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Abstract. Various workers have attempted to develop a root piece planting system for
sweetpotato, similar to the system used commercially for potato, but attempts to select
and breed sweetpotato clones adapted to root piece planting have met with mixed success.
It has been hypothesized this is the result of significant genotype 3 environment effects,
which are complicating phenotype screening. The aim of this work was to investigate
genotype 3 environment interactions and yield stability of sweetpotato grown from cut
root pieces. Ten sweetpotato clones were grown from cut root pieces in three locations
over three seasons at sites in North Carolina and Mississippi. The study found sweet-
potato clones grown from root pieces were influenced by both genetic and environmental
factors and that the interaction was often complicated and dependent on the trait being
measured. A significant genotype 3 environment interaction and yield instability were
found to be present. Further work will be required to understand the nature of the
genotype 3 environment effects; however, the results suggest programs aiming to
develop sweetpotato clones adapted to root piece planting will need to use appropriate
multienvironment screening so as to account for genotype 3 environment effects.

In developed, nations sweetpotato (Ipomoea
batatas) is grown predominantly for high-value
fresh consumption and processed food markets,

but is also increasingly used for producing
value-added foods and bio-based industrial
products (United States Sweet Potato Council,
2011; Ziska et al., 2009). Sweetpotato is com-
positionally well suited to these end uses, but
crop production is relatively costly, which has
restricted an expansion of these alternative
markets.

The high cost of sweetpotato production
can be attributed in part to the need for manual
labor during crop establishment and harvest.
Establishment of sweetpotato crops in devel-
oped countries involves the production and
transplanting of unrooted sprouts, known as
‘‘slips.’’ In the United States, slip production
and transplanting are together estimated to

comprise between 15% and 20% of total
production costs (Estes et al., 2002; Hinson
and Boudreaux, 2007; Martin et al., 2000;
Mississippi State University, 2007). Various
workers have investigated a planting system
for sweetpotato that uses root pieces, similar to
the system used for potatoes (Solanum tuber-
osum) (George et al., 2011). Root piece
planting systems can be mechanized more
readily than slip planting and therefore have
the potential to reduce labor needs, thereby
reducing production costs. Despite a long his-
tory of research and development, the root
piece planting technique is not commonly used
in commercial sweetpotato production any-
where in the world.

Existing commercial sweetpotato clones
tend to be poorly suited to planting from root
pieces, producing lower yields, lower stand
establishment, and poorer quality roots than
the same clones grown from slips (George
et al., 2011). There are examples, however,
where different clones, environments, and
cultural practices result in yields, stand counts,
and root quality comparable to commercial
clones grown from slips (George et al., 2011).
It has been known for decades that both
genetic and environmental factors play a role
in the outcome of root piece planting, but the
nature and extent of their contribution remain
poorly understood (George et al., 2011).

Attempts have been made to select and
breed sweetpotato clones that are better
adapted to root piece planting, but these
attempts have achieved only mixed success
with selected clones often having unpredict-
able and/or unstable yields (George et al.,
2011). Sweetpotatoes commonly exhibit a
genotype · environment (G · E) interaction
(Collins et al., 1987; George et al., 2011;
Gr€uneberg et al., 2005; Kanua and Floyd,
1988; Manrique and Hermann, 2002; Ngeve,
1993). If G · E effects also influence sweet-
potato crops established from root pieces, and
breeding programs have not taken this into
account, it may explain the mixed success of
attempts to develop clones that are better
adapted to root piece planting. The objective
of this work was to investigate G · E effects in
sweetpotato grown from root pieces so as to
better understand the phenomenon and provide
guidance for future research and development
activities relating to root piece planting.

