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Abstract — Sweet potato (Ipomoea batatas L. Lam) is the second most important root and tuber crop in the Democratic
Republic of the Congo (DRC) after cassava. However, its root yields in the country are among the lowest in the world
due to several production limiting factors among which the lack of improved varieties with high yield potential and
resistance to biotic and abiotic factors. Cultivar development through plant breeding is the most cost-effective to
overcome this problem as no additional investment is required from farmers. This study aimed at selecting promising
sweet potato hybrids for root yield potential among sixty F1 hybrids from a polycross mating involving the variety
Elengi as the female parent. Field experiment was conducted in Butembo area, eastern DRC, at the Catholic University
of Graben Field Station using a randomized complete block design with three replications. Data were collected on total
number of roots per plant, number and weight of marketable roots per plant, fresh root yield, fresh biomass weight
per ha and harvest index. These data were thereafter subjected to the analysis of variance using GenStat 15" edition
software package. Results showed significant differences among genotypes for all observed traits (P<0.05). The
genotype Elengi, one of the check varieties, provided the highest root yield (23.50 t ha!). Best yielding F1 hybrids were
SPH23 (21.87 t ha'!) and SPH48 (21.02 t ha!). Among yield related parameters, the weight of marketable roots per ha
was the most strongly correlated with fresh root yield (r = 0.96*) and could be, therefore, adopted by breeders as an
indirect selection criterion for fresh root yield in sweet potato breeding programmes. Best ten percent among Fi sweet
potato hybrids including SPH23, SPH48, SPH27, SPH12, SPH44 and SPH52 were selected and recommended for

further testing in a multi-site evaluation for stability analysis across major agro-ecological conditions of eastern DRC.

Keywords — Agronomic Performance, Ipomoea Batatas, North-Kivu and Polycross Mating.

I. INTRODUCTION

Sweet potato ([pomoea batatas L. Lam) belongs to the Convolvulaceae or morning glory family. It is the only
economically important species from the [pomoea genus (Woolfe, 1992; Mandal, 2006). Its role as a cash crop is
significantly increasing worldwide due to its high root yield potential and ability to grow under a wider range of
environments (Chiona, 2009; Wang et al., 2011; Gurmu, 2015). Among the major starchy staple crops, sweet
potato has the highest rate of calorie production per unit area and time (Woolfe, 1992; Thattappilly and Loebestein,
2009; Rukundo et al., 2015). Orange-fleshed sweet potato varieties are rich, low priced and sustainable source of
vitamin A in the form of beta-carotene (Low et al., 2009). Vitamin A is known to play an important role in
metabolic functions, eyesight, regular growth and development, and immune system (Stathers et al., 2013; Low
et al., 2017; Gurmu et al., 2017; Mbusa et al., 2018a). These are recommended to pregnant and lactating mothers

as well as adults for a good health, and early embryonic development of all mammals.
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Sweet potato has become, after cassava, an important root and tuber crop in Democratic Republic of the Congo
(DRC), where 411,257 tonnes were harvested from 82,108 ha in 2017 (FAO, 2019). This crop plays a major role
in food and income security in DRC where it is widely exploited on small plots by most smallholder farmers.
Over 40% of that DRC production is from North- and South-Kivu provinces in the eastern part of the country.
Tuberous roots and sweet potato leaves, called ‘‘Matembele’’ in the region, are highly valued by populations of
the Kivu region (Phemba, 2008). Its importance increased over the last two decades mainly due to the occurrence
of cassava mosaic disease and Maize Lethal Necrosis Disease, which severely devastated these two staple crops

(Mbusa, 2017).

Despite its high potential for food and income security, African fresh root yield, which is approximately 7 t ha”
! (Stathers et al., 2013; Stathers et al., 2015), remains very low compared to the world mean yield (12.01 t ha™!)
and to crop potential yields recorded in developed countries like United States of America (25.08 t ha') and Chine
(21.35 t ha'!) (FAO, 2019). A similar scenario is observed in DRC; where the fresh root yield varies between 4
and 7 t ha'! with an overall mean of approximately 5 t ha! (Phemba, 2008; FAO, 2019). This may be due to lack
of improved plant materials with high yield potential and resistance to biotic and abiotic factors, poor cultural
management, and non-consistent sweet potato breeding program in the region. These issues should, therefore, be
addressed to increase the fresh root yield in eastern DRC. This study is a part of a breeding programme laid by
the Agricultural and Veterinary Research Center of Graben (CERAVEG) of the Catholic University of Graben
(UCG, Butembo) focusing on the development of high yielding sweet potato varieties adapted to Nord-Kivu agro-
ecological conditions, in eastern DRC. The specific objective of this study was to select elite F; sweet potato

hybrids for fresh root yield and other agronomic traits in Butembo area conditions.
II. MATERIAL AND METHODS

A. Experimental Site

The field experiment was conducted at the Agricultural and Veterinary Research Center of Graben
(CERAVEQG) Field Station of the Catholic University of Graben. CERAVEG Field Station is located in Butembo
City (between coordinates 0°05° and 0°10°N and 29°17” and 29°18’E, at an elevation 1700 m above the sea level).
Butembo has a humid subtropical climate influenced by mountains. The station receives a binomial rainfall with
the short rain season occurring from March to May and long rain season from August to November (Vyakuno,
2006). The average annual rainfall varies between 1200 and 1500 mm while the average annual temperature is
18°C (Vikanza, 2011). The soil is well drained, darkish to dark red in color and clay ferralitic soil type. Table 1

presents data on weather conditions during the experimental period.

