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Abstract 
Diversity in plant genetic resources provides an opportunity for plant breeders to develop new and improved 
cultivars with desirable characteristics. The purpose of this study was to assess the diversity of Eritrean pepper 
germplasm in order to obtain information for improving it. A total of 60 pepper (Capsicum spp.) seed sample 
collections were obtained from farmers and institutions in Eritrea. The collections were evaluated at two sites 
located in two different agro-climatic regions of the country. The collections were assessed using 16 quantitative 
and 23 qualitative descriptors. A Randomized Complete Block Design was used for the evaluation. Quantitative 
and qualitative data of the two sites were subjected to Principal Component Analysis, Principal Coordinate 
Analysis, Hierarchal clustering, Analysis of variance and Correlation. The distribution of characters of the 
different quantitative and qualitative traits and the performance of the collections showed the existece of variable 
characters distributed among the collections indicating considerable diversity. For quantitative variables, the first 
three components were able to explain 61%, 58% and 67% of the total variation in Hamelmalo, Asmara and 
combined data of the two sites respectively. While for the qualitative variables the first three components were 
able to explain a variation of 58% in Hamelmalo, 49%, in Asmara and 55% combined data of the two sites. 
Phenological attributes and fruit characteristics were found to contribute more to the variation. The majority of 
the traits evaluated were significant and the highest Coefficient of Variation was related to fruit characteristics. 
The results of this study showed that there is sufficient variability within the Eritrean pepper genotypes that 
could be used in future breeding and crop improvement programs.  
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1. Introduction 
Plant genetic diversity is the heritable variation among plant species (Rao & Hodgkin, 2002). Diversity in plant 
genetic resources provides an opportunity for plant breeders to develop new and improved cultivars with 
desirable characteristics, which include both farmer- and breeders preferred traits (Govindaraj et al., 2015). 
Understanding the genetic relationships between chilli accessions may provide an effective management tool for 
their conservation, as well as to help in a plant breeding program (Votava et al., 2005). Variation in local 
germplasm has long been utilized for identifying the potential for breeding to meet desirable traits. The findings 
of Adetula and Olakojo (2006) in Nigeria, Balkaya and Karaagc (2009) and Bozakalfa et al. (2009) in Turkey 
and Naujeer (2009) in Mauritius working in eggplant, are proper examples of identifying variability within the 
locally available germplasm that can be utilized for future breeding and crop improvement program.  

In Eritrea the National Agricultural Research Institute has been running a selection program from local 
germplasm for several years that has resulted in the identification of five superior breeding lines (NARI, 2013). 
However, there have not been any previous studies on genetic diversity of Eritrean pepper. Genetic diversity 
studies are the first basic step in a meaningful breeding programme and therefore require accurate and reliable 
means for estimation (Aremu, 2012). Presence of genetic variability in crops is essential for its further 
improvement by providing options for the breeders to develop new varieties and hybrids (Govindaraj et al., 
2015). In Eritrea, farmers usually save their own seed and transfer it from one generation to the next. However, 
proper seed production methods including isolation techniques are not in practice within and among farms, 
giving chance to out-cross and introgression forces to take place. In addition seed exchange across the border 
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with Ethiopia has been active for a long period of time since the colonial period whereby numerous exotic 
varieties have been introduced. This is the reason as to why local pepper sold in the market is of mixed pods 
containing wide range of fruit size, color, pungency etc. reflecting the rich genetic variation existing in the local 
genotypes. Thus, the aim of the current study was to evaluate local pepper genotypes for diversity using 
morphological characteristics, and make the necessary information available for future breeding and crop 
improvement programs in Eritrea.  

2. Materials and Methods 
2.1 Plant Materials 

A total of 60 seed sample collections (Table 1) collected from farmers and institutions were used in this study. 
These are 52 from farmers, six breeding lines from Hamelmalo Agricultural College and two breeding lines from 
the Nationa Agriculural Research Institute. The 52 samples collected from farmers have not been given varietal 
names but are a kind of heirlooms saved by farmers and transferred from one generation to the next and 
exchanged among farmers within the village or beyond. Thus they are denoted here as farmer varieties or 
collections.  

 

Table 1. Genotypes used in the study and their collection area, by sub-region, region and agro-climatic zone 

Collections Sub-region Region/Institute Agroclimatic zone

ANE01, ANE03, ANE04, ANE07, ANE08 Elabered Anseba WEZ 

DDK02, DDK03, DDK05 Dekemhare Debub SCHZ 

DME01, DME04, DME05, DME06, DME09, DME10, DME12 Mendefera Debub 

DDB02, DDB03, DDB04, DDB06 Dubarwa Debub 

NRSG01, NRSG02, NRSG03, NRSG04, NRSG05, NRSG06, 
NRSG09, NRSG27 

Gindae NRS CPZ 

NRSG12, NRSG14, NRSG15,NRSG17, NRSG18, NRSG19, 
NRSG21, NRSG22, NRSG24 

Gindae NRS GB 

NRSF01, NRSF02, NRSF04 Foro NRS CPZ 

NRSAF01, NRSAF02, NRSAF04, NRSAF06, NRSAF07, 
NRSAF08, NRSAF09, NRSAF10, NRSAF11, NRSAF12, 
NRSAF14, NRSAF18, NRSAF19, NRSAF20 