Material and Methods

Varieties, trial sites, soils, and fertilization.
Ten sweetpotato clones, comprised of eight
experimental selections and two commer-
cial cultivars, were chosen for the work.
The experimental sweetpotato clones were
NCDM02-105, NC03-417, NC03-089,
NC04-097, NC03-007, NC05-536, NC06-
312, and NC93-17. These clones had a range
of parental backgrounds and had previously
been selected by the North Carolina State
University Sweetpotato Breeding and Ge-
netics Program (NCSU SBGP) for adaptation
to root piece planting. The commonly avail-
able commercial lines Beauregard and Cov-
ington were also included in the trials. The
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NCSU SBGP had previously found these
clones to generally perform poorly when
planted as root pieces (George Craig Yencho,
personal communication).

Three trial sites were selected for the
work, two sites in North Carolina and one
site in Mississippi (Table 1). The Clinton site
is representative of soils commonly used for
commercial sweetpotato production in North
Carolina. It is one of two sites used for
breeding and selection activities by the
NCSU SBGP and is therefore one of the
environments where the eight experimental
lines were originally selected. The Wallace
site is located �30 km south of Clinton. The
soils are representative of heavier loams
found in eastern North Carolina. These soils
are not commonly used for commercial
sweetpotato production but represent a region
where sweetpotato production could be ex-
panded if alternative markets grow. The
Pontotoc site, located �980 km west of the
Clinton and Wallace sites, had a mixture of
predominantly silt loam soils with finer

Table 1. Details regarding the research sites used for this research.

Site Site name Location Soil type

Clinton The Horticultural Crops Research
Station, NC Department of Agriculture
and Consumer Services

Clinton, NC; long. 35.024� N,
lat. 78.28� W

Norfolk and Orangeburg loamy sands

Wallace Williamsdale Farm and Agricultural
Extension and Research Center, North
Carolina State University

Wallace, NC; long. 34.762� N,
lat. 78.099� W

Noboco loamy fine sand and Goldsboro
loamy sand

Pontotoc Pontotoc Ridge–Flatwoods Branch
Experiment Station, Mississippi State
University

Pontotoc, MS; long. 34.136� N,
lat. 89.003� W

Flatwoods silt loam

Table 2. Details regarding experimental sites used in this study.

Site Clinton Wallace Pontotoc

Season 2009 2010 2011 2009 2010 2011 2009 2010 2011

Planted 22 May 12 May 4 May 21 May 30 May 2 May 16 June 19 May 23 May
Harvested 16 Oct. 19 Oct. 19 Oct. 26 Oct. 9 Nov. 26 Oct. 11 Oct. 19 Oct. 17 Oct.
Days to harvest 147 160 168 158 163 177 117 153 147

CEC (meq/100 cm3) 3.5 2.7 9.1 5.6 7.2 5.3 NA NA NA
pH 6.25 5.9 5.75 6.1 6.6 5.3 6.4 6.6 5.6
P (kg·ha–1) 409 542 260 782 379 552 108 103 54
K (kg·ha–1) 147 160 334 391 264 242 202 200 210

N fertilization (kg·ha–1) 0 0 0 0 0 0 40 40 60
P fertilization (kg·ha–1) 45 45 45 0 0 45 60 60 110
K fertilization (kg·ha–1) 110 110 110 0 0 110 340 220 340
B fertilization (kg·ha–1) 0.6 0.6 0.6 0 0 0.6 NA NA NA

CEC = cation exchange capacity; P = phosphorus; K = potassium; N = nitrogen; B = boron; NA = not available.

Table 3. Climatic conditions during the growing season at the research sites used in this study.

