
Phenotypic evaluation of Canadian × Chinese elite
germplasm in a diversity panel for seed yield and seed
quality traits

Authors: Priyanatha, Chanditha, and Rajcan, Istvan

Source: Canadian Journal of Plant Science, 102(5) : 1032-1039

Published By: Canadian Science Publishing

URL: https://doi.org/10.1139/cjps-2022-0016

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access titles
in the biological, ecological, and environmental sciences published by nonprofit societies, associations,
museums, institutions, and presses.

Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Complete content is strictly limited to personal, educational, and non - commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher as
copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.

Downloaded From: https://bioone.org/journals/Canadian-Journal-of-Plant-Science on 25 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



Article

Phenotypic evaluation of Canadian × Chinese elite
germplasm in a diversity panel for seed yield and seed
quality traits
Chanditha Priyanatha and Istvan Rajcan

Department of Plant Agriculture, University of Guelph, Guelph, ON, N1G 2W1, Canada

Corresponding author: Istvan Rajcan (email: irajcan@uoguelph.ca)

Abstract
Despite mounting concerns regarding the narrowness of the genetic base of soybean ((Glycine max (L.) Merr.) in North America

and the challenges that it may pose in the changing global environment and climate, exotic germplasm remains seldom used
by breeders owing to various concerns. The objective of this study was to evaluate a Genome-Wide Association Study (GWAS)
genomic diversity panel of 200 soybean genotypes for seed yield, seed quality, and agronomic trait performance. The GWAS
panel consisted of lines derived from several generations of bi-parental crosses between elite Canadian and elite Chinese
cultivars (CD–CH), elite Canadian cultivars (CD), and exotic elite Chinese cultivars (CH) evaluated at Elora and Woodstock,
ON, in 2019 and 2020. In the combined analysis of variance, the CD–CH group showed a significant increase in seed yield,
although the performance of this group was otherwise comparable or inferior to the adapted elite Canadian cultivars. Canadian
cultivars were superior to both CD–CH and elite, exotic Chinese cultivars in seed oil and seed protein concentration. The yield
potential of the exotic-derived soybean lines observed in this study provide a great source of novel genetics for soybean breeders
interested in introgressing novel alleles from exotic sources to improve yield to help combat climate change.

Key words: Genome-wide Association Study (GWAS), exotic soybean germplasm, seed yield, yield improvement

Résumé
Malgré les préoccupations grandissantes que suscite l’amenuisement de la base génétique du soja [(Glycine max (L.) Merr.]

en Amérique du Nord et les difficultés que cela pourrait poser en raison des changements climatiques et environnementaux
dans le monde, diverses craintes empêchent toujours les obtenteurs de recourir plus au plasma germinal exotique. Les auteurs
voulaient évaluer la diversité des 200 génotypes de soja rassemblés dans le cadre d’une étude d’association à la grandeur du
génome (GWAS) pour le rendement grainier, la qualité de la graine et la performance des paramètres agronomiques. Le groupe
de la GWAS consistait en lignées issues de plusieurs générations de croisements biparentaux entre des cultivars élites canadiens
et élites chinois (CD-CH), des cultivars élites canadiens (CD) et des cultivars élites chinois exotiques (CH) évalués à Elora et à
Woodstock (Ontario), en 2019 et en 2020. Selon l’analyse combinée de la variance, le groupe CD-CH a enregistré une hausse
significative du rendement grainier, même si sa performance reste comparable ou est inférieure à celle des cultivars élites
canadiens après acclimatation. La teneur en huile et en protéines des cultivars canadiens dépasse celle des cultivars CD-CH et
des cultivars élites chinois exotiques. À cause de leur rendement potentiel, observé durant la présente étude, les lignées de
soja issues des cultivars exotiques constituent une excellente source de gènes neufs pour les obtenteurs qui souhaiteraient
ajouter des allèles d’origine exotique à leurs cultivars par introgression, en vue d’en accroître le rendement et de les rendre
plus résilients au changement climatique. [Traduit par la Rédaction]

Mots-clés : étude d’association à la grandeur du génome (GWAS), plasma germinal exotique du soja, rendement grainier,
hausse du rendement

