CHAPTER 1: INTRODUCTION

Sweetpotato (Ipomoea batatas, (L) Lam.) is an important crop in the United States and
internationally. Because of its high nutrient values, especially in vitamins and carbohydrates,
it plays an important role in the human diet, principally in developing countries, where
sweetpotato is an essential source of food for humans (Bovell-Benjamin, 2007) and animals
alike (Martin and Woolfe, 1993). In the United States, sweetpotato storage roots are
traditionally used in preparation of holiday dishes. Canned sweetpotato products have been
widely available in the commercial markets for years. However, demand has increased
rapidly in recent years due to the popularity of newer sweetpotato products such as fries,
chips, and easy-to-prepare frozen products as Americans are becoming increasingly more
health conscious, and aware of the high nutrient value of this crop. Sweetpotato is cultivated
in several states in the United States, with Louisiana being one of the top five states in

production, generating around $85 million annually (www.LSUAgCenter.com/agsummary).

Frequent flooding events caused by storms and hurricanes, have disrupted sweetpotato
production in Louisiana, especially since 2005. In many cases, storage roots of sweetpotato
growing in flooded fields develop a soft rot, which is distinguished by a strong odor and by
the rapid decay of the roots within a few days. Sweetpotato storage root soft rot diseases are
recognized to be caused by Dickeya dadantii (Erwinia chrysathemi) (Martin and Dukes, 1997;
Samson et al., 2005; Schaad and Brenner, 1977), Rhizopus stolonifer (Clark and Moyer, 1988;
Clark and Hoy, 1994; Harter and Weimer, 1921), and most recently Geotrichum candidum
(Holmes and Clark, 2002). Under anaerobic conditions created by flooding, soft rot in

sweetpotato storage roots seems to be triggered by an association of pathogens (Duarte, 1990),
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Figure 14 - Sequence comparison between the 16S rRNA sequences of LSU-B1 and LSU-B7 representative isolates showing
97% homology. The color codes of the bases (A= green, T= red, C= blue, and G= black) represent the homology between
the two sequences. Bases with white color code characterize the mismatching and indels between the sequences.




Additionally, a strong phylogenetic relationship was indicated between the LSU-B1
isolate and the species C. puniceum, which was well supported by the ML and MP bootstrap
values (96 and 97). Clade I1I, included Clostridium species that have industrial uses (C.
saccharoperbutylacetonicum, C. butyricum, C. beijerinckii, and C. acetobutylicum), and soil
inhabitant species (C. roseum and C. diolis).

The human toxin producing Clostridium species (C. baratii, C. perfringens, C. tetani, C.
difficile, C. sordellii, and C. botulinum), included in the phylogenetic study and the outgroup
species Dickeya dadantii, did not form any distinct group and were far removed

phylogenetically from isolates LSU-B1 and LSU-B7.

2.4. DISCUSSION:

Pectolytic anaerobic bacteria resembling clostridia were found to cause soft rot in
sweetpotato storage roots submerged in sterile distilled water (Duarte and Clark, 1990).
However, until now, no study had been conducted under field conditions to characterize the
occurrence of these pathogens in natural infections. In this study, we were able to isolate two
distinct isolates of clostridia involved in the occurrence of this disease complex from rotting
storage roots in flooded fields. Both isolates caused soft rot in sweetpotato storage roots and
in other hosts following artificial inoculation and were re-isolated to fulfill Koch’s Postulates.

Clostridium species are considered to be difficult microorganisms to control and work
with (David and Stefanie, 2005; Kelly and LaMont, 2008). They produce resistant structures,
endospores, which are hard to kill and can result in cross contamination among cultures when
working with the isolates. They are also strictly anaerobic, requiring special conditions for

growth in culture, which are expensive and time consuming. I also encountered unique
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challenges in amplifying and sequencing DNA of these bacteria. The G+C contents of isolates
LSU-B1 and LSU-B7 were over 50% in the 165 rDNA gene (Table 3) and the G+C content was
not uniformly distributed along the gene (Figure 15). Some portions of the gene had G+C
content much greater than 50% while for others the incidence was very low. This seemed to
induce the formation of secondary structures such as hairpin loops, which created problems in
the amplification and sequencing of the gene. However, these complications were resolved by
increasing the melting temperature in the PCR and sequencer protocols from the standard

