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ABSTRACT 

Field trials were conducted at three locations in Nigeria to assess the levels of Cylas infestation 

of some advanced sweet potato (Ipomoea batatas (L.) Lam) breeding lines at pre-release stage 
using several methods. These locations include: Nyanya, Makurdi and Umudike. Sweet potato 

genotypes were planted in a randomized complete block design (RCBD) with three replicates at 

each location. At four months maturity, sweet potato roots were harvested and assessed for 
Cylas spp. infestation using four methods. Of the four methods used, two distinguished between 

clean and infested roots, while two took into consideration the extent of individual root damage. 

Significant difference (P<0.01) in levels of infestation expressed as percentage clean yield was 
observed but a non-significant difference was observed in extent of individual root damage 

expressed as Cylas mean scores. Comparison of these methods was done using correlation and 
regression analysis tools. Correlation studies showed significant associations (P<0.01) among 

all the methods. Whereas methods A and D were positively correlated (R2=0.627) methods B 

and C showed negative correlation (R2=-0.737). Comparison of both methods A and B however 
showed positive correlation with a lower R2=0.475 and methods C and D showed negative and 

significant correlation with the value of R2=-0.477. This indicates a stronger correlation 
between methods A and D/B and C and a lesser correlation between methods A and B/C and D. 

Thus, the more rapid method A can be used as an approximation of the more time-consuming 

method D. And with the limitation of time, methods A, B or C would be appropriate in assessing 
Cylas spp. damage in sweet potato roots. 
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INTRODUCTION 

Over the past three decades, the area under 

sweet potato production has greatly 

increased  by 64.4% to 5.9 million hectares, 

but productivity has remained static at 

around 4.4 ton/ha compared to a world 

average of 12.7 ton/ha (Yanggen and 

Nagujja, 2006). By far the most important 

production constraint of sweet potato 

worldwide is plant damage caused by sweet 

potato weevils, viz Cylas spp. (Rees et al., 

2003). Sweet potato weevil (SPW), Cylas 

formicarius (Fab.) is a destructive insect 

pest of sweet potato (Ipomoea batatas (L.) 

Lam.) worldwide (Chalfant et al., 1990). 

Cylas formicarius (Summer) occurs 

throughout the Americas and Asia, while 

Cylas puncticollis (Boheman) and Cylas 

brunneus (Fabricius) are exclusively 

African species (CAB International, 1993).  

 

SPW was reported to be the major pest in 

Nigeria (NRCRI, 1984). Damage was 

observed primarily on fresh tubers, but at 

high population during the dry season, 

damage to stem and leaves could reach 

economic levels (Tewe et al., 2003). As a 

result, it has been known to cause economic 

damage in areas with a marked dry season 

or in unseasonally dry years (Bourke, 1985) 

when sweet potato is sometimes the only 

food available. To make matters worse, 

with climate change predictions for sub-

Saharan Africa foreseeing an expanding dry 

season, the threat and impact of weevils 

may increase further.   
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SPW attacks sweetpotato both in the field 

and during storage. Adults make feeding 

and oviposition punctures on root surfaces, 

reducing root quality and market value. 

Larvae feed internally and induce terpenoid 

production in storage roots that imparts a 

bitter taste and renders even slightly 

damaged roots unfit for human or animal 

consumption (Uritani et al., 1975). Upsurge 

in the weevil problem has led to renewed 

interest into its research for strategies for 

control. This effort is however being 

constrained by deficiencies in methods of 

assessing weevil populations and plant 

damage. The cryptic feeding habits of the 

sweet potato weevil larvae and the 

nocturnal activity of the adults make it 

difficult to detect sweet potato weevil 

infestations. Additionally, these factors 

limit the effectiveness of chemical 

insecticides applied for weevil 

management. Until recently, no suitable 

methods were available for detecting even 

low level infestations of this weevil (Heath 

et al., 1991). Assessments were often 

complicated by the fact that Cylas spp. is 

cryptic, i.e. it spends much of its life-cycle 

inside the storage root or vine. Precise 

assessment of insect number therefore 

requires the storage root to be carefully 

taken apart. Likewise, assessment of root 

damage may also require destruction of the 

root (Stathers et al., 1999). As a result, two 

methods for assessing cultivar susceptibility 

to Cylas spp. infestation have been 

developed (Stathers et al., 2003). The 

search for sweet potato resistance to Cylas 

spp. has resulted in development of 

methods for rapid evaluation. Muyinza et 

al. (2012) have reported that weevil 

resistance can be assessed earlier in plant 

development, so saving time in the 

selection of the progeny from breeding 

programmes. This study was therefore 

carried out to compare and obtain 

information on the most efficient methods 

of assessing patterns of Cylas spp.  

infestation in Nigeria.   

