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Abstract 
Genetic variation is important in breeding programs because it determines the 
amount of gain from selection. This study was conducted to determine the mag-
nitude of genetic diversity in coffee (Coffea arabica L.) accessions for devel-
oping superior cultivars in Rwanda. Twenty-one coffee accessions established 
in 1990 in an un-replicated field experiment at the Rubona Experimental Sta-
tion of the Rwanda Agriculture Board (RAB) located in the mid-altitude zone 
of Rwanda, were used in the study. Data were recorded on three randomly se-
lected trees on eight quantitative morphological traits in each accession in 2013. 
One-way analysis of variance (ANOVA) indicated highly significant (p < 0.01) 
differences among the accessions for number of primary branches, number of 
leaves per branch, number of cherries per internode and % coffee leaf rust 
disease rating; and significant (p < 0.05) for yield, but not for internode length, 
weight of 100 cherries, and number of internodes per branch. Multivariate 
analysis showed that the first three principal components contributed cumu-
latively to 78.3% of the total variation. The PCA biplot grouped all the acces-
sions into three different clusters and one singleton. The first and second PCs 
accounted for 43% and 21%, respectively. Cluster I and II grouped accessions 
with valuable quantitative agronomic traits while accessions in cluster III ex-
hibited poor agronomic performance. The highest inter cluster distance of 475 
was observed between cluster I and II, and the highest intra-cluster distance 
(62) was in cluster II. The phenotypic markers provided a useful measure of 
genetic distances among the coffee accessions and identified potential donors 
for future breeding efforts. 
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1. Introduction 

Coffee (Coffea Arabica L.) has for long decades been a top cash and export crop 
in Rwanda. Estimated 500,000 of small-holder farmers cultivate coffee (mainly ara-
bica species) on a total land area of 33,000 ha. However, recently, the productiv-
ity in terms of superior quality and yield drastically declined, and this funda-
mentally stems from the continual widespread cultivation of aged coffee trees 
with poor adaptation to the current vagaries of climate change, and specifically, 
to the increasing outbreaks of pests and diseases [1]. For example, twenty-one 
introduced Coffee germplasm accessions grown at the Coffee experimental sta-
tion of Rwanda Agricultural Board (RAB), on which this study has been conducted, 
were introduced from different world coffee collection centers, and represent the 
main cultivars grown in Rwanda from more than three decades ago. It is thus 
highly probable that their unsatisfactory performance derives from possible ge-
netic erosion and a shift from their genetic identity due to unstable environments 
[1]. 

Intriguingly, these germplasms remarkably exhibit different levels of sensitiv-
ity to various abiotic and biotic cues. Yet, the genetic grounds, degree and sources 
of this divergence remain unknown until now, as there is no extensive genetic 
diversity analysis responding to this issue that has previously been performed. 
Awareness of these variations may provide us with the necessary information for 
selecting the desired economic traits, such as resistance to pests and diseases, as 
previously stated by [2]. This knowledge is also cherished for a proper manage-
ment and profitable use of germplasm in breeding programs [3], and it is a 
pre-requisite for genotype selection [4] [5]. In this view, the government is cur-
rently embarking on the rehabilitation project of these germplasm through which 
evaluating genetic divergence is one of the cornerstones for predicting the best 
parental lines to incorporate in the future improvement efforts. 

Morphological, biochemical, molecular and physiological markers are some of 
the approaches to estimate genetic diversity among crop species [6]. Far more, 
morphological evaluation is recognized as the most widely used [7], as it makes 
it possible to dissect differences among genotypes [8] with less cumbersome and 
sophisticated techniques, and more importantly, under the actual crop perfor-
mance conditions. Morphological markers such as seed size and seed per pod 
and per plants have served to estimate genetic diversity among various plant 
germplasm [9]. However, results from these eye-guided indicators are more likely 
to get biased by environment as compared to other markers [10]. Else, morpho-
logical markers largely serve to estimate genetic variation in coffee germplasm [3] 
[11]. [3] also reported of 49 coffee accessions in Ethiopia that significantly dif-
fered for the most of the traits studied. Also, [12] was able to detect significant 
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genetic variations for the quantitative traits examined across germplasm culti-
vated in the Southwestern region of Saudi Arabia. Conversely, [11] studied the 
level of morphological variation between and within new and the existing cof-
fee varieties in Kenya but observed fairly slim genetic variation among these va-
rieties. 

