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unique opportunity for growers to observe field tri-
als and offer timely feedback. Growers will conduct 
on-farm trials and we will employ diverse extension 
programs and multiple avenues to disseminate proj-
ect information.

Specified Source(s) of Funding: USDA NIFA OREI

Extending Blueberry Harvest Season 
Using Early Fruiting Southern Highbush 
Cultivars and High Tunnels (poster)

Guihong Bi*, Mississippi State University; Tongyin Li, Mississippi 
State University; Qianwen Zhang, Mississippi State University and 
Zhiheng Xing, Mississippi State University    

Abstract: Blueberry has become an increasingly im-
portant crop in recent years, with consumption in-
creased dramatically due to the increasing awareness 
of its health benefits. In this study, we investigated 
the potential of extending blueberry harvest season 
by using early fruiting southern highbush cultivars in 
combination with high tunnel systems. One year-old 
blueberry plants were grown in 15-gallon containers 
(100% composted pine bark) in a high tunnel (30 ft. 
by 96 ft.) in Mississippi. Five southern highbush culti-
vars were included in this study: ‘Patrecia’, ‘Camellia’, 
‘Meadowlark’, ‘Rebel’, and ‘Star’. Data taken include 
plant growth (height and widths), timing of flowering 
and berry ripening, single berry weight, berry yield, 
berry firmness and soluble solid content (Brix%). 
Preliminary results showed that cultivars varied in 
plant growth, with ‘Camellia’ had the highest plant 
growth index (PGI), followed by ‘Rebel’, ‘Patrecia’, and 
‘Meadowlark’. ‘Star’ had the lowest PGI. Cultivars also 
varied in the timing of flowering and berry ripening. 
‘Patrecia’ is the earliest to flower and ripen, followed 
by ‘Meadowlark’, ‘Star’, and ‘Rebel’. ‘Camellia’ is the 
latest cultivar to flower and ripen among the five 
tested cultivars. Detailed results on timing of peak 
harvest, single berry weight, berry yield, berry firm-
ness and soluble solid content will be presented.

Specified Source(s) of Funding: Mississippi Department 
of Agriculture and Commerce Specialty Crop Block 
Grant Program 

Comparing Lettuce Yield and Quality Us-
ing Drip and Overhead Irrigation on Bio-
degradable Mulch (poster)

Annette Wszelaki*, University of Tennessee; Jennifer Moore, Uni-
versity of Tennessee; Zachariah Hansen, University of Tennessee 
and Brian Leib, University of Tennessee    

Abstract: Biodegradable plastic mulches (BDMs) are 
a promising alternative to traditional polyethylene 

plastic. These mulches are tilled into the soil at the 
end of the season and biodegrade during the off-sea-
son. Performance of several biodegradable mulches 
has been comparable to polyethylene plastic, but 
adoption has been slow. One of the benefits of us-
ing plastic mulch is conserving moisture under the 
mulch. Moisture is conserved both by reducing evap-
oration due to covering the soil and by using drip irri-
gation under the mulch, which keeps the moisture in 
the rootzone where it is needed and out of the plant 
canopy and row middles where it can contribute to 
plant disease and weed growth, respectively. How-
ever, one question consistently asked in outreach 
activities is, “But don’t I still have to remove the drip 
tape?” While the BDMs can be tilled into the soil, 
the drip tape must still be removed from the field 
at season’s end and is another agricultural product 
that ends up in the landfill. Although using overhead 
irrigation is contrary to the conventional plant pa-
thology recommendation of keeping the plant can-
opy dry, the overhead irrigation system is composed 
of more permanent components compared to drip 
irrigation, which is disposed of after one production 
season and, therefore, may be a more sustainable 
choice. In 2019 and 2020, we compared overhead 
sprinklers (MP 3000 Rotators applying 0.44 in/hr) 
and drip irrigation (T-tape applying 0.38 gpm/100’) 
for production of three romaine lettuce cultivars 
(Parris Island Cos, Coastal Star and Jericho) on Orga-
nix A.G. film BDM to: 1) compare water use; 2) eval-
uate disease incidence and severity; and 3) assess 
yield and quality. In 2019, the spring was wet with 
over 6 inches of precipitation. Therefore, irrigation 
was not necessary in early spring. Nonetheless, over 
the entire lettuce production season, the overhead 
irrigation system used nearly twice as much water 
as the drip irrigation system (3.3 inches versus 1.9 
inches, respectively). Disease incidence was very low 
overall (<2.5%), regardless of irrigation treatment. 
White mold was the only disease identified. Parris 
Island Cos had 1.25% incidence of white mold in the 
drip irrigation treatment, and 2.5% incidence in the 
overhead irrigation treatment; however, these per-
centages were not significantly different from one 
another or from the other two varieties that exhib-
ited no disease symptoms. We found no differences 
in yield or quality of lettuce varieties harvested from 
the drip or overhead irrigation treatments.

Specified Source(s) of Funding: USDA Specialty Crop 
Block Grant Program

12:30 PM – 1:15 PM 

Plant Growth Regulation  (Poster)
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Moderator: Joshua T. Harvey, Texas A&M AgriLife 
Research

Interaction of the Plant Growth Regulator, 
AVG, with Varying Nitrogen Application 
Rates in Relation to Yield and Quality in 
Almonds. (poster)

Travis Woods*, California State University    
Abstract: Almond kernels are large nitrogen sinks 
throughout the growing season. It has been shown 
that almond trees cannot meet the nitrogen de-
mands of both vegetative and fruit growth. Devel-
oping kernels will compete with adjacent leaves for 
nitrogen, reducing leaf nitrogen content, and thus 
reducing leaf photosynthetic capacity, creating a re-
source deficit. This resource deficit results in ‘June 
Drop’. Early supplemental nitrogen applications may 
mitigate ‘June Drop’. Reports also suggest that ap-
plication of aminoethoxyvinylglycine hydrochloride 
(AVG), an ethylene biosynthesis inhibitor, increas-
es fruit set. However, studies have shown that an 
AVG induced increased nut set was followed by an 
increased post-nutset ‘June Drop’. The increased 
post-nutset ‘June Drop’ demonstrates an increased 
demand for resources during early kernel develop-
ment phase. There has been very little research con-
ducted on supplemental nitrogen and interactions 
with a higher nut set induced by AVG. This study pro-
poses to study varying rates of supplemental nitro-
gen on increased nut set to evaluate ‘June Drop’ and 
any changes in harvested yield.
There were significant differences in nut set in 2018 
and 2019. Data from ‘June Drop’ counts showed sig-
nificant differences among treatments in 2019.
2019 kernel, shell, and hulls from both varieties, 
Butte and Padre, were weighed after drying. Data 
analysis showed there was a significant difference in 
kernel weight of the Butte variety among treatments. 
There was also a significant increase in the number 
of double fertilizations between treatments, as well 
as a difference between varieties. There were no sig-
nificant differences between hull and shell weights 
with respect to treatments or varieties.
In both years, 2018 and 2019, there were no signifi-
cant differences in overall yields among treatments.

Gibberellin Effects on the Morphology of 
Hydroponically Grown Pisum Sativum ‘Pe-
tite Snap Greens’ (poster)

Sonja Maki*, University of Wisconsin-River Falls    
Abstract: The garden pea Pisum sativum ‘Petite Snap-

Greens’ is grown for its edible shoots, leafy tendrils 
and edible flowers. In this study, the response of the 
‘Petite Snap Greens’ cultivar to gibberellin applica-
tion was assessed in two hydroponic settings. Seeds 
were purchased from Johnny's Selected Seeds and 
germinated in rock wool cubes. Plants were grown in 
a greenhouse in both nutrient film technique (NFT) 
and gravel culture settings with supplemental LED 
lighting (Phillips GreenPower Deep Red and Blue 
LED Research Modules). Gibberellin A4 (GA4)and exo-
16,17-dihydro-GA5 (DiHGA5) were applied (25 ug) in a 
single application of a 5 uL microdrop of 50% ethanol 
to the internode below the unexpanded apex when 
seedlings had six expanded leaves. Both gibberellin 
treatments significantly increased plant height and 
age (number of expanded leaves) while there was 
no difference in the node of flower initiation (NFI). 
Some flowers produced extra banner petals in con-
trol plants which was not observed very often in gib-
berellin treated plants. Both gibberellin treatments 
and LED lighting altered the morphology of the leafy 
tendrils with gibberellin-treated leaflets developing 
more narrow and elongated leaflets. Overall, the 'Pe-
tite Snap-Greens' cultivar performed well in these 
hydroponic settings and yielded different leaflet 
morphologies dependent on lighting and gibberellin 
treatments.

Effect of Ethylene Related Plant Growth 
Regulators on Ripening and Postharvest 
Fruit Quality in Blueberries (Vaccinium 
spp.) (poster)

Tej Prasad Acharya*, University of Georgia    
Abstract:  Blueberry has emerged as a major spe-
cialty crop in the Unites States. The two main types 
of cultivated blueberry in Georgia (GA) are southern 
highbush blueberry (SHB) and rabbiteye (RE) blue-
berry. During ripening individual blueberry fruit on 
the branch mature at different rates resulting in 
non-uniform ripening, and requiring multiple fruit 
harvests. Further, after harvest fruit softening and 
susceptibility to pathogens can rapidly deteriorate 
fruit quality and impact postharvest shelf life. The 
objective of this study was to test the effect of four 
ethylene-related plant growth regulators (PGRs) on 
manipulating fruit ripening, ethylene production and 
postharvest fruit quality. The effect of two PGRs that 
promote ethylene production, ethephon (250 ppm) 
and 1-aminocyclopropane 1-carboxylic acid (ACC; 
250 ppm), and two PGRs that inhibit ethylene pro-
duction aminoethoxyvinylglycine (AVG; 300 ppm) 
and 1-methylcyclopropene (1-MCP; 25 g per gallon) 
along with control treatments were tested in one 
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southern highbush cultivar, Miss Lilly and two rab-
biteye blueberry cultivars Premier and Powderblue. 
Ethephon and ACC application increased ethylene 
levels in ripe fruit within 2 d after treatment (DAT) 
compared to the control. Ethephon increased ripe 
fruit by 70%, 26% and 125% compared to the control 
at 5 days after treatment in ‘Miss Lilly’, ‘Premier’ and 
‘Powderblue’, respectively. Similar to ethephon, ACC 
treatments resulted in greater percentage of ripe 
fruit at 5 DAT in the three cultivars. These treatments 
did not display any consistent effects on postharvest 
fruit quality attributes including texture, soluble 
solids content, titratable acidity and weight. Treat-
ment with1-MCP increased ethylene evolution at 2 
DAT in the three cultivars. However, 1-MCP and AVG 
treatments did not affect the rate of ripening or fruit 
quality attributes compared to the control. Our re-
sults indicate that ethephon and ACC have potential 
to be developed as ripening aids to accelerate/syn-
chronize ripening. In the future, ethylene-induced 
changes in the metabolite profile of ripening fruit 
will be determined. Protocols are being developed to 
determine sugars, acids, their derivatives, amino ac-
ids, fatty acids and anthocyanins using gas-chroma-
tography mass spectrometry and high-performance 
liquid chromatography. Results from such studies 
are expected to identify important metabolites that 
accumulate in blueberry fruit, and ethylene-induced 
changes in metabolite profiles during ripening and 
postharvest storage.

Elucidation of Aldoxime Metabolism in 
Tomato (poster)
Bing Bai*, Doosan Shin, Tong Geon Lee, Breanna 
Tomiczek, Alex Grenning, Jeongim Kim, University of 
Florida    
Abstract:  As sessile organisms, plants produce var-
ious secondary metabolites in responses to abiotic 
and biotic stresses. Aldoximes are nitrogen con-
taining compounds made from various amino ac-
ids and are best known as precursors of defense 
compounds in many species. Indole-3-acetaldoxime 
(IAOx) synthesized from tryptophan is a precursor of 
phytoalexin and glucosinolates which have anti-mi-
crobial or anti-herbivore activities in Brassicales. 
Also, phenylalanine-derived aldoxime, phenylacet-
aldoxime (PAOx) or aliphatic amino acid derived al-
doximes function in defense in diverse species. IAOx 
and PAOx are precursors of growth hormone auxins, 
indole-3-acetic acid (IAA) and phenylacetic acid (PAA) 
respectively. Recent studies have shown a crosstalk 
between phenylpropanoid pathway and aldoxime 
metabolism in Arabidopsis thaliana and Camelina 

sativa. The accumulation of aldoximes activates the 
degradation of phenylalanine ammonia lyase (PAL), 
which acts at the first step of the phenylpropanoid 
pathway. Given that auxins and phenylpropanoids 
such as lignin affect plant growth and development, 
the aldoxime metabolism functions as a metab-
olite hub for chemical defense and growth regula-
tion. However, our knowledge about the aldoxime 
metabolism in tomato is still limited. To elucidate 
the aldoxime metabolism in tomato, we analyzed 
phenylpropanoid contents in tomato leaves treat-
ed with aldoximes. Our data suggest a possible link 
between the aldoxime metabolism and the phenyl-
propanoid pathway in tomato. Aldoximes are made 
by cytochrome P450 (CYP) enzymes belonging to 79 
family. To identify genes encoding aldoxime pro-
duction enzymes in tomato, we did a phylogenetic 
study using Arabidopsis CYP79 homologs. From this 
study, we have identified five tomato genes having 
high protein sequence similarities with Arabidopsis 
CYP79s. In silico data analysis using publicly available 
data showed that two of them are highly expressed 
in fruits. Our pharmacological experimental results 
showed that one of them is induced by the jasmon-
ic acid treatment suggesting its possible roles on 
stress responses. Further characterization of tomato 
CYP79 enzymes and the genetic study of these five 
candidate genes will elucidate aldoxime metabolism 
in tomato.

Yield and Quality Responses of Hydropon-
ic Lettuce to Supplemental LED Red:Blue 
Light Ratios (poster)

Joshua T. Harvey*, Texas A&M AgriLife Research and Daniel 
Leskovar, Texas A&M AgriLife Research & Extension Center, Texas 
A&M University    

Abstract: Using cost-effective light-emitting diodes 
(LEDs) with optimum color ratios is an important 
practice for maximizing crop yield and quality in 
protected plant production system. In a two-season 
greenhouse hydroponics study (Fall and Winter), we 
examined the impact of different LED red:blue ratios 
on lettuce growth and quality.
Lettuce cvs. Newham, Cegolaine, Cherokee, and Ro-
saine were grown in NFT hydroponic tables for seven 
weeks from seeding. Supplemental light treatments 
consisted of control (white fluorescent lighting), 
100R:0B, 90R:10B, and 50R:50B LED red:blue ratios. 
Lettuce heads were measured for fresh and dry 
weight, head height, leaf number, °Brix, and SPAD. 
In the Winter cycle we also sampled leaf CIELAB color 
parameters from which leaf chroma and hue were 
calculated.
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No response variable exhibited significant culti-
var:treatment interactions. There were significant 
differences between cultivars for all response vari-
ables except fresh weight:dry weight ratio. The cv. 
Newham exhibited the highest °Brix and SPAD val-
ues and tied with Cegolaine for highest dry weight 
and leaf number and with Cegolaine and Cherokee 
for highest fresh weight. Compared to control, all 
LED treatments reduced head height, 50R:50B ratio 
increased dry weight and leaf number, 100R:0B ra-
tio increased SPAD and hue, and 90R:10B ratio in-
creased °Brix. Light treatments did not significantly 
impact fresh weight, chroma, or fresh weight:dry 
weight ratios.
Based on these two season tests, we demonstrate 
that individual yield and quality components can be 
increased with specific red:blue light ratios but that 
no single ratio provides an overall benefit. Addition-
al testing with different cultivars as well as a greater 
variety of red:blue light ratios and light intensity may 
help identify cultivar-treatment combinations that 
optimize hydroponic lettuce production.

12:30 PM – 1:15 PM 

Plant Nutrient Management 2 (Post-
er)
Moderator: Mark Reiter, Virginia Tech

Fertilizer Application Method for Potato 
Yields and Quality on Sandy Loam Soils in 
the Mid-Atlantic. (poster)

Mark Reiter*, and John Mason, School of Plant and Environmen-
tal Sciences, Eastern Shore Agricultural Research and Extension 
Center, Virginia Tech

Abstract: Traditionally, starter fertilizers are applied 
with the potato planter to ensure adequate phos-
phorus (P) fertilizer in close proximity to the seed 
piece to facilitate early season root growth and nu-
trient uptake. However, fertilizer applications with 
the planter may slow the planting process, cause 
corrosion on equipment, and fertilizer attachments 
are expensive to purchase and maintain. Many farm-
ers desire a broadcast pre-plant fertilizer application 
of their starter fertilizer nutrients to delete the fer-
tilizer headache when planting. However, pre-plant 
broadcast fertilizer applications are not the current 
Extension recommendation and these practices 
need to be validated on the Eastern Shore of Virgin-
ia in our climate and soils. Our objectives are to: 1. 
determine if applying fertilizer in a banded applica-
tion under the row with the tuber is comparable to 
a broadcast application prior to planting; and 2. de-

termine if more or less fertilizer is needed if fertilizer 
application method is changed. We used a fertilizer 
application method (2) × rate (3) factorial arrange-
ment, with a no-fertilizer control included. Fertilizer 
application methods were broadcast applied prior to 
planting and incorporated using planter and banded 
application under the row. Using 10-10-10 fertilizer 
blend (N-P2O5-K2O), we applied 30, 60, and 90 lbs. 
N, P2O5, and K2O/acre. Marketable yield, total yield, 
rot, and tuber size was calculated. For all parame-
ters, fertilizer application method × fertilizer rate 
interaction was not significant. Overall, yields were 
generally lower than expected due to fertility being 
low since application main effect was averaged over 
rate (25,200 lbs./acre; USDA-NASS 5-year average 
for Virginia). In three years with acceptable yields, 
broadcast vs. banded applications of fertilizer made 
no difference. An excellent fertilizer response was 
seen, with no-fertilizer plots yielding approximate-
ly 50% as compared to fertilized plots. Application 
method made no impact on marketable yields; which 
mirrored and were 85-95% of total yields. Tuber rot 
was not impacted by application method. Tuber size 
was smaller in 2016 when fertilizer was applied un-
der the row versus broadcast (110.0 vs. 101.6 g/tu-
ber, respectively). Size was not impacted by method 
in 2017, 2018, or 2019. In conclusion, fertilizer appli-
cation method made no difference regarding yield, 
marketable yield, rot, or size. Farmers should utilize 
faster broadcast spreader applications instead of 
slowing down planting and damaging equipment by 
exposing planters to corrosive fertilizer sources

Determining the Salt Tolerance of Two 
Penstemons Using a Near-Continuous 
Gradient Dosing System (poster)

Asmita Paudel*, Department of Plants, Soils, and Climate, Utah 
State University; JI Jhong Chen, Utah State University and Youping 
Sun, Department of Plants, Soils, and Climate, Utah State Univer-
sity    

Abstract: Penstemons are flowering plants native 
to desert and alpine regions in North America. They 
are popular in xeriscape. However, their tolerance to 
salinity remains largely unknown. In a recent study, 
Penstemon barbatus (golden-beard penstemon) and 
Penstemon strictus (beardtongue) were screened for 
salinity tolerance using a near-continuous gradient 
dosing (NCGD) system. Plants were irrigated with sa-
line solutions at eight electrical conductivities (ECs) 
ranging from 1.0 to 6.7 dS·m-1 for 12 weeks. Shoot dry 
weight (DW) decreased linearly with increasing salin-
ity levels in both P. barbatus and P. strictus. The shoot 
DW of P. barbatus and P. strictus was decreased by 
38 and 73%, respectively, when irrigated with saline 
solution at an EC of 6.7 dS·m-1 compared with con-
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trol (1.0 dS·m-1). As the salinity level in the irrigation 
water increased, visual score and relative chlorophyll 
content [Soil-Plant Analysis Development (SPAD)] de-
creased linearly in P. barbatus and quadratically in P. 
strictus. Further, there was no significant difference 
among salinity levels for the length of the longest 
leaf in P. barbatus, but leaf length was decreased 
quadratically in P. strictus. Net photosynthesis (Pn), 
measured using a CIRAS-3 portable photosynthesis 
system, decreased quadratically with increasing sa-
linity levels for both species. Transpiration (E) rate 
decreased linearly in P. strictus whereas no signif-
icant difference was observed for P. barbatus. Pen-
stemon strictus at the EC of 6.7 dS·m-1 had 50% mor-
tality, but all P. barbatus plants survived. Penstemon 
barbatus was more tolerant than P. strictus to the sa-
linity levels in this study.

Specified Source(s) of Funding: USDA NIFA Hatch proj-
ect UTA01381, USDA Specialty Crop Block Grant Pro-
gram #202715, American Penstemon Society #202486, 
Utah State University New Faculty Start-Up Funds

Using NDVI Sensors to Determine the 
Chlorophyll Content of Shepherdia ×Uta-
hensis ‘Torrey’ (poster)

JI Jhong Chen*, Utah State University; Shuyang Zhen, University 
of Georgia and Youping Sun, Department of Plants, Soils, and 
Climate, Utah State University    

Abstract: Chlorophyll content can be measured us-
ing destructive methods (e.g., chlorophyll extraction) 
and nondestructive methods (e.g., chlorophyll me-
ter) by measuring absorbance, transmission, or re-
flectance at chlorophyll-sensitive wavelength bands. 
Spectrophotometer estimates leaf chlorophyll con-
tent from light absorbance at the wavelength of 
665.1 nm and 649.1 nm when chlorophyll is extract-
ed in dimethyl sulfoxide (DMSO) solvent. On the oth-
er hand, Minolta Chlorophyll Meter measures light 
transmission at the wavelength of red light (RED) at 
650 nm and near-infrared (NIR) at 940 nm, while MC-
100 Meter measures the wavelength of RED at 653 
nm and NIR at 931 nm. Normalized difference vege-
tation index (NDVI) sensors are designed to measure 
the reflectance of RED at 650 nm and NIR at 810 nm 
and used in remote sensing to determine vegetation 
index since vegetation and non-vegetation surface 
have different reflectance spectral patterns. With 
similar detecting wavelengths to commercial chloro-
phyll meters, NDVI sensors may be used to estimate 
leaf chlorophyll content by measuring light trans-
mission, although they are usually used to measure 
light reflectance. In our study, an NDVI sensor was 
used for measuring RED and NIR light transmission 

to estimate leaf chlorophyll content of Shepherdia 
×utahensis ‘Torrey’ treated with three ammonium ni-
trate (NH4NO3) levels. All measurements were done 
under sun and halogen light. Chlorophyll contents 
were also measured using Soil Plant Analysis Devel-
opment (SPAD)-502 and MC-100 chlorophyll meters 
and chlorophyll extraction using DMSO solvent. The 
leaf chlorophyll distribution of S. ×utahensis ‘Torrey’ 
was uniform. Leaf chlorophyll content estimated us-
ing the NDVI sensor was consistent with those from 
SPAD-502 and MC-100 chlorophyll meters and chlo-
rophyll extraction with high correlations between the 
NDVI sensor and chlorophyll meters (all P < 0.0001, r2 

> 0.65). Therefore, NDVI sensors can be used to esti-
mate leaf chlorophyll contents.

Specified Source(s) of Funding: USDA NIFA Hatch proj-
ect UTA01381, New Faculty Start-Up Funds from the 
Office of Research and Graduate Studies, Utah Agricul-
tural Experiment Station, and the Center for Water-Effi-
cient Landscaping at Utah State University

Balancing the Supply of Nutrients and 
Water with Plant Demand in Closed Hy-
droponic Systems (poster)

Lauren Houston*, University of Arkansas and Ryan Dickson, 
University of Arkansas    

Abstract: Designing a nutrient solution recipe that 
balances nutrient supply with plant demand min-
imizes nutrient accumulation/depletion over time 
in closed hydroponic systems, reducing the need 
to periodically dump and replace the solution or in-
vest in expensive nutrient monitoring and injection 
equipment. However, a “balanced” nutrient solution 
would likely differ between plant species and be in-
fluenced by applied nutrient ratios, particularly ni-
trogen form. The objective was to calculate and com-
pare individual nutrient concentrations needed in a 
balanced hydroponic refill solution across a range 
of edible crop species and varying solution ammo-
nium:nitrate (NH4:NO3) nitrogen ratios. Plant growth, 
individual nutrient and water uptake were quantified 
over a 6 day period for eight species (arugula, basil, 
cucumber, eggplant, lettuce, pepper, spinach, toma-
to) grown in small-scale and closed hydroponic sys-
tems with 0.5× Hoagland’s solution (100 mg/L nitro-
gen) and solution NH4:NO3 ratios of 0:100, 15:85, and 
30:70. Predicted macronutrient concentrations for 
nitrogen (N), phosphorus (P), potassium (K), calcium 
(Ca), and magnesium (Mg) in a balanced refill solu-
tion were calculated using a mass balance approach 
and analyzed across species and NH4:NO3 treatment 
combinations. Plant species differed in the predicted 
concentration for each nutrient, which was also in-
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fluenced by NH4:NO3 ratio. Overall, increasing NH4:-
NO3 ratio decreased the predicted concentration of 
Ca and Mg for each species, likely a result of NH4 
inhibitiion of Ca and Mg uptake by roots. Supplying 
100% nitrate nitrogen is therefore recommended for 
species sensitive to calcium-related disorders, such 
as “tip burn” in lettuce and “blossom-end-rot” in to-
mato. Concentrations of N were shown to be insuf-
ficient whereas Ca and Mg were excessive of plant 
demand with a 0.5× Hoagland’s refill solution, and 
continued use of this solution in a closed systems 
would be expected to result in N deficiency and Ca/
Mg accumulation over time. It is important to con-
sider that all plants in this study were in a vegetative 
growth stage, and therefore nutrient uptake may dif-
fer during fruit development for species such as to-
mato, pepper, eggplant, and cucumber. In addition, 
nutrient uptake was evaluated over a relatively short 
period, and nutrient uptake rates may be influenced 
as plant species develop and mature. Growers can 
use a mass balance approach to evaluate the poten-
tial of hydroponic nutrient solution recipes to result 
in nutrient accumulation/depletion over time as well 
as formulate balanced hydroponic solutions specifi-
cally for certain crop species and plant developmen-
tal stages.

Storage Procedures Affect Chemical Pa-
rameters Measured in Pour-through Ex-
tracts (poster)

Andrea Landaverde*, The Ohio State University; Jacob Shreck-
hise, USDA-ARS, MWA ATRU and James Altland, USDA-ARS, MWA 
ATRU    

Abstract: The pour-through (PT) method is used in 
greenhouse and nursery production to monitor nu-
trient availability in soilless substrates. Efficacy of 
this method is based on the assumption that chem-
ical properties of extracted solutions remain stable 
from the moment of collection until analysis. Extract-
ed substrate solution can be analyzed directly in the 
greenhouse or sent to laboratories for complete nu-
tritional analysis; thus, proper sample preservation 
methods (e.g., filtration and low temperatures) are 
critical for reducing sample contamination or deg-
radation during storage. However, evidence of how 
these preservation methods affect chemical charac-
teristics of PT water samples is limited. The objective 
of this study was to evaluate the effect of storage 
time, storage temperature, and filtration of PT sam-
ples on pH, electrical conductivity (EC), and nutrient 
concentrations from pine bark- and peat-based sub-
strates. Pour-through extracts were obtained from 
liquid-fertilized fallow pots of either 100% milled pine 
bark (experiment 1) or a 4 sphagnum peat : 1 perlite 

(by volume) substrate (experiment 2). Aliquots of PT 
extract were either filtered or non-filtered and then 
stored in plastic bottles at −22, 4, or 20 °C. Electrical 
conductivity, pH, and nutrient concentrations were 
analyzed at 0, 1, 7, and 30 days after initiation of 
each experiment. In both experiments, EC and pH 
changed at each sampling date, regardless of stor-
age protocol. Storage time had the greatest effect on 
nutrient concentrations of samples that were stored 
at 20 °C. However, at 30 d, nutrient concentrations 
had also changed in samples stored at 4 and −22 
°C. The parameters that fluctuated the most in both 
experiments and across all preservation treatments 
were dissolved organic carbon (DOC), total dissolved 
nitrogen (TDN), NO3-N, and PO4-P, while K, Ca, Mg, 
and S were more stable in PT samples. In conclusion, 
EC and pH should be analyzed immediately, where-
as samples requiring nutrient analysis should be fil-
tered immediately after collection, stored at 4 or −22 
°C (preferably −22 °C), and analyzed within 7 d from 
the time of collection.

Specified Source(s) of Funding: U.S. Department of 
Agriculture, Agricultural Research Service

12:30 PM – 1:15 PM 

Postharvest 2 (poster)
Moderator: Lisa Alexander, USDA-ARS

Optimizing Cell Wall Polysaccharide Ex-
traction for Watermelon Placental Tissue 
(poster)

Marlee Trandel*, North Carolina State University; Suzanne Jo-
hanningsmeier, USDA-ARS and Penelope Perkins-Veazie, North 
Carolina State University    

Abstract: Watermelon fruit cell walls are highly com-
plex and composed of polysaccharides including 
cellulose, hemicellulose and pectin. Enzymatic hy-
drolysis (endo-polygalacturonase) has been used to 
depolymerize cell walls prior to pectin fraction ex-
traction and quantification of matrix glycans and xy-
logalacturonan monomers. These methods prevent 
full analysis of polysaccharides. We adapted hydroly-
sis and methylation analysis techniques initially used 
for Arabidopsis for application to watermelon. In this 
study, a randomized complete block design was set 
up to develop optimal hydrolysis and alcohol insolu-
ble residue (AIR) grinding for cell wall polysaccharide 
extraction from seedless watermelon. Watermelon 
placental tissue was frozen in liquid nitrogen, packed 
into 50 mL test tubes and ground with or without 
80% ethanol in a Genogrinder, followed by metha-
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nol and acetone rinses to yield alcohol insoluble res-
idues (AIR). Hydrolysis optimization consisted of 63, 
126, 189, and 252 µL of 72% sulfuric acid applied to 
the AIR in 2 ml vials with seals. AIR samples (3-5 mg) 
were re-ground with 6 x 2.8 mm steel balls in a bead 
mill homogenizer for 0, 30, 60, or 90 seconds. A sub-
set of re-ground AIRs were analyzed using Sympatec 
particle analysis. Total sugar content was used as a 
measure of the effectiveness of the acid hydrolysis 
and re-grinding treatments. The total sugar yield was 
highest with 126 or 252 µL sulfuric acid addition to 
AIR. Variability among replicates was high in samples 
with the highest volume of acid (252 µL), indicating 
possible cell wall breakdown. These results imply 
that at least 126 µL sulfuric acid is needed for com-
plete hydrolysis of 3 mg watermelon AIR. Re-grinding 
AIR for 60 seconds resulted in smaller particle size 
(55.3 µm) and higher total sugars (2.28 nm·mg-1), 
suggesting this optimization may be best for water-
melon polysaccharide extractions. Unlike Arabidop-
sis, watermelon AIR requires re-grinding to achieve 
proper particle size for hydrolysis. Increasing the 
amount of 72% sulfuric acid applied to watermelon 
was critical to achieve full hydrolysis. Using hydroly-
sis and methylation analysis resulted in quantifica-
tion of 12 neutral sugars and linkage assembly of the 
watermelon cell wall.

Specified Source(s) of Funding: USDA-NIFA-SCRI

Reduction of Superficial Scald in “Granny 
Smith” Apples By the Application of Low 
Dosage Irradiation (poster)

Francisco Loayza*, ; Michelle Tu, Chapman University and A. 
Prakash, Chapman University    

Abstract: Superficial scald is a disorder that is mani-
fested in stored apples when fruit is brought out of 
cold storage. This disorder has been associated with 
ethylene production. The objective of this study was 
to compare low dose irradiation treatment with other 
commercially used postharvest treatments on scald 
development in ‘Granny Smith’ apples and to explore 
the role of ethylene in scald development. Organic 
‘Granny Smith’ apples were treated with gamma irra-
diation at 240 Gy, DPA at 2,200 ug L-1, 1-methylcyclo-
propene (MCP) at 1.0 uL L-1 and methyl bromide (MB) 
at 8.0 uL L-1. Treated and control apples were stored 
at 1 ºC for 1, 90 and 150 days plus 7 days at room 
temperature. Ethylene production, respiration rate, 
superficial scald index, color, firmness, TSS and TA 
were measured on fresh fruit. Our results showed 
that the irradiation and MCP treatments significantly 
reduced the production of ethylene, followed by DPA 
treated apples. Control and fumigated apples had 

the highest ethylene levels at every time point. The 
incidence of superficial scald was low after 90 days of 
storage and similar among all treatments. After 150 
days of storage, scald intensity was low in DPA and 
MCP treated apples compared to control, irradiation 
and MB treated apples which exhibited moderate se-
verity. In term of quality, we observed that irradiat-
ed apples were more yellow suggesting accelerated 
ripening while DPA and MCP treatments maintained 
a greener color in the apples. This observation was 
supported by the lower TA and higher TSS/TA ratio 
in irradiated apples although irradiated, along with 
MCP treated apples, had the highest firmness after 
90 and 150 days in storage. Our results show that 
low ethylene production in DPA and MCP treated ap-
ples correlated with low superficial scald. However, 
in irradiated fruit, while ethylene production was re-
duced, the incidence of superficial scald was not im-
pacted. Our results suggest that 240 Gy might be too 
low to affect superficial scald development, or that 
scald development might be influenced by factors 
other than ethylene.

Specified Source(s) of Funding: USDA NIFA

Preharvest Fungicide Spray to Control 
Postharvest Diplodia Stem-End Rot (La-
siodiplodia theobromae) on ‘Ruby Red’ 
Grapefruit (poster)

Jiaqi Yan*, ; Jiuxu Zhang, Florida Department of Citrus; Cuifeng 
Hu, ; Wei Zhao, USDA-ARS; Jinhe Bai, USDA-ARS; Anne Plotto, 
USDA-ARS and Mark Ritenour, University of Florida    

Abstract: Diplodia stem-end rot (SER) caused by La-
siodiplodia theobromae is often the most import-
ant postharvest disease of fresh citrus fruit in warm 
and humid regions such as Florida. The current ep-
idemic of citrus greening (HLB) in Florida damages 
citrus trees and increases postharvest Diplodia SER 
on citrus fruit, causing added economic losses. Pre-
liminary experiments evaluated the effectiveness of 
preharvest fungicide sprays on postharvest Diplo-
dia SER development on ‘Red Ruby’ grapefruit from 
a HLB-infected grove. These fungicides included 
three traditionally preharvest fungicides Quadris® 
Top (azoxystrobin + difenoconazole), Headline® 
(pyraclostrobin), and Topsin® 4.5fl (thiophanate-
methyl; not currently labeled for citrus); and 
three postharvest labeled fungicides Mentor EC 
(Propiconazole), Mertect® 340-F (thiabendazole), 
and Graduate A+® (fludioxonil + azoxystrobin). A 
thyme oil-based product (Thyme Guard®) was also 
evaluated. All fungicides were applied at commercial 
recommended rates, and water sprayed as a control, 
2 or 15 days before harvest. After harvest, fruit were 
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incubated at 28 ⁰C, 90% relative humidity, with 5 ppm 
ethylene for 6 days to accelerate Diplodia SER devel-
opment. Afterwards, ethylene was discontinued. Di-
plodia SER severity and incidence were evaluated 9 
days after harvest. For fruit harvested 2 days after 
fungicide spray, Topsin® 4.5fl and Graduate A+® 
significantly decreased Diplodia SER incidence and 
severity compared to the control, with the SER inci-
dence reduced by 92.3% and 69.2%, and the severi-
ty reduced by 97.8% and 80%, respectively. For fruit 
harvested 15 days after fungicide application, Top-
sin® 4.5fl, Quadris® Top, Mertect® 340 F, Graduate 
A+®, and Headline® all significantly decreased Di-
plodia SER incidence, compared to the control, by 
81.6%, 69.5%, 61.4%, 58.3%, and 53.1%, respectively. 
Only Topsin 4.5fl, Quadris® Top, and Graduate A+® 
significantly reduced Diplodia SER severity by 82.5%, 
77.4%, and 63.4%, respectively. This study demon-
strates that preharvest application of particular fun-
gicides could be an important measure in posthar-
vest Diplodia SER control.

Specified Source(s) of Funding: USDA-TASC

Efficacy of Fungicides and Biorational 
Product in Management of Botrytis Cine-
rea on Cut Flowers of Hydrangea Macro-
phylla (poster)

Ravi Bika, Tennessee State University; Lisa Alexander*, USDA-ARS; 
Cristi Palmer, IR-4 Headquarters and Fulya Baysal-Gurel, TSU    

Abstract: The cut flower sector is an economically 
important group within the ornamental crop pro-
duction industry. The cut flower market depends 
upon ornamental characteristics such as longevity, 
shape, form, size, color and texture of the flowers. 
However, incidence of Botrytis cinerea, in both pre 
and post-harvest, can greatly reduce the quality of 
ornamental flowers, making them unsalable. The 
objective of this research was to evaluate the effica-
cy of different fungicides and biorational products 
for preventive control of B. cinerea on hydrangea 
cut flowers. The hydrangea flowers were dipped in 
treatment solution after harvest. Once the treat-
ment dried, the flowers were inoculated with B. ci-
nerea spore suspension, excluding the non-treated, 
non-inoculated control. Flowers were cold stored 
for 3 days and then displayed under simulated re-
tail store conditions; disease severity and post-har-
vest shelf life was evaluated. Dip application of As-
tun, Orkestra Intrinsic and Medallion significantly 
reduced Botrytis blight disease severity compared 
to the non-treated, inoculated control in both trials. 
Astun, Medallion, Orkestra Intrinsic, Botector and SP 
2480 significantly reduced disease progress com-

pared to the non-treated, inoculated control in both 
trials. The fungicides Astun, Orkestra Intrinsic and 
biorational product Botector effectively maintained 
the longer post-harvest shelf life of hydrangea cut 
flowers compared to the non-treated inoculated 
control in both trials. The findings from this research 
can assist growers in post-harvest Botrytis blight 
management in cut flowers.

Specified Source(s) of Funding: USDA IR-4

The Potential of Chlorine Dioxide Gas for 
Postharvest Diplodia Stem-End Rot Con-
trol on Citrus Fruit (poster)

Tian Zhong, Zhuhai College of Jilin University; Jiuxu Zhang*, 
Florida Department of Citrus; Xiuxiu Sun, USDA-ARS; Jingjing Kou, 
University of Florida/IRREC; Zhike Zhang, College of Hort./South 
China Agri. University; Jinhe Bai, USDA-ARS; Cuifeng Hu, ; Jiaqi 
Yan, and Mark Ritenour, University of Florida    

Abstract: Citrus is one of the most economically im-
portant horticultural crops in the world. Diplodia 
stem-end rot (SER), caused by Lasiodiplodia theobro-
mae, is one of the most important causes of fruit 
losses during postharvest handling and marketing 
of fresh citrus in Florida and other hot and humid 
citrus producing regions. The focus of this study 
was to evaluate chlorine dioxide (ClO2) gas, released 
from a two-part, dry media system (ICA TriNova, 
Newnan, GA), to control postharvest Diplodia SER 
on citrus. In vitro L. theobromae mycelial growth on 
potato dextrose agar medium was completely inhib-
ited by 24-hour ClO2 gas exposure from 0.5 g of the 
“fast-release” solid granular mixture in a 7.7-L sealed 
container. In vivo experiments were conducted using 
artificially inoculated ‘Tango’ and naturally infected 
‘US Early Pride’ mandarins. When ClO2 was applied 
to fruit that were artificially inoculated with L. theo-
bromea for 0 or 6 hours, Diplodia SER incidence was 
significantly reduced compared to the control, with 
higher ClO2 doses being more effective than lower 
doses. Specifically, 3 g of the ClO2 generating mixture 
applied immediately after fruit inoculation resulted 
in only 17.6% Diplodia SER incidence compared to 
96.5% in the control. The same treatment applied 24 
hours after inoculation was much less effective, with 
63.0% Diplodia SER incidence compared to 85.4% in 
the control. When naturally infected fruit were treat-
ed with ClO2-generating mixture at different doses 
in sealed 24-L containers for 24 hours, and then eth-
ylene degreened for 48 hours, and incubated for up 
to 2 weeks, Diplodia SER incidence was 25.7% and 
26.7% in 6 and 9 g of ClO2-generating mixture treat-
ed fruit, respectively, compared to 49.5% in control 
fruit. While ClO2-treated fruit mantained higher peel 
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puncture force and titratable acid better than the 
control, no significant differences were found with 
other fruit quality parameters including weight loss, 
firmness, and total soluble solid. These results sug-
gest that ClO2 gas has the potential to be used within 
a citrus postharvest decay control system to mini-
mize fruit losses due to Diplodia stem-end rot.

Chlorinated Water Injection in the Cutter 
of a Produce Washing System Reduces 
Bacteria Levels on Cut Produce Surfaces 
(poster)

J. Atilio de Frias*, USDA-ARS; Yaguang Luo, USDA-ARS; Bin Zhou, 
USDA-ARS; Zi Teng, University of Maryland and Ellen R. Born-
horst, USDA-ARS    

Abstract: Cutters in commercial-scale fresh-cut pro-
duce washing systems are prone to pathogen accu-
mulation and cross-contamination that may impact 
food quality and safety. To prevent downstream 
food safety issues associated with cutting, chlorinat-
ed water is injected in the cutter to removes pieces 
of cut produce from the blades and cases to increase 
organic removal. This process may have other unin-
tended benefits or consequences that have not been 
fully explored. In this study, we investigated if chlori-
nated water injection in the cutter would significant-
ly reduce the population of bacteria in cut produce. 
Trials were conducted in a pilot-scale produce pro-
cessing plant at the U.S. Department of Agriculture - 
Agricultural Research Service (USDA-ARS). This state-
of-the-art pilot plant includes single-pass, flume and 
vertical washing systems for fresh-cut produce pro-
cessing. Iceberg lettuce and cabbage were cored on-
site, the outermost layers removed, and the heads 
cut in half prior to chopping into 25.4 mm strips 
using a Sprint 2™ Dicer from Urschel Laboratories. 
Water injection treatments were tested under the 
same volumetric flow (0.9 L/min) at 200 or 1.2 mg/L 
of free chlorine, and compared to chopping with-
out water injection, as a control. Aerobic mesophilic 
bacteria (AMB) in the cut produce were enumerated 
after sample processing using aerobic plate counts 
(APC) petrifilm plates. Results showed that popula-
tion of AMB decreased by 1.0 log CFU g-1 in cabbage 
and 0.7 log CFU g-1 in lettuce after chlorinated water 
injection (200 mg/L) in the cutter, compared to water 
injection without added chlorine (1.2 mg/L). There 
were no significant changes (P>0.05) in AMB popula-
tion in the cut produce between water only injection 
and control. This suggests that the cutting process 
could be a significant intervention step for reducing 
bacterial population and improving food safety and 

quality.

Specified Source(s) of Funding: USDA-NIFA (Specialty 
Crops Research Initiative Award No. 2016-51181-
25403)

Evaluation of the Performance of an In-
dustrial-Scale Desiccant-Based Drying Sys-
tem for Agricultural Commodities (poster)

Alice Dien*, UC Davis; Laudia Anyoke-Bempah, UC Davis; Abdul 
Momin, UC Davis; Irwin R. Donis-Gonzalez, University of Califor-
nia-Davis and Kurt Kornbluth, UC Davis    

Abstract: Approximately 4.5 billion people worldwide 
are negatively affected by mycotoxins produced by 
fungi tainting dried and stored durable commodities 
(e.g. corn and rice) which have been inadequately 
dehydrated. Currently, the drying operation in ag-
riculture is mainly done by using heated air (up to 
52ºC/125ºF). This method requires large energy in-
puts and loses effectiveness at suboptimal weather 
conditions. Our proposed solution is to utilize des-
iccant-based drying (hygroscopic salts and DryBead-
sTM) to remove moisture and reduce the relative hu-
midity (RH) of the air prior to being forced through 
the commodity for drying. We evaluated the perfor-
mance of an industrial-scale DryBeadsTM-based des-
iccant dryer (FlexiDry®) in two different operational 
modes: using unheated air (DBUHA), and using heat-
ed air (DBHA). For the DBHA treatment, the heat 
produced during the regeneration process of the 
DryBeadsTM was used to warm the drying air to ap-
proximately 110 ºF, providing an airflow with drying 
characteristics similar to the Conventional Heated 
Air (CHA) system used in industry. We dried 130 kg of 
whole yellow corn (Zea mays) from 23% MC (w.b) to 
12% MC (w.b) using the FlexiDry® and a conventional 
dryer (CHA) electric system. The corn was placed in 
a stainless-steel barrel (7.6 ft3) with a perforated 
air column inside to ensure uniform distribution of 
air. We measured the temperature (T) and Relative 
Humidity (RH) in the top, middle and bottom of the 
barrel, as well as, in the ambient and the drying air. 
We quantified the overall electric energy for the Flex-
iDry® and the CHA, and the methane consumption 
for the regeneration of DryBeadsTM. Finally, we com-
bined the energy measurements into a single metric 
(kWh) for each treatment. The FlexiDry® generated 
low RH drying air (< 20%) and effectively dried corn 
samples. The drying capacity of the DBHA, DBUHA, 
and CHA were found to be equal to 11.71, 4.13, 
and 11.30 kg of corn/hr. The DBHA and DBUHA 
treatments consumed 2.3 kWh and 4.2 kWh per kg of 
water removed, respectively, compared to 0.9 kWh 
for the CHA. Therefore, the drying efficiency (kWh 



I lksjdflkjasldfkj An asterisk (*) after a name indicates the presenting author.
HortScience 55(9) Supplement – 2020  ASHS Annual Conference

S345 S345S345

used per kg of water removed) for the FlexiDry® was 
between 2.5 and 5 times lower than the CHA. In order 
to provide recommendations to reduce the energy 
consumption of large-scale desiccant systems such 
as the FlexiDry®, our team has built and is currently 
testing a small-scale laboratory desiccant system.

Specified Source(s) of Funding: Foundation for Food 
and Agriculture Research (FFAR)

Blueberry Safety and Integrity Utilizing 
Encapsulated Carvacrol (poster)

Xiuxiu Sun*, USDA-ARS; Randall Cameron, USDA-ARS; Anne Plot-
to, USDA-ARS; TZ Tian Zhong, Zhuhai College of Jilin University; 
Chris Ference, USDA-ARS and Jinhe Bai, USDA-ARS    

Abstract: Carvacrol is a natural phenolic compound 
with strong antimicrobial activity and high volatility. 
Microencapsulation has been used to reduce the vol-
atility, and thereby ensure the long-term stability and 
bioactivity of sensitive compounds, such as essential 
oils. Microencapsulation can also be employed to 
control the time of release of an encapsulated bio-
active compound for a more targeted application. In 
this research, a powder composed of pectin/sodium 
alginate microencapsulated carvacrol was produced 
via a spray-drying method. Blueberries inoculated 
with E. coli, C. acutatum, or non-inoculated, were 
packed into clamshells and monitored for safety and 
quality at 20 °C for 5 days, or 10 °C for up to10 days. 
Three treatments were compared: microencapsulat-
ed carvacrol treatment (M-CAR), which involved an 
air-permeable pouch filled with 0.5 g of microcapsule 
powder inside a clamshell; pure carvacrol treatment 
(P-CAR), which was a piece of filter paper saturated 
with about 50 µg pure carvacrol (equal to the amount 
of carvacrol in 0.5 g powder) inside a clamshell; and 
the control (C), which was the clamshell without any 
treatment. The results showed that the M-CAR and 
P-CAR treatments significantly reduced the popula-
tions of E. coli, yeast/mold, and total aerobic bacte-
ria. Sensory panelists preferred the berries from the 
M-CAR treatment over the P-CAR treatment due to 
higher blueberry flavor and lower perceptible off-fla-
vor after 7 days storage at 10 °C. The M-CAR treated 
berries retained better quality with higher firmness 
and lower weight loss than the P-CAR treated fruit. 
GC-MS was able to detect carvacrol residue from the 
P-CAR treated berries, but not from the M-CAR treat-
ed fruit. These results indicate that microencapsulat-
ed controlled release carvacrol in a pectin/sodium 
alginate matrix can be used for the preservation of 
blueberries or other small fruit.

Consumer Perception of Fresh Produce 
Compared to Its Digital Image (poster)

Eunhee Park*, USDA-ARS    
Abstract: The consumer’s adoption of overall gro-
cery shopping online is accelerating; yet ordering 
fresh produce online is growing at a much slower 
pace. A significant challenge associated to this may 
be related to the consumers’ inability to examine the 
fresh produce prior to purchasing, which could be 
partially alleviated by advanced machine vision tech-
nology. Therefore, this study examined the associ-
ation between digital images of the fresh produce 
and sensory attributes perceived by the sensory 
panelists. Digital images of fresh strawberries, cher-
ry tomatoes, grapes, and blueberries were acquired 
using a high-resolution digital camera and produce’s 
features were analyzed using an ImagePro Plus 
software program. Consumer panels evaluated for 
quality traits including appearance, texture, flavor, 
overall quality, and purchasing decision. The panels 
consisted of 35 members for evaluating strawber-
ries, 40 for cherry tomatoes, 32 for grapes, and 40 
for blueberries. The Pearson correlation coefficient 
(r) between assessment results of the image and 
the actual produce was high for appearance (0.87), 
moderate for overall quality (0.62), and low for tex-
ture (0.48). For the appearance attribute, the r varied 
by commodity: strawberries (0.90), cherry tomatoes 
(0.90), grapes (0.63) and blueberries (0.83). The r for 
textural evaluation ranged between 0.13 (blueber-
ries) to 0.56 (grapes). The r for overall quality had the 
largest range of variation: blueberries (0.25), grapes 
(0.35), strawberries (0.36), and cherry tomatoes 
(0.86). This study demonstrated that photograph-
ic images of fresh food products can be utilized to 
effectively relay appearance attributes of the fresh 
produce, but the actual correlation between images 
and visual appearance vary significantly among com-
modity types. Overall, allowing online consumers to 
view the actual product they are expected to receive 
could help with addressing concerns and increase 
the likelihood of purchasing fresh produce through 
online markets.

Specified Source(s) of Funding: USDA-ARS

12:30 PM – 1:15 PM 

Propagation 2 (Poster)
Moderator: Umanath Sharma, Memorial University of 
Newfoundland

Antioxidant Properties of in Vitro-Derived 
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and Cutting Propagated Lingonberries 
(Vaccinium vitis-idaea L.) (poster)

Umanath Sharma*, Memorial University of Newfoundland; Abir 
U. Igamberdiev, Memorial University of Newfoundland and Samir 
C. Debnath, Agriculture and Agri-Food Canada    

Abstract: Lingonberry (Vaccinium vitis-idaea L.; family 
Ericaceae) is an evergreen shrub that produces fruits 
rich in antioxidant properties. It is propagated con-
ventionally by vegetative stem cuttings but requires 
more time and resources to multiply. In vitro prop-
agation, on the other hand, is a rapid propagation 
technique where an isolated plant cell or organs 
called explant is kept in nutrient media with appro-
priate growth hormones. However, Due to alteration 
in the microenvironment in a tissue culture system, 
plant cells experience stress that induces genetic 
and epigenetic changes which might affect the syn-
thesis of bioactive compounds on them. Therefore, 
we estimated four antioxidant properties on the leaf 
samples of two lingonberry genotypes propagated 
in-vitro on semi-solid medium (in growth chamber) 
and by stem cutting (in the greenhouse). Phenolic 
and flavonoid contents, and antioxidant activity were 
found to be significantly higher in cutting plants 
than micropropagated plants for both genotypes. 
Although proanthocyanin content was found to be 
significantly higher in cutting plants in one genotype, 
it was not affected in the other. These results mani-
fested the significant effect of micropropagation on 
antioxidant properties in lingonberry, and the mag-
nitude was found to be genotype-specific.

Mechanisms behind the Enhanced Root-
ing of Microcuttings and Subsequent 
Growth of Rhododendron Fortunei By an 
Ericoid Mycorrhizal Fungus (poster)

Xiangying Wei, Minjiang University; Jianjun Chen*, University of 
Florida, Mid-Florida Research and Education Center; Chunying 
Zhang, Shanghai Landscape and Gardening Research Institute; 
Hong Liu, State Key Laboratory of Ecological Pest Control for Fu-
jian and Taiwan Crops, Fujian Agriculture and Forestry University; 
Xiuxia Zheng, Minjiang University; Jingli Mu, Minjiang University 
and Jingli Mu, Minjiang University    

Abstract: Adventitious root (AR) formation is a 
unique feature of plant reproduction and is of sig-
nificant importance economically as many horticul-
tural and forestry crops are propagated through cut-
tings. A growing number of reports have shown that 
microbes, particularly mycorrhizal fungi are able to 
promote AR formation, but the underlying mecha-
nisms remain largely unclear. The present study es-
tablished an in vitro culture system and investigated 
AR formation from microcuttings of Rhododendron 
fortunei Lindl. inoculated with an ericoid mycorrhizal 

fungus, Oidiodendron maius strain Om19. Hormones 
and precursors involved in indole-3-acetic acid (IAA) 
biosynthesis in Om19 mycelium were analyzed. 
Om19 was able to produce a large quantity of trypto-
phan (Trp) and also indole-3-pyruvate (IPA) and IAA, 
indicating that IAA biosynthesis in Om19 could be 
through a Trp-dependent pathway. After inoculation 
of Om19, ARs were quickly formed from cuttings, 
and Om19 effectively colonized the roots. Symbiosis 
related genes were activated, and YUC3, a key gene 
in plant biosynthesis of IAA and also genes involved 
in nitrogen (N) uptake and metabolism, phosphorus 
(P) uptake were highly upregulated. Plants absorbed 
significantly greater quantity of mineral nutrients, 
and their growth was substantially enhanced com-
pared to control plants without Om19 inoculation. 
A working model for Om19 enhanced AR formation 
was proposed. The rapid formation of ARs from cut-
tings could be due in part to the induction of IAA 
biosynthesized by Om19 and also attributed to Trp 
catalyzed biosynthesis of IAA in plants. AR formation, 
in turn, provided Om19 preferred sites for coloniza-
tion. Our study also suggested that Om19 could be 
an important agent as a biofertilizer for improving 
rooting and production of ericaceous plants, such as 
blueberry, cranberry, and rhododendron.

Role of Various Explants in Micropropaga-
tion of Hydrangea Macrophylla (Thunb.) Ser 
(poster)

Richa Bajaj, University of Georgia; Wayne Parrott, University of 
Georgia and Donglin Zhang*, University of Georgia    

Abstract: Hydrangea macrophylla (Thunb.) Ser. origi-
nated in Japan and China and is known for ornamen-
tal value in North America, Europe, and Asia. Hydran-
gea plants are grown commercially as potted plants 
as well as cut flowers. Some cultivars of Hydrangea 
macrophylla are popular, since they have blue-col-
ored flowers (sepals). Nursery growers on average 
sell 10 blue flowered hydrangeas for every pink col-
ored flower, thus making it important to control the 
flower color. Also, at times there is a demand for a 
certain flower color, so stabilization of flower color 
is necessary. To further carry our gene editing and 
flower color stabilization, the successful in vitro cul-
ture of Hydrangea macrophylla is essential. Cultivar 
‘Twist-N-Shout’ was selected for in vitro studies. Five 
types of explants were used for micropropagation: 
nodes, whole leaf, petiole with half leaf, internode 
and petiole. Gamborg’s B5 medium supplemented 
with 6- benzylaminopurine (BAP) in combination 
with indole-3-acetic acid or kinetin or indole-3-butyr-
ic acid or gibberellic acid was evaluated to establish 
suitability of various explants for micropropagation. 
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Axillary shoots were observed from nodes in medi-
um supplemented with BAP, Kinetin + IAA and BAP 
+ IBA. Nodal explants also produced compact callus 
at the bottom after three weeks which later may re-
sult in adventitious shoots. Combination of BAP and 
IBA also resulted in callus (after six weeks) which was 
green and compact, and which may also result in 
adventitious shoots. Whole-leaf explants started to 
brown after two weeks. Whole leaf, internodes and 
petioles did not show any sign of callus formation or 
new growth after eight weeks.

Effect of Different Rooting Systems and 
K-Iba Concentrations on Vegetative Prop-
agation of Peach Rootstocks (poster)

Ricardo A. Lesmes-Vesga*, University of Florida; Lorenzo Rossi, 
University of Florida and José X. Chaparro, University of Florida    

Abstract: Historically, commercial clonal propagation 
of peach scions has been based on the use of seed-
ling rootstocks due to the availability of true to type, 
inexpensive and easily stored seeds and the ease of 
seed propagation compared to vegetative methods. 
However, the trend in stone fruit production is the 
propagation of rootstocks by rooted stem cuttings, 
which allows the use of heterozygous genotypes and 
can provide highly uniform tree performance. The 
identification of suitable rooting hormone concen-
trations and efficient propagation systems is neces-
sary to promote the adoption of vegetative propa-
gation of peach rootstocks by commercial nurseries. 
The objective of this study was to compare the effect 
of two rooting systems for vegetative propagation 
of peach rootstocks under different rooting hor-
mone concentrations. The plant material used for 
the experiment consisted of three different back-
crosses of peach × peach-almond hybrids: BC1251 
(R95654.16 × C1251 (Fla. 97-47c × ‘Tardy-Nonpareil’ 
#1251)), BC1256 (R95654.16 × C1256 (Fla. 97-42c × 
‘Tardy-Nonpareil’ #1256)), and BC1260 (R95654.16 
× C1260 (‘Flordaguard’ × ‘Tardy-Nonpareil’ #1260)). 
Semi-hardwood cuttings from these plant materi-
als were treated with four different concentrations 
(w/v): 0% (control), 0.1%, 0.2%, and 0.4% indole-3-bu-
tyric acid potassium salt (K-IBA) dissolved in distilled 
water. The cuttings were rooted using two different 
growth systems: in germination trays containing a 
mixture of potting mix (Jolly Gardener ®):perlite (Vig-
oro ®) (3:1), and an aeroponic system (Clone King ®). 
The experiment was arranged in a Split-plot design, 
where the growth media was the main plot factor 
with four replications and the K-IBA concentration 
and the three different plant materials were the sub-
plot factors. Photoperiod was kept at 16h-8h (day-
night), temperature was maintained at 20 °C and RH 

was kept at 65%. Fertilizer was not supplied during 
the experiment. The cuttings in both growth systems 
were sprayed daily with tap water, and the germi-
nation trays were covered with a plastic transpar-
ent dome to avoid any dehydration. During the 30 
days duration of the experiment, data was collected 
on mortality, rooted cuttings (%), mean number of 
roots per cutting, total root length (mm), mean root 
length (mm), root diameter (mm), number of forks, 
and number of root orders and destructive sampling 
was done in order to measure fresh and dry matter 
(g). The collected data were analyzed by Analysis of 
Variance (ANOVA) using RStudio software (R, 2019), 
with a significance level of 0.05, and the mean sepa-
ration was done through Tukey HSD test.

Enhanced Rooting for Begonia Propaga-
tion By the Application of Soluble Car-
bon-Nanoparticles (poster)

Matthew Creech*, University of Florida/IFAS; Hanna Baz, IFAS -- 
University of Florida; Abigail Plontke, IFAS -- University of Florida; 
Sandra Wilson, University of Florida; Jianjun Chen, University 
of Florida, Mid-Florida Research and Education Center; Richard 
Shang, Vulpes Agricultural Corporation; Roger Kjelgren, Universi-
ty of Florida and Heqiang Huo, University of Florida    

Abstract: As one of the top ornamental plant spe-
cies in the U.S.A., begonia is primarily propagated 
through stem cuttings. Successful begonia rooting is 
critically important in producing high quality plants 
for nurseries. However, during the rooting process 
various pathogens develop due to warm tempera-
ture and high humidity, which can affect propaga-
tion efficiency. Nanoparticles have received broad 
attraction with regards to their wide applications 
from food to pharmaceutical industries. Due to lim-
ited research on their applications in ornamental 
plant production, we examine the effect of soluble 
carbon nanoparticle (CNP) and its effect on rooting 
and shoot formation as an alternative to chemical 
hormones in Rex begonia (Begonia rex-cultorum). 
Leaf petiole cuttings of Rex Begonia were dipped in 
30,50,100,300,1000,2000 mg/L CNPs, a commercial 
rooting hormone (Miracle-Gro Fast Root contain-
ing 0.1% Indole-3-butyric acid), and a water control. 
After an 8-week rooting in a mist chamber, results 
showed that begonia cuttings treated with a 30, 
50, and 300mg/L CNPs exhibited more and longer 
primary and lateral roots compared to ones treat-
ed with Miracle-Gro fast root and water only. More 
shoots were also observed from the cuttings treated 
with 30,50,1000 and 2000 mg/L CNP than commer-
cial rooting hormone and water control. The effect 
of combinations with the rooting hormone are still 
under investigation. In sum, CNP was instrumental 
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to root formation and shoot formation of Rex Bego-
nia, and more delineated results are expected from 
this study prior to the application of CNP to nursery 
production.

12:30 PM – 1:15 PM 

Vegetable Crops Management 4 
(Poster)
Moderator: Michele R. Warmund, University of Mis-
souri

Economic Effect of Insect Pest Manage-
ment Strategies on Small-Scale Tomato 
Production in Mississippi (poster)

Ronald Stephenson*, Mississippi State Univ.; Christine H. Coker, 
Mississippi State University Coastal Research and Extension Center; 
Patricia Knight, Mississippi State University Coastal Research and 
Extension Center; Gary Bachman, Mississippi State University 
Coastal Research and Extension Center; Richard Harkess, Missis-
sippi State University; John J. Adamczyk, USDA ARS and Benedict 
Posadas,    

Abstract: Due to difficulty in monitoring insect 
pests, applications of insecticides are frequently 
conducted on a calendar schedule. However, sea-
sonal variability in pest populations leads to these 
calendar schedules sometimes being inaccurate. 
Threshold-based insect management strategies, in-
cluding use of thresholds with conventional pesti-
cides and with use of organic pesticides only, were 
compared with a conventional calendar approach 
for yield, management cost, and production value 
of tomato (Solanum lycopersicum). Effect of cultivar 
was considered by inclusion of the long season cul-
tivar Celebrity and the short season cultivar Early 
Girl Bush. These factors were compared for spring 
and fall seasons during two production years. Great-
est total and marketable yields were obtained from 
use of conventional pesticides according to action 
thresholds. Use of organic insecticides according to 
thresholds did not affect yields in comparison with 
a calendar-based approach. Proportion of fruit rat-
ed unmarketable was greater with use of organic 
insecticides due to reduced efficacy and residual 
of control. Production costs for the organic  thresh-
old-based approach were greater due to increased 
number of insecticide applications required. Gross 
margin for both conventional and organic thresh-
old-based insect pest management was greater than 
for the conventional calendar method. Increased 
economic return for conventional threshold-based 
management was due to increased yields. Increase 
in return for organic threshold management was 

based on premiums received for organically grown 
tomatoes. Adoption of conventional threshold-based 
insect pest management by small-scale producers 
has the potential to increase production efficiency 
and value, as well as increase environmental sustain-
ability of production. Economic feasibility of organic 
production requires access to markets willing to pay 
significant premiums for organic produce.  Further 
research to evaluate economic and yield impacts of 
production practices for small-scale farms is needed.

Demand Is High for Grafted Transplants: A 
Survey of North American Grafting 

Nurseries (poster)
John Ertle*, The Ohio State University and Chieri Kubota, The 
Ohio State University    

Abstract: North America introduced vegetable graft-
ing in late 1990s, with established Canadian nurser-
ies mainly supporting greenhouse tomato produc-
ers. In the United States and Mexico, demand has 
risen for grafted vegetable seedlings among open-
field producers due to their ability to impart resis-
tance to soil-borne disease, increase yields, and/or 
increase tolerance to abiotic stress over nongrafted 
counterparts. Although the number of nurseries 
offering grafted transplants has increased in these 
countries in recent years, there have been no for-
mal publications characterizing the status of this 
market. In November 2019, we conducted a survey 
of 30 known grafting nurseries throughout North 
America requesting information about their annu-
al production of grafted seedlings. Seventeen total 
participants (4 from Canada, 5 from Mexico, and 8 
from USA) answered our survey anonymously. Re-
sults revealed that North American nurseries graft 
nearly 58 million plants per year, roughly 18.9% 
higher than 2015 estimates (about 47 million plants 
per year). Out of 58 million grafts produced in North 
America, Mexico accounts for 51.5% of them, fol-
lowed by Canada at 35%, and the remaining 13.5% in 
USA. This makes US production of grafted seedlings 
(7.8 million) almost eight times higher than the most 
recent estimates (2015). Of all grafted plants, toma-
to accounts for 63% of North American production, 
with watermelon following at 24%. Over 13.5 million 
watermelon plants are now grafted per year, much 
higher than 2015 estimates of only 200,000 plants 
per year. It was found that Canada exports nearly 
half of its yearly tomato production to the US (about 
5.75 million plants), and 99% of its watermelon pro-
duction (about 1.98 million plants). Mexico exports 
less than 2% of its tomato production (less than 0.5 
million plants), likely due to the regulations by US-
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DA-APHIS. Of all participants, 16 out of 17 indicated 
that the demand for grafted plants was stable or in-
creasing annually. Additionally, the busiest months 
of production for each country were characterized: 
February through May in USA, May through August 
in Mexico, and October through December in Cana-
da. Results indicate that demand for grafted plants 
is increasing, and the proportions of species graft-
ed are changing. Industry members should carefully 
examine the market to understand these emerging 
trends.

Specified Source(s) of Funding: USDA NIFA SCRI Grants 
Program (Project Number: 2016-51181-25404)

Impacts of Different Rates of Superabsor-
bent Polymer (SAP) on Leachate, Nitro-
gen, and Growth of Tomatoes. (poster)

Shivani Kathi*, Texas Tech University; Greta Schuster, Texas 
A&M University-Kingsville; Alinna Umphres, Texas A&M Univer-
sity - Kingsville and Catherine Simpson, Texas A&M University, 
Kingsville Citrus Center    

Abstract: In arid and semi-arid climates, water scar-
city is constraint for food production, this along with 
nutrient availability determines crop production and 
plant productivity. Balancing the amount of nitrogen 
needed for optimum plant growth while minimizing 
the nitrogen leaching into surface water remains a 
major challenge. Super-absorbent polymers (SAPs) 
are known to be soil conditioners which reduce soil 
water loss and increase crop yield. Use of SAP’s may 
effectively increase nitrogen use efficiency by mini-
mizing leaching and enhancing nitrogen and water 
retention. However, there is little known about how 
they affect plant growth and production in toma-
toes. To test this, we evaluated total nitrogen and 
water retention in soils amended with different rates 
of SAP (i.e., 0kg of SAP without fertilizer (control), 0kg 
of SAP+N, 0.5kg of SAP+N, 1kg of SAP+N, 1.5kg of 
SAP+N and 2kg of SAP+N). We then evaluated the ef-
fects of the treatments on growth and development 
of tomatoes (Lycopersicon esculentum Mill.). The 
results indicate that the mean volume of water and 
nitrates retained in the soils amended with different 
concentration of SAP’s increased with increased rate 
of SAP. The treatment containing the highest dose 
(i.e. 2 kg SAP) retained the most water and nitrates 
throughout the experiment in comparison to other 
treatments. The results also indicate SAP’s signifi-
cantly improved plant growth parameters and yield 
compared to the treatments without SAP. Further-
more, the greatest number of leaves, flowers, fruits 
and dry matter production were found in the 1kg 
SAP treatment. In conclusion SAP’s have the poten-

tial to improve farming efficiency in times of drought 
stress by retaining more water and nutrients in the 
active rooting zone of soil.

