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Abstract
Sweetpotato weevils (SPWs) can cause up to 100% yield losses in sweetpotato (Ipo-
moea batatas). Nevertheless, there has been limited success in breeding for SPW

resistance globally. This is attributed partly to difficulty in screening for resistance

because resistance to the SPW is complex and is mediated by several resistance indi-

cators. Measuring all these resistance indicators is costly and time consuming. To

enhance efficiency in selection for SPW resistance, there is need to profile and iden-

tify key resistance indicators. Potentially, this will better enable breeders to timely and

precisely select for SPW resistance. The objective of this study was to identify the

most efficient morphological resistance indicators against SPW. Thirty sweetpotato

genotypes that varied in resistance to SPW comprising local collections, released

varieties, and breeding lines were evaluated at three locations for two seasons in

Uganda using an alpha lattice design. Data were collected on storage root yield, SPW

root and stem damage, and weevil resistance indicators such as vine vigor (VV),

ground cover (GC), vine weight (VW), storage root neck length (NL), latex content,

cortex thickness (CT), and dry matter content (DM). Genotype means for all mea-

sured traits varied significantly except for CT. Negative relationships were observed

between SPW root damage and GC, VW, CT, VV, NL, and DM. However, path coef-

ficient analysis showed storage root NL (direct effect of −0.43, p < 0.001) as the

most important morphological resistance indicator. Therefore, NL could be the most

Abbreviations: NaCRRI, National Crops Resources Research Institute; NaSARRI, National Semi-Arid Resources Research Institute; SPW, sweetpotato

weevil; SSA, sub-Saharan Africa.
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reliable predictor of resistance to SPW among breeding clones, especially at early

breeding stages.

1 INTRODUCTION

Sweetpotato (Ipomoea batatas (L.) Lam.) is a dicotyledonous
plant belonging to the Convolvulaceae family (Austin &
Huamán, 1996). The family has about 50 genera and more
than 1000 species, but only I. batatas has economic impor-
tance as a food crop (Woolfe, 1992). The cultivated species, I.
batatas, is a cross-pollinated crop and hexaploid (2n = 6x)
crop with 90 chromosomes. It comprises plants that vary
in their morphology and is propagated clonally (Low et al.,
2009).

Sweetpotato is an important source of many nutritional
and bioactive substances: minerals, vitamins, and antioxidants
such as anthocyanins and phenolic acids as well as dietary
fiber and carotenoids (Musilova et al., 2017). Sweetpotato can
be used as a rich source of natural colorant (Mervat & Hanan,
2009), and the shoots and leaves can be eaten as nutritious
vegetables (Jia et al., 2022; Leobenstein, 2009). The flesh
color (FC) of the roots that is categorized as white, cream,
yellow, orange, and purple determines the quantity and qual-
ity of the important properties of sweetpotato (Teow et al.,
2007).

Sweetpotato weevil (SPW) is by far the most destructive
pest of the sweetpotato crop in Sub-Saharan Africa (SSA). It
can cause yield losses of up to 100% in susceptible varieties
under hot and dry weather conditions (Christiaens et al., 2016;
Smit, 1997). The weevil species in Africa are Cylas puncti-
collis and Cylas brunneus, while in India, Asia, Oceania, the
United States, and the Caribbean countries, it is Cylas formi-
carius that is prevalent (Christiaens et al., 2016). All the SPW
species have a similar life cycle. The adult female lays eggs
singly in cavities excavated in vines or in storage roots, prefer-
ring the latter. The egg cavity is sealed with a protective, gray
fecal plug. The developing larvae tunnel in the vine or stor-
age root. Pupation takes place within the larval tunnels. A few
days after eclosion, the adult emerges from the vine or stor-
age root. At optimal temperatures of 27˚C, C. puncticollis has
a total development time of about 32 days, whereas C. brun-
neus takes 44 days. Adults of C. puncticollis live an average
of 100 days, whereas C. brunneus die after about 2 months.
Cylas puncticollis females lay 90–140 eggs in their lifetime,
whereas C. brunneus females lay 80–115 eggs in their lifetime
(Ames et al., 1996).

Most damage to sweetpotato is by the larvae, which live
and feed inside the roots and vines but the adults also feed
on above-ground parts of the crop. In response to damage,
storage roots produce toxic terpenes, which render storage

roots inedible. Feeding inside the vines causes malformation,
thickening, and cracking of the affected vine (Ames et al.,
1996). The damage caused by SPWs to sweetpotato in SSA
is significant (Muyinza et al., 2012) and therefore threatening
food security, safety, and economic viability of smallholder
farmers.

Resistance to African SPWs Cylas puncticollis and Cylas
brunneus in sweetpotato is complex and quantitative in nature
(Anyanga et al., 2017; Stathers, Rees, Kabi et al., 2003,
Stathers, Rees, Nyango et al., 2003; Yada et al., 2017). Ear-
lier field trials have suggested that sweetpotato morphological
traits such as vine vigor (VV), ground cover (GC), foliage
weight, and storage root characteristics such as root depth,
cortex thickness (CT), size, shape, arrangement, root latex,
and dry matter content (DM) may play important role in con-
ferring field resistance to SPW (Stathers, Rees, Kabi et al.,
2003). The biochemical basis of resistance to SPW was
examined in Uganda (Stevenson et al., 2009). The authors
reported that resistance in “New Kawogo,” a released Ugan-
dan landrace variety, is due to antibiosis and quantifiable. It is
conferred by hydroxycinnamic acid esters (HCA), including
hexadecylcaffeic acid, hexadecylcoumaric acid, heptadecyl-
caffeic acid, octadecylcaffeic acid, octadecylcoumaric acid,
and 5-O-caffeoylquinic acids produced in the storage root
surface and latex (Anyanga et al., 2013; Stevenson et al.,
2009).

Assessing resistance among breeding lines generally incor-
porates both field and laboratory investigations, and breeders
have over the years measured many potential plant morpho-
logical and biochemical attributes associated with resistance.
Traits like VV, GC, root depth, latex content, dry matter,
and hydroxycinnamic acid esters are being measured to date
as resistance indicators. These traits are difficult to pheno-
type accurately when screening thousands of breeding clones
for germplasm enhancement and cultivar improvement. Also,
the challenge of breeding for the biochemical basis of SPW
resistance is that often some genotypes that express field resis-
tance do not also have a high HCA concentration (Anyanga
et al., 2017; Stathers, Rees, Nyango et al., 2003; Yada et al.,
2017). Further, understanding the genetic basis of the bio-
chemical mechanism of resistance to SPW has been frustrated
by the complex auto-allopolyploid genome (2n = 6x = 90) of
sweetpotato (Srisuwan et al., 2006). Identifying the key mor-
phological resistance indicator trait(s) for use in phenotyping
for SPW resistance among thousands of clones would increase
accuracy and precision of selection. Hence, increasing genetic
gains reduce the cost of the breeding and possibly result in
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1128 OSARU ET AL.Crop Science

more timely release of improved sweetpotato varieties for use
by farmers.

