Assessment of genetic parameters for important agronomic traits in sweetpotato (Ipomoea

batatas (L.) Lam) germplasm in two agro-ecological regions of Nigeria

Abstract

For an effective and efficient crop breeding program, collection of good genotypes that provides
good agronomic background for the new variety to be developed must be available, and such
genotypes must contain significant genetic variability for effective crop development. In order to
determine the agronomic worth of a collection of sweetpotato genotypes so as to identify the
superior ones under different agro-ecologies, and also to determine the extent of variability that
exists among the genotypes, fifty-two genotypes were evaluated at Umudike (rainforest belt) and
forty-eight at Otobi (humid guinea savannah) during the raining season using recommended
protocols. While agronomic data were taken at 4 months after planting (MAP), sweetpotato virus
disease (SPVD) incidence and severity scores were taken at 2 MAP. Results showed that
significant (p<0.001) variation exists among the genotypes for all the traits except weight of
unmarketable roots in both locations. Genotype PYT/12/074 had the highest root yield of 29.33
t/ha at the rainforest belt followed by Solo-2 and PYT/12/105 with yield levels of 27.67 and
26.33 t/ha, respectively. At Otobi, same PYT/12/074 had the highest root yield of 27.74 t/ha
followed by Kwara and PYT/12/105 with yield levels of 27.67 and 26.33 t/ha, respectively. The
principal component analysis identified marketable root weight, number of marketable roots,
SPVD incidence and severity as the most important traits that influenced the observed variation
among the genotypes. The biplot analysis further identified most of the orange-fleshed genotypes
as highly susceptible to SPVD. Genetic studies of the traits showed that while broad-sense

heritability estimates ranged from moderate to high for the important agronomic and SPVD



traits, the high GCV and genetic advance observed portends a high genetic gain and good

breeding progress in the breeding program using the genotypes.

Keywords : Genetic advance, GCV, genotypic variance, heritability, principal component
analysis, trait-genotype relationship

Introduction

Sweetpotato is an important food security crop with increasing importance in the food chain of
many communities in Nigeria. Nigeria is the second highest sweetpotato producer in Africa and
the third highest producer in the world with production of 3.87 million metric tonnes
(FAOSTAT, 2020). The crop is adapted and planted in all agro-ecologies in Nigeria though with
different intensities (Anderson et al., 2012). Though production has increased in the last 20
years, yield per hectare has remained low due to various factors which include biotic, abiotic and
socio-cultural. Of the biotic factor, the sweetpotato virus disease (SPVD) is the most damaging
disease of sweetpotato, causing yield loss of as high as 90 - 98% (Hahn, 1979; Griineberg et al.,
2015). Diseased plants are severely stunted, small and narrow (strap-like); leaves are often with
distorted edge; puckering, vein clearing and mottling may occur (Gibson et al., 1998). The use of
old virus-infected planting materials sourced from previous years’ fields, a common source of
planting material in many developing countries especially in sub-Sahara Africa, is one of the
critical reasons for poor root yield in sweetpotato. To increase root yield per unit area, new
sweetpotato varieties with increased potential for high root yield and high resistance to SPVD

must be developed.

The success of crop variety development depends on the existence and extent of variability

within the available crop germplasm (Patil et al., 2014). The existence of wide variability for



almost all important traits in sweetpotato is a known occurrence (Tsegaye et al., 2007), and are
due to the hexaploid (2n = 6x = 90) and outcrossing nature of the crop. Wide variability for root
yield, yield components, SPVD resistance and food quality attributes has been reported (Yada et
al., 2011; Afuape et al., 2019; Ebem et al., 2021). Also, the existence of medium to high
heritability and high genotypic coefficient of variation for the traits (Ebem, et al., 2021) suggest
that breeding new varieties combining these traits is possible. The first step in the development
of new sweetpotato varieties, as it is in other crops, is the evaluation of available elite germplasm
to identify genotypes expressing traits of interest for use in the development of progeny
population through hybridization (Shumbusha et al., 2010). Phenotyping for yield and SPVD
resistance is commonly done on the field. Feld phenotyping is one of the most effective and cost
efficient ways of identifying genotypes with broad resistance to different strains of viruses,
especially when carried out in divergent environments where the genotypes are exposed to varied
strains of disease pathogens and growing conditions. Authors such as Koussao et al. (2012) and
Gibson et al. (2015) have variously used this approach. The objective of this work, therefore,
was to identify sweetpotato genotypes with combinations of good agronomic traits and
sweetpotato virus disease resistance that can be extended to farmers for increased productivity,

and/or for breeding purposes.

