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Sweetpotato has become increasingly important in the farming systems of 
Northern agro-ecologies of Ghana. The objective was to investigate the 
relative yield performance of elite sweetpotato genotypes at multi-location. 
Six (6) elite genotypes viz; PGA14008-9, PGA14011-43, PGA14351-4, 
PGA14372-3, PGA14398-4 and PGA14442-1 were evaluated together with 3 
checks varieties (Apomuden, Bohye and Ligri) in trials at Bawku, Nyankpala, 
Tono and Wa for 2 cropping seasons. Vine cuttings of genotypes were 
planted on four-ridge plot of 20.4m2 and arranged in randomized complete 
block design (RCBD) with three replications at each location. Variables 
recorded were root yield (Ryld), foliage yield (Foyld), root dry matter (DM) 
content and tolerance to weevil (Cylas sp.) infection (WED). Genotypes 
PGA143011-43 recorded the highest overall root yield of 21.11tha-1, roots 
plant-1 of 4 and foliage yield of 15.20 tha-1. This was followed by PGA14008-9, 
with root yield of 18.42 tha-1, root plant-1 of 5 and foliage yield of 12.52 tha-1. 
Genotype PGA14372-3 was the best performing genotype for root dry matter 
content and weevil damage effect to storage roots. PGA143011-43 and 
PGA14008-9 have shown superior and stable performance across test 
locations.  
 
Keywords: Sweetpotato, multi-environments, variability, northern agro-ecologies, 
agronomic traits, farming systems, genotype-by-environment, stable performance.  

 
 
INTRODUCTION 
 
The variability in the rainfall and temperature pattern 
affect sweetpotato production and productivity (Logah et 
al., 2013). These environments pose biotic, abiotic and 
socio-economic challenges to crop production. Although 
sweetpotato is adapted to a wide range of growing 
environments, storage root performance in terms of yield 
and quality are largely affected (Gajanayake et al., 2015; 
Chen et al., 2017). Sweetpotato genotypes differ in their 
yield performances and this response appear to be 
correlated to moisture stress (Motsa et al., 2015).  The 
potential of the crop in these areas require a holistic 
attention to develop cultivars that combine desired quality 

traits with high yields for farmers in these agro-ecologies. 
The non-availability of high yielding varieties for farmers 
has contributed to low production of sweetpotato (Karuri 
et al., 2010). The ability to use sweetpotato in foods 
products would offer nutritional benefits and could 
significantly expand consumption of sweetpotato, which 
currently finds a limited place in diets, as a fried or boiled 
snack or breakfast food in Ghana. More so, orange-fleshed 
sweetpotato (OFSP) has an advantage over most 
vegetables, in that, it can supply significant amounts of 
vitamin-A and energy simultaneously (Kapinga et al., 2005; 
Low et al.,  2017), thus  helping  to  address  both  Vitamin-A 



 

 

Int. J. Agric. Pol. Res.          53 
 
 
 

Table 1. Soil physico-chemical properties of the experimental locations 
 

Soil property Bawku Nyankpala Tono Wa 
Physical property 

    Sand (%) 84 76 82 90 
Silt (%) 12 10 8 8 
Clay (%) 4 14 10 2 
Soil Textural class loamy sand Sandy loam loamy sand Sandy 
Chemical property 

    
Base saturation (%) 96.68 85.63 87.42 80.11 
pH  6.18 5.51 5.83 5.29 
Organic matter (%) 0.13 0.45 0.13 0.07 
Total nitrogen 0.01 0.03 0.02 0.01 
Organic carbon (%) 0.08 0.26 0.08 0.04 
Exchangeable Calcium (Cmol/kg)   2.67 1.6 2.14 1.87 
Exchangeable Magnesium (Cmol/kg) 1.34 1.07 0.8 0.53 
Exchangeable Sodium (Cmol/kg) 0.24 0.24 0.19 0.33 
Exchangeable Potassium (Cmol/kg) 0.11 0.34 0.35 0.29 

 
 
 
deficiency (VAD) and under-nutrition.     

Genotypes exhibiting high variability for desirable 
characters that will contribute to the root yield are 
requisite for selection in sweetpotato evaluation. Therefore, 
evaluation to compare new genotypes with standard check 
varieties in production environments is necessary. Critical 
studies of selected genotypes at varying environments 
would be needed to evaluate their performance to select 
stable varieties for cultivation in the different agro-
ecologies of Northern Ghana. The objective of this studies 
was to evaluate relative performance of elite sweetpotato 
genotypes for high dry matter content, root yield, and 
resistance to weevil (Cylas sp.) damage at multi-locations.   
 
 
MATERIALS AND METHODS 
 
Experimental sites description 
 
The study was carried out in four locations that falls under 
the Guinea and Sudan savanna agroecologies of Northern 
Ghana, namely Bawku, Nyankpala, Tono and Wa. The soil 
analysis of the study sites are described in Table 1. The 
trials in Bawku were carried out on the research fields of 
the CSIR-Savanna Agricultural Research Institute at Manga 
found on latitude 11°01’N and 0°16’W, at the elevation of 
231m. The climatic regime is semi-arid with an annual 
average rainfall of 921mm and ranges between 645 and 
1250mm (Issahaku et al., 2018). Rainfall starts in June and 
ends in October. Temperatures in the season range from 
14°C at night to temperatures that frequently exceed 37°C. 
The study in Nyankpala were conducted on the research 
field of the CSIR-Savanna Agricultural Research Institute 
(SARI), located 16km west of Tamale, at 9°25’N and 0°58’W 
and at elevation of 182m in the Guinea savanna ecology. 
The average annual rainfall is 1079m, with an average 
minimum and maximum temperatures of 23 and 34°C. The 
trials at Tono were carried out at the Tono Irrigation 

Project field located in altitude 10°53’N and longitudes 
0°11’ to 1°02’W, at an elevation of 187m in the Kassena 
Nankana Municipality of the Upper East region of Ghana. 
This location fall within the Sudan savanna agro-ecology. At 
Wa in the Upper West region, trials were carried out on 
research fields of the CSIR-SARI located at Bamahu in the 
Wa west municipality. The site lies between latitudes 
10°04’N and longitudes 02°30’W, and elevation of 323m. 
The region is described as dry climate with annual 
evaporation exceeding annual precipitation (Blench, 2005; 
Kasei et al., 2014).  
 