Wright (1921) proposed correlation and path coefficient
analysis to establish the relationship between predictor and
response variables. However, linear correlation between a
complex quantitative trait and its several component traits
cannot provide clear and sufficient information for selection.
This is because there are often indirect influences of one trait
by another that reduces its actual contribution to the depen-
dent trait (Gurmu et al., 2018; Rao et al., 2017; Nagarajan
et al., 2015;2017; Khan & Dar, 2010; Sreckov et al., 2010).
This means, caution must be exercised in the interpretation of
the results as linear correlation coefficients alone may some-
times give misleading results because correlations between
two variables could be due to a third factor that may not be
quantified.

Path coefficient analysis extends correlation analyses by
providing information on the actual contribution of the inde-
pendent trait to the dependent trait (Lynch & Walsh, 1998).
It is used to measure the direct effect of one variable on
another and to separate the correlation coefficient into com-
ponents of direct and indirect effects (Gurmu et al., 2018;
Khan & Dar, 2010). Path analysis has been used to fix the
most important components of quantitative traits like yield to
aid effective selection for yield improvement in many crops
including sweetpotato (Gurmu et al., 2018; Khan & Dar,
2010; Nagarajan et al., 2015; Rao et al., 2017; Sreckov et al.,
2010).

This study was conducted to define the key traits indicating
resistance to SPW in sweetpotato and characterize the rela-
tionship among the traits. Potentially, identification of the key
SPW resistance-indicating traits and the relationships among
them will better enable breeders to timely and precisely select
for SPW resistance for population improvement and variety
release in Uganda and elsewhere.

2 MATERIALS AND METHODS

2.1 Study sites

Field experiments were carried out at three different agro-
ecological sites in Uganda: National Crops Resources
Research Institute (NaCRRI) (Namulonge), Abi-ZARDI
(Arua), and National Semi-Arid Resources Research Institute
(NaSARRI) (Serere), as shown in the Supporting Information
Appendix 1.

2.2 Plant materials used in the study

A total of 30 sweetpotato genotypes that comprised released
varieties, breeding lines, and land races with desirable genetic

Core Ideas
∙ Sweetpotato root damage by Cylas spp is nega-

tively and significantly correlated with sweetpotato
morphological traits.

∙ The relationship between these morphological
resistance indicator traits and root damage by
weevils is mostly indirect.

∙ Only deep storage root neck length accurately
reduced the severity of storage root damage by
sweetpotato weevils, and it could be used for
selection.

background for SPW resistance were evaluated in the three
locations (Supporting Information Appendix 1) over two sea-
sons for this study. Details of the cultivars are presented in
Table 1. In order to obtain clean and enough planting material
for the field evaluations, vines of the cultivars were multi-
plied on-station at NaCRRI in a swamp that stayed wet during
the dry season, with the materials being watered regularly
depending on the soil moisture condition.

2.3 Rearing of SPW colony

A culture of C. puncticollis and C. brunneus was main-
tained on sweetpotato storage roots of a susceptible variety
NASPOT1, in cages held at 25 ± 2˚C, using the proce-
dures in the bioassay laboratory at NaCRRI (Rukarwa et al.,
2013). The weevils for inoculating NaCRRI, NaSARRI,
and AbiZARDI trials were collected for rearing from their
respective sites.

2.4 Evaluation for weevil resistance in field
experiments

An alpha-lattice design of six blocks/replication by five geno-
types/block was used to plant all the experiments with three
replications of each genotype per site for two seasons. Each of
the genotypes was planted in a plot of three ridges 3 m long
spaced 1 m apart. Ten apical cuttings per genotype each 30 cm
long were planted per ridge with 30 cm spacing between
plants on the ridge giving a total of 10 plants per ridge and
30 plants per plot. Weeding was done at three time periods: at
roughly 30 days, 60 days, and 90 days after planting following
the methodologies of Muyinza et al. (2012).

To supplement the natural weevil population and ensure
effective insect pressure, each plot was infested with 10
laboratory-reared unsexed, mixed-age C. puncticollis and
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OSARU ET AL. 1129Crop Science

C. brunneus adults (10 of each species for a total of 20 SPW).
Weevils were applied to vines on the middle ridge of each
plot at roughly 90 days after planting (DAP) using procedures
described by Stathers, Rees, Kabi et al. (2003).

The first season trials were planted in April, 2017, and the
second season trials were planted in November, 2017. Har-
vesting was done 5 months after planting (MAP) following the
procedure of Muyinza et al. (2012) and Anyanga et al. (2017).
By 5 MAP, SPW would have caused sufficient damage to the
trials for the effective evaluation of the genotypes.

2.5 Data collection in the field

Data were collected at vegetative and harvest stages of the
plants. At harvest time, the number of surviving plants were
recorded, internal stem damage assessed, and all vines col-
lected and weighed. Then all the roots from the surviving
plants were carefully dug out using hand hoes. Most of the
plant traits and root characteristics were scored as described
in the international descriptors for sweetpotato (CIP, AVRDC,
IBPDR, 1991) and procedures for evaluation and analysis of
sweetpotato trials manual (Gruneberg et al., 2019) developed
by International Potato Center.

2.5.1 Vine vigor

VV was determined 1 month after plating and recorded using
subjective scores from 1 to 9: 1 = very weak vines (nearly
no vines); 2 = weak vines; 3 = weak to medium strong vines,
medium thick vines, and long internode distance; 4 = medium
strong vines, medium thick stems, and medium internode dis-
tances; 5 = medium strong vines, thick vines, and long intern-
ode distances; 6 = medium strong vines, thick stems, and
medium internode distances; 7 = strong vines, thick stems,
short internode distance, and medium long vines; 8 = strong
vines, thick stems, short internode distances, and long vines;
and 9 = very strong vines, thick stems, short internode
distances, and very long vines (Gruneberg et al., 2019).

2.5.2 Ground cover (%)

This trait was recorded 35–40 days after planting using a scale
of 3–9: 3 = low (< 50%), 5 = medium (50–74%), 7 = high
(75–90%), 9 = total (>90%) of the ground is covered by the
vines and leaves (CIP, AVRDC, IBPDR, 1991).

2.5.3 Number of plants harvested

We determined the number of plants harvested by counting all
the plants per plot at harvest time (Gruneberg et al., 2019).

