-wilting burley tobacco plants in the field 
were explored: root pruning, stalk girdling, freezing with liquid nitrogen, burning, and finally, a 28-inch diameter 
hydraulically-actuated coulter disc was used to root-prune the plants en masse.  Experiments were conducted at three 
locations over three consecutive years during standard tobacco harvest times.  During the second year of 
experimentation, refinements were made to the experimental model, and new methods were added to the pre-wilting 
process, and time-lapse photography was used for qualitative data recording.  The third year was used to test a 
mechanized implement’s viability.  In a few cases, pre-wilting was significantly increased as measured by visible 
leaf droop angle and water content being lower than comparable controls.  Although a few individual wilted plants 
were observed, none of the factors investigated for causing wilting were statistically significant on a large scale 
basis.  For implementation of in-field wilting of tobacco to be economically feasible, it will be necessary to achieve 
a significant loss in water content on a high proportion of the tobacco plants (>90%).  At this time, no method of 
consistent in-field wilting of tobacco plants has been established.  Further exploration with the root pruning 
implement would be warranted if precision agriculture (such as GPS auto-steer) could be added.  (Reprinted with 
permission) 
 
Key terms: wilting, implement, root-prune, mechanized harvesting 
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Bridges, T. C.; Walton, L. R.; Evaluation of the impact of growing season moisture on burley crop quality.  
Paper #26 presented at 45th Tobacco Workers' Conference, 2012.  Biosystems and Agricultural 
Engineering Department, University of Kentucky, Lexington, KY 40546-0276 USA.  Telephone: 859-257-
3000 ext 209.  Fax: 859-257-5671.  E-mail: tbridges@bae.uky.edu. 
 
    The yearly grade index was calculated and used as a measure of burley quality for the years of 1959 - 
2000.  Grade index is a numerical standard that provides an overall measure of crop quality based on 
approximately 110 grades established by the U. S. government grading system.  The numerical grades were 
divided into 3 major color groups: a tan or buff group containing XL, XF, CL, CF, BF and TF grades; a red 
or tannish red group containing the BFR, BR, TFR, TR and MFR grades and a green group containing 
grades with V, VF, VR, G, GF and GR designations.  Color group correlations with grade index found the 
tan group to be significantly positive (<.0001); the red group was positive but not significant, and the green 
group was significantly negative (<.0001).  Green color is detrimental to overall crop quality and is 
generally thought to occur when curing conditions are less than ideal.  However, a previous study used an 
available moisture index (precipitation minus evapotranspiration) to identify a critical moisture interval 
(CMI) during the growing season that had a significantly negative correlation (.0045) with the yearly per 
cent of green burley tobacco.  For Lexington, KY this CMI begins day 34 of the growing season (or 
approximately 5 weeks into the season) and lasts for 25 days (approximately 3.5 weeks).  The CMI 
statistics showed a 42 year average precipitation of 3.63 inches while the evapotranspiration average was 
4.35 inches, for almost a 0.75 inch moisture deficit.  Such a deficit may set up conditions contributing to 
additional green color.  Prediction statistics showed the amount of green leaf as a function of available 
moisture yielded an r2 value of 0.1845 indicating that the moisture deficit was responsible for 
approximately 18 – 20 per cent of yearly green color. (Reprinted with Permission) 
 
Key terms: burley tobacco, grade index, crop quality, available moisture index 
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Wells, L.G.1; Goudouneche, J.L.2; Smith, T.D.1; Day, G.B., V1; and Harpring, M.3; Mechanical harvesting of 
burley tobacco in France.  Paper #28 presented at the 45th Tobacco Workers Conference, 2012. 1University of 
Kentucky; 2Association Nationale Interprofessionnelle et Technique du Tabac (ANITTA), France; 3GCH 
International, Inc. Telephone: 859-257-3000. Fax: 859-257-5671. Email: lwells@bae.uky.edu 
 
    A GCHI ‘Gold Standard’ burley tobacco harvesting system, including a harvester and 800 curing racks, was 
purchased by the Nord and Loire Tabac Cooperative and operated at 22 locations in France in 2011. The Tabac 
Garonne Adour, Perigord Tabac and Midi Tabac Cooperatives purchased an additional 400 curing racks and 
participated in the evaluation of the GCHI system. Jean-Luc Goudouneche (ANITTA) organized and supervised a 
comprehensive evaluation of the GCHI system at 22 locations, spanning western France from the Loire valley to 
the Pyrennes and east to Clermont-Ferrand. Harvesting operations began in early August and ended in mid-
September. The GCHI harvesting system employs a fully-automated, self-propelled harvester operated by one 
worker. Mature burley plants are harvested and placed into steel curing racks at a density of 43 plant/m2. Five 
empty racks are loaded onto the harvester by a second worker operating a ‘tele-handler’ or similar 
loader/transporter. The nominal operating capacity in the USA was measured as slightly greater than 0.2 ha/hr. 
Time-and-motion data were collected during operations from August 10 to August 25. Data was collected at eight 
(8) locations at which 11 ha of burley was harvested. Data was collected during filling of 203 of approximately 
320 racks filled at these locations. Mean harvesting capacity was 0.178 ha/hr, ranging from 0.222 ha/hr to 0.129 
ha/hr. On average, the harvester placed plants into racks during 47% of total operation time. Thus, 53% of 
operation time was spent turning between rows, discharging filled racks, loading empty racks, correcting 
malfunctions, making repairs, refueling, etc. During 10 hours of operation, the system harvested 1.78 ha using 2 
workers; a task that would require nearly 27 workers to complete using current conventional harvesting methods in 
France. The results also showed that the harvesting rate can be increased by improving field layout and using 
experienced loader operators. (Reprinted with Permission) 
 
Key terms: mechanical harvest, burley, France. 
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Wilhoit, J. H.; Ash, D. K.; Duncan, G. A.;  A new stick-harvested burley transport and housing system.  Paper #29 
presented at the 45th Tobacco Workers Conference, 2012.  Biosystems and Agricultural Engineering Department, 
University of Kentucky, Lexington, KY 40546 USA.  Telephone: 859-257-3000 ext 208.  E-mail: 
jwilhoit@bae.uky.edu. 
 
    With this new concept, stick-harvested tobacco is hung directly on three loose wooden rails (14 ft long) and 
pulled through the field on a special rail wagon.  The rails are picked up using a large set of forks mounted on a 
tractor front-end loader and transported to a field structure where the rails are set down on beams spaced 13’ apart.  
The tobacco is covered with plastic for curing as with traditional outside field structure curing.  The potential 
advantage from this concept comes from transporting and hanging a large number of tobacco sticks (~50) as a unit.  
To realize this advantage, it is critical that the time required to transport loads of tobacco to the field structure be 
minimized.  Accordingly, a new type of portable wooden “sawhorse” was developed to facilitate setting up field 
structures close to the tobacco field.  These portable sawhorses are fairly low-cost, and can be set up, taken down, 
and moved out of the field using the same forks used to transport the wooden rail loads of tobacco sticks, facilitating 
off-season mowing and prolonging the life of the sawhorses if they are stored out of the weather.  In trials harvesting 
~1 acre of tobacco using this system, the time to pick up the load from the rail wagon and place it on the sawhorses 
averaged less than 5 minutes.  Based on conservative estimates of travel speeds and loading and unloading times, 
and a distance of 300 ft from the tobacco field to the field structures, the time required per load with the system 
would be about 8 minutes, or a total of 3.2 hr/acre (based on 24 loads/acre).  Even without using the tractor and 
forks to handle and transport the load, the portable sawhorses and wooden rails could be an efficient option for 
curing capacity expansion. (Reprinted with permission) 
 
Key terms:  burley, harvesting, mechanization, portable field structure, sawhorse  
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Bailey, W. A.; Rodgers, J. C.; Hill, R. A.;  Preliminary evaluation of mechanical harvest techniques in dark tobacco.  
Paper  #30 presented at the 45th Tobacco Workers’ Conference, 2012.  University of Kentucky, Research & 
Education Center, 1205 Hopkinsville St., Princeton, KY 42445 USA.  Telephone:  270-365-7541 x 240; Fax:  270-
365-2667.  Email:  abailey@uky.edu. 
 
    Field experiments were conducted near Princeton, KY in 2008, 2010, and 2011 to evaluate performance of a L’ 
Arboguette® walk-behind mechanical tobacco harvester and a Kirpy® pull-type mechanical tobacco harvester 
compared to traditional manual harvest in dark and burley tobacco.  In 2008, two dark tobacco varieties with 
opposing growth habits (upright ‘KT D4LC’ and prostrate ‘NL Madole LC’) were used.  In 2010 and 2011, the 
prostrate dark varieties ‘PD 7318LC’ and ‘PD 7309LC’ were used as well as ‘NC 7 LC’ burley.  Overall evaluation 
of these mechanical harvesters compared to manual harvest showed that mechanical harvest may be more feasible in 
burley tobacco than in dark tobacco, as dark tobacco generally requires field wilting on the ground after cutting to 
minimize leaf breakage and bruising before plants can be put on sticks and loaded.  Of the two harvesters evaluated, 
the walk-behind performed better in dark tobacco because it allows field wilting, while tobacco harvested with the 
Kirpy machine is immediately loaded onto flatbed wagons.  In each year, the cutting operation in dark and burley 
tobacco was at least twice as fast with the walk-behind harvester as manual harvest, while the cutting operation with 
the Kirpy harvester was similar to the rate of cutting with manual harvest.  However, there was more leaf loss 
associated with either mechanical harvester compared to manual harvest in 2008 and 2011.  In 2010, an extremely 
dry crop year, tobacco was smaller than and not nearly as brittle as in most years, which minimized harvest losses.  
Harvest losses in dark tobacco ranged from 7 to 10% with the walk-behind harvester but were as great as 19% with 
the Kirpy harvester compared to manual harvest.  Harvest losses in burley were no more than 2% with either 
harvester compared to manual harvest.  (Reprinted with permission) 
 
Key terms:  mechanical tobacco harvest, dark tobacco, burley tobacco. 
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Sperry, R. G.; Wilhoit, J. H.; Ash, D. K.;  Development and evaluation of a burley tobacco mechanical stripping 
concept utilizing string trimmers.  Paper #31 presented at the 45th Tobacco Workers Conference, 2012.  Biosystems 
and Agricultural Engineering Department, University of Kentucky, Lexington, KY  40546 USA.  Telephone: 859-
257-3000 ext 208.  E-mail: jwilhoit@bae.uky.edu. 
 