Antitranspirant Protection from Auxin 
Herbicide Drift Injury on Tomato Plants 
(poster)

Michele R. Warmund*, University of Missouri; David H. Trinklein, 
University of Missouri and Reid J. Smeda, University of Missouri    

Abstract: The use of low-drift dicamba (Xtendimax 
+Vapor Grip®) and 2,4-D (Enlist One + Colex-D Tech-
nology®) on herbicide-tolerant crops has resulted in 
numerous cases of off-target movement and injury 
to sensitive plants, including tomato. A greenhouse 
study was conducted to determine if Moisture Loc® 
(100 g·L-1), TransFilm® (50 g·L-1), or Wilt Pruf® (100 g·L-

1) antitranspirants mitigate injury from auxin herbi-
cide drift. Big Beef and FL-91 plants were drenched 
with an antitranspirant 24 h before herbicide treat-
ments. Dicamba or 2,4-D choline where applied at 
0.56 kg ae·ha-1 and 1.09 kg ae·ha-1 (1/200 the labeled 
rate), respectively, to simulate drift injury. At 4 weeks 
after treatment (WAT), tomato plants drenched with 
Wilt Pruf® before a herbicide application exhibited 
less visual injury and floral abortion than those treat-
ed with dicamba or 2,4-D alone. By 12 WAT, plants 
sprayed with Wilt Pruf® + dicamba had greater plant 
dry weight than dicamba alone, whereas 2,4-D-treat-
ed plants had similar weights even when pre-treated 
with an antitranspirant. Plants treated with Moisture 
Loc® or Wilt Pruf® before either herbicide treatment 
had more viable reproductive organs than those 
sprayed with only dicamba or 2,4-D at 12 WAT. While 
two antitranspirants provided some protection from 
herbicide injury, Moisture Loc® + 2,4-D and Wilt Pruf® 
+ 2,4-D were the only treatment combinations that 
had a similar number of reproductive organs as the 
untreated controls at 12 WAT.

Genotypic Differences in Specific and Rel-
ative Biomass of Tomato (Solanum spp.) 
Grown in Buffered Low-Phosphorus Hy-
droponics (poster)

Mary Dixon*, University of Florida    
Abstract: Soluble phosphorus fertilizers applied to 
tomato (Solanum lycopersicum L.) plants may be-
come unavailable for plant uptake due to precipi-
tation with iron (Fe) or aluminum (Al) in low pH or 
calcium (Ca) and magnesium (Mg) in high pH. Low-P 
supply may result in purpling of leaves and reduced 
shoot growth. Tomato plants may release protons 
that result in rhizosphere acidification and increase P 
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availability. Because limited information is available 
on genetic variability in P mobilization in the tomato 
germplasm, we screened 21 tomato lines for their 
changes in shoot biomass accumulation. Tomato 
seedlings were hydroponically grown for four weeks 
in a modified Hoagland solution using two P sources, 
water soluble (NaH2PO4) or sparingly soluble (Ca3(-
PO4)2 phosphates. Biomass, height, stem diameter, 
SPAD readings, and solution pH were measured at 
harvest and data was analyzed in R using a two way 
ANOVA with Tukey HSD for mean separation. Results 
suggest variation in shoot biomass accumulation 
as indicated by ‘Heatwave II’ and ‘Ailsa Craig’ being 
more P-efficient compared to others such as ‘Florida 
47’ or LA1777. This variability may indicate potential 
for improved tomato genetics. Cultivating tomato 
able to mobilize soil-P may enhance environmental 
and economic sustainability by reducing P input and 
relying more on soil-P supplies.

Specified Source(s) of Funding: Lab shared source

1:30 PM – 3:00 PM 
Workshop:  Improving Root Growth and 
Development Using Horticultural Tech-
niques
Coordinator: Lorenzo Rossi, University of Florida
Moderator: Derek Woolard, Valent Biosciences Corp

Description: Given the complexity of underground 
dynamics, root growth and development, root struc-
ture and root system architecture are understudied 
components of plant science research. Mycorrhizae 
in the soil impact cycling of nutrients, root growth, 
soil health, and plant productivity. Different prop-
agation systems have an effect on root system ar-
chitecture, and nutrient levels, soil pH, presence of 
organic substance, and poor management practices 
are also affecting root health and plant productivi-
ty. This workshop combined these topics together 
with speakers from different backgrounds: graduate 
students, industry, and research professors. After 
short presentations the audience will participation 
in an open discussion on the topic of improving root 
growth and development using horticultural tech-
niques. During the discussion participants will have 
the opportunity to interact and learn from the aca-
demic point of view but also from a private sector 
angle. 

1:30 PM Cuttings and Tissue Culture Prop-
agation As Alternatives to Seed Propaga-
tion of Citrus Rootstocks
Ute Albrecht*, University of Florida/IFAS

Abstract: In commercial citrus production seed prop-
agation is the preferred method of rootstock propa-
gation. Because of the increased demand for supe-
rior citrus rootstocks in the HLB era, seed supplies 
are often inadequate for the most popular cultivars. 
Cuttings and tissue culture propagation are alter-
native methods to supply the desired quantities of 
genetically identical rootstocks for use as liners for 
grafting. During the early nursery stage roots of 
seed-grown rootstocks have a typical well-developed 
taproot from which multiple smaller lateral roots 
arise. In contrast, cuttings and tissue culture-grown 
rootstocks lack a typical taproot but instead have 
multiple adventitious roots that arise from the base 
of the cutting or explant used for propagation. In this 
part of the workshop we will explore root growth 
and root architectures of grafted sweet orange trees 
prior to field planting and after two years of growth 
in the field. Effects on the grafted scion and the inter-
action with rootstock cultivar will also be discussed. 
Finally, we will discuss whether cuttings and tissue 
culture propagation provide viable alternatives to 
seed propagation.

1:40 PM High pH Stress Affects Root and 
Whole Plant Nutritional and Oxidative 
Status in Blueberry and Rhododendron
Gerardo H. Nunez*, University of Florida
Abstract: N/A

1:50 PM Citrus Root Development Under 
Different Nutrient Levels 
Lukas Hallman* and Lorenzo Rossi, University of 
Florida
Abstract: N/A

2:00 PM Evaluation Methods of Mycorrhi-
zal Inoculants in Horticulture
Jozsef Racsko*, Valent BioSciences Corporation
Abstract: N/A

2:10 PM Discussion

1:30 PM – 3:00 PM 

Vegetable Breeding 3
Moderator: Gehendra Bhattarai, University of Arkan-
sas

1:30 PM Vitamin C Content in Spinach 
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Germplasm: Phenotypic Diversity and Ge-
nome-Wide Association Mapping
Dario D Rueda Kunz*1; Henry O. Awika2 and Carlos 
A. Avila2, (1)Texas A&M University, (2)Texas A&M AgriL-
ife Research
Abstract: Vegetable consumption has significantly 
increased during the last 20 years, due in part to the 
rising interest among consumers in their nutritional 
properties. Spinach (Spinacia oleracea) is an econom-
ically important leafy green crop in the US. Unfortu-
nately, improving nutritional content has not been 
prioritized in commercial spinach varieties as breed-
ing for yield and disease resistance have been a pre-
dominant focus. Vitamin C (ascorbic acid) is an es-
sential nutrient for humans involved in the growth, 
development, and repair of body tissues. In plants, 
vitamin C function as an antioxidant that eliminates 
cell-damaging free radicals produced in response to 
stress. The objective of this study was to evaluate vi-
tamin C content variability within spinach germplasm 
and to identify molecular markers associated for 
their utilization in breeding programs. A collection of 
360 spinach accessions for the USDA-National plant 
germplasm system were grown in triplicate under 
controlled conditions (120 umol/m2/s, 11-hrs of light, 
23°C). Vitamin C was measured spectrophotometri-
cally using ascorbate oxidase assay showing a range 
between 0.0182 – 2.1223 umol/ g fresh weight (116-
fold variation) between all accessions. Genome-wide 
association study was performed using TASSEL v5.2. 
Forty-eight significant single nucleotide polymorphic 
(SNP) markers associated with ascorbic acid were 
identified for their use in marker-assisted selection 
breeding. Associated SNP markers reside in multi-
ple genes encoding transcription factors, plant-hor-
mone, and stress response related genes. Together, 
results indicate that significant natural variation in vi-
tamin C content exists in spinach germplasm making 
possible to enhance nutritional density and poten-
tially improve plant stress tolerance using molecular 
breeding approach.

1:45 PM Genome-Wide Association of Leaf 
Spot (Stemphylium vesicarium) Resistance 
in USDA Spinach Germplasm
Gehendra Bhattarai*; Bo Liu; Ainong Shi; Chunda 
Feng and James C. Correll, University of Arkansas
Abstract: Spinach (Spinacia oleracea) is an important 
cool-season leafy vegetable crop. There is a high con-
sumer demand for spinach in the U.S. as it is one of 
the fastest-growing vegetable crops in terms of per 
capita consumption. Leaf spot of spinach, caused by 
Stemphylium vesicarium, can reduce quality and yield. 
Identification of resistant germplasm and the molec-

ular identification of resistance-associated genomic 
regions would facilitate breeding for disease resis-
tance. The objective of this research was to screen 
the USDA GRIN spinach accessions and commercial 
cultivars/hybrids for resistance to S. vesicarium and 
to conduct genome-wide association analysis to 
identify resistance genes for leaf spot disease. More 
than 300 spinach genotypes were screened for leaf 
spot disease following inoculation with an isolate of 
S. vesicarium (Sb-1-St001). After inoculation, plants 
were kept in a mist chamber for 48 hrs at 20-22℃ 
and then moved to the greenhouse. Disease severity 
(DS) was rated on a scale of 0.0 to 4.0 for 14 days 
after inoculation. Significant variation in leaf spot 
disease severity was observed on the spinach gen-
otypes tested. Approximate 6, 10, 45, and 38 % of 
the genotypes were rated as highly resistant (DS = 
0.0-1.0), moderately resistant (DS = 1.0-2.0), suscepti-
ble (DS = 2.0-3.0) or highly susceptible (DS = 3.0-4.0), 
respectively. A subset of resistant and susceptible 
genotypes were re-screened to confirm consisten-
cy. Leaf spot disease severity ratings were used to 
conduct a genome wide association study (GWAS) 
and genomic selection (GS) using single nucleotide 
polymorphisms (SNPs) postulated from genotyping 
by sequencing (GBS). A whole genome resequencing 
(WGR) of the association panels has been completed, 
and WGR based SNPs will be used to perform GWAS 
and SNP, to identify SNP markers associated with 
leaf spot resistance. An increased understanding of 
resistance to S. vesicarium in spinach will facilitate 
disease management of this important disease.

2:00 PM Deciphering the Genetic Basis of 
Cysdv Resistance in Melon PI 313970
Prabin Tamang*, USDA ARS; James D. McCreight, US-
DA-ARS; Kaori Ando, Michigan State Univ and William 
M. Wintermantel, U.S. Agricultural Research Station, 
U.S. Department of Agriculture, Agricultural Research 
Service, 1636 E. Alisal St., Salinas, California 93905, 
U.S.A.
Abstract: Two yellowing viruses are devastating to 
melon (Cucumis melo L.) production in the U.S. des-
ert southwest: Cucurbit yellow stunting disorder virus 
(CYSDV) and Cucurbit chlorotic yellow virus (CCYV). 
Their symptoms on melon are nearly identical. Mo-
lecular tools are, therefore, needed to differentiate 
them in mixed infections. Host resistance is regard-
ed as the most effective method of managing these 
virus diseases, and to that end we previously identi-
fied resistance to CYSDV in melon PI 313970. In order 
to map resistance to CYSDV, we phenotyped a F2:3 
Top Mark (susceptible to both viruses) x PI 313970 
(CYSDV-resistant, CCYV-susceptible) population for 
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disease severity in response to natural, mixed infec-
tions by both viruses in an open field test. Phenotyp-
ic data (foliar yellowing) were not useful for mapping 
CYSDV resistance QTL, as plants resistant to CYSDV 
in the F2:3 population exhibited yellowing symptoms 
from CCYV infection. QTL analysis of the relative ti-
ter of CYSDV calculated from RT-qPCR data identified 
one locus on chromosome 5 that explained 34-38% 
of the variation in CYSDV titer. Our result confirmed 
the previous report of a CYSDV resistance QTL on 
chromosome 5 in TGR 1551 (PI 482420) based on 
yellowing symptoms and virus titer. Markers flanking 
this QTL can be utilized in marker assisted breeding 
of CYSDV-resistant melons. This study showed the 
utility of differential virus quantification for genet-
ic analysis of resistance to one specific virus when 
co-infection by a second virus induces identical 
symptoms.

2:15 PM  Q&A  - Vegetable Breeding 3 - All 
Session Speakers Are Required to Attend

1:30 PM – 3:15 PM 

Viticulture and Small Fruits 4
Moderator: Lisa DeVetter, Washington State Univer-
sity Northwestern Washington Research and Extension 
Center

1:30 PM California Strawberry Growers 
Evaluate Acceptance of New End-of-Life 
Management Strategies for Plastic Mulch
Lisa Wasko DeVetter*1; Jessica R. Goldberger1; Carol 
A. Miles2; Mark Bolda3 and Jose Gomez4, (1)Washing-
ton State University, (2)Washington State University, 
NWREC, (3)University of California, (4)Driscoll's
Abstract: Plastic waste is polluting our terrestrial and 
aquatic ecosystems. Agriculture has a role in pro-
ducing plastic waste with plastic films (tunnel covers, 
mulch, etc.) made from polyethylene (PE) being a sig-
nificant plastic waste product in US agriculture. Used 
PE mulch is contaminated with plant and soil debris, 
limiting opportunities for recycling. As a result, many 
growers resort to landfilling, stockpiling, burning, 
or even soil-incorporation at the end of a produc-
tion cycle. Despite these problems associated with 
PE mulch, it is important to understand the import-
ant roles it has in specialty crop production systems 
including favorably modifying the soil and canopy 
environment for enhanced yields, crop quality, and 
weed management. Research efforts are underway 
to identify sustainable alternatives and/or improved 

end-of-life management options for PE mulch. To 
support this effort, a survey of California strawber-
ry growers was conducted in 2020. This population 
was selected because of their widespread use of 
PE mulch. The objective of the survey was to assess 
growers’ opinions, perspectives, and use of PE and 
soil-biodegradable plastic mulch (BDMs) in strawber-
ry production systems. Soil-biodegradable mulches 
are alternatives to PE mulch that are designed to bio-
degrade in soil. Perceptions on alternative end-of-life 
management options for plastic mulches were also 
assessed. A total of 45 respondents completed the 
survey, representing 22% of the acreage in Califor-
nia. Almost all growers used PE mulch in their pro-
duction and were very to moderately satisfied with 
its performance (65 and 35%, respectively). Most of 
this mulch was landfilled after use (61%), while 30% 
reported recycling PE mulch and an interest to con-
tinue recycling programs. In contrast, 3 and 11% of 
growers used BDMs in all or some of their fields, 
respectively, and none were satisfied with the per-
formance. The likelihood of using BDMs in the next 
5 years ranged from not at all likely (47%), slightly 
likely (29%), moderately likely (18%), to very likely 
(6%). BDMs appear to be an unproven technology 
among 79% of the respondents, and concerns about 
durability, degrading before the next crop rotation, 
compatibility with soil fumigation, cost, and color 
were expressed. However, 72% of respondents felt 
disposal of PE mulch was a big environmental prob-
lem and 97% agreed there needs to be better ways 
to dispose of PE mulch. Recycling, transforming PE 
waste to energy, and additional research with BDMs 
were all mentioned as opportunities to improve end-
of-life management of PE mulch among California 
strawberry growers.

Specified Source(s) of Funding: SCRI Planning Grant 
Award No. 2019-51181-30012

1:45 PM Determining the Role of Plant 
Growth Promoting Bacteria in Strawberry 
Production
Robert Chretien1; Sajeewa Amaradasa1; Chuan-
sheng Mei1; Scott Lowman1; Jayesh Samtani*2 and 
Danyang Liu2, (1)The Institute for Advanced Learning 
and Research, (2)Virginia Tech
Abstract: Bacteria, including rhizosphere and endo-
phytic bacteria, can promote plant growth, enhance 
abiotic stress tolerance, and inhibit plant pathogen 
growth. The Institute for Advanced Learning and 
Research has established an endophytic bacterial li-
brary of ~ 2000 strains isolated from plants grown 
in Virginia, and characterized their plant growth pro-
motive and biocontrol properties. We screened >100 
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bacterial endophytes against strawberry pathogens 
in vitro and found 4 bacteria, which significantly in-
hibit pathogen growth. These 4 bacteria were then 
tested in greenhouse conditions for strawberry 
growth performance and pathogen inhibition. One 
bacterium had an inhibitive effect on strawberry 
growth. Three Bacillus strains, Bacillus velezensis 
#308, B. velezensis #585, and B. velezensis #619 were 
chosen for field trials. During the 2018-19 growing 
season, we initiated a replicated, randomized, field 
trial at three grower sites. These grower sites were 
in the City of Chesapeake, the City of Fredericksburg, 
and Mecklenburg County. The experiment design 
was a randomized complete block design with five 
treatments (#308, #585, #619, 3 bacterial combi-
nation and untreated control) and three replicates. 
All replicates had twelve plants of ‘Chandler’ straw-
berry that were in two-row beds spaced 14 inches 
apart in a staggered manner. Strawberry plug plants 
were inoculated with their respective treatments 
by soaking them overnight in bacterial endophyte 
culture before transplanting the plugs in the open-
field. During springtime, we estimated plant growth 
performance in the field and took leaf and petiole 
samples for nutrition analysis. During berry harvest 
time, we harvested berries once or twice a week and 
separated into marketable and non-marketable ber-
ries. Although not statistically different, the market-
able yield on a per plant basis increased by 8% at 
Chesapeake location, by 12% at the Fredericksburg 
location and by 15% at Mecklenburg county for plug 
plants inoculated with B. velezensis #619. Additional 
field trials at grower sites in 2019-20 growing sea-
son focus on evaluating B. velezensis #619 effect 
on strawberry production with one and two applica-
tions of the bacterium.

Specified Source(s) of Funding: USDA, VDACS Specialty 
Crop Block Grant

2:00 PM Impacts of Mycorrhizal Fungal 
Inoculants and Fertilizer Sources on Red 
Raspberry
Qianwen Lu*1; Rebecca Bunn2; Erika Benedict2; Hai-
ying Tao1 and Lisa Wasko DeVetter3, (1)Washington 
State University, (2)Western Washington University, (3)
Washington State University Northwestern Washington 
Research and Extension Center
Abstract: Red raspberry (Rubus idaeus L.) yields and 
planting longevity are declining in northwest Wash-
ington, which reduces farmers’ profitability and re-
quires more frequent renovations. Decreasing soil 
biological diversity and health are suspected to be in-
volved with the productivity decline. Soil fumigation 
and high rates of synthetic fertilizer application may 

depress beneficial biota populations and adverse-
ly impact soil health. The introduction of beneficial 
soil biota, such as mycorrhizal fungi (MF), may help 
improve plant performance. Some of the benefits of 
MF observed in other plants include enhanced ability 
to mobilize and transfer organically-bound nutrients 
and increased nutrient uptake. Organic fertilizers 
also contain organically-bound nutrients which may 
benefit soil health compared to synthetic fertilizers. 
However, the potential benefits of MF in raspber-
ry and how fertilizer sources potentially impact MF 
colonization have not been well characterized. The 
objectives of this research are two-fold: 1) Assess if 
commercial MF inoculants help improve raspberry 
growth and 2) Determine whether different fertiliz-
er sources impact MF colonization in raspberry. Five 
different MF inoculum treatments and three fertiliz-
er treatments were applied to tissue culture ‘Meeker’ 
transplants grown in 656 mL Deepot containers in 
the greenhouse. MF inoculum treatments included: 
Micronized Endomycorrhizal Inoculant, MycoAp-
ply® Endo, MYKOS, raspberry field communitynd a 
non-inoculated control. Fertilizer treatments includ-
ed: organic liquid fertilizer (WISErganic), synthetic 
fertilizer (urea), and a minimal fertilizer control using 
urea. Each treatment combination was applied in a 
randomized complete block design with one plant 
per experimental unit and eight replications. Plants 
were destructively harvested after 16 weeks for data 
collection. Results showed there was no interaction 
between MF inoculum and fertilizer treatments for 
plant height, SPAD, and tissue nutrient concentra-
tions (data pending for MF colonization). Plants re-
ceiving the Micronized Endomycorrhizal Inoculant or 
raspberry field community treatments had >50% MF 
colonization in the roots and colonization was higher 
than the non-inoculated control. However, despite 
higher colonization rates, there were no effects of 
MF inoculum on plant biomass or macronutrient 
concentrations. The effects of organic and synthetic 
fertilizers on plant growth and tissue nutrient con-
centrations were more pronounced either with or 
without MF inoculants compared to the minimal fer-
tilizer control. Future work should aim to character-
ize impacts of commercial MF inoculants in commer-
cial field settings to explore their ability and utility to 
enhance plant growth.

Specified Source(s) of Funding: Washington Red Rasp-
berry Commission 

2:15 PM An Overview of the Strawberry 
Nursery Industry in North America
Mark Hoffmann*, North Carolina State University
Abstract: The US market for small fruit is one of the 
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most developed markets worldwide. An average of 
4.6 kg of small fruit were consumed by each per-
son in the US in 2015. In 2017, a total of 0.8 million 
tons of small fruit were sold in the US in 2017. 66% 
of those fruit were strawberries, mostly produced 
in the US or Mexico. The strawberry nursery indus-
try’s capacity to produce high quality disease free 
plant material on an economical viable scale and 
in a timely manner is imperative to the continuous 
success of the North American strawberry industry. 
According to estimates, strawberry nurseries in the 
US and Canada produce more than 2 billion straw-
berry plants every year for fruiting fields, mostly lo-
cated in the US, parts of Canada and Mexico. Those 
nurseries are complex multi-year and multi-location 
operations, depending on costly and time intensive 
methods. Despite the essential role that US nurser-
ies play in the North American strawberry supply 
chain, research on the optimization of nursery prac-
tices has been widely neglected. As a result, the in-
dustry faces several challenges. Even while still being 
one of the few industry using Methyl Bromide (MB) 
for soil disinfestation, propagation material can be a 
symptomless carrier for a variety of plant pathogens, 
impacting strawberry fruiting fields every year. This 
risk is feared to be increased with the dooming loos 
of MB. Labor and equipment costs are high in multi-
year and multi-site operations, with perpetual flow-
ering strawberry cultivars increasing the costs for 
manual sanitation on a nursery farm. Opportunities 
such as improvement of strawberry production via 
manipulation of environmental factors and the tran-
sition into a post-MB era bear opportunities, but re-
quire long-lasting technological development. Here 
we explain the general status of the North American 
strawberry nursery industry with a focus on the US, 
explain current ‘standard’ processes and describe 
research opportunities to ensure future strawberry 
supply chain resilience

2:30 PM Leaf, Fruit, and Soil Nutrient 
Sampling on Oregon Strawberry Farms to 
Inform Fertility Management Practices
Avery E. Pheil*1; Javier Fernandez-Salvador1 and Da-
vid R. Bryla2, (1)Oregon State University, (2)USDA-ARS 
Horticultural Crops Research Unit
Abstract: Growers often rely on nutrient recommen-
dation guidelines to determine crop fertility manage-
ment. In Oregon, USA, strawberry sufficiency stan-
dards have been developed in-state for short-day, 
June-bearing (JB) cultivars, but those for day-neutral 
(DN) cultivars are based on California standards. The 
objective of this study was to gather fertility program 
information and conduct extensive sampling with 

growers throughout Oregon’s Willamette Valley to 
determine potential improvements in their fertility 
management for four common strawberry cultivars, 
including two JB cultivars, Tillamook and Hood, and 
two DN cultivars, Seascape and Albion. We sampled 
31 fields across 17 grower sites in 2019, of which 18 
fields were managed conventionally and 13 were 
managed with organic practices. Soil nutrient anal-
ysis indicated that approximately 29% of the fields 
had sufficient nutrients, pH, and organic matter for 
strawberry. Conventional JB fields were only de-
ficient in B on average. However, soil pH was high 
in nearly half of the DN fields and was either low or 
high in nearly two-thirds of the JB fields. Leaf nutrient 
analysis indicated that more than half of all essential 
nutrients in 45% of the fields were above or below 
the sufficiency range. On average, leaf N, Ca, and B 
were deficient in conventional DN and JB fields, while 
leaf N, P, Mg, Ca, S, and B were deficient in organic 
DN fields. Leaf B deficiency was especially notewor-
thy and found in 25 out of 31 fields. Leaf P and Fe, on 
the other hand, were excessive in JB fields, and leaf 
Cu was excessive in organic DN fields. Dry matter of 
fruit ranged from 8% to 19%, and fruit N, P, and K 
averaged 0.93%, 0.21%, and 1.32% respectively. The 
study results show that nutrient management could 
be improved for strawberry in Oregon, particularly 
for DN strawberries, which require new Oregon-spe-
cific leaf standards.

Specified Source(s) of Funding: Oregon Strawberry 
Commission, Oregon Legislature Special Berry Initiative

2:45 PM  Q&A  - Viticulture and Small Fruits 
4 - All Session Speakers Are Required to 
Attend

1:30 PM – 3:30 PM 
Workshop:  Capitalizing on Success in 
Our Local Food Systems

Coordinator: Jeremy Cowan, 
Moderator: Jeremy Cowan, 

Description: This workshop seeks to advance needs-
based, transdisciplinary research, education/Exten-
sion, and professional work in local and community 
food systems in the U.S. We begin with four speakers 
who will present food systems successes in estab-
lishing food hubs, farm-to-school programs, mobile 
markets, and using urban agriculture to mitigate 
food deserts. With the backdrop of these successes, 
participants will be encouraged to identify additional 
needs and opportunities within the broader context 
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of local food systems. We will discuss these ideas to 
catalyze future work to advance local and communi-
ty food systems.

1:30 PM Bringing Local Foods to the Inland 
Northwest: Spokane's Linc Foods
Jeremy Cowan*, Kansas State University
Abstract: LINC Foods opened in 2014 to connect 
farmers with schools, colleges, hospitals, restau-
rants, grocery stores, and consumers. By pooling re-
sources, the farmer/worker-owned cooperative pro-
vided liability coverage sufficient to open the door 
to institutional and grocery outlets that small-scale, 
Spokane-area farmers were not capable of reach-
ing alone. Their timing met rising institutional and 
consumer demand for fresh, local foods and cata-
pulted the cooperative to year-over-year doubling of 
revenues for their first 3 years in existence. Through 
careful consideration and adherence to their shared 
values, LINC was able to navigate this growth in 
sales, as well as growth in interest from would-be 
farmer members. To bolster the sustainability of the 
operation, and to help farmers sell surplus produce, 
LINC began offering a CSA in 2017; and, they expand-
ed into craft malting (to support grain farmers in the 
fecund Palouse region and capitalize on the growing 
popularity of craft brewing).

1:45 PM How Extension Can Build a Con-
nection to Foster the Purchasing of Local 
Produce in School Lunches
Caitlyn Glatting*, University of Florida UF|IFAS
Abstract: The National School Lunch Program (NSLP) 
serves school lunches to 29.8 million students each 
day. The fruit and vegetable component of MyPlate 
requires those items to be served on the cafeteria 
line daily. Therefore providing an opportunity to 
procure from local farmers and increase students’ 
knowledge and consumption of local produce. Or-
ange County Public Schools has developed a Farm 
to School program that includes the procurement 
of Florida produce, support for school gardens, and 
fostered community collaboration. UF/IFAS Exten-
sion Orange County helped to engage the district 
in conversations about what farmers need and how 
school districts can support them. UF/IFAS Extension 
Family Nutrition Program uses SNAP-Ed funding to 
support the development and capacity building of 
a robust school garden program as well as connec-
tion to local growers and providing direct nutrition 
education to students and families. Orange County 
Public Schools began to develop their Farm to School 
program in 2015 and it is still a work in progress.

2:00 PM Lessons Learned from Mobile 
Farm Markets
David Dinkins*, University of Florida/IFAS
Abstract: From 2014- 2019, multiple Mobile Farm 
Markets were initiated, developed, operated, and 
evaluated in several counties in Northeast and Cen-
tral Florida. Hundreds of community engagement 
events (market stops) were conducted in diverse 
locations including neighborhood food deserts, 
churches, hospitals, corporate workplaces, schools, 
and universities.
These markets had multiple objectives including: 
increasing access to fresh, healthy, locally grown 
produce; providing nutrition, culinary, gardening, 
health, and social services information; providing an 
“attention getting” platform to attract customers and 
collect Extension and research data; and providing a 
connection between local farmers and consumers.
The Mobile Farm Markets created significant interest 
from the community with interested entities includ-
ing health care, food industry, employee wellness, 
veteran’s administration, insurance companies, and 
farmers.
Lessons learned from engaging with these markets 
for five years were very valuable. The evaluations 
focused on sustainable business models and the 
health and education value gained by market cus-
tomers and researchers.

2:15 PM Urban Agriculture Education to 
Mitigate Food Deserts
Leonard Githinji*, Virginia Cooperative Extension
Abstract: An estimated 54.4 million people in the US 
live in a food desert, defined as an area with low ac-
cess to affordable and nutritious food. In such areas, 
fast-food restaurants and convenience stores that 
offer fewer healthy and affordable food options pre-
vail over supermarkets and grocery stores. In Virgin-
ia, nearly 18 percent of residents live in food deserts. 
To respond to this challenge Virginia State University 
(VSU) has conducted extensive educational activi-
ties including workshops and hands-on training on 
various urban agriculture topics as a strategy to al-
leviate the food desert situation. The short-term out-
comes include at least 1,000 individuals across the 
Commonwealth of Virginia gaining knowledge on ur-
ban food systems. For the medium-term outcomes, 
at least 400 participants had a change in behavior 
towards sustainable and urban agriculture, with at 
least 250 participants making decisions to start or 
expand their urban agriculture projects.Through 
VSU Sustainable Urban Agriculture Certificate Pro-
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gram, at least 150 individuals have received inten-
sive training that include hands-on activities. The 
long-term outcome has been at least 30% percent 
increase in urban food production and at least 20% 
reduction in food desert across Virginia.

2:30 PM Brainstorming Needs

2:50 PM Panel Discussion

1:30 PM – 3:30 PM 

Special Session:  Early Fruit Nurser-
ies: Propagators of New Plants and 
Knowledge in North America

Sponsor: APS

Moderator: Michele Warmund, University of Missouri
Objectives: 
As settlers came to the “new world”, they brought familiar fruits 
and seed with them and sought new plants for sustenance. From 
fledgling plantings, settlers grew fruit trees and plants for their 
own use and traded or sold extras to others. The first written re-
cord of a tree fruit nursery in New England was in 1641. George 
Fenwick of Saybrook, Connecticut wrote to Governor Winthrop 
of the Massachusetts Bay Colony that he had a good nursery 
supply of cherry and peach, but the “wormes have in a manner 
destroyed all as they came up.” Another nurseryman, Henry Wol-
cott, Jr., in Connecticut filled 32 orders for seedling fruit trees in 
1648. Governor James Endicott of the Massachusetts colony also 
traded 500 apple trees from his holdings for 250 acres of land in 
1648. However, it was not until 1737 that Prince Nursery in Flush-
ing, New York, was selling grafted apple, pear, and cherry trees 
to northeastern fruit growers. As settlers traveled to new fron-
tiers, the need for locally-grown nursery stock grew. Although 
there were many nurseries propagating fruit trees and plants 
in the 1800’s, Prince, Stark Brothers’, Mount Hope, Berckmans, 
Lewelling, and Barren Hill nurseries were among the prominent 
companies with significant contributions to modern fruit culture. 
Nurserymen transported their own plant material for propaga-
tion as they moved westward, purchased superior stock from 
others, imported germplasm from worldwide sources, and some 
eventually developed breeding programs. These nurserymen 
were not only plant tradesmen, but also purveyors of knowledge, 
devising planting practices and equipment to ensure the success 
of future generations of fruit growers in North America.

1:30 PM The Great Original Establishment, 
Prince’s Linnaean Botanic Garden and 
Nurseries
Gregory Michael Peck*, Cornell University
Abstract: The Prince Family Nursery was run by 
four generations of the Prince family. It was often 
referred to as the “Old American Nursery” and has 

been deemed by many to have been one of the most 
important sources for fruit plants and ornamental 
trees from around 1730 through to the Civil War. In 
addition to supplying farmers and home gardeners, 
the Prince Nursery provided plant material to nurs-
eries as Americans moved into the middle and west-
ern parts of the continent. The Prince family were 
also prolific writers on horticultural topics, include 
some that are close to my own research program. 
A horticultural treatise written by William Prince in 
1828 stated that cider apples grown in America are 
better than those from England or France because 
the climate is “warmer and dryer” allowing the ap-
ples to mature to a greater sugar content. Further-
more, he recommended that ciders farmers, “should 
select only the choicest of both countries [sic. En-
gland and France], for “in this way he will be sure, 
even if some of them do not fully realize his expec-
tations, at least no part of his collection can fall very 
far short of it.” Indeed, this has been substantiated 
by my own research program and his recommenda-
tions are not far from my own. How the Prince Nurs-
ery influenced early American horticulture and even 
current research programs will be further discussed 
during this presentation.

1:45 PM Filex Gillet (1835-1908) and His 
Barren Hill Nursery in Nevada City, CA
John E Preece*, USDA-ARS National Clonal Germplasm 
Repository; Amigo Bob Castisano, Felix Gillet Institute 
and Jenifer Bliss, Filex Gillet Institute
Abstract: Filex Gilet was born in Rocheford, France, 
March 25, 1835 and in the late 1850s, traveled to 
Boston, MA to pay his respect to Julia Ward Howe, 
who wrote the lyrics to “Battle Hymn of the Repub-
lic.” Either while in Boston, or before, he heard of the 
gold being discovered in the foothills of the Sierra 
Nevada mountains in California, and thus traveled 
from Boston to Nevada City, CA; the heart of gold 
country. Being trained as a barber, he set up a bar-
bershop in Nevada City and worked hard, saved 
money, and bought some barren land just outside 
of town for a nursery. He also placed an order for 
$3000.00 of nursery stock from a nursery back home 
in France. Davis Fairchild wrote that Mr. Gillet had no 
money at first for irrigation and had to water all of 
his nursery by hand from a well. Filex Gillet named 
his nursery “Barren Hill Nursery” after the condition 
of the land when he bought it. Although the nursery 
began in 1871, his first catalog wasn’t published until 
1876-1877 season, accompanied by advertisements 
in 1877 in “The Daily Transcript” newspaper of Ne-
vada City selling fruit trees, flower plants, bulbs and 
seeds. In the advertisement, he called the nursery 
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“Filex Gillet’s Nursery.” Although he sold plants from 
America, he also introduced many European culti-
vars that he imported. He sold seedlings of many of 
his fruit trees, although some were grafted. Grafted 
walnuts were $1.50-$2.00/tree, whereas second gen-
eration seedlings ranged from $20.00-$60.00/hun-
dred trees. In the season of 1888-1889, it was pos-
sible to save 25¢ off the $1.50 price buying a dozen 
grafted ‘Chaberte,’ ‘Franquette,’ ‘Mayette,’ or ‘Proe-
parturiens,’ walnuts but grafted ‘Parisienne,’ ‘Vour-
ney,’ and Meylan walnuts were only available at the 
individual price of $1.50/tree. Filex Gillet was also a 
prolific writer, authoring papers and booklets about 
how to grow many of the plants that he sold, such as 
his book on strawberry culture: “Fragariculture.” On 
January 3, 1908, at the age of 72, Mr. Gillet fell and 
broke a rib, adding to his of other ailments, including 
asthma, a weak heart, and dropsy; however, he was 
feeling well enough on January 7, 1908 to write a let-
ter selling nursery stock. Alas, his health took a turn 
for the worse and he passed away on January 27. His 
nursery was continued under the name “Filex Gillet’s 
Nursery,” and currently the Felix Gillet Institute is 
selling fruit nursery stock.

2:00 PM Prosper Berckmans & Sons Legacy 
to Southeastern Peaches and the Masters 
Golf Course
Gregory L. Reighard*, Clemson University
Abstract: Prosper Berckmans emigrated in 1850 to 
New Jersey as a young man from Belgium followed 
by his father Louis, who at the time was recognized 
as a distinguished horticulturalist, pomologist and 
pear breeder. Prosper and his father later moved 
to Augusta, Georgia where they saw an opportuni-
ty to expand horticulture (pomology) in the South, 
which had been largely an afterthought due to the 
omnipresence of “King Cotton” and its economic im-
portance among the rural agrarian population. The 
Berckmans established a nursery called Pearmont 
in 1857 and then purchased nearby orchard land 
(named Fruitland) and a large, unfinished house 
(Fruitland Manor) in 1858 to expand their newly 
named Fruitland Nursery business, which Prosper 
owned until his death in 1910. Prosper’s nursery 
catalog had widespread distribution, and he eventu-
ally founded the Georgia State Horticultural Society 
in 1876, which he served as its president until his 
death and also served as president of the American 
Pomological Society from 1887-1897. He bred many 
types of fruit trees and grew thousands of seedling 
selections as well as introduced cultivars from Eu-
rope, but he was best known for his development of 
commercial peach cultivars for the South including 

promoting many new cultivars derived from Chinese 
Cling such as Elberta and Georgia Belle. He sent the 
first commercial shipment of Georgia peaches to 
New York in 1858 and earned the titles “Father of 
Georgia Peach Culture” and “Father of Peach Culture 
in the South”. His family records show he planted 
more than 3 million peach trees over his lifetime. 
Prosper’s three sons continued with the family busi-
ness and in 1912 they completed the largest peach 
sale at that time by shipping their entire peach crop 
to New Jersey. Fruitland was later sold in 1925, but 
in 1931 one son returned to design the landscape of 
the future Augusta National Golf Club course (home 
to the Masters) on the former nursery property. An-
other son served as the Club’s manager, which was 
housed at Fruitland Manor and today remains the 
Masters’ clubhouse. The two sons saved over 4,000 
trees during the golf course layout, and each of the 
18 holes was named for a different plant to honor 
the horticulture legacy that Prosper had brought to 
the southern U.S. more than 70 years earlier. Thus, 
the horticulture history of both the “Peach State” and 
the Masters Golf Course are intertwined just as their 
names are synonymous with the state of Georgia.

2:15 PM The Lewelling Nurseries: More 
Than Just Apples to Oregon
Kim E Hummer*, US Department of Agriculture
Abstract: Henderson Lewelling, was an independent 
thinker, pomologist extraordinaire, skilled nursery-
man, self-reliant pioneer, and family devotee. How-
ever, he “was born a ramblin’ man.” Despite this as-
pect of his life, or perhaps because of it, each of us 
across this great land who appreciate tree fruit and 
nuts have benefitted from his wanderlust. He, his 
two brothers Seth and John, and Alfred, Henderson’s 
son, established nurseries for the great fruit industry 
of the Pacific Northwestern United States, including 
Oregon, Washington, and California. The objective 
of this manuscript is to describe the horticultural 
accomplishment of the Lewelling brothers in light of 
their background and the trials and tribulations of 
being pioneers and entrepreneurs of their era. The 
background of the Lewelling family (spelling vari-
ants: Llewellyn, Luelling, Luallen) will be discussed. 
Their family involvement with the Underground Rail-
road and the abolitionists of Iowa played a large part 
in their philosophy of life. Besides originating from 
nobility in Wales, with family business in medicine, 
general farming, and fruit tree nursery production, 
some Lewelling family members had a propensity 
for the judiciary and politics. The four major cov-
ered-wagon pioneering journeys of Henderson and 
his brothers, including three successful ventures and 



I lksjdflkjasldfkj An asterisk (*) after a name indicates the presenting author.
HortScience 55(9) Supplement – 2020  ASHS Annual ConferenceS358S358

one less so, will be summarized. In 1848, Henderson 
started on his Oregon Trail covered wagon expedi-
tion from Iowa, with about 700 trees of 35 varieties 
of apples, pears, cherries, peaches, plums, and small 
fruits. Despite all odds, 350 plants survived to reach 
the Willamette Valley at the end of the Oregon Trail. 
Lewelling’s fruit trees were the first grafted nursery 
stock planted on the Pacific Coast and became the 
foundation plant material for a burgeoning public 
need. In 1850, Lewelling's brother, Seth, joined him 
in Oregon, and John Lewelling journeyed to San Lo-
renzo, California. The next year, Seth established 
branch nurseries in Salem and Albany, Oregon, which 
continued to sell nursery stock throughout Oregon 
and Washington. In 1853, Henderson and his family 
moved to California and extended his nursery trade 
to sell more than 100,000 fruit trees throughout Cali-
fornia. Henderson died in 1879 and is buried in Oak-
land, California. His tombstone commemorates him 
as the Father of Pacific Horticulture.

Specified Source(s) of Funding: CRIS 2072-21000-049-
00D

2:30 PM Ellwanger and Barry: A Civil War 
Nursery for the World
Marvin P. Pritts*, Cornell University
Abstract: The Ellwanger and Barry Nursery was 
founded in May 1840 in Rochester, NY by George Ell-
wanger (1816-1906) and Patrick Barry (1816-1890). 
Ellwanger emigrated from Germany and Barry from 
Ireland. Barry had some experience working at the 
Prince Nursery in Flushing, Long Island and Ellwanger 
had worked at a seed store and nursery in Rochester 
for many years. The partners first purchased seven 
acres near what is now Highland Park, and through 
additional land purchases, the nursery grew to 100 
acres in 1851, 400 in 1856, 500 in 1859 and 650 in 
1871. The original seven acres contained a model ar-
boretum and display garden. The company opened a 
branch in Toronto, Ontario in 1844 and in Columbus, 
Ohio in 1854. They were especially known for prop-
agating dwarf fruit trees. At their peak, they had 250 
employees and were a major supplier to the eastern 
United States, California, Japan, Korea and Australia. 
Barry became well known nationally for his publica-
tions on fruit. He wrote “A Catalogue of Fruits” for the 
American Pomological Society in 1862. It described 
cultivars of 90 species including 337 of apple, 112 
peaches and 117 pears. Patrick died in 1890 and was 
succeeded by his son William who shifted to retail 
sales since competition from western nurseries was 
growing. Two years after the death of William in 1916, 
the nursery closed. The Ellwanger and Barry Com-
pany gifted several specimen trees for the Mt. Hope 

cemetery, a significant amount of land, and a three 
story wooden pavilion dedicated to the children of 
Rochester. A spectacular collection of horticultural 
prints commissioned by the nursery was preserved 
and is digitally available. Much of the nursery land is 
now used by the City of Rochester for the enjoyment 
of the public. Today Highland Park contains the larg-
est collection of lilac cultivars in the world.

2:45 PM Stark Brothers’ Nurseries and Or-
chards: Two Centuries of New Fruit Culti-
vars and Innovations
Michele R. Warmund*, University of Missouri
Abstract: Established near Louisiana, Missouri, in 
1816, Stark Bro’s Nurseries and Orchards, Company 
has had a lasting impact on modern fruit produc-
tion in the cultivars grown, nursery stock production 
practices, and the protection of plant material with 
patents. From Kentucky, James Hart Stark brought 
‘Jenton’ (‘Rall’s Janet’) scions with him to Missouri and 
began propagating trees on native crabapple root-
stock. As the family nurseries grew, Clarence Stark 
incorporated the business in 1889 and astutely es-
tablished a partnership with Luther Burbank to ac-
quire new plant material. ‘Delicious’,’ Golden Deli-
cious’, and ‘Gala’ apple, along with many spur-type 
and dwarf types of these cultivars, are but a few of 
the notable cultivars that Stark Bro’s acquired from 
individuals. In an attempt to protect their acquisi-
tions, Paul Stark Sr. was a primary advocate for pat-
ent legislation. In 1932, the first plant patent was 
awarded to Stark Bro’s for ‘Missottbi’ peach. Since 
then, Stark Bro’s has held over 102 fruit tree patents. 
They also revolutionized the tree fruit industry with 
the introduction of spur-type and columnar ‘Wijcik’ 
apple trees, development of a mechanical tree dig-
ger, and the initiation of a virus-indexing program. 
Weathering boom years and lean times, when many 
fruit nurseries failed, Stark Bro’s Nurseries continues 
to provide an array of plant material to commercial 
producers and backyard gardeners.

3:00 PM  Q&A  - Early Fruit Nurseries: Prop-
agators of New Plants and Knowledge in 
North America - All Session Speakers Are 
Required to Attend

1:30 PM – 3:30 PM 

Water Utilization & Management
Moderator: Davie Kadyampakeni, CREC-UF/IFAS
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1:30 PM Assessing Citrus Crop Coefficients 
for Optimizing Water Use and Sustaining 
Environmental Quality Under Greenhouse 
and Field Conditions
Davie Kadyampakeni* and Samuel Kwakye, Universi-
ty of Florida
Abstract: Citrus production in Florida accounts for 
about 60% of national production. Recently, there 
has been a decline in fruit production and citrus 
acreage largely due to a disease called citrus green-
ing, and partly due to increasing urbanization and 
hurricane damage. Citrus greening cripples tree per-
formance by aggravating root loss, accelerating de-
foliation and limiting tree metabolism. Studies have 
shown that treed affected by citrus greening might 
use about 20 to 35% less water than healthy trees. 
We have been conducting field studies to determine 
the appropriate coefficients (Kc) for trees affected by 
citrus greening using the modified Penman-Monte-
ith method (using the Florida Automated Weather 
Network, FAWN) and the stem heat balance method. 
Irrigation is non-limiting since the trees are irrigated 
twice a day. We also determined soil moisture distri-
bution patterns in the root zone using the HS-10 ca-
pacitance sensors. Observations on leaf area index 
(LAI), canopy size and root density were also con-
ducted and fluctuate throughout the year. LAI and 
canopy size increase in summer and decrease at oth-
er times of the year suggesting that Kc might follow 
that pattern. The root density is elevated in May and 
September and dampens in other times of the year, 
which might affect the potential for uptake. Soil mois-
ture distribution measured at 0-15 cm, 15-30 cm, 30-
45 cm and 45-60 cm showed that moisture content 
remained at or slightly above field capacity and did 
not reach saturated moisture content. Transpiration 
measured using stem heat balance method showed 
high values, as expected, in summer compared to 
other seasons of the year. These results show that 
adjustments in the Kc values are needed for the trees 
affected by citrus greening to reflect changes in crop 
cover and root length density and also citrus variet-
ies, root stock and planting density.

Specified Source(s) of Funding: SWFWMD, UF Citrus 
Initiative

1:45 PM Physiology, Yield and Water-Use 
Efficiency of Cucumber Affected By Deficit 
Irrigation
Ved Parkash*1; Sukhbir Singh1; Sanjit Deb1; Glen 
Ritchie1 and Russell W. Wallace2, (1)Texas Tech 
University, (2)Texas A&M AgriLife Research & Extension 
Center

Abstract: Water scarcity is posing a challenge to crop 
production especially in arid and semi-arid areas. In 
semi-arid Southern High Plains (SHP) of the United 
States (US), there is usually a low precipitation than 
the crop evapotranspiration, so there is high depen-
dence on Ogallala aquifer for supplementary irriga-
tion. As a consequence, aquifer has faced an overall 
decline in water level by 4.8 m for the entire aquifer, 
and by 12 m for the West Texas part since 1950s. 
Therefore, irrigation management practices that can 
optimize crop production and water productivity in 
water limited SHP are needed. Deficit irrigation is 
one of the irrigation management practices that has 
the potential to improve water use efficiency. To de-
termine the effect of deficit irrigation on physiology, 
yield and water use efficiency of cucumber (Cucumis 
sativus), a field study was conducted during the sum-
mer of 2019 at Quaker Research Farm of Texas Tech 
University, Lubbock, Texas. The experiment was con-
ducted in split-plot design with four irrigation levels 
[100% ETc (crop evapotranspiration), 80% ETc, 60% 
ETc, and 40% ETc] as main plot factor and two cul-
tivars [Poinsett 76 and Marketmore 76] as sub plot 
factor with three replications. Photosynthetic rate 
started to decline in deficit irrigation treatments af-
ter implementation of irrigation treatments. At ma-
turity, it was significantly lower in 40% ETc and 60% 
ETc compared to 100% ETc, while in 80% ETc it was 
comparable to 100% ETc. Photosynthesis was sig-
nificantly higher in Marketmore 76 throughout the 
growing season compared to Poinsett 76. Similar 
trend was observed for stomatal conductance in irri-
gation levels and cultivars. Fruit yield was compara-
ble between 100% ETc and 80% ETc, and 60% ETc and 
40% ETc irrigation levels. Water use efficiency was 
the highest in 80% ETc followed by 100% ETc, 40% ETc 
and 60% ETc, respectively. Yield and water use effi-
ciency were higher in Poinsett 76 than Marketmore 
76. In spite of better plant physiology, Marketmore 
76 yielded less compared to Poinsett 76, which is at-
tributed to allocation of more biomass to the vegeta-
tive growth than fruits in Marketmore 76. These re-
sults show that 80% ETc irrigation level and Poinsett 
cultivar can be adopted for cucumber production in 
water limited SHP of the US without causing a signif-
icant reduction in yield; however, more research is 
needed to support these findings.

2:00 PM Soil Physics Characterization of 
Irrigated Vegetable Production Areas in 
Northeast Florida
Judyson Oliveira*1; Cássio Tormena2; Lincoln Zotarel-
li1; Allan Bacon1 and Julio Pachon1, (1)University of 
Florida, (2)State University of Maringa
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Abstract: Northeast Florida is an important vegeta-
ble production area with approximately 15,000 ha of 
cultivated land. In most of areas, the predominant 
irrigation method is subirrigation (e.g., seepage, 
drain-tile). In these irrigation methods, soil water in 
the rootzone needs to be precisely management to 
maximize crop production with minimum nutrient 
leaching. However, using these irrigation manage-
ment system, large amounts of groundwater are 
required for maintaining of high-water table level to 
irrigate the crop. On the other hand, during rainfall 
events, the water table needs to be receded and ex-
cess water is drained off the fields. Thus, soil phys-
ical-hydrological indicators are important tools for 
determining proper irrigation management prac-
tices. The objective of this study was to assess soil 
physical properties of irrigated vegetable produc-
tion areas in northeast Florida to support the devel-
opment improved of irrigation recommendations. 
Twenty vegetable production areas in northeast 
Florida were selected based on visual evaluation of 
the area, location, use and soil classification. Undis-
turbed soil samples were taken from the 0-0.20 m 
and 0.20-0.40 m soil depth layers in four random 
places in each site. Soil bulk density (Bd), soil organic 
matter content (SOM) and particle size distribution 
(PSD) classified as clay (<2 µm); silt (2-50 µm); fine 
sand (50-250µm) and coarse-sand (250-2000 µm) 
were determined. Descriptive statistics and hierar-
chical cluster analysis were used to study the soil 
physical properties of 0.20-0.40 m soil depth layer 
and to categorize similar sites. The Bd±SD ranged 
from 1.37±0.08 to 1.46±0.09 g cm-3 and the mean 
SOM±SD ranged from 6.84±2.70 to 7.57±6.58 g kg-1 
for the 0-0.20 and 0.20-0.40 m soil depths, respec-
tively. The sites were hierarchically categorized in 
two main groups comprised of 7 and 13 sites each 
(group I and II, respectively). The main criterion for 
group identification was the coarse-sand fraction. 
The average clay, silt, fine and coarse-sand content 
(±SD) were 0.99±0.05, 3.89±0.89, 58.43±5.07 and 
36.68±4.76% for group I, and 1.16±0.25, 5.18±2.65, 
71.62±7.51 and 22.04±6.97% for group II, respective-
ly. Higher values of coarse-sand fraction in group I 
suggests a different packing arrangements of soil 
particles which have a direct impact over the water 
infiltration rate, capillarity and soil water retention 
capacity. The initial assessment of soil physical char-
acteristics allowed to identify similar irrigated veg-
etable production areas by soil textural properties. 
Additional physical-hydrological indicators such as 
soil water retention curve, soil resistance penetra-
tion curve and least limit water range will be deter-
mined in these two major groups. These indicators 
should be used on the development of irrigation 

recommendation models for specific, soil, irrigation 
methods and vegetable crops.

2:15 PM Potato Yield and Net Return of 
N-Fertilizer Rate and Timing for Seepage 
and Subsurface Drain-Tile Irrigation
Fernando Bortolozo*1; Rodrick Mwatuwa1; Lincoln 
Zotarelli1; Andre Luiz B.R. da Silva2 and Tara Wade1, 
(1)University of Florida, (2)University of Georgia
Abstract: The objective of this study was to compare 
potato yield and net return of N-fertilizer application 
timing and rate strategies with a grower’s practice 
under seepage (SEP) and subsurface drain-tile (SDT) 
in a commercial field. Fertilizer N-treatments were 
I) grower’s practice 318 kgN/ha split: 78 kgN/ha at 
pre-planting (Npp), 180 kgN/ha at plant emergence 
(Neme), and 60 kgN/ha at tuber initiation (Nti); II) fixed 
rate 240 kgN/ha split: 78 kgN/ha at planting (Npl); 135 
and 27 kgN/ha at Neme and Nti, respectively; and III) 
variable-rate 269 kgN/ha split: 78, 135 and 56 kgN/ha 
applied at Npl, Nemeand Nti, respectively. N-treatments 
were arranged in a randomized complete block de-
sign with three replications in SEE and SDT. The cu-
mulative rainfall of 142 mm occurred between Npp 
and Npl, which resulted in soil N losses from Npp. There 
were no significant differences in plant biomass 
and N-uptake, marketable yield and specific gravity 
among N-treatment within each irrigation method. 
Marketable yield on SEP was 27.5, 26.6 and 27.2 Mg/
ha for N-treatment I, II, and III, respectively; and 24.7, 
23.2, 22.2 Mg/ha under SDT, respectively. The Npp did 
not increase tuber yield. There was a significant vari-
ability of soil moisture in the rootzone throughout 
the season under SDT compared to SEP, which was 
a possible cause of overall reduced yield under SDT 
compared to SEP. The cost of production under SEP 
was $6,746; $6,675 and $6,707/ha for N-treatments 
I, II and III, respectively. Treatment II had the lowest 
net return with a profit margin of 12% ($919±313/
ha). Although Treatment III produced a net return 
$12 less than Treatment I, both treatments had the 
same profit margin of 14%. While the N-rate applied 
for I was higher than II and III, the net return and 
profit margin for all treatment resulted in a small 
difference. The cost of production under SDT was 
$7,879; $7,778 and $7,815/ha for N-treatments I, II, 
and III, respectively; and the profit margin was 11%, 
6% and 2%. Production costs for N-treatments un-
der SDT were higher compared to production costs 
of N treatments under SEP because of high installa-
tion costs of SDT. The lack of significant differences 
among N-treatments under each irrigation indicates 
that similar revenue would be expected regardless 
of differences in N-rate. By changing the Npp to Npl 
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would allow an overall reduction in total N-fertilizer 
rate without compromising tuber yield.

2:30 PM Evaluation of Ornamental Grasses 
for Rain Garden Environments
Randy Nelson*1; Esther E. McGinnis2 and Aaron Lee 
M. Daigh2, (1)U of MN Extension Clay County, (2)North 
Dakota State University
Abstract: Rain gardens are used in the urban land-
scape to reduce stormwater runoff. Plants used for 
rain gardens depend on seasonal rainfall and at 
times will be subject to flooding and drought. The or-
namental grasses, ‘Karl Foerster’ feather reed grass 
[Calamagrostis x acutiflora (Schrad.) Rchb.], ‘Purpu-
rascens’ Chinese silvergrass (Miscanthus sinensis 
Andersson), ‘Blue Heaven’ little bluestem [Schizach-
yrium scoparium (Michx.) Nash], ‘Pixie Fountain’ tuft-
ed hairgrass [Deschampsia cespitosa (L.) P. Beauv.], 
‘Northwind’ switchgrass (Panicum virgatum L.), ‘Red 
October’ big bluestem (Andropogon gerardii Vitman), 
and ‘Blonde Ambition’ blue grama grass [Bouteloua 
gracilis (Willd. ex Kunth) Lag. ex Griffiths] were eval-
uated in a greenhouse trial to determine their abili-
ty to tolerate repeated cycles of flood and drought. 
Treatments consisted of flooding for 2 or 7 days fol-
lowed by a dry down period to one of two volumetric 
water content set points: 0.14 m3·m3 (drought onset) 
and 0.07 m3·m3 (severe drought). Each plant went 
through at least four cycles of flood and drought. 
Flooding for 2 days significantly increased shoot 
counts for all grass species compared with flooding 
for 7 days. The severe drought set point significantly 
reduced shoot counts and shoot mass for all grass 
species. Root mass of feather reed grass, Chinese sil-
vergrass, little bluestem, switchgrass, and big blue-
stem was not significantly reduced under the severe 
drought set point or drought onset set point. For all 
grass species, flooding for 2 days followed by dry-
ing down to 0.14 m3·m significantly increased root 
mass compared with flooding for 7 days followed 
by drying down to 0.14 m3·m. Flooding for 2 days 
significantly decreased visible damage ratings for 
all grass species compared with flooding for 7 days. 
For big bluestem and little bluestem, visible damage 
ratings were not significantly different between the 
severe drought set point and the drought onset set 
point.

Specified Source(s) of Funding: USDA Specialty Crop 
Block Grant

2:45 PM Optimizing Cider Orchard Per-
formance with Irrigation Scheduling and 
Regulated Deficit Irrigation

Travis Robert Alexander*; Gabriel LaHue; Jacky King; 
Ed Scheenstra and Carol A. Miles, Washington State 
University, NWREC
Abstract: Regulated deficit irrigation (RDI), which 
provides less water than the crop loses to evapo-
transpiration, is a promising irrigation conservation 
measure if practiced prudently. In this study, third 
leaf cider apple trees of cvs. Dabinett, Golden Russet, 
and Porter’s Perfection, all on Geneva 202 rootstock, 
were subjected to two irrigation treatments for in-
vestigation of water use, tree vegetative growth, and 
fruit and juice yield and quality. Conventionally irri-
gated (control) subplots were irrigated to maintain 
soil water content close to field capacity, and irriga-
tion in the RDI subplots was set to be triggered once 
the average mid-day stem water potential (SWP) 
reached a pre-determined threshold associated with 
moderate water stress in table apples (-1.5 MPa). 
Total applied water (m3) per subplot was measured 
with a water meter, and vegetative growth was mea-
sured bimonthly by recording the length (cm) of six 
shoots on each side (west and east) of 3 randomly 
selected trees per subplot. A sample of 40 repre-
sentative fruit per subplot were measured for total 
fruit weight (kg), average fruit size (cm), total solu-
ble solids (°Brix), pH, titratable acidity (percent ma-
lic acid), titratable tannins (percent tannic acid), and 
juice yield (mL/kg), pursuant to commonly accepted 
laboratory protocols. The threshold for irrigation in 
the RDI treatment was never met and the RDI sub-
plots therefore received no water while the conven-
tionally irrigated control subplots received a total of 
8.4 cm of irrigation water (846 m3 ha-1) during the 
growing season. Despite clear differences in soil-wa-
ter potential between irrigation treatments, neither 
mid-day SWP nor vegetative growth differed due to 
irrigation treatment, but cultivars did differ in their 
vegetative growth response. ‘Dabinett’ experienced 
the largest relative growth rate, 23.5%, compared to 
‘Golden Russet’ and ‘Porter’s Perfection’ which had 
an average growth rate of 5.8%. Similarly, neither 
fruit yield and quality nor juice yield and quality were 
found to differ due to irrigation treatment, but as ex-
pected there were differences due to cultivar. ‘Dabi-
nett’ trees provided 3500 kg/ha of fruit and 487 mL/
kg of juice, while ‘Golden Russet’ and ‘Porter’s Per-
fection’ on average provided 910 kg/ha of fruit and 
558 mL/kg of juice. These preliminary results suggest 
that calendar-based irrigation based on standard re-
gional practices supplies water in excess of orchard 
requirements. However, more research is needed 
to investigate the impact of multiple years of RDI on 
long-term orchard productivity and fruit quality.

Specified Source(s) of Funding: WSU CSANR BIOAg 
Grant Program
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3:00 PM  Q&A  - Water Utilization & Man-
agement - All Session Speakers Are Re-
quired to Attend

2:00 PM – 3:50 PM 

20/20: Seeing Your Professional       
Future Coming into Focus
Chair: Curt Rom, University of Arkansas

2:00 PM GENERAL SESSION - Seeing a Ca-
reer Vision
Curt R. Rom*, University of Arkansas
2:05 PM Welcome
Curt R. Rom*1; Kent D. Kobayashi2 and Kauahi Pe-
rez2, (1)University of Arkansas, (2)University of Hawaii 
at Manoa

2:10 PM Seeing Yourself in the Mirror and 
How Others See You
M'Randa Sandlin*, Sandlin Consulting

2:35 PM Building Your Personal Brand
Brian Eugene Jackson*, North Carolina State Univer-
sity

3:00 PM Planning for Your Future: Deter-
mining Your Long-Term Goals, Finding 
Mentors, Gaining Experience While Still in 
School
Brian Pearson*, University of Florida

3:25 PM Panel Discussion

3:45 PM Wrap up: Kent Kobayashi and 
Kauahi Perez

3:48 PM Thank you and Next Steps: Curt 
Rom

This session breaks into 3 career Track 
sessions – Academic, Extension, Consult-
ing & Outreach, and Industry & Entrepre-
neurship, each from 4:15-6:15 PM

3:00 PM – 5:15 PM 

Growth Chambers and Controlled 
Environments 6 & 7
Moderator: Celina Gomez, University of Florida

3:00 PM Using Pulses of Light to Decrease 
Energy Input in Closed Controlled Environ-
ments
Kevin M Folta*1; Shiwei Song1 and Paul Kusuma2, (1)
University of Florida, (2)Utah State University
Abstract: One of the limiting factors in widespread 
adoption of indoor urban specialty-crop operations 
is energy, which may be 35% of operating costs. 
Energy costs arise from the need to generate light, 
but also to control the temperature change caused 
by generating light. Our laboratory investigated the 
possibility of breaking up the daily light integral (DLI) 
into smaller durations, and then testing its effects 
on seedling development. Published results from 
kale, turnip and Arabidopsis thaliana (Song et al., 
2019) demonstrate that on-off pulses as short as 5 
seconds have the same effect as a 12-hour on-off 
cycle with the same DLI. Intermediate pulses were 
deleterious. We then extended the dark period be-
tween light pulses and showed that the effect of 
light continued for at least 10 seconds, depending 
on the species. These findings demonstrated that 
energy could be cut by 33-80% and deliver a com-
parable seedling product. The current studies have 
examined the genetics and photophysiology of the 
response to pulsed light. The goal of the work is to 
test how fluence rate and duration relate to seedling 
response, to further decrease energy necessary to 
advance development. A genetic analysis indicates 
that specific photosensory pathways may be limiting 
the response to light, and their mutation may lead to 
additional savings. These analyses represent novel 
approaches to cutting energy costs to facilitate ex-
pansion of specialty crop production in closed con-
trolled environments.

Specified Source(s) of Funding: Laboratory IDC Returns

3:15 PM Research Insights to Facilitate 
Container and Hydroponic Gardening of 
Herbs and Vegetables
Celina Gomez* and Paul R. Fisher, University of Flor-
ida
Abstract: Container and hydroponic gardening of 
herbs and vegetables is becoming an important 
market trend in horticulture and provides significant 
opportunities to connect urban dwellers with plants. 
Our team aims to provide research-based guidance 
that can contribute to successful home gardening 
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experiences. Using data mining tools and content 
analysis methods, knowledge gaps were identified 
among online community subscribers related to the 
design and implementation of small-scale hydropon-
ic systems, plant lighting, and hydroponic solution 
management. We have conducted several studies 
evaluating environments and practices that mini-
mize or simplify light, water, and nutrient inputs to 
supply fresh produce. For example, our research has 
shown that 6.5 to 10 mol·m–2·d–1 of photosynthetical-
ly active radiation (less than half of the recommend-
ed daily light integral for commercial production) is 
sufficient to maintain pick-and-eat lettuce (Lactuca 
sativa) and basil (Ocimum basilicum) plants with ad-
equate nutritional qualities. In addition, we found 
that nutrition can be simplified in hydroponic basil 
plants using either periodic water-soluble fertilizer 
additions or controlled release fertilizer, without the 
need for complete nutrient solution replacements. 
However, limiting solution replacement intervals 
may be detrimental to fruit yield and quality of beef-
steak tomatoes (Lycopersicon esculentum) grown in 
small-scale hydroponics. Our ongoing efforts are 
evaluating tomato and pepper (Capsicum annuum) 
cultivars for attributes including compactness, fruit 
yield, nutritional taste and quality, and aesthetic val-
ue. We have observed cultivar-specific differences 
under sole-source lighting in terms of intumescence, 
which is a physiological disorder caused by factors in-
cluding the lack of exposure to ultraviolet radiation. 
Future studies will evaluate cultivar performance, 
growing system design, and practices that increase 
resilience and consumer success with container and 
hydroponic home gardening.

Specified Source(s) of Funding: Floriculture Research 
Alliance

3:30 PM Continuous LED Lighting Can Sig-
nificantly Reduce Light Fixture Costs with-
out Compromising Fruit Yield and Quality 
in Greenhouse Cucumber Production
Xiuming Hao*; Jason Lanoue and Jingming Zheng, 
Agriculture and Agri-Food Canada
Abstract: Supplemental lighting is essential for year-
round greenhouse crop production in regions with 
low natural light conditions. The improvement in 
plant growth and yield by supplemental lighting is 
largely dictated by the total amount of light provid-
ed during a day (daily light integral (DLI) – intensity × 
photoperiod). It is more economical to achieve de-
sired DLIs with long photoperiod of supplemental 
light at low light intensity because it uses less light 
fixtures, reducing initial capital costs. A 24h (contin-

uous) lighting (CL) could reduce light intensity/light 
fixture cost by 1/3 in comparison to the conventional 
16-17h of lighting used in commercial greenhouse 
vegetable production. The conventional 16-17h of 
lighting photoperiod was used in greenhouse fruit 
vegetable (such as tomatoes and cucumbers) pro-
duction because longer (>17h) lighting leads to 
photo-injury (characterized by leaf chlorosis and de-
crease in photosynthesis) and no further yield gain, 
based on researches conducted using conventional 
lighting sources such as high pressure sodium (HPS) 
light. There have been very little research on the pho-
toperiod response of greenhouse fruit vegetables to 
energy-efficient LED lighting. In a previous study, we 
have found that alternating red and blue LED lighting 
can eliminate photo-injury and improve early fruit 
yield in tomato production. Therefore, we investi-
gated the response of greenhouse mini-cucumbers 
to CL with red and blue LED light in this study. The 
study was conducted in a greenhouse with 200 m2 
of growing area during winter 2019-20. The green-
house was divided into 16 sections using white cur-
tains. Four lighting strategies were applied to the 16 
plots in a Latin-Square design with 4 replications: (1) 
16h red and blue together and 8 h darkness (con-
trol), (2) 24h red and blue together, (3) 16h red fol-
lowed by 8h of blue, and (4) 12h of red followed by 
12h of blue LED light. The four lighting strategies had 
the same daily light integral (12.1 mol m-2 d-1) and red 
to blue supplemental light ratio (86% to 14%). There 
was little difference in plant growth, photosynthesis 
and fruit yield among the 4 lighting treatments over 
the 4 months of fruit production (a full crop cycle). 
Therefore, the CL lighting strategy with red and blue 
LED light or alternating red and blue LED light can 
be used in min-cucumber production to reduce light 
intensity and light fixture costs.