95°C to 98°C and adding 5% DMSO to the mix reactions.
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Figure 15 - Phylogram of the 16S rRNA dataset for 18 species of Clostridium and one
species of Dickeya included as an outgroup. Branch tip labels include the species name
with the strain designation in parentheses. Sequences from all species were obtained from
the National Center for Biotechnology Information GenBank. The phylogram was
produced by the maximum parsimony (MP) method. Numbers on nodes represent
bootstrap support values for maximum likelihood (top) and maximum parsimony
(bottom). The scale bar indicates number of substitutions per site.
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Table 3. Distribution of nitrogen-containing bases along the 165 rRNA sequences of LSU-B1
and LSU-B7 isolates.

Base Count
Isolate
Adenine (A) | Thymine (T) | Guanine (G) | Cytosine (C) NG~C Total
y y content
LSU-B1 | 380 302 432 311 52.1 1425
LSU-B7 | 372 294 413 297 51.6 1376

The identification of isolates LSU-B1 and LSU-B7 to species level was not attained due
to the complexity of the genus and also due to the limited number of relevant gene sequences
available on the NCBI database. In fact, for the species C. puniceum, the only known plant
pathogen in the genus Clostridium, only the 165 rDNA gene had been previously sequenced
and deposited in the GenBank database. Sequencing other genes for identification of the
isolates was not within the scope of this study, as it would require obtaining numerous
reference species and also sequencing them to have sufficient data for comparison. Even
though the 16S rDNA gene is widely used to identify bacterial species, this gene alone was
insufficient for a reliable identification of the pectolytic clostridia isolated from sweetpotato
storage roots. The sequences were highly similar with numerous sequences of different
Clostridium species within group 1 of the genus (Collins et al., 1994; Wiegel et al., 2006). Inglett
et al. (2011) encountered similar difficulties with this group of Clostridium and found that
DNA-DNA hybridization analyses and numerous phenotypic characterizations were

necessary to support their description of a new species, Clostridium chromiireducens.
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The phylogenetic analysis of the 165 rRNA sequence dataset corroborated the BLAST
search results, showing isolate LSU-B7 to be very closely related with C. saccharobutylicum and
isolate LSU-B1 with C. puniceum (Figure 15). Furthermore, this analysis showed a low
relatedness among human toxin producer Clostridium species (C. baratii, C. perfringens, C. tetani,
C. difficile, C. sordellii, and C. botulinum) and the isolates from this study, which reduces the fear
of these isolates being able to cause disease in humans. However, more genes should be
analyzed for a comprehensive conclusion.

For final species identification of LSU-B1 and LSU-B7, it will be necessary to perform
more sequence and phenotypic analyses. Whole genome sequencing and comparison would
provide the most thorough information. However, this approach is still expensive, and since
many of the genomes of other species in this group have not been completely sequenced yet,
there is little available for comparison. DNA finger print analyses and sequencing of other
genes might also provide a suitable identification of these isolates. Likewise, morphological
studies looking for the presence and type of flagella, pili, s-layer; and studies to determine the
cellular fatty acid compositions would be indispensable approaches to help to properly
identify those isolates.

Furthermore, this experiment was conducted in a single location, analyzing a small
sampling of isolates. Possibly other species are involved in this disease complex and a more
detailed study covering multiple diverse locations, and involving more sampling will be
needed to reveal the full complex etiology of this disease. Duarte (1990) isolated two distinct
isolates of Clostridium from decaying tissue of sweetpotato, one of his isolates produced small
pits on DLPM while the other produced larger pits. In our study, only the isolate LSU-B1

produced pits on DLPM, while LSU-B7 grew on this medium, but no pit formation was
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observed. Additionally, Duarte (1990) also detected a higher severity of the disease when the
clostridia isolates were inoculated together with the soft rotter, D. dadantii, into sweetpotato
storage roots. These facts suggest that more species within and out of the genus may also be
triggering disease development, which reinforces the need for more studies.