Briefly, this study aimed at quantifying the genetic diversity in coffee acces-
sions in Rwanda as a basis for cultivar development and germplasm manage-
ment in the country. We combined multivariate analysis; including hierarchical 
cluster analysis and principal component analysis to meet this bid. 

2. Materials and Methods 

The study was carried out at the Rubona Experiment Station (latitude 2˚29'S, 
longitude 29˚46'E, 1650 masl) of the Rwanda Agriculture Board located in Huye 
District in the Southern Province of Rwanda from October 2012 to April 2013. A 
total of 21 coffee accessions established in an un-replicated trial in 1990 were used 
in the study. The accessions comprised 14 introductions from the Democratic Re-
public of Congo, four from Ethiopia and three from Kenya (Table 1). These ac-
cessions were selected from a total of 183 based on their higher yield potential 
and widespread use in Rwanda. Quantitative data were collected from 3 coffee 
trees selected randomly from each accession on number of primary branches, 
number of internodes per branch, number of leaves per branch, internode length, 
number of cherries per internode, weight of 100 cherries, number of coffee trees 
attacked by coffee leaf rust, and yield per tree. 

All statistical analyses were performed using GenStat (2007) [13] Discovery 
Edition 3.0 statistical software and SPSS (2009) version 16 software [14]. Analy-
sis of variance (ANOVA) was computed using the general linear model in GenStat, 
assuming accession effects were random.  

Means for each of eight morphological traits assessed were separated by the 
least significant difference (LSD) at p = 0.05 as suggested by [15]. Phenotypic 
correlation coefficients were also computed to examine the degree of association 
among these traits. Principal component analysis of the evaluated accessions was 
performed according to [16]. Also, genetic distance based on phenotypic cha-
racters for all pair-wise comparisons of 21 coffee accessions was determined ac-
cording to the average intra cluster distance as stated by [17] in the following 
formula: 

2
2 D iD

N
= ∑  

Where, D2i = Sum of distances between all possible combinations of acces-
sions included in a cluster, and N = All possible combinations. 

3. Results 

Analysis of variance (ANOVA) for the eight quantitative traits indicated that 
differences among the accessions were highly significant (p = 0.001) for number  
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Table 1. Field location and origin of Coffea arabica accessions evaluated in this study. 

N˚ Plot no. Accession name Abbreviated name Origin 

1 2 Jackson 2/1257 J2/1257 DRC (Mulungu) 

2 6 Mibirizi 68-1589 Mi 68-1589 DRC (Mulungu) 

3 8 Mibirizi 49-1848BV Mi 49-1848BV DRC (Mulungu) 

4 9 Mibirizi 49-00 Mi 49-00 DRC (Mulungu) 

5 12 Bourbon Mayaguez 71-2147 BM 71-2147 DRC (Mulungu) 

6 13 Bourbon Mayaguez 139 BM 139 DRC (Mulungu) 

7 15 Mysore 175 MY 175 DRC (Mulungu) 

8 16 Mysore de Mulungu MY 1105 DRC (Mulungu) 

9 18 Harrar Ha DRC (Mulungu) 

10 20 Amphillo Amp DRC (Mulungu) 

11 22 Ainamba Kaffa A.K ETHIOPIA 

12 28 Teffari Kella Sidamo TKS ETHIOPIA 

13 31 Gimma Kaffa G K ETHIOPIA 

14 35 Population 3303N˚21 Pop 3303/21 DRC (Mulungu) 

15 36 Population 3303N˚22 Pop 3303/22 DRC (Mulungu) 

16 42 Mizan Taffari Kaffa MT K ETHIOPIA 

17 62 Blue Mountain Jamaica 13-1066 BMJ 13-1066 DRC (Mulungu) 

18 67 Kent 170 K 170 DRC (Mulungu) 

19 69 K7 (Rwanda) K7® KENYA 

20 156 AR 18 AR 18 KENYA (Isabu) 

21 158 AR 575 AR 575 KENYA (Isabu) 

 
of primary branches, number of leaves per branch, number of cherries per in-
ternode, coffee leaf rust disease, and significant (p = 0.034) for yield. The 
ANOVA did not show any significant variation in accessions for internode 
length, weight of 100 cherries, and number of internodes per branch (Table 2). 