Afabet NRS NCHZ 

Red-long, Red-short Dubarwa Debub SCHZ 

HD0031, HD0083, HD0108, HD0123, HD0128, HD0134 Hamelmalo Anseba WEZ 

 

2.2 Study Locations 

The testing locations were Hamelmalo Agricultural College located at 15°52′35″N and 38°27′45″E with an 
elevation of 1264 m above sea level and Asmara (Halibet) located at 15°18′42″N and 38°56′15″E with an 
elevation of 2335 m above sea level. Average annual rainfall and temperature in Asmara for the period 
2008-2013 was 408 mm and 8.8 °C respectively, while for Hamelmalo the average for the period 2010-2012 it 
was 415 mm and 21.7 °C.  

2.3 Experimental Design and Data Collection 

The seeds were sown in nursery beds and transplanted into 1 m wide and 3.4 m long beds with inter and intra 
raw spacing of 50 cm. Each plot accommodated 12 plants. A Randomized Complete Block Design (RCBD) with 
three replications was used in each site. A total of of 39 quantitative and qualitative (IPGRI et al., 1995) 
morphological characters were recorded. These were seedling, phenology, leaf, flower and fruit characteristics. 
Data was collected from four randomly selected plants from the centre of the bed.  

2.4 Data Analysis 

The data was analysed using GENSTAT Discovery edition 4, version 10.3.0.0 (VSN International Ltd., 2011) 
software and the data was subject to Analysis of variance, Principal component analysis (PCA) and Principal 
coordinate analysis (PCoA). The PCA was run using the 16 quantitative and 23 qualitative data sets. A scree 
diagram was used to identify the number of components to be used for analysis. After that, Principal component 
analysis was run using six components for the quantitative data and 5 for the qualitative. A Varimax rotation was 
used in order to get clear structure of the components. The variants that scored lower than 0.4 were excluded for 
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improving the percentage explained by the six components. Consequently all the 16 quantitative traits were 
found to explain enough variation in the data. While for qualitative characters only 10 characteristics scored 0.4 
or higher were selected. Based on results of the principal component analysis the 13 quantitative and 10 
qualitative characteristics were used for hierarchical cluster analysis of the genotypes.  

3. Results 
3.1 Morphological Description and Performance 

Based on average value of the two sites, the germplasm was separated into different character groups of each 
qualitative trait. The distribution of the characteristics within the traits for the 23 qualitative traits showed a wide 
range of variation for most of the traits (Table 2). Only five traits showed no variation. These were leaf margin, 
leaf pubescence, calyx margin, corolla colour and blossom end appendage. The predominant characters (100% 
occurrence) were entire leaf margin, sparse leaf pubescence, dentate calyx margin, white corolla color and 
absence of fruit blossom end appendage. Other traits showed low variation such as cotyledon leaf shape of which 
90.5% of the collections were lanceolate. Some traits showed a mixture of values thus described as mixed. In 
most traits the distribution of the characters was even. However, for some of the traits the values were skewed 
towards certain characters, for instance lanceolate cotyledon leaf shape (91%), elongate fruit shape (73.7%) and 
sparse stem pubescence (75.8%), while characters showed low values are white hypoctyle color (3.2%) and 
sunken fruit shape at blossom end (1.1%) (Table 2).  

The coefficient of variation (CV%) of all traits except PGH was greater than 20%. Fruit traits showed higher CV 
percentages compared to plant, leaf and seedling traits. The highest CV% was recorded by NBF (180) followed 
by CAC (87) (Table 2).  

 

Table 2. Percentage distribution of characters for 14 qualitative traits that showed variation 

Trait Occurrence of traits (%) CV% 

HC Purple=64.2 Green=32.6 White=3.2  23.1 

HP Sparse=43.2 Intermediate=50.5 Dense=7.4  29.7 

PGH Intermediate=36.8 Erect=63.2   14.2 

SP Sparse=75.8 Intermediate=24.2   22.2 

LSh Ovate=50.5 Lanceolate=29.5 Mixed=17.9  23.5 

CAC Present=45.3 Absent=43.2 Mixed=11.6  87.8 

FCMS Light red=57.9 Dark red=23.2 Light brown=7.4 Brown=9.5 41.9 

FSh Elongate=73.7 Triangle=15.8 Mixed=10.5  53.6 

FP Erect=34.7 Intermediate=53.7 Mixed=11.6  16.4 

FShBE Blunt=61.1 Pointed=37.9 Sunken=1.1  42.7 

FShPA Truncate=47.4 Obtuse=34.7 Cordate=6.3 Mixed=11.6 28.7 

FS Smooth=42.1 Semi-Wrinkled=50.5 Mixed=7.4  29.6 

NBF Absent=54.7 Mixed=45.3   180 

FCSC Semi-Corrugated=50.5 Intermediate=34.7 Mixed=14.7  26.3 

Note. HC = Cotyledon color; HP = Cotyledon pubescence; CLSh = Cotyledon leaf shape; CAC = Calyx annular 
constriction; FCMS = Fruit color at mature stage; FCSC = Fruit cross sectional corrugation; FP = Flower 
position; FShBE = Fruit shape at blossom end; FShPA = Fruit shape at pedicel attachment; FS = Fruit surface; 
LSh = Leaf shape; SP = Stem pubescence; PGH = Plant growth habit.  

