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Abstract The goal of yam bean improvement in

Africa is to develop superior high yielding and high

dry matter cultivars that are preferred for adoption. In

this study, the estimates of variance components,

heritability and response to selection were studied in

F3 yam bean families selected from interspecies

crosses targeting improvement of storage root dry

matter and associated traits. Breeding populations

were generated using North Carolina II (NC II) mating

design involving high dry matter P. tuberosus chuin

cultivar, low dry matter P. ahipa and the high yielding

P. erosus yam beans. The progenies were advanced

through selfing from F1 to F2 population and then

exposed to selection at 10% selection intensity to

obtain 83 high dry matter lines. The selected lines

were evaluated in an F3 trial using a randomized

complete block design (RCBD) with three replications

at the National Crops Resources Research Institute

(NaCRRI) Namulonge, in Central Uganda. The

results revealed significant (P\ 0.001) genetic vari-

ation for storage root dry matter (RDM), storage root

fresh yield (RFY), storage root dry yield (RDY), vine

yield (VNY), fresh biomass yield (FBY), harvest

index (HI), starch (STA) and protein (PRO) content.

High genotypic coefficient of variation (GCV) and

phenotypic coefficient of variation (PCV) were

obtained for VNY, RDY, FBY, RFY, RDM and

STA. Narrow sense heritability was higher than 0.5

and response to selection was 15.5 to 33.1 for RDM,

RFY, RDY, VNY, FBY and STA, indicating rapid

genetic progress is achievable and early generation

selection would be effective to improve these traits.

Significant (P\ 0.01) positive genetic correlations

were observed between RDM, RDY, RFY, VNY, FBY

and STA ranging from 0.422 to 0.963 implying that
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simultaneous improvement of these traits is possible in

the current yam bean populations.

Keywords Genetic parameters �Drymatter content �
Storage root yield � Interspecific crosses � Selection
response � Yam beans

Introduction

There is a growing interest in research and develop-

ment of neglected legume root crops, as potential

sources of food rich in protein and micronutrients to

alleviate nutritional deficiencies especially in the

developing world (Popoola et al. 2019). Yam bean is

one among many underutilised storage root forming

legumes that attracts researchers in Africa (Zanklan

et al. 2018), where the crop was introduced to augment

food and nutritional security, enhance sustainability of

farming systems through biological nitrogen fixation

(Grüneberg 2016; Heider et al. 2011), and diversify

diets of root crop dependent communities (Agaba et al.

2016). The yam bean is a legume root crop belonging

to the genus Pachyrhizus (Grum 1994; Sørensen

1996). There are three cultivated yam bean species

that are traditionally grown in the Americas and Asia

as a vegetable root crop (Sørensen 1990). The

cultivated yam beans are: the Amazonian yam bean

(P. tuberosus) from South America, the Mexican yam

bean (P. erosus) from Central America, and the

Andean yam bean (P. ahipa) from subtropical Andean

valleys of South America (Sørensen 1996). Among

the three cultivated yam bean species, only P.

tuberosus is divided into four cultivar groups: ‘Chuin’,

‘Ashipa’, ‘Yushpe’ and ‘Jiquima’ landraces found in

the Amazonian river basin (Tapia and Sørensen 2003).

Yam bean storage roots are usually consumed raw

as a root vegetable or salad in native America (Gupta

et al. 2003; Ramos-de-la-Peña et al. 2012) and Asia

(Primiani 2005) because the roots have high moisture

content of more than 80% of fresh weight (Grüneberg

et al. 1999; Santayana et al. 2014). In Africa, the yam

bean storage roots have been used to make a varied

range of processed products such as flour used

in bakery, food stuffs, liquor and snacks (Adegbola

et al. 2015). The low storage root dry matter content of

yam beans at an average of 20% plus a refreshing taste

could explain the usage in salads (Agaba et al. 2016)

but this trait limits its potential in Africa where high

dry matter is a preferred trait for processing root crops

into local food products such as gari, atapa, ugali,

porridge, and pancakes (Grüneberg 2016). However, a

recently discovered chuin cultivar of P. tuberosus

around the Rio Ucayali River in Peru has low moisture

content (about 70%) and dry matter content of

26–36% which is considered high in the yam bean

gene pool (Grüneberg et al. 2003; Zanklan et al. 2007).

The chuin and Yushpe cultivars of P.tuberosus have

elevated dry matter among the cultivated yam bean

species (Delêtre et al. 2017). In fact, the chuin cultivar

is cooked and consumed like cassava from the root of

the manioc plant by farming communities in Peru

(Grüneberg et al. 2003; Zanklan et al. 2018).