Site Clinton Wallace Pontotoc

Season 2009 2010 2011 2009 2010 2011 2009 2010 2011
Average daily maximum temperature (�C) 29 31 30 29 30 30 29 32 30
Annual maximum temperature (�C) 36 38 39 37 37 40 36 38 38
Average daily minimum temperature (�C) 19 19 19 18 17 17 19 19 18
Annual minimum temperature (�C) 9 5 4 2 0 4 9 4 1
Average daily temperature range (�C) 19 19 19 18 18 18 19 19 18
Total seasonal precipitation (mm) 432 719 562 708 818 741 687 314 425
Maximum daily precipitation (mm) 43 71 54 130 105 78 111 62 72
Average number of days between precipitation events 4.2 4.8 4.8 4.5 4.7 4.1 4.4 5.3 5.4
Total growing degree-days at harvest 1208 1435 1432 1240 1317 1411 917 1418 1284
Total daylight hours at harvest 1991 2165 2275 2099 2135 2377 1661 2061 1982

Table 4. The tables show the terms accounting for spatial field trends that were incorporated into the
model.z

Site

2009 2010 2011 2009 2010 2011

Total marketable yield Mother piece yield

Fixed
Clinton lra, splrw ra splrw lra lrw noeff
Wallace noeff noeff noeff noeff noeff noeff
Pontotoc noeff lra splrw noeff noeff noeff

Random
Clinton noeff noeff noeff noeff noeff noeff
Wallace noeff noeff noeff noeff noeff noeff
Pontotoc noeff noeff noeff noeff noeff noeff

U.S. No. 1 yield Partitioning index

Fixed
Clinton lra noeff splrw splrw noeff noeff
Wallace noeff noeff noeff lrw, splrw noeff noeff
Pontotoc noeff lra lrw noeff noeff noeff noeff

Random
Clinton noeff noeff noeff noeff noeff noeff
Wallace noeff noeff noeff noeff noeff noeff
Pontotoc noeff noeff noeff noeff noeff noeff
zField effects incorporated into the model: lra = linear range effect; lrw = linear row effect; splra = spline
range effect; splrw = spline row effect; ra = random range effect; rw = random row effect; noeff = no field
effect.
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montmorillonite clay subsoils. These soils
are commonly used for sweetpotato produc-
tion in Mississippi. Trials were established at
each site in the 2009, 2010, and 2011 seasons,
and all clones were grown at every site in
every year. The use of 10 clones, three sites,
three seasons, and four replications per site
had been previously found to provide accept-
able error variance in trials of sweetpotato
grown from slips (Collins et al., 1987).

Soil analyses for the North Carolina sites
were conducted by the Agronomic Division
of the North Carolina Department of Agri-
culture and Consumer Services, and soil anal-
yses for the Mississippi sites were conducted by
the Mississippi State University Extension
Service Soil Testing Laboratory (Table 2).
Additional soil information was obtained from
the Web Soil Survey (NRCS, 2013).

Climatic details for each site were obtained
from the State Climate Office of North Caro-
lina and the National Climatic Data Center.
Daylight hours we obtained from the United
States Naval Observatory (USNO, 2012) (Ta-
ble 3). Growing degree-days were estimated
using a basal temperature of 15.6 �C and
maximum temperature of 32 �C (Villordon
et al., 2009).

Propagation material. The Clinton site
was used as the source of root material for all
the trial sites so as to avoid possible maternal
effects on the subsequent performance of
sweetpotato crops grown from root pieces.
Storage roots weighing between 100 and
200 g were used. Each root was cut in half
transversely to produce a root piece weighing
between 50 and 100 g. Root pieces were
treated with Dicloran (1 g·L–1) for control of

fungal rots then pre-sprouted at 30 to 32 �C and
80% humidity for 1 week in a climate-controlled
‘‘pre-sprouting’’ room.