Table 1. Weather conditions of Butembo during the experimental period.

Years 2017 2018
Months December January February March April
Maximum Temperature (°C) 24.07 23.80 25.57 24.16 23.64
Minimum Temperature (°C) 14.23 13.90 14.22 14.58 14.90
Mean Temperature (°C) 19.15 18.85 19.90 19.37 19.27
Relative Humidity (%) 87.16 89.45 87.57 87.09 88.94
Rainfall (mm) 41.00 111.60 278.50 516.90 547.00
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Years 2017 2018
Months December January February March April
Days of rain 5 6 12 19 18

Source: ITAV Meteorological Station (2018).

B. Plant Materials

Sixty-four sweet potato genotypes among which 60 F; sweet potato hybrids (SPH) and four check varieties
were used in this field experiment. F; sweet potato hybrids were from a bulked seed from an open-pollinated
polycross nursery of 30 parents grown at CERAVEG Field Station of the UCG in Butembo in 2016 involving the
sweet potato variety Elengi as a female parent. The four checks included Elengi (a bred clone released by the
National Institute for Agronomic Research and Studies, INERA Mulungu in 1994), Nairobi (an introduced clone
by local traders in 1995), and Anonym and CEMDL (landraces).

C. Experimental Design

The field trial was conducted at the CERAVEG Field Station during the period of December 2017 to April
2018. The experiment was laid out in a randomized complete block design (RCBD) with three replications. Each
replication was made of 64 plots corresponding to 64 test genotypes used as treatments. Genotypes were planted
on a ridge of 1 m of diameter with three plants per ridge ranged in a triangular mode at spacing of 0.3 m within
the ridge and 1 m between ridges. The ridge corresponding to a plot size had 0.785 m? as surface. The genotypes
were irrigated and weeded by hand when necessary. Table 2 presents major characteristics of parental lines

involved in F1 sweet potato hybrids development.

Table 2. Characteristics of parental sweet potato lines used in the polycross mating design to develop F; sweet potato hybrids evaluated in

this study.

Names Origin Maturity (Days)  Yield (t ha™) Flesh color References
Naspotl NaCRRI/Uganda 120 29.0 Cream Mwanga et al., 2003
Naspot8 NaCRRI/Uganda 115 20.0 Orange Kapinga et al., 2010
Naspot10 NaCRRI/Uganda 115 16.0 Orange Kapinga et al., 2010
Naspotl 1 NaCRRI/Uganda 115 26.5 Orange Mwanga et al., 2011
Naspot12 NaCRRI/Uganda 115 24.0 Orange Kapinga et al., 2010
Naspotl13 NaCRRI/Uganda 115 38.0 Orange Kapinga et al., 2010
Dimbuka Landrace/Uganda 125 25.0 Cream Mwanga et al., 2009

NKA38L/OP/ Bred clone/Uganda - - - -
Naspot7 NaCRRI/Uganda 115 20.4 Orange Mwanga et al., 2009
M950384/0OP/ Bred clone/Uganda - - - -
CEMDL Landrace/DRC 150 10.0-20.0 Cream -
Clonel UCG/DRC - - Cream -
Mughuma Landrace/DRC - - - -
Kanyamatsitsi Landrace/DRC - - - -
Kikoma Landrace/DRC - - - -
Nyakosoro Landrace/DRC - - - -
Mbaiteka Landrace/DRC - - Cream -
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Kamutima Landrace/DRC - - - -
Anonym Landrace/DRC 150 12.5 Cream -
Mayaya Landrace/DRC - - Yellow -
Kinya Beni Landrace/DRC - - White -
Vander Wall FAO 135 15.0-25.0 Orange SENASEM, 2009
Irene Mozambique 120 19.6 Orange Kapinga et al., 2010
Kenspot4 Kenya 120 17.1 Orange Kapinga et al., 2010
Mugande Landrace/Uganda 125 25.0-40.0 Cream SENASEM, 2009
Ntakubura FAO - - Yellow -
Nterera bana FAO - - - -
Kenspot5 KEPHIS/Kenya 125 14.8 Orange Kapinga et al., 2010
Elengi INERA/DRC 120 30.0-50.0 Yellow SENASEM, 2009
Clone2 UCG/DRC - - Cream -

Note: UCG = Catholic University of Graben; SENASEM = Service National des Semences; NaCRRI = National Crop Resources Research
Institute; KEPHIS = Kenya Plant Health Inspectorate Service.

D. Data Collection

Fresh roots were harvested 150 days after planting using hand hoe. Data were collected on all the plants on the
ridge. Yield and yield related components were measured as follows: total number of roots per plant (NT) obtained
by a total count of roots per plant, number and weight of marketable roots per plant (NMR and MRW) was
determined by counting and weighting individual tuberous roots from a plant and then, those weighing between
100 and 500 grams were considered as marketable. Fresh root yield (FRY) was measured in kilograms by bulking
harvested roots from each plot using a weighing balance. Recorded weight per plot was thereafter extrapolated to
tonnes per hectare. Fresh biomass weight (FBW) was measured in kilograms as the harvested roots together with
fresh cut vines per plot and was extrapolated to tonnes per hectare. Harvest index (HI) was estimated as the ratio

of the fresh root yield to fresh biomass weight and expressed in percentage.

