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Abstract
Time to harvest sweetpotato is very important in determining root quality. The focus of this investigation was to
assess the appropriate time to harvest orange-fleshed sweetpotato (denoted OFSP1, OFSP2, & OFSP3) and
purple-fleshed sweetpotato (PFSP) cultivars. OFSP1, a released variety in Ghana, was compared with OFSP2,
OFSP3 and PFSP for storage root quality parameters. OFSP2 and PFSP are new cultivars introduced to Ghana
by Tuskegee University, while OFSP3, is a landrace. The study was carried out at the Savanna Agricultural
Research Institute (SARI), Nyankpala, Ghana in August, 2013. The design was 4x4 factorial in a randomized
complete block design. Four harvesting times, denoted by days after planting (DAP): 65, 95, 125 and 155, were
assessed to establish the root quality parameters. Standard agronomic practices for sweetpotato cultivation were
employed in this study. Storage root quality indices including storage root yield was quantified gravimetrically,
while, β -carotene, dry matter, and starch were determined using near infrared reflectance spectroscopy. The
highest root yield of 28.20 tha−1 was obtained at 125 DAP as compared to 65, 95 and 155 DAP, in the range
of 5.77 to 19.34 tha−1. Considering all the sweetpotato cultivars, OFSP1, on the average, had significantly (p
< 0.05) the highest storage root yield (19.50 tha−1) β -carotene (31.50 mg 100 g−1), and sucrose (15.42 mg
100 g−1). The PFSP recorded the highest dry matter (38.67 g 100 g−1) and starch (67.59 g 100 g−1), but was
devoid of β -carotene. Roots harvested at 155 DAP had the highest β -carotene, about 18.50 mg 100 g−1 but only
marginally different from the16.00 mg 100 g−1of β -carotene in roots harvested at125 DAP. Roots harvested at
65 DAP had the least β -carotene concentration, 12.60 mg 100 g−1. The four cultivars investigated in this study
could be harvested at 125 DAP. The OFSP2, and PFSP cultivars could be considered as food crops in Ghana,
especially in Northern Ghana.

Introduction

The prevalence of vitamin A deficiency (VAD) among infants
and young children in sub-Saharan Africa is 44%, being two-
fold higher than the category of being “severe” (World Health
Organization, 2009). This situation is mainly due to poor
intake of vitamin A-rich food. Most children affected by VAD
experience poor growth and blindness (WHO, 2009). Many
lives of children are lost in most sub-Saharan African coun-
tries as a result of VAD (Humphrey et al., 1992). In Ghana,
the prevalence of VAD among children under five is as high
as 76% (WHO, 2000).
Several efforts have been made to combat VAD. An exam-
ple is the promotion of the consumption of meat, fish, eggs
and other processed food products (Low et al., 2001). Addi-
tionally, United Nations Children Education Fund (UNICEF)
introduced vitamin A capsules which are administered every
six months at health centres (de Wagt, 2001). The limitation

of the animal and animal-based product approach is that they
are not readily available and the proportion consumed per
meal is relatively small compared to the major staples like
cereals, roots and tuber crops.
One major food crop that could complement the vitamin A
supplementation in Africa to reduce the VAD menace is the
orange-fleshed sweetpotato (OFSP). This variant of sweet-
potato compared with the white-cream and yellow-fleshed
cultivars contains a significant amount of β -carotene, which
is a pro-vitamin A (Carey et al., 1999; Hagenimana and Low,
2000; Low et al., 2001, 2007). Consumption of 100 g of
boiled and mashed OFSP cultivars, usually those with intense
orange colour, could meet the daily vitamin A requirement of
children less than five years old (Attaluri and Campilan, 2010;
Carey et al., 1999). Apart from mashing, OFSP could also
be used as a complementary food for infants, mostly in low-
income countries (Amagloh, 2012). On the other hand, the
purple-fleshed sweetpotato (PFSP) cultivars are well known

