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SUMMARY. Twelve sweetpotato (Ipomoea batatas var. batatas) accessions/cultivars/
landraces (entries) were evaluated for yield, resistance to pests, and quality in five
field trials planted at Pepe‘ekeo, Hawai‘i Island, and replicated over time with
blocks planted on May and Oct. 2014, Feb. and July 2015, and Jan. 2016. Plots
were harvested at 4.5 to 6 months after planting. In the first two field trials, local
entries planted were ‘Okinawan’, ‘Mokuau’, and ‘Kona B’, as well as PI 531094,
‘Beauregard’, PI 573309, PI 573330, ‘Darby’, ‘Pelican Processor’, and ‘Picadito’.
Yields of ‘Mokuau’ and ‘Kona B’ were low and were replaced in the latter three field
trials with ‘Murasaki-29’ and ‘LA 08-21p’ from Louisiana State University (LSU)
AgCenter, BatonRouge. At harvest, storage roots were graded according to State of
Hawai‘i standards and marketable yields included grades AA, A, and B. Then, in-
juries of storage roots due to infestations of sweetpotato weevil (Cylas formicarius
elegantulus) in each category were estimated. Finally, sugar concentrations, an-
thocyanins, and b-carotene contents were measured in storage roots. Marketable
fresh weight yields of entries differed significantly, with ‘LA 08-21p’ having the
greatest marketable yield. However, ‘LA 08-21p’ also had the greatest incidence of
damage due to sweetpotato weevil, perhaps because of its growth habit as a tight
cluster of storage roots located close to the soil surface. Entries also had significantly
different sugar concentrations (fructose, glucose, sucrose, maltose, and total
sugars). Concentrations of sucrose ranged from 25 to 68 mg·gL1 fresh weight and
were greater than those of monosaccharides analyzed. ‘Beauregard’ had the highest
sucrose concentration and total sugars. Purple-fleshed cultivars Okinawan and
LA 08-21p contained total monomeric anthocyanins that ranged from 34 to 37
mg/100 g dry weight. Orange-fleshed cultivars Beauregard and Darby contained
b-carotene that ranged from 5485 to 8302 mg/100 g fresh weight. These results
provide yields of storage roots, susceptibility to sweetpotato weevils, and amounts
of antioxidants in purple- and orange-fleshed sweetpotato cultivars to growers in-
terested in producing new sweetpotato cultivars.

S
weetpotato is a nutritious source
of food. Orange-fleshed culti-
vars are rich in b-carotene and

purple-fleshed cultivars are rich in
anthocyanins, both of which are im-
portant dietary antioxidants (Teow
et al., 2007; Wang et al., 2016). In
the state of Hawai‘i, most sweetpo-
tato production is on the east coast of
Hawai‘i Island, where the purple-
fleshed landrace Okinawan is grown
and exported to the U.S. mainland.

Sweetpotato production inHawai‘i
increased 7-fold between 2002 and
2011 from 2.3 million pounds to
16.7 million pounds and a farm gate
value from $0.99 million to $7.3 mil-
lion [Hawai‘i Department of Agricul-
ture (HDOA), 2013, 2004]. This
increased production was due largely
to an increased export market after
approval of quarantine treatments to
control insect pests (Follett, 2006).

However, by 2016, area har-
vested for sweetpotato in Hawai‘i

decreased from 1100 to 485 acres
and farm gate value decreased to
$1.18 million (HDOA, 2018). Prob-
lems that threaten the sustainability
of the industry are as follows: 1)
extreme offgrade shapes and sizes

and inconsistencies in flesh color and
2) quarantine insect pests that nega-
tively impact production and quality.
A sweetpotato breeding program is
needed in Hawai‘i to improve the
consistency of shapes, sizes, and pur-
ple flesh color, as well as to improve
resistance to insect pests.

The two major quarantine pests
that adversely affect sweepotato pro-
duction in Hawai‘i are sweetpotato
weevil and sweetpotato vine borer
[Omphisa anastomosalis (Follett,
2006)]. Sweetpotato weevil larvae
feed and develop within the storage
root of sweetpotato, making it dif-
ficult to control the larvae with in-
secticides and resulting in inedible
storage roots (Thompson et al.,
1999). Crop losses in Hawai‘i due
to the sweetpotato weevil have been
reported to range from 15% to 30%
but could be as high as 60% to 97% if
pest populations were not controlled
(Valenzuela et al., 1994). Sweetpo-
tato weevil is found worldwide and
could cause crop losses of up to 80%
(Nottingham and Kays, 2002).

Significant differences have been
found among sweetpotato entries in
resistance to injury of storage roots by
insects, in particular by sweetpotato
weevils of the genus Cylas (Jackson
and Bohac, 2006; Jackson and
Harrison, 2013; Jackson et al., 2012;
Stathers et al., 2003a; Thompson
et al., 1999). Resistance to sweetpo-
tato weevils is likely a combination of
antibiosis, tolerance, escape, and non-
preference (Stathers et al., 2003b).
A poor correlation was found between
results of laboratory studies (e.g.,
antibiosis studies and root choice)
and those of field studies (Stathers
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et al., 2003b), demonstrating the
importance of conducting cultivar
trials in the field.

Most consumers in the United
States prefer sweetpotatoes with
sweet, moist, and orange flesh. ‘Beau-
regard’ is a popular, commercial,
orange-fleshed cultivar grown in the
United States (Jackson and Bohac,
2006; Jackson and Harrison, 2013).
Unfortunately, it is susceptible to
injury by several insects, includ-
ing sweetpotato weevil (Jackson and
Harrison, 2013; Jackson et al., 2012;
Thompson et al., 1999). In Hawai‘i,

consumers prefer sweetpotatoes with
sweet, drier, purple flesh because
they are familiar with the Okinawan
landrace.