    Conventional stripping of burley tobacco is very labor intensive and typically requires anywhere from about 50 to 
75 wkr•hr/ac (worker hours per acre).  A new mechanical stripping concept has been developed that utilizes string 
trimmers to remove the tobacco leaf from the stalk, and grades based on stalk position as the stalk is conveyed past 
multiple string trimmer heads (one for each grade).  Brushes serve to funnel the plant past the string trimmers and 
pull the leaves back, aligning them for better stripping efficiency by the string trimmers.  In tests with the initial 
prototype stripping a single grade, a string length of 7 inches and a motor speed greater than 3000 RPM was judged 
to be the optimum combination of string length and motor speed based on stripping efficiencies.  In tests with the 
prototype stripping three grades (the flyings were stripped by hand), stripping efficiency averaged 97%.  In particle 
size analysis tests run to determine potential losses due to leaf shredding, 5.6% of the total leaf weight mechanically 
removed was smaller than 1 x 1 inch.  Modifications have been made to the initial prototype to open and close stalk-
holding cups and to eject stalks from the cups after the leaf has been stripped, to facilitate operational feeding of the 
machine.  Mechanisms have also been added to open and close the brushes to help the stripped leaf to fall more 
easily into boxes for collection.  Potential productivity with this machine is 26 wkr*hr/ac with a four person crew, 
with a production rate of about 1.25 acres of tobacco per day.  Further work is planned with this concept to assess 
grading accuracy and the potential for foreign matter (from the plastic string) in the tobacco. (Reprinted with 
Permission) 
 
Key terms:  burley, mechanization, stripping, string trimmer 
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Wells, L.G.; Smith, T.D.; and Day, G.B., V; High-capacity market preparation for burley tobacco. Paper  #32 
presented at the 45th Tobacco Workers’ Conference, 2012. Biosystems and Agricultural Engineering Department, 
University of Kentucky, Lexington, KY 40546 USA. Telephone: 859-257-3000. Fax: 859-257-5671. E-mail: 
lwells@bae.uky.edu. 
 
    A high-capacity market preparation method for whole-plant, air-cured burley tobacco was investigated. Cured 
plants were cut into axial segments and leaf and stalk material were separated via mechanical/pneumatic 
processing.  Fifty cured plants were cut into 4-in. and 6-in. segments using a vertical band saw, with initial 
registering at the base of each stalk. Loose leaf material and leaf material remaining attached to stalk segments was 
collected for each segment. Additional ten-plant samples were segmented into both 4-in. and 6 in. segments, and 
leaf material attached to segments was removed and separated into lamina and midrib components. All samples 
were oven-dried for 24 hr at 105 oC to determine dry matter present. Average percent leaf dry matter remaining 
attached to stalk segments (assumed to be discarded or lost) was 13.1 and 9.6 % for the 6-in. and 4-in. segments, 
respectively. The highest percentage of leaf matter remaining attached to stalk segments was in the lower portion 
of plants. Leaf material dry matter remaining attached to stalk segments was 73.0% midrib and 27.0% lamina for 
6-in. segments and 72.3% midrib and 27.7% lamina for 4-in. segments. This suggested a potential benefit to 
manufacturers by removing midrib material destined for disposal in processing. To investigate the feasibility of 
baling segmented leaf material, whole cured plants were passed through a modified forage chopper and cut into 
segments ~ 2.5 in. long, the longest segment possible with this machine. Most stalk material was manually 
removed. Approximately 600 lb of mostly leaf material was baled in a large tobacco baler (40 in. x 40 in. x 42 in.) 
using 5 tie wires. Leaf material sloughed from the bale with minimal handling. Two additional tie wires were 
added (seven total) and the material was re-baled. Very little material sloughed from simulated handling of the 
seven-wire bale. (Reprinted with permission) 
 
Key terms: plant segmentation, leaf/stalk separation. 
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Chambers, O.D.; Mundell, R.E., Jr.; Rice, J.H.; Millwood, R.J.; Stewart, C.N.; Davies, H.M.;  Nicotiana 
hybrids for the contained production of plant-made materials.  Paper  #33 presented at the 45th Tobacco 
Workers' Conference, 2012.  KTRDC, 1401 University Dr., University of Kentucky, Lexington, KY 
40546-0236 USA.  Telephone: 858-257-7044.  Fax 859-323-1077.  E-mail: ochamb@uky.edu. 
 
    The Kentucky Tobacco Research and Development Center (KTRDC) research mission includes the 
development of tobacco as a production system for pharmaceutical and industrial materials.  Strict 
regulatory requirements to safeguard the conventional crop from co-mingling concerns and to protect the 
environment from an accidental loss of containment are in place.  Still there is a need to develop 
specialized farming methods and custom tobacco varieties for these new applications of the crop to reduce 
production costs and optimize the suitability of tobacco for such applications.  Highlights of this work to 
develop a specialized tobacco crop include work on developing custom tobacco varieties with traits such as 
identity preservation, sterility, and engineered disease, insect, and herbicide resistance, as well as novel 
production methods such as multiple and machine harvesting. Results suggest biomass production of 
70,000 to 80,000 kg/ha can consistently be obtained.  In addition, results from a collaborative project 
between the University of Kentucky and the University of Tennessee showing the outcrossing potential of a 
KTRDC hybrid were presented.  The research used a modified Nelder-wheel design to field test gene-flow 
from a KTRDC hybrid to indicator plants and to assess seed set on the hybrid.  The results suggested a high 
level of sterility for the KTRDC hybrid and thus potential for improved containment of genetically 
engineered tobacco production.  (Reprinted with permission) 
 
Key terms:  genetic engineering, containment, sterile hybrid  
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Zaitlin, D.; Yuan, L.;  Nicotiana benthamiana genetics and genomics.  Paper #36 presented at 45th 
Tobacco Workers’ Conference, 2012.  Kentucky Tobacco Research & Development Center University of 
Kentucky 1401 University Drive Lexington, KY 40546 USA.  Telephone 859-257-7511.  E-mail: 
dzait2@uky.edu. 
 
    Nicotiana benthamiana is widely used in plant biology: it is an excellent host for studies of viral 
replication and gene silencing, and is the preferred platform for transient gene expression via 
agroinfiltration.  N. benthamiana has also become important for commercial-scale production of high value 
medicinal and industrial proteins.  Despite this, genomic resources for N. benthamiana are under-
represented and lag far behind other species in the Solanaceae.  KTRDC has initiated a project to increase 
the genetic and genomic tools available for this species.  Using next-generation sequencing technology, we 
have assembled extensive EST libraries from roots, leaves, flowers and developing seed capsules that will 
be accessible to the research community via a public BLAST server.  We are beginning work on a 
molecular genetic linkage map of the N. benthamiana genome that will be based on simple sequence repeat 
(SSR), conserved ortholog sequence (COS), and expressed gene loci.  This map will enable evolutionary 
comparisons to the genomes of important solanaceous crop species such as potato, tomato, pepper and 
tobacco.  Recent molecular genetic investigations have shown that there is very little genetic diversity 
present in research accessions of N. benthamiana.  Therefore, the third part of the KTRDC project will be 
to introduce genomic, phenotypic and biochemical diversity into this species using fast-neutron (FN) 
radiation, which is known to cause chromosomal deletions in plants.  Our initial target is a minimum of 
20,000 irradiated lines, and we expect this effort to require several years to complete.  We have defined the 
FN dose for N. benthamiana, and the first set of irradiated plants (M0 generation) are growing in the 
greenhouse.  Fertile M0 plants will be self-pollinated, and phenotypic selection will be undertaken in the M1 
generation.  (Reprinted with permission) 
 
Key terms: Nicotiana benthamiana, EST libraries, linkage mapping, fast-neutron mutagenesis!
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Eickholt, D.P.; Lewis, R.S.;  Field evaluation of an introgressed QTL affecting days to flowering and its relation to 
yield and quality in flue-cured tobacco.  Paper #40 presented at 45th Tobacco Workers’ Conference, 2012. Box 
7620, NCSU Campus, Raleigh, NC 27695.  Email: dpeickho@ncsu.edu.  
 
    Increasing the length of the vegetative growth period in tobacco (Nicotiana tabacum L.) may increase yield, in 
turn increasing the return per acre for growers.  We examined an introgression genomic region designated as Many 
Leaves from the wild tobacco species Nicotiana tomentosa in three genetic backgrounds, K326, NCTG-61 and 
Speight 168.  The Many Leaves introgression was previously reported to significantly increase days to flowering, 
leaf number and green tissue yield.  However, previous research has not evaluated the effect of the introgression has 
on harvestable yield and quality.  To evaluate the effect of the introgression, parental lines were compared to 
individuals heterozygous and homozygous for Many Leaves, in addition to null segregants.  A split-plot RCB design 
was used with nitrogen rate being the main plot factor and genotype being the split-plot factor.  Across all genetic 
backgrounds, the Many Leaves introgression significantly increased days to flowering, plant height, leaf number, 
leaf weight per unit area, reducing sugars and yield.  Grade index and value per hundredweight (estimates of cured 
leaf quality), were not significantly reduced in the NCTG-61 and Speight 168 backgrounds.  Across all genetic 
backgrounds, one copy of the Many Leaves introgression significantly increased return per acre for growers by 
$345.  Nitrogen rate had no significant effects on any of the traits measured.  These results demonstrate that this 
novel genetic variation that delays flowering time and increases leaf number may have a positive effect on yield and 
return per acre and may be of use to breeding programs. (Reprint with permission) 
 
Key terms: genetic variation, plant height, leaf number, leaf weight, reducing sugars 
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Lewis, R.S.;  Status of the U.S. Nicotiana germplasm collection: What to do next?  Paper #41 presented at the 45th 
Tobacco Workers’ Conference, 2012.  Crop Science Department, N.C. State University, Campus Box 7620, 
Raleigh, NC  27695 USA.  Telephone: 919-513-4802.  Fax 919-515-3332.  E-mail: ramsey_lewis@ncsu.edu. 
 
    The genus Nicotiana is a member of the nightshade (Solanaceae) family, and is comprised of 76 currently 
recognized, naturally occurring species.  A storehouse of genetic diversity for N. tabacum is available in 
approximately 1,900 accessions currently maintained by the United States Nicotiana Germplasm Collection.  Seeds 
of 224 accessions representing 59 wild Nicotiana species are also maintained.  The collection is a component of the 
National Plant Germplasm System (NPGS) and data for accessions is available on the Germplasm Resources 
Information Network (GRIN).  However, due to 1994 legislative language banning the use of taxpayer dollars for 
tobacco-related research activities, no federal money is available to support maintenance and distribution of 
materials in the collection.  Despite this, genetic variability within N. tabacum and related species has gained 
increased attention in recent years because of investment in tobacco genomics research and a desire to develop 
tobaccos with novel taste or reduced harm characteristics.  The collection is currently in excellent condition, but the 
future of monetary support for the curator position is uncertain.  Consistent financial support is required to maintain 
the collection and distribute materials to interested researchers.  (Reprinted with permission) 
 
Key terms:  genetics, crop improvement 
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Jack, A.M.; Fannin, F.F.; Ji, H.; Yang, W.; Bush, L.B.;  Selection of the low alkaloid trait: Part 1, 
phenotypic selection.  Paper #42 presented at 45th Tobacco Workers' Conference, 2012. Kentucky Tobacco 
Research & Development Center, University of Kentucky, 322 Plant Science Building, Lexington, KY 
40546, USA. Telephone: 859-281-0294. Fax: 859-257-7125. E-mail: amjack2@uky.edu. 
 