T A B L E 1 Sweetpotato genotypes used in the study of sweetpotato

weevil resistance in Uganda.

Entry
Resistance to
SPW Origin/source

ADJ190 Resistant Land race

APA356 Resistant Land race

APC136 Resistant Land race

BEAUREGARD Susceptible USA variety

DIMBUKA.B Resistant Land race

EJUMULA Resistant Uganda variety

MLE171 Resistant Land race

MPG1136 Resistant Land race

MSD380 Resistant Land race

NASPOT1 Susceptible Uganda variety

NASPOT10 Susceptible Uganda variety

NASPOT11 Susceptible Uganda variety

NASPOT12 Susceptible Uganda variety

NASPOT13 Susceptible Uganda variety

NASPOT3 Susceptible Uganda variety

NASPOT8 Susceptible Uganda variety

NEW KAWOGO Resistant Land race

NKB10 Resistant Breeding line

NKB135 Resistant Breeding line

NKB156 Resistant Breeding line

NKB257 Resistant Breeding line

NKB3 Susceptible Breeding line

PAL116 Resistant Land race

PAL134 Resistant Land race

PAL94 Resistant Land race

SPK004 Resistant Land race

SRT02 Resistant Land race

SRT03 Resistant Land race

SRT27 Resistant Land race

TANZANIA Susceptible Land race

Abbreviation: SPW, sweetpotato weevil.

2.5.4 Storage root neck length

Storage root neck length (NL) was measured as the distance
from the crown (attachment of the root neck to the main stem)
to the adaxial tip of the storage root when the harvested plant
was held above the ground for five randomly selected plants
per plot and the mean per plot recorded. The mean values were
then used to score the root depth on a scale of 0–9: 0 = sessile
or absent, 1 = (<2 cm), 3 = (2–5 cm), 5 = (6–8 cm), 7 = (9–
12 cm), 9 = (>12 cm) as described by CIP, AVRDC, IBPDR
(1991).

 14350653, 2023, 3, D
ow

nloaded from
 https://acsess.onlinelibrary.w

iley.com
/doi/10.1002/csc2.20915 by M

akerere U
niversity, W

iley O
nline L

ibrary on [26/03/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



1130 OSARU ET AL.Crop Science

2.5.5 Storage root yield

The storage root yield parameters of total storage root num-
ber per plot and total root weight in kilogram per plot were
recorded (Gruneberg et al., 2019).

2.5.6 Storage root shape

Outline of the storage root shape is shown as longitudinal
section at the scale of 1–9: 1 = round, 2 = round elliptic,
3 = elliptic, 4 = ovate, 5 = obvate, 6 = oblong, 7 = long
oblong, 8 = long elliptic, and 9 = long irregular or curved
(CIP, AVRDC, IBPDR, 1991).

2.5.7 Storage root skin color

A 1–9 scale was used to score for the predominant skin color:
1 = white, 2 = cream, 3 = yellow, 4 = orange, 5 = brownish
orange, 6 = pink, 7 = red, 8 = purple red, and 9 = dark purple
(Gruneberg et al., 2019).

2.5.8 Storage root flesh color

This trait was recorded immediately after the storage root
was cut cross-sectionally at the scale of 1–9: 1 = white,
2 = cream, 3 = dark cream, 4 = pale yellow, 5 = dark yellow,
6 = pale orange, 7 = intermediate orange, 8 = dark orange,
and 9 = strongly pigmented with anthocyanins (purple)
(Gruneberg et al., 2019).

2.5.9 Storage root CT

To determine the storage root CT, we cut a cross-section of
one root per plot and measured the root cortex width.at the
scale of 1–9: 1 = very thin (<1 mm), 3 = thin (1–2 mm),
5 = intermediate (2–3 mm), 7 = thick (3–4 mm), and 9 = very
thick (>4 mm) (CIP, AVRDC, IBPDR, 1991).

2.5.10 Storage root latex content (sap)

This trait was recorded immediately after cutting the storage
root transversely at the scale of 3–7: 3 = little sap, 5 = some
sap, and 7 = abundant sap (CIP, AVRDC, IBPDR, 1991).

2.5.11 Storage root DM

Determination of DM (%) was done using an oven drying
method where approximately 100 g of fresh storage root sam-
ples from each plot was sliced using a knife, weighed, and

recorded as dry matter fresh (DMF) and then dried in paper
bags at 65˚C for 72 h in an oven to a constant weight. The
dry samples were then weighed immediately and recorded as
dry matter dry (DMD). Storage root DM was calculated as
DM= (DMD/DMF) × 100% as described by Gruneberg et al.,
2019.

2.5.12 Internal stem damage index
assessment

Five plants per plot were randomly selected for internal wee-
vil damage assessment at harvest. A basal segment (15 cm
from the crown) was cut from each vine of the five selected
plants. Each piece was split lengthwise using a knife to reveal
internal weevil damage and visually assessed and scored for
internal weevil damage using a scale of 1–5: 1 = 0%–20% of
the basal segments damaged, 2 = 21%–40%, 3 = 41%–60%,
4 = 61%–80%, and 5 = 81%–100% (Muyinza et al., 2012).
After scoring for stem damage, all the vines in the plot were
collected, weighed, and recorded as fresh vine weight (VW).

2.5.13 Storage root damage assessment

The storage roots were sorted into weevil-damaged (roots with
characteristic dark scarred spots on the surface of the root typ-
ical of weevil penetration and feeding) and weevil-clean roots
(no dark surface spotting). The incidence of the damage was
calculated by expressing the number of weevil-damaged roots
as percentage of total number of the roots in a plot (Stathers,
Rees, Kabi et al., 2003).

The severity of damage per plot was also recorded at the
scale of 1–9: 1 = no damage, 2 = very minor (unclear weevil
damage symptoms on the damaged roots per plot), 3 = minor
(clear weevil damage symptoms at less than 5%), 4 = minor to
moderate (clear weevil symptoms at 6%–15%), 5 = moderate
(clear weevil symptoms at 16%–33%), 6 = moderate to heavy
(clear weevil damage symptoms at 34%–66%), 7 = heavy
(clear weevil damage symptoms at 67%–99%), 8 = heavy to
severe (clear weevil damage symptoms on all roots per plot),
and 9 = severe (clear weevil damage symptoms on all roots
nearly rotting) (Gruneberg et al., 2019).

2.6 Analysis of variance

Analysis of variance (ANOVA) was performed using an
unbalanced ANOVA procedure in Genstat 18th edition sta-
tistical packages. The linear model described below was used
for analysis of variance across locations and seasons.