Plant materials and culture 
 
Six (6) selected sweetpotato genotypes viz, PGA14008-9, 
PGA14011-43, PGA14351-4, PGA14372-3, PGA14398-4 and 
PGA14442-1, including three standard checks (CRI-Bohye, 
CRI-Ligri and CRI-Apomuden) were planted in 
experimental fields under rainfed conditions at four (4) 
locations for 2017 and 2018 growing seasons. Healthy and 
vigorous sweetpotato vine cuttings were used for the 
planting. The cuttings made of 5-6 nodes of approximately 
25-30 cm long were planted by burying 2-3 nodes into the 
soil on prepared ridges.  
 
Experimental design 
 
The experiments were set up in randomized block design 
(RCBD) with three replications in each of the four locations, 
and for two seasons. Each trial was composed of nine (9) 
treatment (genotypes), four (4) rows of ridges in a plot and 
replicated three times. The resulting plot sizes were 4 x 5.1 
m2, where two inner rows, measuring 2 x 4.5 m2 (net plot) 
were harvested for each genotype and the outer rows 
served as the borders to both side of the net plots. The 
study was conducted during the 2017 and 2018 rainy 
seasons. All cultural practices such as weed control and 
earthen-up of the ridges were carried out so  as  to maintain  
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Table 2. Mean squares of analysis of variance for 6 traits of sweetpotato genotypes 

 
*Significant at P<0.05, **Significant at P<0.01, ***Significant at P<0.001, nsNon-Significant P>0.05; DF=degree of freedom, Ryld=root yield, NRPP=roots 
plant-1, Foyld=foliage yield, HI=harvest index, DM=dry matter content, WED=weevil damage score. 

 
 
 
clean field and to ensure the proper development of the 
roots. The plants in the trials were harvested at 120 days 
after planting (DAP).  
 
Data collection and procedures 
 
Yield data such as plant establishment (NOPE), and 
sweetpotato virus disease (SPVD) scores, plants harvested 
(NOPH), number of plants with roots (NOPR), total roots 
harvested per plot (TRN), vine weight (VW), harvested root 
weight per plot (FRW) and sweetpotato weevil infection 
(WED), were recorded from the two central rows of each 
plot. Weights of vines (foliar) and roots per plot were 
converted to root yield (Ryld) in tha-1, and foliage yield 
(Foyld) in tha-1 for ease of analysis and interpretation. Data 
recorded followed a protocol for sweetpotato yield 
parameter measurement as described in procedure for 
evaluating trials (Grüneberg et al., 2019) and in the 
sweetpotato Crop Ontology status (Simon et al., 2014).    
 
Data analysis 
 
Analysis of variance (ANOVA) was performed using a 
combined analysis of data across all locations and 
treatment means were separated using least significant 
difference (lsd) at 0.05 level. GenStat Statistical software 
version 12th Ed (Payne, 2009) was used for the analysis. 
Data were classified relative to genotypes (G), locations (L), 
year (Y) and replications (R). In an analysis of variance 
(ANOVA), each trait (namely, root yield, number of root per 
plant, foliage yield, harvest index, dry matter content, 
weevil reaction of plants) was analyzed from each 
experimental site separately to determine experimental 
means and the  coefficients of variation  
 
 
RESULTS 
 
Results  of    the   mean   square   of    the    ANOVA    showed 

significant (P<0.001) genotype differences for Ryld, NRPP, 
Foyld, HI, DM and WED scores (Table 2), as well as the 
location by year (LxY) interaction for the aforementioned 
traits measured.  
 
Fresh storage root yield (RYLD) 
 
There was a statistically significant (p<0.001) interaction 
effects among genotypes, location and year (GxLxY). Results 
showed that genotype PGA14011-43 from Wa in 2017 
ranked the highest with overall mean root yield of 33.07 
tha-1, followed by PGA14011-43 from Nyankpala in 2017 
and PGA14008-9 from Wa in 2017, with statistically similar 
overall mean root yield of 32.70 and 31.11 tha-1, 
respectively (Table 3). Bohye from Nyankpala in 2018 
ranked lowest, with overall mean root yield of 0.53 tha-1. 

The ANOVA also showed a significant (p<0.05) 
interaction between genotype and year. There was rank-
change interaction in the two years. The genotype 
PGA14011-43 in 2017 ranked the highest with the total 
root yield of 24.82 tha-1, followed by genotype PGA14008-9 
in 2017 with a root yield of 23.68 tha-1 (Table 4). Similarly, 
the genotypes PGA14011-43 in 2018 and PGA14008-9 in 
2018 recorded the highest ranking, with mean total root 
yield of 24.82 and 13.16 tha-1, respectively. Bohye in 2017, a 
check variety, ranked the lowest, with total root yield of 
2.61 tha-1.  

There was highly significant (p<0.001) interaction 
between location and year (LxY). The comparative 
performance of location and year also showed different 
expression of rank change in their interactions. Nyankpala 
in 2017 ranked highest in the mean total root yield, with 
value of 22 .04 tha-1, followed by Wa in 2017 with a mean 
root yield of 21.63 tha-1 (Table 5). On the other hand, Wa in 
2018 ranked the lowest in mean root yield of 6.79 tha-1.  

Main effects showed that there were significant (p<0.001) 
differences among sweetpotato genotypes. The overall mean 
root yield ranged from 4.05 tha-1 to 21.11 tha-1 (Table 6). 
Genotype  PGA14011-43  recorded   highest    overall    mean  

 
  Mean squares 

 SOURCE DF Ryld (tha-1) NRPP Foyld (tha-1) HI (%) DM (%) WED 

Block 2 88.22 5.57 13.88 1436.90 2.43 2.96 
Genotype 8 528.48*** 20.46*** 241.70*** 1738.00*** 614.32*** 5.62*** 
Location 3 142.37*** 18.09*** 809.08*** 6794.60*** 371.54*** 0.44ns 