Introduction
Although global soybean (Glycine max (L.) Merill.) produc-

tion has grown over twofold in the past decade, climate
change, shifting weather patterns, and growing global hu-
man population are expected to pose major challenges to
developing environmentally resilient, high-yielding cultivars

that are able to readily withstand the increasing biotic and
abiotic stresses (Sneller et al. 2005; Fox et al. 2015; Wang et
al. 2017; Kofsky et al. 2018; Gaire et al. 2020; Kilian et al.
2020). Due to the recurrent use of elite cultivars in breeding
programs, genetic bottlenecks, and low diversity of found-
ing populations, there is a growing concern regarding the
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genetic variation found within breeding programs (Gizlice
et al. 1993, 1994; Kisha et al. 1998; Cui et al. 2000; Sneller
et al. 2005; Hyten et al. 2006; Iquira et al. 2010; Friedrichs
et al. 2016). Low genetic diversity can result in diminished
yield gains and leave the crop vulnerable to biotic and abiotic
stresses (St. Martin and Asiam 1986; Bilyeu and Beuselinck
2005; ). Exotic or under-utilized germplasm has emerged
as a genetic reservoir that may hold potentially beneficial
genes to help address these issues (Sneller et al. 2005; Fox
et al. 2015; Wang et al. 2017; Kofsky et al. 2018; Gaire et al.
2020; Kilian et al. 2020). The following drawbacks are most
cited as reasons for avoiding the use of exotic germplasm
sources: yield-drag, excessive selection cycles, and time-cost
constraints (; Bernardo 2009; Kim et al. 2012). Despite these
challenges, there is much literature to support contributions
of exotic germplasm (Palomeque et al. 2009a, 2009b; Kim et
al. 2011; Rossi et al. 2013; Akpertey et al. 2014; Bellaloui et al.
2017), which highlighted the importance of this under-used
germplasm source.

Whereas seed yield, disease resistance, and seed quality
traits are often the main breeding objectives, other agro-
nomic traits such as plant height, lodging, and seed weight
are also important as they affect yield and can determine the
end use of the crop (Zhe et al. 2010; Liang et al. 2016; Teng et
al. 2017; Zatybekov et al. 2017; Zhang et al. 2018). The prop-
erties of soybean seed such as protein, essential amino acids,
oil, metabolizable energy, flavonoids, and other secondary
metabolites impart great commercial value to the crop (Willis
2003; Mittal et al. 2004; Patil et al. 2017; Sah 2018). With in-
creasing evidence reported in the literature of the many ben-
efits to human health and nutrition, as well as ongoing need
to produce nutritious foods to combat world hunger and food
shortage, the demand for soybean and soybean food prod-
ucts is predicted to grow significantly (Friedman and Bran-
don 2001; McCue and Shetty 2004; Mittal et al. 2004; Lule et
al. 2015). Therefore, it becomes imperative to elucidate and
thoroughly understand the genetic basis for soybean protein,
essential amino acids, oil, metabolizable energy, flavonoids,
and other secondary metabolites. Furthermore, the underly-
ing phenotypic correlations among traits should also be in-
vestigated as the optimal physical and chemical character-
istics of seed required vary for different food processors and
manufacturers based on end use (Kinney and Clemente 2005;
Whiting et al. 2020).

Soybean seed yield is a complex trait that is often positively
correlated with seed weight in that high yield is often asso-
ciated with late maturity, due to a longer seed-fill period, as
well as plant height; however, these relationships have been
shown to be environment or population dependent (Posadas
et al. 2014; Contreras-Soto et al. 2017). Though simultaneous
selection for both seed yield and seed-quality traits is most
desirable, the negative correlations between some of these
traits, polygenic or quantitative nature of the traits and con-
siderable environmental influence, make the task challeng-
ing for breeders to improve the traits concurrently (Zhang et
al. 2018).