The availability of the chuin cultivar offers oppor-

tunities to improve storage root dry matter content in

yam beans through intraspecific and interspecific

hybridisation (Grüneberg 2016; Grüneberg et al.

2003). The chuin could be utilized in breeding

programs as a source of genes to develop high dry

matter cultivars that combine the high yields of P.

erosus and early maturity of P. ahipa. Fortunately,

interspecific compatibility of the three cultivated yam

bean species; P. erosus, P. ahipa and P. tuberosus

results in fertile and vigorous hybrids (Grüneberg et al.

2003). There are no crossing barriers and frequencies

of successful interspecific recombination is high

among the three yam beans species (Grüneberg

2016), implying a high dry matter breeding population

can be easily developed to improve dry matter content

in the entire yam bean gene pool (Agaba et al. 2016).

This interspecies compatibility is the reason recent

research by Agaba et al. (2016) and (Zanklan et al.

2018) hypothesised that the three yam bean species

belong to one primary gene pool. Delêtre et al. (2017)

reported that P. ahipa and P. tuberosus could be

sharing progenitor derivative relationships in their

evolution and domestication history in the Andes but

environmental factors could have influenced selection

for divergent ecotypes.

High dry matter yam bean cultivars have been

proposed as the most important goal for future

improvement programs in Africa (Agaba et al.

2017). Recent research by Zanklan et al. 2018 stated

that breeding is aiming to combine the wide adaptation

of P. erosus, the storage root quality of the chuin

cultivar of P. tuberosus and the bushy-erect growth

type, early maturity and day length insensitivity of P.
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ahipa so as to improve the agronomy, yields and

quality traits of the yam beans. However, the success

of breeding programs depends largely on the magni-

tude of genetic variability present in the base popu-

lation and selection of parents with good combining

ability for the trait of interest.

Fortunately, several studies have reported high

genetic variation for agronomic and morphological

traits throughout the yam bean species (Agaba et al.

2016; da Silva et al. 2016; Santayana et al. 2014;

Zanklan et al. 2018) which presents opportunities for

genetic improvement through hybridisation and selec-

tion. The above studies followed ealier research by

Tapia and Sørensen (2003), which observed high

genetic variation in P. tuberosus species and recom-

mended studies to determine response to selection for

morphological traits in yam beans. Also, combining

ability analysis for quantitative traits, by Jha and Singh

(2014) reported positive and significant GCA and SCA

effects and predominance of additive gene effects for

quantitative traits such as root yield, earliness, root

length and storage root girth and volume in the

Mexican yam bean (P. erosus species). The gap is that

these studies did not investigate inheritance of agro-

nomic traits and response to selection for storage root

dry matter, a trait most valued by famers for adoption

and sustainable cultivation of yam beans in Africa.

Against this background, Agaba et al. (2017),

investigated inheritance of storage root dry matter and

revealed significant GCA and SCA effects and high

heritability for dry matter content and associated traits

in interspecies yam bean breeding populations. The

findings suggested that expression of root dry matter is

controlled by additive gene effects with potential for

quick responses to early generation selection. Early

generation selection has been previously reported to

be effective in identifying superior breeding lines and

selection response which increases with additive

effects and high heritability (Yang 2009). Selection

based on storage root shape and size, growth habit,

pest resistance, and seed yield in P. erosus resulted in

the development of high yielding cultivars in Mexico

(Sørensen, 1996). However, these selection experi-

ments did not estimate the response to selection and

never used the high dry matter chuin cultivar of P.

tuberosus as parent for interspecies hybridisation to

assess improvement potential for storage root yields

and dry matter in the yam beans.

Even with research for nearly two decades in

Africa, the yam bean is yet to be widely adopted or

prioritized by research institutions, farmers and agro-

industries mainly because the storage roots are low in

dry matter content (\ 25%) (Agaba et al. 2017). The

popular root crops such as cassava, sweetpotato, and

yams are preferred given they have high dry matter

content for consumption and industrial applications

(Tumwegamire et al. 2011). This makes the yam beans

less competitive for instance in making a popular root

crop food, ‘‘gari’’ often made from cassava (Padonou

et al. 2013). However, yam beans are rich in protein,

zinc and iron which accounts for enormous food

nutrient deficiencies in Sub Saharan Africa (Gegios

et al. 2010). Yam beans should be popularised not as a

competition to existing root crops but as a source of

protein and micronutrients to root crop dependent

communities. Nevertheless, a high dry matter yam

bean would be easy to promote for adoption among

small holder farmers (Agaba et al. 2017).