First filiation sweet potato hybrids were selected following Grunerberg et al. (2009) method which suggested

a selection intensity of 10%. Selection was exclusively based on fresh root yield.
E. Data Analysis

Data for total number of roots per plant (NT), number and weight of marketable roots per plant (NMR and
MRW), fresh root yield (FRY), fresh biomass weight (FBW) and harvest index (HI) were subjected to the analysis
of variance using GenStat 15" edition software (VSN International, 2012). Means were separated with the Fisher’s
protected least significant differences (LSD) test at 5% significance level. Pearson’s correlation coefficient

analysis was performed to determine the association between the traits.
II1. RESULTS

A. Analysis of the Variance

Table 3 presents mean squares of fresh root yield and yield related components of sixty-four sweet potato
genotypes evaluated in Butembo agro-ecological conditions. Analysis of variance showed significant differences

among sweet potato genotypes for fresh root yield and all other agronomic parameters (P < 0.05).
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Table 3. Mean Squares for Root Yield and Yield Components among Sixty-Four Sweet potato Genotypes under Butembo Agro-Ecological

Conditions.
Source of variation d.f. NT NMR WMR FRY FBW HI
Replications 2 43.79 1.27 2.05 8.44 1160.40 1240.10
Genotypes 63 24.02* 6.11* 111.44* 132.26* 273.80* 1609.40*
Residual 126 11.98 1.71 29.17 37.91 168.50 488.50

Total 191

Note: ™ and * = not and significant difference at P < 0.05; d.f = degree of freedom; NT = total number of roots per plant; NMR = number of
marketable roots per plant; WMR = weight of marketable roots per plant; FRY = fresh root yield (t ha'); FBW = fresh biomass weight (t ha®
1) and HI = harvest index (%).

B. Agronomic Performance of F'; Hybrid Sweet potato lines in Butembo Agro-ecological Conditions

Results on means for all yield parameters are presented in Table 4. The F; sweet potato hybrids SPH23 and
SPH44 recorded the highest total number of roots per plant (10.70). Another breeding line with high number of
roots per plant was SPH28 which yielded 10.30 storage roots. However, genotypes SPH18, SPH22, SPH03 and
SPH34 did not bear any storage roots. The highest numbers of marketable roots per plant were recorded on the
check variety Elengi (5.00) and breeding lines such as SPH27 (4.70), SPH23 (4.0) and SPH48 (4.00). Genotypes
SPH18, SPH22, SPH03 and SPH34 did not bear any marketable roots. Regarding the marketable root weight, the
check variety Elengi recorded the highest marketable root weight of 21.66 t ha'! followed by the sweet potato
hybrids SPH27 and SPH48 with a mean of 19.32 t ha’!, both. According to results on the fresh root yield, the
highest fresh root yield of 23.50, 21.87 and 21.02 t ha! were recorded on the check variety Elengi, and the hybrids
SPH23 and SPH48, respectively. The average fresh root yield was 9.40 t ha'!. Regarding the fresh biomass weight,
hybrids SPH26, SPH15 and SPH29 recorded the highest biomass weight with 63.69, 61.57 and 59.45 t ha™,
respectively. However, genotypes SPH27, SPH59, SPH33, SPH49 and SPH20 yieclded fresh biomass weight
below 26.00 t ha'!'. The hybrid SPH27 (80.46 %) had the highest harvest index followed by the check variety
Elengi (79.04 %) and the hybrid SPH48 (61.88 %). The lowest harvest index (0.00 %) was observed in the sweet
potato hybrids SPH18, SPH03, SPH22 and SPH34. All the coefficients of variation were superior to 30 %,

suggesting the presence of heterogeneity among sweet potato genotypes (Table 4).

Table 2. Means for root yield and yield related components of sixty-four sweet potato genotypes under Butembo agro-ecological conditions.

Genotypes NT NMR WMR FRY FBW HI
(no) (no) (tha) (tha) (tha™) (%)
Sweet potato F, Hybrids

SPHO1 5.70 2.00 7.00 9.98 42.47 23.50
SPH10 9.00 4.00 12.95 16.77 33.97 49.37
SPH11 5.30 1.70 6.16 8.92 38.22 23.34
SPH12 9.30 3.00 16.14 20.38 38.22 53.32
SPH13 10.00 3.70 12.74 17.62 48.83 36.08
SPH14 6.30 2.70 14.86 18.47 44.59 41.42
SPH15 6.00 2.30 6.37 9.13 61.57 14.83
SPH16 6.30 2.00 5.10 7.86 31.85 24.68
SPH17 6.30 0.00 0.00 5.31 36.10 14.71
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Genotypes NT NMR WMR FRY FBW HI
(no) (no) (tha') (tha') (tha') (%)
Sweet potato F, Hybrids