As shown in (Table 3), the number of primary branches ranged from 63 to 96, 
averaging 80. Over half of the accessions had between 70 and 80 branches and 
28.6% had 81 - 90 branches. The number of leaves per branch averaged 57 and 
ranged from 15 to 73. Most of the accessions (66.7%) had 51 to 70 leaves per 
branch. The number of cherries per internode averaged 6.5, ranging from 3 to 11 
per internode. Most of the accessions (67.2%) produced 6 to 11 cherries per in-
ternode and the remainder had 3 to 5 cherries per internode. Four out of the 21 
accessions showed no signs of coffee leaf rust disease, 13 had moderate levels of 
infection, and 6 had high levels. Cherry yield was below 1.0 t/ha in all accessions; 
half of the accessions produced between 200 and 500 kg/ha while a proportion of 
14.3% of the evaluated accessions. 
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Table 2. Mean squares and their significance levels from the analyses of variance for eight quantitative characters measured in 21 
coffee accessions. 

Source of  
variation 

df 
Primary 

branches (no.) 
Leaves per 

branch (no.) 
Internodes per 
branch (no.) 

Internode 
length (cm) 

Cherries per 
internode (no.) 

Coffee leaf  
rust (%) 

100 cherries 
weight (g) 

Cherry yield 
(kg/ha) 

Accessions 20 405** 1171** 21.4 0.26 6.1** 646.7** 217 55044* 

Error 42 106 293 11.8 0.19 2.1 246 490 28309 

Total 62         

*, ** = Significant at the 5% and 1% levels of probability, respectively. 

 
Table 3. Mean values of eight quantitative characters measured in the 21 coffee accessions evaluated at Rubona in 2013. 

Number &  
accessions names 

Primary 
branches (no.) 

Leaves per 
branch (no.) 

Internodes per 
branch (no.) 

Internode 
length (cm) 

Cherries per 
internode (no.) 

Coffee leaf 
rust (%) 

100 cherry 
weight (g) 

Cherry yield 
(kg/ha) 

1) Jackson 2/1257 74 51 26 5.1 5 25.0 212.2 247 

2) Mibirizi 68-1589 73 56 23 5.8 9 6.3 159.6 591 

3) Mibirizi 49-1848BV 70 52 23 5.7 7 18.8 146 491 

4) Mibirizi 49-00 74 46 24 5.1 7 6.2 151 575 

5) Bourbon Mayaguez 
71-2147 

71 61 23 5.0 7 6.25 165 556 

6) Bourbon Mayaguez 
139 

90 68 26 5.4 7 6.25 167 500 

7) Mysore 175 91 59 22 5.0 8 6.25 203 603 

8) Mysore de Mulungu 86 73 29 5.7 11 0 168 817 

9) Harrar 79 54 25 4.8 9 0 161 664 

10) Amphillo 80 66 25 5.1 6 6.2 185 309 

11) AinambaKaffa 88 66 22 6.0 6 6.25 204 369 

12) TeffariKella Sidamo 79 65 21 5.4 6 12.5 153 251 

13) Gimma Kaffa 73 39 22 5.3 6 6.2 184 275 

14) Population 
3303N˚21 

86 73 22 5.9 7 0 176 640 

15) Population 
3303N˚22 

77 64 21 5.6 7 0 164 647 

16) Mizan Taffari Kaffa 90 55 24 5.3 4 37.5 180 224 

17) BlueMountain  
Jamaica 13-1066 

63 15 19 5.3 3 75 151 73 

18) Kent 170 80 69 24 5.2 5 56.3 180 240 

19) K7 96 50 24 5.2 7 6.3 202 491 

20) AR 18 80 70 24 5.2 4 31.2 167 219 

21)AR 575 77 50 22 5.7 6 18.7 142 496 

Mean 80 57 23 5.4 6.5 15.8 172 442 

LSD (0.05) 17 28 ns Ns 22.1 27.6 ns 278 

CV (%) 13 28 14.3 8.2 2.3 93.0 13.0 38.0 
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A significant (p < 0.05) positive correlation was observed between number of 
cherries per internode and internode length (Table 4). Number of leaves per 
branch was positively correlated with number of cherries per internode and 
number of primary branches. A highly significant (p < 0.01) positive correlation 
was observed between number of cherries per internode and yield (Table 4). 
Coffee leaf rust exhibited a highly significant negative correlation with yield and 
number of cherries per internode and a significant negative correlation with number 
of leaves per branches (Table 4). 