9



The influence of days after planting on root yield and quality of orange... Azure et al. — 10/15

to contain anthocyanins (Islam et al., 2002; Steed and Truong,
2008), which could be used to arrest cancer cells growth (Lim
et al., 2013).
In Ghana, there is only one released OFSP variety, Apomuden
(denoted as OFSP1 in this study). The Sustainable Technolo-
gies for Orange and Purple Sweetpotatoes (STOPS) project,
led by researchers from Tuskegee University, USA, identified
the gaps in the value chain from production, processing, prod-
uct development to consumption of OFSP and PFSP aimed
at addressing VAD and improving the health and nutritional
status of the vulnerable population in rural communities of
Ghana. This project introduced OFSP and PFSP cultivars to
Ghana, but they are yet to be evaluated for agronomic traits.
This study, therefore, assessed the root quality of these intro-
duced sweetpotato cultivars to set the background information
required for extensive research for their evaluation for release
as varieties in Ghana.
The objective of the study was to assess the root quality (stor-
age root yield, β -carotene, dry matter, starch, fructose, glu-
cose and sucrose) from OFSP2, OFSP3 and PFSP in compari-
son with OFSP1 as affected by different days after planting
(DAP).

Materials and Methods
Experimental site and design
This study was carried out on the research fields at the Council
for Scientific and Industrial Research-Savanna Agricultural
Research Institute (CSIR-SARI), Nyankpala, Ghana. The re-
search field is characterised by sandy loam soil, with average
minimum and maximum temperatures of 23◦C and 34◦C dur-
ing the study period, which was the growing season of 2013.
The relative humidity for the period ranged between 56% and
79%.The annual total rainfall recorded was 1079 mm.
The experimental layout was 4×4 factorial in a randomised
complete block design, with three replications. The main
plots were made up of 4 rows of ridges, each measuring 12
m long. The ridges were made using spacing of 1 m apart.
The main plots were split into 4 subplots, representing the 4
harvest dates. The trial was laid in 3 replications.

Cultivar description, planting and harvesting regimes
OFSP1, as mentioned earlier, is the only released OFSP vari-
ety in Ghana with deep orange colour of the flesh. OFSP2 and
PFSP are respectively pale orange- and purple-fleshed sweet-
potato variants introduced to Ghana on the STOPS Project
described above. OFSP3 is a farmer variety grown in the
Kumbungu District, Northern Region, Ghana, but its flesh
colour is yellow with deep orange patches. Figure 1 below
shows the cultivars investigated in this study.
After ploughing and preparation of ridges, vine cuttings of
each cultivar were planted on top of the ridges using a spacing
of 0.30 m within rows, each vine cutting (with at least 4–5
nodes) was planted by burying 2–3 nodes into the soil.Data
were collected on the plant stands in the two middle rows of
each subplot. The four cultivars (Figure 1) of sweetpotato

served as the main plots, upon which the 4 different harvest-
ing dates after planting, denoted as 65, 95, 125 and 155 DAP
were randomly assigned to the experimental treatments con-
sidered. All cultural practices for sweetpotato cultivation were
observed, except soil amendment.

Figure 1. The sweetpotato cultivars evaluated in the study

OFSP1:Apomuden, a released OFSP variety in Ghana
OFSP2: Pale orange-fleshed sweetpotato variant introduced to Ghana
through the STOPS project
OFSP3: Farmer sweetpotato variety grown in the Kumbungu District,
Northern Region, Ghana
PFSP: Purple-fleshed sweetpotato variant introduced to Ghana
through the STOPS project

Root yield
After each harvest, all marketable roots were washed with
running water and weighed using a top pan weighing scale
(Camry TNO 1215169). Root yield (tha−1) was calculated
using Equations 1 and 2.

kgha−1 =
10,000

Area harvested
×Root yield (kg) (1)

where kgha−1: kilogram per hectare.