Field preparation, planting, and harvest.
At Clinton and Wallace, Command 3ME
(clomazone; FMC Corporation, Philadelphia,
PA) at 3 L·ha–1 + Eptam (EPTC; Gowan
Company, Yuma, AZ) at 4 L·ha–1 pre-plant
incorporated were applied for weed control
before planting in formed beds, and Lorsban
15G or 4E (chlorpyrifos; Dow AgroSciences,
Indianapolis, IN) was incorporated 10 to
15 cm into the soil before planting for insect
control. At Pontotoc, the insecticide Capture
2 EC (bifenthrin; FMC Corporation) rather

than Eptam was incorporated before bedding
at 1.4 L·ha–1. At Clinton and Pontotoc, Valor
(flumioxazin; Valent, Walnut Creek, CA) at
200 g·ha–1 was applied as a pre-emergent
herbicide after bedding. Poast (sethoxydim;
BASF Corp., Florham Park, NJ) was applied
at the species label rate when grass control
was needed. Interrows were cultivated for
weed control. Fertilizer application rates are
given in Table 2. Fertilizer was applied to
meet crop nutrient requirements as deter-
mined by soil analyses and field history.

Root pieces were planted either by hand
or using a two-row seed-piece planter at
a depth of �5 cm. Pieces were planted on

Fig. 1. A summary of the total marketable yield, yield of enlarged root pieces (mother pieces), standard U.S. No. 1 yield, and partitioning index for 10 sweetpotato
clones grown from root pieces. Values are means across seasons and replicates. Error bars show SD.

Table 5. A summary of the output from the linear mixed models fitted to data from sweetpotato grown from
root pieces.z

Total marketable yield df F value P value Mother piece df F value P value

(Intercept) 1 20.8 <0.01 (Intercept) 1 62.1 <0.01
Site 2 2.4 0.11 Site 2 16.3 <0.01
Year 2 33.0 <0.01 Year 2 11.9 <0.01
Clone 9 2.4 <0.01 Clone 9 6.2 <0.01
Site · year 4 8.7 <0.01 Site · year 4 6.5 <0.01
Site · clone 18 4.2 <0.01 Site · clone 18 3.3 <0.01
Year · clone 18 4.5 <0.01 Year · clone 18 1.4 0.14
Site · year · clone 36 3.1 <0.01 Site · year · clone 36 2.3 <0.01

U.S. No. 1 Partitioning index

(Intercept) 1 7.0 <0.01 (Intercept) 1 0.1 0.74
Site 2 1.0 0.38 Site 2 11.3 <0.01
Year 2 12.2 <0.01 Year 2 48.7 <0.01
Clone 9 2.7 <0.01 Clone 9 19.8 <0.01
Site · year 4 4.6 <0.01 Site · year 4 11.1 <0.01
Site · clone 18 2.4 <0.01 Site · clone 18 2.6 <0.01
Year · clone 18 4.6 <0.01 Year · clone 18 7.5 <0.01
Site · year · clone 36 3.2 <0.01 Site · year · clone 36 2.7 <0.01
zTable showing Type 3 test hypotheses of fixed effects.
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an intrarow spacing of 30 cm with either 20 or
30 pieces per plot with 2.5-m unplanted alleys
between plots and 1-m spacing between rows.
The sites were arranged in randomized com-
plete block designs with four replicates.

Stand counts were conducted between 30
to 40 d after planting. Crop growth was
allowed to continue for as long as possible
before frost risk was considered to be un-
acceptable. In practice this meant sites were
harvested when minimum daily temperatures
began dropping below �10 �C. At harvest,
plots were first cut using a flail mower and
then roots were unearthed using a chain
digger. Roots from each plot were sorted into
enlarged root pieces (mother roots) and
daughter roots (George et al., 2011). Daugh-
ter roots were sorted according to the spec-
ifications of the U.S. National Sweetpotato
Collaborator Group (the U.S. National
Sweetpotato Collaborator Group is a U.S.
Department of Agriculture Southern Region
Multistate Project, code SERA-005, and is
managed by the Southern Association of
Agricultural Experiment Station Directors).
Approximate size grades of roots were as
follows: U.S. No. 1: 5.0 to 9.0 cm diameter
and 7.5 to 23.0 cm long; canner: 2.5 to 5.0 cm
diameter and 5.0 to 18.0 cm long; jumbo:
larger than U.S. No. 1 in diameter or length or
both and without objectionable defects; culls
included roots larger than 2.5 cm in diameter