Year 1 1886.37*** 20.04*** 186.17** 714.70* 9.90ns 0.26ns 

Genotype.Location 24 18.52ns 1.27ns 35.90ns 65.80ns 37.18*** 1.88* 
Genotype.year 8 39.53* 2.61* 29.24ns 205.10ns 126.70*** 2.60* 
Location.year 3 1116.57*** 35.77*** 573.30*** 6091.20*** 31.23** 6.12*** 
Genotype.Location.year 24 45.98*** 1.52ns 49.82* 138.20ns 40.82*** 1.42ns 

Residual 142 17.65 1.13 28.82 137.60 6.11 1.13 
Total 215 
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Table 3. Mean root yield (TRyld) in tonnes per hectare of sweetpotato genotypes for locations during 2017 and 2018 
cropping seasons 

 

GENOTYPE Location  2017 2018 

Apomuden Bawku  13.77 15.26 
 Nyankpala 16.98 5.81 
 Tono  13.83 12.90 
 Wa  22.42 5.08 
Bohye Bawku  5.17 4.16 
 Nyankpala 7.11 0.53 
 Tono  1.83 4.61 
 Wa  7.81 1.13 
Ligri Bawku  12.69 7.92 
 Nyankpala 22.86 6.30 
 Tono  9.30 13.80 
 Wa  19.87 3.93 
PGA14008-9 Bawku  16.65 17.96 
 Nyankpala 30.18 13.54 
 Tono  16.80 15.54 
 Wa  31.11 5.62 
PGA14011-43 Bawku  15.46 22.79 
 Nyankpala 32.70 16.58 
 Tono  18.06 19.60 
 Wa  33.07 10.59 
PGA14351-4 Bawku  13.67 11.42 
 Nyankpala 22.26 7.50 
 Tono  9.33 14.13 
 Wa  14.86 10.88 
PGA14372-3 Bawku  15.63 14.70 
 Nyankpala 20.39 11.01 
 Tono  5.19 15.98 
 Wa  23.41 9.30 
PGA14398-4 Bawku  16.36 12.27 
 Nyankpala 25.65 12.19 
 Tono  5.15 22.24 
 Wa  20.85 5.42 
PGA14442-1 Bawku  11.27 9.15 
 Nyankpala 20.21 14.30 
 Tono  11.19 8.26 
 Wa  21.29 9.18 
  Mean  16.79 10.88 
 

LSD (0.05): Genotype*Location*year= 6.781 

 
 

Table 4. Mean storage root yield (Ryld) in tonnes per hectare of sweetpotato genotypes in two cropping seasons 
 

GENOTYPE 2017 2018 
Apomuden 16.75 9.76 
Bohye 5.48 2.61 
Ligri 16.18 7.99 
PGA14008-9 23.68 13.16 
PGA14011-43 24.82 17.39 
PGA14351-4 15.03 10.98 
PGA14372-3 16.16 12.75 
PGA14398-4 17.00 13.03 
PGA14442-1 15.99 10.22 
   
Mean 16.79 10.88 
 

LSD (0.05): Genotype*year=3.390 
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Table 5. Mean storage root yield (Ryld) in tonnes per hectare of sweetpotato genotypes for 
4 locations in two growing seasons 

 
Location 2017 2018 
Bawku 13.41 12.85 
Nyankpala 22.04 9.75 
Tono 10.07 14.12 
Wa 21.63 6.79 
   
Mean 16.79 10.88 

 
 

Table 6. Mean storage root yield (Ryld) in tonnes per hectare of sweetpotato genotypes evaluated at 4 locations for 
two cropping seasons 

 
GENOTYPE TRyld 
Apomuden 13.26 
Bohye 4.05 
Ligri 12.09 
PGA14008-9 18.42 
PGA14011-43 21.11 
PGA14351-4 13.01 
PGA14372-3 14.46 
PGA14398-4 15.02 
PGA14442-1 13.11 
  
Mean 13.83 
LSD (0.05) 2.40 

 
 

 
 

Figure 1: Storage root yield of sweetpotato genotypes at four different locations 

 
 
 
root yield of 21.11 tha-1, followed by genotype PGA14008-9 
with overall mean root yield of 18.42 tha-1. Bohye recorded 
the lowest (4.05 tha-1) storage root yield. The checks, Bohye, 
Apomuden and Ligri recorded overall mean storage root 
yield of 4.05, 13.26 and 12.09 tha-1, respectively. The overall 
yields of the latter three (3) cultivars were the lowest, except 
Ligri.   

The  location  main  effect  showed  that  the  mean  storage 

root yields of genotypes at the four (4) locations also 
showed significant (p<0.001) differences for the two-
cropping season (Figure 1). Nyankpala recorded highest 
genotype mean root yield, with a total yield of 15.89 tha-1. It 
was followed by that of Wa which recorded a yield value of 
14.21 tha-1. Tono recorded the lowest (12.10 tha-1) overall 
mean root yield.  

The  results  of  main effect for years for total root yield of 
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Figure 2: Storage root yield of sweetpotato genotypes for 2017 and 2018 cropping seasons 

 
 

Table 7. Mean number of roots per plant (NRPP) of sweetpotato genotypes for the two years 
 

GENOTYPE 2017 2018 
Apomuden 4.56 3.63 
Bohye 2.04 1.96 
Ligri 2.81 2.68 
PGA14008-9 5.81 4.03 
PGA14011-43 4.88 3.88 
PGA14351-4 3.78 3.76 
PGA14372-3 3.03 2.97 
PGA14398-4 3.68 3.51 
PGA14442-1 4.97 3.68 
   
Mean 3.95 3.34 
 

LSD (0.05): Genotype*year=0.434 

 
 
 
sweetpotato genotypes showed that the year 2017 season 
was significantly (p<0.001) higher, with the overall mean of 
16.79 tha-1 (Figure 2), compared to that of year 2018 
season, which recorded overall mean of 10.88 tha-1.   
 
Number of roots per plant 
 
The number of roots per plant (NRPP) showed that there 
was significant (p<0.001) interaction effects of genotype by 
year, location by year, but no interaction (p>0.05) effects 
between genotype, location and year (GxLxY).  