Materials and methods

Experimental layout

The field trials were carried out in two locations —the National Root Crops Research Institute
(NRCRI), Umudike (high rainforest belt); and Otobi, Benue State (humid guinea savannah). The
characteristics of the two locations are presented in Tablel. Fifty-two genotypes were evaluated

at Umudike and forty-eight genotypes at Otobi during the raining season. The names of the
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genotypes used are presented in Table 2. The trials were established using 6 X 9 and 6 X 8 alpha
lattice design at Umudike and Otobi respectively with three replications. At each location, each
genotype was planted on a plot of 2.0 m X 3.0 m with inter-plot spacing of 1.0 m. Planting
distance was 1.0 m between rows and 0.3 m within row, amounting to 20 plants per plot and
33,333 per hectare. Four node vine cuttings were planted at the crest of the ridges in a slanting
manner with two nodes buried in the soil. First weeding was carried out at four weeks after
planting (WAP) while 400 kg/ha of NPK 15:15:15 was applied to the field using the side
banding method immediately after weeding. The trials were harvested at four months after
planting.

Table 1. Characteristics of the two locations involved in the evaluation of sweet potato
genotypes.

Location characteristics

Total Average
Annual monthly
Location Longitude Latitude Altitude Soil Type  Rainfall ~ Tempera
(mm) ture (°C)
Umudike 07°0331'E 05°0291'N 122 m  Ultisol 2079.8 25-32
Otobi 08°0632'E 07°0696'N 141 m  Alfisol 1250.0 25-36

Sources: Umudike: Agro-meteorological Unit, National Root Crops Research Institute,
Umudike, Abia State.

Table 2: Characteristics of the sweetpotato genotypes evaluated for their agronomic and root
quality traits in two diverse agro-ecologies.

S/No Genotype Source Flesh colour Location(s) planted
1 AYT/08/055 NRCRI, Umudike White Umudike and Otobi
2 AYT/11/095 NRCRI, Umudike Light orange Umudike and Otobi




© 00 N o o1~ W

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

Agege

Butter milk
Centennial
CIP 199004.2
CIP 420068
EA/11/002
EA/11/003
EA/11/022
EA/11/025
Ex-lgbariam
Ex-Oyunga
Kwara
NRSP/11/095
NRSP/11/097
NRSP/12/095
PYT/12/010
PYT/12/012
PYT/12/025
PYT/12/036
PYT/12/044
PYT/12/049
PYT/12/051
PYT/12/053
PYT/12/055
PYT/12/060
PYT/12/061
PYT/12/063
PYT/12/068
PYT/12/074
PYT/12/078
PYT/12/086
PYT/12/094
PYT/12/095
PYT/12/104

Landrace
Landrace

CIP, Kenya

CIP, Kenya

CIP, Kenya
NRCRI, Umudike
NRCRI, Umudike
NRCRI, Umudike
NRCRI, Umudike
NRCRI, Umudike
CIP, Kenya
Kwara state
NRCRI, Umudike
NRCRI, Umudike
NRCRI, Umudike
NRCRI, Umudike
NRCRI, Umudike
NRCRI, Umudike
NRCRI, Umudike
NRCRI, Umudike
NRCRI, Umudike
NRCRI, Umudike
NRCRI, Umudike
NRCRI, Umudike
NRCRI, Umudike
NRCRI, Umudike
NRCRI, Umudike
NRCRI, Umudike
NRCRI, Umudike
NRCRI, Umudike
NRCRI, Umudike
NRCRI, Umudike
NRCRI, Umudike
NRCRI, Umudike

White

Light yellow
Orange
Light orange
White
White
White
White
White
Yellow
Orange
Light orange
Cream
Yellow
White
White
White
White
White
White
Yellow
White
White
Yellow
Light orange
White
White
White
White
Yellow
White
White

Light orange
White

Umudike and Otobi
Umudike and Otobi
Umudike and Otobi
Umudike

Umudike and Otobi
Umudike and Otobi
Umudike and Otobi
Umudike and Otobi
Umudike and Otobi
Umudike and Otobi
Umudike

Umudike and Otobi
Umudike and Otobi
Umudike and Otobi
Umudike

Umudike and Otobi
Umudike and Otobi
Umudike and Otobi
Umudike and Otobi
Umudike and Otobi
Umudike and Otobi
Umudike

Umudike and Otobi
Umudike and Otobi
Umudike and Otobi
Umudike

Umudike and Otobi
Umudike and Otobi
Umudike and Otobi
Umudike and Otobi
Umudike and Otobi
Umudike

Umudike and Otobi
Umudike and Otobi




37 PYT/12/105 NRCRI, Umudike White Umudike and Otobi
38 PYT/12/106 NRCRI, Umudike White Umudike and Otobi
39 PYT/12/118 NRCRI, Umudike White Umudike and Otobi
40 PYT/12/121 NRCRI, Umudike White Umudike and Otobi
41 PYT/12/050 NRCRI, Umudike White Otobi