The knowledge of genetic parameters for desirable

traits is a prerequisite for success of crop improvement

programs (Roychowdhury et al. 2012), more so in yam

beans where genetic studies are limited. To date, there

are no studies reporting the response to selection for

dry matter and related traits in yam beans despite the

hypothesised importance of this trait to make the crop

more attractive for adoption, utilisation, and process-

ing. This study estimated variance components, her-

itability, and response to selection for storage root dry

matter content (RDM) and associated traits [(i.e. root

fresh yield (RFY), root dry yield (RDY), harvest index

(HI), fresh biomass yield (FBY), vine yield (VNY),

protein (PRO), and starch (STA)] in selected families

of F3 yam bean populations. According to Oloyede-

Kamiyo et al. (2014), the estimation of genetic

variances helps plant breeders to choose the most

efficient breeding design for improving crops within

the available resources. The information from the

current study will inform breeders to select appropri-

ate breeding procedures and design effective yam bean

improvement programs targeting high yielding and

high dry matter yam bean cultivars for adoption in

Africa.
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Material and methods

Experimental sites

The experiments were carried out under field condi-

tions at the National Crops Resources Research Insti-

tute (NaCRRI), Namulonge, Wakiso District, Central

Uganda starting in April 2015. Namulonge is located

at 32� 3600 E and 0� 3100 N, at 1150 m above sea level,

and has a bimodal rainfall pattern with a mean of

1,270 mm and two distinct rainy and dry seasons of

nearly equal length. The site has a mean annual

temperature of 22.2 �C ranging from 15.9 to 28.9 �C
(Tumuhimbise et al. 2014) with reddish brown clay

loam soils of pH 5.4–5.9 and is covered with savanna

vegetation type (Ddamulira et al. 2015).

Germplasm and Hybridisation

Three yam bean species namely; P. tuberosus, P.

erosus, and P. ahipa constituted the parental material

which was selected from yam bean accessions

obtained from the International Potato Center (CIP)

plant gene bank in Lima, Peru (Agaba et al. 2016;

Grüneberg 2016). The chuin cultivar with high storage

root dry matter (RDM[ 30%) (Tapia and Sørensen

2003) was chosen as a potential good source of high

dry matter trait for yam bean improvement (Grüneberg

et al. 2003; Zanklan et al. 2007). The P. erosus species

were chosen for high yields (Sørensen 1996) and P.

ahipa for early maturity with a semi erect growth habit

(Grüneberg 2016). The parental genotypes including

P. tuberosus chuin accessions (209013, 209014 and

209015), P. ahipa accessions (209004, 209016, and

209022) and P. erosus accessions (209018, 209019,

and 209031) were selected for hybridisation. The

characteristics of the parents are listed in Table 1.

During hybridisation, the three high dry matter P.

tuberosus chuin cultivars were crossed with six low

dry matter parents consisting of three P. ahipa and

three P. erosus accessions following North Carolina

Design II (NCD II) mating design to generate F1
population of sixteen crosses (Table 2). Eighteen F1
crosses were expected but two cross combinations

namely, 201915 9 209022 and 209015 9 209031

were not realised due to persistent flower abortions.

Selection and progeny evaluation

The crosses were advanced to F2 population in a

progeny trial grown under field conditions at

NaCRRI Namulonge, using randomised complete

block design (RCBD) with three replications. Then,

from the 830 lines in the F2 population, 83 lines (10%)

were selected using highest dry matter yield as the

selection criteria. Selection at 10% is moderate and

suitable for early generation selections such as in F2
when segregation is highest. A moderated selection

allows that populations selected contain genotypes

with the desired traits and gene combinations.

The 83 lines were grouped according to the 16

crosses to which they belonged and evaluated in an F3
trial in the field at NaCRRI, during the first rainy

season in April 2015 for estimation of variance

components, heritability and response to selection

for RDM and associated traits. The 83 lines were sown

using five seeds per plot at a spacing of 0.3 m between

plants. Plots consisted of ridges measuring 1.5 m long

and 1 m apart. The plots were arranged in a RCBD

with three replications. The experimental field was

kept weed free and no reproductive pruning of flowers

or fertilizers or agrochemicals were applied during the

crop growth cycle.

Data collection

The trial was harvested at maturity, 6 months after

planting and data recorded on weight of fresh storage

roots (WFR) and above ground foliage (vine weight,

WVN). These traits were used to estimate storage root

fresh yield (RFY t ha-1), vine yield (VNY t ha-1),

fresh biomass yield (FBY = RFY ? VNY) t ha-1,

and harvest index (HI = RFY/FBY) as percentage.