Metric ton per hectare(tha−1)=
Kilogram per hectare

1,000
(2)

Compositional Analysis:
β -carotene, dry matter, starch, fructose, glucose and su-
crose
Near Infrared Reflectance Spectrometer was used as reported
elsewhere (Shenk andWesterhaus,1993) for the nutritional
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analysis. A maximum of 3 roots, categorised as small, medium
and large, were purposely sampled for the compositional anal-
yses. These selected roots were packed into brown paper bags
immediately after harvest and transported to the laboratory for
analysis. The sampled roots were washed with running water,
and peeled, then further washed in deionised water, quartered
longitudinally with a stainless steel kitchen knife and sliced
into smaller pieces using a potato slicer to get a homogenous
sample.
Approximately 50 g of the sliced roots per cultivar were placed
in separate zip locked bags and frozen at -20◦C prior to freeze-
drying. The frozen samples were freeze-dried for 72 hours
using the TK-118 Vacuum Freeze-Dryer. The freeze-dried
samples were crushed into smaller sizes manually, and milled
into flour using a stainless steel mill (3383-L70, Thomas Sci-
entific, Dayton Electric Manufacturing Company Limited,
Niles, IL 60714, USA) and sieved through a 60 mm mesh
screen. The flour from the mill was collected in zip locked
bags, and 5g of each samples were placed into cuvettes and
loaded into the XDS Rapid Content Analyzer to scan for
β -carotene, dry matter, starch, fructose, glucose and sucrose.

Statistical Analysis
All the data generated were subjected to analysis of variance
(ANOVA) using Minitab R© 16.2.2 (Minitab Inc., State Col-
lege, PA, USA). Treatments were the cultivars and the four
harvest intervals (65, 95, 125 and 155 DAP) were the blocking
factor. Treatments were separated using the Tukey’s studen-
tised range test at (p < 0.05) to determine significant levels.
Results were presented in Figures.

Results
Root yield
Generally, storage root yield increased from 5.77 tha−1 at 65
DAP to 28.11 tha−1 at 125 (Figure 2). There was a decline
in all the cultivars except the PFSP cultivar that had the same
storage root yield at 155 DAPas it had at 125 DAP, that was
23.56 tha−1.
All the cultivars had the highest storage root yield at 125 DAP.
Among the cultivars, OFSP1 recorded the highest root yield
of 28.20 tha−1 at 125 DAP. The least root yield of 14.88 tha−1

was observed with OFSP3.

β -carotene
Figure 3 shows the accumulation of β -carotene concentration
in sweetpotato roots was significant (p = 0.01) and increased
with DAP. The PFSP was completely devoid of β -carotene.
For the three OFSP cultivars, the β -carotene concentrations,
on the average, significantly increased consistently from 16.84
to 24.74 mg 100 g−1 from 65 to 125 DAP (p < 0.05). Simi-
larly, there were significant differences among the cultivars.
For the three OFSP cultivars, OFSP1 had the highest β -
carotene content of 31.5 mg 100 g−1 followed by OFSP2
with 20.6 mg 100 g−1. OFSP3, the farmer cultivar, had the
least β -carotene content at all the DAPs considered.

Figure 2. Storage root yield as influenced by days after
planting among four sweetpotato cultivars

Values are means of triplicate ± standard error of means
Means with the same letters are not significantly different (p > 0.05)

Figure 3. beta-carotene content in storage roots as
influenced by days after planting among four sweetpotato
cultivars

Values are means of triplicate ± standard error of means
Means with the same letters are not significantly different (p > 0.05)

Dry matter
Dry matter for OFSP1 and OFSP2 increased with harvest
time up to 125 DAP and declined at 155 DAP. PFSP and
OFSP3 did not follow this trend. For these cultivars, after 95
DAP there was a decline in percentage dry matter (Figure 4).
Dry matter observed at 125 DAP was high (34%) compared
with 95 (33%), 65 (31%) and 155 (29%) DAP, respectively
(Figure 4). There were also significant differences among the
cultivars. The PFSP had the highest dry matter content of 39%.
OFSP3 and OFSP2 recorded 36% and 28%, respectively. The
cultivar with the least dry matter content of 24% was OFSP1.
These results further show that, overall, there is no appreciable
increase in percent dry matter beyond 95 DAP.