SPH18 0.00 0.00 0.00 0.00 40.34 0.00
SPH19 5.00 2.00 6.58 8.49 57.32 14.81
SPHO02 4.00 2.30 17.62 19.32 31.85 60.66
SPH20 9.30 1.30 2.76 5.73 21.23 26.99
SPH21 8.30 1.00 2.97 4.88 38.22 12.77
SPH22 0.00 0.00 0.00 0.00 29.73 0.00
SPH23 10.70 4.00 15.07 21.87 50.95 42.92
SPH24 1.70 0.00 0.00 1.06 44.59 2.38
SPH25 7.70 2.70 10.83 11.04 36.10 30.58
SPH26 5.70 0.00 0.00 5.31 63.69 8.34
SPH27 9.70 4.70 19.32 20.50 25.48 80.46
SPH28 10.30 2.00 7.22 14.01 29.73 47.12
SPH29 5.70 1.00 2.76 6.16 59.45 10.36
SPHO03 0.00 0.00 0.00 0.00 42.46 0.00
SPH30 5.70 1.70 3.82 6.37 38.22 16.67
SPH31 2.70 1.30 5.94 7.43 31.85 23.33
SPH32 5.00 2.00 6.16 8.07 48.83 16.53
SPH33 3.70 1.00 3.18 7.86 23.36 33.65
SPH34 0.00 0.00 0.00 0.00 44.59 0.00
SPH35 6.00 2.00 7.65 11.68 44.59 26.19
SPH36 8.00 3.30 12.31 15.50 33.97 45.63
SPH37 4.70 1.00 3.82 6.37 42.46 15.00
SPH38 6.30 0.70 2.12 8.28 42.47 19.50
SPH39 6.00 3.00 10.19 13.37 31.85 41.98
SPH04 6.00 0.00 0.00 6.80 36.10 18.84
SPH40 5.30 2.00 8.07 9.77 36.10 27.06
SPH41 2.70 1.00 3.61 4.46 27.60 16.16
SPH42 7.30 1.00 2.34 6.58 36.10 18.23
SPH43 1.00 0.00 0.00 2.12 27.60 7.68
SPH44 10.70 3.70 16.56 19.96 48.83 40.88
SPH45 3.70 0.00 0.00 2.33 29.73 7.84
SPH46 2.70 0.70 2.76 4.46 36.10 12.35
SPH47 8.30 2.00 5.95 9.34 46.71 20.00
SPH48 6.00 4.00 19.32 21.02 33.97 61.88

Note: NT = total number of roots per plant; NMR = number of marketable roots per plant; WMR = weight of marketable roots per ha; FRY =
fresh root yield per ha; FBW = fresh biomass weight per ha and HI = harvest index.
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Table 4. Means for root yield and yield related components of sixty-four sweet potato genotypes under Butembo agro-ecological conditions

(continued).
Genotypes NT NMR WMR FRY FBW HI
(no) (no) (tha™) (tha™) (tha') (%)
Sweetpotato F; Hybrids
SPH49 5.00 1.30 4.46 722 23.36 30.91
SPHOS 2.70 1.00 2.55 3.40 42.47 8.01
SPHS50 430 0.00 0.00 4.25 46.71 9.10
SPH51 6.70 0.00 0.00 4.88 44.59 10.94
SPHS52 7.30 3.70 16.14 19.96 33.97 58.76
SPHS3 7.00 0.30 1.06 7.60 38.22 19.88
SPH54 6.30 0.00 0.00 5.52 31.85 17.33
SPHSS 8.20 2.10 8.96 13.47 26.22 51.37
SPH56 7.70 3.20 12.24 15.55 28.30 54.95
SPH57 9.30 3.30 10.83 14.44 29.73 48.57
SPH58 4.00 0.00 0.00 2.55 27.60 9.24
SPH59 4.00 2.30 8.92 10.61 25.48 41.64
SPHO6 2.30 0.00 0.00 1.91 44.59 4.28
SPH60 5.00 1.70 5.10 8.28 33.97 24.37
SPHO7 7.70 2.00 8.07 12.74 33.97 37.50
SPHO8 1.00 0.00 0.00 0.64 46.71 1.37
SPH09 4.00 0.30 1.27 6.16 40.34 15.27
Check varieties

Elengi 7.30 5.00 21.66 23.50 29.73 79.04
Anonym 0.30 0.00 0.00 0.42 55.20 0.76
CEMDL 7.70 3.70 12.95 15.71 46.71 33.63
Nairobi 7.70 3.30 12.53 18.26 40.34 45.27
Grand Mean 5.60 1.70 6.36 9.40 38.41 26.41
LSD (o= 0.05) 5.60 2.10 8.74 9.97 21.01 35.77
C.V. (%) 61.60 78.80 84.71 64.85 33.79 75.69

Note: LSD = least significant difference at P-value threshold of 0.05, C.V. = coefficient of variation, NT = total number of roots per plant;
NMR = number of marketable roots per plant; WMR = weight of marketable roots per ha; FRY = fresh root yield per ha; FBW = fresh biomass

weight per ha and HI = harvest index.
C. Selected F; Sweet potato Hybrids
Table 5 presents F; sweet potato hybrids which were selected based on their high yield potential. Ten percent

best of the F; sweet potato hybrids at the first breeding sweet potato stage were SPH23, SPH48, SPH27, SPH12,
SPH44 and SPH52.
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Table 5. F; sweet potato hybrids selected for fresh root yield potential in Butembo agro-ecological conditions.