The existence of phenotypic variation among the accessions was further ex-
plained by different clusters across the PCA biplot (Figure 1). The PCA grouped 
the accessions into three clades based on their similarities and differences in 
terms of the quantitative traits. The first principal component (PC 1) alone con-
tributed 43% of the total variation, mainly due to yield per tree, coffee leaf rust, 
number of cherries per internode and number of leaves per branch (Table 5). 
Characters which contributed to the second principal component (PC 2) ac-
counted for 21% of the total variation and were dominated by traits such as 
number of primary branches and weight of 100 cherries. The quantitative cha-
racters which showed relatively higher absolute values in the first component 
were yield per tree, coffee leaf rust, number of cherries per internode and num-
ber of leaves per branch (Table 5). Thus, these characters were the main source 
of the variation in all accessions. The accessions which remained dispersed had 
larger genetic variability for the traits studied, while accessions and clades which 
are less scattered in the principal component axes had substantial similarities in 
the traits evaluated.  

The highest inter-cluster distance was 475 and was observed between cluster I 
and II, followed by I and III clusters (293) and the lowest was observed between 
II and III clusters (182) (Table 9). 

 
Table 4. Correlations of 8 quantitative traits in 21 coffee accessions evaluated at Rubona in 2013. 

Characters 
Primary 
branches 

Leaves per 
branch 

Internodes 
per branch 

Internode 
length 

Cherries per 
internode 

Coffee leaf 
rust 

100 cherries 
weight 

Cherry 
yield 

Primary branches 1.0 0.543* 0.09 0.352 0.226 −0.352 0.539* 0.258 

Leaves per branch 0.543* 1.0 0.451* 0.264 0.37 −0.473* 0.186 0.384 

Internode per branch 0.09 0.451* 1.0 −0.192 0.453* −0.156 −0.14 0.204 

Internode 0.352 0.264 −0.192 1.0 0.138 −0.287 0.213 0.336 

Length         

Cherries per internode 0.226 0.37 0.453* 0.138 1.0 −0.75** −0.08 0.9** 

Coffee leaf rust −0.352 −0.473* −0.156 −0.287 −0.75** 1.0 −0.113 −0.75* 

100 cherries weight 0.539* 0.186 −0.14 0.213 −0.08 −0.113 1.0 −0.153 

Yield 0.258 0.384 0.204 0.336 0.9** −0.75* −0.153 1.0 

*, ** = Significant at 5% and 1% levels of probability, respectively. 
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Table 5. First three principal components of the 8 quantitative characters in the 21 coffee 
accessions. 

 Eigenvectors 

Characters PC 1 PC 2 PC 3 

Number of primary branches 0.585 0.615 0.253 

Number of leaves per branch 0.707 0.253 0.298 

Number of internode per branch 0.216 −0.31 0.85 

Internode length (cm) 0.59 0.316 −0.44 

Number of cherries per internode 0.85 −0.363 −0.21 

Coffee leaf rust (%) −0.84 0.169 0.014 

Weight of 100 cherries (g) 0.18 0.834 0.065 

Yield (kg/ha) 0.844 −0.42 −0.108 

 
Accessions in the first cluster contributed to the lowest mean value of number 

of trees attacked by coffee leaf rust, moderate mean yield per tree and highest 
mean number of leaves per branch, number of primary branches, number of in-
ternodes per branch, internode length and number of cherries per internode. 
The second grouped accessions with the highest mean yield per tree, and mod-
erate mean values of all the other characters. The third cluster grouped acces-
sions the lowest mean value of traits like number of leaves per branch, number 
of cherries per internode, and yield per tree. Furthermore, this cluster had the 
highest number of trees attacked by leaf rust. Lastly, the singleton BM Jamaica 
13-1066 separated alone within the 21 accessions and was characterized by the 
lowest number of leaves per branch, number of cherries per internode, and yield 
per tree; and the highest number of trees attacked by leaf rust. 

The pair-wise genetic distances based on the phenotypic traits showed varying 
genetic distances for the 21 coffee accessions (Table 7). Genetic distances rang-
ing from 0.09 to 5.63 were observed in the pair-wise combinations. The mini-
mum genetic distance of 0.09 was recorded between the 3rd (MB 68-1589) and 
the 21st (AR 575) accessions while the highest genetic distance of 5.63 was rec-
orded between the 17th (BM Jamaica 13-1066) and the 8th (M de Mulungu) acces-
sions (Table 7). 