From each plant, two storage roots were selected to

constitute a sample for determination of storage root

dry matter (RDM), starch and protein content at the

Nutritional Quality Laboratory (NQL) at NaCRRI. At

the laboratory, the samples were washed, peeled and

sliced to prepare compound samples of 100 g fresh

weight. Then, each sample was packaged in a trans-

parent polythene bag and freeze dried at - 31 �C for

72 h (using a vacuum freeze drier, YK-118–50, True-

Ten Industries, Korea, 1995) to obtain dry weight. The

RDM content was then obtained from the ratio of dry

weight to fresh weight and expressed as a percentage

(RDM = 100*Dry weight/Fresh weight) according to
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Wilken et al. (2008). The RDM was used to estimate

storage root dry yield (RDY) defined as the proportion

of storage root fresh yield (RFY) that remains after

drying. RDYwas obtained as RDY = RFY* RDM and

recorded as t ha-1. Estimation of RDY gives an

indication of the processing value of the crop for

instance utility in flour based products. Next, each

freeze dried sample was ground into flour using a

stainless steel mill (Dayton split phase motor-3383-

L70, Thomas Scientific-USA) fitted with a 0.425 mm

sieve. The flour samples were stored in Kraft paper

bags in deep freezers at - 20 �C until Near-Infrared

Reflectance Spectroscopy (NIRS) analysis was

conducted.

The NIRS system 5000-M, FOSS scientific 2000

was used to determine starch (STA), and protein

(PRO) content as described by Velasco and Grüneberg

(1999) for yam bean with modifications. Instead of

fresh storage roots, samples of storage root flour were

used, following procedure described for sweetpotato

by Tumwegamire et al. (2011). Each flour sample was

scanned on NIRS three times to obtain replicates of

near-infrared spectra within the range of 400 to

2500 nm. The NIRS calibrations for yam bean freeze

dried storage root samples are available at the NQL,

NaCRRI in Uganda and were bench marked at Plant

and Nutrition Quality Laboratory at CIP in Lima, Peru

as reported by Grüneberg 2016.

Data analysis

The data were subjected to analysis of variance to

estimate genetic parameters and test the significance

of trait variability across the 83 F3 yam bean families.

Table 1 Description of the nine yam bean parents used in the study for hybridisation

Accession No. Accessions name Species Growth habit Origin RDM classification

1 209013 P. tuberosus Climbing Peru High RDM

2 209014 P. tuberosus Climbing Peru High RDM

3 209015 P. tuberosus Climbing Peru High RDM

4 209004 P. ahipa Bushy-erect Bolivia Low RDM

5 209016 P. ahipa Bushy-erect Guatemala Low RDM

6 209022 P. ahipa Bushy-erect Bolivia Low RDM

7 209018 P. erosus Climbing Mexico Low RDM

8 209019 P. erosus Climbing Mexico Low RDM

9 209031 P. erosus Climbing Bolivia Low RDM

Accession names are codes given by the gene bank at international potato center (CIP) in Lima Peru, RDM storage root dry matter

content, Low RDM\ 20%, High RDM[ 20%

Table 2 The crossing scheme for nine parents and their 16 yam bean crosses generated using NCD II

Female Parents (Low RDM) Male Parents: P. tuberosus chuin cultivar (High RDM)

209013 209014 209015

P. ahipa 209004 209004 9 209013 209004 9 209014 209004 9 209015

209016 209016 9 209013 209016 9 209014 209016 9 209015

209022 209022 9 209013 209022 9 209014 NS

P. erosus 209018 209018 9 209013 209018 9 209014 209018 9 209015

209019 209019 9 209013 209019 9 209014 209019 9 209015

209031 209031 9 209013 209031 9 209014 NS

RDM storage root dry matter content (Low RDM\ 20%, High RDM[ 20%), NS Crosses not realised due to persistent flower

abortions after crossing
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Genotypic and phenotypic coefficients of variation

and heritability (h2) estimates were calculated from

variance components according to Kearsey and Pooni

(1996) and Singh and Chaudhary (1985) following the

formulas:

Genotypic coefficient of variation GCV%ð Þ

¼
p
r2g
_x

� 100

Phenotypic coefficient of variation PCV%ð Þ

¼
p
r2g
_x

� 100

Then narrow sense heritability (h2b) was deter-

mined following Kearsey and Pooni (1996) as follows:

h2 ¼
r2g

r2g þ r2
e=r

� 100

where r2g genotypic variance, r2p phenotypic

variance, r2e environmental variance and _x grand

mean of the trait.