In a series of field trials at Pepe‘e-
keo, HI, we evaluated sweetpotato
entries grown on Hawai‘i Island for
yield of storage roots, resistance to
insect pests, and quality. The overall
goal was to identify alternative culti-
vars for commercial production, as
well as superior sources of germplasm
for breeding high-yielding, nutritious
sweetpotatoes with tolerance to in-
sect pests under tropical conditions.

Materials and methods
Preliminary field trials of 57

sweetpotato entries were conducted
over three cropping cycles. Twelve
sweetpotato entries (Table 1) were
selected for evaluation on a larger
scale in Pepe‘ekeo, HI (lat. 19.835�N,
long. 155.102�W).

Sweetpotato accessions were
obtained originally as disease-tested,
tissue-cultured plantlets from the
U.S. Department of Agriculture
(USDA) Germplasm Repository in
Griffin, GA. Cultivars Murasaki-29
and LA 08-21p were obtained as
disease-tested, tissue-cultured plant-
lets from Louisiana State University
AgCenter (Baton Rouge). These en-
tries were multiplied by a commercial
tissue culture laboratory, planted in
pots; cuttings were taken and planted
in the field, and then multiplied for
field trials. Cuttings of local en-
tries were obtained from either the
Molokai Applied Research Farm
(Hoolehua, HI) or commercial growers.

Trial plots were 5 · 30 ft and
planted by hand, with 30 cuttings
spaced 1 ft apart. Trials were repli-
cated over time because of limited
field space. ‘Okinawan’ was selected
as the control because it is the main
commercial sweetpotato landrace
grown on Hawai‘i Island. After two
field trials, local entries ‘Mokuau’ and
‘Kona B’ had dramatically lower
yields and so were replaced in latter
trials by ‘Murasaki-29’ and ‘LA 08-
21p’. ‘Murasaki-29’ is a sweetpotato
cultivar with white flesh, dark purple
skin, broad-spectrum disease resis-
tance, and resistance to the southern
root-knot nematode [Meloidogyne in-
cognita (LaBonte et al., 2008)]. ‘LA
08-21p’, an advanced breeding line
from LSUAgCenter, has purple flesh,
red skin, resistance to the southern

root-knot nematode, and resistances
to java black rot (Diplodia gossypina),
bacterial root rot (Erwinia chrysan-
themi), fusarium root rot (Fusarium
solani), rhizopus soft rot (Rhizopus
sp.), and fusarium wilt (Fusarium
oxysporum f.sp. batatas).

Soil series is the Hilo series (me-
dial over hydrous, ferrihydritic, and
isohyperthermic Acrudoxic Hydru-
dands). Field trials were located
within a 10-acre area on two neigh-
boring farms in Pepe‘ekeo. Before
planting, one to two soil samples per
experimental field were analyzed by
the University of Hawai‘i Agricultural
Diagnostic Service Center for pH,
extractable phosphorus (P), potas-
sium (K), calcium (Ca), and magne-
sium (Mg). Each soil sample was
composed of five subsamples taken
from different locations within a
field and composited. Soil pH was
measured using the saturated paste
method (Hue et al., 2000). The
modified Truog method was used to
analyze extractable P in soils with
pH <7.0. Ammonium acetate (1 M,
pH 7.0) was used to extract soil
cations, and P, K, Ca, and Mg were
analyzed using an inductively coupled
plasma emission spectrophotometer
[ICP (Optima 7000 DV; Perkin
Elmer, Waltham, MA)] (Hue et al.,
2000). Results of soil analyses were
as follows: pH ranged from 5.8 to
6.1, P ranged from 38 to 86 ppm,
K ranged from 74 to 403 ppm, Ca
ranged from 586 to 2356 ppm, and
Mg ranged from 58 to 700 ppm.

Soil from Pepe‘ekeo, HI, is a vol-
canic ash soil and considered a light
soil. Soil pH was considered to be
adequate, P ranged from low to ade-
quate, K ranged from low to ade-
quate, Ca was considered to be low,
and Mg ranged from low to adequate
(Yost and Uchida, 2000). Fertilizer
rates were based on soil results and
recommendations of Valenzuela et al.
(1994). Phosphorus fertilizer (0N–
19.6P–0K) was banded before trans-
planting at 200 lb/acre P.

Sweetpotato trials were rain-fed.
Rainfall during the time period of
these field trials is shown in Fig. 1.
Preemergent herbicide flumioxazin
(Chateau� Herbicide SW; Valent
USA, Walnut Creek, CA) was sprayed
at 1 oz/acre a.i. �3 d before trans-
planting sweetpotato cuttings. Harvest
dates were determined by observa-
tions of maturity of storage roots
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and could vary from 4.5 to 6 months.
Typical cropping cycles of sweetpo-
tato in Hawai‘i could range from 3 to
7months, depending on rainfall, tem-
perature, and other environmental
conditions.