    The objective of this study was to find the best sampling stage for phenotypic selection of low alkaloid 
genotypes.  Traditionally, breeders sampled mature plants in which the alkaloids were higher and could be 
measured more easily.  However, with modern laboratory instrumentation, it is possible to measure much 
lower alkaloid levels.  Early sampling would be more convenient for selection, because data would be 
available before flowering.  Three sampling times were compared for two sets of material, in two separate 
studies over two years.  In the first, TN 90LC (HA, high alkaloid) and LI TN90LC (low-intermediate) were 
sampled at three stages; four weeks after setting, as per the LC Protocol (early), two weeks after topping 
(late) and four weeks after topping (harvest).  Total alkaloids in the early sampling fell into distinct groups 
for each variety, with no overlap.  However, there was considerable overlap between the varieties in the 
late and harvest samplings.  In the second study, the four lines from the Burley 21 alkaloid series, HA, HI 
(high-intermediate), LI and LA (low alkaloid) were sampled early, late and at stripping.  In the early 
sampling, the LA and LI each fell into a distinct group with no overlap; the HA and HI had a great deal of 
overlap with each other, but not with the LI or LA.  Early sampling is therefore not only possible, but is 
preferable because it allows better separation of genotypes.  Low alkaloid lines are often high converters, 
and should be screened during selection.  When sampled early, this can be done concurrently with alkaloid 
selection, using independent culling levels.  The levels of nicotine and nornicotine in low alkaloid lines are 
often close to the level of quantitation.  For this reason, it is advisable to use a larger amount of sample and 
adjust the results accordingly.  (Reprinted with permission) 
 
Key terms: low alkaloid, conversion, HA, HI, LI, LA 
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Bailey, W.A.; Rodgers, J.C.; Hill, R.A.;  Mechanical sucker control applications in dark and burley tobacco.  Paper 
#44 presented at the 45th Tobacco Workers’ Conference, 2012.  University of Kentucky, Research & Education 
Center, 1205 Hopkinsville St., Princeton, KY 42445 USA.  Telephone:  270-365-7541 x 240.  Fax:  270-365-2667.  
Email:  abailey@uky.edu. 
 
    Dark-fired and burley tobacco experiments were conducted near Murray, KY, in 2011 to evaluate sucker control 
from mechanical spray applications containing maleic hydrazide (MH) and MH-free treatments applied with 
standard 3-nozzle per row arrangements or through conveyor hoods placed over 3-nozzle per row systems.  
Applications included fatty alcohol (Off Shoot T®) applied 1 wk prior to topping and at topping, MH (Royal MH-
30®, 1.5 lb ai/gal), flumetralin (Flupro®), and Butralin.  MH treatments in the dark trial included MH (1.5 or 1.0 
gal/A) + Flupro (0.5 gal/A) or MH alone at 1.5 gal/A.  Non-MH treatments in the dark trial included sequential (2) 
applications 1 wk apart of Off Shoot T + Flupro or Off Shoot T plus Butralin.  Data for percent sucker control, 
number of plants with suckers per 30 plants, green sucker weight per 10 plants, and dark-fired yield showed that any 
MH treatment resulted in sucker control and yield that was much better than sequential applications with Flupro or 
Butralin.  Sucker control from MH treatments was not affected by use of conveyor hoods, while sucker control in 
non-MH treatments was slightly improved with the use of conveyor hoods.  In the burley trial, only MH treatments 
from the dark trial were included along with the control treatment.  Sucker control in the burley trial ranged from 93 
to 98% in MH treatments and was not affected by the use of conveyor hoods.  Leaf samples were collected from 
MH treatments in the burley trial, and we analyzed for MH residue content.  There were significant reductions in 
MH residue where MH rate was reduced to 1 gal Royal MH-30/A and where conveyor hoods were used with 1.0 or 
1.5 gal Royal MH-30/A.  (Reprinted with permission) 
 
Key terms:  sucker control, MH residue 
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Pearce, B; Zeleznik, J.; Denton, P.; Bailey, A.; Sucker control methods for burley tobacco production. Paper #45 
presented at the 45th Tobacco Workers Conference, 2012. University of Kentucky, 1405 Veterans Drive, Lexington, 
KY 40546-0312, USA. Email: rpearce@uky.edu. 
 
    Maleic Hydrazide (MH) has been a standard material used for sucker control in burley tobacco production for 
more than 50 years.  In the late 1990s, burley growers shifted from MH only applications made with hollow cone 
nozzles to tank mix applications of MH plus a dinitroanaline (DNA) applied as a coarse spray with full cone 
nozzles. During this transition, average MH residue levels on cured burley leaf decreased almost 50% as measured 
on samples taken at the point of marketing.  Despite relatively low average MH residues on burley tobacco, there are 
still industry concerns about high residue levels for some growers in some seasons.  This paper reported on a series 
of studies looking at the impact of reduced MH application rates on sucker control efficacy.  During these studies it 
was observed that MH at a reduced rate of 2.52 kg a.i. ha-1 was often as effective as the full rate of 3.36 kg a.i. ha-1 
when used alone.  When used in combination with a DNA, a reduced MH rate of 1.68 kg a.i. ha-1 was often as 
effective as the recommended rate of 2.52 kg a.i. ha-1.  At lower rates of MH there were more sucker escapes and 
control was less consistent than at higher rates.  Results of this study suggested that MH rate reduction is a feasible 
mechanism to reduce the chance of high residues in cured leaf without significantly reducing sucker control.  
(Reprinted with permission) 
 
Key terms: Maleic hydrazide. 
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Denton, H. P.; Pitt, W. D.; Click, C.;  Sucker control in burley tobacco with reduced use of maleic hydrazide.  Paper 
#47 presented at the 45th Tobacco Workers’ Conference, 2012.  Plant Science Department, University of Tennessee, 
2431 Joe Johnson Dr., Knoxville, TN 37996, USA.  Telephone 865-974-8839.  E-mail pdenton@utk.edu. 

    Maleic hydrazide (MH) is widely used for sucker control in US burley tobacco.  Recently, some tobacco 
manufacturers have expressed concern about MH residues in US burley and requested that producers reduce MH 
application rates.  This may reduce MH residues, but possibly at the cost of reduced sucker control, especially if the 
sucker control materials are applied using overhead spray booms rather than by hand boom to individual plants.  
This study investigated the effects of various sucker control practices involving reduced or zero MH rates combined 
with local systemic (dinitroanaline or DNA) sucker control materials and fatty alcohols.  The study was conducted at 
the Highland Rim Research and Educations Center at Springfield, TN in 2009, 2010 and 2011.  Sucker control 
materials were applied using an overhead spray boom mounted on a high clearance sprayer in 50 to 60 gallons of 
solution per acre.  MH rates evaluated (lb ai/ac) were 2.25 (full rate), 1.5 (reduced rate) and 0 (MH-free).  These 
were combined with various rates and application timings (relative to topping) of DNA and fatty alcohols.  A topped 
but untreated check was included for comparison.  The efficacy of the reduced MH and MH-free treatments varied 
between years according to sucker pressure.  Generally, reduced MH and most MH-free treatments gave good 
control when sucker pressure was light, and poor control when the pressure was moderately heavy.  Good control 
resulted when applications of fatty alcohol (alone) 5 days before topping and at topping (as a part of the tank mix 
with MH and DNA) were added to a reduced MH treatment.  Delaying part or all of the DNA application until 5 
days after topping did not improve, and sometime reduced, sucker control. Generally, reduced MH treatments 
combined with pre-topping and at-topping fatty alcohol applications gave much better control than any MH-free 
system. (Reprinted with permission) 

Key terms: Maleic hydrazide, reduced MH, MH-free, burley tobacco, sucker control. 
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Neal, B.; Pearce, B;  Nozzle type and arrangement alternatives for improved application of suckercides in burley 
tobacco (Nicotiana tabacum L.). Paper #48 presented at the 45th Tobacco Workers Conference, 2012. University of 
Kentucky, 1405 Veterans Drive, Lexington, KY 40546-0312, USA. Email: rpearce@uky.edu. 
 
    Concerns about maleic hydrazide (MH) residue may result in reductions or perhaps elimination of MH on burley 
tobacco.  Other types of sucker control materials are available, but may require more precise placement of the 
chemical in order to achieve good stalk run-down of the product for acceptable sucker control. The objective of this 
experiment was to determine the efficiency of different combinations of nozzles as measured by the interception of 
spray solution by leaves. To measure the interception of solution, the top four leaves of a burley tobacco plant were 
replicated out of metal flashing.  The flashing was cut into the shape and size of leaves based on measurements from 
actual burley plants.  The artificial “leaves” were attached to a burley stalk in a manner to reflect the normal leaf 
arrangement of the top four leaves.  The artificial plants were sprayed with different nozzle and plant configurations 
and the solution collected by each leaf was funneled to a collection cup and measured. Two nozzle set-ups tested 
were a TG3-TG5-TG3 and the TG4-TG6-TG4.  When the sprayer was centered directly over the row both 
arrangements were comparable.  When the sprayer was offset 15 cm to the side of the row, the amount of solution 
collected decreased by 50% for the TG3-TG5-TG3 arrangement.  The TG4-TG6-TG4 arrangement was less affected 
by row alignment.  Vertical leaf position also had a significant effect on solution collected.  When leaves were 
upright, simulating heat/drought stress, the amount of solution collected was reduced by more than 50% for all 
nozzle arrangements. The results of this study confirm that careful application procedures and timing are necessary 
to achieve good rundown of spray solution on tobacco leaves.   (Reprinted with permission) 
 
Key terms: Maleic hydrazide, full cone nozzles. 
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Denton, H. P.; Click, C.; Peek, D. R.; Whitley, S.; Pearce, R. C.; Effect of  reduced rates of maleic hydrazide on 
sucker control and MH residues in regional burley sucker control tests.  Paper #50 presented at the 45th Tobacco 
Workers’ Conference, 2012.  Plant Science Department, University of Tennessee, 2431 Joe Johnson Dr., Knoxville, 
TN 37996, USA.  Telephone 865-974-8839.  E-mail pdenton@utk.edu. 
 