and so misshapen or unattractive that they
could not fit as marketable roots in any of the
previously described three grades. A sample
of three roots was taken from each plot for
dry matter determinations. Dry matter data
and plot length were used to convert plot
yields to dry matter yields per hectare. The
yields of U.S. No. 1, jumbo, and canner grade
were combined to determine the total usable
yield. Partitioning index is a measure of total
root yield allocation between daughter roots
and enlarged root pieces (mother roots) and is
calculated as follows: partitioning index =
(daughter root yield – mother piece yield) /
(daughter root yield + mother piece yield)
(George et al., 2011). A value of greater than
zero indicates the majority of the total yield is
comprised of daughter roots; a value of less
than zero indicates the majority of the total
yield is comprised of mother pieces.

Data analysis. To determine the signifi-
cance of the main effects, and their interaction,
the data were analyzed as a multienvironment

Table 6. A summary of the covariance parameters
estimates of the mixed models fitted to data
from sweetpotato grown from root pieces.

Variance SD

Total marketable yield
Random effect

(intercept)
2799.3 52.9

Residual 346971.6 589.0
U.S. No. 1

Random effect
(intercept)

32901.8 181.4

Residual 2368520.8 1539.0
Root piece

Random effect
(intercept)

78.7 8.9

Residual 127787.4 357.5
Partitioning index

Random effect
(intercept)

0.00 0.04

Residual 0.02 0.15

Table 7. Non-parametric yield stability estimates of sweetpotato grown from root pieces averaged across
three seasons.

Approximate test of
significance for rank

Approximate test of
significance for variance

Total usable yield 23.8* 24.9*
U.S. No. 1 16.7 18.9*
Mother piece yield 27.4* 24.4*
Partitioning index 17.2 18.6*

c2 = 18.3. Values greater than c1 indicated instability for either mean rank or variance.

Fig. 2. Non-parametric yield stability estimates of sweetpotato grown from root pieces, averaged across three seasons. *Significant variance instability. NS =
nonsignificant variance instability.
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trial using a linear mixed model. A linear
mixed model was chosen for its ability to use
realistic within-trial models for error variation
and to combine both random and fixed effects
(Smith et al., 2005). Linear mixed models
were fit using the CRAN packages lme4
(Pinheiro and Bates, 2000) and nlme (Pinheiro
and Bates, 2013) in the R statistical package
(R Development Core Team, 2012). The most
parsimonious mixed model of the data was
selected based on minimization of the Bayes-
ian Information Criterion. Exploratory data
analysis investigating different linear mixed
models found that the lme function, from the
nlme package, produced the most parsimoni-
ous mixed model. The lme function is a generic
function that fits a linear mixed-effects model
but allows for nested random effects, and
within-group errors are allowed to be correlated
and have unequal variances. The most parsimo-
nious linear model treated site, year, and clone
as fixed effects and replicate within both site
and year as a random effect. To account for
variance heterogeneity in the residuals, separate
residual variance was specified for year within
site. Normality and variance homogeneity of
the linear mixed model were determined by
the visual inspections of plots of residuals.

A measure of varietal stability to environ-
mental change is useful for determining if
varieties are broadly or specific adapted

(Smith et al., 2005). The add-on package
Agricolae CRAN package (Mendiburu, 2010)
in the R statistical package was therefore used
for nonparametric stability analysis accord-
ing to H€uhn (1990).