FIELD TRIAL 1. Ten entries were
planted on 8 May 2014 (Table 1).
Fertilizer (23N–0P–29.9K) was
broadcast on the surface of hills in
equal amounts on 3 May, 23 June,
and 23 July 2014, resulting in 300
lb/acre nitrogen (N). Spinosad (Suc-
cess Insecticide; Dow AgroSciences,
Calgary, AB, Canada) was applied
at 1.4 oz/acre a.i. on 9 June, 23
July, and 20 Aug. 2014 to control

sweetpotato vine borer. Imidacloprid
(Provado� 1.6 flowable insecticide;
Bayer CropScience, Research Trian-
gle Park, NC) was applied at 0.6
oz/acre a.i. on 9 June, 23 July, and
20 Aug. 2014 to control sweetpotato
weevil. The trial was harvested after
�5 months on 3 Oct. 2014. At
harvest, we noticed external damage
on storage roots that was diagnosed
later as due to a new, invasive pest
for Hawai‘i, rough sweetpotato wee-
vil [Blosyrus asellus (Pulakkatu-thodi
et al., 2018)].

FIELD TRIAL 2. Trial 2 contained
the same entries as in the first
field trial (Table 1). Cuttings were

planted on 1 Oct. 2014, and fertilizer
(23N–0P–29.9K) was broadcast as
described earlier on 15 Oct., 13
Nov., and 15 Dec. 2014, resulting
in 300 lb/acre N. Carbaryl (Sevin�

XLR Plus; Bayer CropScience) was
applied on 18 Nov. 2014 at 28
oz/acre a.i. to control rough sweet-
potato weevil. Spinosad and imida-
cloprid were applied on 19Dec. 2014
at rates described earlier. Storage
roots were harvested after �4.5
months on 18 Feb. 2015.

FIELD TRIAL 3. In Trial 3,
‘Mokuau’ and ‘Kona B’, which had
very low yields, were replaced with
‘Murasaki-29’ and ‘LA 08-21p’. To
help control rough sweetpotato wee-
vil, we applied clothianidin (Belay� 16
WSG; Valent USA) at 2.8 oz/acre a.i.
before planting. Cuttings were planted
on 25 Feb. 2015, and fertilizer (23N–
0P–29.9K) was broadcast on the sur-
face of hills in equal amounts on 15
Mar., 8 Apr., and 6 May 2015, result-
ing in 100 lb/acre N. Spinosad and
imidacloprid were applied on 8 Apr.
2015, 6May 2015, and 4 June 2015 at
rates described earlier. In addition,
carbaryl was applied twice on 22 Apr.
2015 and 20 May 2015 at the rate
described earlier. Storage roots were
harvested after nearly 5 months on 16
July 2015.

FIELD TRIAL 4. The same 10
entries were planted as in trial 3.
Clothianidin was applied at the same
rate as in trial 3, immediately before
planting, and then cuttings were
planted on 15 July 2015. Fertilizer
(23N–0P–29.9K) was broadcast as
described earlier on 28 July, 26
Aug., and 23 Sept. 2015, resulting
in 100 lb/acre N. Spinosad and imi-
dacloprid were applied at rates

Table 1. Accession numbers/cultivar or landrace names (if available) of 12 sweetpotato entries, their U.S. state or country of
origin, skin and flesh color, and frequency of inclusion in multiple field trials at Pepe‘ekeo, HI.

Accession no. Cultivar/landrace U.S. state or country Skin color Flesh color Trials (no.)

Okinawan Okinawa White Purple 5
Mokuau Hawai‘i Red Purple 2
Kona B Hawai‘i Orange Orange 2
Murasaki Louisiana Purple White 3
LA 08-21p Louisiana Red Purple 3

PI 531094 392 Guatamala Red White 5
PI 566613 Beauregard Louisiana Pink Salmon 5
PI 573309 L-329 Papua New Guinea Light pink White 5
PI 573330 ACC 108 Solomon Islands Red Light yellow 5
PI 595199 Darby Louisiana Pink Orange 5
PI 634398 Pelican Processor Louisiana Tan Light yellow 5
PI 634399 Picadito Cuba Red White 5

Fig. 1. Monthly rainfall at the Hilo International Airport located �10 miles
(16.1 km) from Pepe‘ekeo, HI, field sites during May 2014 through July 2016
(National Weather Service, 2016); 1 inch = 2.54 cm.
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described earlier on 12 Aug., 8 Sept.,
and 8 Oct. 2015. Carbaryl was ap-
plied five times at the rate described
earlier on 26 Aug., 23 Sept., 20 Oct.,
4 Nov., and 22 Dec. 2015. Storage
roots were harvested after nearly 6
months on 12 Jan. 2016.

FIELD TRIAL 5. In trial 5, we
evaluated the same 10 entries as in
trials 3 and 4. Clothianidin was ap-
plied before planting as described
earlier, and cuttings were planted on
12 Jan. 2016. Fertilizer (23N–0P–
29.9K) was applied as described ear-
lier on 27 Jan., 23 Feb., and 23 Mar.
2016, at the same rate as in trials 3
and 4. Spinosad and imidacloprid
were applied on 9 Feb., 8 Mar., and
5 Apr. 2016, at the same rates as in
Trials 3 and 4. In addition, carbaryl
was applied four times on 23 Feb., 24
Mar., 19 Apr., and 18 May 2016, at
the same rate as in Trials 3 and 4.
Storage roots were harvested after 6
months on 19 July 2016.

HARVEST. Sweetpotato vines
were cut by hand sickles and re-
moved from the field. Sweetpotato
storage roots were dug using a sweet-
potato harvester (BL-1050; Niplo,
Ichinomiya-shi, Japan). This harvester
is a chain digger that lifts storage roots
from the soil, dropping them onto the
surface.