Genotype by year (GxY) interaction for number of roots 
per plant (NRPP) indicated differential ranking, with the 
different year’s performance of genotypes. Mean number of 
roots per plant (NRPP) of sweetpotato genotypes showed a 
comparative performance of the genotypes by year 
interaction in different levels of expression. Genotype 
PGA14008-9 in 2017 ranked highest, with overall mean 

NRPP of 5.81, followed by PGA14442-1 in 2017 with a 
NRPP of 4.97 (Table 7). However, PGA14011-43 in 2017, 
with a NRPP of 4.88 was not significant (p>0.05) from the 
ranked value of PGA14442-1 in 2017. Bohye in 2018 
ranked lowest, with an overall mean NRPP of 1.96.  

The comparative performance of mean NRPP of 
sweetpotato genotypes for the locations by year (LxY) 
interaction effect showed that Wa in 2017 ranked the 
highest, with overall mean NRPP of 5.24 (Table 8), followed 
by Bawku in 2017 with a NRPP of 4.24. Nyankpala in 2018 
ranked lowest with a NRPP of 2.3.  

Sweetpotato genotypes main effects was significant 
(p<0.001), and the effect for number of roots per plant 
(NRPP) among the genotypes ranged from 2.0 to 5.0 (Table 
9). Genotype PGA14008-9 recorded highest overall mean 
number of 4.93 roots. This was followed by genotypes 
PGA14011-43 and PGA14442-1, with NRPP of 4.4 and 4.3, 
respectively.  Bohye,  a  check  variety,  recorded  the lowest 
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Table 8. Mean number of roots per plant (NRPP) of sweetpotato at four locations for 2017 and 2018 cropping seasons 
 

LOCATION 2017 2018 
Bawku 4.24 3.96 
Nyankpala 3.93 2.31 
Tono 2.41 3.96 
Wa 5.24 3.16 
   
Mean 3.95 3.34 
 
 LSD (0.05): Location*year =0.572 

 
 

Table 9. Mean number of roots per plant (NRPP) of sweetpotato genotypes across 4 locations and for two cropping seasons 
 

GENOTYPE NRPP 
Apomuden 4.10 
Bohye 2.00 
Ligri 2.75 
PGA14008-9 4.93 
PGA14011-43 4.38 
PGA14351-4 3.77 
PGA14372-3 3.00 
PGA14398-4 3.59 
PGA14442-1 4.33 
  
Mean 3.65 
LSD (0.05) 0.61 

 
 

 
 

Figure 3: Number of roots per plant of sweetpotato at 4 different locations 

 
 
 
overall mean number of 2.0 roots per plant.  

Location main effects results showed that the mean 
number of roots per plant of genotypes at the locations was 
different, with Wa recording mean roots of 4.0 per plant, 
similar to that of Bawku with 4.0 roots per plant (Figure 3). 
Nyankpala recorded the lowest mean NRPP among the 

locations, results that was similar to that of Tono, with a 
mean of 3.0 roots per plant each.  
The main year effect showed that number of roots per plant 

was highest in the 2017 cropping season, with a mean value 
per plant of 4.0 roots, compared to 3.0 roots in 2018 season 
(Figure 4).  
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Figure 4: Number of roots per plant for 2017 and 2018 cropping seasons 

 
 
 
Foliage yield (foyld) of sweetpotato genotypes 
 
Results showed significant (p<0.05) interaction among 
genotypes, location by year, and between location and year 
(p<0.001). However, no significant (p=0.428) interaction 
for genotype x location and for genotype  x year. 

The analysis showed that genotype x location x year 
(GxLxY) interaction for foliage yield ranged from 0.47 tha-1 
to 26.43 tha-1, where PGA14008-9 from Tono in 2017 
ranked highest with overall mean foliage yield of 
sweetpotato (Table 10). This was followed by PGA14011-
43 from Tono in 2017 with statistically similar mean foliage 
yield of 26.22 tha-1. On the other hand, Bohye from Wa in 
2018 ranked lowest with a value of 0.47 tha-1.   

Location x year (LxY) result showed significant (p<0.001) 
interaction for foliage yield. Results indicated that 
Nyankpala in 2017 ranked highest in foliage yield, with the 
mean value of 16.37 tha-1 (Table 11). Tono in 2017 followed 
with a mean foliage yield of 13.87 tha-1. On the other hand, 
Wa in 2018 ranked lowest, with mean foliage yield of 2.31 
tha-1.  

Main effects showed significant (p<0.001) differences for 
genotypes, locations and years. Genotype main effect for 
foliage yields of sweetpotato ranged from 6.37 tha-1 to 
15.20 tha-1. Genotype PGA14011-43 recorded highest 
overall mean foliage yield of 15.20 tha-1 across the locations 
and years, followed by genotype PGA14008-9, with the 
foliage yield of 12.52 tha-1 (Table 12). Apomuden, one of the 
check varieties, recorded the overall lowest mean foliage 
yield, with a value of 6.37 tha-1.  

Location main effect for foliage yield (Foyld) was also 
significantly (p<0.001) different. Nyankpala recorded 
highest overall mean foliage yield of 14.59 tha-1, followed 

by Tono with 11.23 tha-1 (Figure 5). Wa recorded the 
lowest overall mean foliage yield of 5.48 tha-1.   

The main effect of year for foliage yield showed 
significant (P<0.05) differences, where the 2017 recorded 
the higher mean foliage yield of 10.91 tha-1. (Figure 6). Year 
2018 recorded lower foliage yield, with a value of 9.05 tha-1. 
 
Harvest index  
 
There was significant (p<0.001) interaction for location x 
year, but not significant (p=0.465) for genotype x location x 
year, genotype x location nor genotype x year (p=0.166). 
The interaction effect for location and year (LxY) indicated 
that Wa in 2018 ranked similar, as Bawku in 2017 with HI 
values of 74 and 73.5 % (Table 13), respectively. Tono in 
2017 ranked lowest, with HI of 36.5 %.  

The ANOVA results for main genotype effect showed that 
the overall means of harvest index (HI) ranged from 39.61 
to 68.06 %. Apomuden, a check variety, recorded the 
highest overall harvest index of 68.06 %, similar to 
genotype PGA14372-3 which recorded overall mean of 65 
% across the locations and for the two cropping seasons 
(Table 14). Bohye, another check variety, recorded the 
lowest harvest index of 39.6 %.  

Location main effect showed that Wa recorded the 
overall highest harvest index (HI) of 72.4 % (Figure 7), 
followed by Bawku, with the harvest index of 60.3 %. Tono 
recorded the lowest harvest index with the HI of 47.8 %.   