In potato, pectolytic clostridia have been found primarily infecting lenticels
(Perombelon et al., 1979) and when those lenticels open, under wet conditions, these and other
microorganisms are able to penetrate into the tuber and initiate soft rot (Pérombelon, 2002).
Substantial lenticel proliferations were observed on sweetpotato storage roots when those
roots were submerged in water. Possibly in flooded fields, the storage root lenticels proliferate
and these are the sites to where Clostridium cells enter the root and start the infection. This
indicates that finding an efficient way to control lenticel proliferation in sweetpotato storage
roots would play a pivotal role in controlling the initiation of this soft rot disease.

The harsh Louisiana weather with constant severe thunderstorms and hurricanes,
causing floods in the fields, seems to be the perfect combination for the development of this
soft rot disease complex. In this study, important information was determined about this
disease etiology, which can be used as a foundation for developing strategies in the disease
management and control programs, providing better support to sweetpotato growers in

dealing with this problem.
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CHAPTER 3: INFECTION OF SWEETPOTATO BY FUNGAL END ROT PATHOGENS
PRIOR TO HARVEST

3.1. LITERATURE REVIEW:

End Rots Fungal Pathogens

End rots of sweetpotato storage roots are caused by Fusarium solani (Clark, 1980),
Macrophomina phaseolina (Jenk, 1981; Ray and Edison, 2005; Taubenhaus, 1913), Lasiodiplodia
theobromae (Clark and Moyer, 1988; Clendenin, 1896) and/or Diaporthe batatatis (Harter and
Field, 1913). In addition, some end rots were observed in 2010 from which Sclerotium rolfsii
was isolated (daSilva, unpublished). These fungi are normally isolated alone from roots with
end rot symptoms; however, isolations done in our laboratory from roots with end rot
revealed that F. solani and M. phaseolina are often isolated from the same lesion (unpublished
data) (Figure 16). F. solani and M. phaseolina were also isolated from healthy storage roots that
did not present any end rot symptoms (data not shown). These findings suggested that these
fungi are present inside of symptomless sweetpotato storage roots, suggesting that they are
probably fungal endophytes in these roots, and become pathogens when conditions are
favorable.

It is well known that Fusarium (Dill-Macky and Jones, 2000; Fernando et al., 2000;
Shaner, 2003; Sutton, 1982) and M. phaseolina (Baird et al., 2003; Bhattacharya and Samaddar,
1976; Meyer et al., 1974; Short et al., 1980) can survive in crop residues and in the soil, from one
season to another. However, how and when these fungi enter the sweetpotato storage root are

important factors yet to be determined.
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In commercial sweetpotato production, storage roots are planted in beds to sprout, and
then the sprouts are used as propagative material to establish field plantings. From
transplanting, sweetpotato plants take around four months to produce storage roots ready for
harvesting. Hence, during their entire life cycle, sweetpotato plants are kept in contact with
soil, therefore creating different options for end rot causal agents to penetrate the plant.

The traditional belief regarding end rot diseases is that pathogens infect storage roots
through wounds, such those created by the harvesting process (Clark and et al., 2013; Lo and
Clark, 1988; Nelsen and Moyer, 1979). However, the discovery that F. solani and M. phaseolina
are found inside of symptomless storage roots suggests other possibilities. These fungi may
enter the storage roots even before harvesting, during plant growth. Understanding how and
when those fungi invade sweetpotato storage roots are crucial steps to developing an effective
end rot disease management program. This study was carried out to investigate how and

when sweetpotato storage roots are invaded by the fungi, F. solani and M. phaseolina.

Figure 16 - Sweetpotato storage root infected with

M. phaseolina and F. solani. Surface view (A) and
longitudinal section view (B).
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3.2. MATERIAL AND METHODS

3.2.1. Inoculum

Isolate CK-7 of M. phaseolina was isolated from an Evangeline sweetpotato storage root
with tip rot at the Burden Center in Baton Rouge, LA in 2011. Isolate M-10 of Fusarium solani
was isolated from a sweetpotato with Fusarium root rot in North Carolina and provided by ]J.
W. Moyer (Dept. Plant Pathology, North Carolina State University, Raleigh). Isolates were
revived on potato dextrose agar (PDA) and the hyphal tip technique was performed to

eliminate any possible contaminants.