Previous studies conducted on recombinant inbred soy-
bean line (RIL) populations derived from crosses between ex-
otic elite Chinese and adapted elite Canadian cultivars re-

ported significant variation for seed yield (Palomeque et al.
2009a, 2009b; Rossi et al. 2013). Furthermore, these studies
reported that a differential performance was observed among
the RILs between Canadian and Chinese mega-environments
(Palomeque et al. 2009a, 2009b; Rossi et al. 2013). As these
studies were conducted only on RILs, the inclusion of a
genomic-diversity panel may help to assess their perfor-
mance against high-yielding, adapted cultivars to better es-
timate their agronomic and yield capacity. The objective of
this study was to test a diverse panel of soybean cultivars
consisting of advanced progeny lines derived from crosses be-
tween elite adapted Canadian × elite exotic Chinese cultivars
against elite Canadian and Chinese cultivars to determine the
potential of improving yield and seed quality traits using alle-
les from elite exotic germplasm from northeast China. Such
an evaluation facilitates direct comparisons between the po-
tential of the exotic-derived lines against high-yielding elite
commercial cultivar representatives from both the Canadian
and Chinese parental groups, thus facilitating better use of
available germplasm sources for crop improvement (Lee et
al. 2013; Thivierge et al. 2015; Stasko 2018; Torres et al. 2019).
Building further upon the findings of Rossi et al. (2013) and
Palomeque et al. (2009a, 2009b), we report results from agro-
nomic evaluations of a diverse panel of 200 soybean lines con-
ducted in 2019 and 2020 at Elora and Woodstock, ON, Canada.

Materials and methods

Plant material and experimental design
A genetic diversity panel consisting of 200 soybean geno-

types of elite Canadian (CD) cultivars (n = 59), elite Chinese
(CH) cultivars (n = 53), and Canadian × Chinese (CD–CH)
progeny lines (n = 88) (Table S1) was evaluated in yield trials
at the Elora Research Station (43◦64′104.4′′N; 80◦40′567.4′′W),
Elora, ON, and Woodstock Research Station (43◦08′44.8′′N;
80◦47′02.5′′W), Woodstock, ON, during 2019 and 2020 field
seasons. The diversity panel consisted of soybean cultivars
developed by Agriculture and Agri-Food Canada (AAFC), Cen-
tre de recherche sur les grains (CÉROM), experimental breed-
ing lines and cultivars from the University of Guelph Soy-
bean Breeding Program, elite Chinese cultivars from North-
east China, as well as progeny derived from the Canadian ×
Chinese crosses were included. Two replications were evalu-
ated per environment in a randomized complete block design
(RCBD) with soybean lines randomly assigned.

Due to low number of seeds available and poor germina-
tion, 20 of the Chinese cultivars were grown as a seed increase
panel at the Woodstock Research Station, Woodstock, ON, in
2019 (Table S1). In 2019, a total of 180 genotypes were eval-
uated for yield at the Elora Research Station, Elora, ON, in
2019, whereas 147 genotypes were evaluated at Woodstock,
ON. For Elora, 250 seeds per plot were planted as two-row
plots using 0.35 m between-row spacing for the final plot size
of 5.5 m2. The latter modified plot size (two-row vs. four-row
plot) was used in Elora to accommodate the low seed num-
bers that were available for some of the Chinese cultivars and
make the plot size equal for all entries in the trial. The Wood-
stock 2019 and 2020 field trial, as well as Elora trial in 2020,
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were grown as regular four-row plots of plot size of 8.25 m2

with 0.35 m row spacing. Due to an edging error, the plot size
in Woodstock, ON, in 2020 was 7.5 m2.

In both years, seeds for each genotype were screened to
remove off-types as needed, packaged by field trial and ar-
ranged in the planting order. Hilum colour was recorded and
used to cross-reference between records to ensure uniformity
of seeds.

In 2019, yield trials were planted on 11 June at Elora, ON,
and harvested on 23 October. Woodstock yield trials were
planted on 14 June 2019 and harvested on 23 November 2019.
In 2020, the yield trials were planted on 22 May at Elora and
on 26 May at Woodstock, ON, and harvested on 6 November,
at Elora, ON, and on 8 October at Woodstock, ON. Planting
was done using a precision Wintersteiger research planter.
Harvesting was conducted with Almaco (Nevada, IA, USA) and
Wintersteiger (Ried im Innkreis, Austria) research plot com-
bines. Due to combine error, two plots were lost in Elora in
2020 (Table S2). Yield was recorded as kg/ha and adjusted to
13% moisture.