    Maleic hydrazide (MH) is widely used for sucker control in US burley tobacco.  Recently some tobacco 
manufacturers have expressed concern about MH residues in US burley and requested that producers reduce MH 
application rates.  It is generally assumed that reduced application rates should result in lower residue in cured leaf, 
but few studies have actually investigated this relationship in burley.  Universities in the US burley growing region 
annually conduct a regional sucker control test at five locations.  In recent years these studies have examined the 
efficacy of varying rates of MH.  Samples of cured tobacco were collected from treatments with varying rates of 
MH in the regional burley sucker control tests in 2009 and 2010.  Rates evaluated were 1.5, 2.25 and 3.0 
pounds/acre ai of MH.  Samples were taken from three stalk positions- cutter, leaf and tips.  Samples were obtained 
from two locations in 2009 and five in 2010.  MH residues in 2009 were generally low, less than 25 ppm in all cases 
except one, and generally below the detection limit of 10 ppm at the lowest rate.  In 2010, MH rates were much 
higher.  There was a very clear trend of reduced MH residues from reduced MH rates.  At one location with dry 
conditions after topping, residues from the standard recommended rate of MH (2.25 lbs/ac ai), exceeded 100 ppm.  
At all other locations, MH residues were below 80 ppm at the two lowest rates at all stalk positions.  At the highest 
rate, residues exceeded 80 ppm in at least one stalk position at four of five locations.  Across all five locations in 
four recent years, sucker control was not different between MH rates of 1.5 and 2.15 lbs/ac ai when MH was 
combined with a local systemic material.  (Reprinted with permission) 
 
Key terms: Maleic hydrazide, MH residue, burley tobacco, sucker control 
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Bargiacchi, E.; Miele, S.; Bertola, R.; Milli, G.; Natural chestnut tannins use in tobacco crop.  Paper #51b presented at 
45th Tobacco Workers’ Conference, 2012.  University of Pisa, Department of Agronomy and Agroecosystem 
Management, Via S.  Michele degli Scalzi, 2, 56124 Pisa, Italy.  Telephone: +39 050-221-8939.  Fax +39 050-221-
8970.  E-mail: smiele@agr.unipi.it. 
 
    Natural sweet chestnut tannins (NCT), hot water-extracted from untreated wood and membrane-concentrated to 17% 
DM (13% tannins), are presently diffusing in tobacco crop in Central Italy, as a starter treatment in transplant irrigation 
water, at 2-5 percent concentrations.  In comparative tests, this treatment has proved to be as good as an ordinary starter 
fertilizer application (10-34-0 banded at crop transplanting) to boost early plant growth and rooting, with interesting 
side effects in soils prone to nematode infestation.  In this latter case, the first application in transplant water is 
completed by further 4-5 treatments in microirrigation.  The complete treatment program requires, on average, 35-45 
kg/ha of actual tannins, at costs comparable with, or lower than, ordinary nematicides.  However, chemical nematicides 
cannot be used (or have temporary and limited permission of use) under the agro-environmental-oriented crop 
programs, which are presently extending to most crops in Europe.  So NCT may represent an interesting, natural 
alternative when agrochemical residue-free crop products are sought.  We are presently investigating the activity of 
several fractions of the raw NCT to (possibly) identifying: those more active for their (i) nutritional effects (on P-Fe-Zn-
Mn), due to their acidifying and complexing action; (ii) action on nematodes; and (iii) antioxidant and antimicrobial 
activities for several applications, included the nutraceutical and bio-medical ones.  Chestnut tannins are presently 
labeled in Italy for agricultural uses as a natural soil and water corrective, iron complexing agent, and nitrogen retarder.  
They have been applied also for labeling as biostimulants, which permits to claim their action in increasing plant 
tolerance to nematodes.  (Reprinted with permission) 
 
Key terms: chestnut tannins, plant starter effect, nematode control 
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Denton, H. P.; Pitt, W. D.; Click, C.;  Strip-till systems for burley tobacco in Tennessee.  Paper #52 presented at the 
45th Tobacco Workers’ Conference, 2012.  Plant Science Department, University of Tennessee, 2431 Joe Johnson 
Dr., Knoxville, TN 37996, USA.  Telephone 865-974-8839.  E-mail pdenton@utk.edu. 
 
    Interest is increasing in the use of strip-till in burley and dark tobacco in Tennessee and Kentucky.  This is due to 
fuel costs, labor costs and an increased concern for soil conservation as tobacco operations expand and shorten 
rotations, leading to more soil erosion potential.  The objectives of this study were to evaluate alternative strip-till 
systems for burley production in the major production regions of Tennessee and to compare them to no-till and 
conventional tillage.  Strip-till systems using an in-row sub-soiler, a narrow in-row shank, and a narrow rototiller 
were compared to no-till and conventional tillage systems at two locations in Tennessee in 2009 and 2010.  The no-
till system used a modified transplanter with a narrow shank placed in front of the planter shoe, and was in a sense a 
one pass, narrow strip-till system.  Locations were the University of Tennessee Research and Education Centers at 
Springfield, TN and Greeneville, TN.  At Greeneville, there was no difference in yield between tillage systems in 
2009, in a good production year with yields averaging 2970 lbs/ac.  In 2010, conventional tillage had about 10% 
higher yield than conservation tillage systems, with no differences between the conservation tillage systems, in an 
excellent production year with yields averaging 3400 lbs/ac.  At Springfield, no-till yields were lower in both years, 
with no differences between other tillage systems in a dry year in 2009 (average yields of 2160 lbs/ac) and with 
conventional tillage and more aggressive strip-till systems giving higher yield than the narrow strip-till system in a 
good production year in 2010 (average yield of 2920 lbs/ac).  Across all four tests, conventional tillage and strip-till 
with the in-row subsoiler or the narrow rototiller had equal yields, while narrow strip till had about 5% lower yield 
and no-till about 10 % lower. (Reprinted with permission) 
 
Key terms: Strip-till, no-till, conservation tillage, burley tobacco 
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Pitt, W. D.; Bailey, W. A.;  Effect of crop rotation interval on dark tobacco performance.  Paper #55 presented at 
45th Tobacco Workers’ Conference, 2012.  University of Tennessee, Highland Rim Research and Education Center, 
3181 Experiment Station Road, Springfield, TN 37172 USA.  Telephone: 270-365-7541 x 240.  Fax: 270-365-2667.  
Email:  abailey@uky.edu. 
 
    A long-term experiment was conducted near Springfield, TN from 2007 to 2011 to evaluate dark tobacco 
response to rotational interval.  Rotation treatments used were continuous tobacco (tobacco every year for the 5-year 
period), 2-year rotation (tobacco in years 1, 3, and 5), or 4-year rotation (tobacco in years 1 and 5).  Rotation 
treatments were arranged in adjacent blocks.  The main plot factor in the experiment was rotation interval, with sub-
plot factors as variety and use of mefenoxam (Ridomil Gold 4EC®).  Within each rotation, variety was either 
Narrowleaf Madole LC (no disease resistance) or KT D6 LC (medium resistance to both races of black shank and 
resistance to black root rot).  Within each variety and rotation treatment, plots received either Ridomil Gold at 1 
qt/acre as a pretransplant-incorporated application, or no Ridomil Gold.  The entire experiment was established in an 
area of established fescue where there had been no tobacco grown for at least 5 years and no history of any tobacco 
disease.  Fescue was sown when tobacco was not grown in years 2 and 4 in the 2-year rotation and years 2, 3, and 4 
in the 4-year rotation.  Over the 5-year experiment, no yield or quality advantage was seen between tobacco grown 
in the continuous, 2-year, or 4-year rotations.  However, in year 4 (2010) black shank was confirmed in the 
continuous rotation and appeared again in the continuous rotation in year 5 (2011).  When black shank was present 
in years 4 and 5 of continuous tobacco, there were effects of variety and Ridomil within the continuous rotation, 
with better stands and yields in KT D6 LC and where Ridomil Gold was used with either variety.  Differences in 
variety or Ridomil use did not occur in the 2-year or 4-year rotations where black shank was not seen.  (Reprinted 
with permission) 
 
Keywords:  dark tobacco, rotation 
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Reay-Jones, F.P.F.; Fortnum, B.A.; and Gooden, D.;  Management of tobacco budworm and tobacco 
hornworm in flue-cured tobacco in South Carolina.  Paper #59 presented at 45th Tobacco Workers’ 
Conference, 2012.  Clemson University, Pee Dee Research and Education Center, 2200 Pocket Road, 
Florence, SC 29506 USA.  Telephone: 843-662-3526 ext. 208.  Fax: 843-661-5676. E-mail: 
freayjo@clemson.edu. 
 
    Tobacco budworm (TBW), Heliothis virescens F. (Lepidoptera: Noctuidae), and tobacco hornworm 
(THW), Manduca sexta L. (Lepidoptera: Sphingidae), are consistent pests of tobacco in South Carolina.  
Trials were conducted at the Pee Dee Research and Education Center in Florence, SC, to evaluate 
transplant water and foliar applications of insecticide for TBW and THW control.  Tests included untreated 
and treated tobacco with transplant water applications of chlorantraniliprole and cyantraniliprole, and foliar 
applications of chlorantraniliprole, flubendiamide, spinosad, cyantraniliprole, chlorantraniliprole + lambda-
cyhalothrin, emamectin benzoate, and a Bt insecticide.  After transplant, 10 plants per plot were randomly 
selected and examined on every leaf weekly for live TBW or THW larvae; insecticides were applied at the 
10% live larvae threshold.  In 2010, transplant water applications of chlorantraniliprole kept infestations 
below the threshold for 7 weeks after transplant, whereas infestations in untreated tobacco reached 
threshold by 5 weeks after transplant.  Similar results were found with transplant water applications of 
cyantraniliprole.  In 2011, TBW and THW infestations appeared in tobacco several weeks later, and a clear 
advantage of using transplant water applications of chlorantraniliprole was not apparent.  This is in contrast 
to 2010 and also 2009 where such applications showed a clear advantage.  Foliar applications of 
chlorantraniliprole, cyantraniliprole, and flubendiamide showed longer residual activity than spinosad, 
emamectin benzoate and a Bt insecticide.  (Reprinted with permission) 
 
Key terms: chlorantraniliprole, cyantraniliprole, flubendiamide 
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Denton, H. P.; Ellis, R.; Click, C.;  Use of chlorantraniliprole at transplanting for worm control in burley tobacco.  
Paper #60 presented at the 45th Tobacco Workers’ Conference, 2012.  Plant Science Department, University of 
Tennessee, 2431 Joe Johnson Dr., Knoxville, TN 37996 USA.  Telephone 865-974-8839.  E-mail pdenton@utk.edu.  
 