𝑌ijklm = ̄̄
𝑌 + 𝐺i + 𝐿j + 𝑆k + 𝐿j𝑆k + 𝐺.𝐿(ij) + 𝐺.𝑆(ik)

+𝐺.𝐿.𝑆(IJK) + 𝐿.𝑆∕𝑅l + 𝐿.𝑆∕Rep∕𝐵lm + Residualijklm
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OSARU ET AL. 1131Crop Science

where Yijklm is the observation, ̄̄
𝑌 is the grand mean, Gi is

the effect of genotype i, Lj is the effect of location j, Sk is
the effect of season k, LjSk is the interaction of Lj with Sk,
G.L (ij) is the interaction of genotype i by location j, G.S(ik) is
the interaction of genotypes (i) by season (k), G.L.S(IJK) is
the interaction of genotypes (i) by location (j) in season (k),
L.S/Rl is the replication effect nested in locations and sea-
sons, and L.S/Rep/Blm is the block effect nested in locations,
seasons, and reps.

2.7 Correlation and path coefficient
analysis

Phenotypic correlations were performed using “corr.test”
function from the “psych” package in R-statistical software
(Ri386 3.4.1) (R Core Team, 2022). The magnitude and
direction of relationships between multiple variables was dis-
played in heatmap using the “corrplot.mixed” function from
“corrplot” package. For all traits that showed significant cor-
relation with field damage of sweetpotato by the SPWs, the
“sem” function of “lavaan” package and the “sempaths” func-
tion of “semplot” package were used to run the path analysis
in R. Path analysis was used to separate the significant cor-
relation coefficients into direct and indirect effects of the
independent traits (resistance indicators) on the dependent
trait (root damage by SPW).

3 RESULTS

3.1 Mean performance of the genotypes,
locations, seasons, and their interactions

The combined analysis of variance across the three sites
(AbiZARDI, NaSARRI, and NaCRRI) for the two seasons
2017A and 2017B is provided in Table 2. The three loca-
tions differed significantly for all the measured traits except
for storage root NL. The two seasons used in this study varied
significantly for all the studied traits except for storage root
shape, storage root weevil damage incidence, and severity.
Replications across locations and seasons were not signifi-
cantly different for most of the traits studied except for stem
damage and yield (Table 2).

The effect of genotypes was significantly different for
all the measured traits (p < 0.05) except for storage root
CT. The genotype interaction with location was only sig-
nificant for VV, storage root damage severity, and FC.
Similarly, significant genotype by season interactions were
observed for storage FC, storage root DM, and root yield
(Table 2).

Three-way interaction (G.L.S) effects were highly signifi-
cant for VV, GC, VW, storage root FC, and DM (p < 0.001);
storage root skin color and storage root shape (p < 0.01); and
storage root damage incidence and severity, storage root latex
content, and yield (p < 0.05). However, the three-way inter-
action was nonsignificant for root NL, stem damage, and root
CT (Table 2).

3.2 Relationships between weevil field
damage and SPW resistance-indicator traits

Means for weevil damage (internal stem damage, root dam-
age incidence, and severity), storage root yield, and SPW
resistance-indicator traits averaged over three locations and
two seasons are shown in Table 3. Phenotypic correlation
coefficients showing the magnitude and direction of relation-
ships between SPW field storage root damage, storage root
yield, and SPW resistance-indicator traits combined across
locations and seasons are shown in Figure 1.

Storage root damage incidence by SPW correlated nega-
tively and significantly with GC (r = −0.7), VW (r = −0.7),
storage root CT (r = −0.4), and DM (r= −0.4). Conversely,
storage root damage severity correlated negatively and signif-
icantly with root NL (r= −0.6); storage root DM (r = −0.4);
VV, GC, and VW. Storage root damage severity was positively
correlated and significantly with storage root yield (r = 0.6).
The present study also showed significant interrelationships
among resistance indicator traits (Figure 1).

3.3 Path coefficients

Several significant interrelationships among the resistance
indicator variables and their direct and indirect influences on
SPW storage root damage (response variable) were observed
in this study (Tables 4 and 5; Figures 2 and 3). All traits that
had significant correlation with the SPW root damage inci-
dence showed nonsignificant path coefficients at p < 0.05
level (Table 4). Although the path diagram shows GC as a fair
indicator of root damage incidence (Figure 2), the direct effect
was not significant (Table 4). The nonsignificant direct effects
despite significant single-factor correlations is a reflection of
the substantial correlations between SPW resistance indicator
traits.

For the root damage severity, only storage root NL and
yield are shown to be significant indicators at p < 0.001.
Other traits like VV, GC, VW, and DM had significant corre-
lation with root damage severity but did not have significant
direct effects on storage root damage severity (Table 5 and
Figure 3).
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4 DISCUSSION

The highly significant differences among the locations (L)
and entry (G) for almost all the studied traits showed con-
siderable diversity in the Ugandan agroecological zones and
the sweetpotato germplasm for these traits. This high genetic
variation offers a greater chance of obtaining clones with
desirable traits and can be effective for heterosis breeding
(Oladosu et al., 2015). For instance, among the 30 cultivars
used in this study, eight cultivars had a mean field wee-
vil damage incidence of less than 10% and 10 cultivars had
mean field weevil damage severity of 1–2. These results could
probably be because of the range of sources of origins and
genetic history of the genotypes used in this study. Several
authors have reported significant cultivar differences among
sweetpotato accessions for many important sweetpotato traits
(Karan & Sanli, 2021; Gurmu et al., 2018; Hlerema et al.,
2017; Muyinza et al., 2012; Mwanga et al., 2003; Stathers,
Rees, Kabi et al., 2003; Stathers, Rees, Nyango et al., 2003).
Earlier on, farmers from the major sweetpotato growing dis-
tricts (Masindi, Kasese, Kabale, Wakiso, Soroti, and Gulu) in
Uganda identified six sweetpotato land races that they grow to
be resistant to the Cylas spp. (Okonya et al., 2014). Therefore,
these results on resistance could provide potential sources of
resistance for breeding purposes. However, there is need for
further investigation on these materials to assess their value
because Mwanga et al. (2009) indicated that there is no sweet-
potato cultivar with high resistance to the Cylas spp. among
the available germplasm in the world.

However, the significant genotype by location and sea-
son interaction observed for SPW root damage indicates
that environmental differences greatly affect the resistance of
the genotypes to SPW. Significant genotype-by-environment
interaction effects on SPW root damage have been reported
by previous studies (Anyanga et al., 2017; Yada et al., 2017).
This implies that multilocational and multiseasonal trials
are necessary when evaluating for SPW resistance. In addi-
tion to SPW resistance, this study also showed that most
resistance indicator traits measured are sensitive to G*E inter-
actions as demonstrated by the three-way interaction between
genotypes, locations, and seasons except for storage root NL.