Main year effect analysis for harvest index (HI) showed 
significant (p<0.05) differences in the two seasons. The 
2017 year recorded higher HI of 59.5 % (Figure 8), 
compared to year 2018, which recorded the harvest index 
of 55.9 %.    
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Table 10. Mean foliage yield (Foyld) in tonnes per hectare of sweetpotato genotypes at 4 locations for two cropping 
seasons. 

 
GENOTYPE LOCATION 2017 2018 
Apomuden Bawku 2.33 6.77 
 Nyankpala 10.60 5.03 
 Tono 10.85 5.66 
 Wa 7.79 1.90 
Bohye Bawku 4.27 10.13 
 Nyankpala 15.13 3.61 
 Tono 6.28 6.53 
 Wa 5.06 0.47 
Ligri Bawku 7.07 15.75 
 Nyankpala 12.46 18.75 
 Tono 14.09 11.89 
 Wa 7.33 2.32 
PGA14008-9 Bawku 3.71 15.96 
 Nyankpala 14.88 19.04 
 Tono 26.43 8.47 
 Wa 10.41 1.25 
PGA14011-43 Bawku 7.15 20.36 
 Nyankpala 22.57 21.20 
 Tono 26.22 9.51 
 Wa 12.33 2.21 
PGA14351-4 Bawku 3.64 13.65 
 Nyankpala 21.52 11.78 
 Tono 9.15 13.45 
 Wa 7.36 5.55 
PGA14372-3 Bawku 4.75 11.96 
 Nyankpala 13.23 5.61 
 Tono 8.04 8.71 
 Wa 9.11 2.10 
PGA14398-4 Bawku 6.19 14.44 
 Nyankpala 20.97 21.21 
 Tono 14.67 10.81 
 Wa 9.05 2.02 
PGA14442-1 Bawku 3.53 3.50 
 Nyankpala 16.00 9.04 
 Tono 9.15 2.24 
  Wa 9.39 2.95 

 
LSD (0.05):Genotype*Location*year=8.665 

 
 

Table 11. Mean foliage yield (Foyld) in tonnes per hectare of sweetpotato genotypes in four locations for two seasons 
 

LOCATION 2017 2018 
Bawku  4.74 12.50 
Nyankpala 16.37 12.81 
Tono 13.87 8.59 
Wa  8.65 2.31 
   
Mean 10.91 9.05 

 

LSD (0.05): Location*Year=2.89 

 
 
 
Dry matter content 
 
ANOVA conducted for dry matter (DM %) content indicated 
significant (p< 0.001) interaction effects relative to 
genotype by location by year (GxLxY), genotype by location 

(GxL), genotype by year (GxY), and location by year (LxY).  
The genotype by location by year (GxLxY) interaction 

showed differential rank-change for dry matter content 
(DM %). Ligri from Nyankpala in 2018 ranked highest, with 
the    DM    content   of     43.17 %   (Table 15),   followed   by  
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Table 12. Foliage yield in tonnes per hectare of sweetpotato genotypes evaluated at different locations for 2 years 
 

GENOTYPE   Foyld tha-1 
Apomuden  6.37 
Bohye  6.44 
Ligri  11.21 
PGA14008-9  12.52 
PGA14011-43  15.20 
PGA14351-4  10.77 
PGA14372-3  7.94 
PGA14398-4  12.42 
PGA14442-1  6.98 
   
Mean  9.98 
LSD (0.05)   3.06 

 
 

 
 

Figure 5: Foliage yield of sweetpotato genotypes at 4 locations in two cropping seasons 
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Figure 6: Foliage yield of sweetpotato genotypes for 2017 and 2018 seasons 
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Table 13. Mean harvest index (HI %) of sweetpotato genotypes at different locations for 2 cropping seasons 
 

LOCATION 2017 2018 
Bawku 73.46 47.22 
Nyankpala 57.26 43.22 
Tono 36.51 59.12 
Wa 70.87 74.00 
   
Mean 59.53 55.89 
 

LSD (0.05): Location*year =6.312 

 
 

Table 14. Mean harvest index (HI) of sweetpotato genotypes evaluated at 4 locations for two cropping seasons 
 

GENOTYPE      HI (%) 
Apomuden  68.06 
Bohye  39.61 
Ligri  52.83 
PGA14008-9  63.10 
PGA14011-43      61.63 
PGA14351-4  55.37 
PGA14372-3  65.00 
PGA14398-4  54.03 
PGA14442-1  59.75 

   
Mean  57.71 
LSD (0.05)   6.695 

 
 

 
 

Figure 7: Harvest index (HI) of sweetpotato genotypes at the 4 locations in two cropping seasons. 

 
 

 
 

Figure 8: Harvest index (HI) of sweetpotato genotypes in two cropping seasons. 
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Table 15. Mean dry matter content (DM %) of sweetpotato genotypes evaluated at 4 locations for two cropping seasons 
 

GENOTYPE LOCATION 2017 2018 
Apomuden Bawku 22.55 25.90 
 Nyankpala 32.78 26.13 
 Tono 26.21 27.23 
 Wa 23.30 22.98 
Bohye Bawku 32.16 36.33 
 Nyankpala 37.45 40.66 
 Tono 32.88 33.66 
 Wa 29.02 33.47 
Ligri Bawku 39.64 41.40 
 Nyankpala 38.51 43.17 
 Tono 38.05 37.13 
 Wa 35.99 36.82 
PGA14008-9 Bawku 27.48 32.17 
 Nyankpala 34.77 38.19 
 Tono 30.09 29.95 
 Wa 28.04 32.73 
PGA14011-43 Bawku 28.31 28.53 
 Nyankpala 34.59 35.14 
 Tono 30.23 27.47 
 Wa 27.80 29.15 
PGA14351-4 Bawku 30.54 35.87 
 Nyankpala 38.71 36.35 
 Tono 33.32 31.35 
 Wa 30.70 35.20 
PGA14372-3 Bawku 35.76 40.53 
 Nyankpala 36.25 42.33 
 Tono 35.81 37.53 
 Wa 35.43 40.28 
PGA14398-4 Bawku 31.20 34.82 
 Nyankpala 38.66 36.49 
 Tono 34.31 38.47 
 Wa 33.05 35.85 
PGA14442-1 Bawku 28.38 0.23 
 Nyankpala 33.51 31.16 
 Tono 29.65 16.98 
  Wa 27.06 25.97 