Genotypes NT NMR WMR FRY FBW HI

(no) (no) (tha') (tha') (tha') (%)
SPH23 10.70 4.00 15.07 21.87 50.95 42.92
SPH48 6.00 4.00 19.32 21.02 33.97 61.88
SPH27 9.70 4.70 19.32 20.50 25.48 80.46
SPHI12 9.30 3.00 16.14 20.38 38.22 53.32
SPH44 10.70 3.70 16.56 19.96 48.83 40.88
SPH52 7.30 3.70 16.14 19.96 33.97 58.76

Note: NT = total number of roots per plant; NMR = number of marketable roots per plant; WMR = weight of marketable roots per ha; FRY =
fresh root yield per ha; FBW = fresh biomass weight per ha and HI = harvest index.
D. Pearson’s Correlation Coefficients among Root Yeld and Yield Related parameters of F; sweet

potato hybrids

Fresh root yield was positively and significantly correlated with all yield related traits targeted in this study,
except the fresh biomass weight (r=-0.118) (Table 6). Strongest correlation coefficients (r > 0.750) were observed
between fresh root yield per ha and marketable root weight per ha, number of marketable roots per plant and
marketable root weight per ha, number of marketable roots per plant and fresh root yield per ha, fresh root yield
per ha and harvest index; and marketable root weight per ha and harvest index. Fresh biomass weight was
negatively correlated with all other traits under consideration. Among yield related traits, the weight of marketable
roots per ha was the most strongly correlated to fresh root yield (r = 0.96*) and could, therefore, be adopted by

breeders as an indirect selection criterion for fresh root yield in sweet potato breeding programmes.

Table 3. Pearson’s correlation coefficients among sweet potato yield components of F; hybrids grown in Butembo agro-ecological

conditions.
Parameters NT NMR WMR FRY FBW
NMR 0.688*
WMR 0.611* 0.955*
FRY 0.748* 0.928* 0.960*
FBW -0.067"¢ -0.115" -0.140" -0.118"¢
HI 0.670* 0.877* 0.916* 0.930* -0.401*

Note: ™ and * = not and significant Pearson’s correlation coefficient at P < 0.05; NT = total number of roots per plant; NMR = number of
marketable roots per plant; WMR = weight of marketable roots per ha; FRY = fresh root yield per ha; FBW = fresh biomass weight per ha

and HI = harvest index.
IV. DISCUSSION

A. Analysis of Variance for Yield and Yield Related Traits among test F; sweet potato Hybrid lines

Analysis of variance showed significant differences among sweet potato genotypes for fresh root yield and all
yield related parameters (P<0.05), suggesting the presence of a high genetic diversity among the tested sweet
potato genotypes. This may be due to the origin of those genotypes involving the check variety Elengi as a female

parent in a mating design of thirty sweet potato entries. It was stated by Chiona (2009), Ngailo (2015) and
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Rukundo et al. (2017) that sweet potato root yield is mostly under genetic control, although environmental factors
can also play a certain role in the gene expression. This statement is in accordance with our findings showing

significant genotypic effects for all the traits.
B. Agronomic Performance of test Lines and F'; Sweet potato Hybrids Selection

In this study, significant differences among sweet potato genotypes were observed on the total number of
storage roots per plant, the number and weight of marketable roots, the fresh root yield, fresh biomass weight and
the harvest index. Significant differences detected among sweet potato genotypes may be attributed to genetic
package of each genotype. Previous reports by Mwololo et al. (2009), Adebala et al. (2013), Kathabwalika et al.
(2013) and Rukundo et al. (2017) and Mbusa et al. (2018c) pointed highly significant effects of genotypes and
environment on qualitative and quantitative traits including fresh root yield and yield related components in sweet
potato. Kathabwalika et al. (2013) reported that the variation in sweet potato fresh root yield and yield components
is mostly influenced by the genotype which contributed 43.40 % in yield variation. The overage fresh root yield
of 9.40 was observed in this study. The obtained fresh root yield is high than the overage fresh root yield of 5.01
t ha'! reported for DRC (FAO, 2019).

Best ten percent of Fi sweet potato hybrids including SPH23, SPH48, SPH27, SPH12, SPH44 and SPH52 were
selected. Those selected F sweet potato hybrids presented higher fresh root yields compared to checks except the
check variety Elengi which provided the highest fresh root yield (23.50 t ha™!). The better performance recorded
for that check variety may be attributed to its adaptation to Kivu high altitudes. In fact, this variety was developed
and released by INERA Mulungu in agro-ecological conditions (1800 m asl) similar to the one of Butembo where
this experiment was conducted. These tested clones are in the early selection phase and their yield response could
be affected by their genetic constitution and the environment. This requires continuous selection of genetically

fixed, stable and high yielding clones across representative sites in the eastern DRC.

C. Pearson’s Correlation among Root Yield and Yield Related traits of 64 Sweet potato Genotypes

tested under Butembo Agro-ecological Conditions

Significant and positive correlations were observed between fresh root yield and all target traits except the fresh
biomass weight. These results showed that the increasing in any of the yield components including total number
of roots per plant, number and weight of the marketable roots led to increase in fresh root yield. Similar results
were reported by Mbusa et al. (2018b) who observed significant and positive Pearson’s correlation coefficients
between fresh root yield and all the yield component traits when evaluating sweet potato clones in Nairobi and
Kiboko (eastern Kenya) conditions. Findings are in conformity with those of Birhan (2007) and Harriman et al.
(2017) who suggested that total root weight per plant may be used as an indicator for storage root yield. According
to them, improved root weight per plant would significantly complement storage root yield, thus increased root
yield might be obtained by breeding cultivars with high root weights and high number of marketable roots and

weight of marketable roots.