    Chlorantraniliprole (Coragen) is a recent addition to the insecticides available for worm control in tobacco.  It is 
very low in toxicity, has a short preharvest interval, and has systemic activity that has the potential to give extended 
control.  Chlorantraniliprole can be either foliarly applied or applied to the soil through the transplant water.  
Applied in the transplant water, it has the potential to give extended control of hornworm (Manduca  sexta) and 
budworm (Heliothis  virescens).  This study had the objectives of evaluating the effectiveness and longevity of 
budworm and hornworm control by a transplant water Coragen application, and comparing Coragen to several other 
insecticides as a foliar material for worm control.  Studies were conducted at the University of Tennessee Research 
and Education Center at Greeneville in 2010 and 2011.  In both years, transplant water application gave effective 
early season control of budworm and very effective control of hornworm.  In 2010, budworm control lasted about 40 
days and hornworm control at least 50 days, when budworm pressure required a foliar overspray.  In 2011, with 
lighter insect pressure, worm control lasted about 60 days, but budworm pressure was light until about 60 days after 
transplanting.  Foliar insecticides evaluated in 2010 were chlorantraniliprole, flubendimide (Belt), spinosad (Tracer) 
and acephate (Orthene).  In 2011, foliar insecticides evaluated were chlorantraniliprole, flubendimide and acephate.  
All were equally effective in both years, with two sprays needed to control worms up to topping time, when no 
chlorantraniliprole was in the transplant water.  The use of chlorantraniliprole in the transplant water reduced the 
number of sprays required to control worms through topping by one.  In both years, one spray was required in 
addition to the transplant water treatments to control budworms; hornworms never reached threshold levels prior to 
topping in treatments with chlorantraniliprole in the transplant water.  (Reprinted with permission) 
 
Key terms: Heliothis virescens, Manduca sexta 
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Rodgers, J. C.; Bailey, W. A.; Hill, R. A.;  Use of Coragen insecticide in dark tobacco.  Paper #63 presented at 45th 
Tobacco Workers’ Conference, 2012.  University of Kentucky, Research & Education Center, 1205 Hopkinsville 
St., Princeton, KY 42445 USA.  Telephone: 270-365-7541 x 240.  Fax: 270-365-2667.  Email: abailey@uky.edu. 
 
    Field experiments were conducted in 2010 and 2011 near Princeton, KY to evaluate control of Lepidoptera sp. of 
worms (hornworm and budworm) from chlorantraniliprole (Coragen®) in dark-fired tobacco.  Coragen was applied 
as transplant water applications, soil applications at first cultivation at 3 weeks after transplanting, and as foliar 
applications when worm thresholds were reached (5 worms per 50 plants).  Experiments were arranged in a 
randomized complete block design with 4 replications of treatments and individual plots were 4 rows, 40 ft. long.  
All 4 rows were treated and weekly worm counts were made using all 4 rows, while dark-fired tobacco yield and 
quality data were collected from the center 2 rows of each plot.  Over the two years of experiments, Coragen applied 
at 5 or 7 oz/acre as transplant water applications provided worm control for 8 to 10 weeks before thresholds were 
reached.  However, soil applications made at first cultivation did not provide effective worm control.  Effective 
worm control was seen from foliar-applied Coragen (5 oz/acre) or flubendiamide (Belt at 2 oz/A), and each provided 
residual worm control that was not seen with foliar-applied methomyl (Lannate® at 1 pt/acre) if each was applied 
post-topping.  However, if Coragen or Belt was foliar-applied prior to topping, worm control was similar to Lannate.  
Although significant hornworm and budworm populations were present in 2010 and 2011, no statistical differences 
were seen in dark-fired tobacco yield or quality grade index between treatments.  (Reprinted with permission) 
 
Key terms:  dark tobacco, worm control 
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Semtner, P.J., Reed, T.D.;  Tobacco flea beetle and green peach aphid control on tobacco.  Paper #64 
presented at the 45th Tobacco Workers’ Conference, 2012.  Virginia Tech Southern Piedmont Agricultural 
Research and Extension Center, 2375 Darvills Road, Blackstone, VA 23824 USA.  Telephone: 434-292-
5331.  E-mail: psemtner@vt.edu. 
 
    This study evaluated various foliar, tray drench and transplant water treatments for control of tobacco 
flea beetles, Epitrix hirtipennis, and green peach aphids, Myzus persicae, on flue-cured tobacco in Virginia.  
Replicated field trials were conducted on-farm and at the Southern Piedmont AREC for flea beetle and 
aphid control in 2008-2011.  Foliar insecticides, Assail (acetamiprid), Actara (thiamethoxam), and Orthene 
(acephate), were evaluated on a flue-cured tobacco farm with high late-season flea beetle populations.  On 
station, early-season flea beetle and aphid control was assessed for Cyazypyr (cyantraniliprole), Platinum 
(thiamethoxam), and Admire Pro (imidacloprid) applied as tray drench and transplant water treatments.  
Foliar insecticide trials compared Orthene, Assail, Provado (imidacloprid), Capture (bifenthrin), and Fulfill 
(pymetrozine) for aphid and flea beetle control.  In the late-season flea beetle farm trial, Assail and Actara 
gave over 90% control of beetles at 14 days after application compared with 32% with Orthene.  In a 
second trial on station, Assail and Capture provided over 90% control, Provado and Actara gave 70-80% 
control, while Orthene offered no control.  In an early-season foliar trial, Assail, Capture, and Orthene were 
more effective for reducing flea beetle injury than Provado and Actara.  Transplant water and tray drench 
applications of Cyazypyr provided early-season flea beetle control similar to that obtained with Admire Pro 
and Platinum tray drench treatments.  In 2011, tray drench applications of Cyazypyr, Admire Pro, and 
Platinum had similar control of flea beetle feeding damage, while the Cyazypyr transplant water treatment 
was less effective.  Transplant water and tray drench application of Cyazypyr gave about 50%aphid control 
for 40 to 52 days after transplanting, compared with >95% season-long control with Admire Pro and 
Platinum.  Foliar applications of Assail, Orthene, Provado, and Capture contributed excellent control of 
aphids while Fulfill gave moderate control and Cyazypyr was not effective.  (Reprinted with permission) 
 
Key terms:  Myzus persicae; Epitrix hirtipennis; insecticides 
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Taylor, S.V.; Sorenson, C.E.;  Interactions between systemic neonicotinoids and hymenopteran parasitoids of the 
tobacco budworm (Heliothis virescens).  Paper #67 presented at 45th Tobacco Workers’ Conference 2012.  North 
Carolina State University, Department of Entomology, Campus Box 7613, Raleigh, NC 27695-7613. 
 
    The hymenopteran parasitoids Cardiochiles nigriceps and Campoletis sonorensis are prevalent throughout the 
tobacco growing regions of the Southeastern United States.  These two species of wasp are a valuable economic and 
biological tool in controlling tobacco budworm infestations in tobacco.  The use of the systemic insecticide 
imidacloprid has become an industry standard in North Carolina tobacco production for its early season control and 
deterrence of sucking pests.  The toxicological and sub-lethal effect of imidacloprid to Hymenopteran species is well 
represented in scientific literature.  However, the potential for the developmental exposure of endoparasitoids has 
been largely ignored.  This study examines how the rate of tobacco budworm infestations and parasitism are affected 
through the use of systemic imidacloprid.  In field trials, parasitism rates were not significantly different.  Higher 
infestation rates of tobacco budworm were observed in plots treated with imidacloprid.  Greenhouse studies showed 
a difference between treatments with a higher rate of successful parasitism events in untreated plants.  In topical 
LD50 assays, imidacloprid had a greater toxicity to C. sonorensis compared to C. nigriceps.  Possible explanations 
for these results, the toxicological effect of imidacloprid to the two parasitoid species, and plans for future 
experiments are discussed.  (Reprinted with permission) 
 
Key terms: imidacloprid, non-target effects, parasites 
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Csinos, A.S.; Hickman, L.L.; LaHue, S.S.; and Mullis, S.;  Planting date, Admire and strategic applications of 
Actigard for management of TSWV.  Paper #71 presented at the 45th Tobacco Workers’ Conference, 2012.  
University of Georgia, 2360 Rainwater Road, Tifton, GA  31793-5737 USA.  Telephone:  229-386-3373.  Fax:  229-
386-7285.  E-mail:  csinos@uga.edu. 
 
    Tomato Spotted Wilt Virus (TSWV) continues to be the single most important threat to the tobacco industry in 
Georgia.  Losses vary from year to year, but can cause 100% losses on farms in certain years.  The use of Admire 
Pro and Actigard in the float house has been recommended by the Cooperative Extension Service along with 
delaying planting until mid-April.  The recommendations for use of Admire Pro and Actigard are used by 50-75% of 
the growers, although they risk a chance of stunting with Actigard.  A trial was established that incorporated three 
planting dates to cover early, mid- and late-planting scenarios, the use of Admire Pro alone in the float tray, Admire 
Pro plus Actigard in the float trays, and applications of Actigard in the field on first symptom of TSWV in the test.  
Planting dates 1 and 2 had about 20% TSWV in the non-treated plots, while planting date 3 had 11% TSWV in the 
non-treated plots.  All of the Actigard treatments reduced disease in planting date 3 but not in 1 or 2.  Yields for 
planting dates 1 and 2 ranged from 2,580 lb/A to 3,248 lb/A, with no differences among treatments.  However, 
Actigard in the float water caused severe stunting in planting date 3 and yields were significantly reduced in these 
treatments.  Unusually high temperatures in early May (90+) caused stress on the plants and contributed to the 
adverse reaction with Actigard in the float house treatments.  No stunting was detected with field applications of 
Actigard.  (Reprinted with permission) 
 
Key terms:  stunting, control 
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Bost, S.; Barron, R.; Pitt, W.; Hart, P.; Walker, S.; Click, C.; Ellis, R.; Sims, B.;  Comparison of methods of 
applying Ridomil at or near planting time for control of black shank.  Paper #74 presented at 45th Tobacco Workers’ 
Conference, 2012.  University of Tennessee Soil, Plant and Pest Center, 5201 Marchant Drive, Nashville, TN 37211 
USA.  Telephone: 615-835-4573.  Fax: 615-781-2568.  E-mail: scbost@utk.edu. 
 