 

The collections also showed variable characteristics in the different quantitative traits (Table 3). Plant height 
(PHt) categories were short (34-43.99 cm), medium (44-53.99 cm) and tall (54-68 cm). The majority of the 
collections (78.3%) were in the medium category and only 5% were tall. Collections were classified into those 
with thick stem (15-19 mm), medium (12-14.99 mm) and thin (7-11.99mm). Only 5% of the collections were 
with stem thickness in the range 7-11.99 mm, while the majority were in the medium stem thickness category. 
Mature leaf length ranged from short (5-7.99 cm) to long (≥ 11 cm), however, the majority (76.7%) of the 
collections were in the medium category which ranged 8-10.99 cm. Only 3.3% of the collections had wide life (≥ 
5.5 cm), while the majority (75%) were in the medium category (4-5.49 cm) and 21.7% were 2.5-3.99 cm (Table 
3).  
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Phenological traits were categorized as early, medium and late. The majority of the collections (72.6%) were 
medium in days to germination (11-13 days), while both early (8-10 day) and late (14-16 days) germinating 
collections were each 13.7%. The earliest to flower collections (20%) were in the range 42-49.99 days and the 
late collections (15%) flowered 55-60 days, while the rest were medium. The majority of the collections (88.3%) 
of the collections were medium in days to fruiting (60-69.99) and 8.3% were early fruiting (50-59.99 days), 
while late flowering (70-80 days) were only 3.3% (Table 3).  

Variable quantitative fruit characteristics were recorded (Table 3). Short fruit length (7-8.99 cm) represented 
15% of the collections while long fruits (11-13 cm) were only 8.3%, while the majority (76.7%) were medium in 
fruit length. Variation in fruit width was more balanced where 18% of the collections were with wide fruits (3-4 
cm) and the slim fruits (1-1.99 cm) were 35% of the collection. The rest (47%) were medium in fruit width (2-
2.99). In reverse to that 58.3% of the collections had thin fruit wall thickness (1-1.99 mm), 40% medium (2-2.99 
mm) and only 1.7% had thich wall thichness (3-4 mm). Fruit weight showed high variation. Collections with 
small fruits (4.5-14.99 g) were 53%, medium (15-24.99 g) 27% and large fruits (≥ 25 g) 20% (Table 3). Both 
number of fruits and yield per plant showed balanced distribution among the categories. Collections with a low 
number of fruits (19-38.99) and low yield (140-339.99 g) were 25% and 23.3%, respectively, while a medium 
number of fruits (39-58.99) and the yield (340-539.99) were 45% and 48.3%, respectively, and collections with 
large number of fruits (≥ 59) and high yield (≥ 540 g) were 30% and 28.3% of the collections respectively (Table 
3).  

3.2 Variability of Quantitative Traits 

The analysis of variance of the quantitative traits (Table 4) showed that at Hamelmalo the differences among the 
95 collections were significant for all traits except for DFl, DFr, PHt and TSS. In Asmara the differences were 
significant for all traits except for FL and Y/Pl. The analysis of the data when combined from the two sites 
showed that the major source of variation was due to genotype followed by location while genotype x location 
interaction was not significant. Genotype was significant for all traits except for TSS, while location was 
significant for all traits except for FL, FW and FWt it was not significant. The genotype x location interaction 
was only significant for FWt, Y/Pl, TSS and DFl (Table 4).  

 

Table 3. Percentage distribution of pepper collections grouped into three categories for 13 quantitative traits 
based on combined data of the two locations 

Pht (cm) % STh (mm) % MLL(cm) % MLW (cm) % 

34-43.99 16.7 7-11.99 5 5-7.99 8.3 2.5-3.99 21.7 

44-53.99 78.3 12-14.99 68.3 8-10.99 76.7 4-5.49 75 

54-68.00 5 15-19.00 26.7 ≥ 11 15 ≥ 5.5 3.3 

DG % DFl % DFr % FL (cm) % 

8-10 13.7 42-49.99 20 50-59.99 8.3 7-8.99 15 

11-13 72.6 50-54.99 65 60-69.99 88.3 9-10.99 76.7 

14-16 13.7 55-60 15 70-80.00 3.3 11-13.00 8.3 

FW (cm)  FWTh (mm)  FWt (g)  NFr/P  

1-1.99 35 1-1.99 58.3 4.5-14.99 53 19-38.99 25 

2-2.99 47 2-2.99 40 15-24.99 27 39-58.99 45 

3-4.00 18 3-4.00 1.7 ≥ 25 20 ≥ 59 30 

Y/P (g)        

140-339.99 23.3       

340-539.99 48.3       

≥ 540 28.3       

Note. PHt = Plant height; STh = Stem thickness; LML = Mature leaf length; LMW = Mature leaf length; DG = 
Days to Germination; DFl = Days to flowering; DFr = Days to fruiting; FL = Fruit length (cm); FW = Fruit 
width (cm); FWTh = Fruit wall thickness (mm); FWt = Fruit weight (g); NFr/P = No of fruits per plant; Y/Pl = 
Yield per plant.  
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High coefficient of variation was recorded on NFr/P, FWt and Y/Pl. At Hamelmalo it was 42.3%, 39.4% and 
37.3% respectively and in Asmara it was 31.3%, 37.4% and 35% respectively. When data of the two sites was 
combined it was 43.5%, 39.9% and 41.7% respectively (Table 4).  