 

MATERIALS AND METHODS 

Planting Materials 

A total of thirteen (13) genotypes 

emanating from advanced sweet potato 

breeding lines of the sweet potato 

programme of the National Root Crops 

Research Institute (NRCRI), Umudike were 

obtained. Two controls which constituted of 

TIS 87/0087 (standard check) and Ex-

Igbariam (local check) were used across the 

three sites.  

 

Experimental sites and Design 

Field trials were conducted at three 

locations representing diverse agro-

ecological zones of Nigeria. National Root 

Crops Research Institute Nyanya sub-

station, Abuja at longitude 09˚04’N and 

Latitude 07˚37’E, with an elevation of 426 

m above sea level is located in the Derived 

savanna of Nigeria; University of 

Agriculture Research farm, Makurdi, Benue 

State at Longitude 07˚10’N and latitude 

08˚39’E with an elevation of 105.1 m above 

sea level is located in the southern Derived 

savanna of Nigeria and National Root 

Crops Research Institute Research farm, 

Umudike, Abia State at Longitude 05˚29’N 

and Latitude 07˚33’E with an elevation of 

122 m above sea level is located in the Rain 

forest belt of Nigeria. 

 

In September 2011, all fifteen genotypes 

(13 breeding lines + 2 controls) were 

planted in a randomized complete block 

design with three replicates of each 

genotype at all locations (each of these 

plots represented a treatment). The plot 

measured 3×3 m and consisted of three 

ridges 1 m apart per plot. Weeding was 

done manually at four weeks after planting 

(WAP). Nitrogen, phosphorus and 

potassium fertilizers 15:15:15 were applied 

at the rate of 400 kg/ha (i.e. 120 g per ridge 

of 3 m) at 4 WAP after weeding rouging 

out was done at 7 WAP. The plots were 

allowed to be naturally infested with Cylas 

species (Hahn, 1979). 

 

At 4 months maturity, roots were harvested 

and assessment of Cylas spp. infestation 

done as described below: 

 

Assessment of Cylas spp. Infestation 

Assessment of Cylas spp. infestation was 

done using four methods as described by 

Stathers et al. (2003a). Of the four methods 

used, 2 distinguished only between clean 

and infested roots whereas the others took 

into consideration the extent of individual 

root damage. 
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Method A: Nondestructive damage scoring of 

infestation levels. Roots from each plot were 

separated into different categories depending 

on the percentage of the external surface 

showing Cylas spp. damage. A five-point 

score similar to that used by Stathers et al. 

(2003a) was used where: 

1=All tubers clean of Cylas weevil damage 

across the plot; 2≤25% of each tuber in the 

plot damaged; 3=26-50% of each tuber in the 

plot damaged; 4=51-75% of each tuber in the 

plot damaged; 5≥75% of each of the tubers in 

a plot damaged by Cylas weevil 

 

The mean root score was calculated for each 

plot (Stathers et al., 1999). 

 

Method B: percentage (marketable) infested 

roots (by number). Using the same data 

obtained for method A, the percentage 

number of roots with any Cylas spp. damage 

was calculated. This was only measured for 

marketable roots. 

 

i.e.  Number of marketable roots infested by Cylas  × 100 

Total number of marketable roots 

 

Method C: percentage clean (marketable) 

yield (by weight). The percentage weight of 

roots that were clean (category 1 – uninfested) 

was calculated. This was done for only the 

marketable roots. 