3.2.2. Toothpick Inoculation

In order to investigate if the pathogens, F. solani and M. phaseolina, move from infected
mother plants to storage roots during growth and development of the plant, a greenhouse
experiment was designed using vines from tissue culture plants (screened for the absence of
M. phaseolina and F. solani) planted in autoclaved soil. After one month from the planting day,
vines were mock inoculated with a sterile toothpick or inoculated with the specific fungus at
the soil line, by a method modified from Pratt et al. (1998). Tips (1.0 cm long) of 100 wooden
toothpicks were autoclaved for 20 min in 250 ml of distilled water. They were then blotted
and re-autoclaved in additional water to remove inhibitory substances. The toothpick tips
were autoclaved for a third time in 250 ml of 20% V-8 juice. Finally, they were cooled in sterile
Petri dishes and transferred individually to colonies of the fungi growing on PDA Petri dishes
or to Petri dishes with just PDA. There were 30 toothpick tips on colonies of M. phaseolina, 30

on colonies of F. solani, and 30 on plates with just PDA. After incubation for seven days at
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Figure 20 - Pathogenicity test. Slices of sweetpotato storage root inoculated with 0.5 cm diameter agar plugs:
Sterile agar control (A), M. phaseolina isolate CK-7 (B), F. solani isolate M-10 (C), F. solani isolate F2 (D), F. solani
isolate C4 (E), F. solani isolate C5 (F), F. solani isolate Mp2 (G), and F. solani isolate F3 (H). Plates were incubated in
the dark for two weeks at 28°C.
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CHAPTER 4: CONCLUSIONS

Flooding-associated bacterial soft rot and fungal end rots are among the main diseases
that threaten sweetpotato production in the southern United States. Little is known about the
etiology of these disease complexes making management of them difficult. Knowing the
causal agent of these diseases and how those agents enter the sweetpotato storage roots are
vital steps to maximize integrated control measures.

Two anaerobic bacteria were isolated from soft rotting sweetpotato storage roots
growing in flooded fields. The isolates were identified as Clostridium spp. and caused severe
soft rot symptoms when inoculated in sweetpotato storage roots, which provided strong
support to the given hypothesis that Clostridium spp. are involved in the flooding-associated
bacterial soft rot of sweetpotato storage roots. Furthermore, these two Clostridium isolates
were found to be phylogenetically distinct from the human pathogenic Clostridia according to
the comparison analyses of the 16s rDNA sequences.

The two end rot pathogens studied, F. solani and M. phaseolina, were found inside of
symptomless storage roots and they were proven to be capable of moving from infested soil to
sweetpotato plants and spreading inside of plants to storage roots, potentially causing end rot
disease. Strong evidence was provided that sweetpotato storage root infections by these fungi
can occur prior to harvest, which completely requires adapting earlier approaches to
management and control of this disease complex. An orthodox approach for managing the
disease is to cure the storage roots as it was believed that the sites of entrance of these
pathogens were uniquely through wounds created during the harvest process. Since the

evidence implicates infected propagating material as a source of these fungji, it is worth
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considering using sweetpotato transplants free of these pathogens and efficient ways to reduce

soil infestation by these fungi, prior to planting, as additional control measures.
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APPENDIX

Experiment Al.

Flooding, ethephon, and incidence of end rots on sweetpotato storage roots

Rationale

This experiment was primarily designed to investigate if flooding and/or ethephon

affected the incidence of end rot disease pathogens on sweetpotato storage roots.

Material and Methods

There were six treatments: Plots not flooded and not treated with ethephon, plots not
flooded and treated with ethephon, plots flooded one day prior to harvest and not treated with
ethephon, plots flooded one day prior to harvest and treated with ethephon, plots flooded five
days prior to harvest and not treated with ethephon, and plots flooded five days prior to
harvest and treated with ethephon. The sweetpotato cultivar Beauregard was used in this
assay. After harvest, the storage roots were cured at 29 +/- 2°C and 85-90% RH for 5 days then
stored at 15 +/- 2°C until they were analyzed for end rot symptom development. Every two
weeks a storage root without end rot symptoms was taken from each treatment for isolations
to discover if end rot pathogens were present inside the storage roots and where in the root

they would be. The isolations were attempted from different parts of the storage roots (Figure

Al).
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Figure A1l - Figure of sweetpotato storage roots showing the areas where isolations were
attempted. SSA = slender stem attachment, SA] = slender stem attachment junction with
main storage root, PV = proximal vascular, PC = proximal central, MV = mid-root vascular,
MC = mid-root central, DV = distal vascular, DC = distal central, RT] = root tail junction
with main storage root, RT = slender distal end of root.

