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Abstract

Sweset potato (Ipomoea batatas (L.) Lam.) isan important staple food crop in sub-Saharan Africa. A limiting produc-
tion factor is infestation by the sweet potato weevil Cylas puncticollis (Boheman) (Coleoptera: Brentidae). The use
of host plant resistance is an essential component of I ntegrated Pest Management (IPM). Therefore, the bionomic par-
ameters of C. puncticollis were studied under laboratory conditions (30+ 1 °C and 75 + 5% RH) on four sweet potato
varieties commonly grown in Ghana (Apumoden, Ligri, Bohye, and Okumkom) to determine their susceptibility to
the pest. There were significant varietal differences between some of the parameters. Egg to adult development time
was highest on Okumkom while larval survival, emergence rate, intrinsic rate of increase, and the net reproductive
rate were lowest on Bohye. The results of this study indicate that Bohye was the least susceptible variety compared to
the other varieties tested and can be used in host plant resistance as part of an IPM programme against C. puncticollis

in Ghana
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1 Introduction

Sweset potato (Ipomoea batatas [L.] Lam.) is a staple
food for a large proportion of the population in many parts
of sub-Saharan Africa (Bouwkamp, 1985). Recent projec-
tions by the International Food Policy Research Ingtitute in-
dicatethat sweet potato productionin Africawill be doubled
by 2020. However, productivity in sub-Saharan Africa has
remained static at around 5.1tha™! compared to a world
average of 12.2tha™! (FAOSTAT, 2016). It is a tolerant
crop that, once established, will reliably produce adequate
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yield under marginal conditions with no inputs and min-
imum or intermittent care under a wide range of rainfal
patterns (Ewell, 2002). The most important production con-
straint worldwide is plant damage caused by sweet potato
weevils, viz. Cylas spp. (Rees et al., 2003). Cylas spp. can
damage every harvestable part of the crop, with devastating
conseguences especially for poor farmers (Chalfant et al.,
1990; Nottingham & Kays, 2002) leading to lower income
and reduced food security (Smit, 1997; Magira, 2003).

In Africa, the three Cylas species, C. formicarius (Fabri-
cius), C. puncticollis Boheman and C. brenneus (Fabricius)
(Coleoptera: Apionidae) (Talekar, 1987; Ameset al., 1997)
are known to attack sweet potato in the field and in stor-
age. In Ghana, C. puncticollis can cause yield losses of up
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to 50% (Darko, 2000). Infestation on stored tubers not only
reduces quantity, but also reduces the marketability of the
commaodity because of the unpalatable terpenoids produced
by the plant in response to infestation caused by the weevil
(Ndunguru et al., 1998; Stathers et al., 2003a). Presently,
no viable technology exists to combat sweet potato weevil
in Africa. However, host plant resistance could be an es-
sential component of Integrated Pest Management (IPM)
against sweet potato weevil (Kabi et al., 2001; Stathers et
al., 2003a; Stevenson et al., 2009).

Life table parameters are important to draw morereliable
conclusions on susceptibility status of a given crop plant to
aspecificinsect pest (Braendleet al., 2006; Mirmohammadi
et al., 2009; Goodarzi et al., 2015; Mahmoudi et al., 2015).
Thiswork assessed the susceptibility of four different sweet
potato varieties commonly grown in Ghanato C. puncticol-
lis.

2 Materialsand methods

This work was carried out at the entomology laboratory
of the African Regional Postgraduate Programme in Insect
Science (ARPPIS), University of Ghana, Accra.

2.1 Insect culture

A colony of sweet potato weevils was established in
the laboratory (30+1°C and 75+5%RH) from infes-
ted stored tubers collected from farmers in Akatsi lo-
cated at 06°07’29.10” N, 00°47'33.21” E (Volta region,
Ghana). The tubers were incubated in rectangular
17.0x 17.0x9.5cm plastic containers fitted with a mesh
cover at thetop to allow ventilation and placed a paper towel
at the bottom to suck excessive moisture resulting from tran-
spiration or putrefaction of stored tubers . Upon emergence,
male and female adults were removed from the containers
and were kept in rectangular 40 x 26 x 26cm plastic con-
tainerswhere they were provided with un-infested tubersfor
infestation. The infested tubers were removed and replaced
weekly with new ones. The infested tubers were kept in in-
cubation boxes for adult emergence.