Specified Source(s) of Funding: Agriculture and Agri-
Food Canada J002228.001.04

3:45 PM Increasing Crop Productivity and 
Phytochemical Content in Indoor Agricul-
ture
Yuyao Kong* and Krishna Nemali, Purdue University
Abstract: Optimizing spectral composition for in-
creasing crop productivity and phytochemicals that 
are beneficial to human health is an active area of 
research in indoor agriculture. Published literature 
indicates that a high proportion of blue light (B) de-
creases plant growth and increases phytochemical 
content. Recently, addition of far-red light (FR,700-
750 nm) to short-wave radiation (400-700 nm) was 
shown to increase photosynthetic efficiency, sug-
gesting that growth can be maintained by adding 
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FR to high proportion of B. However, photosynthetic 
enhancement and phytochemical content of plants 
grown under FR and high proportion of B was nev-
er studied before. In addition, information on the 
effects of shifting plants from high red (R) to high B 
and vice versa on growth and phytochemical content 
is limited. We examined long-term effects of grow-
ing romaine lettuce (green leaf or GL and red leaf or 
RL) cultivars under light treatments with similar in-
tensities (131µmol/m2/s) but different spectral com-
position using sole-source LED lights. Treatments 
included ‘high-R’ (R90:B10), ‘high-B’ (R50:B50), ‘high-B+FR’ 
(R43:B43:FR14), high-R (21days) to high-B (10 days) and 
high-B (21 days) to high-R (10 days). We measured 
shoot dry weight (SDW), leaf area (LA) and canopy 
(i.e. unshaded leaves) area (CA), leaf photosynthe-
sis (A) and phytochemical (anthocyanin or Anth, be-
ta-carotene or B-car, chlorophyll or Chl) composition 
and Chl a/b ratio. Results indicated that SDW, LA, CA, 
B-car and Chl were higher in GL than RL whereas 
Anth was higher in RL than GL cultivar. As expect-
ed SDW, A, CA were higher and B-car, Chl and Anth 
tended lower in high-R compared to high-B. Inter-
estingly, SDW was higher in high-B+FR than high-B. 
However, the increase in SDW was associated with 
increase in CA but not A in high-B+FR. Further, Anth, 
B-car, Chl and Chl a/b were lower in high-B+FR com-
pared to high-B treatment. Shifting plants from 
high-R to high-B maintained SDW and increased 
B-car level (similar to high-B). These results indicate 
that SDW and phytochemical content in lettuce can 
be maintained by initially growing plants in high-R 
and shifting plants to high-B. Further, addition of FR 
to high-B can increase SDW likely due to increased 
CA but not photosynthetic enhancement. Lower Chl 
a/b ratio with FR addition suggests a shade avoid-
ance response that likely resulted in expanded CA, 
which may have resulted in increased light inter-
ception and SDW in high-B+FR compared to high B 
treatment. These findings can be used to optimize 
spectral composition of light in indoor farming. 

4:00 PM Optimization of Electrical Conduc-
tivity of the Nutrient Solution for Arugula 
Grown in Hydroponic Solution
Teng Yang*1; Uttara Samarakoon1; Peter Ling2 and 
James Altland3, (1)Ohio State University, (2)The Ohio 
State University, (3)USDA-ARS, MWA ATRU
Abstract: Arugula (Eruca vesicaria) is a fast-growing 
and cool-season leafy green which is cultivated us-
ing hydroponic production techniques in greenhous-
es to fulfill the high year-round demand. Nutrient 
management in hydroponics is based primarily on 
electrical conductivity (EC) management, which af-

fects the visual, nutritional and phytochemical qual-
ities of leafy vegetables. With the aim of optimizing 
the nutrient management of arugula in hydroponic 
production system to obtain high productivity and 
crop quality, we investigated the effect of EC on 
yield, nutritional and phytochemical properties of 
arugula in hydroponics. The cultivar arugula ‘Stan-
dard’ was used as it is the most commonly grown 
in industry. A nutrient film technique (NFT) system 
with 18 channels and 8 separate solution tanks was 
established in a double polyethylene-plastic covered 
greenhouse. Arugula was grown at four different EC 
levels (1.2, 1.5, 1.8, and 2.1 mS/cm) with pH adjusted 
to 5.8 to 6.0. Photosynthetic properties, SPAD and 
leaf area were measured. Plants were also harvest-
ed for yield, nutrient and phytochemical measure-
ments 28 days after transplanting. Photosynthetic 
properties, SPAD, leaf area, fresh yield, dry yield and 
total glucosinolates increased as EC increased from 
1.2 to 1.8 mS/cm, however, there was no difference 
between EC 1.8 and 2.1. Glucosinolates are a group 
of health-promoting phytochemicals which may 
protect against the development of certain human 
malignancies. Thus, a better plant yield, quality and 
flavor was achieved with EC at 1.8 mS/cm. In con-
trast, total anthocyanin content was highest in plants 
grown at EC 1.2 and 2.1 mS/cm, with no difference 
between plants grown in EC 1.5 and 1.8 mS/cm. To-
tal anthocyanin has demonstrated ability to protect 
against a myriad of human diseases including heart 
disease and cancer , but it also plays a protective 
role in plants against stressful environments. It is 
possible in that higher EC levels at 1.2 and 2.1 mS/
cm were a result of salt stress incurred when arugula 
was grown at the extreme low and high EC levels.

4:15 PM Lettuce Growth Differences be-
tween Nutrient Film and Deep Flow Tech-
niques Are Related to Water Availability 
to Roots
Krishna Nemali* and Alexander Miller, Purdue Uni-
versity
Abstract: Hydroponic lettuce (Lactuca sativa) produc-
tion in greenhouses is increasingly becoming pop-
ular in the U.S. Production systems used in hydro-
ponics either submerge roots partially (e.g. nutrient 
film technique or NFT) or completely (e.g. deep flow 
technique or DFT) in the nutrient solution. Although 
both systems are popular, there is limited research 
that compared lettuce growth in both systems and 
identified likely reasons for observed differences be-
tween them. This information is crucial to increase 
crop productivity in hydroponics and enable growers 
make informed decisions on their investment. Pres-
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ent study used a replicated (n=4) split-plot design to 
compare the growth of four lettuce cultivars belong-
ing to leaf, romaine, butterhead and oakleaf groups 
that were germinated in rockwool cubes and grown 
in custom built NFT and DFT production systems. We 
measured shoot dry weight (SDW), substrate volu-
metric water content (VWC), electrical conductivity 
of the substrate (ECS), and relative shoot water con-
tent (RWC) at multiple times (7, 17 , 21 , 24, 31, 35 
and 38 days after transplanting) during the study. 
Statistical analysis was conducted using a split-plot 
model with repeated measures. Results indicated no 
significant differences in ECS and RWC between the 
two production systems for any cultivar. However, a 
significant interaction between production system 
and measurement time was observed for SDW and 
VWC, when averaged across cultivars. SDW was gen-
erally higher in the DFT than NFT on different days 
but the differences became significant on 38th day 
after transplanting. However, VWC was significant-
ly higher in the DFT than NFT on all measurement 
days. Further, the differences in SDW between the 
two production systems on different days could be 
linearly related to the observed differences in VWC 
on different days. These results indicate that lettuce 
growth is higher in the DFT than NFT system due to 
higher VWC in DFT. Higher VWC likely resulted in in-
creased nutrient and water availability to the roots in 
the DFT than NFT, especially during the early stages 
when majority of the roots were still contained in-
side the rockwool cubes. The increased water and 
nutrient availability likely resulted in increased plant 
growth with time in the DFT than NFT system. Based 
on these results, we recommend production systems 
like DFT, where roots are completely submerged in 
the nutrient solution, for maximizing hydroponic let-
tuce production in greenhouses. 

Specified Source(s) of Funding: USDA SCBG

4:30 PM Asexual Reproduction Regulation 
By Stolon Removal Intervals in Long-Day 
Strawberry (Fragaria x ananassa cv. ’Albi-
on’)
Xiaonan Shi*1; Ricardo Hernandez2 and Mark Hoff-
mann1, (1)North Carolina State University, (2)NC State 
University
Abstract: Strawberry plants are commercially propa-
gated by asexual reproduction, generating genetical-
ly identical daughter plants connected through sto-
lons (runners) to the mother plant. Daughter plants 
are replicated multiple times over multiple years in 
strawberry nurseries in NC, CA and Canada, before 
being sold to strawberry farmers in the US, Canada 

and Mexico. To make a nursery process cost-effec-
tive, overall multiplying rates of 1:100,000 or more 
are usually achieved per strawberry mother plant. 
Increasing the amount of daughter plant produced 
per round could reduce the total rounds needed to 
repeat within nurseries. However, strawberry nurs-
eries across the country have different strategies to 
harvest daughter plants, and the basic question as to 
whether or not the timing of daughter plant removal 
can impact the production of subsequent daughter 
plants remain unanswered. This fundamental lack 
of knowledge leads to inconsistent harvest strate-
gies across the industry. In the presented study, the 
long-day strawberry cultivar Fragaria x ananassa cv. 
‘Albion’ was used to investigate the hypothesis that 
daughter plant production will be improved by mod-
ifying the timing of harvest. Plants were grown un-
der controlled environment (26℃, 507 μmol • m-2 • s-1 
PPFD, 14h/10h D/N cycle) in soilless media (coconut 
coir : perlite, 50% : 50%) fertilized with a customized 
nutrient solution. Stolons with attached daughter 
plants were harvested (1) Every 7 days for 9 times 
(2) Every 21-days, 3 times in total, and (3) Once at the 
end of the experiment after 63days. (randomized 
complete block design, 3 replicates per treatment). 
The plants harvested at 63-day interval produced 
significantly more daughter plants (102 per plant), 
compared to 33 daughter plants in 21-day interval 
(P<0.001). Moreover, treatment (3) has produced the 
highest cumulative number of industry viable daugh-
ter plants. Our results suggest that extending stolon 
harvest intervals in strawberry nurseries will escalate 
asexual reproduction of long-day strawberries, sug-
gesting daughter plants to be potentially contribut-
ing to plant growth. Our findings could lead to more 
efficient strawberry nursery practices in the future.

4:45 PM  Q&A  - Growth Chambers and 
Controlled Environments 6 & 7- All Session 
Speakers Are Required to Attend

3:15 PM – 4:45 PM 

Plant Growth Regulation 2
Moderator: Shinsuke Agehara, University of Florida, 
Gulf Coast Research and Education Center

3:15 PM The Manipulation of Chilling Du-
ration and Growth Regulators to Produce 
Single Season Containerized Herbaceous 
Peonies
Dongfang Zhou*1; Daniel L. Jackson1; Holly L Scog-
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gins1; Sherif Sherif1; W. Garrett Owen2 and Joyce 
Griffin Latimer3, (1)Virginia Tech, (2)Michigan State 
University, (3)Virginia Cooperative Extension
Abstract: Herbaceous peonies (Paeonia lactiflora 
Pall.) are common perennials used both in gardens 
and the landscape as well as for cut flowers. Peonies 
require a chilling period to break dormancy but not 
for flower bud differentiation. For this studies, two 
peony cultivars, Sarah Bernhardt and Inspecteur La-
vergne, 3 to 5 eye small crowns from Holland were 
potted in 3.8-L pots in mid November of 2017 and 
2018. Our objective was to determine if we could 
manipulate chilling time, along with application 
of gibberellic acid (GA3) and growth retardants, to 
produce marketable containerized peonies from a 
small crown in a single season (November to May). 
We evaluated chilling, GA3 and a growth retardant 
(uniconazole) under controlled chilling and green-
house forcing conditions. All potted plants were 
held outdoors at Battlefield Farms for 4 weeks [in 
2017, 400 chilling units (CU)] or in a 10°C cooler for 
5.5 weeks (in 2018, 400 CU) to root, then placed in a 
5°C cooler for 3, 4 or 5 weeks (total 752, 869 or 986 
CU). GA3 was applied as 0 or 100 mg·L-1 drench at 250 
ml/pot after the plants were moved into the Virginia 
Tech greenhouse for forcing. Uniconazole drench-
es were applied to each cultivar under each chilling 
treatment at 355 ml/pot at 0, 15, or 20 mg·L-1 at 7 
days after the GA3 drench applications. Three weeks 
chilling at 5°C (752 CU total) provided sufficient chill-
ing for ‘Sarah Bernhardt’ and ‘Inspecteur Lavergne’. 
Application of GA3 reduced production time and re-
sulted in a greater number of shoots, and increased 
the number of flowering shoots in three of the four 
studies. Application of 15 mg·L-1 UNZ as a substrate 
drench prior to spring emergence reduced plant 
width moderately resulting in improved compact-
ness of both cultivars.

Specified Source(s) of Funding: Fine Americas, Inc

3:30 PM Effect of Total Immersion Auxin 
Application Method on South Mississip-
pi Native Azalea Survivability and Root 
Response
Jenny B. Ryals*1; Patricia R. Knight2; Daryl R. 
Chastain3; Lloyd E. Ryals III4; Christine E. H. Coker1; 
Gary R. Bachman1; James M. DelPrince1; Patricia R. 
Drackett3 and Anthony T. Bowden3, (1)Mississippi 
State University Coastal Research and Extension Cen-
ter, (2)Coastal R & E Center, (3)Mississippi State Uni-
versity, (4)Mississippi Department of Agriculture and 
Commerce
Abstract: Florida azalea (Rhododendron austrinum) is 

a deciduous azalea native to northern Florida, coast-
al Alabama, southern Georgia, and southeastern 
Mississippi. To provide growers with relevant cutting 
propagation recommendations, the objective of this 
research was to determine optimal commercial aux-
in concentration and submersion timing on very soft 
stem cuttings. Auxin source was Hortus IBA Water 
Soluble Salts™ (Hortus IBA) at 0, 1000, 2500, 5000, 
7500, or 10000 ppm IBA. Submersion duration's 
were 5 sec basal quick-dip, 1, 6, 12, or 24 hours. 
Duration of submersion effected root percentage 
(P<.0001), number of roots (P=0.0101), and average 
length of the three longest roots (P=0.0415). There 
was an interaction between auxin concentration and 
submersion duration for root quality (P=0.0056), cut-
ting quality (P<.0001) and growth indices (P<.0001). 
Results indicate that very soft Florida azalea cuttings 
had a better rooting response when treated with a 
5 sec basal quick-dip and auxin concentration was 
2500 ppm IBA.

4:00 PM Different Cytokinins and Their 
Concentrations Affect Shoot Growth of 
Little-Leaf Mockorange (Philadelphus mi-
crophyllus A. Gray) in Tissue Culture
Razieh (Rozi) Khajehyar* and Robert Tripepi, Univer-
sity of Idaho
Abstract: Native plants are an important component 
in sustainable landscaping, since they are adapted 
to their environment, including diseases and pests 
in their habitat. Little-leaf mockorange (Philadelphus 
microphyllus A. Gray) is a native landscape plant, tol-
erant to drought while difficult to propagate by seed 
or conventional cutting methods. In an experiment 
with micropropagation via axillary shoot proliferation 
of this mockorange species, different concentrations 
of six cytokinins were tested to evaluate their effects 
on shoot growth including axillary shoot number, 
biomass and height to find the best treatment. After 
six months of establishment (Stage I), shoot explants 
(1.5 to 2 cm) were placed on ½ strength MS medi-
um supplemented with different concentrations of 
6-benzylaminopurine (BA), kinetin (kin), zeatin (Zea), 
thidiazuron (TDZ), isopentenyladenine (2iP) or me-
ta-topolin (MT), at concentrations of 0, 1.1, 2.2, 4.4 or 
8.8 µM. After three monthly subcultures, data taken 
included percent survival, number of axillary shoots 
formed per stem, length of the longest shoot on each 
explant, and shoot dry weight for each individual ex-
plant. Another experiment was conducted only with 
Zea in a narrower range (0, 0.55, 1.1, 1.65 or 2.2 µM). 
Different concentrations of the various cytokinins 
had significant effects on shoot growth. Among all 
cytokinins, little-leaf mockorange shoots produced 
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the most dry weight on 2.2 µM Zea, the best treat-
ment, and grew the tallest on 1.1 µM Zea, whereas 
TDZ failed to promote shoot growth and killed all the 
explants, regardless of its concentration. Following 
Zea, MT was the second most effective cytokinin for 
promoting overall shoot growth. Shoots treated with 
1.1 µM MT produced 28% less dry weight and were 
11% shorter than those on medium supplement-
ed with 1.1 µM Zea. In the second Zea experiment, 
shoots on medium with 1.65 µM Zea produced the 
most dry weight, and those on 0.55 µM Zea grew the 
tallest. Overall, using Zea at a range between 1.65 to 
2.2 µM promoted shoot growth (more biomass pro-
duction and taller shoots), which should help grow-
ers to obtain more healthy plants in a short period 
of time.

4:15 PM  Q&A  - Plant Growth Regulation 
2 - All Session Speakers Are Required to 
Attend

3:15 PM – 5:00 PM 

Floriculture 3
Moderator: Yen-Hua Chen, Cornell University

3:15 PM Fertilizer and Plant Growth Reg-
ulator Strategies to Improve Post-Pro-
duction Performance with Containerized 
Petunia
Leala M. Machesney and Ryan Dickson*, University of 
Arkansas
Abstract: Fertilizer strategies designed to supply 
nutrients during post-production can improve the 
retail and consumer performance of containerized 
floriculture crops. The first greenhouse experiment 
evaluated twelve fertilizer strategies applied during 
production and designed to provide a residual nu-
trient charge during post-production with contain-
er-grown petunia ‘Supertunia Bubblegum’ (Petunia × 
hybrida). Petunia were grown in 8-inch azalea con-
tainers with peat-based substrate for a 70 d produc-
tion period, where residual fertilizer strategies dif-
fered in applied nutrient concentration and release 
pattern, whether nutrients were inorganic or organ-
ic, applied as a liquid or solid, and incorporated into 
the growing substrate versus applied at the end of 
production. Fertilizer and residual nutrient sourc-
es included a 17-4-17 commercial water-soluble 
fertilizer, NatureSourceTM 3-1-1 liquid organic, Os-
mocote Plus 15-9-12 controlled-release 3-4 month, 
ProtectTM dual-coated controlled-release 5-6 month, 

NSureTM liquid urea, NutraleneTM methylene diurea, 
and SustaneTM8-4-4 composted poultry litter. After 
production, all plants continued for a 42 d simulated 
consumer phase and were irrigated with de-ionized 
water. A second greenhouse experiment evaluated 
the potential of providing container-grown petunia 
with 200 and 400 mg∙L–1 N from a water-soluble fer-
tilizer combined with 0 and 3 mg∙L–1 paclobutrazol as 
the last irrigation before a 63 d consumer phase. For 
the first experiment, petunia top-dressed with con-
trolled-release fertilizer (15-9-12 Osmocote PlusTM) 
and composted poultry litter (3-1-1 SustaneTM) at the 
end of production resulted in the greatest shoot dry 
mass, flower number, leaf SPAD chlorophyll content, 
shoot and root zone nutrients at the end of the con-
sumer phase. In contrast, plants for the remaining 
treatments exhibited symptoms of nutrient defi-
ciency including reduced shoot dry mass, flowering, 
and leaf chlorosis as well as depletion of nutrients 
from both the root zone and shoot tissue. For the 
second experiment, paclobutrazol applied at the 
end of production resulted greater leaf SPAD chlo-
rophyll content, reduced canopy height and width, 
decreased shoot dry mass, and greater flower num-
ber per plant. Increasing fertilizer nitrogen from 200 
to 400 mg∙L–1 N at the last irrigation had no effect on 
plant performance during post-production, and root 
zone nutrients were depleted after 14 d into the con-
sumer phase for all treatments. This study highlight-
ed the potential of providing a residual and soluble 
supply of fertilizer nutrients combined with a plant 
growth regulating chemical during production as a 
strategy to extend the shelf-life and performance of 
containerized petunia for retail and consumers.

Specified Source(s) of Funding: USDA-ARS Floriculture 
and Nursery Research Initiative #58-3607-8-725

3:30 PM Bacterial Distribution in Cut Lilies 
Stem during Vase Phase
Yen-Hua Chen* and William B. Miller, Cornell Univer-
sity
Abstract: Microorganisms in the vase solution and 
stems of cut flowers is a major factor in xylem occlu-
sion after harvest. Our research has indicated that 
bacterial counts in vase water of 107 colony forming 
units per mL (cfu·mL-1) or more reduce water uptake 
and postharvest quality of cut Lilium ‘Sorbonne’ and 
‘Nashville’. Moreover, cumulative water uptake was 
significantly reduced by treating stems for 24 h in a 
107 cfu·mL-1 bacterial suspension, and ‘Sorbonne’ was 
more vulnerable to bacterial water than ‘Nashville’. 
To further study the phenomenon, we investigated 
bacterial distribution within stems. ‘Sorbonne’ and 
‘Nashville’ stems were held in vase water with bacte-
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ria population of 107 cfu·mL-1 for 1 day, then bacteria 
were quantified in 3 cm-segments of stems num-
bered from the base of the stem. The results showed 
that bacteria were mainly distributed in the lower 15 
cm of stems. More than 107 cfu (per segment) were 
extracted from basal segments of ‘Sorbonne’ and 
‘Nashville’ and the number of bacteria decreased in 
more acropetal segments. From 3 cm to 12 cm from 
the end, bacterial counts of ‘Sorbonne’ stem de-
creased from 106 cfu to 105 per segment. Beyond 15 
cm from the end of ‘Sorbonne’ stems, bacteria num-
bers were ca. 101 cfu per segment. While ‘Nashville’ 
showed a similar pattern, there were more bacteria 
in ‘Nashville’ stems than in ‘Sorbonne’. Therefore, we 
compared the vascular tissues with light microscopy. 
Vessel diameter of the two cultivars were similar, but 
‘Nashville’ had more vascular bundles per stem cross 
section and more vessels per bundle. This might ex-
plain why ‘Nashville’ was less affected by microbial 
populations and had greater cumulative water up-
take than ‘Sorbonne’.

3:45 PM Vase Life of Three Perennial Flax 
Species Increased with Floral Preserva-
tives
David Tork*; Neil O. Anderson; Don Wyse and Kevin 
Betts, University of Minnesota
Abstract: Perennial flax is being domesticated for 
multi-use cropping systems (cut flower, oilseed, bed-
ding plant, herbaceous perennial) through the For-
ever Green Initiative, which aims to enhance year-
round perennial cover in the agricultural landscape. 
While much of the focus of perennial flax centers on 
oilseed, there is interest in the horticultural indus-
try for using perennial flax as an ornamental bed-
ding, herbaceous perennial and/or cut flower crop. 
We previously determined the mean vase life of two 
commercial Linum perenne cultivars to be 9.2 d, ex-
ceeding the minimum number of postharvest days 
for a cut flower. Our objective in the current exper-
iment is to test the genetic variation in vase life of 
accessions of the top three perennial flax species: 
L. perenne (European blue flax), L. austriacum (Asian 
flax), and L. lewisii (Lewis flax) and the effective-
ness of floral preservatives on increasing vase life 
potential. Nine genotypes were tested from each 
species (3 stems/genotype/treatment), grown in a 
common-garden nursery (Rosemount, MN). Two 
treatments were tested: DI water (control) and floral 
preservative solutions. We compared the effect of 
species, genotype, and treatment on vase life, num-
ber of flowers open, percent of initial buds open, 
flower longevity, flower diameter, and average dai-
ly water loss by evapotranspiration (ET). Significant 

differences among species were found for total vase 
life (p<0.001), total number of flowers (p<0.05), and 
ET (p<0.01), but not for percent of initial buds open. 
Treatment had a significant effect on total vase life 
(p<0.001), total number of flowers (p<0.001), percent 
of initial buds open (p<0.001), but not average daily 
water loss by ET. No factors had a significant effect 
on flower longevity or average flower diameter. Su-
perior vase life was observed for L. perenne (pooled 
mean=9.48 d) and L. austriacum (9.07 d) compared to 
L. lewisii (7.98 d). This could be expected since L. lew-
isii is not domesticated. This study demonstrated the 
effectiveness of tracking specific traits to optimize 
screening of perennial flax to maximize selections 
with a long vase life. Future cut flower breeding and 
experimentation efforts will be conducted mainly on 
L. perenne and L. austriacum, testing whether the eth-
ylene inhibitor, 1-MCP, could extend individual flow-
er longevity past the grand mean of 1.37 d. 

Specified Source(s) of Funding: Forever Green Initiative

4:00 PM Storage and Vase Life Improve-
ment of Cut Peonies Using Sub-Zero Tem-
peratures
Nathan Jahnke*; John M. Dole and Ben A. Bergmann, 
North Carolina State University
Abstract: To meet year-long demand, Paeonia lac-
tiflora (peony) and their hybrids are produced as 
cut flowers around the world due to their seasonal 
blooming and lack of remontancy. Improvements 
to the storage life and vase life are vital to increase 
the accessibility of this highly-valued and popular 
cut flower. Sub-zero temperatures of -3.1 and -0.6 °C 
were compared to more common storage tempera-
tures of 0.6 °C, the industry standard, and 3.5 °C. 
Open time of flowers was longest after 16 weeks of 
storage for three cultivars, Festiva Maxima, Monsieur 
Jules Elie, and Sarah Bernhardt when stored at -0.6 
°C. Quality traits following storage including flower 
opening, lack of flower deformities, and flower diam-
eter were all improved upon when stored at -0.6 °C. 
Improvements of vase life and quality also translated 
to stems shipped overnight via a commercial carrier. 
Disease incidence and botrytis ratings were lower on 
stems stored just below 0 °C. 

Specified Source(s) of Funding: North Carolina Specialty 
Crop Block Grant Program

4:15 PM  Q&A  - Floriculture 3 - All Session 
Speakers Are Required to Attend
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3:15 PM – 5:00 PM 

Hemp Research and Extension 2
Moderator: Scott Lukas, Oregon State University, 
HAREC

3:15 PM Vegetative Propagation Tech-
niques of Cannabis sativa (Industrial 
Hemp)
Sean Campbell*; Steven L. Anderson II; Zach Brym 
and Brian Pearson, University of Florida
Abstract: Recent interest in commercial cultivation of 
industrial hemp (Cannabis sativa) has resulted in the 
need for effective plant propagation techniques. A 
diverse array of propagation methods may be used 
to produce hemp, with vegetative propagation being 
highly favored for its ability to reduce plant genetic 
diversity in production. High genetic diversity of avail-
able hemp varieties confound consistency in plant 
growth, flowering response to environment, and sec-
ondary metabolite concentrations that are critical to 
successful commercial cultivation of oil-type (canna-
bidiol) hemp. To address this need, two 15-day trials 
were conducted that examined rooting success of 8 
hemp cultivars propagated in 4 growth substrates 
and treated with one of 5 rooting hormone applica-
tions for a total of 160 treatment combinations rep-
licated 6 times (n=960). Propagules were harvested 
when 50% of cuttings had visible roots protruding 
from plant media. Roots were mechanically removed 
and counted, laid end to end, and measured for both 
length and mass. ‘Cherry Wine’ was consistently the 
most successful variety of the eight “high-CBD” hemp 
cultivars tested, followed by ‘Wife’ and ‘Super CBD’, 
with ‘Cherry Wine’ having approximately 20% great-
er root number, length and mass than ‘Wife’. Use of 
rockwool based substrate resulted in approximately 
10-fold greater root growth regardless of other treat-
ment variables. Use of a 3000 ppm indole-3-butyric 
acid (IBA) application resulted in the greatest mean 
root number and mass, resulting in approximately 
18- and 16-fold increases, respectively, compared to 
the untreated control. Use of a 500 ppm 1-naphtha-
leneacetic acid application resulted in the greatest 
root length and second greatest root mass, with 17- 
and 15-fold increases, respectively, compared to the 
control. Rooting success of vegetative cuttings were 
maximized among the tested varieties when treat-
ed with 3000 ppm IBA and propagated in rockwool 
based substrate.

Specified Source(s) of Funding: UF/IFAS Industrial Hemp 
Pilot Project with support from Green Roads West and 
the Florida Industrial Hemp Endowment

3:30 PM Cannabis for Cannabidiol: Effects 
of Light on the Rooting of Cuttings and 
Its Correlation with the Establishment of 
Transplanted Plants
Cristian E. Collado*, North Carolina State University 
and Ricardo Hernandez, NC State University
Abstract: Asexual propagation is one of the main 
strategies to maintain chemotypic uniformities in in-
door and outdoor productions of cannabidiol (CBD) 
Cannabis sativa L. However, environmental condi-
tions to optimize the rooting of cuttings have not 
been established. The objective of the present study 
was to quantify the effects of light intensity on the 
root growth of cuttings of Cannabis sativa and their 
subsequent establishment under homogeneous 
greenhouse conditions. Cuttings of ‘Suver Haze’ 
were rooted for 14 days in a propagation chamber 
under one of the following photosynthetic photon 
flux density (PPFD) treatments: 50, 100, 150, 200, 
300, or 400 µmol∙m-2∙s-1 for 18 hours (photoperiod). 
The chamber was maintained at 99.7 ± 0.5 % rela-
tive humidity, 26.9 ± 0.3 °C temperature, and 615.9 ± 
68 µmol∙mol-1 CO2. Twelve 50-cell trays were used to 
root all the cuttings, and each tray was placed under 
a dimmable LED fixture. At day 14, the root growth 
of nine plugs per tray was quantified with destruc-
tive measurements. In addition, three plugs per tray 
were transplanted into 1-gallon pots and grown in 
a greenhouse for another 14 days for plant growth 
and survival analysis. Plugs and plants rooted in the 
same tray were treated as subsamples for statistical 
purposes. After 14 days in the propagation chamber, 
the increase of PPFD also increased the root dry mass 
linearly from 50 to 300 µmol∙m-2∙s-1. The levels of 300 
and 400 µmol∙m-2∙s-1 promoted a 6-fold increment in 
root growth (65 and 62 mg of dry mass, respective-
ly) compared to plugs under 50 µmol∙m-2∙s-1 (10 mg). 
After two weeks in the greenhouse, plants previously 
rooted with 150, 200, 300, or 400 µmol∙m-2∙s-1 had a 
100 % survival rate, and plants rooted under 50 and 
100 µmol∙m-2∙s-1 had a 83 % survival rate. Our results 
suggest that optimal root growth of C. sativa can oc-
cur at higher light levels than general recommenda-
tions of PPFDs for rooting of cuttings. In addition, at 
least 150 µmol∙m-2∙s-1 should be targeted during the 
first two weeks of rooting to maximize the number 
of established plants after transplanting.

Specified Source(s) of Funding: LumiGrow, Inc.

3:45 PM Plastic Mulch Does Not Benefit 
Floral Hemp in High Tunnel
Sanjun Gu*1; Becca Wait2; Randy A. Fulk1 and Guo-
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chen Yang3, (1)North Carolina Agricultural and Tech-
nical State University, (2)North Carolina A&T State 
University, (3)North Carolina Agr & Tech State Univ
Abstract: Many farmers in North Carolina grow hemp 
for floral buds, which are the raw materials for can-
nabidiol (CBD) and other cannabinoids extraction. 
Since there are no registered herbicides for indus-
trial hemp, plastic mulch becomes a natural choice 
to some farmers when growing this warm-season 
crop. The objective of this project was to investigate 
if plastic mulch would benefit hemp growth, biomass 
production, and CBD yield in high tunnels. Clones of 
hemp cultivars Spectrum, Otto-2, and Otto x Spec-
trum (OS) were transplanted in raised beds inside a 
30’ x 48’ high tunnel on June 3, 2019, at the A&T Uni-
versity Farm in Greensboro, NC. Three of the six beds 
were bare-soil, another three were covered with 
1-mil white-on-black embossed plastic mulch. The 
bed spacing was 5’ and in-row spacing was 4.5’. Two 
lines of drip tape were buried in soil for irrigation and 
fertigation. The experiment was conducted as a split-
plot design, with plastic much/bare-soil beds served 
as main plots and cultivars as split plots. There were 
three plants in each split-plot. All plants grew very 
fast in the high tunnel. There were no significant dif-
ferences on the final plant height (2.0 vs 2.2 m), fresh 
weight (2.6 vs 3.4 kg/plant), total dry weight (1,018 vs 
885 g/plant) and dry bud weight (448 vs 520 g/plant) 
between the bare-soil and plastic mulch treatments. 
Cultivars performed differently. ‘Otto-2’ was the best 
performer with 767 g/plant dry bud biomass and 
a height of 2.6 m at the season end. The bud yield 
of ‘Spectrum’ was 412 g/plant, which is significantly 
lower than ‘Otto-2’ but insignificantly higher than ‘OS’ 
(272 g/plant). ‘OS’ showed variations in terms of bud 
yield and plant height. Cultivars performed different-
ly with the two production systems for CBD content. 
‘Spectrum’ had significantly higher yield with plastic 
mulch (9.5%) than with bare-soil (3.7%). ‘Otto-2’ had 
no statistical difference with plastic mulch (5.8%) or 
with bare-soil (5.1%). ‘OS’, on the other hand, had 
much lower CBD yield with plastic mulch (2.1%) than 
with bare-soil (7.3%). Plants with plastic mulch had 
0.48% tetrahydrocannabinol (THC), which is signifi-
cantly higher than those with bare-soil (0.23%) and 
beyond the legal threshold of 0.3%. The preliminary 
results indicate that plastic mulch may benefit some 
cultivars, for example, Spectrum, for high bud yield, 
but there is a chance it will result in elevated THC 
content. ‘Spectrum’ was the best among the three 
cultivars tested in the high tunnel.

Specified Source(s) of Funding: Golden LEAF Foundation

4:00 PM Industrial Hemp (Cannabis sativa) 

for Phytoremediation of Uranium Con-
taminated Soil
Hanah Rheay* and Catherine Brewer, New Mexico 
State University
Abstract: Interests in the applications of industrial 
hemp (Cannabis sativa) have been rapidly increas-
ing in the United States over recent years following 
dissolution of restrictions on production. Cultivation 
of hemp had been illegal in the United States since 
1970 until new regulations were implemented for 
research and development under the 2014 Farm 
Bill, followed by federal legalization instituted by the 
2018 Farm Bill. Hemp is primarily grown for flower 
to obtain cannabinoids, seed for oil, and fiber for 
material processing. In addition to producing hemp 
for commercial or industrial purposes, hemp can be 
used as an effective soil phytoremediator of non-ara-
ble lands. A large majority of non-arable lands result 
from mining operations that have ceased. New Mexi-
co is home to many legacy mine sites: former mining 
sites requiring some level of remediation to reclaim 
the area’s use. There are limited methods available 
for treatment of non-arable land due to mining con-
tamination, particularly contamination with radio-
nuclides such as uranium. Phytoremediation has 
been of particular interest as a cost-effective mea-
sure for rehabilitation of legacy mine sites. Industrial 
hemp has been recognized for its ability to uptake 
heavy metals and other contaminants from soil, and 
therefore is a suitable candidate for uptake of ra-
dionuclides. However, a major economic feasibility 
issue with phytoremediation is the utilization of the 
contaminated biomass following harvest. Because 
contaminants are known to partition into the plant 
biomass (roots, shoots, and flowers), seeds could 
be a potential source of economic value from plants 
otherwise contaminated with low levels of uranium. 
Industrial hemp seed is a high value product for both 
its meal and oil: with a protein content of approxi-
mately 25% and oil content of approximately 30%. 
The oil is traditionally used as a nutritional source, 
but is also a suitable feedstock for biofuel process-
ing. Growing a seed-hemp crop on non-arable land 
could create an economically feasible operation for 
phytoremediation of uranium contaminated soil.

4:15 PM Hemp and Its Regulation: The 
Small Background of Total THC in Cbd 
Hemp
Clinton C. Shock*, Oregon State University and Blu 
Fortner, Medicinal Botanical Seed, LLC
Abstract: Growing hemp (Cannabis sativa) for me-
dicinal cannabinoids is an important enterprise for 
human health and the US economy. The hemp in-



I lksjdflkjasldfkj An asterisk (*) after a name indicates the presenting author.
HortScience 55(9) Supplement – 2020  ASHS Annual Conference

S371 S371S371

dustry needs rules that foster safe, efficient, and 
competitive CBD production. The USDA’s 2019 draft 
rules limit total THC in hemp to 0.30 percent. We 
sought to describe the small amounts of THC that 
routinely occur in hemp selected for efficient CBD 
production. In 2019 we grew thousands of genet-
ically different CBD hemp (Cannabis sativa) plants 
in Ontario, Oregon from several dozen sources as 
part of our breeding and selection program to cre-
ate and identify lines of hemp beneficial for growers’ 
CBD production. Between September 23 and 29 we 
sampled flowers from 273 unique hemp plants. The 
273 samples were submitted to laboratory analysis 
along with 5 check samples from the same field from 
a CBD hemp line with known cannabinoid content. 
The 278 samples were analyzed for cannabinoids by 
Integrity Labs, LLC, Olympia, WA. The results were 
used to evaluate the amounts of total CBD, total THC, 
and other cannabinoids that can be expected in CBD 
hemp. In addition repeated weekly flower samples 
were taken from 28 clones, the samples were sub-
mitted to Integrity Labs, and the trends over time of 
total CBD, total THC, and the ratio of total CBD to to-
tal THC were examined. No delta 9 THC was detected 
in any of the 278 flower samples. A low background 
of THC was detected in all of the flower samples. 
The background THC concentration increased with 
the CBD concentration. Comparing the observed to-
tal THC concentration with the draft rule specifying 
a 0.30 percent THC limit would have eliminated the 
use of all of the productive CBD germplasm at full 
harvest maturity. The ratios of total CBD to total THC 
ranged from 22.4:1 to 32.1:1 among this germplasm. 
The ratio of total CBD to total THC was not enhanced 
by early harvests. The USDA’s 2019 draft rules limit-
ing total THC in hemp to 0.30 percent would impose 
inefficiency in CBD production on growers using any 
of the tested germplasm because the plants would 
have to be harvested early with lower biomass and 
lower CBD content. Although greatly inefficient, no 
less THC would be produced for a given final CBD 
output.

Specified Source(s) of Funding: Medicinal Botanical 
Seed, LLC

4:30 PM  Q&A  - Hemp Research and Exten-
sion 2 - All Session Speakers Are Required 
to Attend

3:15 PM – 5:00 PM 

Weed Control and Pest Management 

3
Moderator: Lyn A Gettys, University of Florida Ft Lau-
derdale Research and Education Center

3:15 PM How Preemergence Herbicide 
Formulation Can Impact Weed Control 
Efficacy and Cost in Nursery Container 
Production?
Debalina Saha*1; Chris Marble2; Nathan Boyd2 and 
Shawn T. Steed3, (1)Michigan State University, (2)
University of Florida, (3)UF/IFAS Hillsborough County 
Extension
Abstract: The research was conducted at Mid-Florida 
Research and Education Center in Apopka, and Gulf 
Coast Research and Education Center in Wimauma, 
Florida in 2016. Nursery pots were filled with stan-
dard substrate, equal amounts of doveweed (Mur-
dannia nudiflora), crabgrass (Digitaria sanguinalis), 
and eclipta (Elipta prostrata) (in Apopka) or equal 
amounts of crabgrass, eclipta, and thickhead (Crass-
ocephalum crepidiodes) (Wimauma) were sown to the 
surface of each container. Granular or liquid formu-
lations of flumioxazin, indaziflam, dimethenamid-P + 
pendimethalin, or prodiamine were applied. All pots 
were irrigated 0.5 inches daily. Data collected includ-
ed weekly weed counts for 12 weeks. At 12 weeks af-
ter treatment, all weeds were cut at the soil line and 
shoot fresh weights were recorded. All data were sub-
jected to ANOVA using the PROC GLM in SAS. Fisher’s 
LSD Test was used to separate out the means and 
all differences considered significant at p<0.05. No 
significant differences were observed when compar-
ing spray-applied and granular formulations of the 
same active ingredients in Apopka. Pots treated with 
flumioxazin and prodiamine had greater total fresh 
weights compared with pots treated with indaziflam 
or pendimethalin + dimethenamid-P. In Wimauma, 
pots treated with spray-applied formulations of flu-
mioxazin and indaziflam had lower fresh weights 
compared with pots treated with granular formula-
tions of the same active ingredient. Of all herbicide 
treatments, lowest total fresh weights were record-
ed in pots treated with spray-applied formulations 
of flumioxazin, indaziflam, and both formulations 
of pendimethalin + dimethenamid-P. Results of this 
study also illustrate how weed species prevalence 
will change depending upon active ingredients. Pro-
diamine, a dinitroaniline herbicide is highly effec-
tive on grass weeds. Crabgrass grew poorly in pots 
treated with prodiamine but as this active ingredient 
is ineffective for eclipta or doveweed, those spe-
cies became prevalent. Whereas pots treated with 
pendimethalin + dimethenamid-P, crabgrass was 
controlled with pendimethalin (also a dinitroaniline 
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herbicide) and doveweed was controlled well by di-
methenamid-P which has a different mode of action. 
Dimethenamid-P also has activity on eclipta, but typ-
ically does not result in complete control. Hence it 
is important to rotate through various modes of ac-
tion throughout the year to achieve desired results. 
It was also calculated that for a 20-hectare nursery 
making three applications per year, switching to 
spray-applied herbicides would be estimated to re-
sult in savings of $36,750 ($45,000 annual cost for 
granular vs. $8,250 cost for liquid).

3:45 PM Evaluation of Alternative 
Non-Herbicide Products for Aquatic Weed 
Control
Lyn A Gettys*; Kyle L Thayer and Joseph W Sigmon, 
University of Florida Ft Lauderdale Research and Edu-
cation Center
Abstract: The 2019 FWC “pause” in herbicidal aquatic 
weed control has spurred interest in evaluating the 
efficacy and selectivity of alternative products for 
invasive species management in aquatic systems. 
We investigated the activity of a range of concentra-
tions of acetic acid, d-limonene and citric acid after 
foliar applications to exotic waterhyacinth (Eichhor-
nia crassipes) and native broadleaf sagittaria (Sagit-
taria latifolia). Plants were co-cultured in 68L meso-
cosms until waterhyacinth coverage was > 80%, then 
treated once with a single product or combination 
(plus surfactant). Four replicates were prepared for 
each treatment and all plants were maintained for 8 
weeks after treatment. Plants were then evaluated 
for visual quality, destructively harvested and placed 
in a forced-air drying oven for 2 weeks to determine 
reduction in biomass compared to untreated control 
(UTC) plants. Broadleaf sagittaria was not damaged 
by most treatments; biomass was reduced by 50% 
in only 3 of 32 treatments and visual quality actually 
increased compared to UTC in many cases. Water-
hyacinth was unaffected by single treatments or by 
combinations of acetic acid and citric acid. Howev-
er, biomass and visual quality were reduced by at 
least 50% in 12/20 and 8/20, respectively, acetic acid 
+ d-limonene combinations. Of these, 5 treatments 
reduced biomass by at least 80% and 2 reduced bio-
mass by > 90%. These data reveal that alternative 
products may be useful for aquatic weed manage-
ment but more research – including field trials – is 
necessary to confirm these results.

Specified Source(s) of Funding: Florida Fish and Wildlife 
Conservation Commission

4:00 PM Automated Laser Scarecrows Re-

duce Bird Damage to Sweet Corn
Rebecca N Brown*; Rahmatallah Gheshm and David 
H. Brown, University of Rhode Island
Abstract: Flocking birds such as blackbirds and star-
lings cause significant crop damage and yield loss in 
fresh market sweet corn. Bird damage is of partic-
ular concern for farmers in peri-urban areas where 
smaller fields and abundant bird habitat increase 
losses while proximity to residential neighborhoods 
limits bird control options. Automated laser scare-
crows show promise as an economical and effective 
means of reducing bird damage to ripening ears of 
sweet corn. Moving green laser beams (532 nm) are 
highly visible to birds and are perceived as a threat, 
making the birds hesitant to enter the field. Laser 
scarecrows developed by the authors were test-
ed in sweet corn fields in Rhode Island in 2018 and 
2019. The experimental unit was a corn field which 
was split into two sections, one of which was pro-
tected by a laser beam sweeping continuously over 
the corn at tassel height. The other section was un-
protected. The study was replicated across multiple 
planting blocks and harvest dates at two commercial 
farms. Sweet corn cultivar and management prac-
tices varied across planting blocks and farms, but 
was uniform for the two sections of each field. The 
laser treatment began 5 to 7 days prior to sweet corn 
harvest in each field. Bird damage was measured by 
counting the number of damaged ears in each sec-
tion at corn harvest. For analysis damage data was 
converted to a percentage of the total ears in each 
section, removing the effects of variation in stand 
density and field size. Blackbirds and starlings dam-
age sweet corn ears by tearing the husks, pecking at 
the kernels, and defecating on the ears. Sweet corn 
for local markets is sold as untrimmed ears in the 
husk, so any damage renders the entire ear unmar-
ketable. Data were analyzed using paired t-test.
The field sections with laser scarecrows had signifi-
cantly less bird damage in both years. P values were 
0.01 in 2018 and 0.03 in 2019. In 2018 the unpro-
tected sections averaged 24% damaged ears with a 
range from 14% to 35% damaged ears. The laser pro-
tected sections averaged 14% damage with a range 
from 9% to 18% damaged ears; damage levels were 
consistently lower in the protected sections. In 2019 
bird damage was extremely variable between farms 
as well as across planting blocks within farms. Half of 
the planting blocks had less than 5% damage in the 
unprotected section and were removed from further 
analysis due to insufficient bird activity. The remain-
ing planting blocks averaged 26% damaged ears in 
the unprotected sections, with a range from 10% 
to 54%. The laser protected sections averaged 20% 
damaged ears with a range from 8% to 38%. Again 
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damage levels were consistently lower in protected 
sections, and the difference in damage between the 
protected and unprotected sections increased as 
bird pressure increased.
These results show that automated laser scarecrows 
can result in statistically significant reductions in bird 
damage to fresh market sweet corn. The economic 
significance depends on the level of bird pressure 
and the market price, both of which are highly vari-
able and difficult to predict. Laser scarecrow effec-
tiveness was reduced in this study by equipment 
malfunctions which resulted in gaps in protection 
and by communication issues with the farmers 
which resulted in delayed installation of laser scare-
crows in fields. However, farmers are interested in 
laser scarecrow technology and we are continuing 
to improve the laser scarecrow design and develop 
best management practices. More information on 
the URI Laser Scarecrow project is available at www.
laserscarecrow.info.

Specified Source(s) of Funding: Northeast SARE, Rhode 
Island Specialty Crop Block Grant Program and Rhode 
Island Agriculture Experiment Station

4:15 PM Reduced Pesticide Volume and 
Off-Target Loss across a Range of Apple 
Phenological Stages with Variable-Rate 
Spray Technology
Amy Fulcher*1; David W Lockwood1; Lauren Fessler1; 
Wesley Wright1; Heping Zhu2; Trystan Bordeau1; Luc 
Nadaud1; Grace Pietsch1; Whitney Yeary1 and Lloyd 
L. Nackley3, (1)University of Tennessee, (2)USDA-ARS 
Application Technology Research Unit, (3)Oregon State 
University
Abstract: Orchard tree canopy changes dramatically 
as trees go from dormant to full leaf. Precision, vari-
able-rate spray technology was developed that can 
be retrofitted to existing airblast sprayers. This sys-
tem applies pesticides based on real-time scanning 
laser rangefinder measurements of plant presence, 
size, shape and leaf density. The objective of this 
experiment was to evaluate spray characteristics at 
three phenological stages of Malus domestica ‘Red 
Rome’ apple trees using this technology.
Ten pairs of trees across a primary driveway from 
one another were selected as target trees for moni-
toring target (canopy) and off-target (ground) spray 
characteristics. The two rows to either side of the tar-
get rows were selected as drift rows, with secondary 
driveways located between target and drift rows. In 
each target tree, four clips were placed equidistant 
within the canopy and held back-to-back pairs of 
water sensitive cards (WSCs). A WSC was secured on 

the ground to assess off-target spray to the orchard 
floor. In each drift tree, a clip held a single WSC to 
assess aerial spray drift beyond the target rows.
On April 24, May 29, and August 20, 2019, spray char-
acteristics of the two sprayer modes, Intelligent (vari-
able-rate) and conventional (constant-rate), were as-
sessed. In the variable-rate mode, the sprayer was 
set to discharge 0.07 L of spray solution per cubic 
meter of crop volume sensed and driven down the 
primary driveway. WSCs in the drift trees were col-
lected, and then the sprayer was driven down both 
secondary driveways and the remaining WSCs were 
collected. New WSCs were placed in the clips and this 
process was repeated but with the sprayer in con-
stant-rate mode. Cards were analyzed for coverage, 
droplet density, and deposition.
Utilizing the variable-rate mode reduced spray vol-
ume by 74%, 70%, and 67% compared to the con-
stant-rate mode and 86%, 84%, and 83% percent 
compared to the grower standard of 150 gallons 
per acre in April, May, and August, respectively. On 
average, the variable-rate mode reduced off-target 
ground and aerial drift deposits by 97% and 87%, 
respectively, compared to the constant-rate mode. 
Overspray on target cards was nearly 8 times greater 
in the constant-rate mode than in the variable-rate 
mode. After accounting for low deposit densities due 
to droplets coalescing when the coverage was in ex-
cess of 75%, droplet densities at all target positions 
in both modes met or exceeded application recom-
mendations (20-30 droplets/cm2 threshold for insec-
ticides, 50-70 droplet/cm2 threshold for fungicides) 
regardless of crop phenological stage.

4:30 PM  Q&A  - Weed Control and Pest 
Management 3 - All Session Speakers Are 
Required to Attend

4:15 PM – 6:15 PM 

Track 1 – Academic Careers
Moderators: Rebecca Grumet, Michigan State Univ 
and David Kopsell, Illinois State University

4:15 PM Part I. How to Prepare for Aca-
demic Careers?
Rebecca Grumet*, Michigan State University

4:20 PM A. Teaching
David Eliot Kopsell*, Illinois State University

4:30 PM B. Research
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Roberto G. Lopez*, Michigan State University

4:40 PM C. Extension
Natalie Bumgarner*, University of Tennessee

4:50 PM Panel Discussion
5:05 PM Part II. Individual Development 
Plans (IDP)
Rebecca Grumet*, Michigan State University

5:20 PM Discuss goals with participants in 
pairs or small groups

5:30 PM Part III. Other Aspects of Becom-
ing a Faculty Member
Rebecca Grumet*, Michigan State University

5:35 PM A. What to consider when negoti-
ating a starting position
William Vance Baird*, Michigan State University

5:45 PM B. Departmental Citizenship, Ser-
vice
Dean Kopsell*, University of Florida

5:55 PM C. Mentoring (for you and for your 
students/post-docs) 
Rebecca Grumet*, Michigan State University

6:05 PM Open discussion – questions and 
impressions about academic careers

4:15 PM – 6:15 PM 

Track 2 – Extension, Consulting, Out-
reach Careers
Moderator: Julie Campbell, University of Georgia

4:15 PM Welcome to the Extension and 
Outreach Education World

4:30 PM Like People, Love Plants?   
Consider a Career in Extension!
Hannah Wooten*, University of Florida
Abstract: Did you know that almost every county in 
every state has an Extension Agent with horticultural 
expertise? Do you know what Extension is? Exten-
sion is the arm of the land grant university system 
that specializes in learning science based informa-
tion from researchers, and then teaching that sci-

ence to local clientele. Extension careers are exciting 
and rewarding, especially if you love to teach people 
about scientific applications to increase economic, 
environmental, and social sustainability in their per-
sonal and professional lives. I will share how I got my 
foot in the door, and pros, cons, and considerations 
for your career in horticulture!

4:50 PM Building an Extension Program 
from the Ground Up
Amanda McWhirt*, University of Arkansas Cooperative 
Extension
Abstract: New extension faculty have a monumental 
task before them: meet the growers, start research, 
design and implement programming, assist county 
agents, and stay on top of all the calls, emails and 
requests. The reward for the juggling act is having 
meaningful impact on helping growers and agents 
to be more successful, while carving out a niche of 
expertise. But how to juggle all these tasks while still 
learning the ropes? This presentation will present 
reflections, lessons learned and both successes and 
failures from the first four years as a new extension 
specialist.

5:10 PM Lessons Learned After 14 Years on 
the Road
Matthew Chappell*, University of Georgia
Abstract: Extension, unlike teaching or research ac-
tivities, is a constantly moving target. The question is, 
how do you navigate the constant barrage of emails, 
phone calls, programs, grant/project requests, and 
site visits while concurrently building a emphasis 
area (and associated national reputation)? It isn’t 
nearly as difficult as it sounds, yet it takes consistent 
re-focusing to develop your personal brand. This 
brief presentation will focus on those things that I 
had to learn for myself, such as defining and building 
your personal brand, and how your career trajectory 
can change once you develop a clearly defined path 
toward success.

5:30 PM Professional Expectations for the 
New Extension Specialist
Rolston St. Hilaire*, New Mexico State University
Abstract: Extension specialists are expected to pro-
vide research-based information to their clientele. 
The information provided should improve their cli-
ent’s quality of life while having broader beneficial 
societal impacts. Administrators seek to hire the 
Extension professionals that will best deliver re-
search-based information to their clientele. In this 
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this presentation, I will share some of the factors 
that influence who gets hired to join an existing 
team of Extension specialists.

5:50 PM Panel Discussion

6:10 PM Wrap-up: Julie Campbell 

4:15 PM – 6:15 PM 
 
Track 3 – Industry and Entrepreneur-
ship
Moderators: Curt Rom, University of Arkansas and 
Shufang Tian, University of Florida

4:15 PM Introduction: Curt Rom

4:25 PM A World of Opportunities
Marvin Neal Miller*, Ball Horticultural Company

Abstract: Dr. Marvin N. Miller will speak about 
the many career opportunities available for folks 
trained in horticulture. The story certainly includes 
academia and both public and private research, but 
it goes well beyond that and encompasses much, 
much more. 

4:40 PM Exploring Career Paths Abroad
Laura Lara*

Abstract: You don’t have to be an adventurous 
being to explore international opportunities. Lau-
ra will share her experience in different countries, 
the challenges and unexpected lessons of working 
abroad.

4:55 PM Entrepreneurial Mindsets: Abun-
dance, Optimism and Growth
Timothee Sallin*, Cherrylake Inc
Abstract: Exploring how mindsets shape outcomes 
in business. 21st century leaders are driving innova-
tion, creating exponential value and managing risk 
with mindsets. How business leaders respond to ad-
versity, obstacles, and setbacks is key to long term 
growth and success. In this presentation we will dis-
cuss how the growth mindset combined with opti-
mism and abundance guide behaviors and decision 
making in business. We will discuss how to harness 
the power of mindsets at work and how to identify 
companies that have authentic corporate cultures 
where young leaders can thrive and contribute to 
strategic goals in a meaningful way.

5:10 PM Marketing Yourself in the Horti-
cultural Industry
Johnny Hoblick*, AgriStarts

5:25 PM Panel Discussion

******************END***************
 *2020 ASHS Annual Conference Abstracts*
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J.B. Edmund Undergraduate 
Student Paper Competition
The Biofiltration Ability of Asparagus 
densiflorus to Remove Sulfur Dioxide 
from the Indoor Atmosphere

Rhiannon A. de la Rosa1* and Mary C. Savin2

1Department of Horticulture, University of Arkansas, 
Fayetteville, AR 72701; 2105B Agriculture Building, Crop, 
Soil and Environmental Science, University of Arkansas, 
Fayetteville, AR 72701

Sulfur dioxide is an inorganic compound (IC) that is 
produced from the combustion of fossil fuels. It is also 
an air pollutant, which causes health risks in humans 
at concentrations as low at 6 ppm. The buildup of sul-
fur dioxide in enclosed indoor spaces is therefore a 
concern to human health, especially since the average 
person spends 90% of his/her time indoors. This study 
is focused on decreasing sulfur dioxide concentration in 
a cost-effective and simple way—by using phytoreme-
diation, specifically botanical biofiltration or the intake 
of pollutants and contaminants by plants. Research to 
this point has been mostly focused on volatile organic 
compound (VOC) biofiltration, and which plant species 
are most proficient at VOC intake. Research has also 
shown that species that remediate VOCs well have the 
potential for IC remediation. Asparagus densiflorus, which 
has shown a high capacity for VOC intake, has not yet 
been tested for IC intake. Therefore, this study sought 
to fill that research gap by testing intake by Asparagus 
densiflorus of sulfur dioxide at concentrations of 2.5, 5 
and 10 ppm in an airtight container, the intake of which 
was measured by the concentration of sulfur dioxide 
in ppm of the air exiting the container. 

Methods of Informal Assessment
Adeline Holder* and Shelley Mitchell

Department of Horticulture and Landscape 
Architecture, 358 Ag Hall, Oklahoma State University, 
Stillwater, OK 74078

Camp T.U.R.F. (Tomorrow’s Undergraduates Realizing 
the Future) was a two-week residential summer science 
academy held on Oklahoma State University’s cam-
pus for upcoming ninth and tenth grade high school 
students. During this time, research was conducted 
to answer the question, “How can informal assess-
ment practices be linked to student performance?” 
The two main objectives were: 1) to evaluate various 
methods of formative assessment and 2) to determine 
the relationship between quality of exit slips and stu-
dent achievement on formal assessments. Nineteen 
students representing various regions of Oklahoma 
participated in lessons taught by agriculture specialists 

and Oklahoma State University professors. On the first 
day, students completed a pre-test over information 
covered during the academy. As students experienced 
the lessons, they were asked to write their own test 
questions in the form of exit slips; the best test questions 
were showcased on a Kahoot! quiz the following day 
to activate prior knowledge. On the final day, students 
participated in a final exam covering information they 
had seen in lessons, on Kahoot!, and in their own exit 
slips. The average score of each participant’s exit slips 
was compared to the final exam scores. The results show 
that the students in the ‘high quality’ exit slip category 
earned on average nine percent higher on their final 
exams than their counterparts in the ‘low scoring’ exit 
slip category. While this may not seem significant, a 
nine percent difference can equate to a difference in 
letter grade.

Comparison of Nut Growth with Heat 
Unit Accumulation for Pecans Planted 
in Different Geographical Locations in 
Oklahoma

J. Skylar Baldwin1*, Lu Zhang2, Charles Rohla3,
Charles Fontanier2, and Niels Maness2

1117 Dorman Hall, Department of Plant and Soil 
Sciences, Mississippi State University, Mississippi 
State, MS 39762; 2The Department of Horticulture 
and Landscape Architecture, 358 Agricultural Hall, 
Oklahoma State University, Stillwater, OK 74078; 3Noble 
Research Institute, Ardmore, OK 73401

While there are many native varieties of pecans in 
Oklahoma, many producers use Pawnee and Kanza due 
to their uniformity across trees and production yields. 
However, in the last three years the total yield across 
the state has dropped more than three million pounds. 
Scheduling irrigation, pesticide sprays, and preparing 
the orchard floor for harvest are all tied to how pecans 
develop into mature nuts and affect how they grow in 
any given year. The objective of this research was to 
find the correlation between heat units and pecan nut 
size to determine optimal spray application, fruit thin-
ning, and harvest days for ‘Pawnee’ across the state of 
Oklahoma to provide producers with accurate data. Nuts 
were collected at 6 locations across the state, placed 
into snack size ziplock bags, then put into a cooler for 
optimum size preservation. Nuts were collected from 
3 trees of each variety from the northern, eastern, 
western, and southern regions. A minimum of 10 nuts 
were collected from each tree. 10 nuts were selected 
at random and measured in length, width1 and width2, 
weighed, and volumized. Each nut was measured with 
a digital caliper, then entered in an excel spreadsheet. 
Each nut was then cut down the middle to measure 
ovule expansion, then photographed. Heat units had a 
significant effect on pecan development. The more heat 
units accumulated, the more advance the pecan nut. *Presenting author.
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This correlation is important. However, with higher heat 
units in the south came higher humidity. This equates 
to more scab sprays. This project will continue to the 
next two growing seasons.

Using In Vitro Screening to Find Sources 
of Tolerance to Armillaria spp. in Prunus

John Nisbet*, Sarah Miller, Guido Schnabel, 
Gregory Reighard, and Ksenija Gasic

Department of Plant and Environmental Sciences, 
Clemson University, Clemson, SC 29634-0310

Stone fruit and nut crops (peach, almond, and cherry) 
provide vital contributions to human health, commu-
nities, and economies across the U.S. These crops are 
under serious threat of rapid collapse and eventual 
extinction due to a devastating fungal threat called 
Armillaria Root Rot (ARR). U.S. stakeholders and indus-
tries that span these crops have given ARR the highest 
priority for the development of short and long-term 
solutions to preserving these critical crops and indus-
tries. The causal soil-borne fungi, Armillaria spp., infects 
the root system, typically killing trees when they are 
reaching their maximum productivity, making orchards 
unprofitable, and the infected land unsuitable for con-
tinued stone fruit production. At present, there is no 
environmentally safe, clean management strategy for 
ARR in Prunus spp. tree fruits, and the few management 
options that are available are only marginally effective 
at best. The most sustainable and effective approach 
to mitigate the ARR threat to peach, cherry, and al-
mond production in the U.S. is to develop genetically 
durable ARR-resistant rootstocks. To understand ARR 
tolerance/resistance in Prunus L. and uncover potential 
sources of tolerance/resistance that could be used in 
rootstock breeding, we used in vitro infection to screen 
81 wild Prunus accessions from the National Clonal 
Germplasm Repository (NCGR) in Davis, CA and 4 from 
Clemson University germplasm. Those 85 accessions 
encompassed 34 species with >1600 seedlings. Tolerant 
response evaluated after 6 and 8 weeks of co-cultivation 
with A. mellea, was observed in only 12 seedlings. Root 
microscopy confirmed absence of fungal penetration 
in only 3, two P. cerasifera accessions from NCGR and 
one P. munsoniana accession from Clemson germplasm. 
Implications for breeding new resistant rootstocks via 
introgression of resistance genes from wild relatives 
into stone fruit-compatible rootstocks will be presented. 

Assessing Variability of Nutritional 
Potency for Oil obtained from ‘Pawnee’ 
and ‘Kanza’ Pecans Grown at Various 
Locations in Oklahoma

Jonathan Fenhaus1*, Niels Maness2, and Lu 
Zhang2

1Department of Biology and Chemistry, University 

of Science and Arts of Oklahoma, Chickasha, OK 
73018; 2Department of Horticulture and Landscape 
Architecture, Oklahoma State University, Stillwater, OK 
74078

Pecan nutritional potency [fatty acid mole percent 
and concentration (µg·gm-1) of γ-tocopherol, squa-
lene and β-sitosterol] was assessed for ‘Pawnee’ and 
‘Kanza’ grown at southern (Charlie, TX and McMillian, 
OK) and northern (Perkins, Cleveland, and Cherokee, 
OK) locations. Ground pecans were extracted with 
chloroform:methanol (1:1, v/v) and with hexane sol-
vents. Pecan oil content (gravimetric), fatty acids (GC 
with DB 23 capillary column) and phytosterols (GC 
with DB 5 capillary column) were determined from 
the hexane extract. Tocopherols and squalene (HPLC 
with F5 analytical column) were determined from the 
chloroform:methanol extract. Pecan oil yields ranged 
from 69 to 73% and were similar between cultivars and 
locations. Within fatty acids oleic acid (MUFA) predomi-
nated (58–74 mol %), followed by linoleic acid (17–36 
mol %; PUFA), SFA (palmitic and stearic acids, <10 mol % 
total) and linolenic acid (<2 mol %; PUFA). γ-Tocopherol 
was the major tocopherol and was mostly higher in 
‘Pawnee’ than ‘Kanza’ (120–115 vs. 112–72 µg·gm-1 

pecan). Squalene was mostly lower at the southern 
locations for ‘Pawnee’ (140 to 152 µg gm-1 pecan in the 
S vs. 158 to 200 µg·gm-1pecan in the N) but only at the 
southern-most location for ‘Kanza’ (152 µg gm-1 pecan 
at Charlie, TX vs. 198 to 202 µg·gm-1pecan at all other 
locations). β-sitosterol was the major phytosterol, was 
lower in ‘Kanza’ at the southern locations compared to 
the north (about 1000 µg·gm-1 oil in the S vs 1200 to 1400 
µg·gm-1 oil in the N) but was relatively constant across 
locations in ‘Pawnee’ (approximately 1200 µg·gm-1 oil 
across locations). Some variation in pecan nutritional 
potency from southern to northern locations, and 
between cultivars, was identified in year one of this 
two year study, with implications for pecan storability 
(PUFA content) and human health (γ-tocopherol and 
β-sitosterol).

Norman F. Childers MS 
Graduate Student Paper 
Competition
Factors Influencing Incidence and 
Severity of Bronzing Skin Disorder in 
Peach

John Mark Lawton*, Juan Carlos Melgar, and 
Guido Schnabel

Department of Plant and Environmental Sciences, 
Clemson University, 105 Collings Street, Clemson, SC, 
29634

Bronzing skin disorder refers to discoloration of the skin 
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of peach. Peaches with bronzing have irregularly shaped 
splotches ranging from a single patch to the majority of 
skin surface area with color from light brown to black. 
The discoloration leads to nonmarketable fruit result-
ing in economic losses. In years of high occurrence, this 
disorder has been associated with rain events shortly 
before harvest. Bronzed skin is hard to detect prior to 
harvest and most often appears in storage. Bronzing is 
most common in the mid-late ripening window but has 
been observed on early season peaches. Assumptions 
to the causes of bronzing have been focused around the 
application of heavy metal fungicides close to harvest, 
inappropriate levels of pH or ClO2 in hydrocooling water, 
and rough postharvest handling. In 2019, we conducted 
a spray trial with varied rates of captan applied close to 
harvest, and a soil nutrient and irrigation study with a 5× 
soil amendment rate of potassium. Bronzing incidence 
and severity were positively associated with increas-
ing rates of captan. One treatment of captan plus an 
adjuvant, possibly acting as a transpiration inhibitor, 
significantly reduced bronzing. Bronzing incidence 
and severity were also found to increase on trees that 
were both over-fertilized with potassium and heavily 
irrigated to simulate rain events. Nutrient imbalance 
may be a predisposing factor that, in combination 
with high transpiration rates, may produce bronzing 
symptoms. Other stresses, such as preharvest captan 
applications or postharvest handling can also increase 
incidence and severity.

Educating Scientists on Grower Needs 
Related to Indoor Plant Propagation

Kristin E. Gibson*, Alexa J. Lamm, and Fallys 
Masambuka

Department of Agricultural Leadership, Education, 
and Communication, University of Georgia, Athens, GA 
30602

Indoor plant propagation facilities are controlled-
environment farming systems that provide stable year-
round production. There are economic and knowledge-
based issues that must be addressed for indoor facilities 
to be viable in the United States despite their ability to 
mitigate many of the challenges specialty crop growers 
encounter. This study aimed to identify the needs of 
stakeholders interested in, or currently using, indoor 
plant propagation facilities. An online survey evaluated 
specialty crop growers’ current use of indoor plant 
propagation facilities and their needs related to indoor 
plant propagation. The results indicated respondents 
were most interested in research and education focused 
on economic costs and benefits, light management, 
and reduced shrinkage. Additionally, 31% of survey 
respondents considered seedlings, cuttings, and tissue 
culture appropriate plants for indoor propagation using 
enhanced rooting chambers, enhanced grow rooms, or 
plant factories. Survey respondents indicated the spe-

cies they were most interested in growing in an indoor 
plant propagation environment was hemp. Addressing 
research and education needs identified by this study 
will fill important gaps in knowledge and guide future 
research and education initiatives related to the imple-
mentation of indoor plant propagation facilities in the 
United States.