Phenotypic data collection
Seedling emergence score was recorded for each plot 3

weeks after planting, based on the number of plants ob-
served. A scale of 0–10 was used where 0 corresponded to
no emergence and 10 to 100% emergence. Pubescence colour,
flower colour, and leaf morphology were recorded subse-
quently. Flower colour was recorded at the R1 stage (one
flower at any node) and full maturity date was recorded at
R8 stage, whereas 95%–100% of pods turned brown and lodg-
ing was scored at maturity using a scale ranging from 1 to 5,
where 1 means plants fully upright and 5 means plants fully
prostrate. Plant height was measured as the distance between
the terminal node and the ground, measured in cm (Ernpig
and Fehr 1971).

After harvest, seeds were stored in cold storage. Seed qual-
ity traits were measured using Perten diode array 7250 near
infrared spectroscopy (Springfield, USA) machine and follow-
ing the manufacturer’s guidelines. Seeds were screened to re-
move off-types, dirt, and other impurities. 100-seed weight
was measured with a regular commercial scale. Randomly
selected genotypes were re-run to ensure that the readings
were consistent. Within the soybean seed-quality traits, only
the protein and oil concentration (expressed as % on a dry
seed basis), and 100-seed weight (g) were retained for analy-
sis. One entry each from Elora 2019 and Woodstock 2019 was
removed from analysis due to machine error (Table S2).

Statistical analysis
Analysis of variance (ANOVA) of seed yield, seed qual-

ity, and agronomic traits were conducted using the PROC
GLIMMIX procedure in Statistical Analysis Systems (SAS) ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA) for RCBD, with
nearest neighbour covariance adjustment. “Genotype”, “envi-
ronment”, and “genotype-by-environment” were considered
fixed effects and “block (environment)” was considered ran-
dom effect. Due to the unbalanced number of genotypes in
2019 at Elora and Woodstock, data were sorted by year and

environment and separated into three sets: 2019 (with 147
genotypes), 2020 (200 genotypes), and combined years (147
genotypes). The least squares mean (LSMEANS) values were
calculated for seed yield, protein concentration, and oil con-
centration for both combined environments and individual
environments. PROC UNIVARIATE was utilized to conduct
Shapiro–Wilk tests to determine the distribution of residu-
als, whereas PROC PLOT was used to examine the normality
of residual distribution. Homogeneity of error variance was
tested by conducting Levene’s test on the absolute residuals.

Tukey–Kramer multiple comparison test was invoked
along with the LINES statement to generate statistically sig-
nificant differences between comparison groups with com-
parisons made between environments, genotypes, and geno-
types by environments. CONTRAST and ESTMATE statements
were used to test the statistical differences, if any, between
CD, CH, and CD–CH groups. Woodstock 2019 was not in-
cluded in this analysis since Chinese cultivars were excluded
from the yield trials that year, due to low germination and
(or) poor seed availability.

Pearson’s correlation coefficients were calculated with
PROC CORR to establish the magnitude, direction, and sta-
tistical strength of relationships between seed yield, seed-
quality traits, and agronomic traits. Correlation analysis was
also conducted for the four different environments for seed
yield, seed protein content, and seed oil content. The type I
error (α) was set at 0.05.

Results

Seed Yield (kg/ha), seed protein concentration
(%, dry basis), and seed oil concentration (%, dry
basis) between the genotypic groups

The range of yield observed across all locations was 126–
4985 kg/ha (Table 1). Both genotype and genotype × envi-
ronment interactions were shown to be significant (Table
2). The CD–CH progeny lines outperformed both CD and
CH cultivars in terms of seed yield in combined environ-
ment analysis (Table 3) with a mean yield and standard
error of 2582 ± 75.0 kg/ha, whereas Canadian cultivars
yielded 2289 ± 76.8 kg/ha and Chinese cultivars yielded
2263 ± 79.5 kg/ha (Table 3).

The range for protein concentration across locations was
34.0%–46.8% (dry basis) (Table 1). For this trait, there was no
difference observed between Canadian genotypic group and
CD–CH genotypic group (Table 3). However, there was a sig-
nificant difference between these two groups and the Chi-
nese genotypes, with the latter group containing the lowest
protein concentration at 40.6 ± 0.12% (se). Canadian geno-
typic group had the highest protein concentration at 41.2%
to 1 ± 0.11%, with CD–CH group containing 41.1 ± 0.09%
(Table 3).