42 PYT/12/082 NRCRI, Umudike White Otobi

43 PYT/12/098 NRCRI, Umudike White Otobi

44 SOLO 1 NRCRI, Umudike Yellow Umudike and Otobi
45 SOLO 2 NRCRI, Umudike Light orange Umudike and Otobi
46 TIS 2532.0P.1.13 NRCRI, Umudike White Umudike

47 TIS 8164 NRCRI, Umudike White Umudike and Otobi
48 TIS 86/0356 NRCRI, Umudike White Umudike and Otobi
49 TIS 87/0087 NRCRI, Umudike White Umudike and Otobi
50 UM/11/001 NRCRI, Umudike White Umudike and Otobi
51 UM/11/015 NRCRI, Umudike White Umudike and Otobi
52 UM/11/022 NRCRI, Umudike White Umudike and Otobi
53 UMUSPO/1 NRCRI, Umudike Light orange Umudike and Otobi
54 UMUSP/2 NRCRI, Umudike White Umudike and Otobi
55 UMUSPO/3 CIP, Kenya Deep orange Umudike and Otobi

Data collection

The sweetpotato genotypes were screened for SPVD only at Umudike as the location is a known
hotspot for SPVD. Sweetpotato virus disease incidence and severity data were collected at 8
weeks after planting (WAP) using the infection severity scale of 1 — 5, where 1= no apparent
symptom; 2 = mild/very little symptom; 3 = moderate symptom; 4 = severe symptom; and 5 =
very severe symptom according to Mwanga et al. (2002) and Yada et al. (2011). At harvest,
agronomic data which included number of marketable roots, number of unmarketable roots,
weight of marketable roots and weight of unmarketable roots were collected per plot with

number of marketable roots taken as the number of roots >100g; number of unmarketable roots



taken as number of roots 100g; weight of marketable roots taken as the weight (kg/plot) of the
marketable roots class; and weight of unmarketable roots taken as the weight (kg/plot) of the

unmarketable roots according to Levette, (1993) .

Data analyses

The data collected were subjected to analysis of variance using the Generalized Linear Model
procedure of SAS 9.2. The data were analyzed on location basis since the number of genotypes
were not equal, and the variances of the two locations were significant following a Bartlet’s test
for homogeneity of the variances of the two locations. As such, genotype was treated as a fixed
factor while replication was treated as random variable according to Steel and Torrie (1980). The

ANOVA model used for the single-site analysis is stated below:

Yij=p+ ai + bj +eij

Where, y;; = observation on experimental unit in block j assigned treatment i; p = over all mean
averaged over all treatments and all blocks; «; = effect of treatment I, considered as fixed
variable; b; = effect of block j, considered as random variable; e;; = random error associated with
experimental units assigned to treatment i in block j. Least Square (LS) means of the genotypes
in each location were estimated and separated using standard errors of difference (SED).
Principal Component Analysis (PCA) was also performed on the data based on correlation
matrix using XLSTAT software to estimate the contribution of the traits to the variation within

the genotypes.

For genetic analyses, the Expected Mean Squares approach was used to calculate phenotypic,

genotypic and environmental variances and broad sense heritability estimates from the linear



function of the mean squares of the ANOVA according to Allard (1999) as follows:
Environmental variance, 8% = MSe;

Genotypic variance, 5°g = (MSg — Mse)/r;

Phenotypic variance, 8°p = 8°g + 8%;

Broad sense heritability, Hg = 8°g / 8°p;

where: MSe = mean square of error; MSg = Mean squares of genotypes; and r = number of
replications).

Genotypic (GCV) and phenotypic (PCV) coefficients of variation, and Genetic Advance (GA)
were estimated according to the methods of Burton (1952), using the following equations:
Phenotypic coefficient of variation, PCV = (NVp)/X*100; Genotypic coefficient of variation,
GCV = (WVg)/X*100 (where VVp and VVg are the phenotypic and genotypic standard variation,
respectively; X is the grand mean of the trait). Genetic advance (GA) expected, and genetic
advance as percent of the mean assuming selection of the superior 5% of the genotypes, were
estimated in accordance with the methods illustrated by Fehr (1987) as follows:

GA (expected) = K (Sp)*Hg;

GA (as % of the mean) = (GA/ X)*100 (where K is a constant which varies depending upon the
selection intensity and, if the latter is 5%, it stands at 2.06, Sp is the phenotypic standard
deviation (VVp):

Hg is the broad sense heritability ratio, and X refers to the mean of the character).

Results and discussion

According to the mean squares of the analyses of variance (ANOVA) of the root traits presented
in Tables 3 and 4, respectively, significant (p<0.001) differences exist among the genotypes for
the root traits evaluated in both locations.



Table 3: Mean squares of the analysis of variance of agronomic traits of 48 sweetpotato genotypes evaluated in Otobi, humid guinea

Mean squares

Number of
unmarketable roots

Number of
marketable roots

Weight of
marketable roots

Weight of
unmarketable roots

Root yield
(tons/ha)

savannah.

