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Abstract

A field experiment was conducted at Tanzania Agricultu-
ral Research Institute (TARI-Kibaha) from October,
2014 to July 2015 to assess the impact of sweetpotato

weevil, Cylas puncticollis and C. brunneus infestation
and damage on tubers of selected varieties; Ukerewe, Si-
mama, Mataya and Kiegea. Experiments were laid out in
the randomised complete block design (RCBD) with
sweetpotato varieties as treatments. Results revealed that
all varieties were susceptible to weevils’ infestation albeit
at varied degrees. Orange fleshed varieties; Mataya and
Kiegea yielded higher (2.02 ton/Ha and 1.76 ton/Ha)
than white fleshed varieties; Simama and Ukerewe (1.66
ton/Ha and 1.53 to/Ha) respectively and were less sus-
ceptible to sweetpotato weevils infestation. Highly signifi-
cant (p<0.001) variation among tested varieties in terms
of yield (number of harvested tubers) was recorded.
There was a positive correlation between yield and per-
centage infestation by Cylas spp suggesting that weevils
exerts significant impacts on sweetpotato yield in costal
Tanzania. Management of the pest should be prioritized
whenever the crop is grown. Orange fleshed varieties are
likely to increase sweetpotato production through in-
creased yield per unit area thus, should be complemented
with other management practices that have been shown

to reduce weevil damage.
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Introduction

Sweetpotato (Ipomea batatas (L.) Lam) is the 7th most impor-
tant root crop worldwide and the 5th most produced in east
Africa [1,2]. It is a source of dietary of most carbohydrates, vi-
tamins, minerals and proteins and used for subsistence by
poor-resource farmers in developing countries. The crop is in-
creasingly becoming popular among smallholder farmers in
Tanzania because of its ability to grow on wide and various
soil types and high production potential in marginal lands.
According to FAOSTAT (2012), Tanzania hit the 3rd produc-
er of sweetpotato in Africa next to Nigeria after Uganda. The
country’s production of sweetpotato in 2010 was 1 400 000
tons whereas those of Uganda and Nigeria were 2 883 408
tons and 2 883 408 tons, respectively. However, by comparing
its production for the period of 4 years from 2006 when the
production in Tanzania was 1 396 400 tons, it is beyond
doubt that the change in the rate of sweetpotato production

in the country has not picked significant acceleration.

The unexpected very low change in sweetpotato yield in pro-
ducing countries has been associated with many factors some
if not all of which have been comprehensively addressed but
under different biotic and abiotic conditions [3]. Mostly, low
yield is attributed to the low soil fertility, lack or inadequate
of improved varieties, diseases, agronomic and storage prac-
tices, unpredictable climatic conditions and the elements of
weather, and important insect pests, or interaction of these.
In sub-Saharan Africa, sweetpotato is produced annually on
over 53 thousand hectares of land with total production over
4 240 t and the average productivity is 8 t ha-1 [4]. However,
a study conducted by revealed that smallholder farmers get
low yields varying between 5 and 12 t ha-1, which is very far
below the potential yield of 40 to 60 t ha-1.

Insect pests such as weevils particularly Cylas sp. have been re-
ported to be the most important constraint to yield and eco-
nomic losses in sweetpotato producing farmers [5]. reported
that sweetpotato weevils (Cylas brunneus and C. puncticollis)
and millipedes (Diplopoda) of the species Omopyge sudanica
(Omopygidae) can access sweetpotato plants throughout the
growing season. According to the population densities of the
insect pests can build-up in the course of the plant’s growing
season. In addition, weevils are repotedly more abundant and
injurious during the dry season than the rainy season [3]. Soil

cracking induced by dry and hot conditions promote new in-

festation and fast development of the weevil through expo-
sure of the storage roots to the weevils. Nevertheless, [5] re-
ported that vines are often susceptible to sweetpotato weevils
from planting onwards provided that conditions are favor-
able. Sweetpotato weevils can live 3-4 months and produce
up to an average of 100 eggs per female in 3 generations per

year during its lifetime [1].

Sweetpotato weevils (Cylas sp.) are the cosmopolitan insects
and most serious insect pests of sweetpotato reported world-
wide [3]. In response to weevil feeding, sweetpotato storage
roots produce bitter tasting and toxic sesqui-terpenes that ren-
der them unfit for human consumption. According to [6],
weevils are the most important pests of sweetpotato in most
sub-Saharan Africa countries, which destroy large parts of the
roots thereby causing unsightly damage; the ‘undamaged’
part of the root also becomes bitter and unmarketable. The
weevil larvae also feed in the stems, causing large lumps to ap-
pear and damaging the connection to the roots but the sweet-
potato weevil larva is the only insect that tunnels throughout

the root.