2.2 Determination of developmental period and survival
rate of C. puncticollisimmature stages

Four un-infested stored tubers of each sweet potato var-
iety were washed, wiped dry and offered to gravid naive fe-
male weevils for 24 h for oviposition. Twenty cubes each
contai ning one egg were cut from each of the infested stored
tubers. A small dit was made on each cube just to make the
egg visible inside the oviposition hole. The experiment was

set up as a completely randomized design with four repli-
cations where cubes from one storage root represented one
replication. The cubes were kept in containers and were ob-
served daily under stereomicroscope until all eggs hatched
or collapsed to determine the egg incubation period and egg
survival.

Upon hatching, each 1st instar larva (<24h old) was
transferred to an about 3 mm deep well made on anew fresh
sweet potato cube (1.5x1.5x2.0cm) of the same variety
from which the egg hatched. This was done by using a
needle nosed forceps and a fine brush. The well was then
covered with a glass dlide and the cube held between two
dlides with rubber bands. On the second day, dead larvae
which didn't show any sign of feeding before they died
were discarded; it was assumed that death was caused by
the transfer procedure and not dueto varietal effect. There-
maining cubes were observed daily to determine larval and
pupa developmental period and survival until adult emer-
gence. Cubes were changed every week to avoid contamin-
ation by fungi or drying out till adult emergence. The sex of
emerged adults was al so determined.

2.3 Survival and fecundity of C. puncticollis adult

Newly emerged (< 24 h old) adults obtained from incub-
ated pupae were paired (sexed by the shape of distal anten-
nal segments, as described by Smit et al., 2001) and kept in
atransparent plastic jar (& = 6.3cm; h = 10.5cm). A fresh
piece of un-infested tuber was cut almost flat (5cm by 2 cm)
and placed in the plastic jar with the periderm facing up-
wards until the last individual died. The jar was closed with
muslin cloth. For each variety, fifteen pairs of weevils were
daily monitored and continued until all adults died. The
pre-oviposition period, oviposition period, post-oviposition
period, and adult longevity and fecundity were determined.

24 Dataanalysis

Time from oviposition to adult emergence, survival, daily
fecundity, and sex ratio (proportion of females) of C. punc-
ticollis on different sweet potato varieties were used to con-
struct the net female maternity, | x my (Wherel, isthefraction
of females alive at age x and my is the number of daughters
born to surviving females at age x) life tables from which
demographic growth parameters were calculated. The ef-
fects of sweet potato variety on developmental period and
survival of immature life stages, sex-ratio, adult longevity
and fecundity were analysed with one-way analysis of vari-
ance (ANOVA) and the means were separated by Student—
Newman—Keuls (SNK) test. Survival of all immature stages
was arcsine+/(p/100) transformed prior to analysis. Life
table parametersincluding theintrinsic rate of increase (r ),
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the net reproductive rate (Ry), the finite rate of increase (1),
the mean generation time (G) and the doubling time (t) were
calculated according to Hulting et al. (1990), using the jack-
knife programme and subjected to ANOVA, using the gen-
era linear model (GLM) procedure of SAS for PC (SAS
Ingtitute, 1997). Differences in intrinsic rate of increase
(rm) values among populations were calculated following
the protocol by Dixon (1987) and compared with Newman—
Keuls sequential tests (Sokal & Rohlf, 1995) based on jack-
knife estimates of variance for rn, vaues (Meyer et al.,
1986).

3 Results

3.1 Developmental time, survival of immature life stages
and sex-ratio of C. puncticollis

Eggs were laid singly in holes and covered with a root
plug. The egg incubation period did not vary signifi-
cantly with sweet potato variety (Fs 15 = 0.44; P = 0.726)
(Table 1). On dl the varieties, egg hatching reached its
peak on 4th day with about 60% of total number of eggs
laid. Larval developmental time (F3 15 = 3.33; P = 0.056)
and the pupal developmental time (F 3 15 = 1.56; P = 0.251)
also did not vary among the varieties .The total develop-
mental period of C. puncticollis was significantly longest
(F3.15 = 4.90; P = 0.019) on Okumkom.