Sources of Degrees of
variation freedom
Replication 2
Genotype 47
Error 94
Total 143

191.9736" 68.2499"" 14.1555""

286.9505
147.3006"
44.1536

*

*** = p<0.001; ns = p>0.05

Table 4: Mean squares of the analysis of variance of agronomic traits of 52 sweetpotato genotypes evaluated in Umudike, high

rainforest belt.

Sources of  Degrees

Mean squares of analysis of variance (ANOVA)

variation of Number of Number of Weight. of Weight. of Root yield SPVD SPVD
freedom  marketable unmarketable  marketable unmarketable incidence  severity
roots (kg/plot)
Replication 2 0.7262 0.0938
Genotype 51 211.60397"  118.9022"" 241385 148.70147" 11.3886 3.2005
Error 102 1.3718 0.2424
Total 155

*** = p<0.001%; ns = p>0.05



For the mean trait performances of the genotypes in each location, all the traits except weight of
unmarketable roots exhibited significant (P<0.05) variation among the genotypes (Tables 5 and
6). At Umudike, fresh root vyield ranged between 0.00 - 29.33 tons/ha for
PYT/12/049/PYT/12/095 and PYT/12/074, respectively. Nine of the genotypes had yields > 20
tons/ha, while all the genotypes with this level of yield (>20 tons/ha) also had relatively high
weight of marketable roots of 5.03 — 9.90 kg/plot. For weight of unmarketable roots, only
UM/11/015 (1.03 kg/plot), Agege (1.13 kg/plot) and PYT/12/036 (1.27 kg/plot) had weight of
unmarketable roots of more than 1.00 kg/plot, others had less. Number of marketable roots was
high for some of the genotypes, while others had abysmally low values for the trait. With a range
of 0.00 — 36.00, only PYT/12/025 had number of marketable roots up to 30 per plot with other
genotypes having less. All the genotypes with yield >20 tons/ha also had high number of
marketable roots above 20 and lower of unmarketable roots except in Agege. This relationship
between root yield and number of marketable roots had earlier been reported by Afuape et al.
(2011), Yahaya et al. (2015) and Ebem et al. (2021) who found marketable root number as one
of the important components of root yield. Genotypes Agege, PYT/12/036 and Centennial with
mean number of unmarketable roots of 29.67, 26.67 and 21.00 respectively had the highest mean
number of unmarketable roots. Unmarketable roots do not usually command good prices in the
market due to the small root size that falls outside food processors’ preference in Nigeria and
many African countries where manual processing predominates. As such, genotypes that produce
more of small roots (roots with <100g) are usually not adopted by farmers, and so are often
selected against during the breeding process. The most devastating disease of sweetpotato in
Nigeria is the sweetpotato virus disease (SPVD) (Hahn, 1979). The observed mean incidence and

severity of SPVD ranged 0.00 — 43.35%, and 1.00 - 4.67, respectively. The variety UMUSPO/3
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had the highest mean percent SPVD incidence of 43.35%, followed by Ex-Oyunga with mean
percent incidence of 38.35%. The mean SPVD severity showed that PYT/12/049 (yellow-
fleshed) and Ex-Oyunga (orange-fleshed) had the highest mean score of 4.67 and so were highly
susceptible to SPVD. UMUSPO/3 (OFSP) ranked third with mean severity score of 4.33. Most

of the CIP-introduced genotypes had SPVD severity scores above 3.00.

At the humid savannah location of Otobi, the root yields ranged 0.30 — 27.74 tons/ha. Only six
genotypes had yields > 20.00 t/ha, and apart from Kwara with mean weight of marketable roots
of 4.2 kg/plot, all other genotypes with mean root yields > 20.0 tons/ha also had mean weight of
marketable roots > 5.00 kg/plot. Mean number of marketable roots had a range of 1.67 — 38.33.
As observed in Umudike, genotypes with high root yield also had high mean number of
marketable roots in Otobi. The genotype UMUSPO/1 had the highest mean number of
marketable roots of 38.33, followed by PYT/12/060 with 29.64 for the trait. PYT/11/097 had the
lowest mean number of marketable roots of 0.33 at Otobi. However, unlike the trend observed at
Umudike, most of the genotypes with high mean root yield and high mean number of marketable
roots also had the highest mean number of unmarketable roots with UMUSPO/1 exhibiting the
highest number of unmarketable roots of 22.67. This can always be so when sweetpotato
production is done on a fertile, well-drained sandy-loam soil which the humid savannah location

of Otobi presented.

Table 5: Means of yield and other important traits of 52 sweet potato genotypes evaluated in
Umudike, rain forest belt.