Economic Feasibility of Creating Value-
added Products from Farmers Market 
Surplus

Morgan R. Gramlich1*, Renee T. Threlfall2, and 
Amanda L. McWhirt3

1316 Plant Science, Horticulture Department, University 
of Arkansas, Fayetteville, AR 72701; 22650 N. Young 
Avenue, Food Science Department,

 

University of 
Arkansas, Fayetteville, AR 72704; 32301 S. University, 
Cooperative Extension Service, University of Arkansas, 
Little Rock, AR 72204

There are currently 8600 farmers markets registered 
with the United States Department of Agriculture, and 
over two million farms in the United States. Farm-
ers markets are often the only source of income for 
small-scale farmers. However, perishable produce 
and competitive markets can lead to surplus produce 
and a loss of sales for growers who sell at farmers 
markets. Value-added production could reduce losses 
due to surplus produce and increase farm sales for 
these growers. The University of Arkansas System (UA 
System) Division of Agriculture partnered with a local 
farmers market (The Original Rogers Farmer’s Market) 
in Arkansas to collect surplus produce from the market, 
create value-added products with the produce, and 
assess the economic feasibility of this model. Surplus 
produce was collected at the end of every market on 
Wednesday and Saturday for 14 weeks (June 1 to Sept. 5) 
in 2018. There were 4-8 produce vendors at each mar-
ket, and $2,460 (as participation incentive) was spent to 
collect 924 kg of surplus produce valued at $5,917. The 
produce was transferred to the UA System Arkansas 
Food Innovation Center (AFIC), a certified facility for 
production of commercial products, for preprocessing 
and storage. Since tomatoes were the majority (578 
kg) of the produce collected from the farmers market, 
a tomato sauce was developed as the primary value-
added product. About 600 473-mL jars of tomato sauce 
were produced at AFIC with an anticipated value of 
$3,600 ($6.00/jar). The analysis of economic feasibility 
estimated $133 in net returns for year 1 and $363 for 
year 2 from production and sales of the tomato sauce. 
The top three costs for the tomato sauce production 
were labor, facility rental, and jars/labels. Opportuni-
ties to improve the economic feasibility of this model 
include using different production facilities with lower 
costs, reducing labor costs, creating different products 
to reduce production costs, or implementing at a larger 
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farmers market with more surplus and varied produce. 
Creating value-added products from farmers market 
surplus can be effective at utilizing surplus produce and 
creating revenue for the farmers market and farmers. 

Physiological and Quality Characteristics 
of Arkansas-grown Hops

James O. McClellan1*, Renee T. Threlfall1, 
Amanda L. McWhirt2, and Jackie Lee3

12650 N. Young Avenue, Food Science Department,
 

University of Arkansas, Fayetteville, AR 72704; 22301 S. 
University, Cooperative Extension Service, University 
of Arkansas, Little Rock, AR 72204; 31749 State Hwy 
818, Fruit Research Station, University of Arkansas, 
Clarksville, AR 72830

Hops cones are the mature flowers of the hop plant 
(Humulus lupulus), a perennial, climbing species within 
the Cannabaceae family. The hops cones harvested from 
the bines have substantial phytochemical content used 
to impart bitter and unique flavors and floral aromas to 
beer. Due to the photoperiod (day length) requirements 
needed for hops plants during vegetative growth, hops in 
the United States are mainly produced in the Northwest 
and North Central areas. The physiological and quality 
(plant health and survival) characteristics of six hops 
cultivars (Cascade, Cashmere, Centennial, Crystal, Nug-
get, and Zeus) planted as plug plants in Oct. 2018 at the 
University of Arkansas System Division of Agriculture 
Fruit Research Station in Clarksville, AR were evaluated 
in 2019, the first year of establishment. Plant survival 
was evaluated in the spring, and the rate of growth of 
the plants and other morphological characteristics, such 
as number of nodes, lateral formation, and hops yield 
were evaluated from April to September. ‘Cascade’ and 
‘Zeus’ hops plants had the best plant health and survival 
rate, while ‘Cashmere’ and ‘Nugget’ struggled to recover 
from post-winter dormancy. This low survival may have 
been due to observed differences in plant health during 
the October planting, so ‘Cashmere’ and ‘Nugget ‘were 
replanted in spring 2019. The greatest bine growth for 
the hops plants was in mid-July, and the hops cones 
were harvested from late July to September. ‘Zeus’ and 
‘Cascade’ had the greatest number of nodes/bine (~20 
nodes), tallest bine height (~3.3 m), greatest number of 
cones/plant (978 and 786, respectively), and the greatest 
weight of cones/plant (792 g and 471 g, respectively). 
Both ‘Zeus’ and ‘Cascade’ bines each had about 2 nodes 
with one lateral and 18 nodes with two laterals. ‘Crystal’ 
and ‘Cashmere’ had similar morphological and harvest 
results to each other, but were lower yielding and had 
fewer nodes/bine than ‘Zeus’ and ‘Cascade’. ‘Centennial’ 
and ‘Nugget’ were the smallest plants with the fewest 
nodes and thereby were also the lowest yielding. This 
research showed that Arkansas has the potential for 
hops production and provided initial data for future 
evaluations. 

Results of a Two-year Study on the 
Performance of Table Grape Cultivar 
Jupiter with Cluster Thinning Treatments 
Under High Tunnels at Two Locations in 
Arkansas

Jose Hernandez*, Virginia Beasley, Karlee 
Pruitt, and M.E Garcia

316 Plant Science, Department of Horticulture, 
University of Arkansas, Fayetteville, AR 72701

Grapevines (Vitis vinifera) are one of the most important 
horticultural crops world-wide. Hot and humid climate 
accompanied by high pest pressures in the southern 
U.S. region, including Arkansas, require high pesticide 
inputs making field table grape production difficult 
and expensive. Previous research at the University of 
Arkansas has demonstrated that table grape produc-
tion under high tunnel (HT) systems can be a viable 
option to overcome these biotic and abiotic factors. 
Two HT’s with the cultivar Jupiter on three trellis sys-
tems were established in Arkansas, one at a research 
station Fayetteville in 2014 and another at a grower 
location at Cabot in 2017. The objective of this study 
was to implement and evaluate practices for crop load 
management. In 2018 and 2019, vines were treated with 
cluster thinning practices based on shoot length at dif-
ferent stages of cluster development. Two treatments 
were applied to Fayetteville vines: no cluster removal 
and clusters thinned at pea-size. In Cabot, vines were 
treated with three treatments: no cluster removal, pea-
size, and cluster removal at the onset of veraison. Data 
were collected to determine the effectiveness of these 
practices. In 2018 at Fayetteville, total yield was 22.28 
kg and number of clusters was 90 clusters per vine. In 
2019, yield increased to 42.50 kg and the number of 
clusters rose to 197 clusters per vine. In 2018 at Cabot, 
the year after plating, Jupiter had a total yield of 10.84 
kg per vine and the number of clusters was 39.40. In 
2019 ‘Jupiter’ had higher yield than the previous year 
(26.89 kg) per vine. The cluster number also increased 
to 157.07 clusters per vine. Thinning had no significant 
effect on yield or the number of clusters at Fayetteville 
for either year and at Cabot, only number of clusters 
was significant in 2019. No thinning was significantly 
different (150.8) from vines that were thinned at pea size 
(98.26) and veraison thinned vines (89.2). These results 
indicated that thinning applications did not provide the 
necessary crop load management, but the use of HT 
technologies are a viable option to enhance table grape 
production in areas where there are climatic challenges.

Effect of pH on Cucumber Growth and 
Nutrient Availability In a De-coupled 
Aquaponic System with Minimal Solids 
Removal

Caroline E. Blanchard1*, Daniel E. Wells1, 
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Auburn, Al 36849; 2Ornamental Horticulture Research 
Center, Mobile, AL 36689;3Department of Biosystems 
Engineering, Auburn University, Auburn, Al 36849

A shift in aquaponic systems from coupled, recirculat-
ing systems to de-coupled systems has taken place 
due to the ability to adjust water quality parameters, 
namely pH, of each de-coupled unit to optimize produc-
tion. In hydroponics and soil-based systems, pH plays 
a major role in nutrient availability. The role of pH in 
aquaponic systems is still not fully understood due to 
the many variations of aquaponic systems that exist 
today. Aquaponic systems are different from hydro-
ponic systems in that, along with dissolved nutrients, 
solid particles remain behind in the irrigation water. 
Some aquaponic systems filter out solids while others 
do not. To determine the effect of pH in a de-coupled 
aquaponic system with minimal solids removal, a study 
was conducted using aquaculture effluent from tilapia 
culture tanks at 4 pH treatments: 5.0, 5.8, 6.5, and 7.0. 
Growth and yield parameters, nutrient content of the ir-
rigation water, and nutrients incorporated into the plant 
tissue were collected over two growing seasons. pH did 
not have an effect on growth rate, internode length or 
yield over the two growing seasons. Several nutrients 
were affected by pH at different time points (mid- vs. 
late-season), but there was no consistent change in 
the amounts of nutrients measured in the water and 
tissue samples for either growing season. Water and 
tissue measurements were compared to standards for 
hydroponic cucumber growing solution and cucumber 
tissue respectively. Comparisons revealed that, except 
for Zn and Cu, all nutrients in the aquaponic solution 
were below levels recommended for hydroponic solu-
tions regardless of pH. However, tissue concentrations 
for all nutrients were within the range of normal, healthy 
cucumber tissue concentrations. While pH does not 
seem to have an effect on soluble nutrient availability 
in this aquaponic system, low nutrient levels in the 
water combined with non-deficient tissue in the plants 
indicate that there are other factors contributing to 
nutrient availability and uptake that were not captured 
in this study. Future studies to determine the nutrients 
contained in the suspended and dissolved solids in 
aquaculture effluent and their effect on plant growth 
are required to understand more fully the impact of 
pH in these systems.

The Effect of Leaching Fraction-based 
Irrigation on Fertilizer Longevity 
and Leachate Nutrient Content in a 
Greenhouse Environment

Claire E. Krofft1*, Jeremy M. Pickens2, Adam F. 
Newby3,Glenn B. Fain1, and Jeff L. Sibley1

1101 Funchess Hall, Department of 

Horticulture, Auburn University, Auburn, AL 36849; 
2Ornamental Horticulture Research Center, P.O. Box 
8276, Mobile, AL 36608; 31300 Hickory Lane, Auburn, AL 
36830

An experiment was conducted to evaluate the effects 
of leaching fraction (LF) on the longevity of controlled 
release fertilizer (CRF) and leachate nutrient content. 
The effect of LF-based irrigation was evaluated under 
six target LFs of 0.05, 0.15, 0.25, 0.35, 0.45, and 0.55. 
Trade gallon nursery pots were filled with 100% pine 
bark substrate amended with dolomitic lime and 
Harrell’s 16–6–13 POLYON® was applied at rate of 6g 
per container. Fertilizer was encased in vinyl-coated 
fiberglass mesh bags and subdressed under the sub-
strate surface for recovery at the end of the 10-week 
study. The total amount of nutrients leached from 
the container was greater at higher LFs, with twice as 
much inorganic nitrogen leached at a LF of 0.55 than 
0.15 LF. The amount of dissolved nutrients left in the 
substrate decreased as the LF treatments increased. 
There was 29.6% more inorganic nitrogen and 37.7% 
more phosphorus left in the substrate irrigated with a 
0.15 LF as compared to a 0.55 LF. This suggests that at 
lower LFs, more dissolved nutrients may be available for 
plant uptake. No significant differences were seen in the 
amount of nutrients lost from the CRF or remaining in 
the prills. The results of this study indicate that reduc-
ing the LF did not influence the longevity of POLYON® 
CRF in a pine bark substrate, but that a lower LF may 
be useful in reducing nutrient runoff into the environ-
ment. Targeting a lower LF also results in a larger pool 
of plant-available nutrients, allowing nursery producers 
to potentially reduce CRF rate.

Effect of Hydrogen Cyanamide on Flower 
Production of Golden Kiwifruit

Jacob T. Kelley1*, James D. Spiers1, Raymond J. 
Kessler1, Elina Coneva1, and Edgar Vinson2

1Department of Horticulture, Auburn University, 
Auburn, AL 36849; 2Chilton Regional Research & 
Extension Center, 120 County Road 756, Clanton, AL 
35045

The southeastern region of the United States frequently 
suffers from fluctuations in annual winter temperatures. 
This results in inadequate chilling accumulation for some 
of the plants we grow. The golden kiwifruit cultivars 
‘AU Golden Sunshine’ and ‘AU Gulf Coast Gold’ require 
700 to 900 hours of chill for optimum flower produc-
tion. When kiwifruit vines do not accumulate enough 
winter chilling they can have sporadic bud break and 
minimal flowering leading to insufficient cropping. Stud-
ies were conducted over two years on mature vines at 
an orchard in east-central Alabama to determine the 
efficacy of hydrogen cyanamide (HC) to overcome lack 
of chill hour accumulations, reduce lateral flower buds, 
and consolidate bloom. Two separate applications were 
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made at ~28 days before natural bud break and ~14 days 
before natural bud break to assess timing of applica-
tion. Both applications of HC showed more advanced 
bud break and flowering than unsprayed vines. Lateral 
flower bud counts were higher on the ~28d application 
than the ~14d application with the unsprayed vines hav-
ing the least. In year 1, the ~14d application provided 
the greatest benefit in terms of increasing king flower 
production. In year 2, all of the vines experienced some 
frost injury in March that lessened flower production. 
Earlier HC applications advanced bud break. Hence, 
control vines had a greater percentage of floral shoots 
in year 2 that was indicative of the greater frost injury 
experienced by the more advanced HC treated vines. 
Hydrogen cyanamide can be beneficial for flowering of 
golden kiwifruit in some years, but may also increase 
risk of spring frost injury. 

Comparison of Trunk Wraps in their 
Ability to Protect Kiwifruit Vines from 
Freeze Injury

Joshua S. Cook1*, James D. Spiers1, Elina D. 
Coneva1, James R. Kessler1, and Edgar L. 
Vinson2

1101 Funchess Hall, Department of Horticulture, 
Auburn University, Auburn, AL 36849; 2Chilton 
Research & Extension Center, 120 County Road 756, 
Clanton, AL 3504

The golden kiwifruit is a new crop to the Southeastern 
United States. Orchards are slowly being established in 
the region, but freeze injury is prevalent due to fluctuat-
ing winter temperatures that influence cold hardiness of 
vines. Injured vines may develop fragile cambial layers 
or their trunks may crack, both of which reduce vigor 
and may cause mortality. Trunk wraps may be able to 
regulate temperatures fluctuations experienced by 
kiwifruit vines, so an experiment was designed to test 
the effects of various materials on kiwifruit vines on an 
orchard in Reeltown, Alabama. Over three studies, five 
treatments arranged in randomized blocks were tested 
on one-year-old and two-year-old vines. Unwrapped 
vines were used as a control, while a row cover (GG-
51, Gro-Guard UV®), was wrapped around vine trunks 
six and twelve times to create the 6-wrap and 12-wrap 
treatments, respectively. Polyethylene PVC pipe insula-
tion and white trunk paint were also used. Data loggers 
were mounted on vines underneath wraps, if wraps 
were used. Vines were inspected for injury at the end 
of the winter season. There were no differences among 
the treatments for minimum temperature during freeze 
events for the one-year-old vines. Freeze injury was 
not prevalent on this site. On two-year-old vines, the 
12-wrap treatment was found to keep temperatures 
warmer than the control during freeze events while 
other treatments were not. Two-year-old vines that 
received the 12-wrap treatment received less injury 

than most treatments, though not different than the 
control. Vines treated with polyethylene wraps and 
painted vines received more freeze injury than the 
control. Based on these studies, the row cover wraps 
appear to offer protection from freeze injury positively 
correlated with increasing thickness.

Assessments of Cane Characteristics 
and Fruit Quality of Blackberries Grown 
on the Rotating Cross-Arm Trellis and 
T-trellis

Erika Henderson1, Amanda McWhirt2, Jackie 
Lee3, and Renee Threlfall4

1W. Maple St., Department of Horticulture, University 
of Arkansas, Fayetteville, AR 72701; 22301 S. University, 
Department of Horticulture, University of Arkansas, 
Little Rock, AR 72204; 31749 State Hwy 818, University 
of Arkansas Fruit Research Station, Clarksville, 
AR 72830; 42650 N. Young Avenue, Food Science 
Department, University of Arkansas, Fayetteville, AR 
72704

The Rotating Cross-Arm (RCA) trellis system has been 
shown to improve fresh-market blackberry yield and 
fruit quality. However, limited research exists on fruit 
grown in the Southeast, or how manipulation of the 
crop canopy onto one side of the RCA trellis changes 
the number and length of fruiting laterals retained. 
A trial was established in May 2017 at University of 
Arkansas System (UA System) Division of Agriculture 
Fruit Research Station in Clarksville, AR to study how 
the RCA trellis impacts cane characteristics, yield and 
fruit quality of blackberry cultivars. Three UA System 
blackberry cultivars (Prime-Ark® Traveler, Ouachita, 
and Osage) on both RCA and a standard T-trellis were 
evaluated. This factorial design consisted of nine RCA 
plots with six plants spaced at 1.5 m between plants 
and nine T-trellis plots with four plants spaced at 0.6 m 
between plants. Fruit quality analysis at harvest included 
soluble solids, pH, incidence of red drupelet reversion 
and white drupelet. Data collected in 2019 on floricane 
fruit included lateral cane lengths/plant, number of 
nodes/plant, number of flowers/plant, marketable yield/
plant, and marketable yield/linear row meter. Cultivar 
impacted quality attributes, but trellis or cultivar x trel-
lis interactions were not significant for any measure of 
fruit quality. ‘Ouachita’ and ‘Osage’ had higher number 
of nodes and longer cane lengths per plant on the RCA 
compared to the T-trellis. Higher marketable yields/
plant were also observed on the RCA compared to the 
T-trellis, for ‘Ouachita’ (9.3 kg) and ‘Osage’ (8.4 kg) on 
the RCA relative to the T-trellis (Ouachita yielded 2.6 
kg and Osage yielded 4 kg on T-trellis). These similar 
observations of higher cane lengths, node numbers, 
and marketable yields/plant on ‘Ouachita’ and ‘Osage’ 
on the RCA relative to the T-trellis indicate a relationship 
between cane and node number and yield. However, 
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yields per row meter were not different between the 
RCA (1.6 kg) and the T-trellis (1.5 kg) for any of the cul-
tivars evaluated in 2019. It is possible this is due to lack 
of full canopy coverage of the trained laterals on the 
RCA, where un-used trellis space between plants was 
observed. The use of the RCA trellis for fresh-market 
blackberries showed potential for increased fruit pro-
duction but will require fine-tuning to maximize fruit 
yield per row meter. 

Huanglongbing-associated Preharvest 
Fruit Drop in Sweet Orange

Sukhdeep Singh1*, Tripti Vashisth1, Christopher 
Vincent1, and ’2

1University of Florida, IFAS, Citrus Research and 
Education Center, 700 Experiment Station Road, Lake 
Alfred, FL 33850; 2University of Florida, IFAS, Southwest 
Florida Research and Education Center, 2685 FL-29, 
Immokalee, FL 34142

Huanglongbing (HLB), a destructive disease of citrus, 
due to its endemic presence in Florida has led to a great 
economic loss to citrus industry within past decade. An 
increase in preharvest drop of mature fruit that begins 
approximately 3 months before the harvest has been 
observed, it has elevated from about 10% in 2005-06 
to 30% in 2018-19. The cause of HLB-associated pre-
harvest fruit drop is still unknown. It has been known 
that the process of cell separation in abscission zone 
at calyx (AZ-C) of HLB-affected mature fruit is similar to 
that signaled by exogenous ethylene in mature fruits of 
healthy trees; however, the time of signal transduction 
and the role of endogenous ethylene in HLB-affected 
preharvest drop is not clear. This study was conducted 
with the aim to understand the effect of HLB on mo-
lecular mechanism underlying preharvest fruit drop. 
‘Hamlin’ and ‘Valencia’ sweet orange trees exhibiting 
mild, moderate, and severe visual symptoms of HLB 
were selected and preharvest fruit drop was monitored. 
The severely symptomatic trees had significantly higher 
fruit drop as compared to mild trees in both ‘Hamlin’ 
and ‘Valencia’. Fruit drop rate was related to the disease 
severity on the trees indicating tree health is important 
to prevent fruit drop. The fruit size was found to be 
correlated with fruit drop where small-sized fruit were 
more likely to drop. Genes involved in ethylene signaling 
and abscisic acid biosynthesis (ABA, which could lead to 
increased ethylene production), ERF1 (Ethylene respon-
sive factor), NCED2 (9-cis-epoxycarotenoid dioxygenase 
2); respectively, had higher expression in early time of 
preharvest period in fruit AZ-C of severely symptomatic 
trees, suggesting that alteration in ethylene and ABA 
which could have triggered the abscission process. 
Overall based on the fruit size and gene expression data, 
it is likely that signal transduction and HLB interaction 
occurs during early time period that accelerates the 
preharvest fruit drop. 

A Comparative Study of Single versus 
Double Plastic Covers of High Tunnels on 
the Growth and Yield of Kale

Arjun Kafle1*, Sanjun Gu2, and Guochen Yang1

1Department of Natural Resources and Environmental 
Design; 2 Cooperative Extension, North Carolina 
Agricultural and Technical State University, 
Greensboro, NC 27411

High tunnels (HT) are passively ventilated, solar heated 
and plastic covered hoop-house structures that pro-
vide a semi-controlled environment for season exten-
sion of vegetables, flowers and small fruits. Kale is a 
healthy leafy vegetable of great economic potential 
for small farmers. Research on HT kales have been 
with HT of single-layer plastic, there have no published 
studies comparing the number of plastic layers of HT 
for over-winter kale production. Our research aimed 
to find whether a HT should have single-layer plastic 
or double-layer plastic for over-winter production of 
kales in central North Carolina. Six high tunnels, three 
covered by single and another three by double plastic 
cover were used in our trial from Nov. 2018 to Mar. 
2019 (year 1) and from Nov. 2019 to Mar. 2020 (year 2). 
Kale cultivar Darkibor and Toscano were transplanted 
into raised beds with or without plastic mulch inside 
the high tunnels. Plant growth (height and canopy size), 
yield (number of leaves harvested and weight), as well 
as environmental factors [temperatures, solar radiation 
and photosynthetically active radiation (PAR)] were re-
corded. The result from year 1 showed that there were 
no 2-way or 3-way interactions among the treatments. 
No significant differences existed between high tunnels 
of different plastic layers, raised beds with or without 
plastic mulch, and the cultivars in terms of yield, number 
of leaves harvested, and the canopy size. Temperature 
profiles inside different plastic covered high tunnels 
were similar. PAR was higher inside the single-plastic 
high tunnels than the double-plastic tunnels throughout 
the growing season. Bolting was observed in ‘Toscano’ 
when temperature started to rise inside high tunnels 
at later period of the growing season. Year 1 results 
indicated that a high tunnel could be of single or double 
plastic for winter production of kales. Year 2 research 
is ongoing to confirm this result.

Use of Plant Growth Regulators to Induce 
Uniform Flowering in Low-chill ‘UFBest’ 
Peach

Bikash Adhikari1*, Tripti Vashisth1, Jeffrey G 
Williamson2, and Ali Sarkhosh2

1700 Experiment Station Rd, Citrus Research and 
Education Center, Horticultural Sciences Department, 
University of Florida, Lake Alfred, FL 33850; 2Fifield 
Hall, 2550 Hull Rd, Horticultural Sciences Department, 
University of Florida, Gainesville, FL 32611 
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Peach (Prunus persica L.) is a deciduous crop, com-
monly grown in temperate regions. Its cultivation and 
production are rapidly increasing in Florida as growers 
are looking for alternative tree fruit crops. It is critical 
for the peach to undergo dormancy (no visible growth) 
for onset of successful commercial and uniform fruit 
production for next season. In addition, peach tree 
requires the temperature of less than 7.2 °C for chill-
ing hour accumulation (required accumulation differs 
among varieties). Abscisic acid (ABA) helps in regula-
tion of bud dormancy and hydrogen cyanamide (HC) is 
well known to break bud dormancy under mild winter 
conditions. Therefore, main objective of this study is 
to evaluate the efficacy of exogenously applied ABA in 
inducing dormancy and use HC in combination to break 
dormancy, under low-chill conditions. The experiment 
was set up as completely randomized design (n = 4). 
Four treatments (0.125% surfactant included) were 
evaluated on peach cultivar, UFBest: Untreated control; 
ABA (500 ppm/tree, 2 application, three weeks apart 
in November); HC (1.2%) applied in late December; 
ABA+HC. Leaf emergence, bud break, and flower were 
counted at every 15 days. Interestingly, first application 
of ABA resulted in advance defoliation by 2 weeks and 
significant accumulation of ABA was found in leaves 
and buds compared to control, but the dormancy was 
not prolonged. Also, we didn’t see any effect of ABA 
application on ABA biosynthesis and dormancy asso-
ciated MADS genes as they were lowly expressed. On 
the other hand, HC successfully advanced bud-break 
by 2 weeks and HC treatment had significant effect on 
ABA metabolism and DAM genes; DAM genes were 
suppressed 7 days prior to peak of bud break. Overall, 
our results suggest that mild winter conditions have 
a predominant effect on tree physiological state and 
exogenous application of ABA may not contribute to 
onset of dormancy under extremely mild winter condi-
tions. Use of HC can advance the budbreak by 2 weeks 
under central Florida conditions.

Postharvest Changes of Physical and 
Chemical Fruit Quality Characteristics 
in Three Commercial Blueberry Types 
During Cold Storage

Rion T. Mooneyham1*, Savithri U. Nambeesan2, 
D. Scott NeSmith1, Renée M. Allen3, Dario J. 
Chavez1, and Rachel A. Itle1

1Department of Horticulture, University of Georgia, 
1109 Experiment Street Griffin, GA 30223;2Department 
of Horticulture, University of Georgia, 1111 Miller 
Plant Science Building, Athens, GA 30602;3University 
of Georgia Extension, 203 South Dixon Street, Suite 3, 
Alma, GA 31510 

In 2018, Georgia ranked fourth in the US for blueberry 
production value and first in the southeastern US. Two 
major commercial blueberry types are grown in Georgia: 

southern highbush (SHB, species complex of Vaccinium 
corymbosum L. and V. darrowii Camp) and rabbiteye 
(RE, V. virgatum Aiton). The fruit quality of SHB and 
RE is often compared to the third major commercial 
blueberry type, northern highbush (NHB, Vaccinium 
corymbosum L.), which is perceived to have the high-
est fruit quality. However, there is limited information 
available to support this. The objective of this study 
was to examine postharvest keeping quality of early, 
mid, and late season SHB, RE, and NHB cultivars that 
are representative of the current blueberry market. 
Fresh fruit of two NHB (‘Elliott’ and ‘Liberty’), four RE 
(‘Alapaha’, ‘Brightwell’, ‘Powderblue’, and ‘Vernon’), and 
five SHB (‘Camellia’, ‘Farthing’, ‘Legacy’ from Georgia 
and Michigan, ‘Star’, and ‘Suziblue’) were collected from 
April – August 2018 and 2019 from commercial packers 
in Georgia, Michigan, Indiana, and Canada. Fruit were 
kept at 4 °C and processed over a 30-day period at four 
timepoints (TP) during storage: 1) 3–4 days, 2) 10–11 
days, 3) 20–21 days, and 4) 30–31 days after collection. 
Fruit firmness (Kramer shear), skin strength (puncture-
in), berry weights, °Brix, total titratable acidity (%TTA), 
and °Brix: % TTA ratio were measured. Fruit were also 
visually evaluated for percent healthy fruit by scoring 
visual imperfections. Data were analyzed for changes in 
quality within and across TPs using a mixed linear model 
and Tukey HSD. Hierarchical cluster analyses were used 
to analyze trends of physical traits relating to overall 
postharvest keeping quality at TP1 and TP4. Significant 
differences existed between years and blueberry types 
for nearly all fruit quality traits examined within each 
TP (P ≤ 0.05). Over the 30-day storage interval, the data 
suggest that SHB had the best fruit firmness and skin 
strength maintenance. For percent healthy fruit main-
tenance, SHB and NHB were the highest, and RE had 
the best berry weight maintenance. When examining 
for physical trait trends on overall keeping quality, there 
was variation in the cultivar cluster groupings between 
2018 and 2019 for TP1 and TP4. In 2018, there was a 
trend of lower fruit firmness, skin strength, and larger 
berry weight indicating better overall keeping quality. 
However, there were no consistent trends in deter-
mining overall keeping quality in 2019. These results 
suggest that there are additional environmental fac-
tors affecting postharvest keeping quality and future 
studies will be conducted to further investigate this. 
Overall, this information will be used to help growers 
and breeders select and develop new cultivars with 
superior postharvest keeping quality. 

Warren S. Barham  
PhD Graduate Student 
Competition
Influence of Fertilizer Placement on 



S385HortScience 55(9) Supplement – Sr-ASHS AnnuAl meeting

Growth of Eclipta (Eclipta prostrata) and 
its Competition Effect on Ligustrum 
(Ligustrum lucidum) and Boxwood (Buxus 
microphylla)

Yuvraj Khamare*, S. Christopher Marble, and 
Annette Chandler

University of Florida/IFAS, Mid-Florida Research and 
Education Center, Apopka, FL, 32703.

The objective of this study was to determine the effect of 
fertilizer placement on the growth of eclipta and evalu-
ate its competition effect in container grown Ligustrum 
(Ligustrum lucidum) and Boxwood (Buxus microphylla) 
plants. Containers were filled with the potting substrate 
and 35g of fertilizer was added via topdressing and 
subdressing. Pots that were subdressed, the bottom 
portion of the container was filled either 2.5, 5, or 7.5 
cm from the top with pine bark substrate, fertilizer was 
added, and then the remaining portion of the pot was 
filled with substrate. This resulted in containers with 
fertilizer being placed at depths of 0, 2.5, 5, or 7.5 cm 
from the substrate surface. The study indicated that 
subdressing at a depth of 7.5 cm resulted in a 50% de-
crease in eclipta growth in comparison with a topdress 
fertilizer treatment, but subdressing at 2.5 or 5 cm had 
no effect on eclipta growth. Growth of Ligustrum and 
Boxwood were similar in pots that were subdressed at 
2.5 or 5 cm, but growth decreased when pots were sub-
dressed at a depth of 7.5 cm. Overall, results show that 
subdressing could be an effective weed management 
strategy but in order to prevent delays in production 
time, subdressing depth needs to be based on initial 
liner size.

Feasibility of Genomic Selection for 
Brown Rot Tolerance in Peach

Wanfang Fu*, Cassia da Silva Linge, Ralph 
Burrell, and Ksenija Gasic

Department of Plant & Environmental Sciences, 
Clemson University, 105 Collings St., Clemson, SC 
29634

DNA-informed breeding, via marker assisted selection 
(MAS), is becoming conventional for Rosaceae crops. 
With trait associated markers, breeders are able to 
precisely select individuals with desirable alleles and 
track these throughout the breeding process. Whole 
genome selection (WGS) via genomic prediction (GP) is 
an alternative strategy that uses whole genome markers 
to predict the breeding values for each individual, thus 
facilitating rapid parental/seedling selection. An Illumina 
peach SNP array is a high throughput, standardized and 
highly reliable genotyping platform which establishes a 
foundation for GP in peach breeding. Brown rot, caused 
by Monilinia spp., is one the most important pre- and 
post-harvest diseases for stone fruits worldwide. Brown 
rot tolerance in peach is a polygenic trait controlled by 

multiple genes with small effect for which MAS is not 
applicable. In this study, we assessed the feasibility of 
GP for brown rot tolerance in peach using 26 cultivars 
/advanced selections and 140 progeny, from 10 breed-
ing families, with ‘Bolinha’ source of resistance. Fruit 
response to brown rot have been phenotyped using 
wounded (W) and non-wounded (NW) disease assays 
over 3 years (2015, 2016 and 2019). All phenotyped 
individuals were genotyped by newly developed 16K 
peach SNP array and genomic best linear unbiased 
prediction (GBLUP) was applied in all datasets. Moder-
ate heritability was estimated for each treatment (W 
and NW) in each year (NW_2015: 0.40, NW_2016: 0.44, 
NW_2019: 0.46, W_2015: 0.53, W_2016: 0.42, W_2019: 
0.55). Predictive ability, assessed as the correlation of 
true and predicted phenotypes, ranged from 0.66 in 
NW_2016 to 0.86 in W_2019. The results presented 
here support feasibility of incorporating GP in peach 
breeding for brown rot tolerance/resistance. 

Effect of an Inactivated Yeast Foliar 
Spray on Ripening and Harvest Attributes 
of ‘Chambourcin’ Wine Grape

Sarah E. Mayfield* and Renee T. Threlfall
2650 N. Young Avenue, Food Science Department,

 

University of Arkansas, Fayetteville, AR 72704
Inactive dry yeast are byproducts of Saccharomyces 
cerevisiae typically added during winemaking to improve 
aroma and mouthfeel. LalVigne® (Lallemand, Inc.) is an 
inactive dry yeast that is rehydrated and applied as a 
foliar spray to grapevines at veraison and reported to 
quicken and even ripening, increase phenolic maturity, 
and improve quality of resulting wine. Use of LalVigne® 
has been investigated on Vitis vinifera wine grapes but 
not hybrid grapes. ‘Chambourcin’ is a French–American 
interspecific hybrid red wine grape grown in much of the 
eastern United States. The effects of inactive dry yeast 
application on the composition, physical attributes, 
and anthocyanin content of ‘Chambourcin’ grapes 
during ripening and at harvest in 2018 and 2019 were 
evaluated in a commercial vineyard in Hindsville, AR. 
Four rows of ‘Chambourcin’ grapevines were sprayed 
with LalVigne® MATURE at 5% veraison and 10 days 
after veraison (sprayed treatment) in 2018 and 2019. 
An additional four rows were left unsprayed (control 
treatment). Two-hundred berries were hand-harvested 
in triplicate from each spray treatment once per week 
from veraison to harvest. Berry composition (soluble 
solids, pH, and titratable acidity), physical attributes 
(berry weight and skin elasticity), and anthocyanin 
content (total and individual anthocyanins) were evalu-
ated. At harvest in 2018, sprayed berries (3.52) had a 
lower pH than control berries (3.64). In 2019, sprayed 
berries had higher soluble solids (19.20%) and titratable 
acidity (0.55%) and lower pH (3.71) than control berries 
(18.77%, 0.53%, and 3.80, respectively). In 2018, control 
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berries (2.21g) had higher berry weight than sprayed 
berries (2.05 g) across all sampling dates, but this trend 
was not seen in 2019. Sprayed berries had greater skin 
elasticity than control berries regardless of sampling 
date in 2018 and 2019. The anthocyanins malvidin-, 
delphinidin-, and petunidin-3-glucoside made up 70% 
of total anthocyanins in ‘Chambourcin’ grapes. Sprayed 
berries had greater concentrations of individual and 
total anthocyanins during ripening and at harvest in 
2018 and 2019. Therefore, inactive yeast application 
has potential for more desirable composition at har-
vest, potentially thicker, more flexible skins, and greater 
amounts of red-colored anthocyanin compounds for 
‘Chambourcin’ grapes. 

Effect of Sand Injection and Air Injection 
on Soil Physical Properties of Creeping 
Bentgrass Putting Green

Naba R. Amgain* and Charles H. Fontanier
Department of Horticulture and Landscape 
Architecture, Oklahoma State University, Stillwater, OK 
74078

Cultivation practices such as hollow tine core aerifica-
tion, verticutting, and topdressing have been tradi-
tionally used to maintain desirable rootzone physical 
properties and reduce organic matter build up. Tradi-
tional aerification practice can be overly disruptive to 
the playing surface resulting in fewer rounds of golf 
being played. Alternative aerification technologies 
such as Sand Injection and Air Injection has recently 
been introduced which are less disruptive to playing 
surface compared to traditional aerification practices. 
The objective of this study was to determine the effect 
of a sand injection and air injection on soil physical 
properties of creeping bentgrass putting green. The 
experiment was conducted in an existing Penncross 
creeping bentgrass [Agrostis stoloniferous L.] green at 
Oklahoma State University Turfgrass Research Station. 
Aerification events included the application of Sand 
Injection, Air Injection, and hollow tine alone, hollow 
tine plus air injection, and hollow tine plus sand injec-
tion. The treatments were arranged in a randomized 
complete block design with four replications of each 
treatment. Parameters evaluated were assessments of 
soil volumetric water content, surface firmness, infiltra-
tion using double-ring infiltrometer with falling head 
method, ball roll, rooting mass and soil organic matter 
content. Hollow tine and treatment that combine hollow 
tine had a higher infiltration rate, greater reduction in 
firmness, and lowest ball roll. Air injection had lower 
impact on surface disruption and ball roll than hollow 
tine and sand injection. It can be concluded that new 
cultivation practices could be combine with hollow 
tine to improve soil physical properties with minimum 
surface disruption compared to control.

Water Use Pattern and Intrinsic 
Antioxidant Machinery Confer Tetraploid 
Volkamer Lemon Tolerance to Various 
Water-deficit Scenarios

Muhammad Fasih Khalid1,2*, Sajjad Hussain1, 
Muhammad Akbar Anjum1, Christopher 
Vincent2, Shakeel Ahmad1, Muhammad Arif Ali1 
and Raphael Morillon3

 1Faculty of Agricultural Sciences and Technology, 
Bahauddin Zakariya University, 60800 Multan, Pakistan; 
2Citrus Research and Education Center, University 
of Florida, 33850 Lake Alfred, FL; 3Equpie “Structure 
Evolutive des Agrumes, Polyploidie et Amelioration 
Genetique”, SEAPAG-UM AGAP-Department 
BIOS-CIRAD Station de Roujol 97170 Petit Bourg/
Guadeloupe, France

Water deficiency affects the growth and development 
of many crops. Citrus is a major global fruit crop and 
its production is reduced by water paucity. The use of 
polyploid citrus rootstocks has been proposed as a 
strategy to improve water-deficit resilience. Although 
tetraploid rootstocks have been found to be more water-
deficit tolerant, the mechanisms of these dynamics are 
unknown, including how they respond to rapid vs. slow 
onset of water deficts. In this study, diploid (2x) and 
tetraploid (4x) Volkamer lemon (Citrus volkameriana 
Tan. and Pasq.) plants were evaluated under fast and 
slow onset water-deficit conditions to observe their 
water use pattern and antioxidant defence machinery. 
The 2x plants showed more decline in pot water and 
chlorophyll fluorescence Fv/Fm (pre-dawn) as compared 
to the 4x. Decreases in these variables were greater in 
fast the water deficit condition relative to the to slow 
water deficit condition. Leaf relative water content also 
decreased in relation with decrease in pot water. The 
decrease in leaf relative water content was greater in 
2x as compared to 4x. Malondialdehyde content in 
leaves was also greater in 2x plants as compared to 
4x, which indicated that 2x have more lipid peroxida-
tion, and thus more oxidative stress, than 4x. Catalase 
activity and proline content in leaves were greater 
in 4x plants than 2x in fast and slow treatments. We 
conclude that Volkamer lemon 4x tolerate more in fast 
and slow water deficit condition by maintaining their 
water status protect against oxidative stress with high 
intrinsic antioxidant machinery.

Efficacy of Bagging as an Alternative 
Insect and Disease Management Tool for 
Peach (Prunus persica L.) in Florida

David Campbell1*, Jennifer Gillett-Kaufman2, 
Ali Sarkhosh1, Jeffrey Brecht1, and Danielle 
Treadwell1

 1Department of Horticultural Sciences, University 
of Florida, Gainesville, FL 32611; 2Department of 
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Entomology, University of Florida, Gainesville, FL 32611
Organic peach [Prunus persica (L.) Batch] production 
increased more than any other USDA-certified organic 
fruit from 2008-2011. According to the latest USDA agri-
cultural census, production has shifted from California 
to regional areas as of 2016. Per capita consumption of 
organic peach in the southeast is greater than regional 
yield and additional pest and disease management 
options suitable for the area are needed to increase 
yield to meet regional market demand. Fruit bagging 
is an effective cultural management practice that is 
used to protect the fruit from multiple pest-disease 
complexes around the world. Paper bags used in this 
study are compliant with the USDA organic rule. Bags 
are installed on young fruit to provide an exclusion 
barrier to pests and pathogens. Bags alter the fruit 
microclimate and may affect other aspects of fruit 
quality. On-farm research at a USDA-organic certified 
farm was conducted in 2018 and 2019 to assess the 
influence of bags on fruit quality (size, weight, injury, 
skin color, flesh color, flesh firmness, total soluble 
solids, titratable acidity, pH, and chlorophyll content) 
for the low-chill cultivar ‘Tropic Beauty’. A randomized 
block design with four replications blocked by trunk 
circumference that included 24 trees was created to 
test bagging as the main factor and tree ordinance as 
the subfactor. Ordinance influenced flesh chroma but 
no other factors (P = 0.018). Bagging did not affect fresh 
weight, diameter, total soluble solids, or pH at P < 0.05. 
Bagged fruit had higher chlorophyll (P = 0.006) and flesh 
resistance (P = 0.006) at harvest, suggesting that bag-
ging slightly delayed maturity. Bagging protected fruit 
from mechanical injury (P = 0.044), fruit-fly oviposition 
(P < 0.001), scab-like lesions (P < 0.001), and postharvest 
fruit rot (Monilinia fructicola) at harvest (P < 0.001) and 
seven days after harvest (P = 0.040). Additional study 
is needed to determine thresholds for acceptable 
fruit quality at U-pick operations, but preliminary data 
suggests bagging may satisfy niche U-pick markets if 
manual labor is available.

Effect of Total Immersion Auxin 
Application Method on Florida Azalea 
Survivability and Root Response

Jenny B. Ryals1*, Patricia R. Knight1, Daryl R. 
Chastain2, Lloyd E. Ryals III3, Christine E.H. 
Coker4, Gary R. Bachman4, Jim DelPrince4, 
Patricia R. Drackett5, and Anthony T. Bowden1

1Coastal Research and Extension Center, Mississippi 
State University, Poplarville, MS 39470; 2Delta Research 
and Extension Center, Mississippi State University, 
Stoneville, MS 38776; 3Mississippi Department of 
Agriculture and Commerce, Bureau of Plant Industry, 
Mississippi State, MS 39762; 4Coastal Research and 
Extension Center, Mississippi State University, Biloxi, 
MS 39532; 5The Crosby Arboretum, Mississippi State 

University, Picayune, MS 39466 
Florida azalea (Rhododendron austrinum) is a deciduous 
azalea native to northern Florida, coastal Alabama, 
southern Georgia, and southeastern Mississippi. To 
provide growers with relevant cutting propagation 
recommendations, the objective of this research was 
to determine optimal commercial auxin concentration 
and submersion timing on very soft stem cuttings. Auxin 
source was Hortus IBA Water Soluble Salts™ (Hortus 
IBA) at 0, 1000, 2500, 5000, 7500, or 10000 ppm IBA. 
Submersion durations were 5 sec basal quick-dip, 1, 6, 
12, or 24 hours. Duration of submersion effected root 
percentage (P < 0.0001), number of roots (P = 0.0101), 
and average length of the three longest roots (P = 
0.0415). There was an interaction between auxin con-
centration and submersion duration for root quality (P= 
0.0056), cutting quality (P < .0001) and growth indices (P 
< 0.0001). Results indicate that very soft Florida azalea 
cuttings had a better rooting response when treated 
with a 5-second basal quick-dip and auxin concentra-
tion was 2500 ppm IBA.

Effect of Ethylene De-greening Treatment 
on Fruit Quality and Postharvest Storage 
Life of HLB-affected Mandarin Cultivars

Faisal Shahzad1*, Jeffrey K. Brecht2, Yu Wang1, 
Fred Gmitter1, Mark A. Ritenour3, and Tripti 
Vashisth1

1700 Experiment Station Rd, Citrus Research and 
Education Center, Lake Alfred, FL 33850; 2Horticulture 
Sciences Department, IFAS, Gainesville, University of 
Florida, FL 32611; 3Indian River Research and Education 
Center, Fort Pierce, University of Florida, FL 34945-3138

Huanglongbing (HLB; citrus greening) has become a 
serious threat to citrus industry worldwide. About 80 to 
90% of citrus trees in Florida are estimated to be affected 
by HLB, resulting in >70% decline in citrus production 
over the last decade. HLB-affected fruit are often of 
poor quality, lopsided, small size with non-uniform peel 
color. In addition, fruit with HLB symptoms have an off 
flavor and higher acidity, which makes these fruit less 
desirable or even unmarketable. A comparative study 
was conducted to evaluate the effect of ethylene treat-
ment on the quality of symptomatic and asymptomatic 
HLB-affected mandarin fruit. This study was designed as 
a completely randomized design with four replicates of 
asymptomatic and symptomatic fruit from HLB-affected 
‘LB8-9’. Treated fruit were exposed to 5 ppm ethylene 
at 25 °C with 90 to 95% relative humidity (RH) for 72 
hours. The fruit were then stored at 25 °C with 85% RH 
for 14 days storage period. In symptomatic fruit, fruit 
weight, diameter, peel thickness, number of healthy 
seeds, peel a-b ratio, chroma values, and TSS-TA ratio 
decreased, whereas, compression force, TSS and TA 
content increased compared to asymptomatic fruit. 
Sensory evaluation using Hedonic 9-scale showed lower 
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scores for sourness in ethylene-treated fruit than the 
control fruit. Ethylene had no effect on compression 
force, puncture force, TSS, TA, TSS-TA ratio, sugars 
(sucrose, glucose and fructose) and organic acids (citric 
acid and malic acid). Ethylene-treated fruit increased 
peel a-b ratio, chroma value, and decreased hue angle 
values indicating improvement in peel color attributes. 
Overall, ethylene improved the fruit sensory quality 
and fruit peel color attributes of HLB-affected ‘LB8-9’ 
however, the efficacy of ethylene treatment depends 
on whether fruit are symptomatic or asymptomatic.

Effect of Honey as a Rooting Adjuvant 
on Rooting of Rosa ‘Red Cascade’ Stem 
Cuttings

Anthony T. Bowden1*, Patricia R. Knight1, 
Christine E.H. Coker1, Shaun R. Broderick2, 
Eugene K. Blythe3, Jenny B. Ryals1, Hamidou F. 
Sakhanokho4, and Ebrahiem M. Babiker4

1Coastal Research and Extension Center, South 
Mississippi Branch Experiment Station, P.O. Box 193, 
Poplarville, MS 39470; 2Truck Crops Branch Experiment 
Station, 2024 Experiment Station Rd., Crystal Springs, 
MS 39059; 3College of Agriculture, Auburn University, 
Auburn, AL 36849; 4USDA-ARS Southern Horticultural 
Lab., P.O. Box 287, Poplarville, MS 39470

In the popular literature, there are claims of successfully 
using honey as a rooting aid however these claims have 
not been evaluated in a scientific setting. Sugars (as 
carbohydrates) are known to positively impact rooting 
of cuttings and are frequently used in Stage III of tissue 
culture as an energy source for micro-cuttings. Clinical 
studies have shown that honey possesses widespread 
antimicrobial properties due to the naturally low pH and 
a super saturation of sugars which leaves very little free 
water available for the growth of micro-organisms. Previ-
ous research has shown that the anti-microbial agent of 
honey is hydrogen peroxide produced as a by-product 
of glucose oxidase activity acting within the honey. A 
study was conducted aimed at determining what effects 
the addition of three different honeys (Manuka 15+ UMF, 
multiflora, and local) to water-soluble auxin solutions 
had on the root growth and uniformity of miniature 
rose. Experimental design was a completely random-
ized design with a 4 × 5 arrangement of treatments 
with 15 cuttings per treatment. Mean separation was 
performed using the Holm Simulated Method within 
the SAS 9.4 statistical platform. Our results showed that 
the addition of honey did not significantly impact root-
ing of Red Cascade rose while rate of auxin was found 
to significantly impact rooting. Cuttings treated with 
1000 ppm IBA had a greater root quality rating and a 
greater average length of the three longest roots when 
compared to cuttings in the control group. Cuttings 
receiving either 750 or 1000 ppm IBA had a greater 
root number than cuttings in the control group. Shoot 

growth was optimal for cuttings treated with 250 ppm 
IBA. Further research studies will focus on woody or-
namental species with varying rooting difficulty. 

A Comparison of Instrumental and 
Sensory Approaches to Evaluating 
Texture Profiles in Muscadine

T.M. Chizk1*, Margaret L. Worthington1, and  
Renee T. Threlfall2

1Department of Horticulture, 316 Plant Science 
Building, University of Arkansas, Fayetteville, AR, 72701; 
2 Food Science Building B-3, University of Arkansas, 
Fayetteville, AR 72701

Muscadine grapes (Vitis rotundifolia Michx.) are enjoyed 
as a specialty crop in the southeast United States, but 
consumer acceptance is hindered by their thick skins 
and soft gummy flesh. Improved textural quality of 
muscadine grapes could contribute to market expan-
sion and has been a major objective in breeding pro-
grams for many years. Multiple methods have been 
implemented to assess textural quality in muscadine 
grapes including breeders’ field ratings, descriptive 
sensory panels, and instrumental texture analysis, but 
few attempts have been made to compare the results 
of these methods in consideration of perceived con-
sumer preferences. The objective of the present study 
is to improve selection efficiency for improved texture 
in muscadine breeding programs by correlating four 
precise instrumental texture analysis attachments with 
ten intuitive descriptive sensory panel characteristics 
and three low-cost breeders’ field ratings across seven 
texturally diverse muscadine genotypes and a V. vinifera 
table grape check. The muscadine genotypes differed 
significantly for most attributes measured and many 
correlations were identified between the sensory and 
instrumental measurements. Among sensory charac-
teristics assessed, hardness was correlated with crisp-
ness (0.91) and detachability was correlated with visual 
separation of skins (0.96), suggesting that muscadine 
grape texture modelling could be simplified by the 
removing complementary variables. Our findings sug-
gest that characterization of muscadine grape texture 
profiles could be achieved through instrumental texture 
assessment using a 2 mm puncture probe to estimate 
work to rupture, skin thickness, and skin elasticity. 
This method would provide a sufficient estimation 
of several descriptive sensory panel characteristics 
including awareness of skins (r = 0.79), hardness (r = 
0.91), and detachability (r = 0.96) respectively, which 
are all important attributes in determining consumer 
acceptance. Correlations suggest that fibrousness 
is also predictable, but would require an additional 
probe (3-inch compression). Finally, we were unable 
to identify accurate instrumental predictors of sensory 
seed separation from flesh, which could be the subject 
of future investigation considering its importance to 
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consumer acceptance.

Discrete Blue and Red Narrowband 
Wavelengths Alter Flavor Volatile Profiles 
in Hydroponically Grown ‘Italian Large 
Leaf’ Basil

Hunter Hammock*, Dean Kopsell, and Carl 
Sams

Department of Plant Sciences, University of Tennessee, 
Knoxville, TN 37996

Spectral quality and intensity directly impact plant 
growth and development. It has been well established 
that plants respond to specific narrowband wavelengths 
within the ambient solar spectrum. Spectral quality 
and intensity are two of the most influencial factors 
on secondary metabolism. Light emitting diode (LED) 
lighting systems provide the opportunity to investigate 
discrete narrowband wavelengths which fundamentally 
impact the metabolism of high-value specialty crops. 
Ocimum basilicum L. cv. ‘Italian Large Leaf’ is a common 
basil cultivar known for its high yields, unique flavor 
profile, and popularity among professional chefs. The 
objective of this study was to determine the impact 
of discrete narrowband blue/red (B/R) wavelengths 
and full spectrum (FS) white light on key flavor volatile 
concentrations in hydroponically grown basil. A total 
of ten lighting treatments were used, which included 
one non-supplemented natural light (NL) control, one 
FS white LED (5600 K), one 20B/80R narrowband LED, 
one high pressure sodium (HPS), three discrete blue 
wavelengths (400, 420, 450 nm) added to 625 and 675 
nm, and three discrete blue wavelengths (400, 420, 450 
nm) added to FS white LEDs (5600 K). Each supplemental 
lighting treatment provided 8.64 mol·m-2 per day (100 
µmol·m-2·s-1, 24 h per day). VOC profiles were obtained 
by analyzing basil leaf tissue samples using an Agilent 
headspace sampler and GC-MS. Methyl eugenol con-
centrations were highest in NL control and 625–400–675 
treatment, and significantly lower in all other supple-
mented treatments, contrary to all other compounds 
evaluated. Eucalyptol concentrations were 4x higher in 
HPS compared to NL control. Total concentrations of 
R+/S-limonene were highest under the HPS treatment 
and lowest in the NL control. The ratio of 16:1 (R+/S-) 
was consistent across all treatments. Highest total VOC 
concentrations were found in 625–420–675 and HPS, 
approximately 2.4× higher than the NL control. Data 
reveals a general trend of increased mono and diter-
pene concentrations under supplemental lighting; in 
contrast, the phenylpropanoid methyl eugenol showed 
decreased concentrations under supplemental light-
ing and was highest under the NL control. This study 
shows that supplemental LED lighting can manipulate 
key VOC concentrations in ‘Italian Large Leaf’ basil and 
that spectral quality is a key factor in secondary meta-
bolic resource allocation. Purposefully manipulating 

environmental conditions can improve the flavor and 
increase the nutritional value of specialty herb crops, 
benefiting overall consumer satisfaction and health.

Detection of the Gummy Stem Blight 
Pathogens in Watermelon Using Quick 
Field-adapted Technologies

Jorge Reyes1*, Caterina Villari2, Marin Brewer3, 
Bhabesh Dutta3, and Cecilia McGregor1

1Department of Horticulture; 2Warnell School of 
Forestry & Natural Resources; 3Department of Plant 
Pathology, University of Georgia, Athens, GA 30605

Gummy stem blight (GSB) of watermelon is a serious 
disease that affects all major cucurbits. It has been 
found in these crops since the early 1900s. GSB refers 
to the foliar and stem infecting phase of the disease 
and is caused by three Stagonosporopsis species; S. 
citrulli, S. cucurbitacearum, and S. caricae. Since there 
are currently no commercial cultivars resistant to GSB, 
its management relies on cultural practices and costly 
fungicide applications. Efficient methods for pathogen 
detection and diagnosis are therefore required to aid 
management decisions in an attempt to reduce the 
frequency and costs associated with such fungicide 
applications. In this study, a DNA-based quick pathogen 
diagnostic system for Stagonosporopsis was developed 
and tested using naturally and artificially infected water-
melon plants. The system consists of a simple pathogen 
sampling device, quick DNA extraction protocols and 
Stagonosporopsis-specific loop-mediated isothermal 
amplification (LAMP) assays. DNA is extracted from 
leaves in cellulose dipsticks and from spore traps in cen-
trifuge tubes containing the chelating resin, Chelex100. 
Extracted DNA is subsequently put into reaction tubes 
for LAMP amplification and pathogen confirmation. 
Pathogen DNA can be detected in low, mild, and severely 
infected plants as well as in air samples collected with 
the spore trap system. The pathogen sampling device, 
quick DNA extraction methods and LAMP assays can 
be adapted for field deployment and show potential 
for point-of-care diagnosis, which would allow growers 
and county agents to make informed decisions based 
on the actual presence or absence of Stagonosporopsis 
in an efficient and expedited way.

Evaluation of Humic Substances on Yield 
Performance of Watermelon (Citrullus 
lunatus [Thunb.] Matsum and Nakai) in 
Organic Production System

Onyekachukwu Akaeze* and Dilip Nandwani
Department of Agriculture and Environmental Sciences, 
Tennessee State University, Nashville, TN 37209 

Since its inception in the 1990s, organic agriculture 
has experienced significant annual growth, especially 
regularly consumed vegetables and fruits such as kale, 
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lettuce, spinach, cucumber, cantaloupe, and water-
melon. Organic watermelon production is however 
faced with numerous production and yield challenges 
due to strict limitations of permissible yield improve-
ment inputs. The use of Biostimulants (bio-char and 
humic substances like humic and fulvic acids) for yield 
improvement has shown promising results in increasing 
tolerance to unfavorable soil conditions, plant growth 
and overall yield. The objective of the study is to evalu-
ate the effect of biochar and humic substances on yield 
of watermelon under organic production system. The 
study was conducted during the summer of 2019, in 
the Certified Organic Farm of the Tennessee State Uni-
versity. Seedlings of two watermelon varieties (Crimson 
Sweet and Sugar Baby) were raised for 4 weeks in 72 
cell seed trays, which were filled with potting mix. Field 
was ploughed and plastic mulch and drip tapes were 
installed on 5 ft. wide rows with 7 ft. between rows. 
Seedlings were transplanted to rows at a spacing of 
4 ft. Biochar was applied at a rate 25g/plant/21 days 
while fulvic and humic acid were applied at a rate 
of 100ml/plant (20ml/gallon)/48 hours and 14 days 
respectively. Data were collected on fruit weight and 
number of fruit. Data analysis was done using the SAS 
9.4 statistical software. Application of humic substances 
to Crimson Sweet influenced average fruit weight and 
number of fruits per plant. Fruit weight was highest in 
Crimson Sweet in fulvic acid (19.0lb) treatment. This 
was closely followed by humic acid (18.6lb). Sugar Baby 
fruit in fulvic acid treatment produced the least yield 
(8.3lb) and statistically similar to humic acid (10lb) and 
control (11lb). Fulvic acid treatment produced highest 
number of fruits in both varieties Crimson Sweet and 
Sugar Baby (13.6 and 7.8 respectively).

Evaluation of Humic Substances on Yield 
Performance of Cantaloupe (Cucumis 
melo L.) in Organic Management System

ZaDarreyal Wiggins* and Dilip Nandwani
Department of Agriculture and Environmental Sciences, 
Tennessee State University, Nashville, TN 37209

The consumer demand for organic food, particularly 
cantaloupe, has grown over the past few decades. 
However, the production of organic cantaloupe in the 
Southeastern United States presents various challenges, 
due to the climate and expectations. Insect pest manage-
ment, labor, infrastructure and, perhaps the most chal-
lenging of them all, weed management are the critical 
challenges an organic farmer must face. This research 
spotlights cantaloupe (Cucumis melo L.) production in 
an organic management system. The search for organic 
and biofertilizers are consistently being researched to 
improve cantaloupe quality and production. Two of the 
new-found trending fertilizers are humic substances 
and biochar. Research was conducted to evaluate the 
yield performance of organic cantaloupe influence by 

humic substances and biochar. Two organic varieties, 
Divergent and PMR Delicious 51 were the cantaloupe 
selections. This study was conducted at the Tennessee 
State University’s Organic Farm in the summer of 2019. 
Divergent and PMR Delicious 51 seeds were planted in 
a greenhouse setting with an organic potting mix before 
being transplanted to the organic field after 3 weeks. 
Randomized Block Design with 3 replications and 10 
plants per plot established. During growing period, 
humic substances at a concentration of 20 mL/g and 
rate of 100 mL/plant were added to both varieties dur-
ing each watering cycle. For the biochar treatment, 18 
g/plant of biochar was added to both varieties. Upon 
harvesting Divergent, the humic substances treatment 
yielded 70 fruits totaling 282 lb, biochar yielded 44 
fruits weighing 169 lb, and control yielded 70 fruits to-
taling 258 lb. For PMR Delicious 51, humic substances 
treatment yielded 101 fruits weighing 262 ls, biochar 
yielded 83 fruits weighing 215 lb and control produced 
78 fruits totaling 229 lb. Results showed that there is no 
significant difference in the average yield and weight for 
both varieties and treatments. Further trial is planned 
in summer 2020.

Genetic Architecture of Salt and Drought 
Tolerance in Cowpea

Waltram Ravelombola*, Ainong Shi, and 
Haizheng Xiong

316 Plant Science, Department of Horticulture, 
Univeristy of Arkansas, Fayetteville, AR 72701

Cowpea is a diploid legume species [Vigna unguiculata 
(L.) Walp] that provides protein with good digestibility 
to human. Cowpea production is prevalent in Africa 
with Nigeria accounting for more than 70% of the world 
production. In the United States of America, cowpea 
industry is significant and a large number of compa-
nies substantially benefit from processing cowpea into 
either canned or frozen vegetables. Interest in cowpea 
industry has been increasing. However, cowpea can be 
heavily affected by salt and drought stress. Therefore, 
the objectives of this study were to evaluate and identify 
salt- and drought-tolerant cowpea genotypes, to analyze 
the population structure existing within the germplasm 
being evaluated, to conduct a genome-wide association 
study (GWAS) for salt and drought tolerance in cowpea, 
to identify single marker polymorphism (SNP) markers 
associated with salt and drought tolerance in cowpea, 
and to assess the accuracy of genomic selection (GS) 
for these traits. We phenotyped a total of 331 cowpea 
genotypes under greenhouse conditions and accord-
ing to previously established methodologies. A total of 
30 and 34 traits were evaluated for salt and drought 
tolerance, respectively. The cowpea germplasm was 
genotyped using a Whole Genome Resequecing ap-
proach (WGRS) that provides a total of 14 million SNPs 
across the cowpea genome. Our results indicated: 1) a 
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large variation in salt and drought tolerance among the 
cowpea genotypes, 2) a strong correlation between salt 
and drought tolerance-related traits, 3) two subpopula-
tions with admixture within the cowpea germplasm, 4) 
strong QTLs affecting drought tolerance (LOD>25) and 
salt tolerance (LOD>14), 5) a colocalized QTL affecting 
both salt and drought tolerance on chromosome 1, 
and 5) a low to moderate GS accuracy. These results 
would be of interest in cowpea breeding and genetics. 

Evaluation of Row Covers in Yield 
Performance of Leafy Green Vegetables 
in Organic Management System

Kripa Dhakal* and Dilip Nandwani
Department of Agriculture and Environmental Sciences, 
Tennessee State University, Nashville, TN 37209

Row covers are commonly used in organic agriculture 
to extend the production season, protect crop from 
insect pest and frost, increase water use efficiency and 
higher crop yield. The insect pest management is the 
main challenge for organic growers. The objective of 
this study was to evaluate the impact of row covers on 
the yield performance of leafy green vegetables in an 
organic production system. Four leafy greens—kale, 
collard, swiss chard, and lettuce—were evaluated in two 
research trials in spring 2018 and 2019 at the Tennes-
see State University organic research farm in Nashville. 
Plants grown in three different types of row cover; 
insect net, agribon cloth, plastic and a control without 
row cover (open). The fresh weight per plant observed 
significantly higher (50 % increase) on Agribon cloth on 
kale, swiss chard and collard compared to open and in 
lettuce was on insect net in 2018. Plants did not survive 
under plastic as temperature increased in late Spring in 
2018. Swiss chard (508 g/plant) and collard (502 g/plant) 
fresh weight observed significantly higher grown under 
plastic in Spring 2019 trial. Higher yields in lettuce (652 
g/plant) and kale (545 g/plant) grown in agribon cloth 
and insect net row covers recorded, respectively. Leaf 
borer in collard green observed in open (control) and 
aphid damage noticed in lettuce insect net treatments, 
both under threshold level. Results suggest that row 
covers can be preferred in a sustainable production of 
organic leafy greens, suppression of insect pest and 
extending the production season.
 

Education and Extension 
Section
Using Motivations and Benefits to 
Calculate Match for Extension Master 
Gardener Volunteers

Sheri Dorn1*, Svoboda Pennisi1, Ellen Bauske2, 

and Uttam Bhattarai3 
1Department of Horticulture, University of Georgia, 
Griffin, GA 30224; 2Department of Plant Pathology, 
University of Georgia, Griffin, GA 30224; 3Experimental 
Statistics, University of Georgia, Griffin, GA 30224

Determining factors that motivate Extension Master 
Gardener (EMG) volunteers to support Extension’s 
consumer horticulture programming is essential for 
program coordination and future recruitment and 
retention efforts. Functional motivations for volunteer-
ing have been used to describe these behaviors, with 
little exploration of predictive qualities for volunteer 
outcomes, such as volunteer satisfaction, rating of 
program experience, or level of volunteer involvement 
at the local county level. In a national study of EMG 
volunteers (n=7498), the functional motivations and 
respective functional affordances were used to create 
an index of match for active volunteers. Results suggest 
that significant relationships exist between the index 
and outcomes among respondents (n=4857 to 6019). 
The match appears to be a better predictor of some 
volunteer outcomes than motive and benefits scores 
alone or the individual indices. Though the index is a 
significant predictor of volunteer outcomes, it does not 
explain much of the variance. This suggests that motiva-
tions of EMG volunteers are potentially influenced by 
variables other than functional motivations and their 
respective affordances.

The Effectiveness of an Online Webinar 
Platform for Training Cooperative 
Extension Agents in Blueberry 
Production

Amanda McWhirt1*, Bill Cline 2, Ryan Neal3, 
Lizzy Herrera1, and Mary Poling4

12301 S. University, Department of Horticulture, 
University of Arkansas Cooperative Extension 
Service, Little Rock, AR 72204; 23800 Castle Hayne 
Rd, Department of Entomology and Plant Pathology, 
Horticultural Crops Research Station, North Carolina 
State University, Castle Hayne, NC 28429;  31204 SW 
14th St. Suite 2, Benton County University of Arkansas 
Cooperative Extension Service, Bentonville, AR 72712; 
42301 S. University, Department of Information 
Technology, University, University of Arkansas 
Cooperative Extension Service, Little Rock, AR 72204

Growing interest and demand for locally produced small 
fruits results in an increased burden on Cooperative 
Extension (CE) personnel to provide guidance on the 
production of these crops to growers and homeowners. 
Often CE agents do not have experience or knowledge 
in horticultural crops and have limited time to attend 
trainings. Online trainings can educate large groups 
across an entire region in a low cost and easy to ac-
cess manner. A webinar series was implemented at the 
University of Arkansas System Division of Agriculture 
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in conjunction with North Carolina State University to 
train Southeastern extension personnel in blueberry 
production. The effectiveness of this training model on 
increasing CE agent knowledge of blueberry produc-
tion was evaluated. The four-part series of one-hour 
webinars was conducted during November of 2019 
and consisted of short presentations followed by live 
questions from participants. At the start of each webi-
nar a Qualtrics based pre-test of the topics that would 
be covered that day was delivered and then repeated 
again in a post-test at the end of the webinar. Partici-
pants were asked to rate their perception of their own 
changes in knowledge. A total of 99 county agents from 
9 states were trained in at least one webinar and an 
average of 69 participants attended each webinar. The 
pre and post-tests were optional but an average 75% 
of participants participated in the pre-test and 71% in 
the posttest. In comparing pre and post-test scores 
the average increase in questions answered correctly 
following the webinar was 29% (Range 20 to 38%). In 
self-reported changes in knowledge 63% felt the we-
binar had a “good impact” on their “ability to answer 
questions about blueberry production” and 31% said 
it had an “excellent impact”. Additionally, 100% said 
they learn efficiently using the webinar format. Our 
analysis demonstrated that an online webinar training 
program can be an effective and satisfactory means to 
train CE personnel across a broad topic like blueberry 
production. 