 

i.e. Weight of  uninfested marketable roots  × 100 

Total number of marketable roots 

 

Method D: Destructive measurement of 

percentage infested portion of roots. Marketable 

roots were separated into infested and non-

infested (clean) groups. The infested portion of 

the infested roots was removed by cutting to 

separate the clean from the infested parts. This 

method divided the harvest into the following 

three parts and the infested portion of the roots 

was expressed as a percentage of the whole: 

 Completely clean (non-infested) roots, 

suitable for marketing 

 Clean parts of infested roots (edible) 

suitable for household use, but with 

short shelf-life 

 Infested portion of roots, useless for 

most purposes. 

 

Data Analysis 
Analyses of data were done using SPSS. One 

way ANOVA was done on data obtained at each 

location. Correlation and regression analysis 

was also done to compare methods. Separation 

of genotype means was done using Duncan’s 

multiple range test (DMRT). 

 

RESULTS 

Using method A, there was no significant 

difference observed in Cylas mean scores across 

locations except at Makurdi location where a 

mean score of 2.24 was significantly different at 

5% level of significance (Table 2).  Table 1 

shows the result of Cylas assessment on 15 

sweetpotato genotypes at Nyanya, Makurdi and 

Umudike locations in Nigeria. Breeding lines 

were recorded in order of degree of 

susceptibility. Results thus showed varied 

breeding lines with higher and lower 

susceptibility depending on the method used. 

For instance, NRSP/05/1B was the breeding line 

with the highest susceptibility at Makurdi using 

method A with a mean score of 3. On the other 

hand, using method D, CIP 199034.1 showed 

higher susceptibility with a mean score of 

100%. From the results obtained in Table 1, CIP 

199034.1 was the line with consistently high 

susceptibility using both Methods B and C at 

both Makurdi and Nyanya locations. While 

NRSP/05/5A had the highest degree of 

susceptibility at Umudike.  

 

Also, interpretation of susceptibility scores 

varied depending on the method used. A high 

score for Methods A, B, and D indicated high 

susceptibility while a low score for Method C 

was indication for high susceptibility. TIS 

87/0087 (standard check) recorded lower 

susceptibilities across the locations using these 

methods. The breeding lines with a consistently 

low degree of susceptibility using these 

methods at Nyanya were NRSP/05/3B and 

NRSP/05/10D while at Makurdi, 

NRSP/05//10D showed superior performance. 

The results obtained at Umudike showed very 

low infestation scores by these breeding lines 

compared with the other locations. However 

NRSP/05/5A was the line with the highest 

degree of susceptibility using Methods B and C.   
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Table 1: Result of assessment of Cylas infestation of fresh roots of some advanced sweet potato breeding lines at three locations 
Order of 

degree of 

susceptib-

ility 

                              Nyanya         Makurdi                                                                   Umudike 

MethodA 

Line  Score 

Method B 

 Line Score 

Method C 

Line   Score 

Method D 

Line  Score 

Method A 

Line  Score 

Method B 

 Line Score 

Method C 

Line   Score 

Method D 

Line  Score 

Method A 

Line  Score 

Method B 

 Line Score 

Method C 

Line   Score 

 Method D 

Line   Score 

 

4       3.00 14     100 12      0 12     90.00  4      3.00 12      100 12      0 12   100 8      1.57 2      80.00 2       5.00 8       27.54  

8       2.77 2      93.33 14      0 2       58.34  2      2.75 6        100 6        0 6    73.33 5      1.39 8      27.84 14     55.56 2       23.33  

2       2.75 1      93.06 2      5.57 11     48.33 13     2.70 10     91.67 10     14.36 15  58.44 4      1.34 1      13.65 11     58.33 3       17.95  

13     2.70 4      92.16 4      4.17 14     42.69 12     2.50 15     75.00 15     16.67 10  46.74 3      1.23 9      11.57 6       66.67 5       13.89  

12     2.50 8      92.16 15    7.58 1       41.96   5     2.50 9       60.36 11     33.33 2    41.67 14    1.23 4      11.36 8       69.14 1       10.15  

5       2.50 11    91.67 8      8.77 13     39.05  15    2.30 5       53.81 9       35.72 5    36.98 1      1.20 14    11.11 1       80.00 4       5.23  

10     2.30 15    90.48 11    11.00 9       37.02 11     2.30 14     53.72 13     41.61 9    29.10 2      1.10 11    5.56 4       84.30 13     4.44  