The variance components in the above formulae

were calculated from the ANOVA (Table 5) as

follows:

Genotypic variance r2g

� �

¼ Genotypic mean square GMSð Þ � Error means square EMSð Þ
Number of replications rð Þ

Phenotypic variance r2p

� �
¼ r2g þ r2e=r

Environmental variance r2e
� �

¼ MSe� r2g

� �
=2

Then, response to selection (R) and percentage

response to selection (R%) for storage root dry matter

and associated traits were calculated as reported by

Acquaah (2007) using the formula:

Response to selection Rð Þ ¼ ih2rp

Percentage response to selection R%ð Þ ¼ R= _xð Þ � 100

where i selection intensity, h2 narrow sense heritabil-

ity, _x overall trait mean, rp phenotypic standard

deviation of the parental population (selection differ-

ential i.e. the mean phenotypic value of the individuals

selected as parents expressed as a deviation from the

population mean) and is calculated using the formula:

rp ¼
ffiffiffiffiffiffiffiffiffiffiffi
r2p

� �r
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r2
g þ

r2
e

r

r

The selection intensity (i) of 1.755 corresponding to

10% was used as described by Acquaah (2007).

Results

Variability of RDM and associated traits

The mean squares from combined analysis of variance

for RDM and associated traits among the selected 83

F3 yam bean families are presented in Table 3. There

was significant (P\ 0.001) genetic variation among

the 83 yam bean families for all the eight traits, RDM,

FRY, RDY, HI, VNY, FBY, STA and PRO. The

within family variation was non-significant across

traits.

Mean performance, phenotypic and genotypic

variance components

There were wide phenotypic variations among the

families as shown by the higher than unity values of

r2
p and r2

g for five out of the eight RDM and

associated traits, viz., RDM, RFY, HI, FBY and STA

(Table 4). The STA varied most with phenotypic and

genotypic variance of 59.33 and 43.79 followed by HI

with 23.30 and 12.32 respectively. RDY varied the

least among the eight traits assessed. The mean RDM

ranged from 12.43 to 31.83% with a population

average of 22.4% while the mean STA content on dry

weight basis was 64.38%. These values were higher

than the corresponding estimates in the respective

parent populations previously reported as 15.3% and

52.3% for RDM and STA, respectively (Agaba et al.

2016) and pre-selection populations at F1 and F2
(Agaba et al. 2017). The yield of storage roots across

the progenies ranged from a minimum of 2.6 to a

maximum 19 t ha-1 with a mean of 7.58 t ha-1

(Table 4).

Genetic and environmental variances

and coefficients of variation

The estimates of genetic and environmental variances,

genotypic coefficient of variation (GCV) and pheno-

typic coefficient of variation (PCV) for dry matter and
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associated traits are presented in Table 5. The genetic

variances were high for RDM, RFY, RDY, HI, FBY

and STA. The estimates of GCV were moderate for

STA (10.28), RDM (13.42), RFY (18.8), RDY

(23.71), FBY (19.91) and VNY (25.25). The PCV

and GCV estimates were low to moderately high at

6.41 and 34.77 for in HI and VNY, respectively.

Heritability and response to selection estimates

The estimates of narrow sense heritability, response to

selection (R) and R percentage for the eight evaluated

traits are also presented in Table 5. In the current

study, narrow sense heritability was moderately high

(0.53 to 0.74) and associated with high estimates of R

indicating that all the traits were highly heritable with

potential for improvement. For a single cycle of

selection in early generations, percentage response to

selection (R%) of 15.5 to 33.12% is achievable for

RDM, RFY, RDY, VNY, FBY and STA. But

heritability and percentage response to selection for

HI (0.53) and PRO (0.57) were low at 5.95% and

7.73%, respectively, suggesting that improvement of

HI and PRO in yam beans would require several cycles

of selection.

Table 3 Analysis of variance for storage root dry matter and associated traits in F3 yam bean population evaluated at NaCRRI,

Namulonge, during the rainy season of April 2015

Source of variation Mean squares

df RDM RFY RDY HI VNY FBY STA PRO

(%) (t ha-1) (t ha-1) (%) (t ha-1) (t ha-1) (%) (%)

Replication 2 42.71 ns 32.1 ns 4.53 ns 585.6 ns 2.51 ns 118.41 ns 310.5 ns 26.52 ns

Between families 82 195.38*** 53.5*** 3.72*** 355.7*** 12.83*** 100.03*** 911.8*** 13.56***

Within families 1162 59.86 ns 23 ns 1.41 ns 170.89 ns 6.18 ns 38.07 ns 254.97 ns 6.03 ns

Coefficient of variation (CV

%)