Storage roots were washed and
then graded first according to HDOA
standards [AA, A, B, and offgrades
(HDOA, 1986)]. Grade AA storage
roots had diameters between 1.75
and 3.25 inches, lengths between 3
and 9 inches, and fresh weights not
more than 16 oz. Grade A storage
roots had diameters between 1.75
and 3.75 inches, lengths between 3
and 10 inches, and fresh weights not
more than 24 oz. Grade B storage
roots had diameters not less than 1.75
inches and fresh weights not more
than 32 oz. Offgrade storage roots
had diameters less than 1.75 inches or
fresh weights not more than 32 oz.
The marketable category combined
AA, A, and B grades.

Following this grading, storage
roots were placed into subcategories:
a) no injury, b) injury due to sweet-
potato weevil, c) injury due to rough
sweetpotato weevil, d) injury due to
reniform nematodes (Rotylenchulus
reniformis), and e) other surface de-
fects (e.g., mechanical damage or rat
damage). Sweetpotato weevil larvae
bore into storage roots and produce

characteristic black holes that if cut
open reveal their presence (Clark
et al., 2013). By contrast, larvae of
rough sweetpotato weevil feed on
the surface of storage roots, pro-
ducing sunken trails (Pulakkatu-thodi
et al., 2018). Damage due to reni-
form nematodes was characterized by
sunken deformations or smooth cavi-
ties in storage roots (Clark et al., 2013).
The number of storage roots in each
subcategory was counted, and fresh
weights were determined. Dry matter
content was determined for each entry.
Two representative storage roots with-
out injury from each grade were cut
into slices; fresh weights were mea-
sured, dried to constant weight at
60 �C, and reweighed.

Sweetpotatoes were graded first,
ignoring injury due to pests, and then
the incidence of pests was recorded
within each grade. Storage root yields
and dimensions were considered to
be due to cultivar and/or interactions
with the environment; injury due to
pests could be controlled by im-
proved management practices.

QUALITY ANALYSIS. Composi-
tional analyses were conducted for
marketable storage roots harvested
from trials 3, 4, and 5. Roots were
cured in an incubator at 29.4 �C and
85% relative humidity for 5–7 d before
being stored at 10 �C until analyzed.
In each trial, 10 roots were assayed
from each entry for internal color,
moisture content, drymatter content,
and starch and sugar concentrations.
The purple-fleshed cultivars Okinawan
and LA 08-21p were assayed for antho-
cyanins. The yellow- or orange-fleshed
entries ‘Beauregard’, PI 573330,
‘Darby’, and ‘Pelican Processor’ were
assayed for carotenoids.

For internal flesh color, each
storage root was peeled and sliced in
half longitudinally, and internal flesh
color was immediately measured at
three locations lengthwise using a col-
orimeter (CR-400/410 with data
processer DP-400; Konica Minolta,
Ramsey, NJ). Ten storage roots for
each cultivar per trial were cut into
five slices that were frozen at –80 �C
for later carotenoid and anthocyanin
assays. One slice from each of two
storage roots of each entry was diced,
combined, and weighed into tared
metal weigh pans. Samples were dried
to constant weight at 60 �C and
weighed. Percent moisture and dry
matter content were determined.

For carbohydrate analyses, one
slice from each of two cured storage
roots per entry was quickly diced and
combined. A 10-g sample of tissue
was immediately placed in 15 mL of
80% ethanol for sugar and starch
assays. Sugar analysis was performed
according to Wall (2004) using high-
performance liquid chromatography
[HPLC (1200 series; Agilent Tech-
nologies, Santa Clara, CA)]. A 20-mL
aliquot of sample was injected onto
a 4.6 · 150-mm column [5 microns
(Zorbax; Agilent Technologies)].
The mobile phase consisted of aceto-
nitrile: water, 3:1 v/v, at a flow rate of
1.4 mL�min–1. A refractive index de-
tector was used to detect sucrose,
glucose, fructose, and maltose. Stan-
dards for each sugar were prepared at
five concentrations for quantification.

Alcohol-insoluble solids (AISs)
remaining from the sugar extractions
were dried at 70 �C for 48 h and
weighed. Starch content was deter-
mined by adding 30 mg of AISs to 10
mL of deionized water and boiling
for 90 min at 100 �C. Samples were
removed from the bath, capped, and
cooled at room temperature overnight.
Starch was assayed using enzymatic
hydrolysis with amyloglucosidase, as
described by Wall (2004).

Four sweetpotato entries with
orange, salmon, or light-yellow flesh
color were evaluated for their carot-
enoid content using a modified
method of Wall et al. (2010). Sample
slices that had been stored at –80 �C
were used to prepare composite 20 g
samples, containing a portion of each
of three slices. Working under low
light and cold temperatures, samples
were placed into a 250-mL beaker
containing 2 g magnesium carbonate
(MgCO3), 40 g anhydrous sodium
sulfate (NaSO4), and 75 mL of cold
tetrahydrofuran (THF). An outer
beaker with ice water was used while
homogenizing samples for 3 min.
The homogenate was filtered under
vacuum, and the residue was rinsed
with two volumes of THF. The fil-
trate was transferred to a 250-mL
volumetric flask and brought up to
volume with THF. An aliquot (10
mL) was placed into a glass vial and
reduced to dryness under nitrogen
gas (N2). Dried samples were resus-
pended in 0.4 mL THF and vortexed.
A 3.6-mL mixture of acetonitrile:
methanol, 1:1 (both HPLC grade),
was then added and vortexed again.
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Samples were filtered through a 0.22-
mm nylon membrane syringe filter
into 2-mL amber HPLC vials. An
HPLC system (1200 series; Agilent
Technologies) was used with a diode
array detector, with maximum detec-
tion at 454 nm. Themobile phase was
acetonitrile: THF: water at a ratio of
85:12.5:2.5, respectively, using all
HPLC grade solvents. The flow rate
was 0.3 mL�min–1. A 20-mL aliquot
of sample was injected onto a C-18
column [narrow bore, 100 · 2.1 mm,
5 microns (ODS Hypersil; Thermo
Fisher Scientific, Waltham, MA)].
The column temperature was 40 �C.
Authentic standards of a-carotene,
b-carotene, b-cryptoxanthin, lutein,
and lycopene were used for identifi-
cation and quantification.

