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ABSTRACT The aim of this study was to analyse the yield and agronomic traits of 16 sweet potato varieties in
Benin. The experiment was done in a randomized complete block design with three replicates where each variety
is a treatment. Data were collected on both the qualitative and quantitative characters. Analysis of Variance and
General Linear Model metrics was done to highlight the variability in the varieties. The analyses revealed an inter-
cultivar variability in the shape and size of leaves, colour of skin and flesh of the tubers. Also, intra-cultivar
variability in lengths of the internodes, the petiole of the leaf, stem and number of leaves was observed. China
variety (440029) has highest performance with 24 t/ha above average Africa tuber yields (10 and 14 t/ha). The
existence of such variability could be a starting point for genetic improvement of sweet potato in Benin.

INTRODUCTION

Self-sufficiency in food remains a concern
due to natural (poor and uneven rainfall, soil
poverty, etc.) and institutional constraints, as
most agricultural research and extension insti-
tutions have focused on cereal crops with less
attention for tubers, especially sweet potatoes
(Nellemann 2009). While some countries have
been able to achieve their food security and
guarantee their economic growth by improving
cereal yields (Schmidhuber and Tubiello 2007),
other countries like Benin still remain in poverty
and under-nourishment despite the efforts made
(Bruinsma 2017).

Sweet potato (Ipomea batatas) is a tuber-
ous rooting plant of great economic importance
in tropical, subtropical and mild temperate re-
gions. It is the seventh largest crop in the world
after wheat, rice, corn, potato, barley and cassa-
va (Martin and Sauerborn 2013). Its global pro-
duction is estimated at more than 102 million
tons in 2009, of which more than ninety-eight
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percent of production is grown in developing
countries (Balat and Balat 2009). The tuberous
roots contain large amounts of starch which can
reach thirty percent of the fresh mass in some
cultivars of sweet potato (Lebot 2009). Its agro-
nomic characteristics (broad adaptability, high
productivity, short cycle and high nutritional val-
ue) make it a particularly important crop for the
food security of countries subject to strong an-
thropogenic pressures and vulnerable to climate
change (Godfray and Garnett 2014). Despite
these advantages, this crop is often not given
importance in the agricultural policies of most
tropical countries. Its production has been a
strong regression for reasons intrinsic and ex-
trinsic to the plant (Gichaga 2014). In Benin sweet
potato production fell from 65,787 tons in 2013
to 58,144 tons in 2016 (http://www.fao.org/
faostat). Also, the areas planted with sweet po-
tatoes in Benin still are less productive.
Nutritionally, sweet potato is an important
source of dietary fiber, it contains pectin con-
tent which sometimes reaches five percent of its
fresh weight or twenty percent of the dry matter
at the time of harvest; it can provide more calo-
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ries per unit area than cereals and most other
crops, with the exception of sugarcane (Oke and
Workneh 2013). However, sweet potato remains
amarginalized crop in Benin’s development pro-
grams. The average yield of sweet potato varies
from 10.2 to 14 t/ha in Africa; these relatively
low yields are mainly due to unavailability of the
appropriate improved varieties. Compared to
economically important plant like yam and cas-
sava. Ipomea batatas is still too little studied
and important scientific investments are needed
for improvement and later one the use of its po-
tentiality (Worku et al. 2013). Hence, the interest
of the researchers’ study to focus on: “Evalua-

the planting was about 782.1mm, relative humid-
ity of 82.5 percent and temperature of 27.33°C
(Fig. 1). Planting layout was done in a random-
ized complete block design with three replicates.
The apical cuttings of the varieties from three
different countries (Table 1) were planted in unit
area of 9m2 (3 ridges of 3m each) with 1m inter
row spacing and 0.30m within row spacing. Fer-
tilizers and phytosanitary treatment were not ap-
plied during the growth of plant. Data were tak-
en on both quantitative and qualitative charac-

Table 1: List of the 16 sweet potato (Ipomea bata-
tas) and their origin used in this research

tion of the agronomic characteristics of seven ~ Varieties Origin
varieties introduced and nine local varieties un- Carot-c
der the agro-ecological conditions of southern Ejumula
Benin” is justified by the fact that the collection Ukerewe East Africa
and characterization of a species are the first §EE 882‘;2/6
fundamental steps for its genetic improvement ;759 China
of sweet potato. 400166 Bolivia
Bohombo
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Fig. 1. Meteorological data showing the relative humidity, rainfall and temperature during experimentation

Source: ITA-BENIN station
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teristics. It consisted of 5 randomly selected feet
from the 10 plants on each observation line. The
qualitative traits that were observed include; gen-
eral leaf appearance (AGF), leaf lobe type (TLF),
epidermal colour (EC) and tuber flesh (CCT) at 12
weeks and 16 weeks respectively after planting.
While data on the following quantitative charac-
ters; time for the regeneration of planted cuttings
(TRB), length of the petiole (LP), number of leaf
(NF), length of internode (LEN) were randomly
taken from 5 plants in each line comprising total
of 10 plants. Similarly, at harvest information was
obtained from the number of tubers (NT), fresh
weight in aerial biomass and tuber per plant.