4. Discussion 

The efficient exploitation of germplasm lies in comprehending its genetic dif-
ference and elaborating proper relating phenotypical classes [12] [18] [19]. This 
study sought to determine the genetic diversity in coffee accessions in Rwanda 
using morphological characterization as a basis for germplasm development and 
management in Rwanda. The existence of genetic variation in coffee accessions 
in Rwanda was confirmed, which implies that despites their downsides, mor-
phological markers are still useful for characterizing coffee germplasm as pre-
viously stated by [3] [7] [10] and [12]. 
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Table 6. Distribution of accessions in four clusters with location. 

Cluster Members Accessions names and respective number Location 

I 7 

Mibirizi 68-1589 (2); Mibirizi 49-1848BV (3); 
Mibirizi 49-00 (4); Bourbon Mayaguez 71-2147 
(5); Harrar (9) 

DRC (Mulungu) 

TeffariKella Sidamo (12) Kenya 

AR 575 (21) Ethiopia 

II 8 

Population 3303N˚21 (14); Bourbon Mayaguez 
139 (6); Amphillo (10); Mysore de Mulungu (8) 

DRC (Mulungu) 

K7 (Rwanda) (19) Ethiopia 

Ainamba Kaffa (11) Kenya 

III 5 

Jackson 2/1257 (1) DRC (Mulungu) 

Mizan Taffari Kaffa (16); Gimma Kaffa (13) Ethiopia 

AR 18 (20) Kent 170 (18) Kenya 

IV (singleton) 1 Blue Mountain Jamaica 13-1066 (17) DRC (Mulungu) 

(): Accession number. 
 

Table 7. Average intra (bold) and inter cluster distances for the 21 coffee accessions. 

Cluster I II III 

I 37.2 475 293 

II  62 182 

III   51.3 

 
The data (Table 3) showed existence of significant morphological variation 

and, hence, remarkable genetic diversity among the 21 accessions. Adding to this, 
the study also revealed considerable correlation among the evaluated agronomic 
traits. Taken together, this information is very instrumental for coffee improvement, 
particularly during parental selection process. As an example, high yielding and 
leaf rust resistance accessions were identified, these lines are potential parental 
donors for further breeding efforts. The significant variation found for the phe-
notypic traits (number of primary branches, number of leaves, number of cher-
ries per internode, yield and coffee leaf rust) indicated that genetic diversity exists in 
the Rwandan coffee germplasm. Hence, improvement of accessions through selec-
tion and crossing can be practically considered. The morphological variation in 
Coffea arabica observed in this study agreed with [20] who reported significant 
differences in coffee accessions for quantitative characters in Ethiopia. This varia-
tion among C. arabica cultivars may be attributed to a certain degree of out cross-
ing that might have occurred among cultivars as also reported by [21]. However, 
this was not the case in the Rwandan accessions as they were established from 
the original collections, but it may due to different impacts of environment on 
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the cultivars in the expression of traits. Similar view was reported by [22]. 
Correlations observed among characters (Table 4) could be used to identify 

important traits that are desired by coffee breeders [21]. High positive correla-
tion coefficient (r = 0.9) observed between number of cherries and yield indi-
cated that both characters share some common genetic information, while traits 
with negative correlations need careful selection considerations. 

The PCA (Figure 1) indicated that yield per tree, coffee leaf rust, number of 
cherries per internode and number of leaves per branch was the main source of 
variations in the 21 coffee germplasm. The first three PCA accounted for 78.3% 
of the total variation. Moreover, the PCA grouped accessions according to their 
similarities; closer accessions have a narrow genetic divergence while more scat-
tered accessions have a broader genetic dissimilarity [23]. Similarly, the varying 
pair-wise genetic distances based on the phenotypic traits also indicated that ge-
netic diversity exists among the 21 coffee accession germplasm and this may ac-
celerate heterotic effect in crosses and a widen the spectrum of variability in se-
gregating generations, as it has been previously asserted by other previous stu-
dies [24]. 