Anthocyanin content of two pur-
ple-fleshed cultivars was determined
using the pH differential method of
Giusti and Wrolstad (2001), as de-
scribed by Oner and Wall (2012).
Briefly, frozen sweetpotato samples
were freeze-dried for 2 d at –49 �C
(FreeZone 6; Labconco Corp., Kan-
sas City, MO), ground into powder,
extracted with 25 mL methanol/
water/hydrochloric acid (HCl), fil-
tered, and diluted 1:1 with the ap-
propriate buffer [potassium chloride

(0.025 M) at pH 1 or sodium acetate
(0.4 M) at pH 4.5]. Absorbance was
measured at 530 and 700 nm using
a spectrophotometer (SP-870; Barn-
stead International, Dubuque, IA)
calibrated with distilled water as the
blank. The absorbance difference be-
tween pH 1.0 and pH 4.5 samples
was used to calculate total monomeric
anthocyanins as milligrams anthocya-
nin per 100 g dry weight (milligrams
cyanidin-3-glucoside per 100 g DW)
(Oner and Wall, 2012). Percent poly-
meric color also was determined using
the method described by Giusti and
Wrolstad (2001).

STATISTICAL ANALYSIS OF YIELDS

AND INSECT INJURY. ‘‘Multiple com-
parisons with the best’’ (MCB) was
used to determine entries with the
highest marketable fresh weight
yields, total fresh weight yields, per-
cent marketable yields relative to total
yields, and incidence of sweetpotato
weevil in marketable grades (in sepa-
rate analyses). MCB was calculated
using a macro in SAS software (ver-
sion 9.2; SAS Institute, Cary, NC)
(Westfall et al., 1999); it has the
advantage of being an efficient multi-
ple comparison that controls the ex-
periment-wise error rate. It is similar
to Duncan’s multiple comparisons

with a control in reducing the num-
ber of comparisons, without having
to prespecify which cultivar is ‘‘best.’’
After completion of a MCB proce-
dure, cultivars can be categorized as
being inferior to the best or among
the best; in other words, there are
only two groups.

The experimental design of the
field trial consisted of a randomized
complete block design with five blocks
(i.e., trials replicated over time) and 12
entries evaluated at various frequencies
(Table 1). When entries were absent
at certain planting dates, they were
treated as missing data. To determine
whether there was a trend in market-
able fresh weight yield over time, yield
data of ‘Okinawan’ were regressed
linearly over time using PROC GLM
(SAS version 9.2). For compositional
data, analysis of variance (ANOVA)
was conducted for a randomized com-
plete block design with three blocks
(trials 3–5) and means were separated
using the Waller–Duncan k-ratio test
using SAS (version 9.4).

Results

YIELDS OF STORAGE ROOTS AND

INJURY DUE TO INSECTS. Twelve sweet-
potato entries differed significantly

Table 2. Twelve sweetpotato entries grown in five field trials at Pepe‘ekeo, HI, that were replicated over time, and their
marketable fresh weight yields, total fresh weight yields, marketable fresh weight yield relative to total yield, and incidence of
sweetpotato weevil in marketable storage roots.

Entry

Marketable fresh wt yield
(kg�haL1)z

Total fresh wt yield
(kg�haL1)y

Marketable proportion
(% of total)

Weevils in marketable
storage roots (%)x

Mean (SE)