Results

Fusarium sp., Macrophomina phaseolina, and other fungi were found inside symptomless
storage roots in all isolation sites (Table A1). While the incidence of M. phaseolina did not differ
statistically between isolation sites, Fusarium sp. and other fungi were isolated more frequently
from the proximal and distal ends than from the isolation sites located toward the center of the
storage roots (Table A2). Furthermore, the incidence rate of these fungi did not differ

statistically between treatments in this experiment (Table A3).
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Isolation Site
Isolations Treatments SSA SAJ PV | PC MV MC | DV [DC |RT] RT
BN-X BC Y,Y, Y F
BN+X Y,CV P, F F
1 B1-X L F,L B Y
B1+X B B F,Y,BC,B Y
B5-X B F Y, BC B
B5+X B, Y F B, F F F F
BN-X Y,E P F P
BN+X P P F,MP, T P F
2 B1-X Mp L L
B1+X F,F,B Mp Y CV
B5-X B B Y CV
B5+X F,L L, F PP Y BC
BN-X F,F F,F F P
BN+X A, Mp, F BP, Mp, Mp Mp
3 B1-X F AFY Y Y,B Mp Mp
B1+X E, F P, BM Y F F Mp, Y F
B5-X F F F Mp
B5+X P Mp. F Mp [([PMp |CV.CV E B EPY F.F
4 BN-X F CV,Y F,F Y
BN+X CV, Mp F, A F F,CV
B1-X F,F CV,L F,CV Y
B1+X F, BM B, F L, BM
B5-X Y
B5+X F F L Mp

TABLE A1 - Results of the healthy storage root isolations. B= Beauregard Cultivar, N= Plants not flooded, 1= Plants flooded one
day prior to harvest, 5= Plants flooded five day prior to harvest, - = Plants not treated with ethephon, + = Plants treated with

ethephon, X= Replication.

B= Bacteria

F= Fusarium sp.
T= Trichoderma-like
BC= Black mycelia

Colonies description

A= Aspergillus-like
Mp= Macrophomina phaseolina
P= Penicillium-like

BM= Brown mycelia
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Y= Yeast

CV= Curvularia sp.
L= Lasiodiplodia sp.
BP= Bipolaris sp.




TABLE A2. Binary LS-means (0 and 1, 0= not present and 1= present) of the incidence of fungi
isolated from different locations in healthy storage roots*.
aSSA = slender stem attachment, SAJ = slender stem attachment junction with main storage

Fungi Isolated®

Root Location? Fso Mp Others
SSA 0.167 a,b 0125a 0.750 a
SAJ 0.167 a,b 0125a 0.833 a
PV 0.000 b 0.042 a 0.083 b
PC 0.000 b 0.042 a 0.042b
MV 0.083 a,b 0.000 a 0.125b
MC 0.042 b 0.000 a 0.000 b
DV 0.042 b 0.000 a 0.042b
DC 0.000 b 0.000 a 0.000 b
RT] 0.125a,b 0.208 a 0.708 a
RT 0.125a,b 0.125a 0.542 a
F Value 3.350 2.200 26.89
Pr>F 0.0007 0.0230 < 0.0001

root, PV = proximal vascular, PC = proximal central, MV = mid-root vascular, MC = mid-root
central, DV = distal vascular, DC = distal central, RT] = root tail junction with main storage
root, and RT = slender distal end of root.

b F= Fusarium sp., Mp= Macrophomina phaseolina, and Others= Other fungi species.

* Conservative Tukey-Kramer Grouping for root location Least Squares Means (Alpha=0.05).
LS-means in a column with the same letter are not significantly different.