16. 3 17.4 9.2 15.1 15.3 19.3 19.9 7.1

ns non-significant mean squares, RDM root dry matter content, RFY fresh root yield, RDY root dry yield, VNY vine yield, FBY fresh

biomass yield, HI harvest index, PRO protein content of roots, STA starch content of roots

Significance level, *** at 0.001

Table 4 Mean performance, phenotypic and genotypic variance components for F3 yam bean population evaluated at NaCRRI,

Namulonge, during the first rainy season of April, 2015

Trait Range Mean S.e.m Variance component

Min Max ( _x) r2
p r2

g

RDM, % 12.43 31.83 22.40 0.44 12.72 9.03

RFY, t ha-1 2.60 19.00 7.58 0.28 3.50 2.03

RDY, t ha-1 0.47 3.76 1.65 0.06 0.24 0.15

HI, % 54.74 86.70 75.28 0.63 23.30 12.32

VNY, t ha-1 0.79 7.66 2.64 0.13 0.84 0.44

FBY, t ha-1 3.37 28.35 10.21 0.39 6.53 4.13

STA, % 35.80 81.55 64.38 0.96 59.33 43.79

PRO, % 9.89 15.07 12.10 0.12 0.89 0.50

RDM root dry matter content, RFY fresh root yield, RDY root dry yield, VNY Vine yields, FBY fresh biomass yield, HI harvest index,
PRO protein content of roots, STA starch content of roots, S.e.m standard error of the mean, r2p phenotypic variation,

r2g genotypic variation
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Genetic correlations for RDM and associated traits

The genotypic correlation coefficients for the eight

RDM and associated traits among the 83 F3 yam bean

families are presented in Table 6. RDM had significant

(P\ 0.001) positive correlations with RDY and STA

but negative relationship with PRO. RFY had signif-

icant (P\ 0.001) correlations with RDY, VNY and

FBY. The correlations between RDY and VNY, FBY

and STA were significant (P\ 0.001) while correla-

tions between VNY and FBY were both strong

(r = 0.786) and significant (P\ 0.001). The RPO

had negative and significant (P\ 0.05) correlations

with RFY, RDY, FBY and STA implying that it would

be difficult to select for simultaneous improvement of

these traits in the studied population of yam beans.

Discussion

This study investigated genetic parameters and

response to selection for storage root dry matter and

associated traits in 83 F3 families selected from a

population of 16 interspecies crosses of yam beans.

From the ANOVA results (Table 3), highly significant

differences (P\ 0.001) observed among the 83

Table 5 Estimates of genetic and environmental variance, coefficient of variation, heritability and response to selection for storage

root dry matter and associated traits among 83 F3 yam bean families

Parameter RDM RFY RDY HI VNY FBY STA PRO

(%) (t ha-1) (t ha-1) (%) (t ha-1) (t ha-1) (%) (%)

Genetic variance (r2
g) 9.03 2.03 1.33 12.32 0.44 4.13 43.79 0.50

Environmental variance (r2
E) 55.34 21.98 1.33 164.73 5.96 36.00 233.08 5.78

Phenotypic standard deviation (rp) 3.57 1.87 0.49 4.83 0.92 2.56 7.70 0.94

Phenotypic coefficient of variation (PCV %) 15.93 24.66 29.78 6.41 34.77 25.04 11.96 7.78

Genetic coefficient of variation (GCV %) 13.42 18.80 23.71 4.66 25.25 19.91 10.28 5.86

Narrow sense heritability (h2) 0.71 0.58 0.63 0.53 0.53 0.63 0.74 0.57

Response to selection (R)a 4.45 1.91 0.55 4.48 0.85 2.84 9.98 0.94

R as a percentage of mean (R %) 19.85 25.14 33.12 5.95 32.18 27.79 15.50 7.73

RDM root dry matter content, RFY fresh root yield, RDY root dry yield, VNY vine yields, FBY fresh biomass yield, HI harvest index,
PRO protein content of roots, STA starch content of roots
aResponse to selection was calculated at 10% selection intensity (1.75 selection differential)

Table 6 Estimates of genetic correlation coefficients among root dry matter and associated traits in F3 yam bean selected populations

evaluated at NaCRRI, Namulonge during rainy season of April 2015

RDM (%) RFY (t ha-1) RDY (t ha-1) HI (%) VNY (t ha-1) FBY (t ha-1) STA (%)