    Non-traditional methods of applying Ridomil Gold (mefenoxam) to tobacco for control of black shank, 
Phytophthora nicotianae var. nicotianae, were explored in four years of field trials in Tennessee.  Applications in 
the transplant water (TPW) at 0.5 pt/acre (A) or in an over-the-top band (OTB) at 0.5 pt/A immediately after 
planting were tested for crop safety in two black shank-free sites.  Leaf yield and quality of burley tobacco and leaf 
yield of dark tobacco were not adversely affected by either treatment.  Leaf quality of dark tobacco was reduced (P 
= 0.05) by TPW 0.5 pt/A, in one trial.  Efficacy trials were conducted on farms.  Under severe black shank pressure, 
a combination of TPW 0.25 pt/A with OTB 0.5 pt/A provided better control (79.2%) than TPW 0.5 pt/A (42.6%) or 
OTB 0.5 pt/A (4.4%).  The incidence of black shank for OTB 0.5 pt/A was 72.1% lower in the presence of TPW 
0.25 pt/A than in the absence.  The incidence of black shank for TPW 0.25 pt/A was 35.3% lower in the presence of 
OTB 0.5 pt/A than in the absence.  An application of Ridomil supplemental to the TPW is considered necessary in 
most cases; however, an attempt to determine optimum timing was unsuccessful because of uneven distribution of 
the disease in the test area.  ProPhyt (phosphorous acid) was also tested as a TPW treatment at 3 pt/A and provided a 
level of black shank control that was almost as good as Ridomil.  No visible phytotoxicity occurred in any of the 
treatments in the eight trials. (Reprinted with permission) 
 
Key terms:  Ridomil, ProPhyt, transplant water, over-the-top band. 
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Csinos, A.S.; Hickman, L.L.; and Hargett, U.; Evaluation of new chemistry for black shank management, 2012.  
Paper #75 presented at the 45th Tobacco Workers’ Conference, 2012.  University of Georgia, 2360 Rainwater Road, 
Tifton, GA  31793-5737 USA.  Telephone: 229-386-3373.  Fax: 229-386-7485.  E-mail: csinos@uga.edu. 
 
    Tobacco black shank is a persistent and destructive pathogen in Georgia.  The use of the Ph gene for resistance to 
Race 0 of the pathogen has led to the dominance of Race 1 of Phytophthora parasitica var. nicotianae (Ppn).  There 
is no commercial resistance available and thus growers must rely on sanitation, rotation, and chemical control to 
manage the disease.  The activity of mefenoxam (metalaxyl), the only recommended fungicide for tobacco black 
shank, is expensive and in our trials has not performed well.  Several new fungicides specific for oomycetes are 
being evaluated in the vegetable market.  Cyazofamid, ameloctradin and dimethylmorph, mandipropamid, 
flucopicolide, mefenoxam, fenamidone, and BS-EX were evaluated in an area heavily infested with Ppn.  Only 
flucopicolide and BS-EX performed acceptably.  Disease, % black shank at first harvest, ranged from 69% (non-
treated control) to a low of 5.9% (flucopicolide) and 8.1% (BS-EX).  Yields ranged from a low of 307 lb/A (non-
treated) to a high of 2,199 lb/A (flucopicolide).  These two new oomycete fungicides look very promising as 
materials that may be used to manage tobacco black shank in Georgia.  (Reprinted with permission) 
 
Key terms: oomycete, Phytophthora, fungicide. 
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Drake, K.E.; Lewis, R. S.;  Investigation of N. rustica-derived black shank resistance in cultivated tobacco. Paper 
#77 presented at the 45th Tobacco Workers’ Conference, 2012.  Crop Science Department, N.C. State University, 
Campus Box 7620, Raleigh, NC 27695 USA. Telephone: 919-513-4802. Fax 919-515-3332. E-mail: 
kedrake@ncsu.edu. 
 
    Black shank, caused by Phytophthora nicotianae, is typically the most important pathogen affecting tobacco 
production in the United States.  Genetic resistance offers the most attractive means of reducing economic loss due 
to this pathogen.  Several recently commercialized flue-cured tobacco hybrids possess a gene designated as Wz that 
was derived from a Zimbabwean breeding line called ‘WZ.’.  The genomic region carrying Wz was reportedly 
introgressed from N. rustica.  The effect of this genomic region against multiple races of the black shank pathogen 
has not previously been investigated in an organized way.  A doubled haploid mapping population was generated 
from a cross between WZ and black-shank susceptible cultivar, ‘NC 55.’  The population was evaluated for 
resistance in multiple field environments and after race-specific inoculations in growth chambers.  The population 
was also genotyped with a large number of AFLP markers.  Results suggest that the introgressed N. rustica region 
has a large effect on resistance to race 0 and race 1 of P. nicotianae.  A large number of AFLP markers of N. rustica 
origin were found to be linked to the black shank resistance factor.  This genetic variation and associated markers 
may be of value for breeding for black shank resistance in U.S. tobacco.  (Reprinted with permission) 
 
Key terms: Phytophthora nicotianae, Wz. 
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McCachren, P.S.; Lewis, R.S.; Identification of additional Beinhart 1000-derived QTL affecting black shank 
resistance in tobacco.  Paper #78 presented at 45th Tobacco Workers’ Conference, 2012.  Box 7620, NCSU 
Campus, Raleigh, NC 27695.  E-mail: psmccach@ncsu.edu. 
 
    Black shank (Phytophthora nicotianae) is an important pathogen of tobacco (Nicotiana tabacum), and can cause 
severe crop losses.  Considering the limited number of chemical modes of action available to control black shank, 
and the prevalence of race 1, quantitative genetic resistance is an important component of an overall black shank 
management strategy.  In this study, markers were added to an existing genetic map based on a 118 line mapping 
population, revealing three black shank resistance quantitative trait loci (QTL) that were not previously observed.  
Of these three new QTL, one stood out as being especially useful, having an 8% effect on the genetic variation.  
Also, higher marker densities surrounding previously identified QTL caused some changes in the effect and position 
of those QTL.  Four different measures of disease were compared in this study to determine the method for 
estimating disease severity, and it was found that the area under the disease progress curve (AUDPC) was the most 
accurate, while disease index, arcsin square root transformed end percent survival and logit transformed end percent 
survival were less effective.  It is believed that this study was able to capture all of the genetic variation, as the QTL 
model was saturated for AUDPC.  (Reprinted with permission) 
 
Key terms: quantitative trait locus (QTL), black shank, area under the disease progress curve (AUDPC), quantitative 
resistance, Phytophthora nicotianae. 
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Fortnum, B.A.; Peterson, P.D.; Robertson, A.; Gooden, D.; Functional avrA gene in Ralstonia 
solanacearum can elicit a cross protection reaction in mechanically transmitted bacterial wilt.  Paper #82 
presented at the 45th Tobacco Workers’ Conference, 2012.  Department of Entomology, Soils and Plant 
Sciences, Pee Dee Research and Education Center, Clemson University, Florence, SC 29506 USA.  
Telephone: 843-662-3526.E-mail: mailto:bfrtnm@clemson.edu. 

    Bacterial wilt caused by Ralstonia solanacearum is an extremely damaging disease of flue-cured tobacco 
and can be spread mechanically on farm machinery.  Tobacco roots contain naturally occurring resistance 
genes to the tomato strain of R. solanacearum.  Tomato strains of R. solanacearum contain an avirulence 
gene avrA, which elicits a defense reaction in tobacco.  Pathogenic tobacco strains of R. solanacearum 
contain the avrA gene, which has been mutated by a random insertion, blocking gene function and 
subsequent host recognition.  The present study evaluated the ability of tomato strains of R. solanacearum 
with a functional avrA gene to turn on the resistance gene in tobacco stem tissue and block infection by a 
pathogenic tobacco strain of R. solanacearum.  Pathogenic strains of tobacco isolate SC10 and NC 132 
(2009) and SC 10, SC 06, and Y3 (2010) were applied (1 x 106 cfu) in combination with tomato strains 
SC11 or SC12 (2009) and SC 11, SC 12, SC 14, or AW1 (2010), at 1 x 108 cfu, in all possible 
combinations to tobacco stems during flower removal.  The tomato strains elicited a defense reaction in 
tobacco stem tissue and reduced stem necrosis averaged over strains from 4.5 to 1.6 and from 4.4 to 2.1 
(2009, 2010, P < 0.001), respectively, on a 0-5 scale, effectively blocking disease development.  Stem 
necrosis could be observed following inoculation with a pathogenic tomato strain, but was limited to tissue 
adjacent to the inoculation point.  (Reprinted with permission) 

Key terms: bacterial wilt; resistance 
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Peterson, P.D.; Fortnum, B.A.; Gooden, D.; Maleic hydrazide application alters bacterial wilt severity in 
mechanically topped and harvested tobacco.  Paper #83 presented at the 45th Tobacco Workers’ Conference, 2012.  
Department of Entomology, Soils and Plant Sciences, Pee Dee Research and Education Center, Clemson University, 
Florence, SC 29506 USA.  Telephone: 843-662-3526.  E-mail: ppeters@clemson.edu. 
 
    Bacterial wilt caused by Ralstonia solanacearum is a highly destructive disease of flue-cured tobacco.  
Mechanical transmission of R. solanacearum during flower and leaf removal contributes significantly to the spread 
and severity of bacterial wilt and coincides with the time when maleic hydrazide (MH) is applied to arrest axillary 
shoot growth.  Previous studies indicate MH can alter the severity of bacterial wilt based on application timing.  The 
present field studies evaluated the effect of MH application on bacterial wilt development during flower and leaf 
removal.  Plants (K346) were grown under standard agronomic practices.  Plots consisted of rows 15.2 m long with 
a 1.2 m row spacing.  The experimental design was a randomized complete block with four replications and repeated 
in time.    Isolates of R. solanacearum were grown on nutrient agar and suspended in deionized water at 2x106 
cells/ml and used for inoculation.  Royal MH-30 was applied at 1.5 gal/A in 50 gal of water.  Plants were assessed 
weekly for disease severity and rated on a 0 to 5 scale.  There were 4 treatments in the flower removal tests: 
inoculation with the bacterium without MH application; MH application 8 days prior to inoculation; MH application 
4 days prior to inoculation; MH application immediately prior to inoculation.  There were 5 treatments in the leaf 
removal tests: inoculation with the bacterium without MH application; MH application 14 days prior to inoculation; 
MH application 7 days prior to inoculation; MH application immediately after inoculation; MH application 4 days 
after inoculation.  In the flower removal tests, the MH application 4 days prior to inoculation with R. solanacearum 
significantly reduced disease severity over the untreated, inoculated control and was the most effective treatment. In 
the leaf harvest tests, the MH application immediately after leaf removal showed significantly lower levels of 
disease than the other treatments. (Reprinted with permission) 
 
Key terms: bacterial wilt; maleic hydrazide 
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LaMondia, J.A.;  Is Peronospora tabacina becoming less sensitive to dimethomorph fungicide?  Paper #85 
presented at the 45th Tobacco Workers’ Conference, 2012.  The Connecticut Agricultural Experiment Station, Valley 
Laboratory, 153 Cook Hill Road, Windsor, CT 06095 USA.  Telephone: 860-683-4982.  Fax: 860-683-4987.  E-
mail: James.LaMondia@ct.gov. 
 