The fact that storage root damage (incidence and sever-
ity) by SPW correlated negatively with traits such as VV,
GC, VW, root NL, storage root CT, and DM imply that an
increase in the values of these traits may lead to a significant
decrease in damage by the weevils. This also means that resis-
tance to SPW is not expressed independently, but rather, it is
a result of complex interaction of contributing traits (Khan
et al., 2022; Mekonnen et al., 2020). These results are simi-
lar to the earlier publications that reported some plant factors
and storage root characteristics such as foliage weight, foliage
cover, and deep rootedness are associated with resistance to
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T A B L E 4 Direct effects of the resistance-indicator traits on sweetpotato storage root damage incidence (%), obtained from path analysis.

Resistance indicator Estimate Standard error z value p value (> |z|)
Ground cover (score) −3.49 3.24 −1.08 0.28

Vine weight (kg/plot) −0.14 0.43 −0.33 0.74

DM (%) −0.07 0.21 −0.32 0.75

Cortex thickness (score) −1.77 1.51 −1.18 0.24

Note: Any predictor had no significant direct effect on root damage incidence, despite the highly significant simple correlations with root damage incidence.

T A B L E 5 Direct effects of the resistance-indicator traits on root damage severity score, obtained from path analysis.

Resistance indicator Estimate Standard error z value p value (> |z|)
Vine vigor (score) −0.06 0.26 −0.23 0.82

Ground cover (score) −0.21 0.47 −0.46 0.65

Vine weight (kg/plot) −0.01 0.04 −0.18 0.86

Root neck length (score) −0.42 0.10 −4.10 0.00

DM (%) 0.02 0.02 1.26 0.21

Yield (kg/plot) 0.09 0.02 4.42 0.00

Note: Root neck length had the only significant direct effect on root damage severity according to path analysis, despite significant simple correlations of the above traits

with root damage severity.

SPW (Mwanga et al., 2001; Stathers, Rees, Kabi et al., 2003).
Since the variation among the genotypes used in this study for
these important weevil resistance predictor traits were signifi-
cant, it can be supposed that the available germplasm contains
genotypes that can be used as parents to increase these traits
and hence reduce damage by SPW in breeding lines. However,
the positive correlation between storage root yield and root
damage by SPW was expected. This is because the clones used
in this study comprised released varieties, local farmer vari-
eties, and advanced breeding lines, which are high yielding.
High yield leads to more soil cracking on the ridges, hence
exposure of the storage roots to the weevils. Soil cracking is
reported to correlate positively with weevil damage (Stathers,
Rees, Kabi et al., 2003).

Through path coefficient analysis, SPW root damage (inci-
dence and severity) was considered as a manufactured object
(dependent trait) of all the contributing traits (independent
traits), as shown in Figures 2 and 3. Path coefficient analy-
sis is a form of multiple regression analysis through which
independent variables produce both direct and indirect effects
on a dependent variable (Gurmu et al., 2018; Khan & Dar,
2010; Khan et al., 2022). In this study, because there are
some interrelationships among the resistance indicator traits
(Figure 1), the variables showed both direct and indirect
effects on the root damage by the SPW. We observed signifi-
cant direct effects of storage root NL and yield on sweetpotato
root damage severity by the weevils. This suggests that these
traits are true direct indicators of root damage severity. It also
implies that these traits have actual contribution to the sweet-

potato damage by the weevil (Singh & Chaudhary, 1985).
But the positive direct effect of storage root yield on SPW
root damage severity is not useful in the context of breed-
ing for resistance. So, this leaves us with deep storage root
NL as the only morphological trait in sweetpotato with suffi-
cient predictive power for low root damage severity by the
SPW. This may be because deep rooted genotypes tend to
render the storage roots inaccessible to the weevils, since the
weevils can only burrow a very short distance in soils (Smit,
1997; Stathers, Rees, Kabi et al., 2003). Since the interaction
between genotypes and locations and seasons for root NL was
not significant, it means genotypes can be reliably selected for
long root NL from single environment such as at observational
trial (the earliest stage of sweetpotato breeding). Perhaps root
NL is under simple genetic control (Yan & Tinker, 2006).

Mwanga et al. (2001) and Stathers, Rees, Kabi et al. (2003)
reported that deep rooted genotypes are less likely to be
damaged by SPW.

Traits such as VV, GC, VW, DM, and storage root CT that
showed significant correlation with root damage incidence
and or severity did not show significant direct effects on root
damage. This shows the importance of path coefficient analy-
sis in identifying more influential predictor traits than simple
correlation analysis. Pavlov et al. (2015, in maize), Gurmu
et al. (2018, in sweetpotato), Oladosu et al. (2018, in rice),
and Khan et al. (2022, in Bambara groundnuts) reported that
path coefficient analysis could be more valuable method than
simple correlation analysis in identifying the most influential
traits.
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F I G U R E 1 Correlation heatmap showing magnitude and direction of relationships among root damage by sweetpotato weevil (SPW), storage

root yield, and the resistance-indicator traits.

F I G U R E 2 Path diagram showing direct and indirect effects of

sweetpotato weevil resistance indicator traits on storage root damage

incidence (inc). gc, ground cover; vw, vine weight; DM, dry matter

content; Crt, cortex thickness.

5 CONCLUSIONS

The relationship between the morphological SPW resistance
indicators and field damage by weevils is mostly indirect
except for storage root NL. Deep storage root NL may possibly
lessen SPW root damage severity. Storage-root NL showed a
strong direct effect in path coefficient analysis and may be the
most reliable predictor of resistance to SPW among breeding

F I G U R E 3 Path diagram showing direct and indirect effects of

sweetpotato weevil resistance indicator traits on root damage severity

(svr). vv, vine vigor; gc, ground cover; vw, vine weight; nl, storage root

neck length; DM, dry matter content; yld, yield.

clones at the early breeding stages, which could be done at a
single site before advancing clones for multilocation evalua-
tion and analysis for biochemical hydroxycinnamic acids.

AU T H O R C O N T R I B U T I O N S
Florence Osaru: Conceptualization; data curation; formal
analysis; investigation; visualization; writing–original draft.
Jeninah Karungi: Conceptualization; methodology; supervi-
sion; writing–review and editing. Roy Odama: Investigation.