RDM (%) 1

RFY (t ha-1) - 0.123 1

RDY (t ha-1) 0.408*** 0.809*** 1

HI (%) 0.01 0.146 0.166 1

VNY (t ha-1) - 0.091 0.612*** 0.488*** - 0.493*** 1

FBY (t ha-1) - 0.117 0.963*** 0.771*** - 0.083 0.786*** 1

STA (%) 0.699*** 0.046 0.422*** 0.268* - 0.128 - 0.007 1

PRO (%) - 0.320** - 0.217* - 0.334** 0.045 - 0.201 0.231* - 0.295*

RDM root dry matter content, RFY fresh root yield, RDY root dry yield, HI harvest index, VNY vine yields, FBY fresh biomass yield,

STA starch content, PRO protein content

*, **, ***, ***significant at 0.05, 0.01, and 0.001 respectively

123

65 Page 8 of 12 Euphytica (2021) 217:65



families for the eight traits (RDM, RFY, RDY, HI,

VNY, STA and PRO) show the presence of high

genetic variability. This suggests that improvement of

yam beans for RDM and associated traits is possible

and can be exploited by breeders through hybridisa-

tion and recurrent selection to develop high yielding,

and high dry matter cultivars. The presence of high

variability could be due to the wide genetic distances

between the three species used as parents (P. tubero-

sus, P. erosus and P. ahipa) to generate the crosses.

These results agree with the findings by Zanklan et al.

(2007) who reported large genetic variation within and

among the three cultivated yam bean species for traits

such as root dry matter content, root fresh yield, root

dry yield, biomass yield, harvest index, protein and

starch contents. The results of this study are further

comparable to those of Agaba et al. (2017) who

reported presence of significant genetic variation for

RDM and associated traits between 16 crosses of yam

beans before selection and between the parents used to

generate the crosses. Even within yam bean species,

distinct groups can be found with clear genetic

distances, for instance P. tuberosus can be sub-

grouped based on morpho-agronomic traits into four

cultivar groups namely; Chuin, Yushpe, Ashipa and

Jiquima (Zanklan et al. 2018). Tapia and Sørensen

(2003) reported high genetic variation among the four

cultivar groups of P. tuberosus and hypothesised high

genetic potential for improvement of morphological

traits in yam beans. Similarly, in a genetic diversity

study of 10 morpho-agronomic traits in 64 yam bean

genotypes (Pachyrhizus spp.), Silva et al. (2016)

reported presence of significant genetic variability and

concluded that the variation in yam beans could be

used for improvement of storage root yields and

associated traits. The results of our study and the

existing evidence in literature for high genetic varia-

tion support a new hypothesis that most morpho-

agronomic traits in yam beans are predominantly

controlled by additive genetic effects. Nevertheless,

this study showed relatively high environmental

variance for RFY, FBY, RDM, STA and HI,

which reveal that environmental factors could influ-

ence the expression of these traits and limit the

performance of the evaluated yam bean population in

diverse environments.

The results in Table 5 show moderate to high GCV

estimates for RDM, STA, RFY, FBY, RDY and

VNY indicating that improvement of these traits is

possible. The difference between GCV and PCV

estimates was small in most traits except HI and PRO

content, implying minimal influence of environmental

factors in the expression of these traits which confirms

the good prospects for genetic improvement of the

traits. According to Akinwale et al. (2010), large

differences between GCV and PCV reflect high

environmental influence, while smaller differences

reveal high genetic influence. The estimation of both

coefficients of variation (GCV and PCV), and heri-

tability gives a better indication of the genetic

potential for response to selection. Genetic coeffi-

cients of variation, heritability and response to selec-

tion are important in designing suitable selection

procedures and efficient breeding programs. GCV is a

measure of relative genetic variation of a trait in a

population and traits with high GCV estimates may

respond favorably to selection (Jamoza et al. 2014).

Low estimates of GCV were observed for PRO in this

study, implying that selection might be ineffective in

early generations and should be delayed till later

generations (F5–F6). Delaying selection to later

generations when additive genetic effects are fixed

might be the appropriate breeding strategy for

improvement of such traits. In view of the high

genotypic variation and coefficients of variation

observed for most traits in this study, selection for

RDM and associated traits provides opportunities for

yam bean improvement.

The results in this study further showed moderate

to high narrow sense heritability estimates (0.53 to

0.74) for the dry matter content and associated traits

(Table 5). This is a good indicator that a large

proportion of the total variance could be passed on to

progenies and that breeding values can be reliably

predicted based on phenotypic mean values as reliable

selection indicators for these traits. This argument is

supported by Falconer and Mackay (1996) who

reported that heritable variation shows the reliability

of phenotypic values in predicting the breeding value

of quantitative traits in a breeding population. The

heritability estimate for dry matter content of 0.71 was

higher than the previously reported value (0.66) in 31

P. tuberosus accessions by Tapia and Sørensen (2003).

Nevertheless, the heritability reported by Tapia and

Sørensen was from a natural population of one

species (P. tuberosus) while the heritability estimates

reported in this study are for a selected population

from the three yam bean interspecies crosses. Recent
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studies, based on F2 populations from inter-

species crosses among the three yam bean species

reported high heritability of 0.88 (Ndirigwe et al.