The egg and pupal survival rate did not differ significantly
among the varieties (F3 15 = 0.21; P = 0.888; F3 15 = 0.95;
P = 0.251, respectively). Whereas the larval survival was
lowest on Bohye (F3 15 = 7.18; P = 0.005). Adult emer-
gence varied significantly (F3 15 = 4.90; P = 0.019) among

the varieties. The sex ratio at emergence was similar on all
the tested varieties (F3 15 = 0.20; P = 0.897) (Table 1).

3.2 Adult longevity and femal e fecundity

The pre—oviposition period did not vary significantly
with variety (F3 59 = 0.54; P = 0.656) but the oviposition
and post-oviposition periods varied significantly among
varieties (F3 50 =12.73; P <0.0001 and Fg3s59 = 3.75;
P = 0.016, respectively). The shortest oviposition peri-
ods were recorded on Bohye and Okumkom while the
shortest post-oviposition period was recorded only on Ok-
umkom (Table 2). During the oviposition period, the female
fecundity differed significantly (F3 50 = 14.85; P < 0.0001)
among the varieties with the lowest recorded on Bohye. Fe-
male longevity was higher on Apumoden and Ligri than
on Bohye and Okumkom (F 3 s9 = 17.00; P < 0.0001) but
male longevity did not vary significantly (F3 59 = 0.46;
P = 0.709) among the varieties. Generaly, C. puncticollis
femalestended to live longer than the male. The differences
were however significant only on Apumoden (tzg = 5.6;
P < 0.0001) and Ligri (tzs = 3.99; P < 0.0001) and stat-
istically similar on Bohye (t,g = 0.87; P = 0.390) and Ok-
umkom (ts = 0.44; P = 0.208). The female age specific
survival (Fig. 1) showed that al females lived up to 10
weeks on Ligri and Apumoden but only 6 and 5 weeks on
Okumkom and Bohye, respectively. The age-specific re-
production of the females followed almost a similar pattern
with the lowest rate at the early time of oviposition period
and increased to reach at peak between 3 and 5 weeks, and
decreased gradually.

Table 1: Developmental period and survival rate of immature life stages (mean + SEM) of Cylas

puncticollis on different sweet potato varieties.

Sweet potato variety

Life stages

Apumoden Ligri Bohye Okumkom
Development period (days)
Egg —larva 4.0+0.002 3.8+0.13% 3.7+0.14% 39+024%
Larva— pupa 14.8+0.332 15.1+0.422 155+0.382 16.6 +0.232
Pupa— adult 41+1.872 3.7+027% 4.4+0.33°2 3.9+0.18%
Developmental period 22.8+0.542 22.6+0.35% 23.2+0.25% 24.7 +0.46"
Survival rate (%)
Egg 93.8+4.732 96.3+3.702 92.5+4.782 90.0+7.072
Larva 79.7+2.242 82.7+1.202 66.7 + 4.04° 723+2.92%
Pupa 94.7+3.252 93.7+4.182 94.1+3.71% 100.0+0.002
Emergence rate (%) 70.8+3.242 74.9 + 3.402 57.9+1.69° 645+4.11%
Female sex —ratio 0.49.+0.222 0.47+0.242 0.49+0.242 0.51+0512

Means within arow followed by the same letter are not significantly different

(Student—-Newman—Keuls, P < 0.05).
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Table 2: Mean (+ SE) pre-oviposition, oviposition, post-oviposition periods, fecundity and longevity of Cylas punc-
ticollis on the different sweet potato varieties.

Sweet potato variety

Variables

Apumoden Ligri Bohye Okumkom
Pre-oviposition period (day) 5.0+0.372 6.0+0.702 5.3+0.632 52+0.518
Oviposition period (day) 88.8+4.222 81.4+4.56°2 57.7+4.40° 63.4+3.09°
Post-oviposition period (day) 12.9+1.582 13.2+2312 8.6+ 1.74% 6.6+0.72°
Fecundity (egg/ female) 233.3+13.902 242.1+17.72% 125.7 + 11.69° 194.1+10.65%®
Longevity (day)"
Female 106.8 + 4.482 100.6 + 4.38%2 71.6+5.004° 75.2+3.07%
Male 73.8+4.038 69.4+6.465 66.2+3.774 68.9+ 3.834

Means within the same row followed by the same lower case letter (T and within the same column followed by the same
upper case letter) differ significantly (Student—-Newman—Keuls, P < 0.05).
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Fig. 1. Survival and age-specific reproduction of females of Cylas puncticollis adults on different sweet potato varieties.
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Table 3: Lifetable parameters (mean + SEM) of Cylas puncticollis on different sweet potato varieties.