 

Table 4. Mean values from analysis of variance of quantitative tarits recorded on pepper genotypes grown at two 
locations 

Trait 

Hamelmalo  Asmara Combined of the two sites 

Mean StDv CV (%) 
 

Mean StDv CV (%) Mean StDv CV (%) 
Significance 

 G L G × L

CLLH 23.66*** 0.10 0.3  - - - - - - - - - 

CLWH 6.67*** 0.66 0.1  - - - - - - - - - 

DGH 11.92*** 1.53 1.0  - - - - - - - - - 

DFl 53.58 NS 4.86 8.5  52.21** 6.05 10.2 52.99 5.55 9.5 ** ** * 

DFr 62.96 NS 6.5 9.6  64.93*** 6.23 7.9 64.2 6.47 8.9 *** ** NS 

FL 10.04*** 1.73 14.0  9.90 NS 1.43 13.4 9.92 1.58 14.1 *** NS NS 

FW 2.24*** 0.78 16.0  2.35*** 0.79 27.7 2.31 0.78 23.2 *** NS NS 

FWTh 2.23*** 0.46 13.7  1.75*** 0.44 20.6 1.98 0.51 18.4 *** *** NS 

FWt 16.06*** 10.4 39.4  17.13*** 9.38 37.4 16.57 9.96 39.9 *** NS * 

LML 9.85*** 2.05 17.0  9.23*** 1.99 18.0 9.61 2.04 17.3 *** *** NS 

LMW 4.68*** 1.05 18.6  4.18*** 0.69 12.7 4.46 0.93 15.7 *** *** NS 

NFr/P 60.22*** 31.24 42.3  40.22*** 18.82 31.3 50.3 27.53 43.5 *** *** NS 

PHt 45.82 NS 7.61 15.8  48.29** 8.04 14.2 47.3 7.90 15.1 *** ** NS 

STh 14.37* 2.96 19.4  13.6* 2.51 15.5 14.08 2.73 17.1 *** *** NS 

TSS 5.34 NS 0.91 16.0  7.59** 1.32 15.3 6.42 1.63 16.8 NS *** ** 

Y/Pl 633.7*** 353.1 37.3  298.4 NS 134.7 35 475 340.4 41.7 *** *** *** 

Note. CLL = Cotyledon leaf length; CLW = Cotyledon leaf width; DFl = Days to flowering; DFr = Days to 
fruiting; DG = Days to germination; FL = Fruit length; FW = Fruit width; FWTh = Fruit wall thickness; FWt = 
Fruit weight; LML = Leaf mature length; LMW = Leaf mature width; NFr/P = Number of fruits per plant PHt = 
Plant height; STh = Stem thickness; TSS = Total soluble solids; Y/Pl = Yield per plant. H = Trait recorded only at 
Hamelmalo.  

 

3.3 Principal Component Analysis 

3.3.1 Quantitative Traits 

Based on Principal components analysis of the quantitative traits, the first 5 components were found to explain 
87% of the total variation among the genotypes at Hamelmalo and 83% in Asmara, while analysis of the 
combined data of the two sites showed 88%. However, due to lower roots in both Asmara and combined of the 
two sites only the first four components which explained 76% in Asmara and 82% in combined data of the two 
sites were considered (Table 5). The first three components were able to explain 71% of the variation at 
Hamelmalo, 65% in Asmara and 74% combined of the two sites. PC1was the most important component, which 
was able to explain 44%, 35% and 46% of the variation at Hamelmalo, Asmera and combined of the two sites 
respectively. Both PC 2 and PC3 were able to explain 17% and 10% at Hamelmalo, 18% and 12% in Asmara and 
16% and 12% combined of the two sites respectively (Table 5). The correlation between the components and 
morphological traits showed slight differences in the two sites and when the combined data of the two sites was 
considered (Table 6). Data of Hamelmalo and Asmara as well as combined of the two sites showed that PC1 was 
mainly accounted for by fruit width (FW), fruit wall thickness (FWTh), fruit weight (FrWt) and number of fruits 
per plant (NFr/P). PC2 at Hamelmalo was accounted for mainly by days to flowering and days to fruiting. This 
corresponded to PC3 in Asmara and the combined data of the two sites. Similarly PC3 at Hamelmalo was 
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accounted for by mainly plant height (PHt) and yield per plant (Y/P) as well as fruit length (FL) and number of 
fruits per plant. In both Hamelmalo and Asmara PC4 was accounted for by mainly leaf mature length (LML), leaf 
mature width (LMW) and fruit length (FL) in addition to stem thickness (STh) only for Hamelmalo. The last three 
were accounted for by PC4 of the combined data. Finally PC5 in both Hamelmalo and Asmara and PC4 for the 
combined data were solely accounted for by total soluble solids (TSS) in the fruit (Table 6). It is noteworthy, that 
both fruit length and number of fruits per plant had no clear structure at Hamelmalo. NFr/P scored high in both PC1 
and PC3, while fruit length scored high in both PC3 and PC4. 