    Connecticut growers have concerns about potential reduced efficacy of dimethomorph (DMM) fungicide against 
Peronospora tabacina.  Increased levels of blue mold in commercial tobacco crops despite fungicide applications 
over the last two seasons may be due to multiple causes: different isolates varying in virulence may be present; spray 
timing and coverage issues may affect disease; weather conditions each year and immediately after sprays may vary; 
and additional factors such as crop maturity and nutrient status may also affect disease severity.  To investigate this 
question, we compared the efficacy of DMM fungicide in replicated field trials in certain years from 2002 to 2011 
and in in vitro assays to evaluate sporangial germination, infection and sporulation.  In 2002 and 2004, DMM 
fungicide alone was as efficacious against blue mold as DMM plus mancozeb.  In 2009 and 2011, however, disease 
in DMM alone plots was intermediate to mancozeb alone and untreated controls.  In 2002, we determined that 
sporangial germination on 1.2 or 12 ppm DMM-amended media was 87.0% and 9.1%, respectively, of germination 
on unamended (0 ppm) media.  No germination occurred on media with 120 ppm DMM.  In 2011, sporangial 
germination on 1.2, 12, and 120 ppm DMM-amended media was 86.2, 12.3, and 3.0%, respectively, of that on 
unamended media.  In 2002, researchers in NC used detached leaf assays and isolates from different locations, 
including CT, to determine that baseline sensitivity to DMM was less than 1 ppm, with no sporulation.  In 2011, we 
used similar assays to determine that 100% of leaf disks floating on water alone were diseased with sporulation 
observed, while 37% of detached leaf disks floating on 1.2 ppm DMM were diseased with sporangiophores and 
sporangia present.  Based on these data, inhibition of germination and sporulation of P. tabacina by DMM has been 
reduced over time.  (Reprinted with permission). 
 
Key terms: blue mold 
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Fisher, C.R.; Moe, L.; Jack, A.M.; Bush, L.B.; Microbial endophytes and TSNA accumulation: Some preliminary 
results. Paper #88 presented at the 45th Tobacco Workers' Conference, 2012. Plant and Soil Sciences Department, 
University of Kentucky, 317 Plant Science Building, Lexington, KY 40546, USA. Telephone: 859-257-8667. Fax: 
859-257-7125. E-mail: colin.fisher@uky.edu. 
 
    Tobacco-specific nitrosamine (TSNA) accumulation during burley curing is probably driven by endophytic 
microbial anaerobic denitrification.  This study investigates the effect of time of spraying a soil suspension onto 
greenhouse-grown plants that otherwise do not accumulate TSNAs.  A high converter selection of the variety TN 90 
was grown in soilless media in a greenhouse far removed from any commercial tobacco production facilities.  Plants 
were moved to a second greenhouse and sprayed at topping, at 14 days after topping, and four hours before harvest, 
with a filtered suspension of soil collected from a tobacco field.  Half of the plants of each spray treatment were 
cured in a commercial tobacco barn and half in a curing structure in the greenhouse.  Half of the lamina from each 
cured leaf was air-dried for TSNA and alkaloid analysis and the other half freeze-dried for microbial analysis.  
These greenhouse-grown plants did not develop to the size of field-grown plants and took 15 weeks to fully cure.  
The total TSNAs were low in all treatments, ranging from 0.4 to 1.2 ppm. Total TSNAs in the greenhouse-cured 
plants were greater than in the barn-cured plants, and declined as the interval between the soil suspension 
application and harvest shortened, but not in the barn-cured plants.  Nitrosoanatabine (NAT) declined as the interval 
between the soil suspension application and harvest shortened at both sites,  Nitrosonornicotine (NNN), however, 
was significantly higher in the greenhouse-cured plants than those cured in the barn, but there were no differences 
between times of application.  These differences could be attributed to the difference in the curing conditions: the 
temperature in the greenhouse was consistently higher than in the barn, but the humidity was lower. (Reprinted with 
permission) 
 
Key terms: TSNA, NNN, endophytes, air-curing 
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Eisenback, J.D.; Johnson, C.S.; Effect of resistant tobacco on population dynamics of root-knot nematode 
species in Virginia.  Paper #89 presented at the 45th Tobacco Workers’ Conference, 2012.  Dept. Plant 
Pathology, Physiology & Weed Science, Virginia Tech, Blacksburg, VA  24061 USA.  Telephone: 540-
231-4650.  Fax: 540-231-7377.  E-mail: jon@vt.edu. 
 
    Nematode soil samples were collected from twelve flue-cured tobacco-producing counties in Virginia in 
the fall of 2010. A total of 276 samples were collected from fields with yields that were considered to be 
less than optimal.  In assays for vermiform and cysts, tobacco cyst, Globodera tabacum solanacearum, was 
found in 12% of the samples; lesion nematode, Pratylenchus spp., in 19%; and root-knot nematode, 
Meloidogyne spp., in 45% of the samples.  One hundred and seventy nine of the 276 fields sampled were 
found to contain populations of nematodes that could cause significant economic losses.  One half of the 
soil collected in each sample was planted with a tomato (Solanum lycopersicon cv ‘Rutgers’) transplant to 
establish a culture of root-knot nematode so that each root-knot nematode population could be identified to 
species.  Identifications were made by preparing at least 10 perineal patterns from each population and by 
observing the morphology of the males that were isolated from infected root systems.  Fifty-one percent of 
the root-knot populations were M. arenaria, M. hapla comprised 18%, M. incognita made up 6%, M. 
javanica formed 10%, and 6% of the populations were not able to be identified.  The remaining 9% of the 
populations contained mixtures of 2 or 3 of the common species.  Thirty plus years of repeated use of 
tobacco cultivars with resistance to M. incognita has resulted in selection favoring development of the other 
three common root-knot species.  (Reprinted with Permission) 
 
Key terms: Meloidogyne, M. arenaria, M. hapla, M. incognita, M. javanica, survey.!
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Csinos, A.S.; Hickman, L.L.; LaHue, S.S.; and Hargett, U.;  Comparison of nematicides for management of 
Meloidogne arenaria on tobacco.  Paper #91 presented at the 45th Tobacco Workers’ Conference, 2012.  University 
of Georgia, 2360 Rainwater Road, Tifton, GA 31793-5737 USA.  Telephone: 229-386-3373.  Fax: 229-386-7285.  
E-mail: csinos@uga.edu. 
 
    Peanut root-knot nematode, Meloidogne arenaria, is a serious problem on vegetables and peanuts in Georgia.  
Georgia grows about 500,000 acres of peanuts annually and peanuts are rotated with vegetable crops and tobacco.  
A field at the University of Georgia Bowen Farm was diagnosed to have M. arenaria and demonstrated to cause 
severe damage to tobacco.  This site was selected to evaluate nematicide candidates and compare them to Telone II 
and Vapam fumigants.  The availability and cost of Telone II and new fumigant application regulations have made 
the use of Telone II less popular to growers.  The loss of Temik in 2011 has also reduced the choices growers have 
to manage their nematode populations.  Several candidate nematicides are being evaluated in the vegetable and 
peanut market, and they were evaluated on tobacco in 2011 at the aforementioned site.  The materials evaluated 
were Telone II, 6 gal/A; Vapam, 37.5 gal/A; Enclosure, 6 qt/A; Temik, 20 lb/A; Mana, 3.31 lb/A, and NEM-EX, 
0.75 lb a.i.  (0.75 lb + 0.75 lb/A).  M. arenaria caused severe damage to tobacco roots, with root knot indices 
ranging from 1.7 for Telone II to 6.7 for the non-treated control (scale 0-10).  Yields for Vapam and Telone II were 
the highest with yields of 2,860 and 2,641 la/A, respectively.  The non-treated plots yielded 1,634 lb/A, while yields 
for the candidate nematicides were between these extremes.  Mana and NEM-EX showed some promise and require 
further evaluation.  (Reprinted with permission) 
 
Key terms:  root-knot nematode 
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Rivers, D.D.; Wilkinson, C.A.; Tilson, W.M.; Teutsch, C.D.;  Determination of total alkaloids, reducing sugars, and 
total nitrogen by near infrared reflectance spectroscopy.  Paper #94 presented at the 45th Tobacco Workers’ 
Conference, 2012.  Virginia Tech Southern Piedmont Agricultural Research and Extension Center, 2375 Darvills 
Rd, Blackstone, VA 23824 USA.  Telephone: 434-292-5331.  Fax: 434-292-5623.  E-mail: devcat@vt.edu. 
 
    Near infrared reflectance spectroscopy (NIRS) is a nondestructive method for chemical analysis which is rapid, 
inexpensive, and reduces the toxic impact on the environment.  Calibration equations to estimate reducing sugars 
(RS), total alkaloids (TA) and total Kjeldahl nitrogen (TKN) in flue-cured tobacco were developed and evaluated.  
Equations developed from flue-cured data were also used to estimate TA in burley tobacco to determine if these 
equations could be used accurately to estimate cured-leaf chemistry in other classes of tobacco.  Lamina samples 
collected from field tests conducted between 2001 and 2006 consisted of 4,160 individual harvest samples and 471 
composite samples.  Samples were scanned using Foss NIRS and the software WINSI II.  Representative samples 
selected to undergo wet chemistry, consisting of standard Technicon and Kjeldahl procedures, were performed on 
971 samples.  Wet chemistry values were imported into the NIRS software and equations were generated from 
spectra and lab values.  Resulting correlation coefficients between wet chemistry and NIRS data were 0.89, 0.94, 
and 0.91 for RS, TA, and TKN, respectively.  This demonstrates how accurately the NIRS methodology predicts RS, 
TA, and TKN.  Equations developed for flue-cured tobacco were used to predict values for burley TA, with a 
correlation coefficient of 0.90. Therefore, equations can be used for other classes of tobacco.  However, a class 
specific equation predicted burley TA with greater accuracy (correlation coefficient 0.97).  The repeatability of 
NIRS methodology was tested by scanning four samples on ten different occasions and plotting the 10 spectra of 
each sample in search of outliers.  Significant overlap was seen in all four cases.  Results of this research 
demonstrate that NIRS provides rapid, reliable, accurate and precise quantification of RS, TA, and TKN in tobacco.  
(Reprinted with permission) 
 
Key terms: Near-infrared reflectance spectroscopy, flue-cured tobacco, reducing sugars, total alkaloids, total 
nitrogen. 
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Bailey, W.A.; Phillips, J.; Stamps, K.;  Dark tobacco response to potassium.  Paper #95 presented at the 45th 
Tobacco Workers’ Conference, 2012.  University of Kentucky, Research & Education Center, 1205 Hopkinsville 
St., Princeton, KY 42445 USA.  Telephone: 270-365-7541 x 240.  Fax: 270-365-2667.  Email: abailey@uky.edu. 
 