TABLE A3. Binary LS-means (0 and 1, 0= not present and 1= present) of the incidence of fungi
isolated from different treatments in healthy storage roots produced in plots with different
flood treatments*.

Fungi Isolated®

Treatment? Fso Mp Others
BN-X 0.100 a 0.000 a 0.275 a
BN+X 0.075 a 0.150 a 0.300 a
B1-X 0.075 a 0.075 a 0.300 a
B1+X 0.050 a 0.050 a 0.425a
B5-X 0.050 a 0.025 a 0.250 a
B5+X 0.200 a 0.100 a 0.325a
F Value 1.5300 1.9000 0.6800

Pr>F 0.1807 0.0947 0.6397

aB= Beauregard Cultivar, N= Plants not flooded, 1= Plants flooded one day prior to harvest,
5= Plants flooded five day prior to harvest, - = Plants not treated with ethephon, + = Plants
treated with ethephon, and X= Replication.
b F= Fusarium sp., Mp= Macrophomina phaseolina, and Others= Other fungi species.
* Conservative Tukey-Kramer Grouping for treatment Least Squares Means (Alpha=0.05). LS-
means in a column with the same letter are not significantly different.
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TABLE A4. Percentage of fungi isolated at harvest from symptomless sweetpotato storage roots produced in plots that were
fumigated or not fumigated before planting.

Chase? Gilbertb
Treatment? Fungi Isolated Fungi Isolated
Fusarium Macrophomina Other fusaria Fusarium Macrophomina Other fusaria
solani phaseolina solani phaseolina
Fumigated 32.50 a* 250b 2250 a 18.33 a 20.00 a 1.67 b
Non-Fumigated 42.50 a 22.50 a 37.50 a 40.00 a 10.00 a 20.00 a
Pr>F 0.3570 0.0051 0.1516 0.0506 0.3191 0.0033

zFumigated (Storage roots from soil fumigated with 1% Chloropicrin) and Non-Fumigated (storage roots from soil non-
fumigated with Chloropicrin).

aPlants cultivated at sweetpotato research station, Chase, LA-USA.

bPlants cultivated at McLemore Farm, Gilbert, LA-USA.

* Percentages were calculated from 5 roots collected from each plot for isolation. Conservative Tukey-Kramer Grouping for
isolation site Least Squares Means (Alpha=0.05). LS-means with the same letter within the same column are not significantly
different.
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TABLE A5. Percentage of fungi isolated from symptomless sweetpotato storage roots from each plant source at harvest.

Chase? Gilbertb
Plant Source* Fungi Isolated Fungi Isolated
Fusarium Macrophomina Other fusaria Fusarium Macrophomina Other fusaria
solani phaseolina solani phaseolina
Beds 40.00 a* 17.50 a 27.50 a 33.33 a 16.67 a 10.00 a
Greenhouse 35.00 a 7.50 a 3250 a 25.00 a 13.33 a 11.67 a
Pr>F 0.6444 0.1531 0.6306 0.4473 0.7391 0.7835

#Beds (plants originated from sprouts grown in beds) and Greenhouse (plants originated from sprouts grown in greenhouses).
aPlants cultivated at sweetpotato research station, Chase, LA-USA.

bPlants cultivated at McLemore Farm, Gilbert, LA-USA.

* Percentages were calculated from 5 roots collected from each plot for isolation. Conservative Tukey-Kramer Grouping for
isolation site Least Squares Means (Alpha=0.05). LS-means with the same letter within the same column are not significantly
different.
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TABLE A6. Comparison of the percentage of fungi isolated from symptomless sweetpotato storage roots from each treatment
in each plant source at harvest.

Chase? Gilbert®
Treatmentz*Plant Source* Fungi Isolated Fungi Isolated

Fusarium Macrophomina Other Fusarium  Macrophomina Other

solani phaseolina fusaria solani phaseolina fusaria
Beds*Fumigated 40.00a*  0.00 b 20.00 a 16.67 a 2333 a 0.00 a
Beds*Non-Fumigated 30.00 a 35.00 a 35.00 a 50.00 a 10.00 a 20.00 a
Green.*Fumigated 25.00 a 5.00b 25.00 a 20.00 a 16.67 a 333a
Green. *Non-Fumigated 55.00 a 10.00 ab 40.00 a 30.00 a 10.00 a 20.00 a
Pr>F 0.0677 0.0336 1.0000 0.2882 0.7391 0.7835

zFumigated (Storage roots from soil fumigated with 1% Chloropicrin) and Non-Fumigated (storage roots from soil non-
fumigated with Chloropicrin).