Data Analysis

Data were transformed to stabilize the vari-
ances and one-way analysis of variance (ANO-
VVA) was performed using SPSS 16 software.
Duncan multiple range tests were employed to
discriminated means values at the five percent
threshold. Correlations were established to
study the relationships between the variables.

RESULTS AND DISCUSSION
Qualitative and Quantitative Characteristics

Inter-cultivar variability for most qualitative
traits were observed (Table 2). Indeed, the leaves

Table 2: Regeneration time of different varieties
of Ipomea batatas

Varities Time of
regeneration
SPKO00/4/6 11.67 + 0.66 ab
400166 11.33 £ 1.66 ab
440029 9.00 + 1.00 a
Bohombo 13.67 + 0.66 ab
Carrot-c 13.00 £ 2.00 ab
Dokoui-vovo 16.00 £ 0.57 b
Ejumula 9.67 + 1.66 a
Fornonwinka 12.33 + 0.66 ab
Gboadobodouaho 10.00 £ 1.52 a
Hanman 1533 +145h
Kolidokpon 15.67 + 3.38 b
Lanwara 12.33 £ 0.66 ab
Manouga 9.33+£0.88 a
SPK004/6/6 9.67 £ 1.66 a
Ukerewe 10.33 + 0.66 a
Vobodouaho 15.33 £ 0.33 b

P: 0,005 F: 2,92

Following DUNCAN’s test, the average of one column
followed by the same letter is not signifcantly different
from each other at 5% threshold

and tubers are of extremely variable in shape
and size (Figs. 2 and 3). They can be whole or
presented up to 7 lobes which corroborate those
data obtained by several authors (Huaman and
Zhang 1997; Yada et al. 2010).

Cultivar Performance

The researchers’ observed that regeneration
of planted cuttings varied between 9 and 16 days
(Table 3), the length of internode range from
3.27cmto 5.53cm; 6.06cm to 19.00cm for petiole
length; 7.33 cmto 13.40 cm for the LF trait which
was confirmed by the research carried out Ogge-
ma et al. (2007) Variance analysis of the cultivars
revealed that at the five percent threshold, there
were highly significant differences between
cultivars for internode length petiole and leaf
(Table 4).

Agronomic Traits Evaluation

The trend in the evolution of stem length is
almost the same for all cultivars grouped by or-
igin of acquisition despite the wide variability
within cultivars of the potato (Fig. 4). On the
other hand, the evolution of the number of leaves
(Fig. 5) indicates that the leaves of the varieties
coming from China and Bolivia increase very
quickly despite the wide variability within each
origin cultivar o = 33.44).

Agronomic Performance

The analysis of Table 5 showed high, inter-
mediate and low productivity. This is of particu-
lar interest in setting up a variety if these traits
are related to the genome of the plant (Miflin
2000). For the 16 varieties tested, tuber yield
ranged from 0.16 to 24.77 t/ha and from 6.22 to
41.22 t/ha for biomass yield. Indeed, variety
440029 from China has a strong productive per-
formance in terms of tuber yield with more than
24 t/ha, followed by kolidokpon, vobodouaho
and manouga varieties all from Benin which have
11.66 t/ha, 11.44 t/ha and 8.55 t/ha respectively.
It should also be noted that the maximum yield
and the minimum yield were recorded on im-
proved varieties, which allows us to deduce that
the local varieties that are: kolidokpon, vobod-
ouaho, manouga have superior yield to the im-
proved varieties: ejumula carrot-c, ukerewe
SPK004/6/6 (Fischer and Edmeades 2010). The
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A

Fig. 2. Morphological variability of Sweet Potato leaves varieties tested A, B, C, D, E, F stand for the
accession gbodobodouaho, Hanman, SPK004/6, Vobodouaho, Kolidopkon, Ejumula
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Vobodouaho

Fig. 3. Morphological variability of the sweet potato varieties tubers tested

Table 3: Qualitative characteristics and modalities observed

Varieties name

Lobes appearance

Leaf approval

Epidermic color

Color of tubers

SPKO00/4/6
400166
440029
Bohombo
Carrot-c
Dokoui-vovo
Ejumula
Fornonwinka
Ghoadobodouaho
Hanman
Kolidokpon
Lanwara
Manouga
SPKO00/4/6/6
Ukerewe
Vobodouaho