Implementation of a School Garden 
Leadership Workshop to Assess and 
Teach Basic Horticulture Skills for 
Classroom Applications

Celine Richard1*,2, Kathryn Fontenot2, 
Edward Bush1,2, Pam Blanchard1, and Carl 
Motsenbocker1,2

1Louisiana State University, Baton Rouge, LA 70803; 
2Louisiana State University Agricultural Center, Baton 
Rouge, LA 70803

School gardens are innovative means to introduce K–
12th grade students to hands-on science, art, literature, 
math, history, and nutrition activities. On June 10, 2019, 
a five day school garden leadership workshop was initi-
ated at the LSU AgCenter Botanical Gardens located in 
Baton Rouge, Louisiana. The workshop assessed and 
instructed teachers on basic gardening areas necessary 
for a positive educational success and positive garden 
success including: biology, entomology, human nutri-
tion, irrigation, plant nutrition, plant pathology, plant 
propagation, soil science, and weed science. The objec-
tives of the workshops were to provide participants with 
basic gardening knowledge and additionally provide 
the teacher with curricula linking the garden to core 
subjects (math, science, technology, engineering, nutri-
tion, physical education, social studies and art) using the 

Louisiana Department of Education approved Louisiana 
Student Standards (LSS) in order to increase teacher 
confidence in a garden-centered classroom. The pro-
gram was evaluated via a pre- and post-tests. Overall 
garden knowledge was increased (P ≤ 0.001) by 31%, 
from 44% to 75% when comparing pre-test and post-test 
scores. Teacher knowledge strengths assessed by the 
post-tests results consisted of plant biology and basic 
seasonal garden varieties. 17 of the 24 test questions 
indicated a significant post workshop knowledge gain. 
The greatest increases occurred in weed science, plant 
nutrition, and pest management questions. Teacher 
confidence was assessed on a 3 point likert-type scale 
which indicated that for 10 of the twelve basic garden-
ing activities listed, teacher felt more likely to continue 
these activities after the workshops, implying an overall 
increase in teacher confidence in the garden. These 
findings suggest the need to validate teacher-working 
conditions, which encompasses many factors namely 
providing teacher training. This project will continue 
for two additional years of workshop implementation 
and teacher evaluations. 

Considering Trail Users’ Perceptions 
and Preferences of Their Environment 
as a Tool for Plant Selection in Future 
Landscape Design

Rachel Bechtold1*, Catherine W. Shoulders2, 
Donald M. Johnson2, Lisa Wood3, Jennie Popp4, 
Elena Garcia5

1Department of Environmental Dynamics, University 
of Arkansas, Fayetteville, AR 72701; 2Department 
of Agricultural Education, Communications and 
Technology, University of Arkansas, Fayetteville, AR 
72701. 3Department of Agricultural, Food and Life 
Sciences, University of Arkansas, Fayetteville, AR 72701;  
4Honors College. University of Arkansas, Fayetteville, 
AR 72701;  5Department of Horticulture, University of 
Arkansas, Fayetteville, AR 72701

With limited natural resources and a growing popula-
tion, a sustainable relationship between humans and 
the natural environment is crucial to the health of 
urban landscapes. Cultivating value for those sustain-
able relationships can occur through informal educa-
tion; however, understanding the initial perceptions 
toward urban landscapes, including aesthetics, can 
assist educators in tailoring learning opportunities to 
meet the needs of learners. The purpose of this study 
was to describe trail users’ perceptions of existing plant 
species along the Watco Trail and the users’ preference 
for future landscape change. A census survey (n=35) 
was conducted in Pittsburg, KS in July and August of 
2019 along the Watco Trail. Results indicated that trail 
users were comprised of primarily (80%; n = 28) local 
community members and that 46% (n = 16) of these 
trail users would like to see more native species along 
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the trail in future plantings. Recommendations include 
addressing aesthetic perceptions of beneficial plant 
species as a measure of community preference and in 
acknowledging the lack of a consistent framework for 
these interdisciplinary studies. 

Modernizing Extension Publications: 
A Case Study of U.S. Landscape Design 
Resources

Cheryl R. Boyer*, Jianqiao Luan, and Gregory 
Davis

Department of Horticulture and Natural Resources, 
Manhattan, KS 66506

The Smith-Lever Act of 1914 charged land-grant in-
stitutions with a variety of tasks related to extending 
research-based information to the public. Part of that 
charge is the creation and dissemination of Extension 
publications. Each Cooperative Extension system has 
approached this in a unique way: some create and 
manage the entire publication process in-house and 
others outsource at least some of the publication, print-
ing, and dissemination process. While creating content 
is accomplished by faculty and staff, the capability to 
maintain, update, and modernize Extension publica-
tions varies among institutions, publication systems, 
and available expertise. At Kansas State University all 
Cooperative Extension publications are managed in-
house, from writing, editing, graphic design and layout 
to printing, sales, and shipping.The objective of this 
project was to compare and contrast K-State Research 
and Extension’s (KSRE) landscape design publication 
(published in 1980) with similar written resources at 
land-grant institutions in the U.S. as part of the process 
of updating our own resource. Results indicated that 
35% of institutions had one or more publications on the 
topic (61 in total), most of which (80%) had publication 
dates after the year 2000. Contents, length, graphic 
style, color printing, and digital availability varied among 
publications. KSRE’s landscape design publication was 
among the oldest and longest (bottom 3%), graphics 
were composed of hand-drawings only (as were 34%), 
black and white printing (46% were similar), and con-
tained similar basic information as others, though fewer 
specialized sections. While it has been available as a 
PDF download, it is not interactive or available in HTML 
as 59% of other publications. Consumers have come 
to expect modern, innovative, digital and analog tools 
for learning. It is imperative that Extension knowledge 
sources progress toward increasing relevance with dis-
coverable, usable learning resources for stakeholders.

Dealing a Winning Strategy: An 
Integrated Pest Management Card Deck 
for Extension Learning

Cheryl R. Boyer1*, Frannie L. Miller2, and 

Brooke M. Garcia2

1Department of Horticulture and Natural Resources, 
Kansas State University, Manhattan, KS 66506, 
2Department of Entomology, Kansas State University, 
Manhattan, KS 66506

Essential components of Extension educational tool-
boxes should be innovative resources. The Kansas State 
University Extension Integrated Pest Management (IPM) 
team developed a unique tool for learning IPM control 
measures with a custom playing card deck. The deck, 
a traditional 52-card deck printed on plastic-coated 
card stock, contains images of pest control measures 
from four categories for the “suites” (biological con-
trol, physical/mechanical control, cultural control, and 
chemical control). The deck is not an exhaustive list 
of IPM controls but contains a representative group 
of approaches in different environments that can be 
combined in a number of ways to achieve specific learn-
ing outcomes. Traditional card games can be played to 
expose learners to the information on the cards or can 
be used in combination with pest problems to develop 
multi-mode pest control strategies. Development of the 
card deck required new ways of thinking about educa-
tional content creation and product design, as this type 
of “publication” had not been created within the K-State 
Research and Extension (KSRE) system previously. The 
IPM team approached the KSRE publications team with 
the idea of an educational card deck in July 2018 and 
completed the project in 11 months. To facilitate the 
process, the publications team created a template with 
appropriate size and graphic guidelines while the IPM 
team gathered photos and wrote content for the cards 
(45 words/285 characters), followed by editing. Print-
ing this tool necessitated outsourcing to a company 
specialized in printing playing cards; requiring several 
permissions within the KSRE System. An evaluation 
survey QR code was printed on the back of the instruc-
tion booklet to learn how users were deploying the 
deck with stakeholder audiences such as landscape 
professionals and schools. The project has been well-
received with nearly 600 card decks distributed so far. 
More innovative learning games are envisioned by the 
Extension IPM team.

Industrial Hemp Pilot Program at A&T 
Provides Guidance to Small Farmers in 
North Carolina

Sanjun Gu1*, Guochen Yang2, and Valerie 
Giddings3

1Cooperative Extension; 2Department of Natural 
Resources and Environmental Design; 3Department of 
Family and Consumer Sciences, North Carolina A&T 
State University, Greensboro, NC 27401

Small farmers in North Carolina have been excited and 
highly interested in hemp, since the release of 2014 
Farm Bill, which loosened the stringent control over 
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the crop. The removal of hemp from the list of con-
trolled substances in the 2018 Farm Bill furthered the 
excitement. Having been a banned crop for decades, 
hemp regulations by state and federal governments, 
hemp production, and hemp processing puzzle most 
farmers and extension agents. With funding support 
from the Golden LEAF Foundation, A&T launched the 
Industrial Hemp Pilot Program to help famers decide if 
hemp would be a viable crop. The program intends to 
provide small farmers with the latest state and federal 
regulations, the up-to-date research results, produc-
tion techniques and challenges, as well as marketing 
and economics potentials around hemp. The program 
also aims to bridge small farmers with hemp industrial 
partners and to develop peer-to-peer network among 
small farmers interested in hemp. Since 2018, six hemp 
workshops, three hemp field days and one mini hemp 
conference have reached over 800 farmers. Three in-
service workshops have been conducted which have 
trained over 125 agriculture and natural resource exten-
sion agents. A hemp website and fact sheet were also 
developed. Feedback from farmers and agents revealed 
that they have become fully equipped with NC, USDA 
and FDA regulations on hemp, hemp and hemp produc-
tion basics, and the latest research results from North 
Carolina State University, A&T and NC Department of 
Agriculture and Consumer Services. Farmers expressed 
that “hemp is not my thing” or “hemp is exact what I 
want”, which are great outcomes of the pilot program. 

Effectiveness of Canvas Learning 
Management Software as a Tool for 
Master Gardener Volunteer Training: 
Use as a Course Supplement and as an 
Alternative to In-person Classes

Wayne Hobbs*
University of Florida/IFAS Extension Clay County, 2463 
SR16W, Green Cove Springs, FL 32043

As part of the 2019 Master Gardener Training for UF/
IFAS Extension Clay and St. John’s Counties, an online 
component using the Canvas Catalog learning manage-
ment system was implemented to serve as a course 
supplement, providing participants with some activities 
and a resource to access information. However, fol-
lowing a cancelled class date due to Hurricane Dorian, 
students were tasked with conducting two online les-
sons. All 27 class participants completed the lessons 
and 17 completed a survey following the course utiliz-
ing Likert-Scale and short response questions. 65% of 
respondents shared that they had some experience 
with online classes before this. Results also showed 
that 94% agreed that a partially online course could be 
effective and that online components were a benefit to 
the course. Additionally, 88% agreed that they would 
take more classes offered online. However, only 23% of 
respondents agreed that a full online Master Gardener 

course could be effective. Benefits identified include 
the ability to review and repeat information, flexibility 
in completing work, lack of distractions, and its useful-
ness to absentees. Negatives about the experience 
included a lack of “hands-on” experience, no ability to 
ask questions or discuss information, needing the use 
of a computer, and needing further training on using 
Canvas. Participants also shared that they wanted more 
videos, quizzes, and advanced information online and 
identified access to computer, computer skills, fear of 
technology, and age could be barriers to adoption. Two 
respondents directly identified that the application of 
online learning could remove barriers to participation 
in programs. This application of online learning helps 
to showcase the potential of technology to teach a wide 
variety of Extension clientele but further research is 
needed to better understand perceptions, adoption, 
and effective implementation. Future work includes 
the expansion of this method into a blended learning 
structure for future Master Gardener courses.

Horticulture CSI: The Latest Clues in the 
Search for the Long Beach Red Radish

Gary R. Bachman1*, Christine E.H. Coker1, and 
Patricia R. Knight2

1Coastal Research and Extension Center, Mississippi 
State University, 1815 Popps Ferry Road, Biloxi, 
MS 38532; 2Coastal Horticulture Research, South 
Mississippi Branch Station, Poplarville, MS

This is an update on the search for an iconic vegetable 
that was a significant crop along the Gulf Coast of Mis-
sissippi, the Long Beach Red Radish (LBRR). Long Beach, 
MS was a major cropping region in the early 1900s, the 
primary crop was the LBRR, a six to seven-inch-long red 
radish. In the winter months seeds of this radish (that 
was originally bred in the north) were sent south for 
growing an impressive number of harvested LBRR, up to 
300 railroad boxcars, which were shipped north during 
the winter months. No seed for the LBRR is currently 
available. In 2018, we identified an heirloom radish still 
in the market with similar characteristics having a his-
tory of seeds being sent south, the Cincinnati Market 
radish. With the help of the seed catalog collection from 
the Anderson Horticulture Library at the University of 
Minnesota, we uncovered at least eight common names 
describing similar long red radishes being grown in the 
early 1900s: Long Scarlet, Cincinnati Market, Japanese 
Long Scarlet, Long Scarlet Short Top, Long Scarlet Cin-
cinnati, Early Short Top Long Scarlet, London Particular 
Long Scarlet, and Market Gardeners’ Early Long Scarlet 
Short Top. Input from the Nordic Genebank and World 
Vegetable Center indicates that the problems identify-
ing old heirloom varieties are compounded by 1) one 
variety being called by different common names or 2) 
multiple varieties being called by the same common 
name. Newspaper clippings from 1916, 1917, and 1922 
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would seem to describe the second scenario that several 
long red radish varieties were being grown in Mississippi 
and along the Gulf Coast. We believe that the evidence 
indicates that several long red radish varieties were in-
deed being grown in the winter in Long Beach, MS and 
those customers ordering from the north were simply 
calling them those long red radishes from Long Beach, 
hence the common name of Long Beach Red Radish. 

Do Extension Program Participants Feel 
More Connected to Water Following a 
Multi-week Program? Results from a Pilot 
Test of the Connectedness to Water Scale

Laura A. Warner1*, John M. Diaz2, Lorna Bravo3, 
Nicole D. Pinson4, Taylor Clem5, and Edmund L. 
Thralls6

1Department of Agricultural Education and 
Communication, University of Florida, PO Box 112060, 
Gainesville, FL, 32611; 2Department of Agricultural 
Education and Communication, University of Florida, 
1200 N. Park Road, Park City, FL, 33563; 3UF/IFAS 
Extension Broward County, 3245 College Avenue, 
Davie, FL, 33314; 4UF/IFAS Extension Hillsborough 
County, 5339 County Road 579, Seffner, FL, 33584; 5UF/
IFAS Alachua County Extension, 2800 NE 39th Avenue, 
Gainesville, FL, 32609; 6UF/IFAS Extension Orange 
County, 6021 S. Conway Rd., Orlando, FL, 32812

When people feel emotionally connected to nature they 
are more likely to take action to protect it. This concept 
(known as connectedness to nature) may help Extension 
understand clients’ adoption of pro-environmental be-
haviors. This study was part of a larger project evaluating 
how this concept can be translated to Connectedness 
to Water (CTW) to promote landscape water conserva-
tion. We piloted a validated CTW instrument with three 
Master Gardener classes in Florida. Measured on a 
possible scale from –2 (least connected to water) to 2 
(most connected to water), posttest CTW scores (M = 
1.34, SD = .61) were significantly greater than pretest 
CTW scores (M = 1.12 SD = 0.61), t (52) = –3.6, p = 001. 
Master Gardeners’ CTW scores were higher than aver-
age statewide CTW scores even before the program, 
and participants also increased their emotional con-
nection to water following completion of the program. 
Upon the posttest, Master Gardeners also spent more 
time around water (M = 2.32, SD = .57) compared to 
at the pretest (M = 2.26, SD = .52), but this difference 
was not significantly different. There was, however, a 
significant increase in time spent around stormwater 
retention ponds specifically at the posttest (M = 2.33 
, SD = 1.47) compared to the pretest (M = 1.90 SD = 
1.25), t (57) = -2.3, p = 03. Upon the posttest, Master 
Gardeners were also slightly more engaged in water 
conservation (M = 9.89, SD = 1.96) compared to at the 
pretest (M = 9.22, SD = 2.49), but this difference was 
also not significantly different. There were significant 

increases in engagement in five specific conservation 
behaviors: using different irrigation zones/ run times, 
using a rain gauge, using rain barrels, using recycled 
waste water to irrigate, and grouping plants according to 
their water needs. Those working on water conservation 
might use CTW to better understand their audience, 
establish reasonable activities, and target appropriate 
outcomes. Future research should explore whether a 
causative relationship exists and how to intentionally 
promote increased emotional connections to water as 
a route to behavior change. 

Promoting Tall Ridged Beds to Improve 
Plant Stand, Growth and Production 
of Vegetable Crops In Areas Prone to 
Flooding Conditions

Ramón A. Arancibia
University of Missouri Extension, WC Region. Butler, 
MO 64730

Tall planting beds are known to reduce the detrimental 
effects of heavy rain and flooding in specialty crops. 
Heavy rains are common in Missouri and the Midwest, 
in particular 2019 with record rainfall and flooding re-
sulting in delayed planting, damping off, rots, etc. Most 
specialty crops in Missouri are planted in silty clay to 
clay loam soils and on flat beds with poor drainage. 
These practice and soil conditions have had a detri-
mental effect on plant stand and production due to 
soil saturation that promote root asphyxia and rotting. 
In addition, small growers don’t have the appropriate 
equipment to form tall planting beds, so specialty crops 
are frequently subjected to flooding and soil-borne 
diseases. We have initiated an educational program to 
extend information about the benefits of drainage and 
tall planting beds, and to assist growers in modifying 
farm equipment to form tall planting beds. The main 
modifications are the size of the discs and adjusting the 
angles of the disc gang of the bed hiller to lift the soil 
and form a 15 inches high bed. If plastic mulch was to be 
used, then a custom made roller shaper could be used 
to pact and shape the bed prior to laying plastic. A bed 
shaper-plastic layer implement could be modified also. 
Adopting tall beds is expected to improve drainage and 
reduce soil saturation, soil-borne diseases, and improve 
the overall sustainability of specialty crops farmers and 
industry in Missouri.

Indoor Plant Propagation Stakeholders 
Preferred Sources of Agricultural 
Information 

Fallys Masambuka-Kanchewa*, and  Alexa, J. 
Lamm 

1Department of Agricultural Leadership, Education and 
Communication, University of Georgia, 405 College 
Station Road, Athens, GA, 30602
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Indoor plant propagation is an emerging farming prac-
tice being utilized around the globe with limited use in 
the U.S. Indoor plant production has the potential to 
transform agriculture in the U.S. by increasing produc-
tion and improving access to food throughout the year. 
Research has been conducted to assess the economic 
impact of indoor plant production in other countries and 
research is being proposed to identify ways to improve 
production efficiency when utilizing indoor production 
facilities in the U.S. However, little is known about how 
indoor plant propagation stakeholders’ access scientific 
information on plant propagation research projects 
to determine whether or not they want to adopt the 
practice. The research presented here explored how 
specialty crop growers are accessing information and 
their preferred information sources to inform how 
scientists should deliver research findings through 
educational programs. Data was collected during a fo-
cus group conducted with stakeholder representative 
of the various organizations and companies involved 
and/or potentially interested in indoor plant propaga-
tion. The results indicated the participants depended 
on each other for information and, in some cases, 
searched online to obtain anything that may be avail-
able regardless of source. Face-to-face meetings and 
quarterly newsletters were the most preferred ways 
for accessing information from scientists. 

The Utilization of User Fees to Manage 
Greenhouses and Growth Chambers at 
Public and Land Grant Universities

Kennedy Mayfield-Smith*, Alexa J. Lamm, and 
Robert Stougaard

Department of Agricultural Leadership, Education, 
and Communication, University of Georgia, Athens, GA 
30602

Research facilities are often the backbone of agricultural 
and environmental science departments at public and 
land-grant universities. Many research facility directors 
and managers struggle to find the necessary funds 
for the maintenance, repair, and replacement of basic 
infrastructure needs. The Association of Public and 
Land-grant Universities recently assessed capital infra-
structure and deferred maintenance issues at schools 
of agriculture within the public and land-grant univer-
sity system. Out of the total of $8.4 billion of deferred 
maintenance needs identified, $3.2 billion of those 
maintenance needs fall in the science research facility 
category (Sightlines, 2015, p.13). This study was initiated 
to assess to what extent user fees are being utilized to 
finance the operation and maintenance of greenhouse 
operations at public and land-grant universities. Data 
was collected using a researcher-developed online 
survey instrument. The target population of the study 
included greenhouse and growth chamber research 
facility managers at public and land-grant universities 

in the United States. In consultation with greenhouse 
and growth chamber facility managers, we selected 
user fees, indirect costs, and general state-appropriated 
funds as resources to evaluate when analyzing the utili-
zation of user fees.We hope that upon the completion of 
this research we will be able to better understand how 
the utilization of user fees in addition to other sources 
of funding impacts the operation and maintenance of 
research facilities.

Floriculture, Ornamentals and 
Turf Section
From Pot to Reservoir: Tracking Nitrogen 
Movement at a South Carolina Nursery

Sarah A. White1*, John C. Majsztrik1, William H.J. 
Strosnider2, Lauren M. Garcia Chance3, Natasha 
L. Bell4, and Daniel R. Hitchcock5

1E-143 Poole Agricultural Center, Department of Plant 
and Environmental Sciences, Clemson University, 
Clemson, SC 29634; 22306 Crabhall Rd, Belle W. Baruch 
Institute for Marine and Costal Sciences, University of 
South Carolina, Georgetown, SC 29442; 3334 Summit 
Ridge Rd., Southern Highlands Reserve Native Plant 
Arboretum and Research Center, Lake Toxaway, NC, 
28747; 4East 5th Street, Department of Engineering, 
East Carolina University, Greenville, NC 27858; 5177 
Hobcaw Rd. Department of Agricultural Sciences, 
Clemson University, Georgetown, SC 29442

Greenhouse and nursery operations apply irrigation for 
crop production. After application, this water flows off 
production areas and into water management infra-
structure. Nitrogen is one contaminant that needs to 
be managed in irrigation return water, as it can degrade 
water quality and support growth of algal blooms and 
aquatic weeds. Growers use water management in-
frastructure to treat water for reuse or release offsite. 
Water management infrastructure design is typically 
focused on moving water off production areas rather 
than optimizing for both water treatment and flow. 
Advanced water infrastructure design can assist grow-
ers with management of sediment, nutrient, pesticide, 
and phytopathogen contaminants. The goals of this 
grower case study were to quantify: 1) the movement 
of nitrogen from container through final irrigation res-
ervoir; 2) the volume of water moving through water 
infrastructure during irrigation events in four seasons; 
and 3) remediation efficacy of sequential water infra-
structure design features at a small container nursery 
in the Piedmont region of SC. Over two and a half years, 
samples were collected from seven sites at the nursery: 
the irrigation source, irrigation runoff receiving areas, 
vegetative channels (which directly received irrigation 
runoff and drainage), and three subsequent hydrologi-
cally connected reservoirs. Vegetative channels were 
simple and effective infrastructure components that 
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slowed water and reduced N inputs from production 
areas by a minimum of 70% over the sampled irriga-
tion events. Reservoirs (tailwater catch basins) in series, 
rather than a single large reservoir, helped to facilitate 
continued N reduction and enhanced water quality with 
N remediation ranging from 88 to 93% over the same 
period. Irrigation volumes per event ranged from 54,000 
L to 386,000 L, depending upon season. The mass of N 
entering and leaving the receiving water management 
system ranges from ~10,000 g N / year (10.0 mg/L N 
yearly average) to 356 g N/year (0.47 mg/L yearly aver-
age), respectively. In future work, we will evaluate how 
the fate of plant pathogens, phosphorus, and sediment 
change as influenced by nursery infrastructure design. 
Growers can use research-based information to guide 
advanced infrastructure design choices to help them 
meet water management goals. 

Short-term Effects of Basal Stem 
Glufosinate Applications to Nursery 
Trees

Anthony L. Witcher*
Department of Agricultural and Environmental 
Sciences, Otis L. Floyd Nursery Research Center, 
Tennessee State University, 472 Cadillac Ln., 
McMinnville, TN 37110

Glyphosate is the most common post-emerge herbicide 
for broad spectrum control of weeds in field-grown 
nursery crops, but glyphosate resistant weeds have 
become an issue. Glufosinate is an alternative broad 
spectrum herbicide that can control glyphosate resistant 
weeds. Post-emerge herbicides such as glufosinate are 
sprayed as a band application to terminate weeds within 
the row, but the herbicide can contact tree stems when 
non-shielded spray tips are used. Glufosinate can be 
absorbed by tree bark and translocated within the plant, 
but the potential damage caused by these applications 
has not been extensively studied. The objective of this 
research was to evaluate basal glufosinate applications 
on growth of ‘Brandywine’ red maple (Acer rubrum L. 
‘Brandywine’). Two gallon plants received basal (15–20 
cm portion of lower stem) glufosinate treatments every 
4 or 8 weeks (4 or 2 total applications, respectively) 
using an application rate of 2 or 4 lb ai/A. An ultra-low 
volume (ULV) sprayer (Herbiflex 4) was also included as 
a treatment for comparison with conventional sprayer 
applications. Shoot height, stem diameter, shoot bio-
mass, and stem damage were recorded. Stem cracking 
and lesions were observed on over 50% of the plants 
treated with the ULV sprayer and at 4 lb ai/A. The dam-
aged area ranged 11–15 cm in length, corresponding 
to the treated stem area. There were no differences 
in shoot growth or biomass among the treatments. 
Although glufosinate can be absorbed through bark 
and translocated throughout the plant, residual effects 
may take longer to materialize compared with leaf and 

exposed root absorption. In our experiment, the remain-
ing plants will be transplanted to 5 gal containers and 
receive the same glufosinate treatments to observe any 
potential effects on plant growth in the second year. In 
the short term, basal glufosinate applications do not 
affect plant growth but can cause significant damage 
to the treated stem area.

Rain or Irrigation: A Container Plant 
Producer’s Challenge

Thomas H. Yeager*
Department of Environmental Horticulture, University 
of Florida, IFAS, Gainesville, FL 32611

Ilex cornuta ‘Burfordii Nana’ was grown for 106 days 
(Mar.–June 2016) with a pine bark and peat substrate 
in #3 containers (»9 L) at a nursery in central Florida. 
The sprinkler or overhead irrigation amount applied 
daily to 0.2 ha (0.5 acre) was controlled by the web-
based Container IRRIGation (CIRRIG) program, which 
automatically determined plant water need from on-site 
inputs of weather and container leaching fractions. A 
time clock was used to manually adjust the amount of 
irrigation applied to an adjacent area of similar plants. 
Time clock adjustments were based on evaluations of 
the container substrate moisture by nursery personnel. 
Manual adjustments of irrigation application amounts 
generally emulated amounts applied with CIRRIG that 
automatically considered rainfall. However, CIRRIG 
resulted in 2.3 cm (0.9 inch) of water saved, which 
equated to enough water for 13 days of irrigation yearly, 
assuming 320 daily applications and 0.5 cm (0.2 inch) 
per application. 

Evaluation of Wood Products As Root 
Substrate Amendments With Floriculture 
Container-grown Crops

Kalyn M. Helms1, Ryan W. Dickson1*, and  Brian 
E. Jackson2

1311 Plant Sciences, Department of Horticulture, 
University of Arkansas, Fayetteville, AR 72701; 2Kilgore 
Hall 130, Box 7609, North Carolina State University 
Campus, Raleigh, NC 27695

New pine-wood products, such as wood fiber and ham-
mer-milled pine tree substrate, are being increasingly 
used in substrates for the production of containerized 
floriculture crops. Seven substrate amendment types, 
including, European white pine wood fiber, scots pine 
wood fiber, loblolly pine wood fiber, hammer-milled 
pine tree substrate from loblolly pine, composted lob-
lolly pine bark, coconut coir, perlite, and coarse peat, 
amendment types were incorporated into peat at 15%, 
30%, 45%, and 60% by volume, and each and percent-
age treatment combination was replicated four times. 
Petunia × hybrida ‘Supertunia Vista Bubblegum’ were 
transplanted into individual containers and irrigated 
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once the substrate moisture content reached 60% con-
tainer capacity with a complete 17–4–17 water soluble 
fertilizer at 200 ppm N. Plants were grown in a controlled 
environment greenhouse where leaf SPAD chlorophyll 
content, flower number, total shoot dry mass, substrate 
pH, and electrical conductivity (EC) were measured after 
eight weeks. Substrate samples not used for growing 
plants and raw substrate components were analyzed 
for potential to immobilize N following the Association 
of German Agricultural Analytic and Research Institute 
(VDLUFA, 2007) method. Substrate physical properties 
including porosity dry bulk density were measured using 
the North Carolina State University Porometer method. 
Amendment type and percentage influenced substrate 
physical properties, but had no statistical effect on N 
immobilization. After eight weeks of production in the 
greenhouse, plants grown in all substrate types were 
of marketable quality with dark green foliage, high 
leaf SPAD chlorophyll content, and high flower count 
(>125 flowers/plant). Amendment types and percentage 
influenced substrate pH and EC, however pH and EC 
values remained within target ranges recommended 
for bedding plants. Overall, shoot growth and flowering 
were comparable between wood products, coir, and 
perlite. Results suggested that wood products could 
potentially replace materials such as perlite and coir 
with minimal effects on plant performance and irriga-
tion or fertilization regime.

Marketing Matters: Interpreting 
Survey-based Heatmaps to Understand 
Consumer Preferences for Elements 
of Facebook Posts Designed to Market 
Petunias Online

Lauri M. Baker1, Anissa M. Zagonel2, Cheryl R. 
Boyer3*, and Hikaru H. Peterson4

1Department of Agricultural Education and 
Communication, University of Florida, Gainesville, 
FL 32611; 2Center for Rural Enterprise Engagement, 
University of Florida, Gainesville, FL 32611; 
3Department of Horticulture and Natural Resources, 
Kansas State University, Manhattan, KS 66506; 
4Department of Applied Economics, University of 
Minnesota, St. Paul, MN 55108

Consumers follow garden center businesses on social 
networks like Facebook for many reasons. However, it 
is not clear which aspects of posts attract a consumer 
to engage with content online or by visiting the retail 
store and purchasing. The objective of this study was to 
measure which components of a Facebook post featur-
ing images of a popular annual bedding plant (Petunia 
hybrida spp.) in several environments and with varying 
messages (lifestyle, educational, or promotional) were 
most interesting to potential consumers. Participants 
were recruited and paid by Qualtrics and were screened 
prior to being offered the survey as having recently (in 

the last 2 years) purchased bedding plants and checked 
their Facebook account within the last two weeks. 
Participants were primarily female (88%), white (89%), 
of moderate ($45,000) to high ($124,999) income, and 
resided in one of the 12 North-Central Region United 
States with Indiana, Michigan, and Ohio having the 
greatest number of participants (408 total). Participants 
viewed a Facebook post and clicked on the part of the 
image that was most interesting to them, generating a 
“heat map” showing regions of the image that attracted 
attention of respondents. Images focused on either 
the product (close up Petunia), presence of people with 
product (toddler-age people), and place (Petunia for 
sale in a retail setting). Participants were most drawn 
to the center of the Petunia in the close-up image; the 
toddlers’ faces and flowers; and the nearest hanging 
basket for sale in the place photo. The message was of 
most interest when related to a sale. While participants 
were interested in flowers in all posts, the presence of 
toddlers seemed to distract from the product. While 
age of people in photos warrants further study, results 
suggest not using young children in marketing images 
on Facebook (if the goal is selling) in favor of close up 
product and place images with sales messages included 
as a component of the content mix.

Boxwood Dieback: A New Disease of 
Boxwoods in the United States

Raghuwinder Singh
Plant Pathology and Crop Physiology Department, 
434 Life Sciences Building, Louisiana State University 
Agricultural Center, Baton Rouge, LA, 70803

Boxwood (Buxus spp.) is a popular perennial landscape 
shrub in the United States because of its vibrant green 
color and herbaceous evergreen growth. The wholesale 
market value of boxwood was estimated at $118 million 
in 2014 according to the USDA National Agricultural 
Statistics Service. Although deer resistant and drought 
tolerant, boxwoods are susceptible to several fungal 
diseases. A new and emerging disease called boxwood 
dieback caused by Colletotrichum theobromicola Delacr., 
was identified for the first time in the United States 
in 2015. Since then, the disease has positively been 
detected from Alabama, Georgia, Louisiana, Missouri, 
New York, North Carolina, Oklahoma, South Carolina, 
Texas, and Virginia. A delay in the onset of symptoms 
and symptom similarity between boxwood dieback and 
Phytophthora root rot and Volutella blight, make it very 
difficult to diagnose and identify. More recently, the 
pathogen has been detected from roots of symptomatic 
plants in the landscape. Boxwood dieback is suspected 
to spread locally by poor pruning practices. Infected lin-
ers and potted plants are sources of introduction into 
propagative nursery operations as well as commercial 
and home landscapes. The current rate of boxwood 
dieback spread is alarming, and has the potential to 
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devastate the boxwood industry in the United States.

Transdisciplinary Work: The Center for 
Rural Enterprise Engagement

Cheryl R. Boyer1*, Hikaru H. Peterson2, and 
Lauri M. Baker3

1Department of Horticulture and Natural Resources, 
Kansas State University, Manhattan, KS 66506; 
2Department of Applied Economics, University of 
Minnesota, St. Paul, MN 55108; 3Department of 
Agricultural Education and Communication, University 
of Florida, Gainesville, FL 32611 

Transdisciplinary work is a group strategy that traverses 
disciplinary boundaries in order to approach an issue 
or problem from a holistic perspective. This differs from 
multidisciplinary- and interdisciplinary work in several 
ways. Multidisciplinary work is additive, meaning that the 
disciplines inform one another but approach their tasks 
separately. Interdisciplinary work is more integrated, 
moving toward breaking down boundaries, but still 
focusing on individual disciplines. Teams working with 
transdisciplinary perspectives go beyond traditional 
discipline boundaries and create an entirely new way 
of thinking and operating resulting in broad-reaching 
outcomes. In essence, transdisciplinary work transcends 
the individual collaborator, creating an additional com-
ponent (i.e. ringing chord, as in a barbershop quartet’s 
“fifth voice”). The Center for Rural Enterprise Engage-
ment (CREE) is a transdisciplinary, multi-institutional 
generator and source of knowledge about new-media 
marketing for agricultural stakeholders. It has melded 
the disciplines of horticulture, agricultural economics, 
and agricultural communications to address questions 
related to best practices for new-and social-media 
marketing. The team encompasses all three land-grant 
institution missions (teaching, research, and extension) 
with their appointments. In the case of CREE, a horticul-
ture extension/research specialist helps understand and 
coordinate stakeholder needs. Agricultural economics 
and agricultural communication provide distinct yet 
complementary disciplinary frameworks to help address 
the identified needs to answer questions such as “What 
is the return on investment for time spent on new- and 
social-media?” and “What are effective communication 
strategies for intended audiences?” While co-learning 
and appreciating the lenses of home disciplines, we com-
bine efforts to generate meaningful, research-based 
solutions for rural and agriculture-based businesses to 
flourish in ever-changing environments while fostering 
positive changes to rural livelihood.

Fertilizer and Plant Growth Regulator 
Strategies for Improving Consumer 
Performance of Container-grown Petunia

Ryan W. Dickson1 and Paul R. Fisher2

1Department of Horticulture, University of Arkansas, 
Fayetteville, AR 72701; 2Environmental Horticulture 
Department, Institute of Food and Agricultural 
Sciences, University of Florida, Gainesville, FL 32611

Fertilizer and plant growth regulator methods used 
during production of container-grown floriculture crops 
have carry over effects on performance of these plants 
for the consumer, and have potential to add value, 
differentiate product quality, and increase consumer 
success and repeat sales. Objectives of this project were 
1) to evaluate fertilizer strategies designed to provide 
residual nutrients and improve plant performance 
for consumers, with a focus on fertilizers differing in 
whether nutrients were derived from inorganic versus 
organic sources and 2) to evaluate the potential of 
providing a high concentration of water-soluble fertil-
izer (WSF) combined with a plant growth regulator to 
improve plant performance during post-production. 
In Spring 2017, a single-factor greenhouse experiment 
at the University of New Hampshire evaluated twelve 
fertilizer strategies designed to provide residual nu-
trients during post-production with container-grown 
petunia. Fertilizer treatments were applied during 
a greenhouse production phase, after which plant 
growth and root zone nutrients were measured dur-
ing a simulated consumer retail phase. Treatments 
differed in nutrient concentration and release pattern, 
inorganic or organic form, applied as a liquid or solid, 
and incorporated into the growing substrate or applied 
at the end of production. During Spring 2018, another 
greenhouse experiment with container-grown petunia 
evaluated the potential of applying WSF and chemical 
plant growth regulator (PGR) at the end of production to 
improve shelf-life performance for consumers. Petunia 
were grown in plastic hanging baskets, and treatments 
consisted of fertilizing with two concentrations of WSF 
(200 and 400 mg·L–1 N) and PGR (0 and 3 mg·L–1 pa-
clobutrazol) as the last irrigation of production. Plants 
then continued in a simulated retail consumer phase 
with no further fertilizer or PGR applications, during 
which data were collected on substrate nutrients and 
plant performance. Petunia top-dressed with inorganic 
controlled-release fertilizer (15–9–12 Osmocote PlusTM) 
and organic turkey compost (3–1–1 SustaneTM) at the 
end of the production phase resulted in the greatest 
supply of residual nutrients and increased plant growth 
during post-production, whereas applications of a high 
concentrations of WSF and other slow-release organic 
fertilizers provided insufficient nutrients for the dura-
tion of the consumer phase. Applying PGR at the end 
of production improved plant quality during the con-
sumer phase by slowing shoot growth and promoting 
a more compact growth habit, as well as maintaining 
green leaf color and the total number of flowers per 
plant for a longer period.

Substrate Stratification: A Media 
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Management Strategy for Increased 
Resource Efficiency

Jeb S. Fields1*, James S. Owen Jr.2, and James 
Altland2

1Hammond Research Station, 21549 Old Covington 
Hwy, Louisiana State University Agricultural Center. 
Hammond, LA 70403; 2USDA-ARS, Application 
Technology Research Unit, 1680 Madison Ave., 
Wooster, OH 44691

With resource efficiency becoming paramount to the 
continued growth of the nursery industry, rethinking 
soilless substrate management within container pro-
duction systems may allow for more sustainable water 
and fertilizer use. Substrate stratification (i.e. layering 
unique substrates within a single container) has the 
potential to reconfigure the hydraulic gradient within 
the substrate matrix, and allow more precise fertilizer 
placement within a container. The objective of this re-
search was to identify the potential of reducing water 
and fertilizer requirement for container production 
systems utilizing stratified substrates. Drift rose lin-
ers were planted in 11.4-L containers filled with one 
of four substrate treatments. The first treatment was 
a control consisting of regionally sourced aged pine 
bark amended with medium-high recommended rate 
of nine-month controlled release fertilizer (18–6–12), 
micronutrients, and dolomitic limestone to adjust pH. 
The control consisted of one substrate throughout the 
container with amendments incorporated throughout. 
The three remaining substrates were stratified with 
course pine bark amended only with dolomitic lime-
stone on the bottom half of the containers. The top 
substrate strata consisted of either the conventional 
bark, conventional bark with 30% Sphagnum peatmoss, 
or pine bark fines. The three individual top strata were 
amended with 80% medium-high rate of CRF, 80% mi-
cronutrients; and dolomitic limestone to adjust pH. The 
three stratified treatments had 80% of the fertilizer used 
in the control with all of the fertilizer concentrated in the 
upper half of the container. Replicates were split into 
two overhead irrigation treatments, normal irrigation 
(18 mm daily) and a ~20% reduced irrigation (15 mm 
daily). Crops were grown for ~140 d until harvest. There 
was no difference among treatment growth in the first 
33 d of the experiment (P = 0.7665). After 76 d, all strati-
fied treatments had surpassed the controls in growth 
index (P = 0.0116). There was no difference among any 
treatments in root: shoot dry mass (P = 0.7720) nor root 
quality (P = 0.4150) at time of harvest. The only case 
where reduced irrigation adversely affect the growth was 
in the treatment with the conventional bark top strata 
under reduced irrigation (P = 0.0784). The pore water 
in the substrates with reduced fertilizer in the upper 
strata had consistently reduced electrical conductivity 
throughout the study when compared to the control 
(P < 0.0001). When strata porosity characteristics are 

paired properly, stratifying container systems can lead 
to more uniform water distribution and reduced water 
and fertilizer requirement in container production.

Improving Nursery Crop Pest 
Management with Precision Pesticide 
Application Technology

Amy Fulcher1, Lauren Fessler1, Wesley Wright2, 
Heping Zhu3, Grace Pietsch1, Whitney Yeary1, 
Trystan Bordeau1, and Luc Nadaud1

1Department of Plant Sciences, 2505 E.J. Chapman Drive, 
University of Tennessee, Knoxville, TN 37996-4500; 
2Biosystems Engineering and Soil Science, 2506 E.J. 
Chapman Drive, University of Tennessee, Knoxville, TN 
37996-4531; 3USDA-ARS, 1680 Madison Ave., Wooster, 
OH 44691

Recent advances in spray application technology have 
given growers the ability to retrofit existing air-blast 
sprayers with laser and ground speed sensors, a com-
puter system, and variable-rate solenoid valves. This 
Intelligent sprayer technology detects plant presence, 
size, shape and leaf density and adjusts spray output to 
match these crop characteristics in real-time. Multi-row 
blocks provide a challenging environment for pesticide 
application; therefore, the objective of this experiment 
was to compare spray volume, disease management, 
and beneficial insect population in the constant-rate 
and variable-rate spray treatments when applied to a 
six-row block, pot-in-pot production system. A field plot 
was divided in half, with one half sprayed in constant 
rate applying 51.3 gal/acre (480 L/ha) and the other 
in variable rate applying 0.07 fl oz/ft3 (0.07 L/m3). Ten 
Shumard oaks (half in an outer row of a block and half 
in an interior row) were flagged in each treatment and 
monitored regularly for Cylindrosporium leaf spot. 
Presence and number of pollinators and natural en-
emies were also recorded. On May 7, 2019 and Aug. 
12, 2019, water sensitive cards (WSCs) were placed in 
the block and then sprayed with water to assess target 
and off-target spray deposits. Cards were analyzed for 
coverage (%), droplet density (deposits/cm2), and depo-
sition (μL/cm2). Spray volume applied was recorded for 
each treatment on these spray dates and throughout 
the season when pesticides were applied. The average 
spray volume discharged over the season was 113 gal 
(427 L) for the constant-rate treatment and 63.2 gal 
(239 L) for the variable-rate treatment, a 44% reduc-
tion. Disease incidence was managed to an acceptable 
and comparable level in both treatments. Few natural 
enemies and pollinators were observed, regardless of 
treatment or season, possibly due to lack of vegetation 
on the nursery floor. Within the canopy of target trees, 
deposit density met or exceeded the recommended 
guidelines for both treatments (20–30 droplets/cm2 
threshold for insecticides, 50–70 droplet/cm2 thresh-
old for fungicides). Coverage on drift cards placed in 
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the canopy of trees in the adjacent block was reduced 
nearly 75% by the variable rate treatment compared 
to the constant rate. These results indicate that Intel-
ligent sprayer technology can achieve recommended 
pesticide application ranges while reducing pesticide 
costs and the potential for negative ecosystem impacts 
in a dense, multi-row block of trees. 

Analysis of Energy Use and Its Impact on 
Carbon Footprint of Four Greenhouse 
Model Systems

Dewayne L. Ingram1*, Charles R. Hall2, and 
Joshua Knight1

1N-318 ASN, Department of Horticulture, University 
of Kentucky, Lexington, KY 40514-0091; 2Department 
of Horticulture, 2133 TAMU, Texas A&M University, 
College Station, TX 77843-2133

Understanding energy use in greenhouse production 
systems is important because of its impact on profit-
ability. Several production models using grower data 
regarding best management practices for selected 
greenhouse crops have been developed. These models 
representing various climatic regions were analyzed 
using life cycle assessment focusing on carbon foot-
print and variable costs. Interestingly, the models 
varied in energy use. This paper pulls direct electricity 
and natural gas usage data from these models and 
expresses them on a per-square-foot-week (SQFTWK) 
basis. In an older, Quonset-style greenhouse in the 
deep south in which foliage transplants were grown 
year-round, the electricity use was 0.188 kWh/SQFTWK 
and natural gas usage was 0.02 m3/SQFTWK. In a newer, 
Dutch-style greenhouse producing foliage transplants 
in the deep south, the energy usage was lower with 
an average electricity use of 0.093 kWh/SQFTWK and 
natural gas use of 0.029 m3/SQFTWK. For a Dutch-style 
greenhouse producing annuals and potted flowering 
crops year-round in the northeastern US, the electric 
usage averaged 0.0028 kWh/SQFTWK and the natural 
gas usage averaged 0.0.000009 m3/SQFTWK. Electricity 
usage averaged 0.007 kWh/SQFTWK and the natural 
gas usage averaged 0.00017 m3/SQFTWK for a model 
system in the mid-Atlantic region producing potted 
flowering plants. The contribution of energy usage to 
carbon footprint for these systems ranged from 90% of 
the carbon footprint for transplant production model in 
the older house to 12% for begonia production model 
in a modern greenhouse in the northeast U.S. The en-
ergy contribution to variable costs for these two model 
crops were 2% to 1%, respectively.

Climate Change Raises Unforeseen 
Challenges to Plant Development 
and Specification for Sustainable 21st 
Century Built Environments 

Michael A. Arnold1*
1Department of Horticultural Sciences, Texas A&M 
University, College Station, TX 77843-2133

Concerns for natural ecosystems and crop production 
associated with rising global temperatures have been 
well documented. However, we are just beginning to 
appreciate the even greater impacts on built environ-
ments, particularly those associated with urban heat 
islands (UHI). Studies of 60 large U.S. cities found mean 
daily highs 2.4 °F (1.3 °C) greater than surrounding 
rural areas, with nighttime lows 4.0 °F (2.2 °C) greater 
in the UHI. Greater energy consumption for cooling, 
more days exceeding 90 °F (32.2 °C), increased ozone 
pollution were among reported adverse impacts that 
would present enhanced challenges to plant selection 
for UHI in the future. Plantings in the built environ-
ment offer shading, transpiration cooling, and reduced 
heat reflection that can help to offset the impacts of 
temperature changes in the UHI, but to do so plants 
bred and specified for use in these built environments 
must be able to adapt to the changing temperature 
regimes. This presentation will discuss a number of 
these including impacts of projected precipitation 
and drier soil moisture, particularly in the western 
U.S., need for provenance considerations in breeding, 
evidence for increasing negative synergisms of rising 
temperatures and pest concerns, need to account for 
reduced winter chilling in plant breeding and design 
specification, issues associated with breeding plants 
for increased storm frequency and intensity, rising sea 
levels in coastal built environments, and issues associ-
ated with plant geography and movement of invasive 
species impacted by potential climate changes. Not 
all impacts of increased temperatures in winter were 
negative for plant selection or specification. For instance, 
the growing season in Madison ,WI, has been reported 
to increase by about 5 days, warmer temperatures 
in UHI may result in reduced winter heating require-
ments, and the warmer winter lows in UHI may permit 
an expansion of the palette of available winter hardy 
plants. When breeding plants or making specifications 
for designs for built environments of the future many 
factors other than increased daytime heat will need to 
be considered, including at least drought, flood, and 
salinity tolerances, winter chilling requirements, pest 
/ disease tolerance, enhanced strength of branching 
structure, invasive potential, tolerance to rapid tem-
perature changes, and a strong basis for provenance 
based breeding and specification.

Carbohydrate Allocation of Creeping 
Bentgrass under Temporal Shade

Saydi Loewe1, Naba R. Amgain*2, Paden 
House2, and Charles H. Fontanier2

1Oklahoma Baptist University, Shawnee, OK 74804; 
2Dept. of Horticulture and Landscape Architecture, 
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Oklahoma State University, Stillwater, OK 74078
Turfgrass are often shaded by trees, houses, and 
stadiums. A decrease in available photosynthetically 
active radiation caused by shade can be detrimental 
to turfgrass growth, development, and quality. Grasses 
grown under shade have lower carbohydrates reserve, 
lower respiration rate, and reduced transpiration rate. 
The shade is rarely constant and instead fluctuates 
throughout the day. Some areas may be shaded for a 
partial day whereas others may be continuously under 
shade. Although it is thought that morning shade is more 
detrimental than afternoon shade, it is not clear from 
the previous research and literature. The objective of 
this study is to compare the effects of morning shade 
vs. afternoon shade on the growth and development of 
creeping bentgrass. ‘007’ creeping bentgrass was estab-
lished in a 10.2 cm diameter and 46 cm long polyvinyl 
chloride pipe growth tube containing USGA specification 
sand. Grasses were mowed every week and clippings 
were collected. Growth tubes were kept under full sun, 
morning shade, and afternoon shade with 4 replica-
tions of each treatment. The greenhouse conditions 
was maintained at 35/25 °C day/night temperature. 
Photosynthetically active radiation (µmol·m-2·s-1) was 
measured using a quantum light sensor (Spectrum 
Technologies, Inc., Plainfield, IL) and data were recorded 
every 15 min using Watchdog 1000 (Spectrum Technolo-
gies, Inc., Plainfield. Carbohydrates contain in leaves and 
roots were analyzed four weeks after shade treatment. 
The result shows that the creeping bentgrass treated 
with morning shade had lower storage carbohydrates 
(fructans) and total nonstructural carbohydrates in its 
leaves and roots compared to grasses grown under 
afternoon shade and full sun. Grasses grown under 
morning shade also had lower leaf dry weight compared 
to grasses grown under full sun.

Fruit Crops Section
Canopy Management Evaluation of 
Three Arkansas Table Grape Cultivars: 
Gratitude, Faith, and Jupiter Grown 
Under a High Tunnel System

Jose Hernandez*, Virginia Beasley, Karlee 
Pruitt, and M.E. Garcia
316 Plant Science, Department of Horticulture, University 
of Arkansas, Fayetteville, AR 72701

Hot and humid climate accompanied by high pest pres-
sures in the southern U.S. region require high pesticide 
inputs making field table grape production unsustain-
able. High tunnel (HT) systems, by providing moderate 
environmental control (protection from frost and rain), 
can allow for a reduction of pesticide inputs. Previous 
research at University of Arkansas has demonstrated 
that table grape production under HT’s is a viable option 

to overcome these biotic and abiotic factors. In 2014, 
three table grape cultivars: Faith, Jupiter, and Gratitude, 
were planted in Fayetteville in an 8 × 61m Haygrove 
Super Solo HT on three trellis systems using a random-
ized incomplete block design. These vines performed 
exceptionally well (precocity, increased yield and fruit 
quality with lower pesticide applications). However, dur-
ing the 2017 season, despite dormant season pruning, 
excessive yields in some plants were observed. This 
resulted in delayed ripening, reduced fruit quality, and 
a higher disease incidence. The objective of this project 
was to implement practices for crop load management. 
During 2018 and 2019 season, the vines were cluster 
thinned. Treatments included no cluster removal and 
thinning at pea size. In 2018, cultivar had significant ef-
fects on yield weight, number of clusters per vine, and 
weight of clusters. ‘Jupiter’ had significantly higher yield 
per vine (21.82 kg) than ‘Faith’ and ‘Gratitude’ (11.98 
and 9.88 kg, respectively). ‘Jupiter’ also had significantly 
higher number of clusters per vine (89.67) than ‘Faith’ 
(66.67), which were both significantly higher than 
‘Gratitude’ (29.44). ‘Gratitude’ had significantly heavier 
cluster weight (501.12 g) than both ‘Faith’ and ‘Jupiter’ 
(230.61 and 281.66 g, respectively). In 2019, Faith and 
‘Jupiter’ had significantly higher yield per vine (41.79 
and 42.50 kg, respectively) than ‘Gratitude’ (20.89 kg). 
‘Jupiter’ and ‘Faith’ had significantly higher numbers 
of clusters (197 and 178, respectively) than ‘Gratitude’ 
(65). There were interaction effects in cultivar by trellis 
in both total yield and number of clusters per vine in 
2019. This research demonstrated that HT’s are great 
technologies for increasing table grape production 
efficiency and improving fruit quality for the southern 
U.S. regions, but that cluster thinning might not be an 
effective method for crop load management. 

Postharvest Storage Performance of 
Three Table Grape Cultivars: Gratitude, 
Faith, and Jupiter Under a High Tunnel 
System

Virginia Beasley1*, Renee Therlfall2, Jose 
Hernandez1, Karlee Pruitt1, and M.E. Garcia1

1316 Plant Science, Department of Horticulture, 
University of Arkansas, Fayetteville, AR 72701; 22650 
N. Young Ave., Food Science Department, University of 
Arkansas, Fayetteville, AR 72701

Grapes (Vitus vinifera) are a highly valued horticulture 
crop around the world. The University of Arkansas Fruit 
Breeding Program has developed many table grape 
cultivars that may be better adapted to the climate in 
the southern U.S. In this two-year study, Arkansas table 
grapes were evaluated for storage characteristics when 
grown under high tunnel (HT) systems with different 
cluster thinning treatments. Three cultivars: Faith, 
Gratitude, and Jupiter, were grown on a Geneva Double 
Curtain trellis in a HT at the University of Arkansas Ag-
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ricultural Experiment Station, Fayetteville. Two cluster 
thinning treatments: none (Trt 1) and pea-sized berry 
(Trt 2) were applied to the vines. In July 2018 and Aug. 
2019, clusters were hand-harvested and stored in 0.9 
kg clamshells. Two clusters per clamshell were evalu-
ated in triplicate for physiochemical and marketability 
attributes at harvest (day 0) and during storage (7, 14, 
and 21 days postharvest) at 2 °C. At harvest 2018, berry 
weight ranged from 3.1–4.7g, soluble solids 16.5–18.9%, 
pH 3.4–3.8, and titratable acidity (TA) 0.5–0.6%. Mean 
decay during storage was greater in Trt 1 (5.5%) com-
pared to Trt 2 (3.6%). ‘Faith’ in Trt 1 had the highest mean 
decay (10%). For all cultivars, Trt 2 had lower berry drop 
(4.7%) than Trt 1 (5.7%). Berry drop varied significantly 
by cultivar. ‘Jupiter’ had the highest berry drop (7.2%). 
Mean weight loss during storage was higher for Trt 1 
(4.5%) compared to Trt 2 (4.3%). After 21 storage days, 
Trt 1 ‘Faith’ had the highest weight loss (5.8%). At har-
vest 2019, berry weight ranged from 3.9–4.4g, soluble 
solids 15.6–16.5%, pH 3.6–3.9, and TA 0.4– 0.5%. Mean 
decay during storage was higher for Trt 2 (5.8%) than 
Trt 1 (3.9%). Decay varied significantly by cultivar. ‘Faith’ 
in Trt 2 had the highest decay (13.3%). For all cultivars, 
Trt 1 had lower berry drop (6.4%) than Trt 2 (13.7%). 
‘Jupiter’ in Trt 2 had the highest berry drop (17.2%). 
For all cultivars, mean weight loss was higher for Trt 1 
(5.6%) than Trt 2 (5.5%). After 21 d, Trt 1 ‘Faith’ had the 
highest weight loss (7.4%). Cluster thinning improved 
postharvest attributes related to weight loss. Cultivars 
vary in storage quality. Both years, ‘Faith’ had higher 
levels of decay and weight loss, while ‘Jupiter’ had the 
highest berry drop.’

Link between Fruit Development and 
Mature Fruit Drop in Huanglongbing-
affected Sweet Orange

Lisa Tang*, Sukhdeep Singh, and Tripti Vashisth
Citrus Research and Education Center, University of 
Florida, Lake Alfred, FL 33850

In the past decade, Florida citrus industry has been 
struck by Huanglongbing (HLB), a disease caused by 
the phloem-limited bacterium Candidatus Liberibacter 
asiaticus. Besides tree decline, HLB causes a sharp 
increase in mature fruit drop prior to harvest, leading 
to a substantial reduction in citrus production. The aim 
of the study was to provide insights in HLB-associated 
mature fruit drop. In HLB-affected ‘Valencia’ sweet or-
ange (Citrus sinensis), trees exhibiting severe symptoms 
(severe trees) had a significantly higher rate of mature 
fruit drop compared to mildly symptomatic ones (mild 
tree). Interestingly, dropped fruit were smaller than 
those still attached to tree branches; overall, fruit of 
severe trees were smaller than mild trees, suggesting 
a negative effect of HLB on fruit growth that may lead 
to a high incidence to drop subsequently at maturity. 
This possibility is further supported by the difference in 

fruit size as early as two months after bloom between 
severe and mild trees. Although HLB-triggered phloem 
plugging in citrus leaves, which may result in disrupted 
carbohydrate transport, has been documented in litera-
ture, sugar concentration in juice was not significantly 
different between dropped and attached fruit, providing 
evidence that carbohydrate shortage is not the case for 
dropped fruit and thus not the predominant cause of 
HLB-associated fruit drop. Notably, the midday water 
potential was significantly lower for severe than mild 
trees in late March, during which trees were bearing 
current crop of mature fruit (2 weeks before harvest) 
along with return bloom. This suggests that HLB might 
elevate mature fruit drop via altering tree water status 
during the preharvest period and/or in the early stage 
of fruit development (immediately after flowering), 
which limits fruit growth. Together, the results suggest 
that in the presence of HLB, increasing fruit size and 
avoiding subjecting trees to additional stresses may 
improve mature fruit retention. 

Consumer Sensory Attributes of 
Arkansas Fresh-market Blackberry 
Cultivars that Impact Marketability

Renee T. Threlfall1*, John R. Clark2, and 
Margaret L. Worthington2

12650 N. Young Avenue, Food Science Department,
 

University of Arkansas, Fayetteville, AR 72704; 2316 
Plant Science, Horticulture Department, University of 
Arkansas, Fayetteville, AR 72701

The fresh-market blackberry (Rubus subgenus Rubus) 
industry continues to expand with blackberry breeding 
programs releasing new cultivars to meet consumer 
demand. The size, composition, and sensory attributes 
of fresh-market blackberries were evaluated at the 
University of Arkansas System (UA System) Division of 
Agriculture. Six blackberry cultivars (Caddo, Natchez, 
Osage, Ouachita, Ponca, and Prime-Ark® Traveler) were 
hand harvested at the shiny-black stage of ripeness 
from the UA System Fruit Research Station, Clarksville 
in June 2019 and taken to the UA System Food Science 
Department for analysis. ‘Natchez’ (9.98 g) and ‘Caddo’ 
(9.15 g) had the highest berry weights and Osage (4.83 
g) the lowest. There was not a difference in soluble sol-
ids (8.50–10.40%) between the cultivars, but Ponca had 
an optimal balance for soluble solids/titratable acidity 
ratio (12.83). A consumer sensory panel (n=81, 53% 
male) evaluated visual and tasting elements of these 
blackberries. Panelists (40%) indicated they purchased 
fresh blackberries once per month at grocery stores, 
but only 29% consumed blackberries once per month. 
Over 80% of the consumers rated freshness, price, 
and uniform color of berry as the primary reasons to 
purchase fresh blackberries. When shown individual 
blackberries for shape and size, consumers preferred 
large, oblong berries. When shown two clamshells 
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of blackberries, one filled with large berries and one 
with small berries, 57% of the consumers preferred 
the clamshell with larger berries. When shown three 
clamshells of blackberries with increasing levels of 
red drupelet reversion (drupelets turn from black to 
red), 53% of the consumers preferred the clamshell 
containing blackberries without red drupelet rever-
sion. Consumers evaluated appearance, size, shape, 
overall impression, flavor, sweetness, sourness, and 
firmness of blackberries on a 9-point verbal hedonic 
scale (1 = extremely dislike; 5 = neither like nor dislike; 
9 = like extremely) with scores from 4.9–7.1 for these 
attributes. There was not a difference in the cultivars 
for appearance or firmness, but consumers liked the 
size and shape of ‘Caddo’ the most. ‘Ponca’ had the 
highest liking for overall impression, flavor, sweetness, 
and sourness. These evaluations provided unique data 
on size attributes, composition attributes, consumer 
purchasing habits, and consumer liking of UA System 
fresh-market blackberry cultivars.

Identifying Quality and Sensory 
Attributes of Arkansas-grown Hops

Renee T. Threlfall1*, Arnount VanDamme1, 
James O. McCleelan1, Amanda L. McWhirt2, and 
Jackie Lee3

12650 N. Young Avenue, Food Science Department,
 

University of Arkansas, Fayetteville, AR 72704; 22301 S. 
University, Cooperative Extension Service, University 
of Arkansas, Little Rock, AR 72204; 31749 State Hwy 
818, Fruit Research Station, University of Arkansas, 
Clarksville, AR 72830

Hop plants (Humulus lupulus) are a perennial, climbing 
species and produce hops cones used for beer produc-
tion to impart bitter and unique flavors and aromas. 
The hops cones produce luplin which contain alpha 
and beta acids and are important for beer production. 
Commercial hops typically contain 5-13% alpha acids 
and 3-8% beta acids. The University of Arkansas System 
(UA System) Division of Agriculture evaluated quality 
and sensory attributes of four hops cultivars (Cascade, 
Cashmere, Crystal, and Zeus) grown in Arkansas. Hops 
plug plants were planted in Oct. 2018 at the UA System 
Fruit Research Station in Clarksville, AR, and the hops 
cones were harvested July-Sept. 2019. The hops were 
taken to the UA System Food Science Department in 
Fayetteville, and were dried, packaged, and frozen 
(–10 °C) for analysis. Hops samples were ground prior 
to quality and sensory analysis. The quality analysis 
included total and individual alpha acids (cohumulone 
and adhumulone) and beta acids (colupulone and adlu-
pulone) of the hops. ‘Cascade’ and ‘Cashmere’ had the 
highest levels of cohumulone and adhumulone. ‘Crystal’ 
had the highest, and ‘Zeus’ had the lowest colupulone 
and adlupulone levels. Total alpha acids ranged from 
3.26% (‘Crystal’) to 5.60% (‘Cashmere’). The total beta 

acids ranged from 2.59% to 4.97%, and ‘Crystal’ had 
higher levels than the other cultivars. For descriptive 
sensory analysis, the trained panel (n=11) developed 
a hops aroma lexicon and evaluated hops aroma on a 
15-point scale (0 is less of the attribute; 15 is more of 
the attribute). Panelists identified 22 aroma attributes in 
the hops where grass (5.4–5.7) was the highest-scored 
attribute followed by foliage (2.5–2.6), overall green herb 
complex (2.4–2.7), and overall pepper complex (1.1–1.8). 
Cultivars differed for terpenes, thyme, overall pepper 
complex, white pepper, and overall impact attributes. 
‘Cascade’ had the highest terpenes and overall impact. 
This research produced the first quality and descriptive 
sensory data for Arkansas-grown hops and found that 
hops were lower in alpha and beta acids and had lower 
sensory impact compared to commerially available 
hops. There is potential for Arkansas-grown hops, and 
quality and sensory characterisitics may improve as 
the plants become established or as cultural practices 
are refined. 

Evaluating the Potential for 
Contamination of Grapevine Petiole 
versus Whole Leaf Tissue Samples for 
Nutrient Analysis

Justin Scheiner* and Fran Pontasch
Dept. of Horticultural Sciences, Texas A&M AgriLife 
Extension, TAMU, College Station, TX 77843

Tissue testing is recognized as the most accurate method 
to assess the nutrient status of grapevines and other 
fruit crops. The two tissues most frequently sampled 
for analysis are leaf petioles and blades. In grapes, 
samples are most often collected at full bloom and 
late summer between veraison and harvest. However, 
in areas with high fungal disease pressure such as the 
southeast, these timings typically coincide with preven-
tative fungicide applications. This may provide a source 
of contamination, therefore it is recommended to wash 
tissue samples prior to analysis. The most common 
washing technique includes agitation in a dilute phos-
phate free soap solution for a short duration followed 
by a double rinse in distilled water. This study aimed 
to compare the potential for contamination of petioles 
vs. leaf blades using this common washing technique. 
Dithane F-45 (mancozeb) and Pristine (pyraclastrobin 
+ boscalid) were applied at rates of 7.48 L·ha-1 and 
0.875 kg·ha-1, respectively in 445 L·ha-1 to ‘Blanc Du Bois’ 
trained on a Watson System. Whole leaf samples were 
collected prior to spraying, 30 minutes after spraying, 
and 1 week after spraying. Between spraying and the 
last sample timing, 13 mm of precipitation fell. The 
samples collected prior to spraying were washed (4 
leaves at a time) in a solution of phosphate free dish 
soap (5 mL·L-1) for 10 seconds with agitation, followed by 
a double rinse in distilled water. Each water basin was 
replaced with fresh water between reps (30 leaves per 
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rep). The samples collected immediately after spraying 
and 7 days after spraying were subjected to two treat-
ments: no washing and washing in dilute soap, followed 
by double rinse in distilled water. A group of samples 
collected at 7 days after spraying were also subjected 
to a double wash treatment (dilute soap followed by 
double rinse in distilled water × 2). After washing, leaf 
blades were separated from petioles, dried, and sent 
to the Texas A&M AgriLife Extension Soil, Forage, and 
Water Testing Laboratory for nutrient analysis. No dif-
ferences between petiole treatments were observed 
for any nutrient. For leaf blades, manganese, zinc, 
and sulfur were highest in the unwashed treatments. 
Iron was highest in the unwashed treatment collected 
immediately after spraying. All washing treatments 
had higher manganese than the unsprayed treatment 
indicating contamination from the fungicide applica-
tion. These results suggest that leaf blades are more 
prone to fungicide contamination and that the washing 
technique employed was not sufficient.

Postharvest Broad Mite 
(Polyphagotarsonemus latus) Infestations 
in Arkansas Blackberry

Aaron J. Cato
2301 South University Ave, Department of Horticulture, 
University of Arkansas, Little Rock, AR, 72204

Broad mite, Polyphagotrasonemus latus (Trombidi-
formes: Tarsonemidae), is a pestiferous mite species 
with a worldwide distribution and a broad host range. 
Although it was once thought that broad mite only 
threatened greenhouse production in the United States, 
broad mite has been observed to damage many com-
mercial, in-field plantings of a specialty crops. Broad mite 
damage to blackberry, Rubus (Rosales: Rosaceae), was 
first observed in 2007 in Arkansas. Broad mites have 
been observed to mainly feed on the new growth of 
blackberry leaves and developing reproductive struc-
tures. Damage can be easily identified by distorted or 
twisted leaves, a decrease in distance between nodes 
on effected canes, an initial bronze appearance to new 
growth, and a purple discoloration or cane dieback in 
severe cases. Research at the University of Arkansas has 
indicated the potential for severe yield loss from early-
season broad mite infestations on primocane fruiting 
blackberry. Broad mite were observed to overwinter 
in leaf-litter at the base of canes and quickly distribute 
across entire fields once 1-5 mites were observed per 
leaflet. Uncontrolled populations effected growth of 
blackberry plants and resulted in decreased fruit set. 
Additionally, broad mite was found to be effectively 
controlled with 1–2 applications of Agri-Mek®, but no 
other labeled pesticides provided adequate control. 
Many gaps in broad mite knowledge and understand-
ing still exist. Severe broad mite infestations were 
observed for the first time after harvest in 2019, while 

no infestations were observed preharvest. No research 
has elucidated the process in which broad mite is able 
to damage blackberry, and no data currently exists 
on potential yield loss in floricanes following damage 
to the previous year’s primocanes. Only one labeled 
control option is known to be effective, which is not 
a sustainable or integrated approach to managing a 
pest with a high reproductive capacity. These gaps 
in understanding are further exacerbated by a range 
expansion in 2019, with the first observation of severe 
infestations in North Carolina and surrounding states. 
Ongoing research and collaborations by the University 
of Arkansas and North Carolina State University hope 
to fill-in gaps of knowledge with the goal of ultimately 
creating a sustainable pest management strategy for 
broad mite.