Variety Parameter

Im Ro G (days) T (days) %
Apumoden 0.082 + 0.0022 90.5+ 5.392 54.7+1.702 8.4+0.23% 1.08+0.0022
Ligri 0.087 +0.0022 86.1+6.272 50.9+1.32%  7.9+018%  1.09+0.0022
Bohye 0.077 + 0.004° 34.7+6.27° 459+ 2220 89+0.64% 1.08+0.004"°
Okumkom 0.089 + 0.0022 64.0+7.54" 46.7+1.26®  7.8+017° 1.09+0.020%

Means within a column followed by different letters are significantly different (Student—Newman—Keuls
sequential test; P < 0.05). ry = intrinsic rate of increase, Ry = net reproductive rate, G = mean generation time,

T = doubling time, A = finite rate of increase.

3.3 Lifetable parameters of C. puncticollis

All life table parameters of C. puncticollis were affected
by the sweet potato variety. The r, and Ry were lower on
Bohye than on the other three varieties. For the other par-
ameters, there were no clear trends (Table 3).

4 Discussion

The determination of factors on which thefitness of anin-
sect pest dependsis the cornerstone for devel oping an envir-
onmentally friendly pest management strategy (Golizadeh
& Razmjou, 2010; Reddy & Chi, 2015). In this study, the
developmental period of C. puncticollis was affected by the
sweet potato variety. The effects of sweet potato variety on
the developmental period of C. puncticollis were reported
earlier by Darko (2000) with two different Ghanaian variet-
ies. The adult emergence rate differed significantly among
tested varieties which collaborates with the findings of Kabi
et al. (2001) and Stathers et al. (2003b). Several secondary
metabolites occur in the sweet potato stored tubersand some
of these possess diverse biological activities. Resin glycos-
ides and caffeic acid in thelatex of sweet potato may havean
insecticidal effect on sweet potato weevil and affect survival
and development of certain insects such as Plutella xylos-
tella (Lepidoptera: Plutellidae) (Jackson & Peterson, 2000).
In Tanzania, Stevenson et al. (2009) found that the resist-
ance in sweet potato was governed by levels of hydroxy-
cinnamic acid esters in the latex of one of the sweet potato
varieties. Since these compounds occur in the latex and this
latex occurs throughout the plant, these compounds may be
responsible for the resistance effects. The same authors hy-
pothesized that the reduction of Cylas spp. infestation is
active, quantifiable and manageabl e through breeding. Vari-
ation in the content of these metabolites may explain the
differencein developmental period and adult emergencerate
found among the varieties in this study.

In addition, nutritional quality of an insect host plant can
also affect growth and development of the insect (Das et

al., 1993; Golizadeh & Razmjou, 2010). In Nigeria, An-
ota & Odebiyi (1984) identified carotene as a magjor fac-
tor in tuber resistance to the sweet potato weevil. There
was a lower surviva rate in all life stages, smaller body
weights and a longer developmental period of C. puncti-
collis raised on resistant cultivars (ibid). The proportion
of females of C. puncticollis population emerged from all
varieties in this study was close to 50 %, which corroborate
results from other studies like Smit & Van Huis (1999), and
Mohamed (2005). It appears that the environmental condi-
tions coupled with the sweet potato varieties do not have any
effect on the weevil sex-ratio. Insects regulate the sex ratio
of its progeny based on the total number of eggslaid and the
clutch size (Yu et al., 2003).