The mean seed oil concentration differed significantly be-
tween the three genotypic groups (Table 3). Seed oil concen-
tration across locations varied from 14.9% to 23.1% (dry ba-
sis) (Table 1). Canadian genotypic group performed the best
of the three for this trait with a seed oil concentration of
20.4% ± 0.07% (dry basis), followed by the CD–CH genotypic
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Table 1. Summary of soybean seed yield (kg/ha), seed protein, and seed oil
concentration for the four environments: Elora 2019, Elora 2020, Wood-
stock 2019, and Woodstock 2020.

Trait Environment N Mean (kg/ha) Std dev Range

Seed yield Elora 2019 359 2262 654.5 348–3931

Elora 2020 398 2723 507.2 1248–4334

Woodstock 2019 293 3219 671.3 126–4805

Woodstock 2020 400 2306 678.8 826–3900

Protein Elora 2019 359 42.2 1.64 36.1–46.3

Elora 2020 398 41.0 1.38 36.9–44.9

Woodstock 2019 293 41.1 2.11 35.5–46.8

Woodstock 2020 400 39.8 1.88 34.0–45.2

Oil Elora 2019 359 19.0 1.18 14.9–21.4

Elora 2020 398 20.0 1.14 16.1–22.8

Woodstock 2019 293 19.2 0.80 17.2–21.4

Woodstock 2020 400 20.7 0.98 17.7–23.1

Table 2. Type III tests of fixed effects for seed yield (kg/ha), seed protein concentration (%,
dry basis), and seed oil concentration (%, dry basis) for combined environment analysis
for Elora, ON, and Woodstock, ON, for 2019 and 2020.

Trait Effect Num DF Den DF F Value Pr > F

Soybean seed yield Genotype 146 584 4.14 <0.0001

Environment 3 4.005 14.62 0.0127

Genotype × environment 438 584 1.39 <0.0001

Seed protein Genotype 146 584 14.92 <0.0001

Environment 3 3.995 87.15 0.0004

Genotype × environment 438 584 1.8 <0.0001

Seed oil Genotype 146 584 11.81 <0.0001

Environment 3 3.999 54.67 0.0011

Genotype × environment 438 584 1.57 <0.0001

Table 3. Least square means for soybean seed yield (kg/ha), seed protein,
and seed oil concentration (dry basis, %) and test of significance of differ-
ences for the different genotypic groups of the soybean panel across com-
bined environment analysis for trials conducted at Elora, ON, and Wood-
stock, ON, for 2019 and 2020.

Trait Genotypic group∗ Estimate (kg/ha) Standard error T-K LSM†

Seed Yield Canadian 2289 76.8 B

Chinese 2263 79.5 B

CD–CH 2582 75 A

Protein Canadian 41.2 0.11 A

Chinese 40.6 0.12 B

CD–CH 41.1 0.09 A

Oil Canadian 20.4 0.07 A

Chinese 19.1 0.08 C

CD–CH 19.9 0.06 B

∗The constitution of the GWAS panel was such that the number of soybean lines within each geno-
typic group is as follows: Canadian (n = 59), Chinese (n = 53), and CD–CH (n = 88).
†Tukey–Kramer Grouping for environment least squares means (α = 0.05). LSM followed by the
same letter are not significantly different.
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group at 19.9% ± 0.06%, with the Chinese genotypic group
bearing the lowest oil content at 19.1 ± 0.08% (Table 3).

Correlation analysis between seed yield,
seed-quality traits, and agronomic traits

Correlations were calculated to evaluate the relationships
between seed yield, seed-quality traits, and select agronomic
traits (Table 4). The following traits were evaluated: seed
yield, protein concentration, oil concentration, seed weight
(g), height (cm), days to maturity, and lodging score (1–5).