#Beds (plants originated from sprouts grown in beds) and Greenhouse (plants originated from sprouts grown in greenhouses).
aPlants cultivated at sweetpotato research station, Chase, LA-USA.

bPlants cultivated at McLemore Farm, Gilbert, LA-USA.

* Percentages were calculated from 5 roots collected from each plot for isolation. Conservative Tukey-Kramer Grouping for
isolation site Least Squares Means (Alpha=0.05). LS-means with the same letter within the same column are not significantly
different.
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TABLE A7. Percentage of fungi isolated from rotting sweetpotato storage roots in each treatment after storage roots being
stored for three months at 15°C.

Chase? Gilbertb
Treatment? Fungi Isolated Fungi Isolated
Fusarium Macrophomina Other fusaria Fusarium Macrophomina Other fusaria
solani phaseolina solani phaseolina
Fumigated 0.50 a* 0.50 a 0.00 0.33a 1.17 a 0.67 a
Non-Fumigated 0.50 a 0.00 a 0.00 0.00 a 0.00 a 0.54 a
Pr>F 1.0000 0.3179 0.00 0.4202 0.1262 0.8501

zFumigated (Storage roots from soil fumigated with 1% Chloropicrin) and Non-Fumigated (storage roots from soil non-
fumigated with Chloropicrin).

aPlants cultivated at sweetpotato research station, Chase, LA-USA.
bPlants cultivated at McLemore Farm, Gilbert, LA-USA.
*Percentages were calculated from 20 roots collected from each plot for storing. Conservative Tukey-Kramer Grouping for

isolation site Least Squares Means (Alpha=0.05). LS-means with the same letter within the same column are not significantly
different.
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TABLE AS8. Percentage of fungi isolated from rotting sweetpotato storage roots from each plant source after storage roots being
stored for three months at 15°C.

Chase? Gilbertb
Plant Source# Fungi Isolated Fungi Isolated
Fusarium Macrophomina Other fusaria Fusarium Macrophomina Other fusaria
solani phaseolina solani phaseolina
Beds 0.50 a* 0.50 a 0.00 0.17 a 1.17 a 0.71a
Greenhouse 0.50 a 0.00 a 0.00 017 a 0.00 a 0.50 a
Pr>F 1.0000 0.3179 0.00 1.0000 0.1262 0.7472

#Beds (plants originated from sprouts grown in beds) and Greenhouse (plants originated from sprouts grown in greenhouses).
aPlants cultivated at sweetpotato research station, Chase, LA-USA.

bPlants cultivated at McLemore Farm, Gilbert, LA-USA.

* Percentages were calculated from 20 roots collected from each plot for storing. Conservative Tukey-Kramer Grouping for

isolation site Least Squares Means (Alpha=0.05). LS-means with the same letter within the same column are not significantly
different.
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TABLE A9. Comparison of the percentage of fungi isolated from rotting sweetpotato storage roots from each treatment in each
plant source after storage roots being stored for three months at 15°C.

Chase? Gilbert®
Treatmentz*Plant Source* Fungi Isolated Fungi Isolated

Fusarium Macrophomina Other Fusarium  Macrophomina Other

solani phaseolina fusaria solani phaseolina fusaria
Beds*Fumigated 1.00 a* 1.00 a 0.00 033 a 233 a 1.00 a
Beds*Non-Fumigated 0.00 a 0.00 a 0.00 0.00 a 0.00 a 0.00 a
Greenhouse*Fumigated 0.00 a 0.00 a 0.00 033 a 0.00 a 033 a
Greenhouse *Non-Fumigated 1.00 a 0.00 a 0.00 0.00 a 0.00 a 1.00 a
Pr>F 0.1581 0.3179 0.00 1.0000 0.1262 0.1788

zFumigated (Storage roots from soil fumigated with 1% Chloropicrin) and Non-Fumigated (storage roots from soil non-
fumigated with Chloropicrin).