Starch
As shown in Figure 5, there were significant differences (p =
0.01) in starch content among the DAP. It increased from 62%
to 65% from 65 to 95 DAP.
Starch content then decreased to 63% at 125 DAP. It further
declined to 58% at 155 DAP. Among the cultivars, there was
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Figure 4. Dry matter content of storage roots as influenced
by days after planting among four sweetpotato cultivars

Values are means of triplicate ± standard error of means.
Values followed by different lowercase superscript letters are signifi-
cantly different (p = 0.01)

significant difference at (p = 0.01). PFSP had the highest
starch content of 68%. OFSP3 and OFSP2 recorded 66% and
60% respectively. The cultivar with the least starch content
was OFSP1 with 54%.

Figure 5. Starch content in storage rootas influenced by days
after planting among four sweetpotato cultivars

Values are means of triplicate ± standard error of means
Means with the same letters are not significantly different (p > 0.05)

Fructose
Figure 6 shows that fructose content was significantly affected
(p = 0.01) among DAP. It was observed to be 4.2 mg 100 g−1

at 65 DAP. Fructose content then declined to 2.2 and 2.1 mg
100 g−1 at 125 and 95 DAP respectively. Among the cultivars,
OFSP1 recorded 5.1 mg 100 g−1, being the highest, followed
by OFSP2 with 4.6 mg 100 g−1. OFSP3 recorded a fructose
content of 1.5 mg 100 g−1 while PFSP had the lowest of 1.2
mg 100 g−1.

Glucose
The trend observed in glucose was similar to fructose as shown
in Figure 7. Glucose content observed was 8 mg 100 g−1 at
65 DAP. It then declined to 3.7 and 3.3 mg 100 g−1 at 95 and
125 DAP respectively. At 155 DAP, glucose content increased

Figure 6. Fructose level in storage root as influenced by days
after planting among four sweetpotato cultivars

Values are means of triplicate ± standard error of means
Means with the same letters are not significantly different (p > 0.05)

to 5.8 mg 100 g−1. Among the cultivars, glucose content
was significantly different (p = 0.01). OFSP2 and OFSP1
recorded high glucose content of 7.6 and 7.3 mg 100 g−1 re-
spectively. The cultvars with the lowest glucose content, PFSP
and OFSP3 recorded 3.9 and 3.4 mg 100 g−1 respectively.

Figure 7. Glucose level in storage root as influenced by days
after planting among four sweetpotato cultivars

Values are means of triplicate ± standard error of means
Means with the same letters are not significantly different (p > 0.05)

Sucrose
The highest sucrose content was 16.2 mg 100 g−1 observed at
155 DAP (Figure 8). At 125 and 95 DAP sucrose content was
14.2 and 12.5 mg 100 g−1 respectively.
It was lowest (7.9 mg 100 g−1) at 65 DAP. Among the culti-
vars, OFSP1 recorded the highest sucrose content of 15.4mg
100 g−1. OFSP2 and OFSP3 recorded 12.3 and 11.99 mg 100
g−1 respectively. The least sucrose content of 11.2 mg 100
g−1 was observed in PFSP.

Discussion
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Figure 8. Sucrose level in storage root as influenced by days
after planting among four sweetpotato cultivars

Values are means of triplicate ± standard error of means
Means with the same letters are not significantly different (p > 0.05)

Storage root yield
Generally, root yield increased regardless of cultivar used
up to 125 DAP but declined thereafter. Ironically, 155 DAP
did not record the highest storage root yield in this study
as reported by Noda et al. (1997) that high root yield was
obtained as long as they remained in the ground. However,
the findings of this study confirm other studies that the highest
storage root yield was observed at 120 DAP (Alcoy et al.,
1993; Mitra et al., 2010). The decrease in storage root yield in
this study may not be physiological, but rather physical, due
to weevil infestation. This infestation increases with maturity
as a result of soil cracks due to bulking; as the soil cracks,
the weevils are able to get access to the exposed storage roots.
This suggests that a delay in harvesting some cultivars leads
to a decrease in root yield (Alcoy et al., 1993).
Among all the cultivars investigated, the similar storage root
yield for PFSP cultivar at both 125 and 155 DAP may suggest
that it may be more resistant to weevil damage than the others.