To investigate whether significant changes
in rank of genotypes were responsible for
G · E, the data were analyzed as a multi-
environment trial (MET) using the program
ASReml-R (Gilmour et al., 2005), which
implements a factor analytic mixed model
analysis adjusted for spatial field trends
(Smith et al., 2001a). This type of analysis
uses a two-stage approach; first, variety
means from individual trials are obtained,
then the variety-by-trial mean data are com-
bined with data from all years for an overall
mixed model analysis (Smith et al., 2001a,
2001b, 2005). A two-dimensional spatial
model (AR1) was used to account for field
trends. For more details regarding the
ASReml-R program, please refer to Butler
et al. (2007). An agglomerative (nested)
hierarchical clustering algorithm implemented
in the agnes package of R was used to model
the clustering of environments (year by site)
(Cullis et al., 2010; R Development Core
Team, 2012). The year by location was spec-
ified as a fixed effect and variety within site
was specified as random. Details regarding

field effects incorporated into the model are
provided in Table 4.

Results

Trial outcome and mixed model analysis.
For all the measured traits—total marketable
yield, yield of U.S. No.1, mother piece yield,
and partitioning index—there were differ-
ences both among clones within years and
between sites (Fig. 1). Visual inspection of
the yield data showed Clinton had the highest
total marketable yields of dry matter and
yields of U.S. No. 1 followed by Wallace.
The eight clones previously selected for
superior performance when planted as root
pieces did not necessarily perform better than
the commercial clones Covington and Beau-
regard. The mean total marketable fresh yield
across all years at the Clinton and Pontotoc
sites was 3610 kg·ha–1 for the commercial
clones.

The linear mixed model found all main
effects, and their interactions, to significantly
affect the measured traits (Tables 5 and 6)
with the exception of site for total marketable
yield and U.S. No. 1 and the year · clone
interaction for mother piece yield. Site, year,
and the site · year interaction often explained
a greater proportion of the variance than did
clone or the interaction of clone with site or

Fig. 3. Dendrograms, produced using an agglomerative (nested) hierarchical clustering, showing the genetic REML estimate of the dissimilarity matrix for
additive effects.
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year, in particular for the yield of mother
pieces and partitioning index. Clone and year
were found to have a highly significant effect
on all the measured traits, and location also
significantly affected mother piece yield and
partitioning index. The analyses also suggest
significant genotype · location, genotype ·
year, and genotype · location · year in-
teraction effects were present for all the
measured traits with the exception of mother
piece yield. The contribution of the effects to
total variance differed between the measured
traits and the first-order effects were not
always higher that the second- or third-order
effects (Table 5).

Stability analysis. Significant instability
was detected for both the mean and variance
of the varieties across all locations and years
(Table 7). Mean stability was dependent on
the trait being measured. Total marketable
yield and mother piece yield were found to be
significantly unstable; however, yield of U.S.
No. 1 and partitioning index were not. All
traits were found to have significant variance

instability. Individual clones varied in terms
of stability, and mean instability was found to
be correlated with variance instability (Fig. 2).
Individual clones tended to be either signifi-
cantly stable or significantly unstable for all
four of the measured traits, although not in all
cases. For example, Covington was found to
be stable for all the measured traits, whereas
Beauregard was found to be significantly un-
stable for all the measured traits. In contrast,
03-089 showed significant instability only for
the yield of U.S. No.1 and the partitioning
index. The correlation between yield and in-
stability was poor.

Multienvironment trial analysis. The
analysis in ASREML-R found the genetic
correlation between sites to be complicated
(Figs. 3 and 4). The dendrogram produced by
agglomerative (nested) hierarchical cluster-
ing, showing the genetic REML estimate of
the dissimilarity matrix for the total genetic
effects, shows that sites did not cluster solely
by site, year, or site by year and that the nature
and extent of clustering varied depending on

the trait being measured (Fig. 3). The Ponto-
toc site clustered away from the other site by
year combinations for total marketable yield
and No. 1. The 2010 Clinton site was differ-
ent for mother piece yield compared with the
other sites, which clustered together. The
2010 Pontotoc site diverged substantially
from the other sites for the partitioning index.
The genetic correlation between sites was
dependent on the trait being measured (Fig.
4). Total marketable yield and yield of U.S.
No. 1 showed poor genetic correlation be-
tween trials, suggesting that significant
changes in genotype ranking are occurring
for these traits. Genetic correlation was stron-
ger for yield of mother pieces and partitioning
index.