Freezing Temperature Responses of 
Flower Stigmas on ‘Pawnee’, ‘Kanza’, and 
‘Maramec’ Pecan Trees

Lu Zhang1*, Niels Maness1, and Justin Moss1

1Department of Horticulture & Landscape Architecture, 
Oklahoma State University, Stillwater, OK 74078

Spring freeze is one of the most severe issues that 
threaten Oklahoma pecan production. Statewide pe-
can production was halved in 2018 due to late spring 
freeze. However, it is not fully clear when the critical 
temperature is essential to buds/flowers development 
and how the improper ambient temperature influences 
pecan bloom qualities and synchrony, and which tools 
pecan growers can effectively apply to handle poor 
bloom with varying spring temperatures year after 
year. We conducted preliminary research this year to 
investigate the critical temperatures and durations 
that could damage pecan flowers. Pecan branches with 
buds/flowers at “bud scale shed” and “bloom” stages 
were collected and treated with a series of cool and 
cold temperatures: –6, –4, 0, and 4 °C for 1, 4, 8, and 
12 hours, separately. After the treatment, branches 
were cultivated in growth chambers which mimicked 
filed moderate climate situation for flowering. Flower 
qualities and stigma cells were checked at full bloom. 
Our results revealed flowers barely developed after 
the –6 and –4°C treatments. Interestingly, at the 4 °C 
treatment for 4 hours, though 4 °C is not a freezing 
temperature, male flowers were observed to have 
wilted and lacked the sprouting of female flowers on 
shoots collected at outer bud scale shed stage. Stigma 
cells, which support pollen reception and hydration, 
were found to have collapsed on the flowers with 4 
hour, 4 °C treated at early bloom stage. This reveals 
that “cold temperature” may be a more accurate term 
than “spring freeze” to describe the spring temperature 
issues in pecans. In other words, pecan flowers are 
more sensitive to temperatures beyond our traditional 
cognition. In addition, our research shows the flower 
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of ‘Maramec’ is more sensiitive to cold temperatures 
than ‘Pawnee’ and ‘Kanza’. In the future, we will narrow 
our precision on spring threshold temperatures and 
tolerant periods for pecan flowers. This knowledge is 
important for growers to better manage orchards, since 
insufficient or excessive field applications for avoiding 
cold stress (e.g. water spray, smudge pots) could either 
cause economic loss or plant damage.

Higher Renovation Pruning Height 
Improves Early Yields of ‘Woodard’ 
Rabbiteye Blueberry

Eric T. Stafne1* and Barbara J. Smith2

1South Branch Experiment Station, Coastal Research 
and Extension Center, Mississippi State University, 810 
Hwy 26 West, Poplarville, MS 39470, 2USDA-ARS Thad 
Cochran Southern Horticultural Laboratory, 810 Hwy 
26 West, Poplarville, MS 39470

Old, unproductive blueberry bushes are commonplace 
across Mississippi. While blueberries are relatively easy 
to grow, they will decline over time if not properly cared 
for. Eighteen ‘Woodard’ rabbiteye blueberry bushes 
were pruned at two different heights: ground level and 
50 cm. Phosphorous acid was also added as a treat-
ment in the first year; however, this had no effect on 
the bushes. Yields were collected and weighed. Bushes 
were measured and shoots counted. Cutting at 50 cm 
produced more shoots in 2018 (36 vs. 21) and taller 
bush height by 2019. Bushes pruned at 50 cm had 
much higher yields in both 2018 (319 g vs. 58 g) and 
2019 (3474 g vs. 626 g). Pruning at 50 cm vs. ground 
level provides a substantial yield benefit while having 
little to no difference in other measured parameters. 
Thus, pruning at 50 cm can provide growers with greater 
returns than pruning at ground level for ‘Woodard’ 
rabbiteye blueberry.

Additional Nitrogen Application May 
Reduce White Drupelet Disorder in 
‘Sweetie Pie’ Blackberry

Eric T. Stafne1* and Barbara J. Smith2

1South Branch Experiment Station, Coastal Research 
and Extension Center, Mississippi State University, 810 
Hwy 26 West, Poplarville, MS 39470; 2USDA-ARS Thad 
Cochran Southern Horticultural Laboratory, 810 Hwy 
26 West, Poplarville, MS 39470

White drupelet disorder in blackberries is an abiotic 
condition resulting from a genotype by environment 
interaction. While high temperatures and high light 
intensity have been implicated little is still known why 
this issue occurs. In this study, three treatments were 
applied to examine if addition of nitrogen can reduce 
white drupelet disorder on ‘Sweetie Pie’ blackberry over 
two seasons. Two nitrogen application treatments of 
100 kg·ha-1 were applied at one time and five separate 

applications spaced one week apart. One control treat-
ment of no additional nitrogen was also included. Berries 
were harvested and weighed as a total, then berries 
with white drupelets were separated out and weighed. 
The two values were divided to create a proportion 
and multiplied by 100 to make a percentage. Nitrogen 
application, whether at one time or over five applica-
tions, decreased the percentage of white drupelet 
berries from 9% to 6%. Occurrence of white drupelets 
was correlated with higher nighttime temperatures 
(r = 0.7944). While it is likely that multiple factors are 
involved in development of white drupelets, additional 
nitrogen can reduce the problem. This may be due to 
increase in biomass resulting in more shading or by 
reducing inhibition of photosynthesis.

Assessment of Size Controlling Peach 
Rootstocks for High Density Orchards in 
Alabama

Elina D. Coneva
101 Funchess Hall, Department of Horticulture, Auburn 
University, Auburn, AL 36849

The soilborn fungus Armillaria tabescens causing Armil-
laria Root Rot (ARR) disease is the second leading 
cause of peach tree mortality in the southeastern U.S. 
Estimated lifetime production losses attributed to ARR 
in peach crop average more than $5 million annually. 
Until recently, there were no commercially available 
rootstocks for peach with proven resistance to ARR 
pathogen in the United States. The newly released 
rootstock cultivar ‘MP-29’ offers the benefits of ARR 
resistance without the adverse effect on scion fruit 
size and productivity. Additionally, clonal P. persica 
rootstocks ‘Controller 8’ and ‘Controller 7’ also appear 
to be very promising size-controlling rootstocks for 
high-density peach orchards due to their potential 
to reduce management costs and provide economic 
sustainability. A site with documented ARR history was 
selected at the Chilton REC, AL to study the newly devel-
oped rootstocks for their disease resistance and assess 
their efficiency for high-density planting. The rootstock 
cultivars studied include ‘Controller 6’, ‘Controller 7’, 
‘Controller 8, ‘Rootpac 20’, and ‘Rootpac 40’, ‘MP-29’, and 
‘Guardian’ as a control. Scion cultivar is virus indexed 
‘Cresthaven’. The experiment was planted in 2017 as a 
randomized complete block design with 5 replications. 
The tree spacing used is 1.5 × 5 m. Results on tree vigor 
suggest that ‘MP-29’ is the slowest growing rootstock 
during 2017–19. The first commercial crop occurred in 
2019 when trees on ‘Guardian’ produced the highest 
total yield/tree, while trees on ‘MP-29’ had the highest 
yield efficiency. Trees grafted on ‘Controller 6’ produced 
the largest fruit of 276 g, and all tested rootstocks ad-
vanced crop maturity in comparison with ‘Guardian’. 
Studies will continue to evaluate the yield efficiency, 
profitability and rootstock feasibility for establishment 
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of high- density peach orchards. 

Response of Young Field-Grown Kiwifruit 
(Actinidia chinensis Planch. and A. 
deliciosa A. Chev.) Plants to Fall Frost

Tim Hartmann1*, David Creech2, Larry Stein3, 
and Justin Scheiner1

1Department of Horticultural Sciences, Texas A&M 
University, College Station, Texas 77843; 2SFA Gardens, 
Stephen F. Austin State University, Nacogdoches, TX 
75962; 3Department of Horticultural Sciences, Texas 
A&M University, Uvalde, TX 78802

Two-year-old field-grown kiwifruit (Actinidia chinensis 
and A. deliciosa) plants were evaluated for injury follow-
ing an unusually early freeze event of –4.1°C on Nov. 
14, 2018. All plants were still in active growth at the 
time of the event. Experimental design consisted of a 
randomized complete block design (RCBD) with three 
blocks of an average of five plants, with seven cultivars. 
Plant material included a mixture of cutting- and seed-
propagated material of both species, for a total of 113 
plants. Observations were made approximately six 
weeks after the frost event near Somerville, TX. Base 
diameter (BD) (mm) and maximum diameter damaged 
(MDD) (mm) provided a reference of plant size and 
crude measurement of damage intensity, as evident by 
presence of water-soaked necrotic and/or dehydrated 
tissue following the removal of a thin slice of periderm, 
vascular cambium, phloem, and xylem with a sharp 
knife. Percent of Base Diameter Damaged (PBDD) was 
calculated as MDD divided by BD and expressed as a 
percentage and provided an assessment of damage, 
unbiased by plants size. Percent of Shoot Damaged 
(PSD) was visually estimated as the percentage of 
entire shoot system exhibiting damage. Additionally, 
presence of basal damage (DB) and bark cracking (CB) 
were recorded in a binary manner. BD, MDD, PBDD, 
and PSD responded significantly (P < 0.0001) to cultivar, 
with clonal A. deliciosa cultivar AU Authur and A. chi-
nensis Sungold™ (‘ZEZY002’) seedlings exhibiting 79% 
and 19% PSD, respectively. With respect to species, A. 
deliciosa exhibited greater injury (PBDD, PSD, DB and 
CB) as compared to A. chinensis when all cultivars and 
only seedlings were compared. Basal damage and basal 
cracking proved unique to A. deliciosa, as DB ranged 
from 0% in Sungold™ seedlings to 100% in A. deliciosa 
‘AU Authur’ and ‘AU Fitzgerald’ (P = 0.005). In spite of 
having greater vigor (BD) (P < 0.0001), A. chinensis plants 
sustained less injury with respect to all parameters. 
There was no significant response to propagation 
method for injury, once plant size was accounted for. 
PBDD and PSD proved to be reliable field assays for 
documenting injury, based on their strong correlation 
value (r = 0.92). Results suggesting greater hardiness 
in golden kiwifruit were previously unreported and 
provide an improved outlook for commercialization of 

this crop in the southeastern U.S. 

Breeding for Prunus Rootstock Tolerance 
to Replant Diseases

Ksenija Gasic1*, Sarah Miller1, Goran Barac2, 
Christopher Saski1, Guido Schnabel1, and 
Gregory Reighard

1Department of Plant and Environmental Sciences, 
Clemson University, Clemson, SC 29634, USA; 2Faculty 
of Agriculture, University of Novi Sad, Novi Sad 21000, 
Serbia

Southeastern U.S. peach production is facing a sus-
tainability issue with replant diseases affecting the 
longevity and productivity of peach orchards. Two major 
replant problems that endanger peach production in 
the southeast (SE) are Peach Tree Short Life (PTSL) and 
Armillaria Root Rot (ARR). PTSL is a complex syndrome 
that includes susceptibility of rootstocks to nematodes 
(Meloidogyne spp.) and scions to bacterial canker (Pseu-
domonas syringae) infection. ARR in the SE is caused by 
the soil-borne fungus Desarmillaria tabescens that infects 
the root and colonizes the lower trunk, killing the tree 
by girdling. Trees on PTSL and ARR sensitive rootstocks 
may die prematurely on replant sites. South Carolina 
is ranked second in the nation for fresh market peach 
production, grossing ~$80 million annually from more 
than 17,000 acres. Annually ~4% trees die from replant 
diseases, mainly attributed to ARR, reducing growers’ 
income and viability of peach production. PTSL is con-
trolled with resistant rootstocks and almost all peach 
orchards in the SE are on the Guardian® peach root-
stock that is tolerant to PTSL, but susceptible to ARR. 
Management strategies for ARR are limited, as above 
ground root collar excavation system only extends the 
life of the orchard. Genetic resistance is the best long-
term solution. Therefore, development of rootstocks 
with both PTSL and ARR tolerance/resistance is at the 
utmost importance for survival of the SE peach indus-
try. There is only one commercially available rootstock, 
MP-29, that is resistant to both PTSL and ARR. However, 
its interspecific background presents propagation chal-
lenges in nursery production settings and horticultural 
characteristics require adjustments in production from 
growers. The latest discoveries in understanding the 
genetics behind the tolerance to both PTSL and ARR, 
and prospects for future development of tolerant root-
stocks will be presented.

Evaluation of Growth and Physiological 
Responses of HLB-affected Citrus Trees 
to Thermotherapy

Pawan Kumar1*, Megan Dewdney1, Evan 
Johnson1, and Tripti Vashisth1

Citrus Research and Education Center, University of 
Florida/IFAS, 700 Experiment Station Rd. Lake Alfred, FL 
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Huanglongbing (HLB) is a destructive disease of citrus 
caused by Candidatus Liberibacter asiaticus (CLas). 
Thermotherapy applications were found to be effec-
tive in controlling HLB in controlled conditions. Due 
to the widespread prevalence of HLB in many parts of 
the world, there is a need to evaluate the physiological 
response of HLB-affected citrus trees in open field con-
ditions post-thermotherapy. A two-year study was set 
up to investigate the physiological and transcriptomic 
responses of citrus trees under different growing sea-
sons post thermotherapy. Two-year old HLB-affected 
‘Valencia’ sweet orange trees were exposed to three 
short-duration thermotherapy treatments (untreated 
control, 55 °C/60 s, and 55 °C/120 s) in all four growing 
seasons (autumn, winter, spring, and summer). RNA 
sequencing analysis was conducted with winter and 
summer season leaf samples (7 d posttreatment) to 
better understand the changes at the transcriptomic 
level. The results show that the transcriptome response 
was dependent on the season as well as the duration 
of treatments, but no improvement was found in the 
measured physiological parameters. Moreover, a 
significant decline in canopy volume and branch leaf 
count was observed in autumn season. The results of 
transcriptomic studies reveal induction of plant stress 
and defense response along with the alteration of car-
bohydrate metabolism and hormone crosstalk related 
genes. Overall, our results showed that the given in-
filed thermotherapy treatments were not effective in 
improving the health of trees in any of the seasons. A 
more reliable strategy should be designed to improve 
the health of HLB-affected citrus trees, perhaps by 
targeting the whole plant including the roots to get 
effective results.

History, Inventory, and Contributions 
of the Small Fruit Program at Stephen F. 
Austin State University

David Creech* and Malcolm Turner
SFA Gardens, 2900 Raguet St., Stephen F. Austin State 
University, Nacogdoches, TX 75965 

SFA Gardens is 128 acres of on-campus property at 
Stephen F. Austin State University, Nacogdoches, TX. 
Soils are generally slightly acid and irrigation water 
quality is good. Since 1978, the program has a history 
of blueberry research, both rabbiteye and southern 
high bush. Two studies stand out as impactful. The first, 
1986–88, studied the impact of three above ground 
and four in-ground treatments on blueberry growth. 
The best treatment was 4 ft strip of Dewitt Pro-5® weed 
barrier after tilling in a 1.5 m wide strip of composted 
pine bark fines tilled in 0–15 cms deep. The second 
best treatment was 1.5 m wide strip of composted 
pine bark fines tilled in 0-15 cms and a 1.5 m wide 
strip of composted pine bark fines down the row. To 

verify the results in the following year, the plants were 
dug, above ground and root weights determined and 
root distribution were measured which revealed a 
significantly wider and heavier root system with both 
treatments. A second study analyzed soil, leaf, and ir-
rigation water analyses in 36 blueberry fields for three 
years (1986–88) and related those values to plant per-
formance. Low soil Ca, Mg, and Na was associated with 
the healthiest plants in this study. Low bicarbonates 
and low Na in irrigation water was critical to good plant 
performance. The data set remains a useful benchmark 
tool for blueberry growers in Texas. The SFA Gardens 
blueberry germplasm evaluation effort includes over 
114 cultivars and advanced selections, typically three 
of each. A muscadine grape vineyard was established 
in 2014 and includes over 72 cultivars and advanced 
selections. A fig variety planting was established in 
2014 that includes over 59 varieties. Finally, a kiwifruit 
project was initiated in 2010 and generated the first 
crop in Texas history in 2014 and has had good crop-
ping four out of six years. This TAMU/SFASU project has 
been funded for four years by a Texas Department of 
Agriculture Specialty Crop block grant. 

Effect of Calcium Sulfate on Southern 
Highbush Blueberry Establishment

Erick D. Smith1*, Chelsea Matewe2, and 
Jonathan Oliver2

2360 Rainwater Rd., Department of Horticulture, 
University of Georgia, Tifton, GA 31793; 22360 
Rainwater Rd., Department of Plant Pathology, 
University of Georgia, Tifton, GA 31793

Calcium Sulfate (CaSO4; Gypsum) soil amendments have 
been associated with improvements in soil drainage 
and can serve as a source of soluble calcium without 
increasing soil pH. Prior evidence has shown that soluble 
calcium (Ca2+) has the potential to disrupt the infection 
process of important soilborne pathogens such as Phy-
tophthora cinnamomi, which causes root rot in blueberry 
(Vaccinium sp.). In two separate experiments, gypsum 
was soil applied to determine its effect on southern 
highbush blueberry (SHB; V. corymbosum interspecific 
hybrid) cultivars ‘Emerald’ and ‘Farthing’. The objectives 
of this work was to determine the effect of gypsum on 
nutrient composition in the plant, plant growth, fruit 
quality, and P. cinnamoni root infection and abundance. 
At the Alapaha Blueberry Research Farm, ‘Emerald’ and 
‘Farthing’ SHB plants were established in Feb. 2018 
received one of 4 treatments: 1. gypsum and fungicide 
(potassium salts of phosphonic acid), 2. gypsum and 
no fungicide, 3. no gypsum and fungicide, and 4. no 
gypsum and no fungicide. At the site in Ware County, 
4th leaf ‘Farthing’ were either treated with gypsum or 
left untreated in March 2018. All gypsum was applied 
at 2240 kg/ha. From the sites, isolates were collected, 
identified as P. cinnamomi, cultured, and applied to the 
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soil to increase inoculum availability. At Alapaha, plants 
were measured for height, and destructively harvested 
in Nov. 2019. ‘Farthing’ showed a significantly higher 
incidence of root infection as compared to ‘Emerald’ 
throughout the duration of the experiment (P < 0.05). 
‘Emerald’ untreated plants were 19% taller than gypsum 
treated plants. There was no significant difference in 
growth in the ‘Farthing’ treatments. Calcium were in 
greater concentrations in the shoots compared to the 
root within each treatment and sulfur did not show 
significant differences in concentration within each 
treatment. Between the treatments, Ca and S were 
not significant when comparing within the cultivar. At 
the Ware County site, ‘Farthing’ was assessed for soil 
minerals, leaf tissue nutrient content, fruit quality of a 
single harvest in June 2018, and P. cinnamomi incidence 
was assessed in Oct. 2018. There was no significant dif-
ference in Ca and S in the soil and leaf tissue. Individual 
fruit weight and diameter were 8% and 4% greater in 
the gypsum treated fruit. At this site, incidence of P. 
cinnamomi was relatively low at 1.1% for both gypsum 
treated and untreated plants. Taken together, the 
results of this study indicate that gypsum applications 
did not have a significant effect on root rot incidence 
or plant growth. 

Fruit Characterization of Ecuadorian P. 
serotina subsp. capuli

Sakshi Pathania1*, Juan C. Carrasco2, Carlos R. 
Chavez2, Luis Fiallos3, and Dario J. Chavez1

1University of Georgia, Department of Horticulture, 
Griffin, GA, USA; 2Faculty of Natural Resources, Escuela 
Superior Politécnica de Chimborazo, Riobamba, 
Ecuador; 3Faculty of Livestock Sciences, Escuela 
Superior Politécnica de Chimborazo, Riobamba, 
Ecuador

Prunus serotina (Black cherry) is the largest native cherry 
tree present in the U.S. comprising of five subsp.: sero-
tina, eximia, hirsuta, virens and capuli. P. serotina subsp. 
serotina fruit are small and astringent, making them 
unsuitable for human consumption. P. serotina subsp. 
capuli fruit are large and tasty, suitable for human con-
sumption and easily available in agricultural markets. Its 
fruit have important nutraceutical properties. However, 
no commercial varieties are currently available. The 
objective of this research was to characterize fruit col-
lected from twelve capuli genotypes growing in the wild 
in three provinces of Ecuador (Cotopaxi, Chimborazo 
and Tungurahua) in 2016, 2018, and 2019. The follow-
ing measurements were taken: ten fruit weight (g), Brix 
and fruit height (mm) and diameter (mm). ANOVA was 
performed and all factor effects (genotypes, year, and 
genotype*year) were statistically significant for ten fruit 
weight, Brix, and fruit diameter. For fruit height, only 
differences among genotypes were observed. Genotype 
PserTU48 had the highest ten fruit weight mean for the 

year 2016 (43.7g), 2018 (36.7g) and PserTU53 for 2019 
(50.3g). Spearman rank correlation confirmed that ac-
cessions that have higher fruit weight one year also tend 
to have higher weight other years (rs2016vs.2018 = 0.78 and 
rs2018vs.2019 = 0.62, P < 0.001). Genotype PserCH142 had 
the highest Brix values for the year 2016 (27.6), 2018 
(24.4), and PserTU75 had the highest for the year 2019 
(25.1). Spearman rank correlation for Brix showed no 
correlation across years. For fruit diameter, genotype 
PserTU48 for 2016 (18.8mm), PserTU53 for 2018 (20.1 
mm), and 2019 (21.7 mm), had the highest diameters. 
Genotype PserTU53 had the highest fruit height (21mm) 
among the genotypes. Spearman rank correlation for 
fruit diameter and height reported high correlations 
within a year (rs2016Diavs.2016Hei = 0.88, rs2018Diavs.2018Hei = 0.61, 
rs2019Diavs.2019Hei = 0.76; P < 0.001) but not for between 
years. The results of this study can be used to identify 
genotypes with superior fruit characteristics for the 
future breeding and selection of superior genotypes.

Postharvest and Biotechnology 
Section
Diabetes to Cancer: Plants in Oklahoma 
That Can Make a Difference 

Niels Maness1*, Jonathan Fenhaus2, Katelyn 
Stenmark1, and Lu Zhang1

1Department of Horticulture and Landscape 
Architecture, Oklahoma State University, Stillwater, 
OK 74078; 2Department of Biology and Chemistry, 
University of Science and Arts of Oklahoma, Chickasha, 
OK 73018

Pecans and eastern red cedar are being investigated for 
their human nutritional and pharmaceutical benefits. 
Pecan oil nutritional components of particular benefit to 
diabetic health are being assessed for ‘Pawnee’, ‘Kanza’ 
and native pecan populations at different locations in 
Oklahoma. Quantities of γ-tocopherol, ranging from 70 
to in excess of 170 µg·gm-1 oil, are being documented 
for putative activity in free nitrogen radical scavenging 
to promote wound healing and prevent infection which 
can lead to diabetic amputation. β-sitosterol, ranging in 
quantity from 1.2 to 1.4 mg·gm-1 oil, is being quantified 
to document potency for putative activity in promoting 
insulin production and antioxidant activity. Eastern red 
cedar foliage is a documented source of podophyllotoxin 
(Ptox), with quantities averaging 0.7 mg·gm-1 dry foliage. 
Ptox is a scaffold compound in various drugs utilized in 
current cancer therapy. It also shows promise for new 
drugs being tested in clinical trials. Prior work showed 
Ptox was only found in substantial quantities in the 
eastern red cedar foliage, that foliage Ptox quantities 
were stable across most locations in Oklahoma regard-
less of season, and that Ptox was stable to field drying. 
Methods to harvest foliage and subsequently extract 
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and purify Ptox from foliage are being developed to 
promote commercial use of this invasive species, with 
an ultimate goal of replacing the endangered Indian 
mayapple as the predominant resource for Ptox for 
use in cancer drug formulation. 

Postharvest Extraction of Pecan 
Oil: Quantitation of Tocopherols, 
Tocotrienols, and Squalene in Oklahoma 
Pecan Cultivars

Jonathan Fenhaus1*, Niels Maness2, and Lu 
Zhang2

1Department of Biology and Chemistry, University 
of Science and Arts of Oklahoma, Chickasha, OK 
73018; 2Department of Horticulture and Landscape 
Architecture, Oklahoma State University, Stillwater, OK 
74078

The phytochemical profile [concentration (µg·gm-1) of 
tocopherol and tocotrienol homologues, and squalene] 
was assessed for ‘Kanza’ (grown in Cleveland, OK, and 
harvested at 2015 and 2017; grown in Perkins, OK, and 
harvested in 2018) and ‘Pawnee’ (grown in Madill, OK, and 
harvested in 2011 and 2012; grown in Charlie, TX, and 
harvested in 2011 and 2012) pecan cultivars. Optimiza-
tion of three methodology procedures was investigated: 
HPLC column selection (LC-18-DB vs. F5), oil extraction 
solvent [chloroform:methanol (1:1, v/v) vs. hexane] and 
saponification duration. Ground pecans were extracted 
with chloroform:methanol. Gravimetric pecan oil quan-
titation was determined through hexane. Tocopherols, 
tocotrienols and squalene (HPLC with F5 column) were 
extracted via chloroform:methanol solvent system. 
Pecan oil yield with hexane was lower (~67%) than 
chloroform:methanol (~72%), yet had less particulate 
contaminates in comparison. Chloroform:methanol had 
a higher recovery of γ-tocopherol and squalene (~90-
160 µg·gm-1 and ~150-260 µg·gm-1 respectively) than 
hexane (~80 µg·gm-1 and ~250 µg·gm-1 respectively). F5 
column was utilized for quantitation as it successfully 
separated β and γ homologues. Saponification at 2 hours 
maximized the recovery of investigated phytochemicals. 
γ-tocopherol was the predominant tocopherol with 
minute quantities of other tocopherol homologues (>5 
µg·gm-1). Tocotrienol homologues were not detected. 
There was no noticeable difference between cultivars 
and locations; however, there was a year-to-year 
difference. γ-tocopherol appeared to decrease over 
storage time (Kanza-2015: 70 µg·gm-1 vs. Kanza-2017: 
95 µg·gm-1; Pawnee-2011: 48 µg·gm-1 vs. Pawnee-2012: 
85 µg·gm-1), whereas squalene concentration was vari-
able regardless of location, year harvested or cultivar 
(130–250 µg·gm-1).

Harvesting, Extraction Processing and 
Purification of Podophyllotoxin from 
Eastern Red Cedar (Juniperus virginiana L.) 

in Oklahoma
Katelyn Stenmark* and Niels Maness 

Department of Horticulture and Landscape 
Architecture, Oklahoma State University, Stillwater, OK 
74078

Podophyllotoxin (Ptox) is a scaffold compound used 
in pharmaceuticals from chemotherapy drugs to 
topical solutions for human papillomavirus symptoms. 
Originally sourced from the rhizomes of the now en-
dangered Indian Mayapple (Podophyllum emodi Wall.), 
Ptox can also be found in the foliage of Eastern Red 
Cedar (Juniperus virginiana L.; ERC). In Oklahoma, ERC 
has presented itself in a very unpopular way because 
of its ability to encroach rapidly and greatly reduce soil 
water and grazing area. ERC is a threat to the agricul-
tural community of Oklahoma. As a nuisance tree, the 
discovery of Ptox has sparked an interest in the harvest 
of ERC for Ptox production. Current research has been 
aimed at the formulation of a harvest, extraction and 
purification process that can be used commercially. 
Extracting the compound from the foliage required the 
determination of solvent, extraction duration, feedstock 
ratio and extraction temperature. These extraction 
variables were tested and the greatest yield of Ptox 
resulted from the combination of a 60ºC extraction 
temperature in an aqueous 20% ethanol solvent for a 
one-hour duration with a 1:20 feedstock ratio (100 mg 
in 2.00 mL). The crude extract was then enriched with 
macroporous resin. In a packed column, Ptox will adsorb 
to macroporous resin in a 20% ethanol solvent, and 
will not elute. After adsorbing Ptox, undesirable com-
pounds were washed away with 20% ethanol. Ethanol 
concentrations of 40% or greater eluted Ptox from the 
resin by desorption. Macroporous resin was a necessary 
step to enrich the crude extract, while concentrating 
the Ptox in solvent to a smaller volume for crystalliza-
tion. Further research will determine how repeated 
solvent precipitation with sodium carbonate, followed 
by extraction in ethyl acetate, and re-crystallization in 
a chloroform: methanol solvent can purify Ptox from 
ERC foliage to pharmaceutical standards.

Pumpkin Postharvest: Stem Retention 
and Moisture with Storage

Penelope Perkins-Veazie1*, Marlee Trandel1, 
Jonathan Schultheis2, and Travis Birdsell3

1Plants for Human Health Institute, Department of 
Horticultural Science, North Carolina State University, 
Kannapolis, NC 28081; 2 2721 Founders Dr, Department 
of Horticultural Science, North Carolina State 
University, Raleigh, NC 27695; 3134 Government Circle 
Suite 202, Jefferson, NC 28640

Ornamental pumpkins (C. pepo and C. maxima) are 
harvested in early September in North Carolina and 
must hold up for retail sale until the end of October. A 
sturdy and robust stem and freedom from decay are 



S411HortScience 55(9) Supplement – Sr-ASHS AnnuAl meeting

key postharvest attributes. Powdery mildew can cause 
pumpkin stems to collapse or abscise prematurely in 
storage. Pumpkins of ‘Hijinks’, ‘Bisbee Gold’, and ‘Warty 
Gnome’ were harvested from plots sprayed or not 
sprayed with copper sulfate (used for powdery mildew 
control). Two blocks per treatment, consisting of a total 
of 16–20 pumpkins per treatment were used. Half of 
these pumpkins were then sprayed with a 0.9% sodium 
hypochlorite solution. Pumpkins were stored on wire 
shelves with cardboard in a controlled environment 
room at 12 °C and 60% relative humidity. Few stems 
abscised and few fruit had decay. No differences were 
seen among copper sulfate or bleach treatments. After 
6 weeks, weight loss was lower for ‘Warty Gnome’ (6%), 
compared to 10% for ‘Hijinks’ and ‘Bisbee Gold’. Stem 
weight and percent dry weight were highly correlated to 
stem length and diameter. ‘Bisbee Gold’ had very thick 
stems, with a fresh weight of about 60 g, compared 
to 18 and 8 g for ‘Hijinks’ and ‘Warty Gnome’ stems, 
respectively. However, % dry weight was reversed, 
with 63, 45, and 25% dry weight for ‘Warty Gnome’, 
‘Hijinks’ and ‘Bisbee Gold’, respectively. After 6 weeks 
storage, % stem moisture content was 20% for ‘Hijinks’ 
and ‘Warty Gnome’ and 40% for ‘Bisbee Gold’. Force to 
remove stems at day 0 was highest for ‘HiJink’s (220 N), 
followed by ‘Bisbee Gold’ (170 N) and ‘Warty Gnome’ 
(130 N). Pumpkin genotypes showed clear differences 
in weight loss and stem removal force, although stem 
removal force was not directly related to stem size or 
drying rate. Stem retention was high for all treatments 
under the controlled environment but may be greatly 
altered if stored in large bins at ambient conditions.

Evaluating Rhubarb as a New Crop for 
North Carolina

Penelope Perkins-Veazie1*, Danelle Cutting2, 
Der Holcomb3, Lenny Rogers3, Kira Sims4, 
Hunter Barrier5, Matt Lenhardt6, Lauren Hill7, 
April Vigardt8, Michael Fine9, and Elina Snyder10

1Plants for Human Health Institute, Department of 
Horticultural Science, North Carolina State University, 
Kannapolis, NC 28081; 2217 S Main St, Salisbury, NC 
28144; 3151 W Main Ave., Taylorsville, NC 28681; 4___; 
58530 Sherrills Ford Rd, Salisbury, NC 28147; 6444 
Bristol Dr, Statesville, NC 28677; 7715 Cabarrus Ave W, 
Concord, NC 28027; 81175 S Brady Ave # 2, Newton, 
NC 28658; 92727 Old Concord Rd, Sailsbury NC 28146; 
10416 Executive Dr, Wilkesboro, NC 28697

Rhubarb, an early spring petiole vegetable popular 
in cold climates, has experienced a surge of culinary 
interest in the southern U.S. ‘Victoria’ seedlings were 
planted at various sites around North Carolina over 
two years to evaluate its potential use as a marketing 
partner with strawberries. In the Piedmont area, where 
spring temperatures tend to quickly rise from 10 to 22 
°C, petioles were short (usually under 30 cm) and tend 

to be more green rather than red in color, probably due 
to warm night temperatures. In 2017, petioles pulled 
from plants grown on beds covered with white, black, 
red, silver or no mulch were compared for postharvest 
quality after 2 weeks at 4 °C. Petioles were stored in 
sealing plastic bags with a 7 cm gap at the top for air 
exchange. Average stem weights were similar, ranging 
from 100–120 g. Red color rating was 72% for petioles 
from bare or silver mulch and 51–60% for those from 
other mulch colors. Limber or flexible petioles were 
highest from white mulch (60%) and lowest from no 
mulch (17%). A subsample of petioles were cut at the 
base prior to storage. Cut areas turned an unattract-
ive dark brown. In 2018, ‘Victoria’ and ‘Crimson Stalk’ 
petioles harvested from seeded plants grown on black 
mulch were held in plastic bags for 4 weeks at 4 °C. 
Decay appeared at 3 weeks of storage. At two weeks, 
weight loss was higher (1.8%) for the thinner stalks of 
‘Crimson Stalk’ compared to 0.7% for ‘Victoria’. Force to 
puncture stems was 60–80 N from the base to petiole 
end for ‘Victoria’ and 35–40 N for ‘Crimson Stalk’. The 
soluble solids content decreased from 6–3% between 0 
and 4 weeks of storage and titratable acidity decreased 
from 2.5–1.3% citric acid equivalents. Recommended 
storage of rhubarb on a small production scale is to 
hold petioles in plastic bags to reduce weight loss and 
flexibility and at temperatures of 2–4 °C for two weeks.

Impact of Postharvest and Processing 
of Fruits and Vegetables on Nutritional 
Security

Bhimanagouda S. Patil, G.K. Jayaprakasha, 
Jashbir Singh, and Pratibha Acharya

Vegetable and Fruit Improvement Center, Department 
of Horticultural Sciences. USDA National Center of 
Excellence, Texas A&M University, College Station, TX 
77843

Fruits and vegetables are rich sources of micronutrients, 
macronutrients and health promoting compounds. 
Due to their limited shelf life and perishable nature of 
fruit and vegetables, appropriate postharvest handling 
and processing plays a critical role to reduce the post-
harvest loss and improve food quality. Advancements 
in food processing have resulted in the expansion of 
novel techniques such as high-pressure processing 
(HPP) with ultraviolet (UV) treatment, pasterization, 
and high hydrostatic pressure processing. Recently, the 
demand of the processed foods with enhanced health 
benefits phytonutrients has increased and it has been 
commercially implemented worldwide. Several HPP 
fruit juices are available in the market. These minimally 
processing techniques will influence the stability, bio-
availability and bioaccessibility of the bioactive com-
ponents. Moreover, common household processing 
techniques such as blending, squeezing, and juicing 
techniques influence the levels of phytochemicals. For 
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example, juicing and blending of grapefruits showed 
significantly higher levels of ascorbic acid and citric acid, 
respectively. Similarly, blended grapefruit juice showed 
higher levels of flavonoids. Watermelon postharvest 
studies have demonstrated that physico-chemical 
characteristics and the levels of bioactive compounds 
(carotenoids, l-citrulline and total ascorbic acid) were 
maintained and/or enhanced in watermelons at 10 d of 
storage compared to the fresh watermelons. However, 
l-citrulline and total ascorbic acid were significantly re-
duced in watermelons after 20 d of storage. This study 
was supported by Research award #SC-1607-013 from 
Texas Department of Agriculture and United States De-
partment of Agriculture-NIFA-SCRI- 2017-51181-26834 
through National Center of Excellence for Melon at 
the Vegetable and Fruit Improvement Center of Texas 
A&M University.

Effect of Ethylene De-greening Treatment 
on Fruit Quality and Postharvest Storage 
Life of HLB-affected Mandarin Cultivars

Faisal Shahzad1*, Jeffrey K. Brecht2, Yu Wang1, 
Fred Gmitter1, Mark A. Ritenour3, and Tripti 
Vashisth1

1700 Experiment Station Rd, Citrus Research and 
Education Center, Lake Alfred, FL 33850; 2Horticulture 
Sciences Department, IFAS, Gainesville, University of 
Florida, FL 32611; 3Indian River Research and Education 
Center, Ft. Pierce, University of Florida, FL 34945-3138

Huanglongbing (HLB; citrus greening) has become a seri-
ous threat to citrus industry worldwide. About 80–90% 
of citrus trees in Florida are estimated to be affected 
by HLB, resulting in >70% decline in citrus production 
over the last decade. HLB-affected fruit are often of 
poor quality, lopsided, small size with non-uniform peel 
color. In addition, fruit with HLB symptoms have an off 
flavor and higher acidity, which makes these fruit less 
desirable or even unmarketable. A comparative study 
was conducted to evaluate the effect of ethylene treat-
ment on the quality of symptomatic and asymptomatic 
HLB-affected mandarin fruit. This study was designed 
as a completely randomized design with four replicates 
of asymptomatic and symptomatic fruit from HLB-
affected ‘LB8-9’. Treated fruit were exposed to 5 ppm 
ethylene at 25 °C with 90-95% relative humidity (RH) 
for 72 hours. The fruit were then stored at 25 °C with 
85% RH for 14 days storage period. In symptomatic 
fruit, fruit weight, diameter, peel thickness, number of 
healthy seeds, peel a-b ratio, chroma values, and TSS-
TA ratio decreased, whereas, compression force, TSS 
and TA content increased compared to asymptomatic 
fruit. Sensory evaluation using Hedonic 9-scale showed 
lower scores for sourness in ethylene-treated fruit than 
the control fruit. Ethylene had no effect on compres-
sion force, puncture force, TSS, TA, TSS-TA ratio, sugars 
(sucrose, glucose and fructose) and organic acids (citric 

acid and malic acid). Ethylene-treated fruit increased 
peel a-b ratio, chroma value, and decreased hue angle 
values indicating improvement in peel color attributes. 
Overall, ethylene improved the fruit sensory quality 
and fruit peel color attributes of HLB-affected ‘LB8-9’ 
however, the efficacy of ethylene treatment depends 
on whether fruit are symptomatic or asymptomatic.

Vegetable Section
Effects of Carolina Strongback 
Watermelon Rootstock on Grafted 
Greenhouse Cucumber Production

Richard L. Hassell and Brian K. Ward*
Plant and Environmental Science, Department of 
Horticulture, Clemson University Coastal Research and 
Education Center, Charleston, SC 29414

The goals of this study were to determine if non-
gourd (Cucumis ficifolia) or a non-inter specific hybrid 
squash (C. maxima × C moschata) can be grafted to a 
parthenocarpic greenhouse cucumber (C. sativus L. 
cv. ‘Camaro’) Although grafting is not necessary for 
greenhouse conditions due to the lack of disease in 
sterile potting media. However, grafting can lead to 
more fruit per plant and extend holding time on the 
plant. However, grafting seems to affect earliness and 
delay firsts harvests. This study was initiated to see 
if earliness was delayed parthenocarpic greenhouse 
cucumbers when grafted to C. amarus × C. amarus L. 
cv. ‘Carolina Strongback’. Rootstock was seeded Sept. 4, 
2019, scion seeded Sept. 9, 2009, grafted Sept. 25, 2019, 
and planted in the greenhouse Oct. 8, 2019. Grafted 
plants were planted in five-gallon pots using Sungro 
3B and plants were trellised using cone shape tomato 
cages. Standard commercial greenhouse fertility and 
pest control and cultural practice were used through 
the duration of the study. A randomized complete 
block experimental design was used where a bench 
was a block with 4 replications and treatment plots of 
grafted and a non-grafted control, consisting of 5 pots 
each with one plant per pot. Harvests were made when 
fruit achieved 12–16 inches in length. In the first harvest 
on Nov 19, 2019 grafted plots yielded 60% significantly 
more fruit than the control at 6.2 fruit and 3.5 fruit per 
plot respectively. In the second harvest Dec. 2, 2019, the 
grafted plants yielded 34% significantly more fruit than 
the control at 11.8 and 7.8 fruit per plot respectively. 
With a total of 4 harvests depicting earliness and po-
tential delays, grafted plants yielded 23% significantly 
more fruit than the control with 25.1 and 17.0 fruit 
per plot respectively. In conclusion, plants grafted to 
‘Carolina Strongback’, a rootstock bred for watermelon 
grafting and fusarium and nematode resistance actu-
ally significantly increased the number of early fruits 
over the non-grafted control. More work is scheduled 
for the coming future with ‘Carolina Strongback’ and 
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other rootstocks to more fully understand the affects 
of grafting on earliness.

Quantifying Nutrient and Water Uptake 
for Edible Plant Species Grown in Closed 
Hydroponic Systems

Lauren L. Houston* and Ryan W. Dickson
316 Plant Sciences, Department of Horticulture, 
University of Arkansas, Fayetteville AR 72701

Due to the overaccumulation of soluble salts in most 
closed hydroponic systems, nutrient management 
practices have the potential to be improved by using 
a mass balance approach to formulate refills solu-
tions that directly meet plant demands. Seven species 
of vegetables and herbs were grown in small scale 
closed hydroponic systems and supplied with a 0.5× 
Hoagland’s solution at 100 mg/L N. All species were 
evaluated for the uptake of water and individual mac-
ronutrients across three NH4:NO3 ratio treatments and 
replicated 4 times. Plants were established in a 0:100 
NH4:NO3 solution before being transplanted into either 
0:100, 15:85, or 30:70 treatment solutions. Plants were 
vegetative and grown in a controlled environment 
for 6 days. The remaining nutrient solution was then 
analyzed for remaining nutrients and amount of water 
depleted. Nutrient requirements were calculated per 
species, NH4:NO3 ratio, and replicate by dividing the 
amount of individual nutrients taken up (mg) by the 
amount of dry mass gained (g). Water requirements 
were similarly calculated by dividing the volume of 
water depleted (L) by the dry mass gain (kg) per spe-
cies, NH4:NO3 ratio, and replicate. All species varied in 
dry mass gained, the volume of water consumed, and 
in uptake of P, Ca, and Mg NH4:NO3 ratio also had a 
main effect on the uptake of Ca and Mg. There was no 
species and NH4:NO3 interaction. All species exhibited 
similar transpiration to growth ratios, averaging 308:1. 
Concentrations of individual nutrients to be supplied 
within a refill solution can, therefore, be calculated by 
dividing the mass of nutrients taken up per gram of dry 
mass gained by the transpiration to growth ratio, based 
on species and NH4:NO3 ratio. Predicted refill solution 
concentrations varied between species and NH4:NO3 
ratios. Most species observed required reduced con-
centrations of Ca and Mg in a refill solution, as opposed 
to what was applied by the 0.5× Hoagland’s solution, 
indicating that Ca and Mg would eventually build up in a 
closed system that continued to supply nutrients at the 
same rate, eventually leading to soluble salt stress and 
potential toxicity. By formulating refill solutions based 
on the mass balance approach in the future, growers 
may be able to avoid more costly nutrient maintenance 
strategies and optimize plant growth.

Effect of Multi-cropped Plastic Mulching 
on Yellow Squash and Zucchini 

Production
Andre Luiz Biscaia Ribeiro da Silva, Joara Secchi 
Candian, and Elizanilda Ramalho do Rego

4604 Research Way, Department of Horticulture, 
University of Georgia, Tifton, GA 31793

Benefits of plastic mulching in vegetable production 
are well known in single crop plastic and include higher 
yields, earlier harvests, and decreased water usage. 
However, growers often try to use the same plastic 
mulch for multiple crop seasons, in order to amortize 
their costs over multiple cropping seasons. Sustain-
able best management practice for this use of plastic 
mulching in vegetable production is little known and is 
required to help growers to effectively reduce inputs 
without affect crop yield. The objective of this study was 
to evaluate the effects of multi-crop plastic mulching 
systems on soil proprieties and yield of yellow squash 
and zucchini. Field experiments were conducted in col-
laboration with a vegetable grower in Georgia. Fields 
with first, second, and third plastic were planted with 
yellow squash and zucchini in a randomized complete 
block design (r = 4) for each crop. Soil compaction and 
soil moisture content were measured at 0, 20, and 40 
days after planting (DAP), and biomass accumulation 
and yield were measured at harvest. Regardless of 
vegetable crop, soil compaction was higher for second 
and third plastic compared to first plastic at 0 and 20 
DAP, while the third plastic had the highest soil com-
paction at 40 DAP, followed by second plastic and first 
plastic. Soil compaction in the root zone of both crops 
averaged 760, 1363, and 1941 kPa at 40 DAP. Soil water 
distribution was directly impacted by soil compaction. 
There was a shortage of soil water availability with the 
increase in soil compaction. Soil moisture was 2-fold 
and 3-fold lower for second and third plastic compared 
to first plastic at 20 and 40 DAP, consequently, there 
was a reduction in yield and biomass accumulation that 
similarly responded to second and third crop plastic. 
Yield reduction was10% from first crop plastic to both 
second and third crop plastic on yellow squash, and 
22% and 30% from first crop plastic to second and 
third crop plastic on zucchini, respectively. The effect of 
multi-cropping plastic should be evaluated in additional 
vegetable crops to identify ideal crop rotation.

Farmers’ Opinions of Cover Crop 
Integration in Specialty Crop Systems 
in Puerto Rico and St. Croix, U.S. Virgin 
Islands

Danielle D. Treadwell1*, Jose Perez1, Stuart 
Weiss2, and David Campbell1

1PO Box 110690 Horticultural Sciences Department, 
University of Florida-IFAS, Gainesville, FL 32653; 
2Agricultural Research Station, University of the Virgin 
Islands, RR#1, Box 10,000, Kingshill, VI 00850
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As of 2017, farmers reported 15.5 million acres in cover 
crops in the continental U.S. and most of that acreage 
is within row cropping systems, including corn and soy. 
To better understand the educational needs of specialty 
crop farmers in the U.S. tropics interested in cover crops, 
we designed a survey instrument to document farmers’ 
perceived barriers to adoption and their priorities and 
preferences for educational content. Study methods 
were approved and granted Exempt status by the 
University of Florida’s Institutional Review Board (IRB 
201802091). Eleven farmers voluntarily participated in 
a one-hour face to face interview in Puerto Rico and St. 
Croix. Their operations ranged from four to 2,500 acres 
with the predominant crops: plantain, banana, sweet 
potato and diversified vegetables. Farmers leased (n=5) 
or owned (n=6) land. Farmers sold directly to consumers 
(n=4), to local or national retailers (n=7), and the export 
market (n=3). Nine farmers used cover crops in the past 
and only two were currently using them. Farmers cited 
a variety of objectives for using cover crops including 
weed suppression, nematode suppression, soil quality 
improvements, and water conservation. Five farmers 
preferred using a fallow period (typically native vegeta-
tion) to cover crops during breaks in the crop cycles. 
Tropical legumes were popular cover crops, including 
jack bean [Canavalia ensiformis (L.) DC.] velvet bean [Mu-
cuna pruriens (L.) DC.] as well as cereal rye [Secale cereale 
L.] and buckwheat [Fagopyrum escluentum Moench]. The 
primary barrier to cover crop adoption in the tropics 
was the lack of experienced farmer-mentors (n=11), 
followed by a lack of time (n=9), limited labor (n=9), 
availability and expense of seed (n=7), and concerns 
about cover crops serving as alternate hosts for crop 
pests (n=7). Farmers expressed a preference for face 
to face education, but electronic media, particularly if 
developed with farmer collaboration, could also be an 
effective tool to increase knowledge about cover crops.

Weed Control in Bok Choy following 
Cover Crops with and without 
S-metolaclor

Peter J. Dittmar1* and Nathan Boyd2

1Horticultural Sciences Dept., University of Florida, 
Gainesville, FL 32611, 2Gulf Coast Research and 
Extension Center, Horticultural Sciences Department, 
Wimauma, FL 33598

Florida vegetable growers plant cover crops during the 
fallow period to suppress weeds, control nematodes, 
and improve soil structure. The application of preemer-
gence herbicides during the summer fallow period can 
decrease weed populations in the fall planted vegetable 
crop. Cover crops have different canopy structures 
that influence light penetration to the soil surface. 
Field experiments were planted in 2016 to evaluate 
s-metolachlor applied in cover crops for weed control 
in fall planted bok choy. Treatments were sorghum 

sudangrass with or without s-metolachlor, sunn hemp 
with or without s-metolachlor, cowpea with or without 
s-metolachlor, two applications of glyphosate, and 
nontreated fallow period. Early weed control in the 
cover crop was not different between the treatments. 
At 4 weeks after planting the bok choy, two applications 
of glyphosate during the fallow period had the lowest 
number of nutsedge compared to the other treat-
ments. Sorghum sudangrass with s-metolachlor had 
greater control of nutsedge in the bok choy compared 
to sorghum sudangrass alone. No differences were 
observed between treatments for grass and broadleaf 
weed populations in bok choy. The use of s-metolachlor 
during the summer cover crop is dependent on the 
canopy structure of the cover crop and the types of 
weeds that are in the field.

Comparison of Tomato Genotypes 
Grown Under Conventional and Organic 
Production System for Nutrient 
Composition and Fruit Quality

Dilip R. Panthee1* and Penelope Perkins-
Veazie2

1455 Research Dr., Department of Horticultural Science, 
Mountain Horticultural Crops Research & Extension 
Center, North Carolina State University, Mills River, 
NC 28759; 2600 Laureate Way, Plants for Human 
Health Institute, NC Research Campus, Department of 
Horticultural Science, North Carolina State University, 
Kannapolis, NC 28081

The organic vegetable market continues to grow 
rapidly in the U.S. There is a broad perception that 
organic produce is better than conventional product 
because of reduced synthetic pesticide and fertilizer 
and stimulation of phytochemicals through plant 
defense responses, This experiment was done to de-
termine tomato genotypic responses under conven-
tional and organic production system for nutrient and 
phytochemical composition, and specifically if nutrient 
content at the vegetative stage would translate to bet-
ter fruit quality. We evaluated six tomato genotypes 
with two replications under organic and conventional 
production systems at the Mountain Research Station, 
Waynesville, NC. Nutrient analysis was performed from 
vegetative (leaf) and reproductive (fruit) parts at three 
growth stages. Results indicated that fruit quality and 
nutrient content from the conventional system was 
inconclusive since the results were not consistent over 
years. Although fruits from the conventional system 
were firmer, soluble solids content (SSC) was higher 
from fruit from the organic production system. There 
was no difference between production systems for 
lycopene content. Genotypes differed significantly (P 
< 0.05) for most of the nutrients except nitrogen and 
sulfur in leaves and fruit. Fruit quality measures of 
firmness, SSC and titratable acidity differed among 

https://maps.google.com/?q=600+Laureate+Way,+Suite+1329+Kannapolis+NC%C2%A0+28081+704&entry=gmail&source=g
https://maps.google.com/?q=600+Laureate+Way,+Suite+1329+Kannapolis+NC%C2%A0+28081+704&entry=gmail&source=g
https://maps.google.com/?q=600+Laureate+Way,+Suite+1329+Kannapolis+NC%C2%A0+28081+704&entry=gmail&source=g
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genotypes but not for fruit pH, total lycopene, or total 
phenolic content. A detailed correlation analysis was 
performed and the analytical perspective between 
nutrient availability in vegetative parts and its impact 
on fruit quality is presented. This information may be 
useful to address the questions related to these two 
production systems with respect to nutrient utilization 
and fruit quality. This study indicates that the production 
system affected nutrient and phytochemical variables 
more than genotype.

Posters

—Floriculture, Ornamentals & Turf—

Honeybee (Apis mellifera) Visits to 
Crapemyrtle (Lagerstroemia indica) Vary 
According to Proximity to Pollinator-
friendly Plants

Canaan Sutton*, Taryn Bazhaw, Martin 
Mendietta, Michaela Bledsoe, and Derald A. 
Harp

Texas A&M University-Commerce, Commerce, TX 
75429

Crapemyrtle bark scale (CMBS) (Acanthococcus lager-
stroemiae) is a relatively new pest of crapemyrtle (CM) 
(Lagerstroemia indica) and other common landscape 
plants. Recommended control is the application of a 
systemic neonicotinoid as a drench in spring. Because 
honeybees (Apis mellifera) forage heavily on CM, espe-
cially in the summer, absorbed insecticide could be in-
gested by foraging honeybees and negatively impact the 
individual or the entire hive through the accumulation 
of contaminated pollen. During experimental observa-
tions, honeybees seemed to be foraging isolated CM 
more so than those around other flowering plants. To 
better understand the relationship between CM and 
honeybees, an experiment was conducted to compare 
honeybee visits to CM by monitoring CM in an isolated, 
but maintained, location with few flowering plants to 
a more developed landscape with pollinator-friendly 
plants. Both locations contained several different culti-
vars, so separate analyses were conducted that included 
all cultivars and Ebony series only. When all CM were 
in bloom, isolated plants had higher honeybee visits 
throughout, including an average of 2.3 honeybees per 
tree versus 0.5 bees per tree at season peak. However, 
the difference disappears when comparing Ebony series 
CM, likely due to the poor blooming of Ebony CM in our 
area. While further study is needed, it does appear that 
pollinator-friendly plants are preferred by honeybees to 
CM and may help minimize the impact of CMBS control 
on local honeybee populations.

Systematic Strategies to Manage 

Crapemyrtle Bark Scale (Acanthococcus 
lagerstroemiae)

Runshi Xie1, Bin Wu1, Michael E. Merchant2, 
Erfan Vafaie2, Yan Chen3, David Held4, Gary W. 
Knox5, Yu Zhang6, Jim Robbins7, Derald Harp8, 
and Mengmeng Gu2*

1Department of Horticultural Sciences, Texas A&M 
University (TAMU); 2Texas A&M AgriLife Extension; 3LSU 
AgCenter Hammond Research Station; 4Department of 
Entomology and Plant Pathology, Auburn University; 
5University of Florida IFAS; 6Department of Agricultural 
Economics, TAMU; 7University of Arkansas-CES; 
8Department of Agricultural Sciences, TAMU-Commerce

Crapemyrtle bark scale (CMBS) is an emerging pest in 
the U.S. threatening the production and landscape use 
of crapemyrtles (Lagerstroemia spp.), an ornamental 
specialty crop with a $66 M/yr wholesale value, and has 
spread to native American beautyberry (Callicarpa ameri-
cana), causing significant concerns among stakeholders 
in the Green Industry and native flora. Research-based 
information needs to be developed and effectively 
disseminated to address this serious threat. With our 
multi-state and transdisciplinary approach and guid-
ance from an advisory committee and international 
collaborators, the long-term goal is to effectively man-
age CMBS through systematic strategies with minimal 
environmental impacts and threats to specialty crop 
pollinators, and to improve production and profitability. 
Crapemyrtles have garnered the No. 1 spot for flower-
ing trees because of their multiple aesthetic attributes, 
ability to adapt to a diverse landscape/soil conditions, 
general hardiness, drought tolerance, and ease of care. 
The CMBS has been reported on 16 genera in 13 plant 
families. To protect the Green Industry and prevent 
potential threat to agriculture and the native ecosys-
tems, both short-term and long-term systematic IPM 
strategies have been developed or explored, including: 
1) to evaluate non-chemical (biological, cultural and 
mechanical) IPMs; 2) to evaluate chemical efficacy and 
potential impact on beneficial insects and pollinators; 
3) to evaluate CMBS alternative hosts and feeding 
preference for future plant selection and development; 
and 4) to improve our understanding of consumer and 
industry preferences and barriers to crapemyrtle sales 
and consumers’ willingness to pay due to CMBS.

Honeybee (Apis mellifera) Visits to 
Crepemyrtle (Lagerstroemia indica) Vary 
According to Cultivar and Month

Taryn Bazhaw*, Canaan Sutton, Martin 
Mendietta, Michaela Bledsoe, and Derald Harp

College of Agricultural Sciences and Natural Resources, 
Texas A&M University-Commerce, Commerce, TX 
75429

Crepemyrtles (CM) are a common landscape plant in 
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southern landscapes, adding color as a flowering large 
shrub to small tree. In recent years, CM have become 
infested by a relatively new pest, crepemyrtle bark 
scale (CMBS) (Acanthococcus lagerstroemiae), and the 
most effective control is found by applying a systemic 
neonicotinoid as a drench in the spring. Because hon-
eybees forage heavily on CM, the insecticide ingested 
can result in serious injury to individual bees and entire 
hives. We noted a difference among CMs, in terms of 
honeybee foraging. To better understand the relation-
ship between CM and honeybees, an experiment was 
conducted to compare honeybee visits to CM by moni-
toring different CM cultivars in an isolated location with 
few other flowering plants. This population consisted 
of four cultivars, (Natchez, Tuscarora, Ebony Fire, and 
Pocomoke), varying by mature size, flower color, and 
foliage color. Trees were arranged in four blocks, with 
six of each cultivar in each block. We used transect 
surveys to monitor insect visits. Transects were con-
ducted weekly, observing each tree for 75 seconds and 
counting honeybees, other bees, other hymenopterans, 
and other pollinators. Transects began at 9:00 am and 
were concluded by 11:00 am. Over the growing season, 
honeybees preferred Natchez (1.6 visits per plant) and 
Tuscarora (1.5 visits per plant) over Ebony Fire (0.7 visits 
per plant) and Pocomoke (0.04 visits per plant), indicat-
ing a strong preference among cultivars. Bee numbers 
increased with flowering, starting with 0.01 bees per 
tree in week 27 and reaching an average of 2.3 bees 
per tree in week 33. Blooms decreased rapidly in mid-
August, and bee visits dropped to 0.1 bees per tree in 
week 34 and no flowers or bees for the remainder of 
the growing season. With this information, an insec-
ticide application that minimizes insecticide levels in 
the summer may provide effective CMBS control and 
minimize impact on bees.

Mechanical Control of Crepemyrtle Bark 
Scale (Acanthococcus lagerstromiae)

Michaela Bledsoe*, Taryn Bazhaw, Canaan 
Sutton, Martin Mendietta, and Derald Harp

College of Agricultural Sciences and Natural Resources, 
Texas A&M University-Commerce, Commerce, TX 
75429

Crepemyrtles (CM) are common landscape plants 
in southern landscapes. In recent years, CM have 
become infested with crepemyrtle bark scale (CMBS) 
(Acanthococcus lagerstroemiae), and the most effective 
control is found by applying a systemic neonicotinoid 
as a drench in the spring, though researchers have 
found the insecticide in CM pollen at levels sufficient 
to cause acute and chronic injury to honeybees. Hon-
eybees forage heavily on CM pollen, especially in late 
summer, and the insecticide will negatively impact both 
individual bees and hives. Therefore, an experiment 
was conducted to determine the efficacy of mechanical 

treatments on CMBS throughout the growing season. 
An experimental group of CM, including six cultivars, 
Centennial Spirit, Tonto, Ebony Fire, Ebony Glow, Ebony 
Flame, and Ebony Embers, were infested with CMBS. 
Once infested, plants received one of six treatments, 
negative control (no treatment), positive control (di-
notefuran), power wash, power wash plus horticultural 
oil, soap and water scrub, soap and water scrub plus 
horticultural oil. Plants were washed in February, and 
dinotefuran drench was applied in May. Beginning in 
June, plants were scored using a 0–10 scale for both 
CMBS and sooty mold, with 0 indicating the complete 
absence of CMBS or sooty mold and 10 a complete 
infestation. Washing removed all evidence of CMBS 
and sooty mold as plants leafed out in May, and scores 
were minimal in June. Infestation rates increased each 
month, but treatment differences did not appear until 
August and September. As expected, dinotefuran pro-
vided better season-long control than other treatments. 
However, mechanical removal effectively lowered in-
festation and sooty mold scores throughout much of 
the growing season. While the methods provide only 
temporary control, it delays sooty mold development 
and may be effective as an annual treatment for those 
wanting to avoid pesticides. As seen in previous stud-
ies, horticultural oil had no effect on CMBS.

Increasing Sustainability of Residential 
Areas Using Rain Gardens to Improve 
Pollutant Capture, Biodiversity, and 
Ecosystem Resilience

Amy Wright1*, Jennifer Morash1, and Charlene 
LeBleu2

1Department of Horticulture; 2Program of Landscape 
Architecture, Auburn University, Auburn, AL 36849

Rain gardens have become a widespread stormwater 
practice in the United States, and their use is poised to 
continue expanding as they are an aesthetically pleas-
ing way to improve the quality of stormwater runoff. 
The terms rain garden and bioretention, are now often 
used interchangeably to denote a landscape area that 
treats stormwater runoff. Rain gardens are an effective, 
attractive, and sustainable stormwater management 
solution for residential areas and urban green spaces. 
They can restore the hydrologic function of urban land-
scapes and capture stormwater runoff pollutants, such 
as phosphorus (P), a main pollutant in urban cities and 
residential neighborhoods. Although design consider-
ations such as size, substrate depth, substrate type, and 
stormwater holding time have been rigorously tested, 
little research has been conducted on the living portion 
of rain gardens. This paper reviews two studies—one 
that evaluated the effects of flooding and drought tol-
erance on the physiological responses of native plant 
species recommended for use in rain gardens, and 
another that evaluated P removal in monoculture and 
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polyculture rain garden plantings. In the second study, 
plants and substrate were evaluated for their ability to 
retain P, a typical water pollutant. Although plant growth 
across species was sometimes lower when exposed to 
repeat flooding, plant visual quality was generally not 
compromised. Although plant selection was limited to 
species native to the southeastern U.S., some findings 
may be translated regardless of region. Plant tissue P 
was higher than either leachate or substrate, indicat-
ing the critical role plants play in P accumulation and 
removal. Additionally, polyculture plantings had the 
lowest leachate P, suggesting a polyculture planting 
may be more effective in preventing excess P from 
entering waterways from bioretention gardens. The 
findings included that, although monoculture plantings 
are common in bioretention gardens, polyculture plant-
ings can improve biodiversity, ecosystem resilience, and 
rain garden functionality.

A Comparison of Pan Traps to Insect 
Transects for Pollinator Monitoring in 
Crepemyrtle (Lagerstroemia indica L.)

Martin Mendietta*, Michaela Bledsoe, Canaan 
Sutton*, Taryn Bazhaw, and Derald A. Harp

Texas A&M University-Commerce, Commerce, TX 
75429

Monitoring pollinators is an important way to evalu-
ate the overall health of our landscapes. Understand-
ing the timing of honeybee visits and the number of 
honeybees is crucial to maximizing their access to our 
gardens and minimizing injury when controlling insect 
pests. While many different methods are available to 
use, these systems have several limitations. The use 
of pan traps eliminates collector bias, allows the use 
of multiple collectors on the same study with minimal 
training, and insects can be collected over a longer 
period of time, minimizing daily variation in insect 
activity that occurs naturally. Pan traps also provide 
a controlled source for accurate identification and 
development of a permanent collection related to a 
particular study. Honeybee surveys were conducted 
at the Texas A&M University–Commerce Plant Science 
Center. Two crepemyrtle plantings were used, one of 
96 crepemyrtles, 24 each of four cultivars: Ebony Fire, 
Natchez, Tuscarora, and Pocomoke, and the second 24 
crepemyrtles in four blocks, with six different cultivars, 
Ebony Embers, Ebony Fire, Ebony Flame, and Ebony 
Glow, Centennial Spirit, and Tonto. ‘Tonto’ was planted 
as a replacement for ‘Ebony’ and ‘Ivory’. Honeybees 
were counted using transects, counting all bees seen 
at each tree for 75 seconds. Pan traps were created by 
mounting yellow plastic bowls on PVC pipes, roughly 
1/3 of the way into the flowering canopy. Each week, 
bowls were filled with a 2% soap solution at 8:00 am. 
At 4:00 pm, bowls were removed and insects collected, 
identified, and counted. Pan traps were poorly corre-

lated with transect observations (r = –0.017, P = 0.74), 
and did not provide an accurate sample of honeybees 
around crapemyrtles. Pan traps did allow accurate 
identification of honeybees, other hymenopterans, 
other pollinators, and other insects, giving us a fuller 
survey of flying insects in the immediate area.

Pretreatment Techniques for Seed 
Propagation in Ratibida columnifera 
(Nutt.) Wooten & Standl

Kaitlin Hopkins1*, Michael A. Arnold1, Charles 
R. Hall1, H. Brent Pemberton2, and Marco A. 
Palma3

1Department of Horticultural Sciences, Texas A & M 
University, College Station, TX 77843-2133, 2Texas A&M 
AgriLife Research and Extension Center at Overton, 
710 N FM 3053, P.O. Box 200, Overton, TX 75684, 
3Department of Agricultural Economics, Texas A&M 
University, 2124 TAMU, College Station, TX 77843-2124

Ratibida columnifera (Nutt.) Wooten & Standl is an her-
baceous perennial found in a large natural range in the 
United States. This plant exhibits large variation in both 
floral and vegetative characteristics, and has potential 
to be a nursery crop candidate. Collection of wild type 
variation of this plant combined with breeding efforts 
could eventually lead to commercialized cultivars not 
yet seen on the market. In order to preserve variation 
found in wild populations, characterization of optimum 
seed propagation techniques must occur. We examined 
the effect of a water soaking pretreatment on the seed, 
which yielded differential responses among germplasm. 
We also performed stratification (30, 60, and 90 day, 3 
°C) and scarification (5, 10, 15 minutes in concentrated 
sulfuric acid) tests, which revealed that response to cold 
stratification, which peaked at 60 to 90 day depending 
on the germplasm. All germplasm responded poorly 
to all acid scarification treatments. Storage condition 
effects compared room temperature stored seed (23 °C) 
versus cool temperature stored seed (4 °C). There was 
a three-way interaction between storage temperature, 
storage duration, and germplasm. After 12 months, 
both warm and cold storage reduced germination of 
TX RC 30, whereas only warm storage of TX RC 44 had 
reduced germination after 12 months. Germination of TX 
RC 48 was slightly better after 12 months storage than 
with fresh seed. Pretreatment of seed for short 60-day 
stratification was beneficial among all genotypes tested. 
Cold storage appears to be the best recommendation 
for storage times greater than 6 months. At no point 
would we recommend sulfuric acid scarification at the 
concentration and time durations utilized during this 
study for pretreatment of Ratibida columnifera.