11     2.30 13    87.52  13    11.00 8       30.31 10     2.30 3       49.33 3       43.11 1    27.41 13    1.10 13    2.78 13     92.59 10     3.33  

15     2.30 10    85.50 10    11.65 10     27.32  9      2.23 1       48.33 14     46.96 3    27.25 9      1.07 3      1.96 3       95.56 6       0  

9       2.23 

1       2.13 

9      75.56 

5      70.79 

9      19.07 

 5     20.04 

5       22.22 

4       22.22 

13     45.67 

8       39.49 

7       52.44 

8       53.85 

7    23.47 

8    20.65 

7      1.00 

10    1.00 

5       0 

6       0 

9       96.67 

10     100 

9       0 

11     0 

 

3       2.01 3      57.61 1      26.05 15     18.69 4       28.11 5       55.05 14  17.30 11    1.00 10     0 12     100 12     0  

6       2.00 7      28.33 3      31.78  3      8.18 2       27.78 2       60.56 13  16.45 12    1.00 12     0 7       100 14     0  

14     1.67 6      25.00 6      33.33  7      7.02 7       22.93 1       62.67 4    12.44 6      1.00 7       0 5       100 7       0  

7       1.50 12     0 7      76.54  6      0 11     0 4       64.63 11   0 15     - 15     - 15      - 15     -  

                 

*significant at P≤0.05; **significant at P≤0.01; ***significant at P≤0.001; ****significant at P≤0.0001; ns=not significant; 1=NRSP/05/7C; 2=NRSP/05/5A;  3=NRSP/05/10D; 

4=NRSP/05/1B; 5=NRSP/05/3D; 6=NRSP/05/3B; 7=TIS 87/0087; 8=Ex-Igbariam; 9=CIP 440163; 10=CIP 440293; 11=Shaba; 12=CIP 199034.1; 13=NRSP/05/022; 14=Ex-

Oyunga; 15=Centennial 
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Table  2:  Summary of ANOVA of Cylas susceptibility trial of some advanced sweetpotato 

breeding lines in Nigeria. 
 

is not significant; *significant at P≤0.05; **significant at P≤0.01; ***significant at P≤0.001; 

 ****significant at P≤0.0001.Values are means of three replicates. 

 

Correlation and Regression Analyses 

Correlation analyses of all the methods 

across the three locations showed 

significant and non-significant 

relationships, depending on the location 

(Table 1). A combined correlation of the 

methods yielded highly significant 

differences (P≤0.001). A combination of 

both methods B and C showed significant 

negative correlations across the locations 

and even when data was combined. 

Methods A and B showed positive and 

significant relationship (P≤0.01) only at 

Makurdi with a correlation coefficient of 

0.713, while methods A and D showed 

positive and significant relationships at both 

Makurdi and Umudike with a coefficient of 

0.901 and 0.665 respectively. 

 

Table 1: Correlation coefficient of all the methods at three locations 

 Nyanya Makurdi Umudike Combined location 

Method A/B 0.242ns 0.713** 0.258ns 0.689*** 

Method B/C -0.975*** -0.675** -0.473* -0.859*** 

Method C/D -0.724** -0.730** -0.281ns -0.691*** 

Method A/D 0.077ns 0.901*** 0.665** 0.792*** 

 

*significant at P=0.05; **significant at P≤0.01; ***significant at P≤0.001; ns=not 

significant 

 

Regression analyses showed linear relationships between the methods that separated harvest 

into clean and uninfested groups (methods B and C) and the methods that considered the 

extent of individual root damage (methods A and D).  

 

A comparison of methods A and D (Figure 1) showed a linear relationship with R2 = 0.627 

and a wide range of scatter while methods B and C had a higher R2 = 0.737 (Figure 2). 