Yield was positively correlated with height (r = 0.47;
p < 0.0001) and lodging score (r = 0.28; p < 0.0001). Yield and
oil concentration (r = −0.12; p < 0.0001), as well as yield and
protein concentration (r = −0.08; p = 0.0035) showed signif-
icant negative correlations. Protein concentration was nega-
tively correlated with yield (r = −0.08; p = 0.0035), oil concen-
tration (r = −0.40; p < 0.0001), height (r = −0.23; p < 0.0001),
and days to maturity (r = −0.15; p < 0.0001). A significant
positive relationship was observed between protein concen-
tration and seed weight (r = 0.18; p < 0.0001).

Oil concentration showed significant negative relation-
ships with seed yield (r = −0.12; p < 0.0001), protein content
(r = −0.40; p < 0.0001), height (r = −0.05; p = 0.0411), seed
weight (r = −0.12; p < 0.0001), days to maturity (r = −0.26;
p < 0.0001) and lodging score (r = −0.24; p < 0.0001).

Discussion
Soybean seed yield and seed-quality traits continue to be

of economic importance and are the primary targets for im-
provement by breeders. However, due to the recurrent use
of elite cultivars in breeding programs, coupled with genetic
bottlenecks and low diversity of founding populations, there
is growing concern regarding the genetic variation found
within breeding programs (Gizlice et al. 1993, 1994; Kisha et
al. 1998; Cui et al. 2000; Sneller et al. 2005; Hyten et al. 2006;
Iquira et al. 2010; Friedrichs et al. 2016). Low genetic diversity
can result in diminished yield gains and leave the crop vul-
nerable to biotic and abiotic stresses (St. Martin and Asiam
1986; Bilyeu and Beuselinck 2005).

The use of exotic germplasm has been highlighted as a po-
tential solution to this growing concern and has been done
with success in other plant species (Ehlers and Foster 1993;
Concibido et al. 2003; Sneller et al. 2005; Bernardo 2009;
Palomeque et al. 2009a; Diers et al. 2018; Gaire et al. 2020).
Exotic germplasm is defined as germplasm that is unadapted
to the breeder’s target environment and can be a great source
of novel genetic variation that can potentially contribute re-
silience to both biotic and abiotic stresses (Hallauer 2007;
Mickelbart et al. 2015; Hoffmann et al. 2018). Despite the
challenges associated with the use of exotic germplasm, such
as yield drag, deleterious alleles, and the need for excessive
backcrossing, there is growing evidence to support the use of
exotic germplasm (Concibido et al. 2003; Kabelka et al. 2004;
Guzman et al. 2007; Palomeque et al. 2009a; Palomeque et a.
2019b; Rossi et al. 2013; Akpertey et al. 2014; Hegstad et al.
2019).

Since China is the centre of origin of soybean and adapted
elite Chinese cultivars may potentially contribute beneficial
alleles and help improve seed yield, both Palomeque et al.
(2010) and Rossi et al. (2013) evaluated populations derived
from Canadian × Chinese crosses to evaluate the behaviour
and inheritance of seed yield quantiative trait loci (QTL) in dif-
ferent environments. Building further upon previous works
mentioned above, this current study aimed to evaluate a di-
verse panel of 200 soybean genotypes that consisted of Uni-
versity of Guelph released cultivars and experimental breed-
ing lines, AAFC cultivars, elite Chinese cultivars, and Cana-
dian × Chinese progeny lines derived from different crosses.
It was observed that the exotic elite Chinese cultivars had the
lowest seed yield compared to the adapted Canadian ones
(Table 3). This finding is in line with other studies that re-
ported on evaluations of RIL populations with exotic parent-
age vs adapted elite cultivars (St. Martin and Asiam 1986;
Palomeque et al. 2010; Rossi et al. 2013). Canadian × Chinese
RILs, on the other hand, outperformed both the exotic Chi-
nese and adapted elite Canadian cultivars (Table 3). Hegstad et
al. (2019) reported on a study that evaluated the performance
of exotic germplasm-derived soybean lines against the perfor-
mance of adapted elite cultivars. They reported that across
three field years, the highest yielding line yielded 280 kg/ha
more than the adapted elite parent (Hagstad et al. 2019). The
average yield difference observed in this study between the
Canadian genotypic group and the Canadian × Chinese de-
rived genotypic group was similar to that of Hagstad et al.
(2019), with a difference of 293 kg/ha. Kim et al. (2012) re-
ported on a study that included a Chinese cultivar (Tiefeng
No. 8), which was used as a donor parent with repeat back-
crossing. They reported that a yield increase was observed in
at least one of the populations being evaluated (Kim et al.
2012). Diers et al. (2018) reported that in their evaluation of
different soybean lines, the exotic founder germplasm lines
yielded the lowest compared to adapted parent lines, which is
similar to the current observation of exotic elite Chinese cul-
tivars. None of these studies, however, reported on evaluating
exotic-derived germplasm against a diverse group of soybean
germplasm to assess seed yield, seed quality traits, and agro-
nomic traits. Moreover, Posadas et al. (2014) reported an aver-
age yield gain of 567 kg/ha with each cycle of recurrent selec-
tion in a population developed from seven unadapted plant
introductions. Their study only included the evaluation of a
single population derived from three Japanese, three South
Korean, and one Chinese plant introduction (Posadas et al.
2014). To the best of our knowledge, the current study is the
first to directly evaluate Canadian × Chinese progeny in a di-
verse pool of soybean lines. The abovementioned studies to-
gether with ours provide further support toward the poten-
tial for contributing beneficial alleles from exotic germplasm
sources for continued crop improvement.