#Beds (plants originated from sprouts grown in beds) and Greenhouse (plants originated from sprouts grown in greenhouses).
aPlants cultivated at sweetpotato research station, Chase, LA-USA.

bPlants cultivated at McLemore Farm, Gilbert, LA-USA.

* Percentages were calculated from 20 roots collected from each plot for storing. Conservative Tukey-Kramer Grouping for

isolation site Least Squares Means (Alpha=0.05). LS-means with the same letter within the same column are not significantly
different.
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TABLE A10. Number of isolates of other fusaria isolated from (A) symptomless sweetpotato storage roots at harvest and (B)

rotting sweetpotato storage roots after storage roots being stored for three months at 15°C, from each treatment and each plant

source®.
Chase? Gilbert®
Fusarium species Non- Fum.*Green. Non- Fum.*Beds Non- Fum.*Green. Non- Fum.*Beds
Fum.*Green. Fum.*Beds Fum.*Green. Fum.*Beds

A F. pallidoroseum 8 5 7 4 2 1 2 0

F. oxysporum 0 0 0 0 0 0 0 0
g [ pallidoroseum 0 0 0 0 0 0 0 0

F. oxysporum 0 0 0 0 1 1 0 3

# Non-Fum.*Green. (storage roots from plants originated from sprouts grown in greenhouses and planted in soil non-

fumigated with Chloropicrin), Fum.*Green (storage roots from plants originated from sprouts grown in greenhouses and

planted in soil fumigated with 1% Chloropicrin), Non-Fum.*Beds (storage roots from plants originated from sprouts grown in

beds and planted in soil non-fumigated with Chloropicrin), Fum.*Beds (storage roots from plants originated from sprouts

grown in beds and planted in soil fumigated with 1% Chloropicrin)

aPlants cultivated at sweetpotato research station, Chase, LA-USA.
bPlants cultivated at McLemore Farm, Gilbert, LA-USA.
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TABLE A11. List of Fusarium isolates, from this study, that had the TEF 1-alpha gene partially sequenced and deposited in the

NCBI Database.
Isolate Species Isolation_source Isolation Site GenBank Accession Number
F1 F. pallidoroseum Plant Stem Exp_Infested Soil/ Treat_Mp KC820972
(synonym F. incarnatum)
F7 F. pallidoroseum Plant Stem Exp_Infested Soil/ Treat_Mp KC820973
(synonym F. incarnatum)
F9 F. pallidoroseum Plant Stem Exp_Infested Soil/ Treat_Control | KC820974
(synonym F. incarnatum)
G2 F. oxysporum Storage Root Asymptomatic Storage Root KC820980
G3 F. oxysporum Storage Root Asymptomatic Storage Root KC820981
G5 F. oxysporum Plant Stem Exp_Infested Soil/ Treat_Control | KC820979
G6 F. nygamai Plant Stem Exp_Toothpick/Treat_Mp KC820978
G7 E. proliferatum Plant Stem Exp_Toothpick/Treat_Mp KC820975
G9 F. commune Storage Root Surface Rot KC820971
F-89.021* | F. denticulatum Leaf Tissue Chlorotic Leaf Distortion KC820969
C F. proliferatum Plant Stem Exp_Infested Soil/ Treat_Fso+Mp | KC820976
D F. concentricum Storage Root Exp_Toothpick/Treat_Control KC820970
E F. proliferatum Storage Root Surface Rot KC820977
F2 F. solani Plant Stem Exp_Infested Soil/ Treat Mp KC820963
F3 F. solani Plant Stem Exp_Infested Soil / Treat_Mp KC820964
F4 F. solani Plant Stem Exp_Infested Soil/ Treat_ Mp KC820965
F5 F. solani Plant Stem Exp_Infested Soil / Treat_Mp KC820966
F6 F. solani Plant Stem Exp_Infested Soil / Treat_Mp KC820967
E8 F. solani Plant Stem Exp_Infested Soil/ Treat_ Mp K(C825359
B F. solani Rotting Storage Root | Exp_Infested Soil / Treat_Fso KC820968

* Not from this study.
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