 

LSD (0.05):Genotype*Location*year = 2.018 

 
 

Table 16. Mean dry matter content (DM %) of genotypes for different locations 
 

GENOTYPE Bawku Nyankpala Tono Wa 

Apomuden 24.22 29.46 26.72 23.14 
Bohye 34.24 39.06 33.27 31.24 

Ligri 40.52 40.84 37.59 36.41 
PGA14008-9 29.82 36.48 30.02 30.38 

PGA14011-43 28.42 34.87 28.85 28.47 
PGA14351-4 33.21 37.53 32.34 32.95 

PGA14372-3 38.15 39.29 36.67 37.85 
PGA14398-4 33.01 37.58 36.39 34.45 

PGA14442-1 14.31 32.34 23.31 26.52 
Mean 30.66 36.38 31.68 31.27 

 

LSD (0.05) :Genotype*Location = 2.822 

 

 
PGA14372-3 from Nyankpala in 2018 which recorded DM 
of 42.33 %. On the other hand, PGA14442-1 from Bawku in 
2018 ranked lowest in DM content, with 23 %.  

The results of the analysis for genotype by location (GxL) 
interaction showed the comparative DM content 
performance between the effects of genotypes and location.  
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Table 17. Mean dry matter content (DM %) of genotypes for the two cropping seasons 
 

GENOTYPE 2017 2018 
Apomuden 26.21 25.56 
Bohye 32.88 36.03 
Ligri 38.05 39.63 
PGA14008-9 30.09 33.26 
PGA14011-43 30.23 30.07 
PGA14351-4 33.32 34.69 
PGA14372-3 35.81 40.17 
PGA14398-4 34.31 36.41 
PGA14442-1 29.65 18.59 
Mean  32.28 32.71 

 

LSD (0.05): Genotype*Year=1.996 

 
 

Table 18. Mean dry matter (DM %) content of genotypes across locations for 2 cropping seasons 
 

LOCATION 2017 2018 
Bawku 30.67 30.64 
Nyankpala 36.14 36.62 
Tono 32.28 31.09 
Wa 
 

30.04 
 

32.49 
 

Mean 32.28 32.71 
 

LSD (0.05):Year*Location=1.333 
 
 

Table 19. Mean dry matter (DM %) content of genotypes across four locations for two cropping seasons. 
 

GENOTYPE DM (%) 
Apomuden 25.89 
Bohye 34.46 
Ligri 38.84 
PGA14008-9 31.68 
PGA14011-43 30.15 
PGA14351-4 34.01 
PGA14372-3 37.99 
PGA14398-4 35.36 
PGA14442-1 24.12 
Mean 32.50 
 
LSD (0.05) 

 
1.41 

 
 
 
The DM content results of the interaction showed that Ligri 
from Nyankpala ranked highest, with overall DM content of 
40.84 % (Table 16), followed by Ligri from Bawku which 
recorded DM of 40.52 %. Genotype PGA14442-1 from 
Bawku ranked lowest, recording a DM content of 14.3 %.  

The ANOVA results of genotype by year was significant 
(p<0.001). Genotype PGA14372-3 in 2018 ranked highest 
with DM content of 40.17 % (Table 17), followed by Ligri in 
2018 with a recorded DM content of 39.63 %. On the other 
hand, PGA14442-1 in 2018 ranked the lowest with a 
recorded DM content of 18.59 %.  

Dry matter content in sweetpotato showed significant 
(p<0.01) interaction for location by year (LxY). Nyankpala 

in 2018 ranked highest in the overall mean root dry matter 
(DM) content, with a value of 36.62 % (Table 18), followed 
by Nyankpala in 2017, which recorded a mean DM of 36.14 
%. On the other hand, Wa in 2017 ranked lowest in mean 
DM with overall mean of 30.04 %.  

The results of genotypes, location and year main effects 
were significant for dry matter (DM) content. The overall 
genotype mean root dry matter (DM) values ranged from 
24.12 to 38.84 % (Table 19). Ligri, a check variety, recorded 
highest overall mean root dry matter (DM) content with a 
value 38.84 %, which was similar to that of PGA14372-3 
with overall mean DM content of 37.99 % across the 
locations  and  years  of  evaluation.  Genotype  PGA14442-1 
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Table 20. Mean weevil damage (WED) scores of sweetpotato genotypes for two growing seasons. 
 

GENOTYPE 2017 2018 
Apomuden 2.1 3.3 
Bohye 1.2 1.0 
Ligri 2.2 1.0 
PGA14008-9 1.9 1.8 
PGA14011-43 1.8 2.0 
PGA14351-4 1.9 2.2 
PGA14372-3 1.3 1.0 
PGA14398-4 1.9 1.8 
PGA14442-1 2.2 1.7 
Mean 1.8 1.8 

 
LSD (0.05): Genotype*year=0.8564; WED=weevil damage; Weevil damage rating scale: 1=no damage; 3=minor (few roots damaged); 
5=moderate (10-30% root damage); 7=heavy (30-60% root damage); and 9=severe (>60% root damage), with numbers in between 
representing intermediate ratings.  

 
 

Table 21. Mean sweetpotato weevil damage (WED) scores of locations by year 
 

LOCATION 2017 2018 
Bawku 1.444 1.901 
Nyankpala 2.259 1.296 
Tono 1.925 1.71 
Wa 1.667 2.111 
Mean 1.824 1.754 

 

LSD (0.05): Location*year= 0.57; WED=weevil damage; Weevil damage rating scale: 1=no damage; 3=minor (few root damage); 
5=moderate (10-30% root damage); 7=heavy (30-60% root damage); and 9=severe (>60% root damage), with numbers in between 
representing intermediate ratings. 

 
 

Table 22. Mean weevil damage (WED) score of sweetpotato genotypes across 4 locations for two cropping seasons 
 

GENOTYPE WedScore 
Apomuden 2.71 
Bohye 1.08 
Ligri 1.58 
PGA14008-9 1.88 
PGA14011-43 1.88 
PGA14351-4 2.03 
PGA14372-3 1.17 
PGA14398-4 1.83 
PGA14442-1 1.96 
Mean 1.79 
LSD (0.05) 0.61 

 

WED=weevil damage; Weevil damage rating scale: 1=no damage; 3=minor (few root damage); 5=moderate (10-30 % root damage); 
7=heavy (30-60 % root damage); and 9=severe (>60 % root damage), with numbers in between representing intermediate ratings. 