Presence of lobe
Presence of lobe
Triangular
Triangular
Presence of lobe
Sweetheart
Presence of lobe
Triangular
Presence of lobe
Hastate
Triangular
Sweetheart
Sweetheart
Presence of lobe
Presence of lobe
Sweetheart

Very deep

Deep

Very slightly dentate
Very slightly dentate
Moderately

Absence of lobe
Slightly dentate
Very slightly dentate
Deep

Moderately

Very slightly dentate
Very slightly dentate
Slightly dentate
Very deep

Deep

Absence of lobe

Pink
White
White
Pink
Blanc
Pink
White
Orange
Pink
White
Pink
Orange
Orange
Pink
Pink
Pink

Orange
Pale yellow
White
Pale yellow
Pale yellow
White
Orange
Pale yellow
White
Pale yellow
White
Orange
Orange
Orange
Pale yellow
White
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Table 4: Quantitative characteristics observed (lenght of internodes, petiole and nomber of leaves)

Varieties Internodes (cm) Petiole Leaves
(cm)
SPKO00/4/6 3.27 £ 0.46 d 1200+ 3.12bcd 1093 £ 089 b c
400166 440+064abcd 16.86 + 4.05a b 13.40 + 0.64 a
440029 553 £ 041 a 19.00 £ 098 b a 10.00 + 041 bcd
Bohombo 393+024bcd 1326 + 137 abc 873 +024def
Carrot-c 460 +080abc 1346 +290abc 940 +080cde
Dokoui vovo 411 +043bcd 6.06 £ 0.53 d 7.33 £ 043 f
Ejumula 447 +040abcd 1533+ 150bcd 9.86 + 040 bcd
Fornonwinka 472 £041abc 1093+ 059 bcd 9.00+041def
Gboadobodouaho 347 +£0.37 cd 1073+ 113 bcd 10.26 + 0.37 bcd
Hanman 428 +092abcd 9.64 £0.71 cd 1017 £ 092 bcd
Kolidokpon 520+ 064ab 953 +137cd 78+ 064¢ef
Lanwara 407 £ 046 bcd 958 +0.74cd 878+ 046def
Manouga 5,53 £ 0.17 a 16.26 + 1.59a b 10,13+ 0.17 bcd
SPKO00/4/6/6 413+030bcd 1226 + 226 bcd 11.60 £ 0.30 b
Ukerewe 3.62+059 cd 1286 + 157 abc 10.46 £+ 059 b cd
\Vobodouaho 447 +048abcd 1320+ 1.90abc 9.66 £ 0.48 ¢ d
P = 0.006 0.006 0
F= 2.885 2.889 6.77

Following DUNCAN’s test, the average of one column followed by the same letter is not signifcantly different

from each other at 5% threshold.

Table 5: Yields (t/ha) of biomass and tuber of dif-
ferent varieties of sweet potato

Varieties Tuber yield Biomass yield
SPK004/6 3.77b-e 19.66a-c
SPK004/6/6 0.88ef 34.38ab
Ukerewe 1.1%1ef 18.80a-d
Carrot-c 0.16f 32.83ab
Ejumula 2.00d-f 40.72a
400166 2.77c-f 14.30b-e
440029 24.77a 21.83a-c
\Vobodouaho 11.44ab 20.36a-c
Dokoui-vovo 2.77d-f 6.22e
Fornonwinka 1.00ef 16.33a-d
Gboadobodouaho 3.66b-e 19.25a-d
Hanman 1.66d-f 10.50c-e
Kolidokpon 11.66a-c 22.00a-c
Lanwara 1.33ef 6.83de
Manouga 8.55h-d 20.36a-c
Bohombo 2.93d-f 41.22a
P = 0 0.001
F= 8.91 3.89

Following DUNCAN’s test, the average of one column
followed by the same letter is not signifcantly different
from each other at 5%

yields obtained in particular for the kolidokpon
and vobodouaho varieties are similar to the
yields obtained by Paraiso et al. (2012), which
are: 13.12 t/ha and 9.34 t/ha respectively for these
same varieties. For most varieties from East Afri-
caincluding the variety: 400166 of Bolivia, doku-
vovo, fornonwinka, hanman, lanwara, bohombo
and gboadobodouaho of Benin, all have a low