An Overview of the Mississippi State 
University Extension Farmer Florist 
Series
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Christine Coker1*, James DelPrince1, Benedict 
Posadas1, Eric Stafne2, Christian Stephenson3, 
and Patricia Knight2

1Mississippi State University, Coastal Research and 
Extension Center, 1815 Popps Ferry Rd., Biloxi, MS 
39532; 2South Mississippi Branch Station, Poplarville, 
MS; 3MSU Extension, Hancock County

Interest in producing cut flowers and greenery for 
market is increasing in Mississippi. New growers as 
well as vegetable and fruit growers seeking to diversify 
have shown interest in this expanding market. Many 
of these growers are also interested in direct market 
sales of their products as well as value-added design 
applications. These producers are referred to as “farmer 
florists”. In 2018, Extension specialists and researchers 
in the Mississippi State University Coastal Research and 
Extension Center began developing a new Extension 
publication series for farmer florists in Mississippi and 
across the Southeast. Each publication follows a similar 
outline including an introduction to the crop, cultural 
and production practices, postharvest handling and 
processing, disease and pest management, design 
applications, and references and resources. To date 
there are 6 publications in the series: “Snapdragons 
(Antirrhinum majus) for the Farmer Florist”, “Marigolds 
(Tagetes erecta) for the Farmer Florist”, “Stock (Matthiola 
incana) for the Farmer Florist”, “Muscadine Wreaths 
for the Farmer Florist”, “Preserved Magnolia (Magnolia 
grandiflora ‘Little Gem’) Wreaths for the Farmer Florist”, 
and “Corkscrew Willow (Salix matsudana ‘Tortuosa’)
Wreaths for the Farmer Florist”. While each publica-
tion is presented as a stand-alone document, together 
the entire series will compose a handbook for farmer 
florists. The entire series is posted at www.extension.
msstate.edu.

Asexual Propagation of Bucida buceras: 
Air Layering versus Ground Layering

Eliam Sanchez Palaez*, M. Morgan, and T.W. 
Zimmerman

University of the Virgin Islands Agricultural Experiment 
Station, RR#1 Box 10,000, Kingshill, VI 00850

The objective was to determine whether trees of Black 
Olive (Bucida buceras) could be asexually reproduced 
through their branches. Some tree species can be 
easily cloned but others cannot. There are various 
techniques to do this. We selected 18 young trees and 
randomly assigned each tree to either an air-layering 
treatment or a ground-layering treatment. Each tree 
had two branches selected for treatment. Some of 
the air-layering branches produced roots while still on 
the tree and then new leaves once planted into pots 
filled with a planting substrate. None of the branches 
from trees assigned to the ground-layering treatment 
produced roots in the allotted time of the experiment. 
Funding for this research was provided by the USDA 

McIntire Stennis grant and the USDA-NIFA-RIIA Grant.

Effect of Pre-emergence Herbicides and 
Mulches on Rooting of Nursery Cuttings 
and Weed Control

Isha Poudel* and Anthony Witcher
Department of Agricultural and Environmental 
Sciences, Otis L. Floyd Nursery Research Center, 
Tennessee State University, 472 Cadillac Lane, 
McMinnville, TN, 37110

Weeds are a major problem in cutting propagation and 
compete with the main crop for water, sunlight, and 
nutrients and hence reduce the growth and marketable 
quality of the crops. Due to the high labor cost of hand 
weeding, pre-emergence herbicides and mulches can 
be alternative methods for weed control in the propa-
gation environment. The objective of this study was to 
determine the effect of five pre-emergence herbicides 
(Gallery SC, BroadStar, Marengo G, Regal O-O, Ronstar 
G) and four mulches (rice hulls, vermiculite, paper pel-
lets, and pine pellets) in stem cutting root development 
and weed control. Stem cuttings of holly were stuck in 
2.5-inch containers, placed under intermittent mist, and 
then treated with pre-emergence herbicides or mulches. 
Seeds of two weed species (mulberry weed and oxalis) 
were sown in a separate set of containers. Holly cuttings 
had 90% or greater rooting for all treatments and root 
and shoot dry weight were not affected by herbicide 
or mulch. Regal O-O, Gallery SC, and BroadStar were 
found to be effective treatments as compared to the 
non-treated control for reducing the growth and lower-
ing the weed count of both mulberry weed and oxalis. 
Mulches did not provide effective control of either weed 
species, but oxalis shoot fresh weight was reduced in 
paper pellets. Further study is required to determine 
the effective depth of mulch application for satisfactory 
weed control in cutting propagation.

Identification and Management 
of Praxelis clematidea; A New and 
Troublesome Weed in Central Florida

S. Christopher Marble*, Yuvraj Khamare, and 
Annette Chandler

Department of Environmental Horticulture, University 
of Florida, Mid-Florida Research and Education Center, 
2725 S. Binion Rd., Apopka, FL 32703

Praxelis (Praxelis clematidea) is an annual or short-lived 
perennial herb in the Asteraceae family and is becoming 
a problematic weed species in Florida container nurs-
eries. As there are no reports of praxelis response to 
herbicide treatment, the objective of these experiments 
was to determine the efficacy of selected PRE and POST 
herbicides for control of praxelis in outdoor container 
and field experiments in Apopka, FL. Flumioxazin and 
indaziflam provided PRE control of praxelis with both 

http://www.extension.msstate.edu
http://www.extension.msstate.edu
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products resulting in 89 to 100% reduction in praxelis 
shoot weight in comparison with non-treated pots. 
Prodiamine + isoxaben was also highly effective and 
provided similar control based on dry weight reduction. 
Other herbicides including oxyfluorfen + pedimethalin, 
and oxyfluorfen + prodiamine also provided control 
(57 to 97% reduction in shoot weight), albeit generally 
to a lesser degree than was observed with flumioxazin 
or indaziflam. Dimethenamid-P, dimethenamid-P + 
pendimethalin and isoxaben + trifluralin reduced dry 
weights in comparison with non-treated plots (approxi-
mately 40 to 50%), but were generally not considered 
commercially acceptable and were, in most cases, less 
efficacious than other herbicides that were evaluated. 
In postemergence evaluations, clopyralid (77% control), 
glyphosate (73% control), and triclopyr (89% control) all 
provided effective POST control of mature and flowering 
praxelis through 12 WAT and outperformed glufosinate 
(40% control). Results suggest that many commonly 
used PRE and POST herbicides in Florida container 
nurseries would be effective management options for 
praxelis, but due to high seed production and viability, 
use of PRE and POST herbicides, as well as sequential 
applications throughout the growing season would 
likely be needed for long-term management.

Light Response Curves of Creeping 
Bentgrass under Temporal Shade

Naba R. Amgain* and Charles H. Fontanier
Department of Horticulture and Landscape 
Architecture, Oklahoma State University, Stillwater, OK 
704078

A decrease in available photosynthetically active radia-
tion caused by shade can be detrimental to turfgrass 
growth, development, and quality. The most common 
and obvious effect of shading is the reduction in light 
intensity. Shade also causes the alternation of light 
quality and microclimatic conditions. Previous studies 
have documented physiology and morphology changes 
in turfgrass in the presence of shade. The shade is rarely 
constant and instead fluctuates throughout the day. 
The impact of temporal shade on creeping bentgrass 
is unclear from previous research and literature. The 
objective of this study was to determine the effect of 
temporal shade on photosynthesis of creeping bent-
grass. Plugs of creeping bentgrass (Agrostis stolonifera 
L.) were established in 2.5-m diameter containers 
containing sand. Grasses were established in the 
greenhouse for 4 weeks. Grasses were fertilized with 
4.8 kg·ha-1 N using Peters Professional 20–20–20 every 
week and grasses were mowed every three days and 
clippings were collected. After a month, the container 
were kept under full sun, morning shade, and after-
noon shade with 4 replications of each treatment. The 
greenhouse condition was maintained at 30 °C day/25 
°C night temperature. Photosynthetically active radia-

tion (µmol·m-2·s-1) was measured using a quantum light 
sensor (Spectrum Technologies, Inc., Plainfield, IL) and 
data were recorded every 15 min using Watchdog 1000 
(Spectrum Technologies, Inc., Plainfield. Light response 
curves were created with an auto program that adjusts 
photosynthetic photon flux density from 2000 to 0 
µmol·m-2·s-1. Shade adapted grass shows lower light 
compensation and lower light saturation point com-
pared to grass grown under full sun.

Multi-year Monitoring of Crapemyrtle 
Bark Scale Crawler Population across 
Louisiana

Yan Chen1*, Rodrigo Diaz2, Mengmeng Gu3, 
Mike Merchant3, and Erfan Vafaie3

1Louisiana State University AgCenter Hammond 
Research Station, Hammond, LA 70403; 2Louisiana 
State University Department of Entomology; 3Texas 
A&M AgriLife Extension

Crapemyrtle bark scale (CMBS), Acanthococcus lagerstro-
emiae (Kuwana) (Hemiptera: Eriococcidae) has spread 
to major urban areas in Louisiana by 2019. The estab-
lishment of CMBS now requires insecticide treatments 
to avoid significant reduction in plant aesthetic value 
caused by sooty mold accumulation. Neonicotinoids 
such as imidacloprid and dinotefuran (i.e. Merit® or 
ZylamTM) can provide long residue effects in manag-
ing CMBS, especially when applied as soil drenches; 
however, these treatments are expensive and have 
raised concerns on their impact on pollinators because 
crapemyrtles is a major source of pollen throughout 
the summer. Several low-impact short residual chemi-
cals such as insect growth regulators pyriproxyfen 
and azadirachtin (i.e., Fulcrum® and Molt-X®) showed 
effectiveness against CMBS crawlers. It is critical to 
time these applications at the peak emergence of 
crawlers. This multi-year monitoring project provided 
better understanding of crawler emergence dynamics 
based on monitoring data collected from 2017 to 2019. 
Guidance for targeting low-impact products at crawler 
emergence was summarized for locations in Shreveport, 
Houma, and New Orleans. Two distinct generations 
of CMBS were found in Shreveport (USDA Hardiness 
Zone 8b) in two of the three monitoring years, and at 
least three generations were found in New Orleans 
and Houma (Zone 9a). All three locations had the first 
crawler emergence peak during last April and early May 
in two of the three years, with Shreveport being about 
two weeks late than the other two locations in one 
year. These observations indicate the best treatment 
window for the first generation of crawlers would be 
late April to mid-May. 

Influence of Cutting Type and Stem 
Position on Spring Cuttings of 
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Pascagoula™ Crapemyrtle
J. Skylar Baldwin1*, Patricia. R. Knight2, Jenny 
B. Ryals2, Scott A. Langlois2, Eugene K. Blythe2, 
Christine E.H. Coker3, Gary R. Bachman3, and 
James M. DelPrince3

1117 Dorman Hall, Department of Plant and Soil 
Sciences, Mississippi State University, Mississippi 
State, MS 39762; 2P.O. Box 193, Coastal Research and 
Extension Center-South Mississippi Branch Experiment 
Station, Mississippi State University, Poplarville, MS 
39470; 31815 Popps Ferry Road, Coastal Research and 
Extension Center, Biloxi, MS 39532

Mississippi State University has developed several new 
crapemyrtle selections, including Pascagoula™. The 
objective of this study was to evaluate ease of rooting 
and determine optimal commercial auxin formulation 
and concentration, as well as optimal stem position for 
softwood and semi-hardwood cutting propagation of 
Pascagoula™ crapemyrtle. Medial cuttings (12.7 cm) 
were harvested and stuck to a depth of 2.6 cm on June 
8, 2018. Medium was 100% perlite in 6-cm containers. 
Treatment factors included auxin formulation [Hortus; 
Hortus IBA Water Soluble Salts™ (IBA only), Dip’N Grow® 
(DNG; IBA + NAA with NAA at one-half the rate of IBA), 
or nontreated control], IBA rate (0, 500, or 1000 ppm), 
and stem position along the harvested shoots [1 (most 
proximal), 2, 3, or 4 (most distal)]. Auxin solutions were 
applied using a basal quick-dip. Experimental design 
was a randomized complete block with five replications 
per treatment combination. Data collected included 
rooting (Y/N), growth indices, cutting quality rating 
(0–5), root count, average root length (length of three 
longest roots/3), and root quality rating (0–5). Stem 
position had no influence on percent rooting, average 
length of the three longest roots, root or cutting qual-
ity, or growth indices. Auxin formulation had no effect 
on percent rooting, cutting quality, or growth indices. 
Cuttings that received either commercial auxin formu-
lation had greater average length of the three longest 
roots compared to cuttings that received no auxin. 
Auxin concentration had no effect on percent rooting, 
cutting quality or growth indices. However, cuttings 
receiving 1000 ppm IBA had more roots compared to 
cuttings that received 500 or 0 ppm IBA, and cuttings 
receiving 500 ppm IBA had more roots compared to 
cuttings that received no auxin. Average length of the 
three longest roots was greater for cuttings that received 
1000 ppm IBA compared to cuttings that received no 
hormone, but cuttings that received 500 ppm IBA had 
similar root numbers compared to the other treatments. 
Root quality was improved by use of auxin, regardless 
of concentration. There was an interaction between 
stem position and auxin formulation for both cutting 
root number and root quality, but when the interac-
tion between the factors was analyzed, there were no 
differences in cutting root quality. Cuttings taken from 
the hardest plant tissue, stem position 1, and dipped 

in Hortus IBA™ had more roots compared to cuttings 
that were taken from stem position 1 and stuck without 
auxin, All other treatment combinations were similar.

Surface Temperature Measurements in 
an Urban Agricultural System as a Crop 
Grows

K. Terry* and L. Whittinghill
College of Agriculture and Environment, Kentucky State 
University, Frankfort, KY 40601

Urban heat island has increased over time, including 
cities such as Louisville, KY. Advancing at one of the 
fastest rates in the country, local new suggest that we 
stay in on hot days. Some days, temperatures reach 
107.1 degrees. Imagine working in this environment. 
Adding plants to urban areas decreases temperatures 
through evaporative cooling. Constructing roof top gar-
dens, growing trees, and building community gardens 
would benefit urban areas in many ways. The objec-
tive of this study was to determine if growing crops 
in raised beds would decrease surface temperatures. 
Kale was grown in raised beds using conventional fertil-
izer, organic fertilizer, compost and organic fertilizer, 
or compost only. Seven temperature measurements 
were taken starting from the edge to middle of the 
plant beds every four inches along a randomly selected 
transect. Measurements were taken once a week and 
after harvest. Plants started to appear quickly and 
had lower temperatures than where no plants were 
growing (5.56 vs. 11.90 degrees, respectively, on Oct 8). 
Temperatures were high at the edge and lower in the 
middle of the bed (18.42 vs. 9.33 degrees, respectively 
on Oct. 8). Compost and organic fertilizers had more 
of an impact on temperature (6.09 compared to 10.53 
degrees for the next lowest temperature on Oct. 8), 
likely because of the soil moisture. Differences in tem-
perature varied over the course of the study period. 
These results show that urban agriculture can reduce 
surface temperatures. This can have larger impacts on 
the urban environment, urban communities, and qual-
ity of life. Using vacant space that contributes to high 
temperatures to produce crops can limit the amount 
of hot days, such as the 107.1-degree day, which is 
unbearable to the community.

Using Paper Bags for Growing Peaches in 
Backyard Gardens: A New Horticultural 
Practice in the United States

Ann K. Kule* and Juan C. Melgar
220 Biosystems Research Complex, Department of 
Plant and Environmental Sciences, Clemson University, 
Clemson, SC 29634

Fruit bagging is a simple method used to protect fruit 
from pests and diseases. It is very popular among 
backyard gardeners in Asia and there is an increasing 
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interest in the United States, especially in regions with 
warm and humid climates where pests and diseases 
thrive. As a consequence of the peach bagging project 
at Clemson University, over three hundred individuals 
have purchased fruit bags online at Clemson Market-
place for their own fruit. The goal of this research was 
to survey potential consumers and backyard gardeners 
across the U.S. to find out how they implemented the 
bags into their farming/gardening and their success. A 
survey was performed online using Survey Monkey and 
consisted of five specific questions regarding the type of 
fruit that was bagged, application of chemical sprays on 
the fruit crop, the state each individual was located in, 
their success rate, and overall happiness with the fruit 
quality. Results showed that the majority of consumers 
were located in the southeastern United States. On a 
scale of one-to-five, most responded by rating their fruit 
quality four or five. The majority of consumers did not 
spray anything on their fruit before placing the bag, 
although the responses at an individual level clearly 
indicated that spraying before bagging specifically in 
the Southeast made a positive impact on success rate. 
Overall, there was a high rate of happiness with the 
fruit quality. For many of the growers, using the fruit 
bags seemed to increase their peach harvest and many 
noted they would use the bags again.

Biological and Biochemical 
Physiognomies of Pineapple (Ananas 
comosus L. Merr) Genotypes Grown 
Under Greenhouse Conditions in the 
Southern United States 

Harun Sorker*, Zelalul Adam, and Shahidul 
Islam

Department of Agriculture, University of Arkansas at 
Pine Bluff, 153 Woodard Hall, 1200 North University 
Dr., Mail Slot 4913, Pine Bluff, AR 71601

Greenhouse farming of tropical fruits has evolved 
enormously since modern greenhouse technology 
has made it possible to cultivate tropical crops like 
pineapple commercially. Pineapple is commonly taken 
for fresh consumption, as well as their flesh and juice 
are used for the grounding of different products in 
agro-processing industries. For such manufacturing 
developments, it is critical to have evidence on the 
physical and phytochemical belongings of pineapple. 
Two varieties of pineapple, Honey Queen (HQ) and 
Giant Kew (GK), has been growing in the greenhouse 
of UAPB since 2010. The different growing features 
and nutritional parameters, namely weight, length, 
diameter, color, odor, firmness, appearance, sweet-
ness, moisture content, edible portion, total soluble 
solids, pH, total sugar, reducing sugar, vitamin C, and 
total phenolic and antioxidant capacity of these two 
pineapple varieties were analyzed. We also examined 
the sensory eminence of the pineapple varieties stud-

ied. The firmness of pineapple fruits measured outside 
and inside were 0.213–0.29 N/m2 and 0.11–0.18 N/m2, 
respectively. The pH values of the four varieties were 
found to be in the range of 4.60–4.69. The highest and 
lowest sweetness index was estimated to be 29.90 for 
HQ and 21.31 for GK, respectively. The average TSS 
values were found to be 20.44%, 18.022%, for HQ and 
GK, respectively. The highest and lowest total polyphe-
nol contents were estimated to be 3236.36 ug total 
phenols per gram dry sample for HQ and 1975.76 ug 
total phenols per gram dry sample for GK. The highest 
antioxidant was found in HQ (7517.06 µg TEAC/g DW) 
as compared to GK (6908.14 µg TEAC/g DW). This study 
validated that freeze-dried samples from pineapple 
grown in a greenhouse could serve as potential sources 
of antioxidants and other medicinal attributes for use 
in food and pharmaceutical industries.

Effects of NAA, AVG, and 1-MCP on 
Preharvest Fruit Drop, Fruit Maturity, 
and Quality of ‘AU Golden Sunshine’ 
Kiwifruit

Jacob T. Kelley1*, James D. Spiers1, James R. 
Kessler1, Elina D. Coneva1, and Edgar L. Vinson2

1Department of Horticulture, Auburn University, 
Auburn, AL 36849; 2Chilton Research & Extension 
Center, 120 County Road 756, Clanton, AL 35045

Preharvest fruit drop of kiwifruit is an unusual phenom-
enon with little to no reports on the subject. The golden 
kiwifruit ‘AU Golden Sunshine’ Actinidia chinensis has 
exhibited a preharvest fruit drop in central Alabama 
that could have economic implications for the produc-
ers who grow the cultivar. A study was conducted to 
determine the efficacy of preventing preharvest fruit 
drop of ‘AU Golden Sunshine’ using three plant growth 
regulators: NAA (Fruitone®), AVG (ReTain®), and 1-MCP 
(Harvista®). Treatments consisted of NAA, AVG, 1-MCP, 
NAA + AVG, NAA + 1-MCP, and an untreated control ap-
plied ~28, ~21, and ~14 days before anticipated harvest. 
The average % fruit drop ranged from 5.6 to 13.6%. 
Based on one year of data, applications of AVG at ~14 
days before anticipated harvest showed potential for 
reducing the pre-harvest fruit drop of this cultivar. All 
other treatments did not appear to affect the incidence 
of preharvest fruit drop. Further research is required to 
substantiate or refute the efficacy of these chemicals 
on pre-harvest fruit drop of ‘AU Golden Sunshine’.

Leaf and flower morphology of 
Ecuadorian P. serotina subsp. capuli

Sakshi Pathania1*, Juan C. Carrasco2, Carlos R. 
Chavez2, Luis Fiallos3, and Dario J. Chavez1

1University of Georgia, Department of Horticulture, 
Griffin, GA; 2Natural Resources, Escuela Superior 
Politécnica de Chimborazo, Riobamba, Ecuador; 
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3Livestock Sciences, Escuela Superior Politécnica de 
Chimborazo, Riobamba, Ecuador

Prunus serotina (black cherry) is native to America with 
five subspecies found: serotina, eximia, hirsuta, virens, 
and capuli. Prunus serotina subsp. serotina is native to 
North America. It is characterized by small, astringent 
fruit, unsuitable for human consumption. Prunus sero-
tina subsp. capuli is found in South America with supe-
rior fruit specimens in Ecuador. These specimens have 
large, juicy, and tasty fruit used for human consumption. 
These fruits have important nutraceutical properties and 
are available in produce markets. However, no com-
mercial varieties of capuli are currently available. The 
objective of this research was to characterize leaf and 
flower morphological traits of plants grown from seeds 
of 45 capuli accessions collected from three provinces 
of Ecuador (Cotopaxi, Chimborazo and Tungurahua) 
in 2016. These plants are currently growing in Griffin, 
GA. Leaf measurements included petiole length, leaf 
area, leaf height, leaf width, leaf apex angle and leaf 
basal angle. Flower measurements included pedicel 
length, flower width, and flower length. Raceme length, 
number of racemes per branch and number of flow-
ers per raceme were also characterized. ANOVA was 
performed with significant differences observed among 
accessions for all variables measured. No clear differ-
ences were observed across regions that may support 
the presence of different populations. Future studies 
will establish the genetic diversity of these accessions 
to better understand the gene pool to be used for 
breeding and selection. 

Precocious Fruit Production in 2-Year-Old 
Bark Inlay Grafted Pawpaw Trees

Sheri B. Crabtree1*, Jeremiah D. Lowe1, Kirk W. 
Pomper1, and R. Neal Peterson2

1Kentucky State University Land Grant Program, 
Frankfort, KY; 2 Peterson Pawpaws, Harpers Ferry, WV

The North American pawpaw (Asimina triloba) is a 
native tree fruit in small-scale commercial produc-
tion across the eastern United States. Many growers 
have seedling or wild pawpaw trees that produce low 
yields and poor quality fruit. These trees could serve 
as rootstock for improved pawpaw cultivars to en-
able production of superior fruit more rapidly. The 
bark inlay grafting technique is not well developed for 
pawpaw. The objective of this study was to determine 
if bark inlay grafted pawpaw trees would exhibit pre-
cocious fruit production. Two commercially available 
Kentucky State University (KSU) pawpaw cultivars and 
two promising KSU advanced selections were selected: 
‘KSU-Benson’, ‘KSU-Chappell’, Hi1-4, and Hi7-1. Six trees 
of each cultivar were grafted and evaluated for survival 
and fruit production. An average of 58% of bark inlay 
grafts survived after 2 years. Many grafts were initially 
successful, but were broken by strong winds despite 

being staked. By 2 years after grafting, 36% of surviving 
trees produced fruit. ‘KSU-Benson’ produced the most 
fruit and advanced selections Hi1-4 and Hi7-1 produced 
the fewest. When grafted using chip budding or whip 
and tongue on smaller rootstock, grafted pawpaw trees 
generally take a minimum of 3–4 years to produce their 
first fruit. Thus, bark inlay grafting onto a large mature 
rootstock led to more precocious fruit production by 
1–2 years. Bark inlay grafting is a promising method 
for converting unproductive or poor quality seedling 
pawpaws to improved cultivars, which may lead to 
more precocious fruit production than other grafting 
methods. Trees must be securely staked when using 
this grafting method to have long-term success.

Rapid Digital Imaging Approach for 
Screening Red Drupelet Reversion in 
Blackberry

T.M. Chizk*, Margaret Worthington, John R. 
Clark, and Kenneth Buck

316 Plant Science Building, Department of Horticulture, 
University of Arkansas, Fayetteville, AR

Red Drupelet Reversion (RDR) is a postharvest disorder 
in blackberry that occurs when black drupelets ‘revert’ 
to red coloration after storage, reducing consumer 
acceptance and leading to possible rejection of entire 
lots of blackberries. To our knowledge, all current re-
ports of RDR have relied on laborious manual counting 
techniques or subjective assessments of damage. In the 
present study, fruit from 14 diverse genotypes repre-
senting a range of fruit texture and shipping potential 
was harvested on two separate dates at Clarksville, AR 
between June 10 and July 1, 2019. After a week of cold 
storage at 5 °C, RDR was measured via two manual 
techniques and a novel, accelerated technique that 
employs open-source ImageJ software to rapidly batch-
process images using L*a*b* color space thresholds. 
All three methods detected genotypic differences (P < 
0.05) and were significantly correlated (P < 0.05), but 
RDR occurrence was low for all genotypes and harvest 
dates. Across all methods, Black MagicTM, a soft-textured 
home garden cultivar, was most affected by RDR while 
the firm fruited breeding selections A-2453T and A-
2491T were among the three least affected genotypes. 
Our findings suggest that manual counting of RDR “by 
berry” is the most sensitive to detection of low levels 
of RDR while the novel ImageJ method is the least 
sensitive, detecting 0 to 64% RDR and 0 to 1.0% RDR 
respectively. These findings suggest that screening 
of RDR through ImageJ may be a viable alternative to 
manual techniques, but lacks the sensitivity to detect 
low levels of reversion. However, the analytical value 
of ImageJ batch-processing as a routine RDR screening 
procedure for breeding selections may be enhanced 
under treatments that induce RDR by simulating ship-
ping conditions.
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Apple Fruit Size is Enhanced with 
Increasing 6-BA Application Number

Krittika Tonapi1*, Anish Malladi1, and Tom Kon2

11111 Miller Plant Sciences, Dept. of Horticulture, 
University of Georgia, Athens, GA 30602; 2 Dept. of 
Horticultural Sciences, North Carolina State University, 
Mountain Horticultural Crops and Research and 
Extension Center, 455 Research Drive, Mills River, NC, 
28759

‘Gala’ is an economically important apple variety but 
is inherently small-fruited. The plant growth regulator 
6-benzyladenine (6-BA) was reported to directly increase 
fruit cell number and subsequent fruit size. However, 
6-BA application patterns for fruit size enhancement 
have not been optimized. In Spring 2019, an experi-
ment was initiated at the Mountain Horticultural Crops 
Research and Extension Center in Mills River, NC, to 
determine the relationship between 6-BA application 
number and apple fruit development. Twenty uniform 
trees were selected in a 7-year-old ‘Ultima Gala’/‘M.9 
RN-29’ orchard at 0.9 × 4.05 m spacing, trained to tall 
spindle. Using a CO2 sprayer, one to four applications 
of 6-BA was sprayed at 100 ppm between petal-fall 
and three weeks after full bloom. The experiment had 
a randomized complete block design with five treat-
ments including control and four replications and was 
analyzed via regression using R software. Fruit diameter 
was measured weekly on 10 tagged spurs per tree, 
from petal-fall until harvest, and relative fruit growth 
rate was determined. Fruit set was evaluated weekly 
from petal-fall to June drop. At harvest, whole trees 
were harvested and a modern fruit sorter was used to 
determine crop density, yield, fruit weight, fruit length 
and fruit diameter. During early fruit growth, 6-BA ap-
plication number had no effect on fruit diameter and 
fruit set, but around 90 DAFB, there was a significant 
curvilinear increase in fruit size with increasing 6-BA 
applications (P = 0.0029). Compared to the control, 
there was 7% increase in fruit diameter on trees with 
four applications of 6-BA at 95 DAFB. At harvest, fruit 
set, crop density, and yield were not influenced by 
6-BA application numbers, but we observed quadratic 
regression with fruit diameter (P = 0.0008), fruit length 
(P < 0.0001) and fruit weight (P < 0.0001). Relative to the 
control, four applications of 6-BA increased fruit diam-
eter (4%), fruit length (7%) and fruit weight (17%). To 
further understand effects of 6-BA application number 
on fruit development, cell number and volume will be 
determined via light microscopy. Also, gene expres-
sion studies of various cell-production and expansion 
related genes will be conducted. To clarify effects of 
6-BA on fruit development, trans-zeatin and expression 
of cytokinin metabolism genes related to biosynthesis 
(IPT) and degradation (CKX) will be quantified. So far, 
multiple applications of 6-BA have shown promising 
results in enhancement of apple fruit size, but specific 
mechanisms will be determined by microscopy and 

gene expression studies.

The Backbone of Fruit: Cell Wall 
Polysaccharides in Grafted and Non-
grafted ‘Liberty’ Watermelon at Varying 
Levels of Hollow Heart

Marlee A. Trandel1*, Penelope Perkins-
Veazie1, Suzanne Johanningsmeier2, Jonathan 
Schultheis3, and Chris Gunter3

1North Carolina State University, Dept. of Horticultural 
Sciences, 600 Laureate Way, Plants for Human Health 
Institute, Kannapolis, NC 28081; 2North Carolina State 
University, Dept. of Food, Bioprocessing and Nutrition 
Sciences, 400 Dan Allen Dr., Schaub Hall, Raleigh, 
NC 27606; 3North Carolina State University, Dept. of 
Horticultural Sciences, 2721 Founders Dr., Kilgore Hall, 
Raleigh, NC 27606

Triploid (seedless) watermelon cultivars are susceptible 
to hollow heart (HH), an internal fruit disorder. HH was 
induced using ‘Liberty’ and reduced pollen availability. 
Grafting with ‘Carnivor’, an interspecific hybrid rootstock 
(C. moschata × C. maxima), increased tissue firmness 
by 3 N and reduced HH by 39%. To further explore the 
role of cell wall pectins in HH and grafted fruit, heart 
samples of placental tissue were washed with acetone, 
ethanol and methanol to yield alcohol insoluble resi-
dues (AIR). Residues were sequentially extracted with 
water, calcium carbonate or potassium hydroxide to 
yield water soluble (WSF), carbonate soluble (CSF), 
alkali soluble (ASF) or unextractable (UNF) fractions. 
Total neutral sugars and uronic acids were analyzed 
in the sequential fractions. A second set of AIRs were 
reduced, derivatized, hydrolyzed, methylated for linkage 
assembly and acetylated then injected into a GC-MS for 
compositional analysis of monosaccharides. Grafted 
fruit had increased total cell wall material compared 
to non-grafted fruit. Among pectic fractions, WSF were 
lowest. CSF was reduced with HH and no significant dif-
ferences were found in total neutral sugars (µM·mg-1) or 
uronic acids (µM·mg-1) for HH or graft. Twelve neutral 
monosaccharide building blocks were identified in 
graft and HH watermelon. Although differences were 
not significant with graft or HH, trends were similar 
for grafted fruit with no HH and non-graft with HH. 
Glucose and galactose were highest, followed by xylose 
and arabinose sugars in watermelon. Graft with HH 
had the lowest degree of methylation (55.1%) and the 
highest galacturonic (29.1 µg·mg-1) and glucuronic acid 
(11.2 µg·mg-1) concentrations. We hypothesized that 
grafting protects pectic polysaccharides from cell wall 
degradation and HH by increasing total pectin content 
and pectic polysaccharides of homogalacturonan (HG) 
and rhamnogalacturonan I and II (RG I and II), which 
increase cell wall adherence and strength. Our results 
indicate that grafting protects cell walls from degra-
dation, as indicated by lowest degree of methylated 
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pectins. Watermelon not grafted, but with HH had more 
methylated pectins, but were similar in neutral sugars. 
We speculate that grafting protects the plant cell wall 
from degradation and HH. 

Physiological Responses of Six Prunus 
Rootstocks Submitted to Flooding Stress

Trequan McGee1, Ali Sarkhosh1*, Jose Chaprro1, 
and Tom Beckman2

1Horticultural Sciences Department, University of 
Florida, Gainesville, FL 32611; 2USD-ARS, Fruit and Tree 
Nut Research, Byron, GA 

Six Prunus rootstocks were tested for their ability to 
tolerate waterlogging/flooding stress. With increased 
flood events happening around the globe, especially in 
peach production areas, the need for flood-tolerated 
rootstocks has become more important. With peaches 
being notorious for their susceptibility to waterlogging 
stress, a comparison was needed to understand how 
the Florida industry standard, ‘Flordaguard’, performs 
compared to other rootstock options. ‘Guardian’ and 
‘Nemaguard’ had lower chlorophyll content by 8 days 
when compared to their controls. ‘Guardian’, ‘Nema-
guard’, ‘P-22’, and ‘R5064-5’ had lower stomatal conduc-
tance, leaf transpiration, and photosynthesis by 8 days 
when compared to their controls. Differences between 
rootstocks were noticed at 4 and 6 days, but ultimately, 
by 8 days, all the rootstocks were performing similarly. 
Sap flow wood samples were collected from all the 
trees after 8 days of waterlogging and ‘Flordaguard’ 
presented the worst coloration, while ‘R5064-5’ showed 
the best coloration. After 8 days of flooding conditions, 
‘Flordaguard’ was unaffected in terms of physiological 
responses, but visible changes were quite different. The 
majority of leaves were yellow and abscising after 8 days. 
Visible tree health drastically declined after 6 days for 
all rootstocks except ‘R5064-5’. Based on our findings, 
‘R5604-5’ and ‘MP-29’ performed the best throughout 
the study and may have the ability to recover from 
waterlogging stress due to their ability to keep foliage 
intact and resist damage to sap flow wood. ‘Flordaguard’ 
was most sensitive considering physiological response, 
scion’s visible health and coloration of sap flow wood. 
More information on each rootstock’s ability to recover 
from this prolonged flooding situation is needed and 
could help growers make the best management deci-
sions before and after flood events.

Effect of Rootstock Cultivar on Consumer 
Quality Attributes of ‘Aztec Fuji’ Apple

Dylan G. Teel1*, Elina D. Coneva1, and Matthew 
D. Price2

1101 Funchess Hall, Dept. of Horticulture, Auburn 
University, Auburn, AL 36849-5408; 2Chilton Research 
and Extension Center, 120 County Rd. 756, Clanton, AL 

35045-7944
As part of the multistate NC-140 rootstock trials, the 
effect of 14 size-controlling rootstocks on consumer 
quality attributes of ‘Aztec Fuji’ apples were tested in 
Alabama conditions in 2019. The trial was established 
at the Chilton Research and Extension Center near 
Clanton, AL in 2014 as a completely randomized block 
design with ten single tree replications. Size-controlling 
apple rootstocks included: Budagovsky 10 (B.10); from 
Geneva (G.) series—G.11, G.30, G.41, G.202, G.214, 
G.935, and G.969; from Vineland (V.) series—V.1, V.5, 
V.6, and V.7; with Malling 26 EMLA, and Malling 9-T337 
serving as controls. Ten apple samples were collected 
at random from each tree at harvest to determine the 
rootstock effect on fruit quality characteristics of ‘Az-
tec Fuji’ cultivar. Measurements were taken and data 
was recorded to determine mean fruit weight, soluble 
solids content and firmness. The results suggest that 
trees grafted on G.935 and M.9-T337 produced the 
sweetest fruit. The largest fruit size of 215.7 g was 
recorded for ‘Aztec Fuji’ trees on G.11. Trees on G.935 
produced firmer fruit which suggests rootstock had an 
effect on ripening. Studies will continue to investigate 
the rootstock effect on consumer quality attributes of 
‘Aztec Fuji’ apple in multiple seasons.

—Vegetable Crops —

Selection of Stable Bush-type Southern 
Appalachian Heirloom Snap Beans

Mary A. Mahan* and Brian M. Leckie 
School of Agriculture, Tennessee Tech University, 
Cookeville, TN 38505

Green beans are an important vegetable that serve as 
a primary source of protein in diets. The Sustainable 
Mountain Agriculture Center holds a collection of ap-
proximately 900 heirloom green bean lines of various 
market classes including pole, bush, greasy, and half 
runner. Due to the recurrent selection of these Appala-
chian beans, they are expected to be regionally adapted 
and may hold genetic resistances to biotic constraints. 
Bush beans from the collection are of particular inter-
est as they are candidates for commercialization due 
to their growth habit and ease of harvest. Currently, 
the SMAC collection holds bean lines characterized as 
bush, but these lines have not been rigorously pheno-
typed and these designations are largely based on the 
description of the seed collector. In May 2017, forty-six 
putative bush-type green beans from the collection, 
along with commercial controls, were sown for evalu-
ation in a high tunnel greenhouse. Six lines germinated 
poorly and were excluded from the experiment. The 
remaining lines were grown to maturity. Data was re-
corded for multiple traits including plant growth habits, 
flowering date, pod traits, and yield. Stable bush-type 
growth was observed in eleven SMAC lines and in the 
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four commercial controls. A single bush line (Executive 
Bush) outperformed all lines with a significantly higher 
average yield of 253g. Commercial controls varied with 
Blue Lake 274 (Seedway) yielding the lowest at 14.8g 
and Contender (Johnny’s Seed) yielding the highest at 
129.5g. All other lines were statistically similar to the 
Contender control for average harvest weight. 

Small Farm Evaluation of Bush-type 
Southern Appalachian Heirloom Snap 
Beans

Erik Koehler* and Brian M. Leckie
School of Agriculture, Tennessee Tech University, 
Cookeville, TN 38505

Heirlooms are described as being landraces, “farmer 
bred” populations that invoke a horticultural and an-
thropological importance. Regional reliance on recur-
rent selection by farmers of Southern Appalachia has 
led to a diversity of heirloom snap beans. Regrettably, 
the number of heirlooms available is in decline due to 
a grower reliance on commercially available lines. The 
Sustainable Mountain Agriculture Center, a non-profit 
organization focused on the preservation of regionally 
adapted heirloom bean varieties has been collecting/
maintaining ~1,000 Southern Appalachians bean lines. 
This collection holds representatives with distinct 
growth habits, pod types, and seed phenotypes. Bush 
beans are described as having a type I growth habit and 
are highly determinate and are preferred by commercial 
growers. Previous work to screen the collection detailed 
nine stable bush lines which were selected for this trial. 
The goal of this project is to evaluate these elite bush-
type lines in field settings to understand their potential 
to small, regional sustainable farmers. The nine lines 
and a Blue Lake 274 commercial control were evalu-
ated in trials at three farms in the upper Cumberland 
and Nashville basin regions of Tennessee for two years. 
Trials were arranged in a randomized complete block 
design with three replicate blocks. Blocks contained 
each variety which were planted in plots of 25 plants, 
direct seeded, with 76 mm plant spacing. Yield data per 
plant was recorded at approximately 60 days. Data was 
analyzed using a full factorial mixed model ANOVA in 
JMP14. Main effect terms in the model included variety, 
farm, year and their interactions. Random effects in 
the model included block and year. Block was nested 
within farm in the analysis. Full factorial analysis (R2 = 
0.91) demonstrated a significant effect (P < 0.05) of all 
main effects and their interactions, with variety, farm, 
variety by farm, and year by farm significant at (P < 
0.001). While variety yields varied within farms, the most 
significant variations existed between farms indicating 
that the farming practices, and especially soil fertility, 
on the small farms was the largest determinant of 
yields regardless of variety. The means separation of 
the variety term identified the executive bush bean as 

the highest yielding line, which performed significantly 
better than the Blue Lake 274 control.

Comparative Study of Ginger Mineral 
Nutrient Contents

Guochen Yang*, Julia Robinson, Sanjun Gu, 
Zhongge (Cindy) Lu, William Lashley, and Bryce 
Holms

College of Agriculture and Environmental Sciences, 
North Carolina A&T State University, Greensboro, NC 
27411.

Ginger (Zingiber officinale Rosc.) is an important spice 
crop and has been used as a food additive (in soft 
drinks, preserves, flavoring food products, and alcoholic 
beverages) as well as for treating medical conditions 
(arthritis, neurological diseases, vomiting, and asthma). 
It is a tropical crop and has been commercially and 
exclusively produced in Hawaii. The project objective 
was to investigate mineral nutrient content in ginger 
rhizomes between cultivars grown under high tunnel 
and greenhouse conditions. This research was con-
ducted for two growing seasons (2017 and 2018). For 
2017 season, we studied three cultivars, Chinese White 
(CW), Hawaii Yellow (HY), and Kali Ma (KM), in a high tun-
nel (0%, 40%, 60%, and 80% shade) and a greenhouse. 
For 2018 season, we evaluated six ginger cultivars in a 
greenhouse, Big Kahuna (BK), CW, HY, KM, King Yai (KY), 
and Peruvian Yellow (PY). Upon harvesting, rhizome 
samples were collected, cleaned, oven dried, pow-
dered, and studied for potassium, calcium, magnesium, 
iron, manganese, and zinc contents using inductively 
coupled plasma optical emissions spectrometer (ICP-
OES). Mineral nutrient content data were subsequently 
analyzed for statistical significance using SAS University 
Edition and Microsoft Excel. For 2017 season, potas-
sium, magnesium, and manganese contents in ginger 
rhizomes were significantly different between growing 
conditions, while iron, calcium and zinc were not. KM 
had the highest average mineral nutrient content per 
element, except for magnesium, which was the lowest. 
For 2018 season, we found significant difference in 
mineral nutrient content between cultivars, with the 
highest Ca, K, and Mg content and the lowest Fe, Mn, 
and Zn content. On average, BK, KM, and PY had the 
highest mineral nutrient contents.

Differential Lead (Pb) Accumulation in 
Cool Season Vegetables

Celine Richard*, Kathryn Fontenot, Edward 
Bush, Heather Kirk-Ballard, and Taylor M. 
Bryant

Louisiana State University Agricultural Center, Baton 
Rouge, LA 70803

Lead (Pb) is a heavy metal that exists in the environment 
naturally at low levels. However, human activities have 
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expedited its relocation, concentration, and subsequent 
threat to human health. Drinking, eating, and breathing 
particles containing Pb in any concentration can result 
in acute or chronic Pb poisoning. To address the soil-
Pb exposure pathway via bioaccumulation, this study 
evaluates the differential uptake of Pb across cultivars 
of common cool season vegetable crops at soil contami-
nation levels 0 ppm Pb, 1000 ppm Pb, and 2000 ppm 
Pb. Preliminary data shows that at soil contamination 
of 1000 ppm soil-Pb, Chinese cabbages Brassica rapa 
‘Michihli’ ‘Mibuna’ and ‘Tatsoi’ accumulated 0.27, 0.43, 
0.69 ppm Pb respectively; Indian mustard species Bras-
sica juncea ‘Purplewave’, ‘Red Giant’, and ‘Tendergreen’ 
accumulated 0.16, 0.21, and 0.29 ppm Pb respectively; 
and butterhead lettuce Lactuca sativa ‘Little Giant’, ‘Great 
Lakes’ and ‘Arianna’ accumulated 0.14, 0.16, 019 ppm Pb, 
respectively, in the edible leaf tissues. At 2000 ppm soil-
Pb, Chinese cabbages Brassica rapa ‘Michihli’, ‘Mibuna’ 
and ‘Tatsoi’ accumulated 0.27, 0.44, and 0.17 ppm Pb; 
Indian mustard species Brassica juncea ‘Purplewave’, 
‘Red Giant’, and ‘Tendergreen’ accumulated 0.22, 0.22, 
and 0.29 ppm Pb; and butterhead lettuce Lactuca sativa 
‘Little Giant’, ‘Great Lakes’ and ‘Arianna’ accumulated 
0.13, 0.27, and 0.3 ppm Pb in the edible leaf tissues. 
All ppm Pb values indicate mg Pb/kg fresh weight of 
each sample. No level of lead contamination in fresh 
produce is cited as safe per the FDA regulations. These 
accumulation experiments will be followed by raised bed 
trials to evaluate the effectiveness of barriers beneath 
raised beds in contaminated soil environments to pre-
vent lead mobilization in urban soils and subsequent 
produce contamination.

Characterization of Southern 
Appalachian Heirloom Snap Beans using 
Genotyping by Sequencing

Brian M. Leckie* and Michael Best
School of Agriculture, Tennessee Tech University, 
Cookeville, TN 38505

The Sustainable Mountain Agriculture Center (SMAC), 
a non-profit organization created by Dr. Bill Best, has 
focused on the collection and preservation of heirloom 
bean varieties grown in the Southern Appalachian 
region. This collection is currently maintaining ~1,000 
lines, including those representing significant variation 
in many snap bean characteristics including pod type, 
bean color, and plant architecture. Due to the large 
effort required to evaluate a collection of this size, it 
has yet to be characterized phenotypically or geno-
typically. The goals of this project are to understand 
the population structure and diversity of heirloom 
green beans in a regional collection held by SMAC, 
create a core collection of these heirloom beans, and 
provide genotypic data for targeted trait discovery 
effort. Genomic DNA from 848 plant samples were 
used to create GBS libraries using ApeKI adapters and 

sequenced using an Illumina NexSeq 500 in the Water 
Center at TTU with a 75 bp single-end read chemistry. 
The TASSEL-GBS pipeline version 5.2.41 was used to 
call single nucleotide polymorphisms (SNPs) using the 
Phaseolus vulgaris v2.1 genome and identified 386,164 
unique sites. After filtering to remove missing data and 
non-polymorphic SNPs, a data set of 31,931 high qual-
ity SNPs was returned. Principal coordinate analysis of 
lines shows distinct groupings of the two lineages with 
the majority of the beans in the collection being more 
similar to the Mesoamerican controls. These and other 
initial analysis are presented.

Influence of Deflowering on Jicama 
Production

Milan Philbert* and Thomas W. Zimmerman 
University of the Virgin Islands Agricultural Experiment 
Station, RR#1 Box 10,000, Kingshill, VI 00850

Jicama (Pachyrrhizas erosus L.) is a vigorous herbaceous 
vining legume that produces a delicious tuberous 
root. The overall objective of this study was to assess 
the influence of deflowering jicama on tuberous root 
production over time. Plants, trained on a mesh trellis, 
were deflowered weekly when floral buds appeared. 
Harvests were conducted at 90, 120, 150, and 180 days. 
Significantly larger tuberous root diameter and weight 
was observed at 120–180 days from deflowered plants 
than on flowering and fruiting plants. Deflowering Jicama 
can be used to significantly decrease production time. 
This research was funded by grants from USDA-NIFA-
SCBG administered by the Virgin Islands Department 
of Agriculture and by USDA-NIFA-RIIA. 

Warm and Cool LED Supplements Impact 
Key Flavor Volatiles in Hydroponically 
Grown ‘Purple Petra’ Basil

Hunter A. Hammock*, Dean A. Kopsell, and 
Carl E. Sams 

Department of Plant Sciences, University of Tennessee, 
Knoxville, TN 37996

Light emitting diodes (LEDs) have the ability to produce 
a wide range of narrowband and broadband wave-
lengths with varying intensities. LED lighting systems 
are becoming more popular in commercial greenhouse 
production because of their increased energy efficiency 
and ability to control spectral output. Spectral quality 
directly impacts secondary metabolism in a variety of 
crops, which include many compounds shown to influ-
ence human health and sensory perception. Ocimum 
basilicum L. cv. ‘Purple Petra’ is a common basil cultivar 
known for its spicy and unique flavor profile, with 
strong notes of clove, licorice, citrus, and star anise. 
The objective of this study was to establish impacts 
of full spectrum LEDs and narrowband blue/red (B/R) 
LEDs on key flavor volatiles in hydroponically grown 
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‘Purple Petra’ basil. A total of four lighting treatments 
were used, which included one non-supplemented 
natural light (NL) control, cool white LEDs (5600 K), 
warm white LEDs (3200 K), and 20B/80R narrowband 
LEDs. Each supplemental lighting treatment provided 
8.64 mol.m-2.d-1 (100 µmols.m-2.sec-1, 24 h per day). VOC 
profiles were obtained by analyzing basil leaf tissue 
samples using an Agilent headspace sampler and GC-
MS. Methyl eugenol concentrations were highest in NL 
control and significantly lower in all three supplemented 
treatments, contrary to all other compounds evaluated. 
Eucalyptol and linalool concentrations were highest in 
the B20/R80 treatment and lowest in NL control. Total 
concentrations of R+/S-limonene were highest under 
the warm white treatment, and the ratio of 16:1 (R+/S-) 
was consistent across all treatments. This study shows 
that the application of supplemental LED lighting can 
manipulate key VOC concentrations in ‘Purple Petra’ 
basil and that spectral quality is an important factor 
in secondary metabolic resource allocation. This data 
reveals a general trend of increased mono and diter-
pene concentrations under supplemental lighting; in 
contrast, the phenylpropanoid methyl eugenol showed 
decreased concentrations under supplemental lighting 
and was highest under the NL control. Manipulating the 
spectral quality of light supplements used in high-value 
specialty herb production has the potential to influ-
ence the biosynthesis of key compounds and develop 
designer flavor profiles based on consumer preference.

The Influence of Single and Double-rows 
on Sweetpotato Production

Kervin Mathurin* and T.W. Zimmerman
University of the Virgin Islands Agricultural Experiment 
Station, RR#1 Box 10,000, Kingshill, VI 00850

Sweetpotato is a very important crop that ranks high in 
terms of human consumption of vegetable crops. The 
most efficient use of land is a grower’s goal for produc-
tion. The objective of this study was to evaluate single 
and double-row planting schemes for production with 
seven sweetpotato varieties. The single row configura-
tion had slips planted 35 cm apart along drip-tape. The 
double-row had drip-tape in the center and sweetpotato 
slips 10 cm away and perpendicular to the second row 
in a staggered configuration. Rows were 15 m long with 
three sample areas of 5 m per planting density. Data 
upon harvest at 110 days was collected on total tuber-
ous roots and weight, as well as weight and number 
of marketable roots. The double row configuration 
produced the greater number of roots for five variet-
ies except for the ‘Mojave’ and ‘Murasaki’. The single 
row had the heaviest roots for six varieties, excluding 
‘White Jewel’. Variety is a major factor when compar-
ing sweetpotato planting row density. Funding for this 
research was provided by the USDA-NIFA-Multistate 
S-09 Hatch and USDA-NIFA-RIIA. 

Growth and Yield of Pak Choi in High 
Tunnels of Single- and Double-layers of 
Plastic Covers

Arjun Kafle1*, Sanjun Gu2, and Guochen Yang1

1Department of Natural Resources and Environmental 
Design; 2 Cooperative Extension, North Carolina 
Agricultural and Technical State University, 
Greensboro, NC 27411

Pak choi is gaining popularity because of its health 
benefits and quick investment return. As an important 
extension tool for season extension of horticultural 
crops, high tunnels (HT) are becoming popular among 
small farmers in the United States. Almost all HT stud-
ies of pak choi used single plastic cover, there was no 
published studies to compare single and double plastic 
cover HT for the crop. Our objective was to character-
ize the microclimate inside high tunnels of different 
plastic cover and to investigate their influences on the 
growth and yield of over-winter pak choi in central 
North Carolina. A 3-factorial split-split plot design was 
applied to six high tunnels (three with single plastic and 
three with double plastic cover), raised beds (with and 
without plastic mulch), and cultivars (Win Win and Mei 
Qin) from Nov. 2018 to Mar. 2019. Data of plant height 
and canopy, yield, and microclimate factors including 
solar radiation, photosynthetically active radiation (PAR), 
air temperature, and soil temperatures were collected. 
Results showed that there were no 2-way or 3-way 
interactions among the factors, and no significant dif-
ferences among the treatments in terms of yield. The 
daily high, low and mean temperatures did not vary 
much between HT of single and double plastic cover. 
The Day Light Integral was higher in single plastic HT 
than double plastic HT. We removed the raised bed fac-
tor in the 2nd year (Nov. 2019 to Mar. 2020) and current 
research is ongoing. 

Squash Bug Ovipositional Preference 
within Cucurbita pepo

Grayson DeLay*, Erik Koehler, and Brian M. 
Leckie

School of Agriculture, Tennessee Tech University, 
Cookeville, TN 38505

The squash bug (SB), Anasa tristis De Geer (Hemiptera: 
Coreidae, is a devastating insect specialist of summer 
squash (Cucurbita pepo) that lays egg clusters on the 
underside of leaves. SB feeding can cause severe losses 
of up to 50% yields in conventional and organic systems. 
SB preference studies in C. pepo have been performed, 
although they tested a limited number of cultivars and 
had unreliable results. C. pepo subsp. pepo includes 
cocozelle, pumpkin, vegetable marrow, and zucchini, 
while C. pepo subsp. texana includes acorn, crookneck, 
scallop, and straightneck squash. The objectives of this 
study were to identify SB ovipositional preference within 
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C. pepo at the subspecies, market classes, and cultivars. 
Choice assays were performed by releasing 50 mating 
pairs of SB into replicated high tunnel field cage tests 
to evaluate their ovipositional preference on a panel 
of sixteen C. pepo cultivars. By day 6 of the assay, total 
eggs and egg cluster numbers laid by SB in the high 
tunnel field cages revealed a significant preferences 
in total eggs laid (P < 0.001) and in egg clusters laid (P 
< 0.001) for squash cultivars in the subspecies texana. 
Significant differences in market classes by day 6 were 
also observed for both total eggs (P = 0.05) and egg 
clusters (P = 0.05), with scallop squash being the most 
preferred market class and pumpkin being the least 
preferred. Subsequent within zucchini, acorn, scallop 
market class assays were performed in replicated small 
greenhouse cages with one plant per cultivar and 5 
mating pairs. While no SB preference within the eight 
cultivar scallop panel was detected, the eight cultivar 
acorn panel revealed significant preference for ovipo-
sition on several cultivars, with Thelma Sanders (P = 
0.05) being the most preferred. The six cultivar panel 
of zucchini revealed a significant preference (P = 0.05) 
for several zucchini cultivars, with three other cultivars, 
Golden Zucchini, Parthenon, and Caserta being highly 
non-preferred. These results may be informative for 
growers in areas with high levels of SB pressure.

Impact of a Shaded High Tunnel Effects 
for Organically-grown Summer Lettuce in 
Georgia 

Savanah Laur* and Timothy Coolong
Dept. of Horticulture, University of Georgia, Athens, GA 
30602

Weather conditions in Georgia generally do not allow 
for the field production of lettuce (Lactuca sativa) dur-
ing late spring/early summer. Problems that are often 
encountered include poor growth, bolting, and a strong 
bitter flavor at harvest. The objective of this study 
was to determine the suitability of a shade covered 
high tunnel for production of lettuce during summer 
months in Georgia. Twenty-two varieties of Salanova, 
leaf, romaine, and mini-romaine types of lettuce were 
grown. Differences among varieties within a given type 
of lettuce were minimal. However, differences between 
lettuce grown in the shaded high tunnel and field were 
significant. Nearly all the lettuce grown in the field was 
unmarketable. While some varieties grown in the shaded 
high tunnel did exhibit bitterness, most were of market-
able size and appearance, indicating that marketable 
lettuce can be grown during summer in Georgia using 
shaded high tunnels that are well ventilated. However, 
varieties grown in the tunnel were quick to experience 
bolting once they reached a marketable size, which 
suggests that the window for harvesting is short. 

Every Piece a Work of Art: Ella Grant 

Campbell, Florist
James M. DelPrince*

MSU Coastal Research and Extension Center, 1815 
Popps Ferry Rd., Biloxi, MS 39532

Nineteenth century florist, Ella Grant Campbell Wilson 
(1854-1939), earned status among Cleveland, Ohio con-
sumers from the public commission to design funeral 
flowers for assassinated US President James Garfield 
in 1881. Garfield’s funeral floral designs solidified her 
business and established her as a knowledgeable, 
trustworthy florist in an era when women were enter-
ing entrepreneurship. These funeral flowers provide 
a snapshot of decorative styling and plant material 
selection for memorial flowers of the time. Campbell 
was distinguished as one of Ohio’s finest florists and 
wrote a book chapter on commercial floristry, the first 
of its kind. After retiring from retailing, Ella went on 
to a second career publishing numerous articles and 
books on the heydays of wealthy Cleveland families 
and homes. Entrée gained from designing flowers for 
hundreds of weddings, funerals, and events made her 
an expert on the homes and families of Cleveland’s elite.

—Postharvest and Biotechnology—
Role of Mineral Nutrition in Citrus Fruit 
Quality and Postharvest Storage Life of 
HLB-affected Mandarin cv. LB8-9 (Sugar 
Belle®)

Faisal Shahzad1*, Jeffrey K. Brecht2, Yu Wang1, 
Fred Gmitter1, Mark A. Ritenour3 and Tripti 
Vashisth1

1700 Experiment Station Rd., Citrus Research and 
Education Center, Lake Alfred, FL 33850; 2Horticulture 
Sciences Department, IFAS, Gainesville, University of 
Florida, FL 32611; 3Indian River Research and Education 
Center, Ft. Pierce, University of Florida, FL 34945-3138

Huanglongbing (HLB; citrus greening) is a serious en-
demic citrus disease caused by the bacterium Candidatus 
Liberibacter asiaticus. About 80 to 90% of citrus trees in 
Florida are estimated to be infected, resulting in > 70% 
decline in citrus production over the last decade. Fruit 
from HLB-affected trees are often of poor quality, with 
non-uniform peel color, lopsided, and small size. In ad-
dition, symptomatic fruit have an off flavor and higher 
acidity, which makes them less desirable or unmarket-
able. A comparative study was conducted to evaluate the 
effect of preharvest foliar applied mineral nutrients (K, 
Ca, and B) on postharvest storage life and fruit quality of 
HLB-affected mandarin trees. Ten-year-old ‘LB8-9’ trees 
grafted on Swingle rootstock and exhibiting mild HLB 
symptoms were used in this study. Four foliar-applied 
nutrient treatments applied were as follow: control 
(grower standard), potassium nitrate (K), calcium nitrate 
(Ca), and sodium borate (B). Treatments were applied at 
six time points (starting from fruit set to fruit maturity 
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with 45 days interval) in 2019. Randomized complete 
block design with four replications was used and each 
replicate consisted of three trees. Following harvest, 
fruit were stored at 25 °C with 85% relative humidity 
for 21 days. With K-treatment, fruit weight, diameter, 
peel a–b ratio, peel chroma value, juice volume, and 
total sugars were increased, whereas, the peelability 
force and hue angle values decreased. B-treated fruit 
exhibited lower TA and citric acid content; ultimately 
increasing in TSS–TA ratio. Sensory evaluation showed 
higher scores for mandarin flavor intensity and sweet-
ness, and lower scores for sourness in K- and B-treated 
fruit compared with the control fruit. Overall, K and B 
foliar treatments improved the fruit quality attributes 
of HLB-affected ‘LB8-9’.

Effects of Cooling and Postharvest 
Storage Methods on the Quality of 
Broccoli

Sarah E. Parker1*, Jennifer R. Wheeler1, Curtis 
R. Luckett2, Dennis E. Deyton1, Jeanine Davis3, 
Thomas Björkman4, and Carl E. Sams1

1Department of Plant Science, Institute of Agriculture, 
University of Tennessee, Knoxville, TN 37996; 
2Department of Food Science, Institute of Agriculture, 
University of Tennessee, Knoxville, TN 37996; 
3Department of Horticultural Science, North Carolina 
State University, Raleigh, NC 27695; 4School of 
Integrative Plant Science, Cornell University, Ithaca, NY 
14853

Broccoli (Brassica oleracea L. var. italica) is a cool-weather 
vegetable that is grown for its edible flowering heads 
and stalks. Harvested broccoli heads should be cooled 
immediately to prevent senescence during storage. 
The effects of cooling and storage methods on the 
postharvest quality of broccoli were studied. Changes 
in sugar and organic acid content were investigated 
for two cultivars (V1 = ‘Diplomat’ and V2 = ‘Arcadia’), two 
temperature treatments (T1 = Non-iced at 5 °C and T2 
= Iced at 0 °C), and six different days (Dx) in storage (X 
= 0, 7, 14, 21, 28, and 35 days). Cultivar and storage 
period had significant effects on both sugar and or-
ganic acid contents, while temperature treatment had 
a significant impact on sugar content alone. All sugar 
contents significantly decreased after the first week in 
storage. The average sucrose content alone significantly 
decreased after the second week. The average fructose 
content alone significantly increased after the third 
week. All sugar contents, except for fructose, signifi-
cantly decreased after the fourth week. The average 
glucose content alone significantly increased after the 
fifth week. All other changes in sugar contents were 
not statistically significant. The average total sucrose 
concentration was significantly greater for V1 than V2. 
The average total sucrose content was significantly 
lower for T1 than T2 treated broccoli. The average citric 

acid, malic acid, and total organic acid concentrations 
were significantly greater for V2 than V1. The average 
malic acid, citric acid, and total organic acid contents 
significantly decreased after the first and second week 
in storage. After that, organic acid content decreased, 
but not significantly. Broccoli stored in ice at 0 °C had a 
positive effect on the sucrose content. Previous studies 
have found that higher respiratory metabolism leads 
to the degradation of sucrose in broccoli. Results from 
this study suggest that storage at lower temperatures 
helps to delay senescence by reducing the respiration 
rate of broccoli. While these chemical factors have been 
linked to broccoli quality, more information is needed to 
determine the effects of cooling and storage methods 
on the quality of broccoli. Future studies will include 
measurements of carotenoid, glucosinolate, mineral, 
and flavor volatile content within broccoli tissues.

Working to Better Understand 
Postharvest Fresh Keeping Quality in 
Blueberry through Differential Gene 
Expression Analyses

Rion T. Mooneyham1*, Yi-Wen Wang2, Savithri 
U. Nambeesan2, Dario J. Chavez1, and Rachel A. 
Itle1

1Department of Horticulture, University of Georgia, 
1109 Experiment Street Griffin, GA 30223, 2Department 
of Horticulture, University of Georgia, 1111 Miller Plant 
Science Building, Athens, GA 30602

Blueberry is a major specialty crop. In 2018, Georgia 
ranked fourth in the U.S. for production value and first 
in the southeastern U.S. Two of the three major com-
mercial blueberry types are grown in Georgia: southern 
highbush (SHB, species complex of Vaccinium corym-
bosum L. and V. darrowii Camp) and rabbiteye (RE, V. 
virgatum Aiton). The fruit quality and postharvest storage 
ability of these types, and cultivars within these types, 
is debated. SHB and RE are also compared to the third 
major commercial blueberry type, northern highbush 
(NHB, Vaccinium corymbosum L), which is perceived 
to have the highest fruit quality. The development of 
tools to enable rapid screening for postharvest keep-
ing quality would be highly beneficial for the selection 
of and development of cultivars with increased shelf 
life. The objective of this study is to determine the 
expression of cell wall degrading genes among blue-
berry cultivars and types that differ in storage quality 
during postharvest cold storage. Fresh fruit from five 
NHB, five RE and seven SHB were collected from Apr.–
Aug. 2018 from commercial packers in Georgia and 
Michigan. Fruit were evaluated for percent healthy 
fruit, scored by rating visual imperfections such as 
leakiness, dents, tears, mold, or any signs of posthar-
vest decay. Measurements were assessed at four time 
points: 1) 3–4 days, 2) 10–11 days, 3) 20–21 days, and 
4) 30–31 days after fruit collection. To study differ-
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ing gene expression relating to cell wall degradation, 
cultivar extremes for fruit quality maintenance over 
time were selected within each type: ‘Draper’, ‘Nelson’ 
(NHB); ‘Alapaha’, ‘Austin’ (RE); and ‘Keecrisp’, ‘Suziblue’ 
(SHB). Fruit were flash frozen using liquid nitrogen and 
were held at –80°C until processing for RNA extraction 
using a modified CTAB method. The best BLAST hits of 
putative cell wall degrading genes identified in other 
fruit crops, including apple, tomato, and winegrape, will 
be used with the newly sequenced ‘Draper’ genome, 
as well as transcriptome data generated from various 
fruit development stages of ‘Powderblue’ and ‘Suziblue’ 
cultivars (still to be annotated). Primers will be designed 
using these putative cell wall degrading genes with the 
PrimerQuest® Tool (Integrated Gene Technologies, 
Coralville, IA). Differential gene expression analysis will 
be performed using real-time PCR. A more thorough 
understanding of the genes involved in this process 
will allow for the development of selection tools for 
use in breeding new cultivars with improved shelf life 
to potentially enhance the sale price-point of Georgia 
grown blueberry cultivars.

—Cross-Commodity—
Impact of Winemaking Techniques on 
Characteristics of ‘Enchantment’ Wine

Sarah E. Mayfield1*, Renee T. Threllfall1, and 
John R. Clark2

12650 N. Young Avenue, Food Science Department,
 

University of Arkansas, Fayetteville, AR 72704; 2316 
Plant Science, Horticulture Department, University of 
Arkansas, Fayetteville, AR 72701

‘Enchantment’ is a new Vitis hybrid wine grape devel-
oped by the University of Arkansas System (UA System) 
Division of Agriculture with parentage including the V. 
vinifera cultivars Petit Syrah, Alicante Bouschet, and 
Petit Bouschet and the hybrid cultivar Salvador. This 
cultivar grows well in Arkansas and the surrounding 
region, and the teinturier grapes produce wines with 
a deep, red color. The effects of tannin and oak addi-
tion on anthocyanins and color of ‘Enchantment’ wines 
were evaluated during storage. Grapes were grown at 
the UA System Fruit Research Station (Clarksville, AR), 
hand harvested in August 2017, and transported to the 
UA System Department of Food Science (Fayetteville, 
AR) for wine production. Grapes (100 kg) were split 
into two tannin treatments, one without added tannin 
and one with added tannin for wine production. After 
completion of fermentation, each tannin treatment was 
split into three oak treatments: no oak, American oak, 
and French oak in duplicate. Oak staves were placed in 
the wines, and wines were stored for two months at 15 
°C. Wines were bottled and stored at 15 °C for analysis 
of anthocyanin attributes, red color, and color density 
at 0, 6, and 12 months. ‘Enchantment’ wines had a pH 
of 3.4, titratable acidity of 0.6%, and 11.1% ethanol at 

bottling. Only anthocyanin-3-glucosides were identi-
fied in ‘Enchantment’ wine, and malvidin-3-glucoside 
was the predominant anthocyanin. Total anthocyanins 
decreased during storage, regardless of tannin or oak 
additions. Wines with no oak and added tannin at 0 
months had the highest total anthocyanins (84 mg/100 
mL), and French-oaked wines with added tannin at 12 
months had the least (23 mg/100 mL). Wines with added 
tannin at 0 months had higher red color and color density 
than wines at 6 and 12 months. There was no apparent 
effect of oak additions on the color of these wines, but 
the long-term impact of tannin addition is more complex 
due to formation of anthocyanin-tannin structures that 
stabilize color attributes. Although anthocyanins and 
color decreased during storage, color remained intense. 
The deep, red colors and vinifera-like anthocyanins of 
‘Enchantment’ wines present a unique opportunity for 
grape growers and winemakers in Arkansas and the 
mid-South United States.