Fresh biomass weight and number of marketable roots, marketable root weight and fresh root weight were
negatively correlated. This may be explained by the competition between vegetative growth and tuberisation. It
was stated by Missanjo and Matsumura (2017) that one of the major difficulties faced by breeders is negative and

unfavourable association among agronomic traits which make the indirect selection difficult.
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V. CONCLUSION

First filiation (F) sweet potato hybrids, SPH23, SPH48, SPH12, SPH44 and SPH52 performed well in Butembo
conditions. Marketable root weight was higher in the high yielding sweet potato genotypes. Most of the agronomic
traits were significantly and positively correlated and the improvement and the selection can be done to one of the
agronomic traits. These genotypes should be further tested in multiple sites to validate their performance or their
use as parental lines in breeding programs in order to improve sweet potato productivity in Nord-Kivu, eastern

DRC.
ACKNOWLEDGMENT

Financial support received from the Alliance for the Green Revolution in Africa (AGRA) through Partners for
Seed in Africa (PASA) project is gratefully acknowledged. Authors are thankful to the Agricultural and Veterinary
Research Center of Graben (CERAVEG) of the Catholic University of Graben (UCG) which made crosses to

provide plant materials used in this study.
CONFLICT OF INTEREST

We declare that we have no conflict of interest. All the authors contributed on the realisation of the present

study and agreed on the final manuscript content.

REFERENCES

[1] Adebola, P.O., Shegro, A., Laurie, S.M., Zulu, L.N., and Pillay, M. (2013). Genotype x environment interaction and yield stability
estimate of some sweet potato [[pomoea batatas (L.) Lam] breeding lines in South Africa. J. Plant Breed. Crop Sci. 5:182-186.
https://doi:10.5897/JPBCS2013.0387.

[2] Burhan, A. (2007). Relationship among yield and some yield characters in potato. J. Biol. Sc. 7:973-976. https:/scialert.net/abstract/
?doi=jbs.2007.973.976

[3] Chiona, M. (2009). Towards enhancement of B-carotene content of high dry mass sweet potato genotypes in Zambia. PhD thesis.
University of Kwa Zulu-Natal, Pietermaritzburg, Republic of South Africa. Retrieved from https://books.google.co.ke/ books?
isbn=1780644205.

[4] FAOSTAT (Food and Agriculture Organization of the United Nations-Statistics). (2019). Statistics databases and data-sets of the Food
and Agriculture Organization of the United Nations. http://www.fao.org/faostat/en/#data

[5] Gruneberg, W., Mwanga, R., Andrade, M., and Dapaah H. (2009). Unleashing the potential of sweet potato in Sub-Saharan Africa:
Current challenges and way forward. CIP. Social sciences working paper. 42p.

[6] Gurmu, B.F. (2015). Breeding of sweet potato for improvement of root dry matter and B-carotene contents in Ethiopia. PhD Thesis,
University of KwaZulu-Natal, Republic of South Africa. Retrieved from http://hdl.handle.net/10413/14073.

[71 Gurmu, F., Hussein, S., and Laing, M. (2017). Genotype-by-environment interaction and stability of sweet potato genotypes for root dry
matter, beta-carotene and fresh root yield. Open Agriculture 2:473-485. https://doi.org/10.1515/0pag-2017-0052.

[8] Harriman, J.C., Okocha, P.I., Nwofia, G.E., and Afuape, S.O. (2017). Association between root yield and other traits in orange fleshed
sweet potato. Nigerian Journal of Genetics 31(1): 115-123. http://DOI:10.13140/RG.2.2.10032.46082.

[9] Institut Technique Agricole et Vétérinaire (ITAV). (2018). Meteorological station, Butembo, Democratic Republic of the Congo.

[10] Kapinga, R., Tumwegamire, S., Ndunguru, J., Andrade, M., Agili, S., Mwanga, R.., Laurie, S., and Dapaah, H. (2010). Catalogue of
orange-fleshed sweet potato varieties for Sub-Saharan Africa. International Potato Center (CIP), Lima, Peru. 40p.
https://doi.org/10.4160/9789290603832.

[11] Kathabwalika, D.M., Chilembwe, E.H.C., Mwale, V.M., Kambewa, D., and Njoloma, J.P. (2013). Plant growth and yield stability of
orange fleshed sweet potato ([pomoea batatas) genotypes in three agro-ecological zones of Malawi. Int. Res. J. Agri. Sci. Soil Sci. 3 :
383-392. http:/dx.doi.org/10.14303/irjas.2013.120 http://www.interesjournals.org/IRJAS

[12] Low, J., Mwanga, R.O.M., Andrade, M., Carey, E., and Ball, A.M. (2017). Tackling vitamin A deficiency in bio fortified sweet potato
in Sub-Saharan Africa. Global Food Security 14: 23-30. https://doi.org/10.1016/j.gf5.2017.01.004

[13] Mandal, R.C. (2006). Tropical root and tuber crops, Agrobios, India, 360 pages.