A study conducted by [8] indicated that the effects of infesta-
tion by the sweetpotato weevil, Cylas formicarius (Elegantu-
lus summers), on yield in 12 sweetpotato cultivars showed sig-
nificant reductions in yield which was demonstrated by com-
paring weevil-free fields with infested fields. According to
[8-10] the average yield reduction of 69% was attributed to
many factors but mortality of infested plants was the major
contributing factor. Most studies have been conducted regard-
ing the sweetpotato weevils on their biology, ecology, mode
of feeding, and adaptation, using different approaches for its
control. These studies have been exacerbated by the high lev-
els of production losses of 60-100% associated with this insect

pest [11].

Although moderate levels of resistance of sweetpotato vari-
eties to infestation of the sweetpotato weevils particularly the
Cylas sp. have been demonstrated in most studies [1,9,3]
there has never existed a complete immunity. Many sweetpo-
tato varieties have been released in Tanzania for farmers’
adoption but their levels of resistance to the sweepotato
weevil as well as a wide range of other insect pests and diseas-
es has not been comprehensively studied. Little has been done
to examine the effect of sweetpotato weevil infestation on

yield losses. [13] observed that the effects of weevil infestation
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on yield were minimal for C. formicarius (Fabricius) in Tai-
wan. However, [14] reported yield losses of 10 to 100% due to
weevils. [15] reported losses of 35 - 70% depending on the sea-
son. [10] found that severe crown damage, especially in vari-
eties like Centennial, resulted in significant reductions in
yield. [10] reported high yield losses due to mortality of infest-
ed plants. Therefore, by considering the present knowledge
gaps, the objectives of this study were; i) to determine the inci-
dences of sweetpotato weevils in selected improved sweetpota-
to varieties, and ii) to determine the on yield losses associated
with sweetpotato weevil infestation on orange and white

fleshed sweetpotato varieties grown in Tanzania.

Materials and Methods

Description of the Study Area

The field experiments were conducted at TARI Kibaha locat-
ed at 06° 46" S, 38° 55" E and 370 meters above sea levels dur-
ing short rains from October, 2014 to February, 2015 during
the intermittent drought then repeated from March to July,
2015 during the long rains with harvesting done at the helm
of dry season. The soils were predominantly sandy clayey
loam. The area received an average annual rainfall of 728.5
mm characterized by erratic distribution a weak bi-modal pat-

tern (Figure 1).
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Figure 1: Average annual rainfall (mm) and temperature (0C) distributions in the study area. Source: Sugarcane Research Institute- Kibaha,
Coast Region (TMA)

Experimental Layout, Design and Experimentation

The experiment was laid down in a randomized complete
block design (RCBD) in the field with a history of weevil infes-
tation to determine the infestation and damage levels as well
as yield losses caused by the insect pest on the selected sweet-
potato varieties. The test varieties were orange fleshed sweet-
potato; Kiegea, Mataya and white fleshed sweetpotato; Sima-
ma (SPNO) and Ukerewe. All treatments were replicated
three times. The experimental set up was that, planting would
be done during the rainy season but maturation be attained
with increased drought to promote suitable environment for
weevil infestation. Thus, the roots were harvested at the helm
of dry seasons after short and long rains respectively. Each ex-
perimental plot measured 6.0 m x 6.0 m in size and it was con-

sisted of six ridges each of 1.0 m x 6.0 m in size. The vine cutt-

ings each of 30 cm long with 4 - 6 nodes were planted singly
along each ridge at a spacing of 0.6 m x 0.3 m which gave a

population of 20 plants per ridge.

Routine Management of Plants in the Experimental

Plots

Normal agronomic practices such as weeding, earthing-up
and routine guarding were done throughout the growing peri-

od as recommended (CIP, 2003).

Data Collection

The collected data includes, the percentage plant establish-
ment which was done two weeks after planting, plant vigour,
total number and weight (g) of storage roots harvested per
plot, number and weight of large (marketable) and small

(non- marketable) (>3mm, <3mm diameter roots size)(CIP,
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2003). Others were the vine weight, number of crown (vines)
damaged using 1- 4 severity index where 1= no damage; 2=
very little damage; 3= moderate damage; 4= severe damage,
severity of root damage using a (CIP, 2003) rating scale where

1= 0% no damage; 2= 1- 25%; 3= 26- 50%; 4= 51-75%; 5= =

75% (Stathers et al., 2003). Percentage infestation (number of
infested roots per plot divided by the total number of roots
harvested multiplied by 100), and percentage yield loss. The
measurement of the weights was done by using Mettle Toledo

to an accuracy of 0.001 g.