Genotype Root Weightof  Weight of Number of  Number of
. Mean
yield marketable unmarketable marketable unmarketable SPVD
(t/ha) roots roots roots roots Percent severit
(kg/plot) (kg/plot) incidence y
PYT/12/074  29.33 9.90 0.27 29.33 7.33 3.35 1.33
SOLO 2 27.67 5.03 0.53 27.67 13.33 3.35 1.67

11



PYT/12/105
PYT/12/053
EA/11/025
UMUSPO/3
TIS 8164
TIS 87/0087
UMUSPO/1
UM/11/015
PYT/12/061
SOLO1
Butter milk
PYT/12/086
Agege

TIS 86/0356
PYT/12/025
NRSP/12/095
PYT/12/104
PYT/12/036
PYT/12/118
PYT/12/044
PYT/12/121
EA/11/002
NRSP/11/095
PYT/12/060
TIS
2532.0P.1.13
PYT/12/051
PYT/12/063
PYT/12/012
PYT/12/106
UM/11/001
CIP
1990044.2
Kwara
AYT/11/095
EA/11/022
PYT/12/068
PYT/12/078
Centennial
AYT/08/055
EA/11/003
PYT/12/094
Ex-lgbariam
UM/11/022

26.33
26.00
25.69
23.44
23.00
23.00
20.92
19.00
18.93
18.67
18.54
18.33
18.28
17.67
17.51
17.01
17.00
16.33
16.33
14.33
14.00
13.75
13.09
13.00
12.86

12.74
12.33
12.21
11.67
11.33
11.09

11.08
9.88
9.67
9.33
9.33
9.25
8.62
8.03
6.33
5.85
5.67

7.67
9.27
9.00
6.20
8.33
8.43
9.73
7.20
8.88
3.67
6.40
3.30
4.70
2.43
7.27
5.88
8.47
2.23
6.00
1.73
5.53
5.87
6.23
2.43
2.56

4.42
1.67
4.47
4.60
4.07
2.67

3.47
4.35
3.33
2.33
1.30
1.80
3.47
3.43
2.60
1.93
1.77

0.43
0.33
0.30
0.43
0.17
0.27
0.20
1.03
0.07
0.10
0.23
0.30
1.13
0.50
0.77
0.33
0.17
1.27
0.57
0.37
0.17
0.13
0.30
0.70
0.01

0.43
0.10
0.40
0.27
0.13
0.50

0.50
0.53
0.30
0.33
0.37
0.80
0.27
0.20
0.10
0.43
0.13

26.33
26.00
20.33
20.67
23.67
23.00
29.00
19.00
18.93
18.67
27.67
18.33
26.00
17.67
36.00
18.74
17.00
16.33
16.33
14.33
14.00
20.67
17.33
13.00
12.86

12.74
12.33
23.67
11.67
11.33
19.00

17.33
24.93
13.33
9.33
9.33
16.00
24.00
10.33
6.33
12.00
5.67

9.00
7.00
4.67
12.00
4.67
6.00
7.00
3.33
0.46
5.33
7.67
9.00
29.67
10.00
18.67
7.21
2.33
26.67
6.33
12.33
6.00
12.00
7.00
17.33
0.11

11.21
6.33
10.00
3.33
3.33
15.33

12.67
18.79
8.67
7.67
11.33
21.00
12.67
11.33
2.33
9.00
2.33

0.00
3.35
0.00
43.35
0.00
0.00
0.00
3.35
0.05
11.65
0.00
0.00
1.65
0.00
0.00
0.05
0.00
0.00
0.00
0.00
8.35
0.00
0.00
6.65

0.20
3.25
0.00
11.65
0.00
0.00

23.35
11.65
0.05
0.00
5.00
6.65
23.35
1.65
0.00
3.35
11.65
0.00

1.00
1.33
1.00
4.33
1.00
1.00
1.00
1.33
1.01
4.00
1.00
1.00
1.33
1.00
1.00
0.99
1.00
1.00
1.00
1.00
2.00
1.33
1.00
1.67

0.98

1.65
1.00
1.67
1.00
1.00

4.33

1.67
1.01
1.00
1.33
1.67
3.00
1.33
1.00
1.67
1.67
1.00
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NRSP/11/097 5.62  2.40 0.23 6.00 11.00 23.35 3.00

Ex-Oyunga 514 150 0.04 10.53 2.33 38.35 4.67
CIP 420068 5.09 1.50 0.02 8.33 5.00 0.00 1.00
UMUSP/2 391 153 0.20 6.33 3.67 0.00 1.00
PYT/12/010 3.83 1.07 0.33 9.67 18.33 0.00 1.00
PYT/12/055 3.00 0.13 0.03 3.00 1.67 0.00 1.00
PYT/12/049  0.00 0.00 0.03 0.00 3.33 21.65 4.67
PYT/12/095 0.00 0.00 0.40 0.00 11.00 0.00 1.00
SE 351 124 0.23 2.47 0.23 3.20 0.27

SE = Standard Error

Table 6: Means of yield and other important traits of 48 genotypes of sweet potato genotypes
evaluated in Otobi, humid guinea savannah.