    A field experiment was conducted near Franklin, KY in 2010 to evaluate dark tobacco response to applied 
potassium.  Soil test K index at the site prior to establishing the trial was 236 (medium) and the soil test 
recommendation was 160 lbs K2O/A.  Therefore, 160 lbs K2O/A was used as the base application rate for the trial 
and rates of 50% (80), 75% (120), 100% (160), 150% (240), and 200% (320) of this recommendation were used in 
broadcast-incorporated applications prior to transplanting to evaluate potassium rate response.  In addition, two 
banding methods were evaluated, where 80, 120, or 160 lbs K2O/A were applied immediately following 
transplanting in either a 2-band/row pattern of dual bands 6 inches from each row, or a single band that was applied 
down the center of each row middle.  Banded applications were also incorporated immediately.  A control treatment 
where no potassium was applied was also included.  Nitrogen and phosphorus were applied to the entire trial 
according to soil test recommendations (275 lbs N/A, 0 P2O5/A).  Twelve treatments were evaluated in a randomized 
complete block design with 4 replications.  ‘TN D950’ dark tobacco was used, and potassium sulfate (0-0-50) was 
the potassium source used.  Plots were 4 rows, 40 ft. long, with all data collected from the center 2 rows of each 
plot.  Plots were evaluated for potassium deficiency symptoms and general growth response throughout the season, 
and plots were air-cured with yield data collected.  Minimal differences in growth response were seen between 
treatments during the growing season, with only temporary symptoms of potassium deficiency seen in the control 
plots (0 K2O) for approximately 12 days in late July.  There were no statistical differences in dark air-cured yield 
between any of the treatments, including the control plot that received no potassium.  (Reprinted with permission) 
 
Key terms:  dark tobacco, potassium. 
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Bailey, W.A.; Pitt, W.D.;  Effect of tray type and tray covering on wicking speed, germination, and spiral rooting of 
burley tobacco.  Paper #96 presented at the 45th Tobacco Workers’ Conference, 2012.  University of Tennessee, 
Highland Rim Research & Education Center, 3181 Experiment Station Road, Springfield, TN 37172 USA.  
Telephone: 270-365-7541 x 240;  Fax: 270-365-2667.  Email: abailey@uky.edu. 
 
    Greenhouse experiments were conducted near Springfield, TN in the spring of 2009 and 2010 to evaluate effects 
of tray type and early tray covering on media wicking speed, seed germination, and spiral rooting incidence.  Float 
trays used were either standard Speedling® (2009) or Burley Gold® (2010) trays (13.5” x 26.25” x 2.5” deep) or 
new Beltwide® “shallow” 1.8 low density trays (13.5” x 26.25” x 2” deep).  Both tray types were 288-cell.  All 
trays were filled with Carolina Choice® soilless media from a gravity-fed media box, dibbled, and seeded with ‘KT 
206LC’ burley tobacco from Rickard Seed.  Following seeding, each tray type was either floated uncovered as is the 
standard practice, or covered individually with Continental® fabric in 2009 or Reemay® fabric in 2010 and floated 
immediately.  Each experiment included 4 replications (4 trays) of each tray type/tray cover combination each year.  
Speed of media wicking was evaluated in uncovered trays only by determining color change in the media for 24 
hours after floating, and number of dry cells at the end of 24 hours was also recorded.  Fabric on covered trays was 
removed at 14 to 20 days and germination and spiral rooting incidence was recorded on all trays at 20 days.  Results 
consistently showed that the Beltwide shallow trays wicked 55 to 66% faster than standard trays.  Tray type did not 
have an effect on germination or spiral rooting in either year.  Tray covering did not have an effect on germination 
in 2009, but did have a small but significant effect on germination in 2010.  Either tray type had 93 to 94% 
germination when uncovered, and 95 to 96% germination at 20 days when covered with Reemay fabric in 2010.  
Tray covering did not have a significant impact on spiral rooting incidence in either year.  (Reprinted with 
permission) 
 
Key terms:  float trays, tray covering, wicking, germination, spiral rooting. 
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Zou, C.; Pearce, B.C.; Grove, J.H.; Coyne, M.S.;  Soil nitrogen mineralization in different tobacco tillage-rotation 
systems.  Paper #97 presented at the 45th Tobacco Workers’ Conference, 2012.  Dept. of Plant and Soil Sciences, 
University of Kentucky, Ag. Science Bldg. North (Office: N-122G), 1100 Nicholasville Road, Lexington, KY 
40546-0091USA.  Telephone: 859-257-4633.  E-mail: congming.zou@uky.edu.  
 
    Soil N mineralization potential is not only a principal indicator of soil organic matter quality, but also needed to 
determine crop needs for N fertilizer.  The objective of this research was to evaluate the soil nitrogen mineralization 
potential in different burley tobacco tillage-rotation systems.  Six tillage-rotation systems were established in 2007, 
including continuous conventional tillage tobacco (T-CT), continuous no-tillage tobacco (T-NT), 2yr sod and 1yr 
conventional tillage tobacco (SST-CT), 2yr sod and 1yr no-tillage tobacco (SST-NT), no-tillage corn -soybean-
tobacco (CST-NT), and no-tillage soybean-corn-tobacco (SCT-NT).  In May 2010, baseline soil samples were taken 
from 0-10 and 10-20cm depths in plots before any agronomic management.  A long-term and constant temperature 
(25°C) aerobic incubation process was established to check soil N mineralization potential.  Cumulative net N 
mineralized in a 128-day incubation averaged 101±13 N lbs/acre in T-CT, 162±13 N lbs/acre in T-NT, 118±13 N 
lbs/acre in SST-CT, 185±13 N lbs/acre in SST-NT, 141±13 N lbs/acre in CST-NT, and 163±13 N lbs/acre in SCT-
NT.  Fixed tests showed that conventional tillage management significantly reduced soil mineralizable N.  
Statistically, there was no rotation effect and no interaction between rotation and tillage factors.  These results 
indicated how different combinations of rotation and tillage systems may contribute to soil N mineralization 
potential.  Additional research on soil N mineralization will allow for refinement of fertilizer nitrogen 
recommendations for burley tobacco production. (Reprinted with permission) 
 
Key terms: burley tobacco, soil nitrogen mineralization, tillage, rotation. 
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Rhodes, G.N., Jr.; Israel, T.D.; Denton, H.P.; Armel, G.R.;  Pasture herbicide stewardship: reducing the impact of 
off-target herbicides in tobacco.  Paper #98 presented at the 45th Tobacco Workers Conference, 2012.  The 
University of Tennessee, 2431 Joe Johnson Drive, Knoxville, TN 37996 USA.  Telephone (865) 974-7208.  Fax: 
(865) 974-5145.   
E-mail: nrhodes@utk.edu. 
 
    A troublesome issue in tobacco production is off-target movement of pasture and right-of-way herbicides.  While 
these herbicides are valuable tools for weed management, off-target damage to tobacco can result in lost 
productivity, expensive fines and/or lawsuits, and bad publicity for the industry.  In order to support the prosperity 
of tobacco growers and the continued availability of these herbicides, programs are needed to promote proper 
stewardship.  The University of Tennessee received a grant from Philip Morris International (PMI) to support a 
project entitled “Innovative Diagnostic and Educational Tools to Reduce the Impact of Off-target Herbicides in 
Tobacco.”  The proposal consisted of two educational elements: 1) Prevention of off-target herbicide problems in 
tobacco fields, and 2) Diagnosis of suspected off-target herbicide damage to tobacco.   The first element of the 
project will produce a comprehensive stewardship training program for a wide audience.  Fact sheets, training 
module CDs, and webpages will guide users through critical factors and considerations, including drift prevention, 
field selection, movement of cattle grazing on treated pastures and handling of manure, handling of treated hay, 
herbicide selection and monitoring of results.  The second element will produce a state-of-the-art diagnostic aid to 
help users recognize characteristic symptomology of various broadleaf herbicides.  Burley and flue-cured tobacco 
plants are being maintained in a greenhouse and treated with sub-lethal rates of aminocyclopyrachlor, aminopyralid, 
dicamba, picloram, and 2,4-D.  Beginning the day after application, digital time-lapse photography tracks initial 
symptom development through leaf tissue necrosis.  Photos will be assembled to create a short video with voiceover 
that will describe symptoms to look for which are unique to each herbicide.  Still photographs will also be used to 
provide high-quality images of herbicide symptomology for fact sheets and the stewardship website.  (Reprinted 
with permission) 
 
Key terms: aminocyclopyrachlor, aminopyralid, dicamba, picloram, 2,4-D. 
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Mundell, R.E., Jr; Mihaylova-Kroumova, T; Artiouchine, I.; Wagner, G.; Chambers, O.;  Evaluation of Nicotiana 
benthamiana as a host plant for producing valuable proteins utilizing a vacuum infiltration expression platform.  
Poster #108 presented at the 45th Tobacco Workers' Conference, 2012.  Kentucky Tobacco Research and 
Development Center, 1401 University Dr., University of Kentucky, Lexington, KY 40546-0236 USA.  Telephone: 
858-420-7424.  Fax 859-323-1077.  E-mail: rmund2@uky.edu. 
 
    It is commonly assumed that all N. benthamiana lines are genetically the same and would produce similar results 
when used as the host plant in a transient protein expression system.  Conversely, Goodin and Zaitlin demonstrated 
that 1 accession, (S-6-4) in 11 N. benthamiana lines differentiated genetically.  An experiment was initiated to 
evaluate 17 accessions of N. benthamiana for biomass yield and expression of GFP after vacuum infiltration.  Total 
biomass yields were very similar across all the N. benthamiana lines, with the exception of S-6-4, which had low 
biomass yields.  Based on past work with S-6-4 we expected it to be the highest biomass producer.  This test 
revealed that compared to the other lines, S-6-4 germinates slower and is slower to develop in the early stages of 
growth.  At the time the plants were infiltrated, S-6-4 was smaller compared to the other lines and biomass yields 
were lower than expected.  The expression yield data also indicates that S-6-4 expresses GFP at a lower level than 
the other lines.  This may be a result of genetics or could be a consequence of the younger developmental stage of 
the plant at the time of infiltration. (Reprinted with Permission) 
 
Key terms; N. benthamiana, biomass, vacuum infiltration, expression. 
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