Okinawan 3,799 (2,714) bw 6,470 (4,505) b 57.5 (5.99) a 7.6 (7.8) b
Mokuau 1,140 (4,291) b 2,828 (7,123) b 25.7 (9.48) b 21.8 (12.4) a
Kona B 263 (4,291) b 2,199 (7,123) b 7.4 (9.48) b 0.0 (12.4) b
Murasaki 11,575 (3,504) a 15,878 (5,816) a 70.2 (7.74) a 6.5 (10.1) b
LA 08-21p 22,403 (3,504) a 33,197 (5,816) a 67.3 (7.74) a 52.8 (10.0) a
PI 531094 5,608 (2,714) b 13,487 (4,505) b 49.3 (5.99) b 20.3 (7.8) a
Beauregard 17,149 (2,714) a 28,777 (4,505) a 57.2 (5.99) a 36.9 (7.8) a
PI 573309 13,872 (2,714) a 25,626 (4,505) a 58.9 (5.99) a 12.1 (7.8) b
PI 573330 9,572 (2,714) b 30,490 (4,505) a 34.9 (5.99) b 26.8 (7.8) a
Darby 8,195 (2,714) b 15,379 (4,505) a 48.4 (5.99) b 19.5 (7.8) a
Pelican Processor 12,567 (2,714) a 19,866 (4,505) a 61.0 (5.99) a 12.1 (7.8) b
Picadito 12,780 (2,714) a 16,924 (4,505) a 73.9 (5.99) a 6.4 (7.8) b
P > F
Cultivar 0.0011 0.0013 <0.0001 0.017
zMarketable fresh weight yields are the sum of categories AA, A, and B (HDOA, 1986). Grade AA storage roots had diameters between 1.75 and 3.25 inches, lengths between 3
and 9 inches, and fresh weights not more than 16 oz. Grade A storage roots had diameters between 1.75 and 3.75 inches, lengths between 3 and 10 inches, and fresh weights
not more than 24 oz. Grade B storage roots had diameters not less than 1.75 inches and fresh weights not more than 32 oz; 1 kg�ha–1 = 0.8922 lb/acre; 1 inch = 2.54 cm; 1 oz =
28.3495 g.
yTotal yields are the sum of fresh weight yields of marketable and offgrade (HDOA, 1986) storage roots. Offgrade storage roots had diameters less than 1.75 inches or fresh
weights more than 32 oz.
xSweetpotatoes were graded first, ignoring injury due to pests, and then incidence of pests was recorded within each grade. Storage root yields and dimensions were considered
to be due to cultivar and/or interactions with the environment; however, injury due to pests could be controlled by improved management practices.
wLetters in a column that are the same indicate no significant difference (P < 0.05) of that mean from the greatest value using multiple comparisons with the best and are
highlighted in bold text.
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in marketable fresh weight yield and
total fresh weight yield (Table 2). ‘LA
08-21p’ had the best marketable fresh
weight yield of storage roots. Other
entries that did not differ from the
best with regard to marketable fresh
weight yield were ‘Murasaki-29’,
‘Beauregard’, PI 573309, ‘Pelican
Processor’, and ‘Picadito’. ‘LA 08-
21p’ also had the best total fresh
weight yield of storage roots. With
regard to total fresh weight yields,
other entries that did not differ from
the best were ‘Murasaki-29’, ‘Beau-
regard’, PI 573309, PI 573330,
‘Darby’, ‘Pelican Processor’, and
‘Picadito’. Results for marketable
dry weight yield and total dry weight
yield were similar and are not shown
here. No significant trend in market-
able fresh weight yield of ‘Okinawan’
was found over time [P = 0.32 (data
not shown)].

Twelve sweetpotato entries dif-
fered significantly in proportion of
marketable storage roots (percent to-
tal fresh weight) and incidence of
sweetpotato weevil in marketable
storage roots (Table 2). ‘Picadito’
had the greatest proportion of mar-
ketable storage roots relative to the
total fresh weight yield. Other entries
that did not differ from the best were
‘Okinawan’, ‘Murasaki-29’, ‘LA 08-
21p’, ‘Beauregard’, PI 573309, and
‘Pelican Processor’. ‘LA 08-21p’ had
the greatest incidence of sweetpotato
weevils in marketable storage roots.
Entries that differed significantly
from the greatest damage (i.e., may
have some resistance) were ‘Okina-
wan’, ‘Kona B’, ‘Murasaki-29’, PI
573309, ‘Pelican Processor’, and
‘Picadito’.

There were no significant differ-
ences among entries in incidence of
reniform nematodes or rough sweet-
potato weevil (P = 0.41 or P = 0.33,
respectively). The overall means of
incidence of reniform nematodes
and rough sweetpotato weevil dam-
age within marketable storage roots
(based on fresh weight) were (±SE)
5.3% ± 11.18% and 25.8% ± 3.73%,
respectively. The overall mean of per-
cent dry matter in marketable storage
roots was 30.5% ± 7.88%.

QUALITY OF STORAGE ROOTS.
Sucrose was the predominant sugar
in all raw sweetpotato roots ana-
lyzed (Table 3). Total sugars were
highest for ‘Beauregard’, followed
by ‘Murasaki-29’ and ‘Darby’. Total

sugars for all entries ranged from
45.18 to 76.88 mg�g–1 fresh weight
(FW) and were higher than those
listed (41.8 mg�g–1 FW) in the USDA
Food Composition Database for raw,
orange-fleshed roots (USDA, 2018).
‘Beauregard’, ‘Murasaki’, and ‘Oki-
nawan’ had the three highest sucrose
concentrations. Sweetness is related
to soluble sugars, especially sucrose,
and a sensory panel rated the cooked
roots of these cultivars as medium
sweet (data not shown). Sugar pro-
files for PI 573330, ‘Darby’, and PI
531094 showed greater amounts of
glucose and fructose, relative to the
other entries. These cultivars tended
to have lower sucrose and total
sugar contents. No cultivar contained
high levels of sucrose and monosac-
charides, similar to a report by LaB-
onte et al. (2000). The root dry
matter content was highest for ‘Pic-
adito’, ‘Okinawan’, and ‘Murasaki-29’

(Table 4). Similarly, ‘Okinawan’,
PI 531094, ‘Murasaki-29’, and
‘Picadito’ roots had the highest starch
content. The range of values for sol-
uble sugars and starch contents gen-
erally agrees with other reports for
sweetpotato cultivars (LaBonte et al.,
2000; Picha, 1985; Van Den et al.,
1986; Wall, 2005). The dry matter
content exceeded 30% for most of
the white-fleshed cultivars and for
‘Okinawan’.

Surface color measurements of
sweetpotato roots revealed that ‘Oki-
nawan’ had a deeper purple internal
flesh than ‘LA 08-21p’. ‘Beauregard’
had a brighter orange flesh than
‘Darby’ (Table 5). The white-fleshed
entries were characterized by dull,
light-grayish-yellow interior.