Genotype Root Weight  of Weight of Number of Number of
yield marketable unmarketable marketable unmarketable
(t/ha) roots roots (kg/plot)  roots roots
(kg/plot)
PYT/12/074  27.74 5.30 0.67 20.33 12.33
Kwara 25.31 4.20 1.30 25.33 20.33
PYT/12/105 24.03 7.03 0.43 20.00 7.33
PYT/12/078  23.09 6.17 0.87 23.67 10.00
UMUSPO/1 229 9.33 1.00 38.33 22.67
PYT/12/060 21.38 7.92 1.02 29.64 15.52
PYT/12/012  16.51 4.40 0.50 18.33 9.67
SOLO 2 16.27 5.87 0.23 15.00 3.33
PYT/12/053  15.18 5.13 0.30 19.00 3.33
PYT/12/050  15.05 5.00 0.10 6.00 0.00
EA/11/003 14.3 5.10 0.37 15.33 6.33
SOLO 1 14.06 3.27 0.13 10.00 2.33
EA/11/025 12.37 5.17 0.57 17.00 8.67
EA/11/002 11.03 3.10 0.50 12.67 6.67
UMUSPO/3  10.97 4.50 0.46 14.31 6.48
PYT/12/104  10.89 4.20 0.36 13.33 4.67
TIS 86/0356  10.41 0.77 3.93 3.67 4.67
PYT/12/025 10.28 3.37 0.67 17.67 10.33
PYT/12/121  10.00 2.63 0.37 9.33 4.33
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TIS 8164 9.80 2.97 0.27 11.67 4.67

PYT/12/095 9.43 2.47 0.10 7.00 1.33
AYT/11/095 8.44 3.13 0.27 13.67 6.67
PYT/12/118 7.90 1.80 1.10 6.00 15.00
EA/11/022 7.51 2.60 0.40 10.00 6.33
PYT/12/082  6.65 2.03 0.10 7.00 2.67
UMUSP/2 6.65 2.40 0.27 7.67 4.33
UM/11/001  6.10 1.92 0.13 6.14 2.52
Ex-Igbariam  6.02 2.00 0.43 8.67 2.33
Butter milk ~ 5.44 1.40 0.47 5.33 7.67
Agege 4.99 1.03 0.20 5.00 4.67
PYT/12/068  4.86 0.87 1.13 2.64 5.52
TIS 87/0087  4.79 1.53 0.27 6.00 4.33
Centennial 4.39 1.48 0.31 8.55 5.00
PYT/12/044  3.99 1.23 0.33 7.00 5.67
PYT/12/063 3.94 1.17 0.33 5.33 6.33
NRSP/11/095 3.89 0.47 0.13 1.33 2.00
PYT/12/036  3.81 0.23 0.73 1.00 9.33
AYT/08/055 3.52 1.10 0.23 7.33 4.00
PYT/12/086  3.48 0.70 0.23 3.33 4.00
PYT/12/010 2.98 0.40 0.47 3.31 8.67
CIP 420068  2.62 0.92 0.08 3.64 3.02
PYT/12/049  2.46 0.93 0.10 2.00 1.33
UM/11/015  2.32 0.77 0.13 2.67 2.33
PYT/12/106  1.98 0.57 0.00 3.00 0.00
UM/11/022  1.16 0.43 0.00 1.67 0.33
PYT/12/055  0.96 0.22 0.02 0.64 0.52
PYT/12/098 0.91 0.20 0.10 1.67 3.67
NRSP/11/097 0.30 0.10 0.03 0.33 0.33
SED 3.62 0.85 0.54 4.39 2.57

SED = Standard Error Difference

Trait-genotype relationship
As ANOVA measures the existence of variability among the genotypes for each trait, the

Principal Component Analysis (PCA) also identifies traits that define the observed variation
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among the genotypes. Table 7 presents the principal component analyses of the agronomic traits
of the genotypes evaluated. Of the seven component axes, only three principal components (PC)
axes had eigen values > 1.0, which cumulatively explained 90.99% of the total observed
variability. Principal component axis 1 (PC1) had the highest eigen value of 3.14, and also
explained 44.92% of the variations among the genotypes. Mean fresh root yield with eigen
vector of 0.90, mean weight of marketable roots (eigen vector of 0.88), and mean number of
marketable roots (eigen vector of 0.94) explained most of the 44.92% variation of PC1. It is clear
that PC1 identified the important agronomic traits of the crop which were marketable root weight
and number of marketable roots. Principal component axis 2 (PC2) explains 26.70% of the total
variability among the genotypes. The two SPVD traits, mean SPVD incidence (with vector 0.92)
and mean SPVD severity (with vector 0.90), were responsible for most of the effects of PC2.
Similarly, the mean number and weight of unmarketable root with loadings of 0.64 and 0.77
were responsible for PC3. This PC analysis suggests that phenotypic selection of the genotypes

for these traits can lead to significant progress.