Discussion

This study found that sweetpotato clones
grown from root pieces are influenced by
both genetic and environmental factors. The
total usable yield of dry matter, the fresh

Fig. 4. A heat map of the correlation matrix showing the relationship between the year-by-site interaction for all the measured traits. Key on right hand side depicts
the correlation color scale. Environments ordered as per dendrogram in Figure 3.
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yield of U.S. No. 1 roots, the yield of mother
pieces, and partitioning index all varied
between clone, site, and season (Fig. 1).
Significant G · E interactions (Table 4) and
yield instability (Table 7; Fig. 2) were
detected. The G · E effect was complicated
and dependent on the trait being measured.
The significant G · E effects were most
probably the result of changes in genotype
ranking between sites and years, particularly
in terms of the total marketable yield and the
yield of U.S. No. 1 (Figs. 2, 3, and 4) (Cullis
et al., 2010; H€uhn, 1990; Smith et al., 2001b).
The results of this work therefore support the
hypothesis that a significant G · E interaction
and yield instability exist in sweetpotato
grown from cut root pieces. This has impli-
cations for future attempts to develop sweet-
potato clones that are better adapted to root
piece planting.

It has been found that ascribing particular
environmental causes to G · E interaction in
sweetpotato grown from slips is challenging
(Gr€uneberg et al., 2005) and therefore de-
termining the cause of the G · E interaction
in sweetpotato grown from root pieces was
not an aim of this study. However, it was
found that year and the year · site interaction
explained the greatest variance in the model
for all the measured traits with the exception
of yield of mother pieces, which was more
heavily influenced by site. This suggests that
seasonal effects, and their interaction with
site factors, are influencing the yield of
daughter roots from sweetpotatoes grown
from root pieces. This is in contrast to pre-
vious studies that suggest soil type plays
a larger and more consistent role in deter-
mining the outcome of root piece planting
than other environmental factors (George
et al., 2011).

The objective of this work was not to
make direct a comparison with sweetpotato
crops grown from slips; however, the mean
marketable fresh yield for slip-grown sweet-
potato from North Carolina and Mississippi
for this time period was 19.7 Mg·ha–1 (NASS,
2010). This is substantially higher than the
3.6-Mg·ha–1 fresh yield of total marketable
roots for the root piece-grown commercial
clones in this study. This demonstrates that
for root piece planting to be a commercially
viable alternative to slips, it will be necessary
to increase yields.

The results of this study suggest breeding
programs aiming to develop sweetpotato
clones that produce higher yields when
planted as root pieces will need to be cogni-
zant that significant genotype · location,
genotype · year, and genotype · location ·
year effects will complicate phenotype
screening. We therefore recommend that
germplasm be screened in multienvironment
trials conducted across climatically and
edaphically variable sites so that phenotype
performance can be properly assessed.

Selection and breeding for both high
yields and broad adaptation in sweetpotato
are possible; however, yield stability in
sweetpotato remains problematic and poorly
understood (Gr€uneberg et al., 2005; Ngeve,
1993). The significant clone · year · site
effects detected in this work support this. We
hypothesize that to better ensure the mainte-
nance of high mean yields across sites and
season when using root pieces for propaga-
tion, it may therefore be necessary for
growers to use multiple sweetpotato clones.

This study was comparatively limited in
the number of clones and sites used, so it is
possible that the significant G · E effects and
rank changes detected were the result of the
relatively small number of clones. We there-
fore recommend a larger number of clones
from diverse genetic backgrounds be evalu-
ated. Given the time and economic burden of
multienvironment trialing, it would also be
valuable to undertake further work to explore
causal factors of the G · E interaction
observed in this study. This will help to
clarify the types of environments that should
be used for the screening of germplasm.
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