Sweetpotatoes with orange or
light-yellow flesh were analyzed
for b-carotene content; however,
b-carotene was not detected in the

Table 3. Sugar (fructose, glucose, sucrose, maltose, and total) concentrations of
10 sweetpotato entries grown at Pepe‘ekeo, HI.

Entry

Fructose Glucose Sucrose Maltose Total sugars

(mg�gL1 fresh wt)z

Okinawan 0.77 fgy 2.50 f 50.03 c 0.44 b 53.29 cd
Murasaki-29 0.51 g 2.58 f 56.38 b 0.77 ab 59.96 b
LA 08-21p 4.70 c 11.78 c 38.59 fg 0.57 ab 52.40 cde
PI 531094 6.81 b 14.27 ab 36.25 g 0.80 ab 52.18 cde
Beauregard 3.04 d 7.19 d 68.38 a 0.51 b 76.88 a
PI 573309 1.43 ef 4.00 ef 46.84 cd 1.07 a 52.41 cde
PI 573330 8.47 a 16.23 a 25.29 h 0.49 b 45.18 f
Darby 7.49 b 13.89 b 38.78 efg 0.70 ab 55.74 bc
Pelican processor 2.07 e 5.24 de 43.78 ed 0.58 ab 50.28 def
Picadito 1.75 e 4.02 ef 42.48 def 0.53 b 47.79 ef
zValues are means of three replications, with 10 roots per replication; 1 mg�g–1 = 1,000 ppm.
yMeans within columns followed by the letter are not significantly different according to theWaller–Duncan k-ratio
test (P £ 0.05).

Table 4. Dry matter and starch content of 10 sweetpotato entries grown at
Pepe‘ekeo, HI.z

Entry Dry matter (%) Starch (%)y

Okinawan 31.91 abx 63.92 a
Murasaki-29 31.28 ab 60.82 ab
LA 08-21p 27.22 c 52.99 c
PI 531094 25.86 cd 57.03 bc
Beauregard 21.85 f 38.80 e
PI 573309 30.64 b 61.53 ab
PI 573330 24.47 de 57.93 b
Darby 23.78 ef 47.63 d
Pelican processor 30.56 b 58.52 b
Picadito 32.58 a 60.66 ab
zValues are means of three replications, with 10 storage roots per replication.
yPercent starch is expressed on a dry weight basis.
xMeans within columns followed by the same letter are not significantly different according to the Waller–Duncan
k-ratio test (P £ 0.05).
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light-yellow roots of PI 573330 and
‘Pelican Processor’ (Table 6). b-caro-
tene concentrations were high in
‘Beauregard’ and ‘Darby’. The vita-
min A content from b-carotene alone
was 692 and 457 mg/100gFWretinol
activity equivalents (RAE) for ‘Beau-
regard’ and ‘Darby’, respectively. The
vitamin A content of ‘Beauregard’ is
similar to that reported in the USDA
database [709 mg/100 g FW (raw
root) RAE]) (USDA, 2018). Con-
sumption of these sweetpotatoes
(100 g) nearly meets the recommen-
ded dietary allowance (RDA) per day
for vitamin A for men (900 mg RAE)
and women (700 mg RAE) (Institute
of Medicine, 2001).

Purple-fleshed storage roots of
‘Okinawan’ and ‘LA 08-21p’ were
analyzed for anthocyanin contents.
The total monomeric anthocyanin
content was similar for both the cul-
tivars (37.3 and 33.5 mg/100 g
FW for ‘Okinawan’ and ‘LA 08-
21p’, respectively) but less than that
of previous reports for uncooked
‘Okinawan’ roots (57.4 mg/100 g
FW) (Oner and Wall, 2013). Poly-
phenol oxidase activity may have cat-
alyzed the conversion of monomeric

to polymeric anthocyanins during
postharvest handling, as indicated
by 29% to 32% polymeric forms.
Although the antioxidant activity
was notmeasured in this study,Hager
et al. (2008) suggested that both
monomeric and polymeric forms of
anthocyanins contribute to the anti-
oxidant activity. Anthocyanin con-
centration and antioxidant activity
are strongly correlated in purple-
fleshed sweetpotato roots (Philpott
et al., 2004). Previously, purple-
fleshed cultivars with anthocyanins
ranging from 5.3 to 53.6 mg/100 g
FW showed higher free radical scav-
enging activity and antioxidant ac-
tivity when compared with white-,
yellow-, or orange-fleshed cultivars
(Furuta et al., 1998).

Discussion
‘LA 08-21p’ is a promising pur-

ple-fleshed cultivar for growth along
the east coast of Hawai‘i Island, with
the best fresh or dry weight market-
able yield of storage roots, and the
best total fresh or dry weight yield of
the entries that we evaluated. Its
marketable yield was almost six times
greater than that of the commercial

landrace ‘Okinawan’, another purple-
fleshed sweetpotato. This cultivar and
‘Murasaki-29’ were grown only in the
latter three field trials, and a question
was raised whether significant differ-
ences in yield occurred over time,
possibly resulting in artificially higher
yields of these two cultivars. Linear
regression analysis was conducted
with marketable yields of ‘Okinawan’
over five cropping cycles, and no
significant effect due to time was
found.