2020) and 0.75 (Agaba et al. 2017) for RDM without

selection. These findings show that the use of P.

tuberosus chuin cultivar in hybridisation boosts the

genetic potential for improvement of dry matter

content and associated traits and strengthens the

argument for archiving effective selection in yam

beans.

The effectiveness of selecting for desired traits in

breeding programs depends not only on high genetic

variation and heritability but also on the magnitude of

response to selection (R) for the target traits. The

results in Table 5 further show high percentage

response to selection (R %) ranging from 5.95% to

33.12% for RDM, RFY, FBY and STA, indicating

high potential for genetic improvement of the evalu-

ated population through recurrent selection. On the

contrary, the combination of low estimates for heri-

tability, GCVs and response to selection for HI and

PRO (Table 4) suggests that it is difficult to improve

these traits in the current yam bean population. In crop

improvement programs, the estimation of genetic

parameters especially narrow sense heritability and

response to selection is important for selecting the best

promising parents, progenies and designing effective

breeding procedures for new cultivars.

The combination of high heritability estimates and

high R% for most traits obtained in this study confirms

that RDM and associated traits in yam beans are

largely controlled by additive genetic effects. This

demonstrates that alleles for high RDM and associated

traits can be easily transmitted to the offspring through

recombination. The high percentage response to

selection (R%) observed from a single cycle of

selection in early generations of yam bean populations

clearly shows the value for implementing a breeding

program to improve RDM and associated traits

especially RDM, STA, RFY, FBY and RDY. Such

a breeding program would benefit from high response

to selection, reduce time and resources while advanc-

ing early segregating populations. This would lead to

fast development of high RDM yam bean varieties

with potential for wide adoption in East Africa where

high dry matter is preferred among root crop depen-

dent communities (Tumwegamire et al. 2011).

The results of genetic correlation analysis (Table 6)

revealed highly significant correlations between RDM

and RDY as well as STA but negative with RFY and

PRO indicating that early generation selection for high

dry matter content would simultaneously improve

storage root dry yield and starch content of yam bean

but negatively affect storage root yields and protein

content. More so, the significant association of RFY

with RDY, VNY and FBY suggest that selection of

progenies with high vine yields would indirectly

improve RFY as well as RDY and that above ground

biomass has considerable positive effects on the

storage root yields in yam bean. Such positive and

significant correlations are essential for selection of

superior genotypes that would combine several desir-

able quantitative traits. The magnitude of correlation

coefficients indicates a measure of genetic association

among quantitative traits which informs choice of

breeding strategy that would maximize genetic gains

and quicken crop improvement. According to Fal-

coner and Mackay (1996), the extent of correlated

response is a function of the heritability of the

correlated traits, as well as the genetic correlation

between the traits. As previously supported by (Agaba

et al. 2017) that dry matter content in yam beans is

highly related to yield traits, our results confirm this

assertion by the strong and positive correlation coef-

ficients and suggest that simultaneous improvement is

possible for both traits through selection. The current

correlation coefficients show strong and large com-

mon variation among traits indicating possibility for

combined improvement which might inform future

selection procedures and breeding plans in yam bean.

This means that the relationships among traits are

reliable indicators of genetic potential for simultane-

ous improvement of RDM and associated traits.

Conclusion

This study presents the first set of results on response

to selection and percentage response to selection in the

yam bean gene pool. The results suggest little intra

family responses for various traits. For effective

genetic gains therefore, intra family crosses are

discouraged at least among these selected introduc-

tions. The study showed that interspecies hybridisa-

tion followed by early generation selection could be

effectively utilized for improvement of RDM, RFY,

RDY, VNY, FBY and starch content in yam beans.

The high genetic variance and heritable variation
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observed in yam beans translate into substantial

response to selection for RDM, RFY, RDY, HI, FBY

and STA in one cycle of early generation selection.

These findings further demonstrate that worthwhile

genetic progress of more than 15% on mean basis is

achievable for RDM, RFY, RDY, FBY, and STA

which shows potential for rapid improvement of these

traits in a yam bean breeding program.
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berg WJ (2007) Evaluation of the storage root-forming

Legume Yam Bean (spp.) under West African conditions.

Crop Sci 47(5):1934–1946

Zanklan AS, Becker HC, Sørensen M, Pawelzik E, Grüneberg
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