Various studies found different pre-oviposition periodsin
female C. puncticollis and this could be attributed to dif-
ferences in experimental conditions (Moyer et al., 1989;
Smit & Van Huis, 1999). However pre-oviposition period
recorded in the current study on different sweet potato vari-
eties are not far from the findings of Mohamed (2005). The
oviposition period found varied from 88.8 on Apumoden to
54.6 days on Bohye. This range of mean fecundity values
among varieties correlates with previous studies (Anota &
Leuschner, 1983; Smit & Van Huis, 1999; Darko, 2000).
Smit & Van Huis (1999), for instance, reported an ovipos-
ition period of 110 days on one Kenyan variety “Kalamba
Nyerere” while Darko (2000) found 42 days less. Two sec-
ondary metabolites boehmeryl acetate and boehmerol, oc-
curring in the periderm of sweet potato stored tuber were
identified to act as ovipositional stimulants for C. formi-
carius and the content of these chemicals differs among
sweet potato varieties (Wilson et al., 1988; Mao et al.,
2001). Wang & Kays (2002) identified three oxygenated
monoterpenes especially: nerol, Z-citral, and methyl ger-
anate in the storage roots known as the primary site of ovi-
position, but not in another part of the plant, and these com-
pounds were shown to be attractants to the female weevils.
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On the other hand, the identification of resistance mech-
anisms in African sweet potato to C. puncticollis is not
well understood, particularly since it can affect early de-
velopment of larvae and may also affect oviposition behav-
iour. Therefore, varieties with higher quantities of hexa
decylcaffeic and hexadecyl-p-coumaric acids are less suit-
ablefor oviposition and larval development of C. puncticol-
lis weevil (Stevenson et al., 2009). Although not tested in
the current study, the level of these chemicals may therefore
vary among the investigated varieties, and may have con-
tributed to different levels of fecundity in C. puncticollis.
The highest female fecundity was observed with females
that had the highest oviposition period. This suggests that
the stimulation of oviposition in the female C. puncticol-
lis, may also lengthen the oviposition period and even the
post-oviposition period as hypothesized by Darko (2000).
Moreover, previous experiments found that, the susceptible
varieties upon which the highest numbers of eggs are laid
are also in most of the cases the most consumed by the fe-
male weevil (Mao et al., 2001; Parr et al., 2016). Thus, in-
creased female longevity on the varieties which were most
susceptible for egg laying as observed in this study may aso
be attributed to the abundance of food obtained by the fe-
male weevil.

On al varieties, female C. puncticollis lived longer
than the corresponding male. This is in agreement with
Darko (2000). Difference in longevity between males and
females is commonly observed across many insect species,
depending on the genetic make-up of insect species and also
on the environmental effects especially quality composition
of diets (Partridge et al., 2005; Tower & Arbeitman, 2009).
For instance, females of the African wild silkmoth, Go-
nometa postica Walker (Lepidoptera: Lasiocampidae) live
significantly longer than the males, to offer ample time for
egg laying (Fening et al., 2011). Accordingly, the differ-
ence between female and male longevity may be attributed
to some of the above reasons.

Significant difference in the developmental period,
fecundity and survivorship among tested sweet potato vari-
eties was reflected in life table parameters of the C. puncti-
collisincluding theintrinsic rate of populationincrease (r m),
net reproductive rate (Rp), mean generation time (G), popu-
lation doubling time (T) and finite rate of natural increase
(1). Life table parameters of phytophagous insect pest are
inherently tied to the host plant characteristics such as nu-
tritional value, secondary chemical compounds and mor-
phology (Norris & Kogan, 1980; Yamaguchi et al., 2006).
Reddy & Chi (2015) found that the growth rate of C. formi-
carius differed depending on whether it exploits its major
host Ipomea batatas or the alternative host 1. triloba. Das
et al. (1993) reported Irish potato varietal effect on the life

table parameters of Phthorimaea oprecullela (L epidoptera:
Gelechiidae).

Life table parameters, particularly r, are used as indices
for host plant susceptibility (Razmjou et al., 2006). Intrinsic
rate of population increase is actually a reflective of many
biological traits, including survival, fecundity, devel opment
and sex ratio and adequately summarizes the physiological
qualities of an animal in relation to its capacity to increase;
it would be a more appropriate index to evaluate perform-
ance of an insect on different host plants (Southwood &
Henderson, 2000; Jha et al., 2012). In the current study,
the rr, varied significantly from 0.077 + 0.004 on Bohye to
0.089 + 0.002 on Okumkom. This suggests different levels
of susceptibility of investigated sweet potato varieties to
C. puncticollis due to different levels of antibiosis mechan-
isms which affect the development of the insect pests (Dent,
2000; Golizadeh & Razmjou, 2010).

5 Conclusion

This study showed the importance of sweet potato variety
in the population build-up of C. puncticollis. It is therefore
possible to reduce the infestation level by choosing variety
in which weevil population grows less rapidly. The low-
est intrinsic rate of populationincrease of C. puncticollison
Bohye tubers indicates the relatively lower susceptibility of
this variety and can therefore be used in breeding programs
as part of IPM of C. puncticollis.
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