[14] Mbusa, H. (2017). Genetic analysis of sweet potato (lpomoea batatas (L) Lam) genotypes for beta carotene content and root yield in
Kenya. MSc Thesis, University of Nairobi, Nairobi, Kenya. 88p. erepository.uonbi.ac.ke/bitstream/handle/.../Kambale.pdf?...2...y

[15] Mbusa, H., Ngugi, K., Olubayo, F., Kivuva, B., Muthomi, J., and Nzuve, F. (2018b). Agronomic performance of Kenyan orange fleshed
sweet potato varieties. Journal of Plant Studies 7 (2). https://doi.org/10.5539/jps.vin2pl1

[16] Mbusa, H., Ngugi, K., Olubayo, F., Kivuva, B., Muthomi, J., and Nzuve, F. (2018a). The inheritance of yield components and beta
carotene content in sweet potato. Journal of Agricultural Sciencel0 (2):71. http://dx.doi.org/10.5539/jas.v10n2p71

[17] Mbusa, H., Valimunzigha, C., Ngugi, K., Gatimu, R., Mondo, M.J., Muvunga, G., and Musungayi, E. (2018c). Magnitude of genotype
by environment interaction on beta-carotene and dry matter content of 25 improved sweet potato varieties in Kenya. International
Journal of Nutrition and Agriculture Research 5(1):22-30. Available online: www.uptodateresearchpublication.com

[18] Missanjo, E., and Matsumura, J. (2017). Multiple trait selection index for simultaneous improvement of wood proprieties and growth
traits in Pinus kesiye Royles ex Gordon in Malawi. Forest 8:96, https://doi:10.3390/f8040096

[19] Mwanga, R., Niringiye, C., Alajo, A., Kigozi, B., Namukula, J., and Mpembe, 1. (2011). ‘NASPOT 11°, a sweet potato cultivar bred by

Copyright © 2019 IJRAS, All right reserved
55


https://doi:10.5897/JPBCS2013.0387
https://scialert.net/abstract/?doi=jbs.2007.973.976
https://scialert.net/abstract/?doi=jbs.2007.973.976
https://books.google.co.ke/books?isbn=1780644205
https://books.google.co.ke/books?isbn=1780644205
http://www.fao.org/faostat/en/#data
http://hdl.handle.net/10413/14073
https://doi.org/10.1515/opag-2017-0052
http://DOI:10.13140/RG.2.2.10032.46082
https://doi.org/10.4160/9789290603832
http://www.interesjournals.org/IRJAS
https://doi.org/10.1016/j.gfs.2017.01.004
http://erepository.uonbi.ac.ke/bitstream/handle/11295/104375/Kambale.pdf?sequence=2&isAllowed=y
http://erepository.uonbi.ac.ke/bitstream/handle/11295/104375/Kambale.pdf?sequence=2&isAllowed=y
https://doi.org/10.5539/jps.v7n2p11
http://dx.doi.org/10.5539/jas.v10n2p71
http://www.uptodateresearchpublication.com/
https://doi:10.3390/f8040096

International Journal of Research in Agricultural Sciences
Volume 6, Issue 2, ISSN (Online): 2348 — 3997

a participatory plant-breeding approach in Uganda. HortScience 46(2):317-321.

[20] Mwanga, R., Odongo, B., Niringiye, C., Alajo, A., Kigozi, B., Makumbi, R., Lugwana, E., Namukula, J., and Mpembe 1. (2009).
‘NASPOT 7°, ‘NASPOT 8’, ‘NASPOT 9 O’, ‘NASPOT 10 O’, and ‘Dimbuka-Bukulula’ Sweetpotato. Hort Science 44(3):828-832.

[21] Mwanga, R.., Odongo, B., Turyamureeba, G., and Alojo, A. (2003). Release of six sweet potato cultivars (NASPOT 1 to NASPOT 6)
in Uganda. Hort Science 38(3):475-476.

[22] Mwololo, J.K., Muturi, P.W., Mburu; M.W K., Njeru, R.W., Kiarie, N., Munyua, J.K., Ateka, E.M., Muinga, R.W., Kapinga, R.E., and
Lemaga, B. (2009). Additive main effects and multiplicative interaction analysis of genotype x environmental interaction among sweet
potato genotypes. J. Anim. Plant Sci. 2:148-155. Available online: http://www.biosciences.elewa.org/JAPS

[23] Ngailo, S.E. (2015). Breeding sweet potato for improved yield and related traits and resistance to sweet potato virus disease in Eastern
Tanzania. PhD Thesis, University of Kwa Zulu-Natal, Republic of South Africa. 202p. Available online: https://researchspace.ukzn.
ac.za/xmlui/.../Ngailo_Stephan_Eliuth 2015.pdf?sequence...

[24] Phemba, (2008). Post-harvest of roots and tubers in the Kivu Zone of the Democratic Republic of Congo, INERA-MULUNGU, DR
Congo.

[25] Rukundo, P., Shimelis, H., Laing, M., and Gahakwa, D. (2017). Combining ability, maternal effects, and heritability of drought tolerance,
yield and yield components in sweet potato. Front. Plant Sci. 7:1981. https://doi:10.3389/fpls.2016.01981

[26] Rukundo, P., Shimelis, H., Laing, M., and Gahakwa, D. (2015). Phenotypic characterisation of sweet potato genotypes grown in East
and Central Africa. South Afr. J. Plant Soil: 1-10 https://doi:10.1080/02571862.2014.994141

[27] SENASEM (Service National de Semence). (2009). Crop catalogue. Department of Agricultural, Fisheries and Livestock. Democratic
Republic of the Congo.