(a x score0) + (a x scorel) + (a X score?2)............ +(a x score )

Severity Index =

Where, ‘@’ is the number of roots with a particular score

Total number of infested roots

Total number of roots

x 100

Percentage infestation =

Statistical Data Analyses

All data were subjected to Analysis of Variance using GenStat
release 10.3DE statistical software. The significant means
were separated using both Least Significance Difference (LS-
D) and Duncan’s New Multiple Range Test (DNMRT) at 5%
error limit. Correlation analysis of yield and Cylas sp. at-

tributes was also determined.

Total number of harvested roots

Results

Plant Establishment, Mean Severity Score and Vigour

Generally, all varieties had good rate of establishment with an
average of 99.5% and also had an average intermediate vigour
of class 3 (Table 1).

Table 1: Plant establishment and vigour of the tested sweetpotato varieties

Variety Plant establishment Vigour (average)
Ukerewe (WESP) 99.4 34
Simama (WESP) 99.6 3.6

Mataya (OFSP) 99.4 3.1
Kiegea (OFSP) 99.7 3.5
Mean 99.5 34

*OFSP (Orange Fleshed sweetpotato) & WESP (White fleshed sweetpotato)

Number and Weight of Harvested Roots and Vine

Obtained results (Table 2) suggested highly significant
(p<0.001) differences in the number of harvested roots
among the four varieties, whereas the root numbers were
196.4, 174.9, 111.8 for 101.5 varieties Kiegea, Mataya, Uk-
erewe and Simama, respectively. However, higher root
weights were recorded on Mataya and Kiegea varieties with

2.02 ton/Ha and 1.76 ton/Ha respectively. Vines weight

among the studied sweetpotato varieties were statistically sig-
nificant (p<0.05). The highest weight was recorded in variety
Simama (1.29 ton/Ha) and Ukerewe (1.16 ton/Ha) than
Kiegea (0.67 ton/Ha) and Mataya (0.58 ton/Ha) suggesting an
inverse relationship between root weight and vine weight.
The highest mean number of marketable roots was recorded
on Mataya variety (73.8), whereas the lowest was on Ukerewe
(48) and Simama (49). In addition, the highest weight of mar-
ketable roots was recorded on Mataya variety (1.39 ton/Ha)
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while the lowest was from Kiegea variety (1.06 ton/Ha), al-

though the weights for all varieties studied did not differ statis-

Table 2: Mean number and weights of roots and vines of sweetpotato

tically.

Variety Harvested roots Marketable roots Vines
Weight Weight Weight Weight Weight Weight
D (Kg/ plot) | (ton/Ha) Rl (Kg/plot) (ton/Ha) | (Kg/plot) | (ton/Ha)
Ukerewe 111.8 55113 1.53 48 4.2387 1.18 4.19 1.16
Simama 101.5 5.9776 1.66 49.1 4.6777 1.3 4.646 1.29
Mataya 174.9 7.2833 2.02 73.8 4.9947 1.39 2.1 0.58
Kiegea 196.4 6.328 1.76 63.2 3.8003 1.06 2.412 0.67
LSD(0.05) | 33.26*** | 2.2925n.s 20.54* 1.9618n.s 1.9421*

Key: F stat: *** = p <0.001 very highly significant; **= p <0.01 very significant; *= p <0.05 significant; n.s= p >0.05 Not Significant

Infestation with Cylas Sp., and Damaged Sweetpotato

Roots and Vines

Results indicated insignificant differences (p> 0.05) in dam-
aged vines among the test varieties but percentage infestation
and damaged roots differed significantly (p<0.05) (Table 3).
The damages by C. puncticollis was significant (p<0.05) com-
pared to that of C. brunneus. The highest C. puncticollis infes-

tation was recorded in Simama variety (43.53%) while Kiegea

variety recorded the lowest (11.46%). However, the percent-
age infestations with C. puncticollis on varieties Mataya
(22.69%) and Ukerewe (25.74%) were statistically indifferent.
Despite the generally low infestation of roots with C. brun-
neus, the variety Simama had the highest infestation (6.24%)
while Kiegea had the lowest (2.485%). The weights of the dam-
aged roots in each variety followed the same trend of the num-

ber of damaged roots.