 

Table 5. Latent roots and percentage variation of quantitative variables recorded at Hamelmalo, Asmara and 
combined data of the two sites  

PC 
Hamelmalo Asmara Combined data of the two sites 

Root % Cum Root % Cum Root % Cum 

PC1 5.703 44 44 4.573 35 35 6.018 46 46 

PC2 2.182 17 61 2.397 18 53 2.108 16 62 

PC3 1.359 10 71 1.605 12 65 1.618 12 74 

PC4 1.038 8 79 1.395 11 76 0.975 8 82 

PC5 0.989 8 87 0.879 7 83 0.76 6 88 

Note. PC = Principal component; Cum = Cumulative. 

 
Table 6. Eigen vectors of quantitative variables recorded at Hamelmalo, Asmara and the combined data for the 
two sites 

Traits 

Principal Components 

HAC Asmara Combined data of the two sites 

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

DFl 0.00 -0.69 -0.05 -0.03 0.01 0.06 -0.02 -0.69 0.02 0.15 0.03 0.00 -0.69 -0.05 0.03 

DFr 0.05 -0.70 -0.01 -0.04 0.00 -0.04 0.00 -0.65 0.01 -0.12 0.01 0.01 -0.67 0.06 0.03 

FL -0.27 -0.15 0.47 0.59 -0.11 -0.35 -0.24 -0.15 -0.65 0.10 -0.07 -0.67 -0.17 -0.10 -0.24 

FW -0.43 0.06 -0.03 -0.19 0.05 -0.44 0.04 -0.03 0.04 -0.09 -0.46 -0.03 0.04 0.05 0.07 

FWTh -0.45 -0.02 0.03 -0.01 -0.05 -0.48 0.06 0.04 0.10 0.13 -0.49 -0.01 0.02 -0.08 0.02 

FWt -0.45 0.03 0.11 -0.01 0.01 -0.53 -0.01 0.03 -0.04 -0.05 -0.48 -0.20 0.02 0.06 -0.05 

LML -0.14 -0.07 0.10 -0.43 -0.05 -0.10 -0.14 -0.05 0.53 0.14 -0.10 0.06 -0.05 0.02 0.50 

LMW -0.14 -0.02 0.03 -0.48 -0.01 -0.16 -0.12 -0.04 0.47 -0.05 -0.12 0.14 0.00 0.06 0.51 

NFr/P 0.49 0.02 0.42 -0.01 -0.03 0.28 -0.38 0.11 -0.22 0.06 0.44 -0.33 0.11 0.08 -0.02 

PHt 0.06 0.06 0.53 -0.11 0.02 0.11 -0.55 0.00 0.09 -0.09 0.14 -0.39 0.12 -0.07 0.35 

STh 0.12 -0.05 0.35 -0.43 -0.01 0.01 -0.51 -0.15 0.11 -0.07 0.16 -0.20 -0.05 -0.08 0.54 

TSS 0.01 0.02 -0.05 -0.05 -0.99 -0.08 -0.09 0.03 -0.02 -0.91 0.03 -0.02 -0.02 0.96 0.00 

Y/Pl -0.19 0.02 0.42 -0.03 0.03 -0.22 -0.43 0.21 0.03 0.25 -0.21 -0.43 0.06 0.14 0.07 

Note. DFl = Days to flowering; DFr = Days to fruiting; FL = Fruit length; FW = Fruit width; FWTh = Fruit wall 
thickness; FWt = Fruit weight; LML = Leaf mature length; LMW = Leaf mature width; NFr/P = Number of 
fruits per plant; PHt = Plant height; STh = Stem thickness; TSS = Total soluble solids; Y/Pl = Yield per plant. 

 

The Principal coordinate bi-plot result of the first two coordinates using data of the 13 quantitative traits (16 at 
Hamelmalo) showed that in both sites and with combined data from the two sites the collections were distributed 
into all the four quadrants (Figures 1 and 2). The spread pattern in the two research sites and combined data of 
the two sites was similar. All the breeding lines of HAC and NARI (except Group 1 A from NARI) and farmer 



www.ccsen

varieties c
varieties (
negative a
these three
and TSS in
CLL, CLW
between tr
study. For 
Similarly, 
Y/P with F

The positi
collected f

Although 
experimen
on the bi-p
located in 
Asmara an

 

Figure

 

net.org/jas 

collected from 
(with few exce
area of the sam
e quadrants, N
n one quadran

W, TSS and D
raits within ea

r example the 
angels separat

FL and plant gr

on of some in
from the two si

no grouping d
ntal sites, the lo
plot of Asmar
the first quad

nd using poole

e 1. Principal c

sub-region A
eptions in eac
me PC. On the

NFr/P solitarily 
nt and DG, DF
G tend to spre
ach quadrant o
angles separat
ting fruit chara
rowth (PHt an

ndividual varie
ites and the po

differences of 
ocation of the 
ra was reverse
drant, PHt, Y/P
d data, all thes

oordinate biplo

Journal of A

Afabet located 
ch site) collect
e other hand t
located in qua

Fl, DFr, FW, FW
ead away from
or beyond var
ted phenologic
acteristics (FW
d STh) traits a

eties within th
ooled data.  