β -carotene
β -carotene content increased significantly with harvest time.
However, it was observed in other studies by Mitra et al.
(2010) that β -carotene content declined after 105 DAP in
some sweetpotato cultivars. Other results also corroborated
this trend, when Carey et al. (1999) and K’osambo et al.
(1999) conducted studies and observed β -carotene decline
after 140 DAP in some sweetpotato cultivars. These could be
attributable to cultivar differences.
PFSP cultivar was devoid of β -carotene, being contrary to
the findings of Grace et al. (2014) that NCPUR06-020PFSP
cultivar showed an amount of 1.0 µg/g of β -carotene content
at harvest and decreased to 0.5 after being stored for eight
months. Among the OFSP cultivars, it was OFSP1 that had
the highest β -carotene content and OFSP3 the lowest. OFSP2
had a relatively low level of β -carotene. This variation in
β -carotene content was expected among cultivars as has been
observed in similar studies (Carey et al., 1999; Woolfe, 1992).

Dry matter
The current results support earlier findings that dry matter
content was high at 120 DAP (Mitra et al., 2010). The low
dry matter content observed at 155 DAP could be due to
weevil damage on roots as suggested by other researchers
(Alcoy et al., 1993; Mitra et al., 2010) because the number of
wholesome storage roots to sample is limited. The higher dry
matter content of PFSP than the OFSP cultivars observed in
this study lend support to earlier studies (Grace et al., 2014;
Steed and Truong, 2008). The current study showed that
cultivars with high β -carotene content tend to have low dry
matter content.

Starch
Mitra et al. (2010) and Woolfe (1992) opined that starch con-
tent in storage roots will continue to increase as it remains in
the ground. Thus, maximum starch content was expected at
155 DAP as compared with the earlier harvest. The present
finding does not support this suggestion as starch content
started to decline from 95 to 155 DAP. It rather confirms
other previous findings of Reynolds et al. (1994) that starch
accumulation in sweetpotato roots ceases after some period
of growth. The trend of starch content among the cultivars
was not different from that of the dry matter. This agrees with
previous findings that cultivars with good dry matter content
perform well with respect to starch accumulation (Mitra et al.,
2010).
The data on β -carotene, dry matter and starch levels tend to
support earlier studies that there was a direct correlation be-
tween dry matter and starch, but both have an inverse relation
with β -carotene as starch and β -carotene are formed in the
same plastids.

Fructose, glucose and sucrose
The decrease in the monosaccharides (fructose and glucose),
and the increase in sucrose (disaccharide) was reported in
another study (Adu-Kwarteng et al., 2014). It appears that
the monosaccharides were converted to disaccharide as the
storage roots matured as suggested by other workers (Adu-
Kwarteng et al., 2014; Reynolds et al., 1994). The present find-
ings were contrary to a previous report that cultivars with good
dry matter tend to give high sugar content (Adu-Kwarteng
et al., 2014).

Conclusion
OFSP1 had the highest β -carotene, sucrose and root yield
when evaluated. Fructose was high in OFSP2. The PFSP
recorded the highest dry matter and starch. It was however
devoid of β -carotene. Among DAP, β -carotene was highest
at 155 and the least was 65 DAP. The highest root yield was
observed at 125 DAP as compared to 65, 95 and 155 DAP.
The cultivars could be harvested at 125 DAP since that harvest
time recorded good root yield and β -carotene content. OFSP2,
OFSP3 and PFSP produced good quality roots and could be
released as food crops in Northern Ghana.
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