 
 
 
recorded the lowest overall mean dry matter of 24.12 %.   
 
Sweetpotato weevil damage  
 
Data from scores was transformed using log base 10 (x+1) 
method and back-transformed comparing treatment means. 
The transformed data carried out on the mean scores of 
sweetpotato weevil damage showed significant (p<0.05) 
interaction effect for genotype by year (GxY) and location 
by year (LxY; p<0.05). However, there was no interaction 

(p>0.05) relative to genotype by location by year (GxLxY) 
and genotype by location (GxL) effects.  

The interaction effect between genotype and year 
showed differential weevil scores. Weevil scores among the 
genotypes ranged from 1.0 to 3.0, based on the scale of 1.0–
9.0. The differential ranking of genotype by year 
interactions showed that Apomuden in 2018 ranked 
highest with a weevil score of 3.33, followed by PGA14442-
1 in 2017 with an overall weevil score of 2.22 (Table 20). 
Ligri  in  2018,  PGA14372-3   in   2018, Bohye  in  2017  and  



 

 

 
 
 
 
Bohye in 2018 have all ranked lowest, recording overall 
weevil score of 1.0.  

The results showed that, for the interaction between 
location and year for weevil score, Nyankpala in 2017 
ranked highest with overall mean score of 2.26 (Table 21), 
followed by Wa in 2018 with the overall score of 2.11. 
Nyankpala in 2018 ranked the lowest with score of 1.3.  
The ANOVA result revealed a significant (p<0.01) difference 
among genotypes main effects, but was not significant 
(p>0.05) for location and year. 

The transformed scored data showed that genotypes 
main effect was significantly (p<0.01) different for weevil 
damage (WED) scores. Overall mean weevil damage scores 
(WED) ranged from 1.08 to 2.71 (Table 22). Apomuden, a 
check variety, recorded the highest overall mean weevil 
damage (WED) score of 2.71, followed by PGA14351-4, 
with overall mean weevil damage score of 2.03. Bohye, 
another check variety recorded the lowest overall mean 
WED of 1.08.  
 
 
DISCUSSION 
 
General observation 
 
Phenotypic traits performance of sweetpotato were highly 
influenced by different agro-ecological conditions. 
Furthermore, it shows that the overall sweetpotato 
phenotype is not only driven by the genetic characteristics, 
but also driven by the environmental conditions and their 
interactions. The results showed that there were significant 
levels of interaction effects of genotype, location and year 
(GxLxY) for the agronomic traits measured. These imply 
that interaction has a strong influence to affect genotype 
stability in performance across different agroecological 
conditions. This phenomenon of interaction indicated how 
environment played significant role in identifying superior 
genotypes for broad adaptability, as well as for specific 
environments (Swanckaert et al., 2020). On the other hand, 
these traits showed significant differences from one 
environment to another, suggesting the variability in the 
environment in terms of edaphic and climatic requirements 
for crop growth and development. This indicates the value 
of genotype by environment effects in the selection of best 
cultivars of sweetpotato. The performance of the genotypes 
for important traits studied are discussed below.      
 
Storage root yield, root number and dry matter content 
 
The comparative genotype performance with location and 
year interaction showed differences in level of rank 
expression of root yield in their interactions. The significant 
differences in root yield of genotype across locations can be 
attributed to genotypic variation and their interaction with 
the environment (Swanckaert et al., 2020). The highest 
storage root rank of PGA14011-43 from Wa in 2017, 
Nyankpala in 2017 and Bawku in 2018 indicated it  was  the  
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best ranked performing genotype for storage root yield in 
those environments. The genotype exhibited significant 
(p<0.001) genotypic performance at each location for 
number of roots per plant and foliage yield. These 
significant expressions of interactions implied that the 
effects of combined location by year expression of the 
above traits was under the influence of genotype, 
environment and GEI (Chahal and Gosal, 2002; Afuape et al., 
2015). Besides the genetic factors, soil temperature, 
humidity and plant nutrition affecting initiation and bulking 
of storage roots have been reported (Firon et al., 2009; 
Gajanayake et al., 2014). Azure et al. (2018) recounted yield 
differences observed among different cultivars of 
sweetpotato during single year of study in Nyankpala. In 
another report, Mwanga and Zamora, (1988) and Oggema 
et al. (2007) observed in sweetpotato genotypes that, 
varietal differences, growing conditions and management 
practices may significantly cause yield differences. The 
genotype PGA14011-43 has consistently exhibited superior 
performance in both 2017 (24.82 tha-1) and in 2018 (17.39 
tha-1) cropping seasons, corroborating the assertion that 
the yield differences due to genotypic variations play 
important role in observed differences in maturity and 
their interactions with the environments as management 
practices were equally applied. The performance of the 
selected genotypes was above the check varieties, viz. 
Apomuden, Bohye and Ligri.      

The dry matter content of sweetpotato is the basic 
economic value of both food and industrial products. It is an 
important trait attribute that influences the quality and 
utilization by farmers (Kays and Wang, 2002). The overall 
mean DM content of the genotypes ranged from 24.12 to 
38.84 %. The root DM content of nine genotypes at four 
locations suggested that the main effects of genotype and 
its interaction with environment were significant. This 
indicated that sweetpotato root dry matter (DM) content is 
influenced by genotype and genotype x location interaction. 
Reports by Adebola et al. (2013), Thiyagu et al. (2013), 
Amare et al. (2014) and Gurmu et al. (2017) corroborate 
the GEI effect on dry matter content for a multi-
environment test. Ligri from Nyankpala in 2018 ranked the 
best (43.17 %) and followed by PGA14372-3 from 
Nyankpala in 2018 (42.33 %), while the overall mean 
genotype main effect was recorded by Ligri (38.84 %), 
which is a check with high DM trait. The mean DM value of 
PGA14372-3 (37.99 %) was not significantly different from 
the overall best for DM content. The variance in DM content 
among the genotypes studied was lower compared to what 
was reported by Bradbury and Holloway, (1988), who 
reported that dry matter content varies depending on the 
cultivar, cultural practices and climate, which ranged from 
13-48 %. The genotypes recorded significant interaction 
effect of genotype by year, as well as location by year 
factors for number of roots per plant (NRPP). Sweetpotato 
genotypes showed a comparative performance of 
genotypes by year interaction at different levels of 
expression for  number  of  roots  per  plant. PGA14008-9 in  
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2017 ranked the best with overall mean NRPP of 5.93, 
followed by PGA14442-1 in 2017 (4.97). Additionally, the 
ranked mean NRPP recorded by PGA14011-43 in 2017 
(4.88) was similar to the ranked value of PGA14442-1 in 
2017. Elite genotypes were outstanding in their 
performance for NRPP compared to the check varieties as 
was observed in the lowest ranked overall mean NRPP of 
Ligri in 2017 (2.81), Ligri in 2018 (2.68), Bohye in 2017 
(2.04) and Bohye in 2018 (1.96). These performances were 
as a result of the genetic characteristics found in the 
relevant individual plant. 