the varieties b
varieties and

ed to the bi-pl
Pl and STh w
se traits were in

ot of the first t
Asmara (B) 

Agricultural Sci

162 

together on th
ted from the r
the 16 quantit
adrant 3, while
Wt and FWTh

m the centre (F
ried indicating
cal traits (DFl

W, FWt and FW
also were narro

e plot area sho

between the b
variables on th
lot of Hamelm

were in quadran
n the opposite 

two PCs using 
for the 60 coll

ience

he positive sid
remaining sub
ative variables
e Y/Pl, STh, P
h in another qu
Figures 1 and 
g variable corr
l, DFr and DG

WTh), leaf char
ow (Figures 1 a

owed slight di

bi-plots resulte
he positive and

malo (Figure 1
nt two, while 
quadrants (Fig

 quantitative d
lections 

de of PC1 axi
b-regions were
s spread into t
Ht, FL, CLL, 
uadrant. Most 
2). However, 
relations amon

G) from each o
racteristics (LM
and 2).  

ifferences dep

ed from the da
d negative sid
1). At Hamelm
NFr/P was in 
gures 1 and 2)

data from Ham

Vol. 8, No. 4;

is, while all fa
e distributed in
three quadrant
CLW, LML, L
of the traits ex
the width of a
ng the traits u
other were nar
ML and LMW

ending on the

ata sets of the
es of the PC 2

malo, DFl and
 quadrant thre

).  

melmalo (A) an

2016 

armer 
n the 
ts. In 

LMW 
xcept 
angle 
under 
rrow. 
) and 

data 

e two 
2 axis 
d DFr 
ee. In 

 

d 



www.ccsen

Figure 2. 

 

3.3.2 Qual

The princ
contributio
that scored
Hamelmal
70% and 7
of the var
explained 
the variatio

 
Table 7. L
combined 

PC 

PC1 

PC2 

PC3 

PC4 

PC5 

Note. PC =

 

The correl
for PC1 w
position (F
the green 
stage (FCM
LSh and F
fruit cross 

net.org/jas 

Principal coor

litative Traits 

ipal compone
ons to the vari
d loading of 
lo and five com
75% of the var
riation of whic
49% of which
on explained b

Latent roots an
data of the two

Ro

2.

1.

1.

0.

= Principal com

lation between
was mainly rela
FP), while in A
color in both 

MS) and leaf s
FCMS were rel

sectional corr

rdinates biplot

ent analysis of
iation among 
0.4 and above
mponents for 
riation respect
ch 29% was e
h 22% was exp
by the first thre

nd percentage 
o sites 

Hamelmal

oot % C

867 29 2

842 18 4

25 12 5

973 10 6

mponent ; Cum

n the traits and
ated to fruit sh

Asmara it was a
fruit and leaf 

shape (LSh), in
lated solely to 
rugation (FCSC

Journal of A

t of the first tw
60 

f qualitative t
the varieties. T
e. In this anal
those tested in
tively. At Ham
explained by 
plained by the
ee components

variation of q

lo 

Cum% 

29 

47 

59 

69 

m = Cumulativ

d components i
hape componen
accounted for 

f (FCIS and LC
n Asmara it wa
PC4 and PC5

C) and plant g

Agricultural Sci

163 

wo PCs using p
collections 

traits showed 
Thus the analy
lysis the first 
n Asmara and 

melmalo the fir
the first comp

e first compon
s of which 28%

quantitative va

Asma

Root % 

2.235 22

1.449 14

1.278 13

1.115 11

1.017 10

ve.  

in Table 8 show
nts (CAC, FSh
mainly by CA
C). At Hamelm
as related only
 respectively. 

growth habit (P

ience

pooled quantita

that 13 out 
ysis was cond
four compon
the combined

rst three compo
ponent. In Asm
nent. While the
% was by the f

ariables at Ham

ara 

Cum% 

22 

36 

49 

60 

70 

wed that at Ha
hPA and FShB

AC and FP. PC2
malo PC3 was
y to LSh, while
PC4 the last c
PGH), the two

 

ative data of th

of the 23 trai
ducted on the r
ents for the g

d data were ab
onents were ab
mara the first 
e combined da
first componen

melmalo, Asm

Combined 

Root %

2.807 2

1.525 1

1.15 1

1.037 1

0.952 1

amelmalo and 
BE) with lower
2 in the three c
s related to fru
e with the com
omponent at H

o traits were re

Vol. 8, No. 4;

he two sites for

its had low o
remaining 10 
genotypes test
ble to explain 
ble to explain 
three compon

ata showed 55
nt alone (Table

mara sites and u

of the two sites

% Cum%

28 28 

15 43 

12 55 

10 65 

10 75 

the combined
r relation to fl
cases was relat
uit color at m

mbined data ea
HAC was relat
elated to PC3 i

2016 

r the 

or no 
traits 
ed at 
69%, 
59% 

nents 
% of 
 7).  

using 

d data 
ower 

ted to 
ature 
ch of 
ted to 
n the 



www.ccsenet.org/jas Journal of Agricultural Science Vol. 8, No. 4; 2016 

164 

combined data of the two sites. While in Asmara PC4 was related to FCMS, FShPA and PGH and PC5 was 
related to FCSC and FShBE.  