A major problem, however, with
‘LA 08-21p’ is that it also had the
greatest incidence of sweetpotato
weevil damage in this study on
Hawai‘i Island and in field trials on
Maui Island (Miyasaka et al., 2018).
Its growth habit produced storage
roots in a tight cluster near the soil
surface, making it easy to harvest.
Such morphology could make it eas-
ier for sweetpotato weevils to locate
and injure storage roots. Hahn and
Leuschner (1982) found that sweet-
potato weevils cannot mine easily
through soil and normally attack only
the exposed upper parts of storage
roots. A negative correlation was
found between resistance of cultivars

Table 5. Internal flesh color [lightness (L*), chroma (C*), hue angle (h)�, and internal description] of 10 sweetpotato entries
grown at Pepe‘ekeo, HI.z

Entry Lightness (L*) Chroma (C*) Hue angle (h)� Internal description

LA 08-21p 57.62 ay 25.90 b 358.08 a Purple
Mokuau 50.36 b 27.51 a 340.02 b Purple
Murasaki-029 86.99 ab 29.69 a 97.15 a White
PI 531094 86.89 ab 28.57 a 98.06 a White
PI 573309 87.44 ab 12.42 d 96.45 a White
Picadito 87.81 a 11.50 d 94.23 a White
Pelican processor 85.20 c 26.72 b 95.50 a Light yellow
PI 573330 86.06 bc 20.86 c 98.41 a Light yellow
Darby 75.22 a 45.65 b 64.60 a Orange
Beauregard 71.99 b 54.06 a 60.77 a Orange/salmon
zValues are means of three replications, with 10 storage roots per replication.
yMeans within columns (by color grouping) followed by the letter are not significantly different according to the Waller–Duncan k-ratio test (P £ 0.05).

Table 6. b-carotene content, vitamin A content, and flesh color of four orange- or yellow-fleshed sweetpotato entries grown
at Pepe‘ekeo, HI.

Entry

b-carotene (mg/100 g FW)z Vitamin A [RAE (mg/100 g FW)]z Flesh color

Mean ± SEy

Beauregard 8,301.7 ± 733.6 691.8 ± 61.1 Orange/salmon
PI 573330 ndx nd Light yellow
Darby 5,485.2 ± 343.5 457.1 ± 28.6 Orange
Pelican processor nd nd Light yellow
zFW = fresh weight; RAE = retinol activity equivalents; 1 mg/100 g = 10 ppb.
yMeans of three replications, with 10 roots per replication.
xNot detectable.
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to African sweetpotato weevil (Cylas
puncticollis) and the distance from the
soil surface to the top of the storage
root (Stathers et al., 2003b).

‘Beauregard’ is another promis-
ing orange-fleshed cultivar with
a marketable fresh weight yield that
did not differ from the best; however,
its damage due to sweetpotato weevil
was high at 36.9% (second highest
damage). ‘Beauregard’ is one of the
leading commercial orange-fleshed
cultivars in Louisiana; however, it is
considered to be insect susceptible
with high damage to storage roots
by several insects, including sweet-
potato weevil (Jackson and Harrison,
2013; Jackson et al., 2012; Thompson
et al., 1999). Interestingly, Jackson
et al. (2012) reported that ‘Beaure-
gard’ did not perform well under
tropical conditions in the Caribbean;
however, this conclusion was not true
for its growth under tropical condi-
tions of Hawai‘i Island.

‘Murasaki-29’ is a promising
white-fleshed cultivar that did not
differ from the best in marketable
fresh or dry weight yields and showed
some indication of resistance to sweet-
potato weevil. Jackson and Harrison
(2013) reported that ‘Murasaki-29’
was especially resistant to sweetpotato
weevil attack under relatively low
population levels at Charleston, SC.
Apparently, under high population
levels of sweetpotato weevil on Hawai‘i
Island, ‘Murasaki-29’ still demon-
strated weevil resistance.

‘Picadito’ (PI 634399) is a prom-
ising white-fleshed cultivar that did
not differ from the best in marketable
fresh or dry weight yields and showed
some indication of resistance to
sweetpotato weevil. It also had the
highest proportion of the marketable
fresh weight yield of all entries than
the total root yield at 73.9%. ‘Pica-
dito’ is a commercial boniato-type
(i.e., white and dry-fleshed) sweet-
potato grown widely in southern
Florida (Jackson and Bohac, 2006)
for the ethnic Caribbean, Latin Amer-
ican, and African markets. It has been
reported to be more resistant to
sweetpotato weevil than susceptible
control cultivars (Jackson and Bohac,
2006). Total sugars for ‘Picadito’
were the second lowest.

Jackson and Bohac (2006)
reported that it was difficult to de-
velop an intensive recurrent breeding
program that targets sweetpotato

weevil resistance because there was
a lack of consistent high weevil pres-
sure for selection in Charleston, SC.
By contrast, Hawai‘i Island has a very
high consistent population of sweet-
potato weevils and would be an ideal
location for a breeding program that
targets sweetpotato weevil resistance.

Conclusion
Both ‘Okinawan’ and ‘LA 08-

21p’ are purple-fleshed cultivars that
contain healthful anthocyanins. ‘LA
08-21p’ had the greatest marketable
yields; however, it also had the great-
est incidence of damage due to sweet-
potato weevil, perhaps because of its
growth habit of a tight cluster of
storage roots located close to the
soil surface. Both ‘Beauregard’ and
‘Darby’ are orange-fleshed cultivars
that contain the healthful antioxidant
b-carotene. ‘Beauregard’ also had the
highest sucrose concentration; how-
ever, it was susceptible to sweetpotato
weevil, exhibiting the second worst
incidence of injury to this pest. In-
formation in this article could assist
growers in selection of appropriate
sweetpotato cultivars to plant. Also,
these data could help plant breeders
improve the germplasm for both
quality and resistance to pests, such
as sweetpotato weevil.
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