 14350653, 2023, 3, D
ow

nloaded from
 https://acsess.onlinelibrary.w

iley.com
/doi/10.1002/csc2.20915 by M

akerere U
niversity, W

iley O
nline L

ibrary on [26/03/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



OSARU ET AL. 1137Crop Science

Paul Musana: Conceptualization; investigation; methodol-
ogy. Milton Anyanga Otema: Conceptualization; validation;
writing–review and editing. Bonny Oloka: Writing–review
and editing. Paul Gibson: Conceptualization; supervision.
Richard Edema: Project administration. Reuben Tendo
Ssali: Writing–review and editing. George Craig Yencho:
Funding acquisition; writing–review and editing. Benard
Yada: Conceptualization; funding acquisition; methodology;
resources; supervision; writing–review and editing.

A C K N O W L E D G M E N T S
This research was funded by the Bill & Melinda Gates Foun-
dation (BMGF) through the PEARL I: Biochemistry-Based
Selection and Development of Nutrient Rich, Weevil Resis-
tant Sweetpotato Varieties in Uganda Sweetpotato project
(Contract ID: OPP1112515) and the graduate training of the
first author was funded by the Alliance for Green Revolution
in Africa (AGRA). Some of the field activities were supported
through the Genomic Tools for Sweetpotato Improvement
(GT4SP) project (Contract ID: OPP1052983).

C O N F L I C T O F I N T E R E S T S T AT E M E N T
The authors declare no conflict of interest.

D AT A AVA I L A B I L I T Y S T AT E M E N T
All data collected and used in this work are available upon
request from the corresponding author.

O R C I D
Reuben Tendo Ssali https://orcid.org/0000-0002-8143-
6564
George Craig Yencho https://orcid.org/0000-0001-6583-
0628
Benard Yada https://orcid.org/0000-0002-3853-4724

R E F E R E N C E S
Ames, T., Smit, N. E. J. M., Braun, A. R., O’Sullivan, J. N., & Skoglund,

L. G. (1996). Sweetpotato: Major pests, diseases, and nutritional
disorders. International Potato Center (CIP).

Anyanga, M. O., Muyinza, H., Talwana, H., Hall, D. R., Farman, D. I.,
Ssemakula, G. N., Mwanga, R. O. M., & Stevenson, P. C. (2013).
Resistance to the weevils Cylas puncticollis and Cylas brunneus
conferred by sweetpotato root surface compounds. Journal of Agricul-
tural and Food Chemistry, 61, 8141–8147. https://doi.org/10.1021/
jf4024992

Anyanga, M. O., Yada, B., Yencho, G. C., Ssemakula, G. N., Alajo, A.,
Farman, D. I., Mwanga, R. O. M., & Stevenson, P. C. (2017). Segre-
gation of hydroxycinnamic acid esters mediating sweetpotato weevil
resistance in storage roots of sweetpotato. Frontiers in Plant Science,
8, 1–8. https://doi.org/10.3389/fpls.2017.01011

Austin, D. F., & Huáman, Z. (1996). A synopsis of Ipomoea (Convolvu-
laceae) in the Americas. Taxon, 45, 3–38. https://doi.org/10.2307/
1222581

Christiaens, O., Prentice, K., Pertry, I., Ghislain, M., Bailey, A., Niblett,
C., Gheysen, G., & Smagghe, G. (2016). RNA interference: A promis-

ing biopesticide strategy against the African sweetpotato weevil Cylas
brunneus. Scientific Reports, 6, 38836.

CIP, AVRDC, IBPGR. (1991). Descriptors for sweetpotato. In Z.
Huaman (Ed.). International Board for Plant Genetic Resouces.

Fungo, B., Grunwald, S., Tenywa, M. M., Vanlauwe, B., & Nkedi-Kizza,
P. (2011). Lunnyu soils in the lake victoria basin of Uganda: Link
to toposequence and soil type. African Journal of Environmental
Science and Technology, 5, 15–24.

Gruneberg, W. J., Eyzaguirre, R., Diaz, F., Boeck, B. de., Espinoza, J.,
Mwanga, R. O. M., Swanckaert, J., Dapaah, H. K., Andrade, M. I.,
Makunde, G., Tumwegamire, S., Agili, S., Ndingo-Chipungu, F. P.,
Attaluri, S., Kapinga, R., Nguyen, T., Kaiyung, X., Tjintokohadi, K.,
. . . Low, J. (2019). Procedures for the evaluation of sweetpotato trials.
International Potato Center (CIP).

Gurmu, F., Shimelis, H. A., & Laing, M. D. (2018). Correlation and path-
coefficient analyses of root yield and related traits among selected
sweetpotato genotypes. South African Journal of Plant and Soil, 35,
179–186.

Hlerema, I., Laurie, S., & Eiasu, B. (2017). Preliminary observations on
the use of Beauveria assiana for the control of the sweet potato weevil
(Cylas sp.) in South Africa. Open Agriculture, 2, 595–599. https://doi.
org/10.1515/opag-2017-0063

Jia, R., Tang, C., Chen, J., Zhang, X., & Wang, Z. (2022). Total phenolics
and anthocyanins contents and antioxidant activity in four different
aerial parts of leafy sweet potato (Ipomoea batatas L.). Molecules,
27, 3117. https://doi.org/10.3390/molecules27103117

Karan, Y. B., & Şanli, Ö. G. (2021). The assessment of yield and quality
traits of sweetpotato (Ipomoea batatas) genotypes in middle Black
Sea region, Turkey. PLoS ONE, 16, e0257703. https://doi.org/10.
1371/journal.pone.0257703

Khan, Md M. H., Rafii, M. Y., Ramlee, S. I., Jusoh, M., & Al Mamun,
Md. (2022). Path-coefficient and correlation analysis in Bambara
ground nuts (Vigna subterranea) accessions over environments. Sci-
entific Reports, 12, 245. https://doi.org/10.1038/s41598-021-03692-
z

Khan, M. H., & Dar, A. N. (2010). Correlation and path coefficient analy-
sis of some quantitative traits in wheat. African Crop Science Journal,
18, 9–14.

Loebenstein, G. (2009). Origin, distribution and economic importance.
In G. Loebenstein, & G. Thottappilly (Eds.), The sweetpotato (pp. 9–
12). Springer.

Low, J., Lynam, J., Lemaga, B., Crissman, C., Barker, I., Thiele, G.,
Namanda, S., Wheatley, C., & Andrade, M. (2009). Sweetpotato in
sub-Saharan Africa. In G. Loebenstein, & G. Thottappilly (Eds.), The
sweetpotato (pp. 359–390).Springer.

Lynch, M., & Walsh, B. (1998). Genetics and analysis of quantitative
traits. Sinauer.

Mekonnen, B., Gedebo, A., & Gurmu, F. (2020). Character association
and path coefficient analysis of orange-fleshed Sweetpotato (Ipomoea
batatas) genotypes evaluated in Hawassa, Ethiopia. Journal of Plant
Breeding and Crop Science, 12(4), 292–298.