 

Table 8. Eigen vectors of qualitative variable at Hamelmalo, Asmara and combined data of the two sites  

Variant 

Principal Components of the qualitative traits 

Hamelmalo  Asmara Combined 

1 2 3 4  1 2 3 4 5 1 2 3 4 5 

CAC 0.45 0.09 0.01 -0.14  -0.54 0.11 -0.06 -0.11 0.04 0.44 -0.15 0.03 -0.17 -0.26 

FCIS 0.11 -0.60 -0.05 0.09  0.04 -0.54 -0.31 0.09 0.28 0.16 0.62 -0.08 -0.17 -0.06 

FCMS -0.02 -0.33 -0.59 0.20  0.47 0.13 0.31 -0.58 0.05 0.10 -0.08 -0.03 -0.01 0.91 

FCSC 0.25 0.04 -0.01 -0.73  -0.19 0.02 0.13 0.01 0.56 0.20 -0.19 0.42 0.29 -0.10 

FP -0.36 -0.14 -0.27 -0.14  0.61 0.05 -0.19 0.06 -0.01 -0.36 0.04 0.22 -0.17 0.23 

FShBE 0.50 -0.13 -0.06 0.03  0.14 -0.02 -0.06 -0.04 0.74 0.53 0.15 0.02 0.09 0.19 

FShPA 0.51 -0.11 -0.03 0.04  -0.17 0.10 -0.16 -0.57 0.12 0.56 0.03 0.06 -0.05 0.07 

LC -0.02 -0.60 0.06 -0.19  0.05 -0.76 0.20 -0.07 -0.12 -0.09 0.72 0.08 0.16 0.02 

LSh -0.08 -0.32 0.76 0.13  -0.08 -0.05 0.83 0.12 0.09 -0.03 0.02 -0.02 0.88 0.01 

PGH 0.28 0.13 -0.01 0.57  0.17 0.28 0.06 0.54 0.15 0.04 -0.08 -0.87 0.10 -0.02 

Note. CAC = Calyx annular constriction; FCIS = Fruit color at intermediate stage; FCMS = Fruit color at mature 
stage; FCSC = Fruit cross sectional corrugation; FP = Flower position; FShBE = Fruit shape at blossom end; 
FShPA = Fruit shape at pedicel attachment; LC = Leaf color; LSh = Leaf shape; PGH = Plant growth habit.  

 

The results of the principal coordinate bi-plot of the first two coordinates (Figures 3 and 4) showed the general 
pattern of the varieties distribution in the four quadrants was similar to the bi-plots of the quantitative traits 
(Figures 1 and 2) in showing variability among the varieties in the two sites. However, slight difference in the 
grouping and distribution of the variables in the four quadrants was observed. Bi-plot of Hamelmalo showed that 
the 10 variables were distributed in three quadrants grouping CAC, FCSC and PGH in the first quadrant, LSh, 
FShPA and FShBE in the upper part of the second quadrant and LC and FCIS in the lower part of the second 
quadrant and FCMS and FP in the third quadrant (Figure 3A). In each of the four groups the angle among the 
variables was arrow indicating to association among the traits.  

The bi-plot of Asmara showed that the variables distributed in the four quadrants and in wider angles from each 
other compared to Hamelmalo. It also showed that each PGH and LSh formed a new group and occupied their 
own quadrant, while the rest remained in their respective grouping (Figure 3B). The bi-plot of the pooled data 
showed similar trends of the varieties distribution, while for the variables the grouping remained the same, but 
angling was more wider (Figure 4). However, both PGH and LSh changed again their positions.  
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were located. A second group composed of NRSG09, NRSG01, DME09 and DME12 which showed high values 
of number of fruits per plant (79 to 89) and was early in phonological characteristic; days to germination, 
flowering and fruit set in addition to relatively higher TSS compared to the other groups. This group was 
scattered in the quadrants where NFr/P was located. This group could be exploited in adding earliness and 
increasing number of fruits to elite genotypes. A third group composed of four collections (NRSAF 12, NRSAF 
14, DDK05 and HD0108) which were medium in almost all traits and recorded yield per plant values ranging 
from 755 (NRSAF 14) to 572 (DDK05). This group was scattered in either the first or second quadrants at 
medium distance from most traits. This group could be useful in selecting superior individuals for further 
improvement.  

In some traits, there was limited variation based on the skewed distribution of the collections. In others the 
collections were evenly distributed across the different characters of the trait (Table 2). The even distribution 
reflects the variability within the Eritrean pepper germplasm. In addition to that, many traits showed within 
collection variation resulted in mixed of characters. Due to the high outcross that ranges in pepper 0.5-91% (do 
Rego et al., 2012; Bosland, 1996) and possibility of interspecies cross in pepper, it is logical to observe this 
variation, specially most of the pepper growers in Eritrea are small scale farmers who cultivate small lands 
adjacent to each other and save their seed from selected plants in the field or the crop after harvest.  