yield. This could be explained by the choice of
the agro-ecological zone, which was the main
focus of the present study, because the culti-
vars have not undergone any water stress with
respect to the researchers’ experimental condi-
tions. The test took place not only during the
long rainy season but the researchers’ watered
them also. The amount of water dropped is 782
mm; Belehu (2003) indicates that sweet potato
produces best in areas with 750-1000 mm of rain-
fall per year with about 500 mm during the grow-
ing season. According to this researcher, the
amount of rainfall and the distribution of mois-
ture in the field greatly influence yield. The char-
acters tuber number, tuber yield and aerial biom-
ass had low standard deviations. These low val-
ues indicate some aggregation of individuals
around averages for these traits. This is ex-
plained by the high values noted for the coeffi-
cient of variation reaching 37.75 percent; 31.56
percent and 21.63 percent respectively. The vari-
ance analysis results applied to the yield param-
eter show that there is a highly significant dif-
ference between the 16 varieties compared to
tuber yields and biomass (Table 6).

Importance of Relationships between
Characters

Positive and highly significant correlations
exist between stem length and number of leaves,
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Fig. 4. Evolution of stem elongation of sweet potato varieties by origin
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Fig. 5. Evolution of the number of leaves of sweet potato varieties by origin

Table 6: Agronomic performance and results of the analysis of variance of the 16 varieties of Ipomea
batatas

Characters Minimum Maximum Mean Standard Coefficient Probability Signification
Value value Value deviation (%) du F observed

LT (cm) 82.86 17866 101.38 15.52 15.3 0.001 -

NF 55.85 289.87 143.01 20.59 14.4 0 -

NT 0.06 2.53 0.98 0.37 37.75 0.007 -

RT(t/ha) 0.16 24.77 5.1 1.61 31.56 0 -

RBA (t/ha) 6.22 41.22 21.6 4.67 21.63 0.001 -

" highly significant difference, LT: stem length, NF: number of leaves, NT: number of tubers, RT: tuber yield,
RBA: yield of above ground biomass



EVALUATION OF THE AGRONOMIC CHARACTERISTICS OF 16 VARIETIES OF SWEET POTATO 27

Table 7: Correlation between vegetative and agronomic traits

TRB LT NF NT RBA RT
TRB 1
LT -0.147 1
NF -0.091 0.729™ 1
NT -0.108 0.317" 0.316" 1
RBA -0.279 0.424™ 0.424™ 0.256 1
RT -0.64 0.341" 0.354" 0.877™ 0.154 1
“P=0.05 P =0.01

TRB: cuttings recovery time, LT: stem length NF number of leaves, NT: number of tubers, RBA: aboveground

biomass yield, RT: tuber yield

stem length and aboveground biomass yield,
leaf number and biomass yield followed by tu-
ber number and tuber yield (George et al. 2002).
There are also positive and significant correla-
tions between stem length and number of tu-
bers, number of leaves and number of tubers,
stem length and tuber yield, number of leaves,
and tuber yield (Zelalem et al. 2009) (Table 7).
There are direct relationships between the leaves
and tubers of the plant. These relationships are
indicated by strong positive correlations be-
tween the number of tubers and the number of
leaves (Lahlou and Ledent 2005; OLIVEIRA
2000). Research conducted on yams highlight-
ed the physiology and morphogenesis relation-
ship and confirmed the researchers’ result (Baah
2009; Maliki et al. 2012; Mitchell and Ahmad
1999). These results are explained by the fact
that more leaves do have a great capacity to
produce carbonaceous products, hence the more
photosynthetic assimilas will be stored in the
tubers. On the other hand, when the number of
newly formed tubers is reduced, the photosyn-
thetic activity and transpiration are lowered.
Hence, the interdependence between newly
formed tubers and the leaves and, it is this inter-
dependence that makes it possible to increase
the yield of the plant (Saidur et al. 2011).

CONCLUSION

Inter and intra-cultivar variabilities were
present in 16 varieties. The inter-cultivar vari-
ability was found to be essentially based on the
general appearance of the leaves, the type of
leaf, the colour of the tubers. The researchers’
observed variability based primarily on vegeta-
tive size and yield potential. Clearly, the sample
the researchers’ studied contains a wide range
of variability. However, the variability highlight-
ed is only a partial reflection of what are the

characteristics of each cultivar, this study being
one of the first in Benin, it would be desirable
to continue the research in order to have more
information for a more rational production of
sweet potatoes in Benin. However, the research-
ers’ still cannot judge the performance of the
tested varieties.

RECOMMENDATIONS

Improving food crops production is a key
component of food security. Research works that
generate technologies to refine strategies to in-
crease crops yield and storage are determinant
to ensure food availability and affordability and
thereby food security. Identifying sound strate-
gies to manage farm and stores remains the big-
gest challenge in food and agriculture sector.
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