Mervat, M. M. E. F., & Hanan, A. A. T (2009). Antioxidant activities,
total anthocyanins, phenolics and flavonoids contents of some sweet-
potato genotypes under stress of different concentrations of sucrose
and sorbitol. Australian Journal of Basic and Applied Sciences, 3,
3609–3616.

Musilova, J., Bystrick, J., Arvay, J., & Harangozo, L. (2017). Polyphe-
nols and phenolic acids in sweet potato (Ipomoea batatas L.) roots.
Journal of Food Science, 11, 82–87.

 14350653, 2023, 3, D
ow

nloaded from
 https://acsess.onlinelibrary.w

iley.com
/doi/10.1002/csc2.20915 by M

akerere U
niversity, W

iley O
nline L

ibrary on [26/03/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-8143-6564
https://orcid.org/0000-0002-8143-6564
https://orcid.org/0000-0002-8143-6564
https://orcid.org/0000-0001-6583-0628
https://orcid.org/0000-0001-6583-0628
https://orcid.org/0000-0001-6583-0628
https://orcid.org/0000-0002-3853-4724
https://orcid.org/0000-0002-3853-4724
https://doi.org/10.1021/jf4024992
https://doi.org/10.1021/jf4024992
https://doi.org/10.3389/fpls.2017.01011
https://doi.org/10.2307/1222581
https://doi.org/10.2307/1222581
https://doi.org/10.1515/opag-2017-0063
https://doi.org/10.1515/opag-2017-0063
https://doi.org/10.3390/molecules27103117
https://doi.org/10.1371/journal.pone.0257703
https://doi.org/10.1371/journal.pone.0257703
https://doi.org/10.1038/s41598-021-03692-z
https://doi.org/10.1038/s41598-021-03692-z


1138 OSARU ET AL.Crop Science

Muyinza, H., Talwana, H. L., Mwanga, R. O. M., & Stevenson, P. C.
(2012). Sweetpotato weevil (Cylas spp.) resistance in African sweet-
potato germplasm. International Journal of Pest Management, 58,
73–81. https://doi.org/10.1080/09670874.2012.655701

Mwanga, R. O. M., Odongo, B., Niringiye, C., Alajo, A., Kigozi, B.,
Makumbi, R., Lugwana, E., Namukula, J., Mpembe, I., Kapinga, R.,
Lemaga, B., Nsumba, J., Tumwegamire, S., & Yencho, C. G. (2009).
‘NASPOT 7’, ‘NASPOT 8’, ‘NASPOT 9 O’, ‘NASPOT 10 O’, and
‘Dimbuka-Bukulula’ Sweetpotato. Hortscience, 44, 828–832. https://
doi.org/10.21273/HORTSCI.44.3.828

Mwanga, R. O. M., Odongo, B., p’Obwoya, C. O., Gibson, R. W., Smit,
N. E. J. M., & Carey, E. E. (2001). Release of five sweetpotato culti-
vars in Uganda. Hortscience, 36, 385–386. https://doi.org/10.21273/
HORTSCI.36.2.385

Mwanga, R. O. M., Odongo, B., Turyamureeba, G., Alajo, A., Yencho, G.
C., Gibson, R. W., Smit, N. E. J. M., & Carey, E. E. (2003). Release of
six Sweetpotato cultivars (‘NASPOT 1’ to ‘NASPOT 6’) in Uganda.
Hortscience, 38, 475–476. https://doi.org/10.21273/HORTSCI.38.3.
475

Nagarajan, D., Kalaimagal, T., & Murugan, E. (2015). Correlation and
path coefficient analysis for yield and yield attributes in soybean,
Glycine max L (Merr). International Journal of Farm Sciences, 5,
28–34.

Okonya, J. S., Mwanga, R. O. M., Syndikus, K., & Kroschel, J. (2014).
Insect pests of sweetpotato in Uganda: Farmers’ perceptions of their
importance and control practices. SpringerPlus, 3, 303. https://doi.
org/10.1186/2193-1801-3-303

Oladosu, Y., Rafii, M. Y., Abdullah, N., Malek, M. A., Rahim, H. A.,
Hussin, G., Ismail, M. R., Latif, M. A., & Kareem, I. (2015). Genetic
variability and diversity of mutant rice revealed by quantitative traits
and molecular markers. Agrociencia, 49, 249–266.

Oladosu, Y., Rafii, M. Y., Magaji, U., Abdullah, N., Miah, G., Chukwu,
S. C., Hussin, G., Ramli, A., & Kareem, I. (2018). Genotypic and
phenotypic relationship among yield components in rice under tropi-
cal conditions. BioMed Research International, 2018. https://doi.org/
10.1155/2018/8936767

Pavlov, J., Delic, N., Markovic, K., Crevar, M., Camdzija, Z., &
Stevanovic, M. (2015). Path analysis for morphological traits in
maize (Zea mays). Genetika, 47, 295–301. https://doi.org/10.2298/
GENSR1501295P

R Core Team. (2022). R: A language and environment for statistical
computing. R Foundation for Statistical Computing. https://www.R-
project.org/

Rao, B. B., Swami, D. V., Ashok, P., Babu, B. K., Ramajayam, D., &
Sasikala, K. (2017). Correlation and path coefficient analysis of cas-
sava (Manihot esculenta Crantz) genotypes. International Journal of
Current Microbiology and Applied Sciences, 6, 549–557. https://doi.
org/10.20546/ijcmas.2017.609.066

Rukarwa, R. J., Prentice, K., Ormachea, M., Kreuze, J. F., Tovar, J.,
Mukasa, S. B., Ssemakula, G., Mwanga, R. O. M., & Ghislain, M.
(2013). Evaluation of bioassays for testing Bt sweetpotato events
against sweetpotato weevils. African Crop Science Journal, 21,
235–244.

Singh, R. K., & Chaudhary, B. D. (1985). Biometrical methods in
quantitative genetic analysis. Kalyani Publishers.

Smit, N. (1997). Integrated Pest Management for sweetpotato in Eastern
Africa. [Thesis dissertation]. Wageningen University and Research.

Sreckov, Z., Bocanski, J., Nastasic, A., Alovic, I., & Vukosavljev, M.
(2010). Correlation and path coefficient analysis of morphologi-
cal traits of maize (Zea mays L.). Research Journal of Agricultural
Science, 42, 292–296.