Principal component biplot can also been used to show trends among genotypes and traits,
especially in the grouping of genotypes into trait classes. From the PC1 — PC2 biplot (Figure 1),
mean root yield, mean number of marketable roots, and weight of marketable roots are closely
related, suggesting that there is strong and positive relationship between the traits. Mean number
and weight of unmarketable roots are also found in the same quadrant as yield, suggesting that
they could also positively influence root yield, even if nominally. Mean SPVD incidence and
severity are located in another quadrant, and so are negatively related to root yield. However,
both SPVD-related traits have very strong relationship with each other. It is interesting to

observe that most of the CIP-sourced genotypes clustered around SPVD traits, showing that they
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exhibited high values for the disease traits, while most of the developed breeding lines appeared
more resistant. Mwanga et al. (2002) had earlier observed the susceptibility of CIP sweetpotato
germplasm imported to Africa to SPVD. Incidentally, all the deep orange-fleshed sweetpotato
genotypes (UMUSPO/3, CIP 199004.2, Centennial, Ex-Oyunga) were highly susceptible to
SPVD. While the relationship between high beta-carotene content that confers orange colour on
the flesh and virus disease severity has not been reported, the existence of such relationship
could be worth investigating, especially as this inverse relationship has been observed among
cassava transgenic lines with elevated beta-carotene content (data unpublished). The grouping of
the genotypes into trait classes will enable an efficient selection of parents that give higher
chances of developing good progeny populations with high yield and SPVD resistance. The use
of PCA procedures in studying genetic relationships among sweetpotato genotypes have been

reported (Tairo et al., 2008; Koussaou, 2012; Afuape et al., 2019).

Table 7: Principal component analyses of agronomic traits of sweetpotato genotypes evaluated in
two locations.

Principal component axes

Traits PC1 PC2 PC3
SPVD INC -0.30 0.92 -0.13
UNMKTWT 0.43 0.15 0.77
YId ton/ha 0.90 0.15 -0.33
MKTWT 0.88 0.02 -0.45
SPVD SEV -0.35 0.90 -0.18
MKTNO 0.94 0.18 -0.08
UNMKTNO 0.53 0.37 0.64
Eigenvalue 3.14 1.87 1.36
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Variability (%) 44.92 26.70 19.38
Cumulative % 44.92 71.61 90.99

MKTNO = Number of marketable storage roots; UNMKTNO = Number of unmarketable
storage roots; MKTWT = Weight (kg/plot) of unmarketable storage roots; UNMKTWT =
Weight of unmarketable storage roots; SPVD SEV = Incidence of sweet potato virus disease;

SPVD INC = Severity of sweet potato virus disease; Yld = Fresh root yield (tons/ha)

Biplot (axes PC1 and PC2: 71.61 %)
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Figure 1: Biplot of principal components 1 and 2 showing intrinsic relationships between

genotypes and important agronomic traits in Umudike.
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MKTNO = Number of marketable storage roots; UNMKTNO = Number of unmarketable
storage roots; MKTWT = Weight (kg/plot) of unmarketable storage roots; UNMKTWT =
Weight of unmarketable storage roots; SPVD SEV = Incidence of sweet potato virus disease;

SPVD INC = Severity of sweet potato virus disease; Yld = Fresh root yield (tons/ha)

Genetic analyses of agronomic and SPVD traits

Understanding the genetics of the traits to be improved is a good guide for the effective selection
of parent lines. Table 8 shows the genotypic, phenotypic and environmental variances and the
broadsense heritability estimates (Hg) of the agronomic traits in Otobi and Umudike. In both
locations, phenotypic variances (Vp) were higher than genetic variances (Vg) for all the traits
due to the influence of the environments on trait expression. Heritability estimates were therefore
either moderate or low for all the agronomic traits except SPVD incidence and severity with Hg
of 0.71 and 0.80 respectively, depending on the extent of environment on each trait. Root yield
and root yield component are quantitative traits that are largely influenced by the environment,
resulting often in large genotype-by-environment interaction and low/moderate heritability
estimates observed. As observed by Tumwegamire et al. (2011), moderate heritability is often

deemed acceptable for such traits.