 

On the other hand, a comparison of methods A and B (Figure 3) even though showed linear 

relationships, yielded lower R2 of 0.475 and methods C and D (Figure 4) yielded a R2 of 

0.477  

     Method A       Method B       Method C     Method D 

Location Mean 

Genotype 

effect 

Mean 

Genotype 

effect 

Mean 

Genotype 

effect 

Mean 

Genotype 

effect 

Nyanya 

 

2.31            ns 72.21         

**** 

17.77              * 32.89      ns 

Makurdi 2.24           *** 53.08         

**** 

38.73              * 35.42       ** 

     

Umudike 1.16            ns 11.85         

**** 

78.84   

**** 

7.56      ***** 



 

NSUK Journal of Science & Technology, Vol. 3, No. 1&2, pp 9-18 2013  

14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Comparison of two methods (A and D) that took into consideration the extent of

 individual root damage 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Comparison of two methods (B and C) that separated the harvest into clean and 

infested  roots 
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Fig. 3: Comparison of two methods (A and B) in which one considered the extent of root

 damage and the other separated the harvest into clean and infested roots. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4:  Comparison of two methods (C and D) in which one separated the harvest into clean 

and infested roots and the other considered the extent of root damage. 
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DISCUSSION 

The result of Cylas assessment showed that 

there was a varying degree of infestation 

among breeding lines. Previous studies on 

assessment of Cylas infestation on the 

advanced breeding lines established varied 

levels of infestation in all the methods used 

(Abayol et al., 2012). As observed in Table 

1, varied levels of infestation were 

produced depending on the method used. 

For instance, method D produced much 

more varied values than all the other 

methods used. Owing to the cryptic nature 

of the sweet potato weevil, this method may 

represent a more accurate way of assessing 

Cylas damage to sweet potato as it required 

the cutting up of the harvested roots. All the 

other methods on the other hand, only took 

into consideration the external signs of 

infestation. This suggests that where sweet 

potato is grown exclusively for marketing 

purposes, the clean yield is of interest. On 

the other hand, where the crop is used for 

subsistence, the undamaged portions of 

lightly infested roots can also be used as a 

source of food, either fresh if consumed 

immediately or sliced and sun-dried. 

Method D therefore gives an accurate 

representation of how the sweet potato 

harvest is used by farmers in Nigeria and 

other developing countries. This indicates 

thus, that the most appropriate method of 

assessment will vary with the intended crop 

use. Where sweet potato is grown almost 

exclusively for marketing, roots infested 

with Cylas spp. have virtually no economic 

value. 

Of the four methods used, methods B and C 

distinguished between clean and infested 

roots, while methods A and D took into 

consideration the extent of individual root 

damage. The destructive method D however 

gives an accurate representation of how the 

sweet potato harvest is used by farmers in 

Africa (Stathers et al., 1999). Using 

methods B and C, the same pattern of 

results were obtained for all the genotypes. 

The two methods B and C, when compared, 

produced strongly related values. The 

negative and significant correlation 

indicating that as percentage clean yield 

increased, percentage infested yield 

decreased. This linear relationship was 

however expected and corroborates the 

findings of Stathers et al. (2003a). The two 

methods A and D, also produced strongly 

related values but the degree of scatter was 

also quite high (Fig. 1). This is an 

indication of the degree to which roots 

without much external signs of damage 

often have greater internal damage, as a 

result of burrowing and feeding by 

developing Cylas spp. larvae. Thus, the 

more rapid non-destructive damage score 

(Method A) can be used as an 

approximation of the time consuming 

method D. Even though a linear 

relationship was observed between methods 

A and B and methods C and D, regression 

analysis showed very weak relatedness 

among values. With the limitation of time 

however, methods A, B or C would be 

appropriate in assessing Cylas spp. damage 

in sweet potato roots. This is not the first 

time that rapid methods of assessing Cylas 

infestation in sweet potato have been 

suggested. Previous studies by Muyinza et 

al. (2012) have also showed external root 

and stem base damage to be an accurate 

quantitative indicator of internal root 

damage. Rapid and accurate evaluation 

methods of screening sweet potato for 

resistance to Cylas spp. infestation in the 

field will eliminate the need for artificial 

methods for screening and offer breeders a 

chance to screen many genotypes at a time. 

Thus, saving time in the selection of the 

progeny from breeding programmes. 

CONCLUSION 

The result obtained from this study 

therefore shows that the method for 

assessing Cylas spp. infestation in sweet 

potato will depend on the intended use of 

the harvest. Even though method D offers a 

more accurate representation of how the 

crop is used in Nigeria, our data suggests 

the use of the more rapid methods A, B or 

C as an approximation of the more accurate 

and time consuming method D. Further 

studies are however needed to confirm 

these results within years

. 
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