The significant differences recorded for the number of 
root per plant (NRPP) among the genotypes was attributed 
to genotypic ability to harness photosynthetic resources 
into the production of storage roots. The best performing 
genotype was PGA14008-9 among the genotypes with 
overall mean NRPP of 5.0, followed by PGA14011-43 (4.38). 
This result supports the findings of Azure et al. (2018) and 
Oggema et al. (2007), who also observed that the NRPP was 
dependent on cultivars, maturity and response to 
environmental conditions under which the genotypes were 
grown. Choudhary et al. (2000), Tsegaye et al. (2007) and 
Gajanayake et al. (2013) had observed wide variation 
among sweetpotato varieties in most of the parameters, 
especially number of commercial roots studied and 
attributed such differences to genetic composition. 
 
Foliage yield and harvest index 
 
Sweetpotato leaves have the largest proportion of the total 
surface of the canopy and also the main surface of 
physiologically active exchange with the atmosphere 
(Thiyagu et al., 2013). This implies that plants with higher 
foliage have the advantage of high photosynthates 
translocated for storage root production. However, Tsegaye 
et al. (2007) reported that higher leaf production were not 
translated to increased sweetpotato root yield. Analyses of 
sweetpotato foliage yield of genotypes at the four locations 
showed that genotype and genotype by location interaction 
had significant effects. Some researchers reported that GEI 
is significant for multi-environment test (Tekalign, 2007; 
Adebola et al., 2013; Amare et al., 2014; Gurmu et al., 2017). 
However, this study has shown crossover interactions 
where rank changes were observed, and justified by the 
GxLxY combination means. PGA14008-9 from Tono in 2017 
was the best combination with the overall mean Foyld of 
26.43 tha-1. This was followed by PGA14011-43 from Tono 
in 2017 (26.22 tha-1). This implied that the genotypes have 
performed best in specific locations but not in all locations. 
Mustamu et al. (2018) reported of selection of high yield 
varieties based on multi environment testing. This is very 
important for areas with diverse bio-geophysical patterns. 
The foliage yield performances of these two genotypes in 
the two combinations of locations in 2017 were higher than 
that of the 3 checks Apomuden, Ligri and Bohye. Individual 
genotypes in this study showed statistical evidence of 
differences in Foyld, averaged over locations and years. In  

 
 
 
 
this study PGA14011-43 (15.20 tha-1) was the best in 
overall foliage yield performance, which was statistically 
similar in foliage yield performance with PGA14008-9 
(12.52 tha-1). These high foliage yields are indicative of 
their outstanding performances averaged across locations 
and years, and stability across multi environments.   

According to Kays (1985), high yielding varieties 
generally have a higher harvest index than low yielding 
varieties. The results of this multi environment study of 
sweetpotato genotypes showed no evidence of interaction 
between genotype x location x year (GxLxY), and between 
genotype and year (GxY), but with statistically significant 
interaction effect observed for location x year (LxY). This 
implied that LxY factor has the strongest influence to affect 
genotype performance for harvest index across different 
agro-ecological conditions. The genotype and location main 
effects showed significant differences for harvest index 
(HI). The harvest index for the sweetpotato genotypes 
across locations and two seasons ranged from 39.6 % for 
Bohye to 68.1 % for Apomuden (Table 14), with grand 
mean of 57.7 %. Harvest index could be indices for selecting 
best yielding varieties, although Kays, (1985) observed that 
selection of varieties based on both total biomass and fresh 
root yield depends on crop management and environment. 
 
Sweetpotato weevil damage 
 
Weevil damage (WED) on root scored for genotypes at the 
4 locations for the 2 cropping seasons showed evidence of 
interactions only between genotypes by years (GxY), and 
location by year (LxY). WED index ranged from 1.0 to 3.3. 
The effect of year and location interaction with genotype 
showed the variability in the growing conditions under 
which crops were cultivated. Weevil damage is normally 
greatest in areas with low rainfall or severe drought. The 
cracking of the surface under these conditions facilitate 
access by adult weevil for oviposition at the base of stems 
and storage roots near the soil surface (Quaye, 2008). The 
genotypes main effect differences could be attributed to the 
individual genotypic characteristics that conferred an 
escape resistance mechanism through early maturing 
before onset of the dry season (Azure et al., 2018), or deep 
rooting characteristics to keep away the insect from 
reaching the roots in the soil (Mao et al., 2001). Ligri, a 
check variety and elite genotype PGA14372-3 were 
observed to have lowest weevil damage scores.  
 
 
Conclusion 
 
The main findings of the study showed genotypes 
PGA143011-43 and PGA14008-9 were superior for storage 
root yield (Ryld), number of roots per plant (NRPP) and 
foliage yield (Foyld) across test locations. For root dry 
matter (DM) content and weevil damage (WED) of storage 
roots, PGA14372-3 was the best performing genotype after 
Bohye and Ligri respectively.  



 

 

 
 
 
 
Recommendations 
 
Genotype PGA14011-43 was identified to have shown 
highest and consistent root yield and other agronomic yield 
performance in 5 of the environment combinations out of 
the 8 environments and hence is recommended for wider 
cultivation in the northern agro-ecologies.    
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