[28] Stathers, T., Benjamin, M., Katcher, H., Blakenship, J., and Low, J. (2013). Orange-fleshed sweet potato and nutrition. Everything You
Ever Wanted to Know about Sweet potato: Reaching Agents of Change ToT Manual (Vol. 2). International Potato Center, Nairobi,
Kenya. https://doi.org/10.4160/9789290604273.v2

[29] Stathers, T., Mkumbira, J., Low, J., Tagwireyi, J., Munyua, H., Mbabu, A., and Mulongo, G. (2015). Orange fleshed sweet potato
investment guide (p. 39). International Potato Center, Nairobi, Kenya. https://doi.org/10.4160/9789290604600

[30] Thattappilly, G., and Loebestein, G. (2009). The sweet potato. Springer, New York.

[31] Tumwegamire, S., and Kapinga, R. (2011). Evaluation of dry matter, protein, starch, sucrose, beta-carotene, iron, zing, calcium, and
magnesium in East African sweet potato (Ipomoea batatas (L.) Lam) germplasm. Host Science 46(3): 348-357.

[32] Vikanza, P. (2011). Protected areas, disputed spaces and development of north-eastern of the Democratic Republic of the Congo. PhD
Thesis. Catholic University of Louvain. Louvain-la-Neuve. 375p. Available online : https://uclouvain.be/fr/facultes/espo/theses-
defendues-0.html

[33] VSN International. (2012). GenStat for Windows, 15" Ed. Hemel Hempstead: VSN International. Web page: GenStat.co.uk

[34] Vyakuno, E. (2006). Anthropic pressure and rational management of Lubero high land in Democratic Republic of the Congo, Rapport
between social and physical area in the equatorial mount. Tom 1 and 2. PhD Thesis. Toulouse University 2-le Mirail. Toulouse. Available
online: www.theses.fr/2006TOU20006

[35] Wang, Z., Li, J., Luo, Z., Huang, L., Chen, X., Fang, B., Li, Y., Chen, J. and Zhang, X. (2011). Characterization and development of
EST-derived SSR markers in cultivated sweet potato (Ilpomoea batatas). BMC Plant Biology 11:1-9. https://doi.org/10.1186/1471-2229-
11-139.

[36] Woolfe, J.A. (1992). Sweet potato: An untapped food resource (p. 363). Cambridge University Press, Cambridge, United Kingdom
(UK). Available online: http://books.google.com/books?id= MWmIDzZNMSYC.

AUTHORS PROFILE’

' KYOWERO KASEREKA SHUKURU

4 Mr Shukuru holds a Bachelor of Science Degree in Agriculture (Crop Science) from the Catholic University of Graben,
§ Butembo, Democratic Republic of Congo. Currently, he is pursuing a Master of Science Degree in Crop Science from the
=2 same university. His crop of interest is sweet potato.

CHARLES KAMBALE VALIMUNZIGHA

Prof. C.K. Valimunzigha is a Professor at the Catholic University of Graben, Butembo, North-Kivu, Democratic Republic
§ of the Congo. He has over 15 years in research, graduate and postgraduate student supervision and teaching experience.
Currently, Prof C.K. Valimunzigha is the Director of the Agricultural and Veterinary Research Center of Graben
.| (CERAVEG). Also, he has released sweet potato and potato varieties. He is currently working on many breeding
ﬁ programmes in DRC in collaboration with national and international organisations.

| JEAN MUBALAMA MONDO

1 Mr. Mondo J.M. is a lecturer in the Faculty of Agriculture and Environmental Sciences, Department of Crop Production, at
the University Evangélique en Afrique located in Bukavu City, eastern DR Congo. He holds an M.Sc. Degree from the
University of Nairobi in Plant Breeding and Biotechnology Program. His major research interest is on breeding for biotic
and abiotic stresses in pulses.

HERITIER KAMBALE MBUSA

Mr. Heritier holds a Bachelor of Science Degree in Agriculture (Crop Science) from the Catholic University of Graben,
Butembo, Democratic Republic of the Congo and had his MSc Degree in Plant Breeding and Biotechnology from the
University of Nairobi, Nairobi, Kenya in 2018 during the 59" graduation of UoN. Currently, Mr. Heritier is a member of a
.- team which conducted a project on sweet potato breeding at the Agricultural and Veterinary Research Center of Graben
(CERAVEQG).

Copyright © 2019 IJRAS, All right reserved
56


http://www.biosciences.elewa.org/JAPS
https://researchspace.ukzn.ac.za/xmlui/bitstream/handle/10413/14071/Ngailo_Stephan_Eliuth_2015.pdf?sequence=1&isAllowed=y
https://researchspace.ukzn.ac.za/xmlui/bitstream/handle/10413/14071/Ngailo_Stephan_Eliuth_2015.pdf?sequence=1&isAllowed=y
https://doi:10.3389/fpls.2016.01981
https://doi:10.1080/02571862.2014.994141
https://doi.org/10.4160/9789290604273.v2
https://doi.org/10.4160/9789290604600
https://uclouvain.be/fr/facultes/espo/theses-defendues-0.html
https://uclouvain.be/fr/facultes/espo/theses-defendues-0.html
http://www.theses.fr/2006TOU20006
https://doi.org/10.1186/1471-2229-11-139
https://doi.org/10.1186/1471-2229-11-139
http://books.google.com/books?id=_MWmIDzNMSYC