Though soybean seed oil and protein are two major fo-
cal points for crop improvement for breeders, the compli-
cated and often quantitative nature of these traits make di-
rect improvement quite challenging. Previous studies have
identified similar relationships to those observed in the cur-
rent study (Table 4) between seed yield, seed quality traits,
and agronomic traits (Palomeque et al. 2009a, 2010; Rossi
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Table 4. Pearson correlation coefficients for soybean seed yield, seed oil concentration, seed protein concentration, and agro-
nomic traits for a panel of 200 soybean lines evaluated from 2019 to 2020 at Elora, ON, and Woodstock, ON.

Protein Oil Seed weight Height Days to maturity Lodging

Yield −0.08 0.0035† −0.12 < 0.0001∗ 0.47 < 0.0001∗ 0.03 0.2918 −0.003 0.8986 0.28 < 0.0001∗

Protein −0.40 < 0.0001∗ −0.23 < 0.0001∗ 0.18 < 0.0001∗ −0.15 < 0.0001∗ 0.010.6314

Oil −0.12 < 0.0001∗ −0.05 0.0411° −0.26 < 0.0001∗ −0.24 < 0.0001∗

Seed weight −0.040.1776 0.47 < 0.0001∗ 0.26 < 0.0001∗

Height 0.010.6361 −0.04 0.1556

Days to maturity −0.08 0.0023°

∗Significant at 0.0001.
†Significant at 0.001.
°Significant at 0.01.

et al. 2013; Contreras-Soto et al. 2017). Contreras-Soto et al.
(2017) reported that soybean seed yield, plant height, and
days to maturity showed positive correlations, with a general
trend of later maturity and taller plants were associated with
higher yield. Additionally, Posadas et al. (2014) reported that
the magnitude, direction, and significance for plant height,
lodging, and seed yield correlations were population depen-
dent.

A significant negative correlation was observed between
seed oil and protein concentration (Table 4), which was con-
sistent with previous reports (Hyten et al. 2014; Ficht et al.
2022; Lee et al. 2019). Patil et al. (2018) also reported sim-
ilar results to those reported herewith regards to the rela-
tionships between seed yield and seed-quality traits and con-
cluded that soybean seed composition is significantly affected
by the environment. This sentiment is consistent with re-
ports elsewhere in literature (Zhe et al. 2010). It is possible
that this was the case in the current study; therefore, ex-
panded environments and further testing will be needed to
establish the precise nature of these relationships.

Conclusion
In conclusion, the findings of this study are consistent with

previous reports and show the promising potential of us-
ing exotic soybean germplasm, specifically from China, in
improving yield potential and seed-quality traits in Canada
and potentially northern USA. Further studies across multi-
ple years and environments will be needed to verify the geno-
typic performance of the exotic-derived lines and to rule out
environmental or other effects that may have affected seed
yield and seed-quality traits during the period of the study.
Furthermore, since the first year of field evaluations did not
include all 200 cultivars at each environment, inclusion of
the full panel across all years and environments would help
overcome limitations of an uneven sample size experienced
in the current study.
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