Srisuwan, S., Sihachakr, D., & Siljak-Yakovlev, S. (2006). The ori-
gin and evolution of sweet potato (Ipomoea batatas Lam.) and its
wild relatives through the cytogenetic approaches. Plant Science, 171,
424–433. https://doi.org/10.1016/j.plantsci.2006.05.007

Sserumaga, J. P., Ortega-Beltran, A., Wagacha, J. M., Mutegi, C. K.,
& Bandyopadhyay, R. (2020). Aflatoxin-producing fungi associated
with pre-harvest maize contamination in Uganda. International Jour-
nal of Food Microbiology, 313, 108376. https://doi.org/10.1016/j.
ijfoodmicro.2019.108376

Stathers, T. E., Rees, D., Kabi, S., Mbilinyi, L., Smit, N., Kiozya,
H., Jeremiah, S., Nyango, A., & Jeffries, D. (2003). Sweetpotato
infestation by Cylas spp.in East Africa: I. Cultivar differences
in field infestation and the role of plant factors. International
Journal of Pest Management, 49, 131–140. https://doi.org/10.1080/
0967087021000043085

Stathers, T. E., Rees, D., Nyango, A., Kiozya, H., Mbilinyi, L., Jeremiah,
S., Kabi, S., & Smit, N. (2003). Sweetpotato infestation by Cylas spp.
in East Africa: II. Investigating the role of root characteristics. Inter-
national Journal of Pest Management, 49, 141–146. https://doi.org/
10.1080/0967087021000043094

Stevenson, P. C., Muyinza, H., Hall, D. R., Porter, E. A., Farman, D.
I., Talwana, H., & Mwanga, R. O. M. (2009). Chemical basis for
resistance in sweetpotato Ipomoea batatas to the sweetpotato wee-
vil Cylas puncticollis. Pure and Applied Chemistry, 81, 141–151.
https://doi.org/10.1351/PAC-CON-08-02-10

Teow, C. C., Truong, V. D., Mcfeeters, R. F., Thompson, R. L., Pecota,
K. V., & Yencho, G. C. (2007). Food chemistry antioxidant activi-
ties, phenolic and β-carotene contents of sweet potato genotypes with
varying flesh colours. Food Chemistry, 103, 829–838. https://doi.org/
10.1016/j.foodchem.2006.09.033

Woolfe, J. A. (1992). Sweetpotato: An untapped food resource. (pp. 15–
19) Cambridge University Press.

Wright, S. (1921). Correlation and causation. Journal of Agricultural
Research, 20, 557–585.

Yada, B., Alajo, A., Ssemakula, G. N., Brown-Guedira, G., Otema, M.
A., Stevenson, P. C., Mwanga, R. O. M., & Yencho, G. C. (2017).
Identification of simple sequence repeat markers for sweetpotato wee-
vil resistance. Euphytica, 213, 129. https://doi.org/10.1007/s10681-
017-1917-1

Yan, W., & Tinker, N. A. (2006). Biplot analysis of multi-environment
trial data: Principles and applications. Canadian Journal of Plant
Science, 86, 623–645. https://doi.org/10.4141/P05-169

S U P P O R T I N G I N F O R M AT I O N
Additional supporting information can be found online in the
Supporting Information section at the end of this article.

How to cite this article: Osaru, F., Karungi, J.,
Odama, R., Chelangat, D. M., Musana, P., Otema, M.
A., Oloka, B., Gibson, P., Edema, R., Ssali, R. T.,
Yencho, G. C., & Yada, B. (2023). Identification of
the key morphological sweetpotato weevil resistance
predictors in Ugandan sweetpotato genotypes using
correlation and path-coefficient analysis. Crop
Science, 63, 1126–1138.
https://doi.org/10.1002/csc2.20915

 14350653, 2023, 3, D
ow

nloaded from
 https://acsess.onlinelibrary.w

iley.com
/doi/10.1002/csc2.20915 by M

akerere U
niversity, W

iley O
nline L

ibrary on [26/03/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1080/09670874.2012.655701
https://doi.org/10.21273/HORTSCI.44.3.828
https://doi.org/10.21273/HORTSCI.44.3.828
https://doi.org/10.21273/HORTSCI.36.2.385
https://doi.org/10.21273/HORTSCI.36.2.385
https://doi.org/10.21273/HORTSCI.38.3.475
https://doi.org/10.21273/HORTSCI.38.3.475
https://doi.org/10.1186/2193-1801-3-303
https://doi.org/10.1186/2193-1801-3-303
https://doi.org/10.1155/2018/8936767
https://doi.org/10.1155/2018/8936767
https://doi.org/10.2298/GENSR1501295P
https://doi.org/10.2298/GENSR1501295P
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.20546/ijcmas.2017.609.066
https://doi.org/10.20546/ijcmas.2017.609.066
https://doi.org/10.1016/j.plantsci.2006.05.007
https://doi.org/10.1016/j.ijfoodmicro.2019.108376
https://doi.org/10.1016/j.ijfoodmicro.2019.108376
https://doi.org/10.1080/0967087021000043085
https://doi.org/10.1080/0967087021000043085
https://doi.org/10.1080/0967087021000043094
https://doi.org/10.1080/0967087021000043094
https://doi.org/10.1351/PAC-CON-08-02-10
https://doi.org/10.1016/j.foodchem.2006.09.033
https://doi.org/10.1016/j.foodchem.2006.09.033
https://doi.org/10.1007/s10681-017-1917-1
https://doi.org/10.1007/s10681-017-1917-1
https://doi.org/10.4141/P05-169
https://doi.org/10.1002/csc2.20915

	Identification of the key morphological sweetpotato weevil resistance predictors in Ugandan sweetpotato genotypes using correlation and path-coefficient analysis
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Study sites
	2.2 | Plant materials used in the study
	2.3 | Rearing of SPW colony
	2.4 | Evaluation for weevil resistance in field experiments
	2.5 | Data collection in the field
	2.5.1 | Vine vigor
	2.5.2 | Ground cover (&#37;)
	2.5.3 | Number of plants harvested
	2.5.4 | Storage root neck length
	2.5.5 | Storage root yield
	2.5.6 | Storage root shape
	2.5.7 | Storage root skin color
	2.5.8 | Storage root flesh color
	2.5.9 | Storage root CT
	2.5.10 | Storage root latex content (sap)
	2.5.11 | Storage root DM
	2.5.12 | Internal stem damage index assessment
	2.5.13 | Storage root damage assessment

	2.6 | Analysis of variance
	2.7 | Correlation and path coefficient analysis

	3 | RESULTS
	3.1 | Mean performance of the genotypes, locations, seasons, and their interactions
	3.2 | Relationships between weevil field damage and SPW resistance-indicator traits
	3.3 | Path coefficients

	4 | DISCUSSION
	5 | CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ORCID
	REFERENCES
	SUPPORTING INFORMATION