Effect of Cooking Methods on the 
Bioactive Compounds and Physiological 
Functions of Sweetpotato (Ipomoea 
batatas Lam) Leaves

Mosammat B. Rabbani*, Zelalul Adam, and 
Shahidul Islam

Department of Agriculture, University of Arkansas at 
Pine Bluff, 1200 North University Drive, Mail Slot 4913, 
Pine Bluff, AR 71601

Sweetpotato could turn into a money-making, leafy 
vegetable crop in the southern United States if cor-
rect varieties were obtainable or can be established. 
Several researchers report that sweetpotato leaves 
are an excellent source of antioxidative polyphenolics, 
among them anthocyanins and phenolics, and are 
superior to some other marketable vegetables. The 
usual tip (average of thirty genotypes studied that 
were collected from worldwide) yield found between 
10,000–12,000 lb/acre. Sweetpotato tops, able to sur-
vive adverse conditions, could serve as an added leafy 
green vegetable. Suitable sweetpotato tops should be 
tender, glabrous and purplish. Those eating sweetpotato 
tops favor the upper 4 inches (10 cm) of tips including 
both stem and leaves. These are the parts eaten in 
numerous countries. This preference for 4 inches tops 
is rational since a large proportion of the leaves in the 
top 10–12 cm are new and tender. Tips with the most 
significant number of leaves with petioles less than 
4/10 of an inch (1 cm) long are considered desirable 
because they are tender and good for the table. The 
nutritional value of sweetpotato leaves is gaining rec-
ognition as the understanding between diet and health 
increases. The sweetpotato genotypes had significant 
antioxidant activity and polyphenolic contents. The 
phenolic content of all genotypes ranged from 3.5–4.8 
mg TAE/g dwt. The ABTS method proved the best for 
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antioxidant determination in sweetpotatoes, followed 
by the ORAC method. The information provided by this 
research will also facilitate the genetic and chemical 
breeding study for improvement of the desired qual-
ity criteria of orange-fleshed sweetpotatoes, as well 
as other, produce. The effects of cooking methods, 
namely stir-frying, microwaving and steaming, done 
on the nutrients and health-promoting compounds of 
sweetpotato tops were investigated. The results show 
that cooking treatments caused significant losses of 
vitamin C, phenolic, antioxidant, and total soluble solids. 
Researchers and extension workers could help make 
this vegetable’s tops more attractive and acceptable. 
The information provided by this research will also 
facilitate the breeding study for the improvement of 
the desired quality criteria.

Anticipating Farmers Market Surplus for 
Creating Value-added Products

Morgan R. Gramlich1*, Renee T. Threlfall2, and 
Amanda L. McWhirt3

1316 Plant Science, Department of Horticulture, 
University of Arkansas, Fayetteville, AR 72701; 22650 N. 
Young Avenue, Food Science Department,

 

University 
of Arkansas, Fayetteville, AR 72704; 32301 S. University, 
Cooperative Extension Service, University of Arkansas, 
Little Rock, AR 72204

Farmers markets in the United States provide farmers 
with opportunities to sell produce directly to consumers. 
However, due to the high perishability of many produce 
items, vendors may lose revenue if produce goes unsold 
during a farmer’s market. Value-added food products 
(salsa, sauces, jelly, jam, etc.) provide an opportunity for 
farmers and farmers markets to increase sales through 
the utilization of surplus produce to create products that 
have a long shelf-life. The University of Arkansas System 
Division of Agriculture worked with The Original Rogers 
Farmer’s Market (Rogers, AR) in 2019 to track surplus 
produce item availability and pricing to determine the 
potential for value-added product development from 
these items. Produce item availability and price were 
tracked for 18 weeks at both Wednesday and Satur-
day markets during the farmers market season (May 
18–Sept. 11, 2019). There were 4–8 produce vendors 
at each market day. At each farmers market, a visual 
evaluation was conducted to determine the percent of 
vendors selling different produce items (i.e. tomatoes, 
peppers, squash, etc.) and the price of each item. Dur-
ing the market season, there were 66 produce items 
available. Of the items tracked in 2019, vendors had 
squash 72%, cucumber 68%, zucchini 62%, tomato 
62%, and potatoes 59% of the time for sale. These five 
items were the most available produce items during 
the 2019 market season. Squash had the lowest price 
on July 20 at $2.06/lb; cucumbers July 6 at $1.64/lb; 
zucchini July 17–20 at $2.06/lb; tomatoes June 29–July 

6 at $2.05-2.13/lb; and potatoes July 27 at $4.80/lb. In 
2019, the ideal date to purchase surplus produce to take 
advantage of high seasonal volumes and low prices at 
The Original Rogers Farmer’s Market was June 29–July 
10 for squash, zucchini, cucumbers, and potatoes and 
July 13–20 for tomatoes. The data collected on pricing 
and availability of surplus produce items at a summer 
farmers market will be used to determine the economic 
feasibility of developing value-added products based 
on available surplus produce items.

The Distinction of Antioxidant Capacity 
of Colored Sweetpotatoes (Ipomoea 
batatas L.) and It’s Tops in Relation to 
Polyphenolic Contents

Jameka Hartson*, Zelalul Adam, and Shahidul 
Islam

Department of Agriculture, University of Arkansas at 
Pine Bluff, 153 Woodard Hall, 1200 North University 
Dr., Mail Slot 4913, Pine Bluff, AR 71601

Studies have been done which compared the antioxidant 
content of white, orange, pink, red, and purple-fleshed 
sweetpotatoes, as well as sweetpotato tops. These 
indicated that purple-fleshed sweetpotatoes and tops 
had the highest antioxidant contents, and color intensity 
was indicative of antioxidant capacity. The study also 
conducted to examine the inconsistency of antioxidant 
activity and phenolic content within the treatments. 
The samples were tested for antioxidant capacity by 
2,2’-azinobis (3-ethyl-benzothiazoline-6-sulfonic acid) 
(ABTS), 2,2-diphenyl-1-picrylhydrazyl (DPPH), and 
oxygen radical absorbance capacity (ORAC). Phenolic 
content was measured using the Folin-Ciocalteau assay. 
The antioxidant activity of sweetpotato extracts in the 
hydrophilic fraction has a significant antioxidant effect 
when tested by each method. There was a relationship 
between total polyphenol content and antioxidant 
function in case of ABTS (r = 0.59) and ORAC (r = 0.35). 
The hydrophilic ABTS values correlate significantly 
with the hydrophilic DPPH values (r = 0.84) and the 
hydrophilic ORAC values correlate reasonably well 
with the hydrophilic ABTS values (r = 0.85). In the case 
of the hydrophilic DPPH values and hydrophilic ORAC 
values also showed a strong correlation (r = 0.87). The 
phenolic content of all genotypes ranged from 3.5–4.8 
mg TAE/g dwt. The ABTS method proved the best for 
antioxidant determination in sweetpotatoes, followed 
by the ORAC method. The Stokes purple-fleshed sweet 
potato displayed the most antioxidant activity. The 
sweetpotato leaves had significantly higher contents 
of phenolic and showed higher antioxidant capacity, 
as compared to the storage roots. The information 
provided by this research will also facilitate the genetic 
and chemical breeding study for the improvement of 
the desired quality criteria.

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=antioxidant+activity
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—Fruit Crops—

Phytochemical Profiling of Finger-lime 
(Microcitrus australasica) Fruits

Bikash Adhikari*, Manjul Dutt, and Tripti 
Vashisth

700 Experiment Station Rd, Citrus Research and 
Education Center, Horticultural Sciences Department, 
University of Florida, Lake Alfred, FL 33850

‘Australian finger lime’ (Microcitrus australasica) is a 
thorny and vigorous shrub with unique caviar-like pulp 
and skin color ranging from yellow, green, red to purple. 
Fruit are cylindrical and roughly the size of an average 
person’s index finger, hence named ‘finger lime’. Citrus 
fruits are nutritious and well known for high vitamin 
C, sugar, flavonoids, anthocyanins and other phenolic 
compounds. The organic compounds and phytochemi-
cals are responsible for imparting high antioxidant and 
nutrient value to the fruit, making it highly desirable. 
Recent reports on ‘finger lime’ suggest tolerance against 
a devastating bacterial disease, Huanglongbing (HLB; 
aka citrus greening). Therefore, HLB tolerance in addi-
tion to refreshing taste and unique fruit characteristics 
makes it a great candidate for planting. However, in 
the recent years, citrus consumption is going down 
due to negative publicity related to high sugar content. 
Hence, the focus of this research was to characterize the 
phytochemical and antioxidant profile of ‘finger lime’. 
Those profiles were studied in pulp and peel tissues of 
four different cultivars (FL-red, FL-white, LL FL-red, and 
DPI control) phytochemical profile (n=4). High levels of 
phenolic compounds (flavonoids, anthocyanins) were 
observed higher in the peel than in the pulp. The variet-
ies with red pulp showed higher antioxidant capacity 
and phenolic compounds in both types of tissues than 
in varieties with white pulp; FL-red (peel tissue) had the 
highest phenolic contents followed by LL FL-red (peel 
tissue). Correlation data showed that all the phenolic 
compounds and antioxidant capacity were positively 
correlated, which suggested that higher total phenolics 
and vitamin C resulted in the higher antioxidant power. 
The overall results suggested that ‘finger lime’ is rich 
in phenolic compounds, antioxidant capacity, acids, 
total soluble solids, and sugars (glucose, sucrose and 
fructose), whereas the red color ‘finger lime’ varieties 
have higher health benefiting compounds than other 
‘finger lime’ varieties.

Effect of Harvest Time on Red Drupelet 
Reversion in Blackberry (Rubus subgenus 
Rubus)

Mitchell E. Armour*, Margaret L. Worthington, 
and John R. Clark

Dept. of Horticulture, 316 Plant Science Building, 
University of Arkansas, Fayetteville, AR, 72701

Red drupelet reversion is a postharvest disorder of 
blackberries that occurs when black drupelets on ripe 
berries turn red during or after cold storage. A study 
was conducted to find a relationship between the oc-
currence of red drupelet reversion on blackberries rela-
tive to harvest time of day and genotype. Berries were 
harvested during the 2018 and 2019 growing seasons 
at the University of Arkansas Fruit Research Station in 
Clarksville, AR. Seven genotypes were chosen to rep-
resent a spectrum of fruit textures in the University of 
Arkansas blackberry breeding program. Two clamshells 
were harvested from each genotype on two dates ap-
proximately one week apart at four different times of 
day (7:00 am, 10:00 am, 1:00 pm, and 4:00 pm) and surface 
temperature of the fruit was measured during harvest. 
Fruit was then held in cold storage at 5 °C for seven days 
before measuring the percent of berries with three or 
more reverted drupelets per clamshell and perform-
ing compression to evaluate fruit texture. Analysis of 
variance was performed with the data analyzed as a 
three-factor factorial completely randomized design. 
Blackberries harvested at earlier (cooler) times of day 
showed lower incidences of reversion, with an aver-
age percent reversion of 4.9% for 7:00 am. Additionally, 
berry firmness and the percent of berries reverted for 
each genotype were negatively correlated (r = -0.46). 
The ‘crispy’ selection, A-2453, with the firmest texture 
had the lowest percent reversion (2.2%), while Black 
Magic™, the softest genotype, had the highest percent 
reversion (60.4%). A composition analysis was done 
on three randomly-selected berries per clamshell to 
evaluate soluble solids, pH, and titratable acidity. No 
significant differences between harvest time were 
observed for any of the three composition attributes, 
indicating that the berries harvested at different times 
of day had uniform ripeness.

Working Groups

Watermelon Research Group
Seedless Watermelon Variety Trial 
Conducted by University of Delaware 
Cooperative Extension in 2019

Gordon C. Johnson1* and Emmalea Garver 
Ernest1 

1Department of Plant and Soil Sciences, University 
of Delaware, Elbert N. and Ann V. Carvel Research 
and Education Center, 16483 County Seat Highway, 
Georgetown, DE 19947

The 2019 Seedless Watermelon Variety Trial included 30 
varieties from nine participating companies. The pur-
pose of this trial was to evaluate seedless watermelon 
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varieties for yield, quality and maturity under Delaware 
conditions. Plants were transplanted to the field on 
May 15, 2019. Plots were arranged in a randomized 
complete block design with four replications. In-row 
spacing for seedless plants was 3 ft with 9 plants per 
plot. Four pollinizer plants, one each of the in-row pol-
lenizer varieties SP-7, Accomplice, Wingman, and Ace 
Plus were planted in each plot and one between plots. 
Fruit were harvested three times. Fruits were harvested 
three times. The first harvest was on July 29-30, 74 days 
after transplanting (DAT), the second harvest was 89 
DAT, and the final harvest was in September at 109 
DAT. The weight of each watermelon harvested was 
recorded individually. Five marketable watermelons 
from each plot were cut and evaluated for presence of 
hollow heart, hard seeds and soluble solids levels. The 
highest yielding varieties in the trial in terms of Market-
able Yield in lbs/A were: Fascination, ORS 6375 A, SW 
2004, SV 0241, Road Trip, Red Garnet, Maxima, Crunchy 
Red, and Red Amber. This high yielding group ranged 
from 111,055 to 92,698 lbs per acre. The following va-
rieties produced more than 40% of their yield on the 
first harvest: Fascination, SW 2004, SV 0241, Road Trip, 
Crunchy Red, Red Amber, Charismatic, Summer Breeze, 
Tailgate, Excursion, Bottle Rocket, 7187, SV 0502, SW 
1981, Red Opal, Secretariat, Troubadour, Turnpike, and 
W 28960. Those varieties with late or extended harvest 
were Red Amber, Charismatic, and ORS 6064 F. Variet-
ies that had greater than 40% of the melons harvested 
in the 45-count class were Bottle Rocket, Excursion SV 
4741, SW 1981, ORS 6371, Turnpike, Red Amber, ORS 
6406 B, Fascination, ORS 6375 A, Crunchy Red, Red 
Opal, SV 0241, Road Trip, Charismatic, Red Garnet, ORS 
6064 F, and SV 0502. SW 1981, SW 2004, Crunchy Red, 
Captivation, and W 28960 all had significant numbers 
of fruit over standard for hard seed. 

Particle Films and Growth Regulators for 
Stress Reduction in Watermelons

Gordon C. Johnson*
Department of Plant and Soil Sciences, University 
of Delaware, Elbert N. and Ann V. Carvel Research 
and Education Center, 16483 County Seat Highway, 
Georgetown, DE 19947

Climate change has the potential to affect fruits and 
vegetables as temperatures increase. Radiation blocks 
or reflective materials can reduce heat effects by re-
flecting away some solar radiation. Commonly, particle 
films are used as radiation blocks including kaolin (white 
clay) based or calcium carbonate (lime) based materials. 
These are sprayed on plants during high temperature 
periods. Particle films are commonly used to reduce 
sunburn in watermelons in southern regions. Plant 
hormones such as cytokinin alter different biochemi-
cal pathways related to plant stress. Research in 2012 
showed a significant increase in watermelon size in a 

heat sensitive variety (Crunchy Red) with the use of 
clay-based particle films (Surround and Screen Duo) 
and the cytokinin 6-benzyladenine (MaxCel) sprayed 
over the top of plants weekly starting at early fruiting. In 
2013, a cooler year, there was no differences between 
treatments. Experiments in 2018 and 2019 evaluated 
two particle film products (Surround and Screen Duo) 
and two calcium carbonate materials (Reflections and 
Purshade). Yields of Crunchy Red watermelon were 
increased with all products when applied weekly start-
ing at early fruiting. 

A New Tool to Help Growers Selecting 
Watermelon Varieties and Pollenizers

Andre Luiz Biscaia Ribeiro da Silva, Cecilia 
McGregor2

1 4604 Research Way, Department of Horticulture, 
University of Georgia, Tifton, GA 31793; 21111 Plant 
Sciences Building, Department of Horticulture, 
University of Georgia, Athens, GA 30602

There is a constant increase in seedless watermelon 
production in U.S. Seedless watermelon are triploid 
plants that required diploid pollenizer for fruit, however, 
triploid and diploid plants have different growth habit 
and flowering patterns, which difficult growers’ selec-
tion for the optimum combination of cultivar (triploid) 
and pollenizer (diploid). Thus, the objective of this study 
was to develop an internet tool to help growers and 
researchers to better synchronize flowering patterns 
of cultivars and pollenizer. Data from 2 years of the 
number of open flowers counted three times a week 
during crop development was gathered to create a 
weekly information of the percentage of plants flower-
ing for 22 commercial cultivars and 16 pollenizers. The 
information was saved in an interned data base and 
the watermelon tool created to display a graph of the 
percentage of plants flowering per week according to 
cultivar and pollenizer selection by the user. The wa-
termelon tool can be accessed on www.watermelon.
uga.edu. The watermelon tool was already tested by 
100 growers, who stated that this was a useful tool 
that can help their pollenizer selection. The impact of 
the watermelon tool was not measured yet, however, 
constant update of new cultivar and pollenizer are 
required to keep the tool up to date.

2019 Seedless Watermelon Evaluation in 
Georgia

Andre Luiz Biscaia Ribeiro da Silva1

14604 Research Way, Department of Horticulture, 
University of Georgia, Tifton, GA 31793

Watermelon is the top 3 vegetable crop in Georgia, 
representing 12% of the $1.15 billion generated by the 
vegetable industry in the state for 2017. However, the 
constant increase of cost in input for crop management 

http://www.watermelon.uga.edu
http://www.watermelon.uga.edu
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required watermelon growers to increase yield produc-
tion in order to maintain their profit. Therefore, cultivar 
selection plays a key role in the Georgia watermelon 
industry. The objective of this study was to evaluated 
watermelon varieties for yield and fruit quality in the 
Georgia environmental scenario. A field experiment was 
conducted in during the watermelon season in 2019 in 
the Tifton Vegetable Park at the University of Georgia, 
Tifton, GA. Twenty-seven watermelon varieties were 
evaluated in a randomized complete block design with 
three replications. Watermelon varieties were: Captiva-
tion, Exclamation, Excursion, Fascination, Sweet Gem, 
WDL6404, Tailgate, Road Trip, Joy Ride, Bottle Rocket, 
Summer Breeze, SV0241, Kingman, Charismatic, Unbri-
dled, Secretariat, Red Garnet, Red Amber, E26C.00063, 
Turnpike, Troubledor, 7197, Embasy, Warrior, Declara-
tion, SW1981, and SW2004. A single pollenizer variety 
(Wild Card) was used for all females’ varieties, while crop 
management follow the University of Georgia recom-
mendations for watermelon production. Total yield was 
the highest for Exclamation ≤ SW1981 ≤ Captivation ≤ 
Embasy ≤ Secretariat ≤ Charismatic ≤ WDL6404 ≤ 7197 
≤ SV0241 ≤ Tailgate ≤ Summer Breeze ≤ Red Amber. 
Total yield for the top varieties averaged 85,788 lb/acre. 
The variety with highest 60 counts (fruit with 9-13.5 lb), 
45 counts (fruit with 13.6-17.5 lb), 36 counts (fruit with 
17.6-21.4 lb), and 30 counts (fruit with 21.5 lb or more) 
fruits were Exclamation (29,780 lb/acre), SV0241(39,333 
lb/acre), Charismatic (39,767 lb/acre), and Embasy 
(30,745), respectively. Regarding fruit quality, there was 
no significant difference among varieties for brix (11%), 
and firmness (3.13 lb), further, no hallow heart were 
measured during the internal quality evaluation. Over-
all, the top 3 varieties for total yield were Exclamation, 
SW1981, and Captivation, while the top 3 varieties for 
45 and 36 counts, which is the growers most interest, 
were Captivation, Charismatic, and Turnpike. 

Performance of Grafted Watermelons at 
a Reduced Density in Indiana 

Wenjing Guan
Southwest Purdue Agricultural Center, 4369 N. Purdue 
Rd. Vincennes, IN, 47591

Grafting watermelon with interspecific hybrid squash 
rootstock is an effective approach to control Fusarium 
wilt of watermelons. Carolina Strongback is a newly 
developed citron melon rootstock that has resistance 
to Fusarium wilt and tolerance to root-knot nematode. 
Although using grafted watermelon plants is highly effec-
tive in controlling soilborne diseases, high cost of grafted 
plants prevents farmers from taking advantage of this 
technology. Reducing planting density can reduce the 
planting cost. But yield potential of grafted plants on a 
reduced spacing has not been well evaluated in Indiana, 
especially with the new rootstock. Watermelon cultivar 
Fascination grafted onto an interspecific hybrid squash 

rootstock and Carolina Strongback rootstock, as well 
as non-grafted controls were grown on two lands with 
different spacing. The grower standard spacing (GS, 4’ 
in-row spacing and 6’ between-row spacing) accounted 
for about 1800 plants per acre and the reduced spac-
ing (RS, 4’ in-row spacing and 9’ between-row spacing) 
accounted for about 1200 plants/acre. Grafting treat-
ments were randomly distributed in each land with four 
blocks. Each experimental plot comprised with 4 beds, 
48 feet long. Harvest was conducted in the central 30 
feet by 15 feet area of each plot. Plants in both field 
were harvested 6 times from July 30 to Sep. 4. Grafted 
plants of both rootstocks had significantly higher yield 
than the control plants in the 3rd and 4th harvest with 
the GS, and in the 5th and 6th harvest with the RS. Pre-
liminary results showed that yield were similar between 
plants grown with RS and GS. Additional study is needed 
to future evaluate whether planting density could be 
reduced with the use of grafted plants, especially onto 
Carolina Strongback rootstock.

2019 Standard-size and Personal-size 
Triploid Watermelon Variety Evaluation 
in Indiana 

Wenjing Guan, Dennis Nowaskie, Dan Egel
Southwest Purdue Agricultural Center, 4369 N. Purdue 
Rd. Vincennes, IN, 47591

Standard-size and personal-size triploid watermelon 
variety evaluation trials were conducted at the South-
west Purdue Agricultural Center in Spring 2019. A 
total of 40 standard-size watermelon cultivars and 18 
personal-size watermelon cultivars were included in 
the trials. SP7 was used as the pollenizer for both trials. 
The watermelon seedlings were transplanted on black 
plastic mulch-covered beds on May 15. Each trial was 
harvested four times, once a week, from July 31 to Aug. 
22. Randomized complete block design with three blocks 
was used in both trials. Standard- and personal-size 
watermelon trials had 10 and 18 plants, respectively 
in each experimental plot. 2019 watermelon produc-
tion season was marked with above-normal precipita-
tion. The soil water content was above field capacity 
throughout the season. Yield of both standard- and 
personal-size watermelons were remarkably lower 
compared to the yields in 2017 and 2018 seasons. The 
highest yield variety in the standard-size watermelon 
group was Red Amber. Red Amber was also one of the 
top yield varieties in 2017 and 2018. Excursion and Red 
Amber had the highest yield in the first harvest. Total 
soluble solids content ranged from 11.6 to 9.4, which 
was slightly lower compared to the previous years. 
Among the personal-size watermelons, Sirius had the 
highest yield. It also had relatively higher total soluble 
solids. The incidences of hollow heart and black seeds 
were relatively low in 2019.
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Is There Light at the End of the Gummy 
Stem Blight Tunnel?

Cecilia McGregor1*, Winnie Gimode2, Lincoln 
Adams2, and Jorge Reyes1

1Department of Horticulture, University of Georgia, 
1111 Miller Plant Science Bldg., Athens, GA, 30302; 
2Institute of Plant Breeding Genetics and Genomics, 
University of Georgia, 1111 Miller Plant Science Bldg., 
Athens, GA, 30602 (cmcgre1@uga.edu)

Gummy stem blight (GSB) is an economically impor-
tant disease in watermelon and other cucurbit crops 
worldwide. Resistance to GSB was first identified in 
1962 in a wild Citrullus amarus accession, however no 
current commercial watermelon cultivar is resistant 
to the disease. Recently it was determined that GSB 
can be caused by three species of Stagonosporopsis; 
S. citrulli, S. caricae and S. cucurbitacearum, rather
than one as previously thought. These species show
differential sensitivity to fungicides which further
complicates disease management. In order to address 
these issues we developed a point-of-care system that
can differentiate S. citrulli from the other two species.
Different Stagonosporopsis isolates also elicit different
resistance responses in host plants. This might explain 
why breeding for resistance to this disease has been so 
challenging. To accelerate resistance breeding efforts,
we identified quantitative trait loci (QTL) associated with
GSB resistance in PI 189225 and PI 482276. The next
step in breeding resistant watermelon cultivars is to
develop high throughput markers to introgress these
loci into elite genetic backgrounds.

******************END***************
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______
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LIFE CYCLE ASSESSMENT (LCA) OF 
SUPPLEMENTAL LIGHTING SYSTEMS USED 
FOR CONTROLLED ENVIRONMENT CROP 
PRODUCTION. F. Lubna* and A. Both, Rutgers, The 

State University of New Jersey, New Brunswick, NJ 

Abstract: Supplemental lighting technology is often 
required for year-round crop production in controlled 
environment. Determining the cost and environmental 
impact of supplemental lighting systems is important 
for assessing their economics and sustainability. 
While the newer LED lighting systems generally have 
a green image, detailed life cycle assessments (LCAs) 
are needed to measure their environmental impact, 
including greenhouse gas emissions resulting from 
fabrication, use and ultimate disposal. We plan to 
use the software package SimaPro™ as a tool for 
the evaluation of supplemental lighting systems. 
The objectives of our research are: 1) To estimate 
the life-time emissions associated with material use 
and electricity consumption of supplemental lighting 
systems used in the horticultural industry, 2) To 
evaluate alternative materials and lighting strategies 

that aim to reduce or eliminate life-time emissions, and 3) 
Assess the economics of various supplemental lighting 
technologies and strategies used in the horticultural 
industry. As part of our study, LCAs of various 
supplemental lighting systems will be performed, and 
standard methods for LCAs will be followed, including 
an International Standard Organization (ISO) standard 
(14040) that prescribes four steps: goal and scope 
definition, inventory analysis, impact assessment, and 
interpretation. 

COMPARISON OF OFF-SEASON FLOWER 
PRODUCTION METHODS. A.T. Chabot* and A.E. 
Kleintop, Delaware Valley University, Doylestown, PA (5) 

Abstract:  The objective of this research project was to 
study the impacts of autonomous watering systems 
such as flood tables on off-season greenhouse 
flower production. Manual watering can be efficient 
in managing greenhouse propagules and/or liners; 
however, it often leads to an increase in pest and 
pathogen pressure. The hypothesis was that by 



S438 HortScience 55(9) Supplement – ne-ASHS AnnuAl meeting

implementing autonomous watering systems, pest 
and pathogen pressure would be greatly decreased 
and damage resulting from the high water demands 
of seedlings and human error would also be reduced.  
Two flood tables were set up with two different 
fertilizer treatments using two commercial fertilizers.  
Five pots of three different flowers including 
sunflowers, cosmos, and zinnias were grown in each 
flood table. Two control groups of the three flowering 
species grown in potting media and receiving 
the two fertilizer treatments were also included.    
Measurements were taken on percent germination, 
plant height, and plant quality.  The results of this 
research can be used to study the potential increase 
in quality of plants produced with flood table systems 
compared to manual watering. 

EVALUATION OF CENTRAL AND SOUTH 
AMERICAN MAIZE LANDRACES. K. Owens*, S. 
Smith, and A.E. Kleintop, Delaware Valley University, 
Doylestown, PA (6) 

Abstract:  Landraces are distinctive regionally 
adapted varieties that have been maintained for 
generations by local populations.  Landraces are 
important sources of crop genetic diversity and 
history.  Following the domestication of maize in 
Mexico, many distinctive maize landraces were 
developed across South, Central, and North America.  
However, these historically important maize 
landraces still remain rarely studied.  The objectives 
of this project were: 1) to grow 65 different maize 
landraces from South, Central, and North America 
and 2) take detailed notes and observations on the 
accessions.  One major trait of interest focused on 
photoperiod adaptability including days to silking, 
days to anthesis, and the silkinganthesis interval.  
Adaptation to differences in photoperiod remains 
a serious barrier to growing corn landraces in 
temperate environments.  Additional traits of interest 
include plant height, ear height, and root and stalk 
lodging.  The landraces were grown in two reps in 
a randomized complete block design.  Significant 
differences were observed between landraces, and 
many landraces displayed stalk and root lodging.  In 
addition, many accessions displayed photoperiod 

sensitivity and had delayed days to anthesis and 
silking. This project was a collaboration between 
Delaware Valley University and the Roughwood Seed 
Collection, a non-profit organization which maintains 
a collection of approximately 5,000 heirloom and 
landrace crop accessions, and which provided the 
landrace accessions.  The results from this project will 
be used to help characterize maize landraces from 
Central and South America and to study their diversity 
and potential adaptability. 

BIOREMEDIATION OF NITRATE 
CONTAMINATED SOILS USING NITRATE 
ASSIMILATION IN OOMYCOTA. E. Sorrentino*, 
Delaware Valley University, Southampton, PA (7) 

Abstract:  Organisms in the division Oomycota 
(kingdom Chromista) have been found to possess 
the enzymes nitrate reductase and nitrite 
reductase. These enzymes convert nitrate into 
nitrite then into ammonium. Soil samples taken 
from the Delaware Valley University Equestrian 
Center yielded a species of Pythium. This species 
of Pythium was assessed for nitrogen assimilation 
at concentrations ranging from 5ppm to 100ppm.  
Nitrogen levels were reduced in all concentrations 
tested. The current research suggests that this 
organism can be used as a practical means for 
bioremediation of nitrate contaminated soil and 
water, particularly in water treatment facilities. 

EXAMINING PHOTOSYNTHETIC 
PARAMETERS IN-VIVO IN C3, C4, AND 
CAM SPECIES. B.T. James*, Delaware Valley 
University, Mechanicsburg, PA (21) 

Abstract:  Plants have adapted photosynthetically to 
produce necessary sugars using various mechanisms. 
This research project compared plants with different 
pathways of photosynthesis. Between C3, C4, and 
CAM plants, anatomical differences of the leaves 
were observed as well as specific differences in 
the way species conduct photosynthesis. Both C4 
and CAM plants have evolved mechanisms that 
reduce photorespiration, a common problem for 
C3 plants when exposed to dry and hot conditions. 
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C4 plants compartmentalize the various reactions 
of photosynthesis while CAM plants close stomata 
during the day to reduce water loss. With data 
collected with a hand-held instrument, specific 
photosynthetic parameters, such as PhiNPQ (phi-
non-photochemical-quenching) can help differentiate 
the three photosynthetic pathways under different 
environmental conditions. Temperature differences 
played a role within the research as plants were 
house in two separate greenhouses. CAM orchids 
were measured in a hotter greenhouse than the 
rest of the plants, which contributed to higher 
PhiNPQ values. In the other greenhouse, were 
CAM pineapple, and C3-C4 grasses. Additionally, 
anatomical differences contributed to differentiating 
C3, C4, and CAM photosynthetic pathways. Bundle 
sheaths, concentrated chlorenchyma cells, and 
aquiferous hypodermis cells all are examples of 
specializations of adapted photosynthetic pathways. 
Further studies can be conducted on these pathways. 
Photosynthesis can be negatively affected by an 
increase of atmospheric CO₂ with high ambient 
temperature (Hamilton III et al. 2008). If plants 
are negatively affected by climate change, then 
agriculture is affected entirely. Selectively breeding 
and hybridization of crops could help deter negative 
effects of global warming. Photosynthesis is always 
under research and adaptation. 

GRASSES, BROMELIAD, AND ORCHIDS: 
DIFFERENCES IN PHOTOSYNTHETIC 
PARAMETERS. A.N. Masters*, Delaware Valley 
University, Macungie, PA (22) 

Abstract:  Photosynthesis is a two-stage process by 
which plants use the energy of sunlight to convert 
carbon dioxide and water into carbohydrates and 
oxygen. ATP and NADPH are generated during the 
light dependent reactions and used within the Calvin 
Cycle to produce sugars. Land plants have evolved 
different photosynthetic pathways with respect to the 
environments they inhabit. In stressful conditions, 
plants go through photorespiration rather than 
photosynthesis due to low levels of carbon dioxide 
within the leaf. Photorespiration is the process 
by which plants fix oxygen rather than carbon 

dioxide due to the oxygenase activity of RUBISCO, 
a process considered as wasteful for the plant. 
The purpose of this experiment was to compare 
various photosynthetic parameters in plants of the 
three different photosynthetic pathways: C3, C4, 
and CAM. The MultispeQ instrument was used to 
measure ambient temperature and light intensity, 
non-photochemical quenching, linear electron flow, 
and the absorbance of different wavelengths of 
light. Measurements were taken twice a day, three 
times per week for ten weeks. Cross sections of the 
leaves of all three photosynthetic types were also 
made by hand to compare the differences in leaf 
anatomy. The data was organized into graphs on the 
PhotosynQ platform for evaluation. At the conclusion 
of the experiment, it was determined that the plants 
studied showed similar values due to being kept in 
controlled, non-stressful conditions with plenty of 
water. The anatomical leaf differences between the 
pathways were consistent with what is reported in the 
literature.  

EFFECT OF PRUNING, MOWING AND 
SANDING ON FRUIT QUALITY IN 
CRANBERRY. G. Mupambi*, H.A. Sandler, and 

S. Uppala, University of Massachusetts Amherst, East 
Wareham, MA (25) 

Abstract:  Cranberry (Vaccinium macrocarpon) fruit 
is harvested based on red color development and 
growers are paid an incentive for fruit with good 
red color coverage. Pruning, mowing, and sanding 
are cultural practices that are used to control 
canopy growth in cranberry. Without these cultural 
practices, the canopy in cranberry can become too 
dense impacting light interception and potentially 
negatively affect fruit color. Our objective was to 
study the effect of pruning, mowing and sanding on 
fruit color in cranberry. The study was conducted on a 
‘Stevens’ cranberry bog in Massachusetts, USA. Three 
treatments were evaluated, light and heavy pruning, 
sanding and mowing versus a control without canopy 
management. Each treatment plot was 10x2 m with 
buffer plots in between. A randomized complete 
block design was used with four replications per 
treatment. Fruit color was assessed at harvest 
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using a biochemical method as total anthocyanin 
content (TAcy) and high-throughput phenotyping 
machine vision technology. Yield and other fruit 
quality parameters were also assessed at harvest.  
Sanding and mowing significantly improved fruit 
color measured as TAcy compared to the control. 
All the treatments had significantly better fruit color 
compared to the control when measured using high-
throughput phenotyping machine vision technology. 
Light and heavy pruning, mowing and sanding 
significantly reduced yield compared to the control.  
Although not significant, fruit rot was lower in the 
light and heavy pruning treatments compared to the 
control. Fruit size and firmness were not affected 
by canopy manipulation. Internally, total soluble 
solids were significantly increased in the sanding 
and mowing treatments compared to the control. In 
conclusion, canopy manipulation showed potential 
for improving fruit color in cranberry. Results need 
to be studied in additional growing seasons to assess 
the carryover effects of improved light interception.  

SPOTTED LANTERN FLY OUTREACH IN NEW 
JERSEY. M.L. Infante-Casella*, W. Bamka, and S.J. 
Komar, Rutgers NJAES Cooperative Extension, Clarksboro, 
NJ (30) 

Abstract:  The spotted lantern fly (SLF) was first found 
in Berks County, Pennsylvania in 2014. During the 
summer months of 2019, the invasive SLF, native to 
China, India, Vietnam and East Asia, was spotted in 
Mercer, Hunterdon, Warren, Burlington, Camden, 
Gloucester, Salem and Somerset counties in the State 
of New Jersey. The year before, the bug was found 
in only three NJ counties bordering Pennsylvania, 
starting in Warren County (Northwestern NJ). 
The areas where the insect was confirmed were 
"quarantined" to prevent the spread of the lanternfly. 
The quarantine meant businesses and the general 
public in the quarantine area were required to 
obtain and fill out a New Jersey residence checklist 
before moving articles such as firewood, paving 
stones, lawn equipment for SLF egg masses when 
they travel or move those items to areas outside 
the quarantine area. The quarantine also required 
people and businesses to inspect their vehicles for 

hitchhiking SLFs. One of the potentially damaging 
consequences of this bug is it can prey on numerous 
types of crops and trees. For instance, SLFs can 
easily attach themselves to the bark of Christmas 
trees to lay their eggs and multiply.  The New 
Jersey Department of Agriculture (NJDA) field crews 
conducted surveys for this insect along the New 
Jersey-Pennsylvania border since 2014, with no 
findings in NJ before 2018. Rutgers Cooperative 
Extension, Agricultural and Natural Resources 
personnel helped to identify SFL egg masses, 
nymphs and adults. They also instructed residents 
of New Jersey to contact the NJDA by email to send 
pictures of suspect insects to SLF-plantindustry@
ag.nj.gov or to call the New Jersey Spotted Lanternfly 
Hotline at 1833-223-2840 (BAD-BUG-0) to leave a 
message detailing the sighting location and their 
contact information. Education and outreach was 
conducted via handouts at county extension offices, 
public events, through websites, social media and 
presentations. The public was very supportive of 
reporting efforts and assisted with spreading the 
word about the spotted lantern fly. This was especially 
true with social media posts. One Facebook post (@
rutgersagriculturalandenvironmentalagents) on June 
4, 2019 reached 188,966 people and had 42,083 
engagements to disseminate information about SLF 
and how to report SLF sightings. A follow up Facebook 
post on July 3, 2019 to educate followers about SLF 
life cycles also generated outreach with 6,422 people 
reached and 640 engagements. Through multifaceted 
outreach strategies, via extension education, multiple 
reports of confirmed SLF sightings were submitted by 
the public. 

A CASE STUDY IN THE EFFECTIVE USE OF 
EXTENSION EXPERTISE FOR COMMUNITY 
ENGAGEMENT. W. Bamka, M.L. Infante-Casella*, 
and S.J. Komar, Rutgers NJAES Cooperative Extension, 
Clarksboro, NJ (32) 

Abstract:  The Cooperative Extension System was 
created to bring university expertise to the entire 
community. In that role, extension professionals 
provide expertise on a multitude of topics. On any 
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given day, extension faculty and staff are often 
surprised by questions and requests. Extension 
professionals often use a team approach when 
responding to clientele inquiries. In August 2019, a 
homeowner called the Rutgers Cooperative Extension 
of Gloucester County office to request a visit to 
investigate a corn plant. During the discussion the 
caller indicated he had a corn plant with 28 ears of 
corn. Agricultural Agent, Michelle Infante-Casella 
next contacted Agricultural Agents, William Bamka 
and Stephen Komar, the two agronomy experts in 
the state, to gain more information about mutant 
corn plants. After gathering more information from 
her colleagues, Agent Infante-Casella visited the 
homeowner in Deptford, NJ. She was asked to verify 
a corn plant with multiple ears for the Guinness 
World Records. The homeowner counted 28 ears on 
the single plant. When verifying the ear-count, Agent 
Infante-Casella discovered and confirmed 29 ears. 
Once awarded the world record, the family who grew 
the corn plant were inundated with media requests, 
requests for seed from the plant and other local 
recognition events. Agent InfanteCasella assisted 
the family with navigating media requests, provided 
technical information, and participated in media 
interviews for television, newspapers and provided 
social media outreach. Since the plant grew as one 
plant in the garden, pollination did not take place 
and there were no fertilized kernels to provide seed 
to reproduce more corn plants from this mutant 
plant. As a result of this phenomenon and clientele/
extension encounter, the homeowners, Agricultural 
Agents and Rutgers Cooperative Extension provided 
numerous opportunities for a “feel good” story. 
Other outcomes were increased publicity for Rutgers 
Cooperative Extension and education to the public 
about how corn grows. 

SHIFTING SANDS: EVALUATION OF 
GROUND RECYCLED GLASS AS AN 
ALTERNATIVE TO MINED SAND FOR USE 
IN GREEN INFRASTRUCTURE SOILS. S. 
Eisenman*, J.S. Caplan, R. Roark, R. Popowsky, J. 
Leaskey, T. Craul, S. Gray, and K. Reber, Temple 
University, Ambler, PA (34) 

Abstract:  Numerous municipalities are using green 
stormwater infrastructure (GSI) to mitigate combined 
sewer overflows. Large quantities of sand are typically 
included in GSI soil blends, as sandy substrates 
facilitate infiltration. However, sand mining has 
negative environmental, social, and human health 
impacts, and some regions are facing shortages 
of high-quality sand. Although mixed-color glass is 
recyclable, it faces strong technological and market 
barriers, leading to thousands of tons of thid glass 
being landfilled. We evaluated the suitability of 
using glass sand (GS) as a replacement for mined 
sand (MS) in engineered GSI soils initially via lab 
tests and subsequently via an 18-week plant growth 
experiment. Although particle size analysis indicated 
that GS was physically similar to MS (98% of particles 
were 50-2000 μm in diameter), it was highly alkaline 
(pH≈10). The soil mix prepared from GS for the 
growth trial (60% GS by volume, with 20% sandy 
loam and 20% mushroom compost) had pH=8.0 at 
the outset of the trial but increased to 8.9 by week 
11. Mixes amended with ferrous sulfate (1 or 2 g/pot) 
reduced pH temporarily, but values rebounded within 
3-4 weeks. None of the three taxa evaluated exhibited 
measurable reductions in aboveground biomass in 
the GS mix. However, aboveground biomass of Iris 
versicolor was reduced in mixes with ferrous sulfate. 
Also, while leaf chlorophyll concentrations (measured 
using the SPAD index) increased in Iris through the 
course of the experiment, plants grown in GS had 
slightly lower chlorophyll concentrations and root 
biomasses than did plants grown in MS or a 50:50 
blend of GS and MS. Finally, for all mixes, chlorophyll 
concentrations in Calamagrostis × acutiflora ‘Karl 
Foerster’ remained relatively stable through the 
course of the experiment while Betula alleghaniensis 
plants exhibited significant declines in chlorophyll 
(most lost all leaves, even those in MS). We conclude 
that GS-based soil mixes can support the growth of 
young plants, though its chemical properties are less 
ideal than those of MS-based mixes. Further research 
into the effects of amendments and longer-term 
growth outcomes is warranted. 

UTILIZATION OF PHENOLOGICAL MARKERS 
TO HARVEST NEW JERSEY GROWN HOPS 
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(HUMULUS LUPULUS) AT OPTIMAL 
MATURITY. M. Muehlbauer*, Rutgers University, New 
Brunswick, NJ (43) 

Abstract:  Hops (Humulus lupulus) are commercially 
produced for their alpha acids, beta acids, and 
aromatic compounds – arguably the most critical hop 
quality metrics.  These metrics are most commonly 
known to be utilized in beer brewing. Brewers 
employ this biochemical information to develop 
and optimize their brew recipes.  Alpha and beta 
acids are comprised of a number of compounds, 
including Cohumulone N+Adhumulone Colupulone 
and N+Colupulone. They can vary substantially 
based upon varieties and growing conditions.  Hop 
cultivation is fairly new to growers in the Northeastern 
United States as prohibition and hop diseases caused 
the industry to dissolve in the early 1900s. With new 
chemicals and disease resistant plant material, a 
new set of growers have reinvigorated the industry. 
However, it is difficult to find markers to determine if 
their hop crop is at its harvest maturity. The purpose 
of this project is to correlate easily visualized traits 
(cone width, length, and color) with alpha and beta 
acid composition. Three varieties of mature hop 
bines were grown at the Rutgers University Snyder 
Research and Extension farm in Pittstown, NJ. Data 
was collected every week (over the course of five 
weeks) throughout two growing seasons (2018 and 
2019). Subsequently, hops were dried and submitted 
to the Cornell Craft Beverage Analytical Laboratory 
for alpha acid, beta acid, and aromatic analysis.  The 
results showed there was much greater variation in 
cone length and width over the 2018 harvest season 
than in 2019. Additionally, there was less color 
variability over the harvest period in 2019 than in 
2018. Interestingly, alpha and beta acids were lower 
overall in 2019 than in 2018 for all cultivars tested. 
Differences in acid content and significant variation in 
length and width in 2018 made it difficult to develop 
correlations between acid content and phenotypic 
characteristics. As a result of this work, additional 
maturity parameters for correlation to biochemical 
content of hop cones will be explored in the future. 

RECOMMENDATIONS FOR MANAGING 

ALLIUM LEAFMINER IN PENNSYLVANIA. 
T. Elkner*, S. Fleischer, and B. Lingbeek, Penn State 
Extension, Lancaster, PA (44) 

Abstract:  Allium leafminer (ALM) Phytomyza 
gymnostoma, an invasive insect from Europe, was 
discovered in Lancaster County, Pennsylvania in 
December 2015 and has since spread to at least 
five additional states. Larvae feed in leaves, stems 
and bulbs of all vegetable alliums causing plant 
damage, secondary infections and/or market 
rejection. Research began in fall 2017 to evaluate 
the efficacy of various insecticides for this pest on 
leeks and continued with trials on onions in spring 
of 2018 and 2019 as well as additional leek trials in 
fall of 2018 and 2019. Spring and fall flight periods 
were monitored during these seasons and a spring-
emergence degree-day model was developed. Trial 
results with spring-planted sweet onions indicate 
that insecticide applications may not be necessary as 
minimal damage will occur from ALM on this crop. 
Conventional insecticides that were most effective 
for ALM control on leek included dinotefuran, 
cyantraniliprole, and spintoram and organic options 
included spinosad and azadirachtin. 

GIBBERELLIC ACID 4+7 INFLUENCES SHOOT 
GROWTH OF SEEDLING HICKORIES. B.M. 

Miller* and N.L. Bassuk, Cornell University, Ithaca, NY 
(53) 

Abstract:  Some underutilized native trees offer 
superior ornamental and adaptable features for 
use in urban landscapes, but are rarely available in 
nurseries due to production bottlenecks. Hickories 
(Carya Nutt.) are one such group of trees that 
are frequently sought after by horticulturists and 
urban foresters. Shoot development of seedlings 
of hickories is slow, limiting their success as viable 
crops using standard growing techniques. Because 
hickories are predominantly propagated by seed, 
we questioned whether plant growth regulators 
could be effectively used on seedlings to overcome 
their lag-phase shoot development. Treatments of 
one-year-old seedlings of bitternut hickory (Carya 
cordiformis (Wangenh.) K. Koch), pignut hickory (C. 
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glabra (Mill.) Sweet), pecan (C. illinoinensis (Wangenh.) 
K. Koch), kingnut hickory (C. laciniosa (F. Michx.) 
Loudon), shagbark hickory (C. ovata (Mill.) K. Koch), 
and mockernut hickory (C. tomentosa (Lam.) Nutt.) 
began at bud break by applying a solution of 500 
ppm gibberellic acid 4+7 dissolved in 95% ETOH 
directly to apical buds or stem tissue at three-day 
intervals for 27 days. After 160 days of growth in a 
greenhouse, neither treatment affected caliper of any 
taxon, although species differences were observed. 
Compared to controls, treatment of buds resulted in 
a 234% and 144% increase in shoot height of bitternut 
hickory and pecan, respectively. These results suggest 
species belonging to subgenus Apocarya may be 
more responsive to gibberellic acid than those of 
subgenus Carya. This study indicates plant growth 
regulators could be effective at altering growth of 
some hickories, however, further studies are needed 
to determine best practices for production. 

INVESTIGATION OF NUT QUALITY IN 
INTERSPECIFIC HYBRID HAZELNUTS. D.J. 
Hlubik*, A. DAngelo, J.M. Capik, and T. Molnar, Rutgers 
University, New Brunswick, NJ (73) 

Abstract:  Interspecific hybrid hazelnuts (Corylus 
avellana x C. americana) hold potential as cold hardy 
pollenizers for European hazelnut (C. avellana) 
trees grown in the northeastern US as well as 
main production trees in the Midwest and Upper 
Midwest. Select hybrids can combine favorable nut 
characteristics from C. avellana with cold tolerance 
and eastern filbert blight (EFB) resistance from C. 
americana. Pure C. avellana cultivars are currently 
desired for commercial production due to their 
improved kernel traits, free falling nuts that facilitate 
harvest, and high yields; however, their adaptive 
range is limited to the moderated climates of the 
Mid-Atlantic region and the Pacific Northwestern US.  
Hybrid hazelnuts can tolerate colder temperatures, 
making them much better suited to production in the 
Midwest and Upper Midwest, where temperatures 
are too low to effectively grow most pure C. avellana. 
However, currently available hybrid hazelnuts 
generally have tiny kernels (less than 0.7 grams) with 
thick shells (less than 40% kernel) that do not blanch 

well after roasting (poor pellicle removal), which limits 
their end value compared to nuts from European 
cultivars.  Efforts have been underway since 2008 to 
develop diverse new populations of improved, widely 
adapted hybrid hazelnuts, led by the formation of the 
Hybrid Hazelnut Consortium, a joint breeding and 
research effort between Rutgers University, Oregon 
State University, The University of Nebraska, and the 
Arbor Day Foundation.  In this collaborative project, 
a population of approximately 2000 F1 and advanced 
generation hybrid hazelnut trees derived from 
crosses with over 30 diverse C. americana accessions 
was planted in Cream Ridge, NJ, in 2012, and exposed 
to high disease pressure for multiple years. By 2017, 
significant variation was observed in regard to disease 
response. Fortunately, many EFB resistant individuals 
were identified and subjected to further study. Nuts 
from 162 select, EFB-resistant trees were harvested 
and evaluated in 2018 and 2019 to identify those with 
improved, commercial quality traits such as large 
kernel size, high kernel percentage, pellicle removal, 
and roundness. Out of the 100 top selections from 
this population, 18 produced nuts with round kernels 
averaging over 1.0 gram in both seasons, which is up 
to the standard for processing quality. In addition, 19 
of the selections fell into the 45% to 50% kernel range, 
another important aspect for commercial production 
and processing. Pellicle removal was also evident in 
these selections, with 12 having greater than 50% 
removal in both years. Many of these hybrids also 
have a vigorous growth habit and high catkin yields, 
which suggest usefulness as both production cultivars 
and possible cold hardy pollenizers. 88 of these 
top selections were clonally propagated in 2019 to 
be placed into replicated yield trials at Rutgers and 
the University of Nebraska for further evaluation. 
These trials will give insight into which selections are 
able to yield well under both colder and more mild 
winters, and therefore which ones may be suited for 
cultivation in each region. 

WATER AND AIR FILLED POROSITY OF 
HORTICULTURAL SUBSTRATES. M.D. Taylor*, 
Longwood Gardens, Kennett Square, PA (95) 

Abstract:  Physical properties of horticultural 
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substrates, such as air and water filled space, 
are controlled by ingredients, ingredient ratios, 
compaction, and decomposition over time.  The 
objective of this study was to determine the air and 
water filled space of individual substrate ingredients 
and blends of the ingredients.  The method used was 
a modified version developed by Fonteno and Harden 
(2003).  All test substrates were placed into 3.8 L 
plastic bags and saturated with water for two hours.  
Substrates were then placed into 180 ml polystyrene 
jars and dropped ten times from a height of 5 cm to 
ensure all air was removed. Jars were then capped 
with lids that had eight equidistant 0.64 cm holes and 
were inverted over Buchner funnels. Water drained 
through holed and into a 100 ml graduated cylinder 
for one hour.  Substrates where then dried and 
weighed.  At container capacity, the volume of water 
that drained in the graduated cylinder represented 
air filled space and wet minus dry bulk density 
represented water filled space in the substrate pores.  
Substates tested included compost, raw peanut hulls, 
peat moss, pine bark, pine wood fiber, rice hulls, 
calcine clay (Terragreen), greenhouse grade haydite, 
nursery grade haydite, perlite, play sand, #3 size sand, 
field soil, and vermiculite.  There were five replicate 
tests for each substrate. Total porosity ranged from 
40% for #3 sand to 86.5% for rice hulls, which also 
had the highest amount of air-filled space (>50%). 
In general, the organic substrates had higher pore 
space than mineral substrates. Within the pore space, 
rice hulls had the highest ratio of air to water while 
compost, soil and peat had the lowest.  All others 
were intermediate.  When blending substrates, a 
mix of 50% pine bark, 20% peat, 5% compost with 
the remaining amount as greenhouse haydite or rice 
hulls, the haydite resulted in 8% air space compared 
to 5% with rice hulls.  Results indicate that the ratio of 
water to air in pore spaces of individual components 
may change dramatically when components are 
blended. 

DIAGNOSING NUTRIENT-RELATED 
DISORDERS IN CONTAINER-GROWN 
NURSERY CROPS. R.I. Cabrera*, J.E. Altland, and C. 
Holton, Rutgers University, Bridgeton, NJ (96) 

Abstract:  Container-grown ornamental crops account 
for a significant fraction of nursery production and 
sales in the U.S. While container production offers 
the potential for higher productivities in these 
crops, it requires a high degree of management 
and agrichemical inputs and labor to ensure their 
aesthetic quality and sales potential. Over the past 
growing seasons, we have been addressing concerns 
on some of these crops regarding growth and quality 
disorders attributed largely to their mineral nutrition. 
Stunted growth and foliage chlorosis and reddening 
were reported in several hydrangea cultivars. The 
severity of chlorosis symptoms and growth reductions 
were associated with reduced nutrient levels and 
substrate pH levels approaching 6.0. Reduced leaf 
iron and manganese concentrations were related to 
the increasing severity of the chlorosis symptoms. 
Over-applications of liming amendments when 
mixing some substrate batches was a likely cause 
for the observed chlorosis, along with irrigation 
management practices that affected root growth. 
Unsightly leaf tissue reddening, accompanied by 
mild growth reductions, were also observed in some 
hydrangea cultivars growing under full sun, but these 
symptoms were not evident when growing under 30% 
shade fabric. Significant and undesirable yellowing 
in container-grown ornamental grasses, specially 
Miscanthus, Pennisetum and Panicum, are being 
reported in NJ and neighboring states. A preliminary 
comparative foliar nutrient analyses indicated that 
the yellowing-afflicted plants had, in general, higher 
macronutrient concentration than normal-looking 
green plants, likely a concentration effect associated 
with growth reductions. In Miscanthus, the genus 
most afflicted by the yellowing symptoms, there are 
hints of potential micronutrient imbalances, with 
reduced iron and manganese levels, and increased 
zinc levels, observed in leaves of symptomatic plants 
compared to asymptomatic plants. A preliminary 
study on the effects of supplemental silicon, a 
mineral nutrient required by grasses, to Miscanthus 
plants growing in containers with an organic soilless 
substrate was not able to replicate the yellowing 
symptoms observed in commercial production, 
ruling out a potential involvement of this mineral 
in this aesthetic disorder. Funding: This project was 
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supported by the Floriculture Nursery Research 
Initiative of the USDA-NIFA and the New Jersey 
Agricultural Experiment Station. 

UNDERSTANDING THE EXISTING AND 
FUTURE NEEDS OF MECHANIZATION 
IN NEW JERSEY'S CONTAINER NURSERY 
INDUSTRY - A SURVEY APPROACH. H. Gohil* 
and R. Cabrera, Rutgers University, Clarksboro, NJ (97) 

Abstract:  In New Jersey, ornamental nursery and 
greenhouse operations have the biggest economic 
impact amongst all agricultural commodities (NJDA, 
2017). However, due to a variety of factors the 
nursery industry is facing serious labor shortages that 
are affecting their short- and long-term sustainability. 
A survey of New Jersey’s nursery industry was 
conducted to understand the current levels of labor 
shortage, how it has affected the production capacity 
of the industry and the level of mechanization. Labor 
shortages caused physical, mental and economic 
distress to nursery growers in New Jersey. Grower 
responses indicated that potting, harvesting and 
fertilizer applications are the top three operations 
that need mechanization the most. Slow progress in 
adopting mechanization or automation of cultural 
practices in comparison to other operations were 
due to high initial capital and shortage of skilled labor 
to operate and maintain such machinery. There is a 
need for greater mechanization in almost all areas 
of production to reduce the reliance on labor and/or 
improve the efficiency of labor. 

PRELIMINARY STUDIES ON CRANBERRY 
PRODUCTION UNDER AN AGRIVOLTAIC 
SYSTEM. G. Mupambi*, H.A. Sandler, and P. 
Jeranyama, University of Massachusetts Amherst, East 
Wareham, MA (116) 

Abstract:  Recently, there has been increased interest 
from cranberry (Vaccinium macrocarpon) growers 
in agrivoltaic systems that are designed for the 
continuation of productive agricultural activities 
under photovoltaic panels to diversify revenue 
streams.  Agrivoltaic systems modify light conditions 
by reducing the amount of photosynthetically active 

radiation (PAR) that plants receive, thereby affecting 
plant physiology. We conducted a preliminary study 
to look at the changes in microclimatic conditions, 
plant ecophysiology, fruit quality, and yield in 
cranberry. The study was conducted on a ‘Stevens’ 
cranberry bog in Massachusetts, USA. Two treatments 
were evaluated, an uncovered control area and an 
agrivoltaic system with three replica plywood solar 
arrays in a north-south orientation that mimicked a 
solar tracking system. The solar arrays were spaced 
3.5 m apart, 6.0 m in length, and 1.5 m wide at 3.0 m 
above the plant canopy. Microclimatic sensors were 
installed under solar arrays, between solar arrays, 
and in the uncovered control. Seasonal accumulated 
PAR was reduced by 41% under solar arrays and 29% 
between solar arrays compared to the uncovered 
control. On a sunny day, net carbon assimilation was 
reduced under the solar arrays at mid-day (12:30) and 
between solar arrays at mid-morning (09:46) and mid-
afternoon (15:46).  Canopy temperature was reduced 
by 3.4 °C under the solar panels at mid-day and by 2.9 
°C between solar arrays at mid-afternoon. Volumetric 
soil water content was increased under solar arrays 
and between solar arrays compared to the uncovered 
control. Leaf wetness was reduced under solar arrays 
and between solar arrays compared to the uncovered 
control. Fruit color measured as total anthocyanin 
content was not affected by the installation of an 
agrivoltaic system, while yield was reduced when 
compared to the control. In conclusion, further 
studies need to be carried to ascertain the feasibility 
of cranberry production under an agrivoltaic system. 

FIELD PEA (PISUM SATIVUM) AS A 
SUMMER COVER CROP IN NEW ENGLAND 
VEGETABLE PRODUCTION SYSTEMS. R.N. 
Brown*, URI, Wakefield, RI (121) 

Abstract:  Climate change and demand for locally 
grown produce are leading more farmers in southern 
New England to grow fall crops of broccoli and cool 
season greens.  This creates an opening for a summer 
cover crop to suppress weeds and provide nitrogen 
for the fall vegetable crop.  Field pea is a traditional 
summer annual cover crop in northern New England 
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and could be suited to late spring and early summer 
use in southern New England. The objective of this 
study was to evaluate a range of seeding dates for 
field pea as a cover crop in southern New England.  
The trials reported here were conducted at the 
University of Rhode Island’s Gardiner Crops Research 
Center in Kingston, RI. In 2016 ‘Austrian Winter’ peas 
were seeded at 112 kg/ha on April 15, April 29, May 13 
and May 26. In 2018 ‘4010’ forage peas were seeded 
at 112 kg/ha on May 8, May 22, June 5, June 19, July 
3 and July 17.  In 2019 ‘4010’ peas were seeded at 
112 and 224 kg/ha on May 7, May 21, June 4, June 18, 
July 2 and July 16. Fields were prepared by disking 
and peas were planted with a grain drill set to 1.3 cm 
depth. Total planting size varied across years, but all 
data were collected using randomly located 2 ft x 2 
ft (0.6 m x 0.6 m) subplots within the planted area.  
Pea biomass and weed biomass were measured 
at six weeks after seeding, and pea biomass was 
measured at eight weeks after seeding.  All vegetation 
within the quadrat was clipped within 3 cm of the 
soil surface. Peas were separated from weeds, and 
samples were dried and weighed.  In 2016 the May 
26 seeding significantly out-yielded the other seeding 
dates at both 6 weeks and 8 weeks after planting 
(Figure 1).  In 2017 the June 19 seeding yielded the 
most crop biomass at 6 weeks after seeding, but only 
May 8 and July 3 were statistically lower (Figure 2). The 
May 22 seeding yielded the most crop biomass at 8 
weeks, with only July 3 and July 17 statistically lower 
(Figure 2).  Crop biomass exceeded weed biomass 
on all dates except July 3 and 17. In 2019 the June 4 
planting produced the most biomass at 6 weeks at 
both seeding rates (Figures 3 and 4). At the 100 lb/
acre seeding rate the May 21 seeding date produced 
the most biomass at 8 weeks, significantly more than 
any other date (Figure 3). At 200 lb/acre the May 21 
and June 4 dates were nearly identical, and both 
significantly out-yielded the other dates (Figure 4).  
The 200 lb/acre seeding rate produced significantly 
more biomass than the 100 lb/acre rate on all 
dates except for the 6-week sampling of the May 7 
planting. The May 7, May 21 and June 7 plantings had 
significantly less weed biomass than the three later 
plantings. For the June 18, July 2 and July 16 seeding 
dates weed biomass exceeded crop biomass at the 

100 lb/acre seeding rate, and was similar to crop 
biomass at the 200 lb/acre seeding rate. Field peas 
appear to be a good option for spring to summer 
cover cropping before fall vegetables in southern New 
England, with May and June being the best months 
for planting.  Allowing the peas to grow for 8 weeks 
significantly increases biomass over termination at 
6 weeks. Increasing seeding rate over 100 l per acre 
significantly increases biomass, but that may be a 
result of generally poor stand establishment.  More 
research is needed to determine the cause of poor 
stands, and improve percent establishment. 

EFFECTS OF CORM DENSITY AND WINTER 
PROTECTION ON SAFFRON YIELD IN 
RHODE ISLAND. R. Gheshm* and R.N. Brown, URI, 
Wakefield, RI (124) 

Abstract:  Saffron (Crocus sativus L.)  has been called 
red gold because it is the most expensive agricultural 
product in the world. Saffron is the dried stigma of 
the Saffron flower, which is an autumn-flowering, 
perennial crocus.  It has many applications in the 
food, pharmaceutical, and dye industries.  Saffron is 
commonly grown in the Mediterranean and West Asia, 
where it is cultivated in a wide range of locations with 
mild to dry climates.  Saffron is one of the few high 
value crops which can be produced in arid areas with 
poor soil, and Iran is the biggest producer of saffron. 
But saffron does not require arid conditions to grow.  
The cultivation of saffron in the United States is over 
three hundred years old.  The growth cycle for saffron 
is different from most crops, with active growth from 
September through June, summer dormancy, and 
harvest in late fall. Saffron is vegetatively propagated 
through corms, and plantings can be left in place 
for multiple years.  The re-introduction of the 
forgotten red gold can be a step towards building 
agrobiodiversity and increasing the income of market 
farmers.  This study was carried out at the University 
of Rhode Island’s Gardener Crops Research Center 
in Kingston, RI., to evaluate the potential for saffron 
production under typical southern New England 
climate.  The trial was established in September 2017 
and data collected in 2017, 2018, and 2019.  Two 
planting densities and two levels of winter protection 
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were tested in a factorial split-plot design with three 
replicates.  The main plots were 6 m2 and planted with 
either 125 or 160 corms per m². Winter protection 
was applied to sub-plots with half of each main plot, 
covered by unventilated greenhouse plastic laid 
down on hoops with 80 cm height from the ground 
surface, and another half left exposed, all the plots 
after flower harvesting were covered by the shredded 
leaf mulch between the Saffron rows.  The number of 
flowers per corm is determined by conditions during 
corm development in the winter and spring, and by 
temperatures during dormancy, establishment year 
yields were not influenced by experimental conditions 
and are not reported.  In 2018 flower numbers and 
saffron yields were higher in plots planted at the 
higher density and in sub-plots protected by the low 
tunnels.  However, differences were not statistically 
significant.  In 2019 flower numbers (p=0.0136) and 
saffron yields (p=0.0132) were significantly higher in 
unprotected sub-plots than in sub-plots. Plots planted 
at the lower density tended to have more flowers 
and higher saffron yields, but differences were not 
statistically significant.  The overall results showed 
that saffron could survive and produce an acceptable 
yield in southern Rhode Island, that increasing plant 
density does not increase yields, and that low tunnels 
are unnecessary and counterproductive.  The higher 
planting density is not recommended since it does 
not increase yields, and further decreases in density 
should be evaluated.  If plants become too crowded 
after just one year, maybe the best density for RI is 
lower than the standard density for Iran. 

USE OF COLORED SHADE CLOTH TO 
MITIGATE HEAT STRESS INDUCED QUALITY 
PROBLEMS IN LETTUCE, TOMATO AND 
PEPPER. G.C. Johnson and E.G. Ernest*, University of 
Delaware, Georgetown, DE (125) 

Abstract:  In 2018 and 2019 trials were conducted to 
evaluate the usefulness of shade cloth for preventing 
quality problems in lettuce, tomato and pepper 
exposed to heat stress.  In lettuce six types of shade 
cloth were compared to no shade for heat tolerant 
and susceptible cultivars of butterhead and romaine 

lettuce grown on bare ground.  Use of shade reduced 
the bitterness of the heat tolerant romaine type 
(Arroyo).  The heat tolerant butterhead type (Skyphos) 
did not develop bitter flavor in any plots.  Shade did 
not reduce bitterness in the heat susceptible cultivars 
to the point of marketability.  Red, blue, white or 
silver shade cloth did not perform better than 30% 
black shade cloth.  In pepper grown on black plastic 
mulch, shade cloth increased total yield by weight, 
marketable yield and fruit size compared to no shade 
cloth. The 30% black shade cloth treatment produced 
significantly higher marketable yield than the other 
shade cloth treatments (30% silver, 22% white, 40% 
white, 30% red).  In tomato, use of shade cloth did not 
result in significant differences in yield or heat related 
quality defects such as internal white tissue, yellow 
shoulders or blossom end rot. 

THREE YEAR EVALUATION OF UME MASTER 
GARDENER ADVANCED TRAINING IN 
VEGETABLE PLANT & PEST DIAGNOSTICS.  
J. Traunfeld*, University of Maryland Extension, Ellicott 
City, MD (126) 

Abstract:  University of Maryland Extension (UME) 
Master Gardeners (MG) are trained horticulture 
educators who teach residents science-based 
information and sustainable gardening and land 
management practices.  Answering the plant and pest 
problem questions of non-commercial audiences 
is one of their key roles.  MG volunteers learn basic 
entomology, plant pathology, and IPM information 
during their initial training, and many MGs further 
develop their IPM knowledge and skills through 
continuing education classes.  Grow It Eat It (GIEI) is 
a popular UME MG sub-program that teaches and 
promotes backyard, school, and community food 
gardening.  MGs in 20 counties and Baltimore City 
worked 11,933 hours in the GIEI area in 2018, which 
was valued at $342,000.  Clientele depend on the 
ability of MGs to correctly identify plant and pest 
problems in garden crops, and provide IPM solutions.  
The Vegetable Plant and Pest Diagnostics advanced 
training class provided opportunities for MGs to gain 
valuable skills and meet a portion of their continuing 
education requirements.  The 6.5 hour class was held 
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eight times from 2015 to 2017 for 121 MG learners at 
eight different locations across the state.  The course 
learning objectives were to 1) improve volunteers’ 
diagnostic capabilities, 2) enhance volunteers’ 
prevention and management knowledge and skills, 
and 3) increase volunteers’ ability and willingness to 
share knowledge.  An important teaching objective 
was to provide multiple ways for students to see 
and learn plant and pest problems (and their 
management) in vegetable crops: 1) field/garden 
walk to investigate ecosystem interactions and plant 
problems, and collect plant and pest samples, 2) 
diagnosing samples brought in by class members and 
instructor, 3) small group diagnostic session for select 
samples, 4) visuals and descriptions from PowerPoint, 
web pages, reference books, and class workbook, and 
5) hands-on discussion of management tools, such as 
barriers, traps, and organic pesticides.  A post class 
evaluation (52% response rate) and long term follow 
up survey (39% response rate) were administered for 
all eight classes. Pre and post tests were also taken by 
students in the 2016 and 2017 classes (88% response 
rate).  The long term follow up survey gauged changes 
in nine skills/abilities and nine behaviors/practices.  
The majority of respondents reported that they were 
either “better” or “much better” at all nine skills/
abilities.  Twenty percent of respondents reported 
they were less likely to apply synthetic pesticides and 
a majority engaged in five best practices “more often.”  
Several MGs commented that learning and retention 
were facilitated by seeing, and diagnosing plant 
and pest problems in the field, in class, in reference 
materials, and “on the screen.” 

******************END***************
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