Table 3: The mean percentage weevils infestation, damaged roots and vines

Variety | Percentage infestation (incidences) | Damaged roots Number of damaged vines
C. puncticollis C.brunneus | Number | Wt(g)
Ukerewe 25.74abc 4.698a 33.67ab | 1117ab 10.8a
Simama 43.53¢ 6.247ab 44.67ab | 1311abc 24.63a
Mataya 22.69abc 5.279a 43.67ab | 1692abc 14.34a
Kiegea 11.46a 2.485a 30.33a | 1628abc 24.45a
LSD(0.05) 11.8*% 3.5ns 18.80ns | 609.2ns 1942.1n.s

Key: F stat: ** = p <0.001 very highly significant; **= p <0.01 very significant; *= p <0.05 significant; n.s= p >0.05 Not Significant. *The

means along the same column bearing similar letter(s) do not differ significantly at 5% level of probability based on Duncan’s Multiple Range

Test (DMRT)

Yield Losses of Sweetptatoes Associated with Cylas Sp

The percentage of storage roots damaged by C. puncticollis

was higher on variety Simama (59.8%) and Mataya (51%) fol-

lowed by Ukerewe (37.4%) and Kiegea (30.4%) (Table 4). Va-
riety Kiegea (orange fleshed) showed higher levels of resis-

tance than the other three varieties.
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Table 4: Percentage yield losses associated with Cylas sp.

A R T p— Optimum yield (Damaged | Yield reduFtlon (yield lost Pe'rcentage
+undamaged) to weevils damages) yield loss
Weight Weight Weight Weight Weight Weight (%)
(Kg/plot) (ton/ha) (Kg/plot) (ton/Ha) (Kg/plot) (ton/Ha) ?
Ukerewe 4.017 1.12 6.417 1.78 2.400 0.67 374
Simama 3.333 0.93 8.300 2.31 4.967 1.40 59.8
Mataya 6.750 1.88 10.133 2.81 3.383 0.94 51
Kiegea 5.467 1.52 7.850 2.18 2.383 0.66 304

Correlation Between Weevils and Root Yield Parame-

ters

The Pearson correlation coefficients for the relationship be-

tween root yield and Cylas sp. were as presented (Table 5).
The total root weight and C. puncticollis was positively corre-

lated and significant (p<0.05).

Table 5: Correlation analysis of root yield, Cylas puncticollis and C. brunneus

Variables C. brunneus C. puncticolis Root weight
C. bruneus 1

C. puncticollis 0.73%* 1

Yield (weight) 0.06 0.083 1

Key: *** = Correlation is significant at the p< 0.001 level (2-tailed).

Discussion

The sweetpotato weevil species C. puncticollis and C. brun-
neus occurred in all fields wherever sweetpotatoes were
grown as similarly observed by [4]. The mean severity and
vine (crown) infestation were not considered as an important
factor in yield reduction. This is because some severely weevil
damaged vines (crown) were thicker indicating that adventi-
tious growth roots had replaced the damaged tissues allowing
the plant to recover and develop properly. Weevil infestation
caused significant reduction in yield of all the studied sweet-
potato varieties as similarly reported by Talekar (1982). The
findings of this study indicated that yield losses were as high
as 59.8% re-affirming the significance of sweetpotato weevils
in reducing sweetpotato root yield. Nevertheless, OFSP were
less infested with weevils compared to WESP varieties suggest-
ing that sweetpotato flesh colour could have a role to play on
weevil’s preferences. Similar observation was reported by [12]
that orange fleshed cultivars displayed higher levels of resis-

tance to weevils compared to white fleshed varieties.

The impact of the weevil, C. puncticollis was significantly
high across the varieties as opposed to C. brunneus since the
latter did not exert destructive effects on the sweetpotato
roots. Suggestively C. puncticollis caused more damage to the
harvested sweetpotato roots than C. brunneus. [16] reported
similar findings that C. puncticollis is the most serious pest in
drier agro-ecological zones. As reported by the present study
established significant differences among sweetpotato vari-
eties in terms of damages sustained from weevils [16] likewise
reported that most of the sweetpotato varieties grown in Tan-
zania are susceptible to weevil infestation but the infestation
level differs significantly. The consistency in responses of test-
ed varieties to the two weevil’s species during the two consecu-
tive seasons of experimentation ascertained the reality that C.
puncticollis is more aggressive and responsible for sweetpota-
to root damages than C. brunneus. Similar observation was re-
ported by [17] and [13] that root tuber characteristics influ-

enced the severity of the damage caused by C. puncticollis.

There was no obvious relationship established between

weights of root yield and Cylas sp. despite the positive correla-
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tion recorded. [18] similarly reported positive correlations be-
tween sweetpotato tuber yields and multi-environmental fac-
tors but not weevils. A significantly positive correlation was
obtained between the two weevil species suggesting that envi-
ronmental conditions that favours C. puncticollis establish-

ment also supports C. brunneus.

Conclusion

The orange fleshed varieties Mataya and Kiegea yielded better
but were less susceptible to C. puncticollis than the varieties

Ukerewe and Simama. However, the level of yield losses

varied with the variety and with the percentage of infestation
by the weevils. Furthermore, losses in yields among sweetpota-
to varieties also depends on the species of the weevil infested

the tubers.
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