The lowest CV% was recorded on phenological attributes such as DFl and DFr. Similar results were reported by 
Ballina-Gómez et al. (2013). The principal coordinates biplots also showed similar distribution of collection. 
NBF recorded the highest CV% (180) indicating high within character variation. CAC, FCMS, FSh, and FShBA 
are traits that recorded high CV% of qualitative characteristics. For CAC even a much higher level of coefficient 
of variation (576.9%) was reported by Ballina-Gómez et al. (2013) which indicated the importance of these traits 
for discriminating genotypes. 

The high variation recorded on yield components and fruit characteristics (Tables 2 and 3) reflected the intensity 
of selection for yield and fruit quality parameters. This is similar to the situation of New Mexico pepper 
landraces described by Votava et al. (2005) which were heterogeneous and survived a long period of selection by 
farmers for various traits and adapted to local conditions as a result of natural selection. 

The principal coordinates biplots (Figures 1-4) displayed more than 48% of the variation existed among the 
genotypes based on the quantitative data of the two sites. This could be explained by the first two PCs. It 
supports the results of the analysis of variance.  

For quantitative traits the results showed that the genotypes were significantly different for 12 out of 16 variables 
in the two locations. Moreover, the combined data analysis of the two sites showed that the difference among 
genotypes was significant for all variables except for TSS, however, location had a significant effect on TSS 
which was in agreement with Geleta and Labuschange (2006) who found influence of environment on TSS. The 
highest coefficient of variation for quantitative traits in the two sites was observed on yield components such as 
NFrP, FWt and Y/P. This was similar to the results reported by Nsabiyera et al. (2013) in pepper and Naujeer 
(2009) in eggplant.  

The variation explained by the five principal components of the quantitative traits (Table 6) was somewhat 
similar to the results obtained in previous studies in pepper and other crops as reported by Occhiuto et al. (2014), 
Nsabiyera et al. (2013), Del et al. (2007), Beyene et al. (2005) and Naugeer (2009). The variation was slightly 
lower when compared to those reported by Aruah et al. (2010). However, the variation was much higher than 
other studies conducted previously on pepper and other crops (Bozokalfa et al., 2009; Furat & Uzun, 2010). 

The variation explained by the first five components (four at Hamelmalo) from the ten qualitative traits (Table 8) 
was much lower at Hamelmalo and Asmara and slightly lower in the combined data than the results of Aruah et 
al. (2010) who evaluated variation in cucumber (74.94% from the first three components), and Del et al. (2007) 
who reported 82% in pepper. On the other hand similar results were reported for the first three components (57%) 
and a lower percentage (21%) for the first component.  

Occhiuto et al. (2014) found fruit characteristics as the most efficient traits in the differentiation of the accessions. 
In the current study both quantitative and qualitative fruit characteristics were the most important contributors in 
explaining the variation among the genotypes. These are fruit width, fruit wall thickness, fruit weight and 
number of fruits per plant of quantitative traits and fruit shape at blossom end, fruit shape at pedicel attachment 
and fruit color at intermediate stage. However, for qualitative traits this was true for Hamelmalo and combined 
data, while in Asmara fruit shape at both pedicel attachment and blossom end were less important compared to 
fruit color at mature stage.  



www.ccsenet.org/jas Journal of Agricultural Science Vol. 8, No. 4; 2016 

167 

Other characteristics that were important contributors for differentiating among genotypes are phonological 
attributes (DFl and DFr) and vegetative growth (PHt and STh) of the quantitative and CAC, LC and FP of the 
qualitative variables. These results were similar to the results reported by Nsabiyera et al. (2013), Cankaya et al. 
(2010); and Del et al. (2007) for the quantitative traits. While for qualitative traits they were similar to the 
findings of Del et al. (2007) regarding flower position, leaf and fruit color.  

Understanding the correlation among plant traits is important for breeders in selecting superior genotypes for 
yield and other characteristics. Cankaya et al. (2010) found determining the relationship between characters 
affecting optimum output is very important for increasing yield components in pepper genotypes. In the current 
study yield per plant had variable degrees of relationship with almost all yield components (FL, FW, FWt, FWTh 
and NFr/P) and vegetative growth traits (PHt, STh, LML and LMW) (Figures 1 and 2). However, the correlation 
was strong with FL, PHt and STh, weak with NFr/P and medium with the rest. In studying old pepper cultivars 
from Serbia, Ilic et al. (2013) reported similar results regarding FWt, FWTh and NFr/P but contrary on PHt. In 
contrary to our results, Abu et al. (2013) found strong correlation between plant height and fruit length, but 
reported the correlation of both traits to yield to be non significant. Furthermore, they found a negative 
association between yield/plant and both fruit weight and pericarp thickness and strong correlation between 
number of fruits/plant and yield/plant. In eggplant Toppino et al. (2013), reported strong correlation between 
yield and yield related traits (number of fruits, fruit weight, fruit length and fruit width). The traits also were 
correlated to each other.  

5. Conclusions 
The Eritrean pepper germplasm was found to be diverse with respect to quantitative and qualitative 
morphological traits. The diversity which is available among the Eritrean pepper genotypes is enough to support 
a pepper breeding and improvement program at least for yield and fruit quality. Plant height, stem thickness, fruit 
length and other traits can be potentially useful for selecting high yielding genotypes in breeding process.  
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