Genetic variability is usually measured using genetic parameters such as genotypic (GCV) and
phenotypic coefficients of variation (PCV) and heritability estimates. The GCV is a measure of
the amount of variation within a population for a particular trait (Patil et al., 2014). The PCV and
GCV, expected genetic advance (GA) and genetic gain as percent of mean (GA (%X)) for both
locations are presented in Table 9. The PCV were higher than GCV for all the traits because of
environmental influence. At Otobi, GCV had a range of 34.45 — 66.94% with weight of

unmarketable roots having the lowest GCV, and weight of marketable roots having the highest

18



GCV. The PCV at Otobi were large with a range of 95.58 — 216.22%. The expected genetic
advance (GA) of 0.06 for unmarketable root weight was the lowest, while number of marketable
roots had the highest GA of 8.33. The GA (% of mean X) for each trait was high. While 13.6%
gain of the general mean of weight of unmarketable roots can be made, 88.96% gain of the mean
weight of marketable roots can be achieved selecting for the trait. At Umudike, the trend was the
same with PCV being higher than GCV. The GCV at Umudike had a range of 40.22 — 174.86%,
expected GA range of 0.10 — 9.80%, and GA (%X) of 28.09 — 303.71. As observed at the Otobi
location, weight of unmarketable roots had the lowest GCV of 40.22%, lowest GA of 0.10, as

well as the lowest GA (%X) of 28.09% compared to other traits.

The phenotypic and genotypic coefficients of variation estimated in this study were high enough
to permit effective selection for genetic gain in the evaluated agronomic traits. According to
Madawal et al. (2015), GCV of 10 - 25% is deemed high. The recorded genetic advance as
percent of mean (GA %X) of 13.44 — 90.09% for the root yield components and 116.12 -
303.71% for SPVD incidence and severity were big enough gains to be made using the genetic
materials based on traits evaluated. While the high GCV suggests that large variation that can
ensure rapid improvement of the traits exist, the prediction of response to selection is more
reliable when GCV, heritability and genetic advance are combined (Meshram et al., 2013).
Important traits evaluated in this study such as number of marketable roots, weight of weight of
marketable roots, root yield, SPVD incidence and severity have moderate to high heritability,
high GCV and high genetic advance, and it is expected that effective selection should lead to

high genetic gain in the use of this germplasm.
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Table 8: Variance components and broad sense heritability of agronomic traits of sweetpotato genotypes evaluated in Umudike and
Otobi.

Trait Genotypic variance Phenotypic variance Broad-sense heritability
Umudike Otobi Umudike Otobi Umudike Otobi
Number of marketable roots 49.87 42.29 111.86 107.39 0.45 0.39
Number of unmarketable roots 23.18 15.31 72.55 37.62 0.32 0.41
Weight of marketable roots (kg/plot) 6.31 3.25 11.50 7.67 0.55 0.42
Weight of unmarketable roots (kg/plot) 0.02 0.03 0.19 1.01 0.11 0.03
Fresh root yield (tons/ha) 35.66 34.38 77.38 78.53 0.46 0.44
SPVD incidence 3.34 n.a 4.71 n.a 0.71 n.a
SPVD severity 0.99 n.a 1.23 n.a 0.80 n.a

n.a = not applicable — SPVD was only evaluated at Umudike that is known as hotspot for sweetpotato virus disease.



Table 9: Genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV) and genetic advance (expected and as

percent mean) of agronomic traits of sweetpotato genotypes evaluated in Umudike and Otobi.

Means of traits Genotypic Phenotypic Genetic Genetic
coefficient coefficient advance advance
Trait of variation of variation (expected) (% of X)
Umudike Otobi Umudike Otobi Umudike Otobi Umudike Otobi Umudike Otobi
MKTNO 16.05 10.01
43.99 6408 6989 410355 980 833 6108  g319
UNMKTNO 9.18 5.90
Yld (tons/ha 11.48 9.27
( ) 52.03 s34 7665 o5 58 8.34 803 7263  gog3
SPVDINC 105 na 17486 M 20765 na 3.17 na 30371

MKTNO = Number of marketable storage roots; UNMKTNO = Number of unmarketable storage roots; MKTWT = Weight (kg/plot)

of unmarketable storage roots; UNMKTWT = Weight of unmarketable storage roots; SPVD SEV = Incidence of sweet potato virus

disease; SPVD INC = Severity of sweet potato virus disease; Yld = Fresh root yield (tons/ha).

n.a = not applicable — SPVD was only evaluated at Umudike that is known as hotspot for sweetpotato virus disease.
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Conclusion

The germplasm evaluation carried out during this study revealed that there was wide variability
among the genotypes evaluated for all the agronomic and virus disease traits to aid parent line
selection. Traits such as fresh root yield, number and weight of marketable roots, and
sweetpotato virus disease (SPVD) incidence and severity were identified as important traits that
characterized the variability observed among the various genotypes. The genetic studies of the
traits showed that while broad-sense heritability estimates ranged from moderate to high for the
important agronomic traits, the high GCV and genetic advance observed portends a high genetic
gain and good breeding progress in the next generation using the genotypes. The low resistance
among all the CIP-sourced genotypes suggests that imported germplasm from other countries
need to be well-screened for SPVD before deployment for use. The seeming relationship
between high beta-carotene content (orange-fleshed sweetpotato class) and susceptibility to

SPVD needs to be further studied for confirmation.
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