Inter and intra cluster distances are key determinants of genetic divergence, a 
critical aspect for selecting parents to integrate into hybridization programs [25]. 
In this study, the observed high inter-cluster (Table 7) distances between cluster 
I and II showed that crossing of parents across clusters would also facilitate  
 

 
Figure 1. Principal component score plot of PC 1 and PC 2 describing the overall varia-
tion among coffee accessions (represented by their respective numbers) within and be-
tween different clusters. 
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Table 8. Estimates of genetic distance based on phenotypic characters for all pair-wise comparisons of 21 coffee accessions. 

ID 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

1                      

2 1.45                     

3 1.4 0.16                    

4 1.12 0.38 0.32                   

5 0.89 0.45 0.46 0.13                  

6 1.02 0.59 0.76 0.53 0.53                 

7 0.9 1.04 1.47 0.91 0.67 0.55                

8 2.21 0.77 1.33 1.2 1.26 0.61 1.31               

9 1.32 0.72 0.92 0.23 0.23 0.55 0.66 0.94              

10 0.34 0.79 0.83 0.53 0.33 0.3 0.51 1.32 0.61             

11 1.05 0.95 1.23 1.56 1.36 0.77 0.82 1.63 1.92 0.77            

12 1.14 0.52 0.36 0.49 0.43 0.56 1.06 1.78 0.96 0.44 0.91           

13 0.45 0.71 0.63 0.47 0.43 0.88 0.79 2.09 0.87 0.37 0.95 0.47          

14 1.6 0.4 0.71 0.98 0.88 0.46 0.81 0.87 1.26 0.83 0.35 0.68 1.11         

15 1.41 0.17 0.31 0.4 0.34 0.49 0.74 1.04 0.71 0.64 0.74 0.37 0.66 0.21        

16 0.56 1.29 1.07 0.99 0.97 0.58 0.89 2.12 1.39 0.42 0.79 0.57 0.64 1.12 1.08       

17 2.3 2.81 1.87 2.2 2.44 3.48 3.67 5.63** 3.4 2.7 3.55 1.91 1.61 3.83 2.89 1.86      

18 0.55 1.29 1.02 1.08 0.86 0.82 1.13 2.17 1.42 0.49 1.14 0.63 0.82 1.35 1.18 0.24 1.72     

19 0.75 1.17 1.5 0.99 0.92 0.43 0.15 1.34 0.87 0.47 0.66 1.09 0.76 0.85 0.94 0.59 3.54 1.07    

20 0.63 1.08 0.77 0.74 0.59 0.55 1.1 2.01 1.13 0.28 1.06 0.3 0.62 1.1 0.87 0.21 1.85 0.17 0.99   

21 1.54 0.29 0.09* 0.36 0.56 0.66 1.36 1.49 1 0.87 1.12 0.27 0.68 0.62 0.29 0.85 1.82 1 1.32 0.69  

*, **: Lowest and highest genetic distance, respectively. 

 
transgressive segregation and heterosis maximization. The low inter and intra 
cluster distances showed close similarities between and within clusters, respec-
tively. The inter-cluster distances were higher than the average intra-cluster dis-
tances which mean that accessions between clusters had a higher genetic diver-
sity than accessions within clusters, as it has been also supported by [26]. 

Genetic diversity oftentimes correlated with the geographic diversity. Yet, the 
present study indicated that geographical and genetic diversity could not be asso-
ciated (Table 6). In this view, researches have reported that morphological vari-
ation count more than variations in geographic origin, as an evaluator of genetic 
diversity in coffee [20], due to potential gene flow that might have occurred dur-
ing the evolutionary history of development and selection procedure that saw some 
genotypes with new genes that account for the existing heterozygosity among 
coffee accessions from the same geographic source, a fact that also corroborates  
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Table 9. Cluster means of the 8 quantitative traits for the 21 coffee accessions. 

 Cluster means  

Characters I II III IV (singleton) 

Number of primary branches 75.50 88.53 79.71 63.77 

Number of leaves per branch 56 65 56.8 15 

Number of internode per branch 5.39 5.47 5.23 5.26 

Internode length 22.75 24.28 24 19 

Number of cherries per internode 7.25 7.42 4.8 3 

Coffee leaf rust 8.6 4.4 31.2 75 

Weight(g) of 100 cherries 155.2 186.74 184.8 151.5 

Yield (kg) 534 533 241 290 

 
with [27] [28]. Another cause might be the rare random mutation which might 
have occurred in accessions as previously viewed by [28] [29]. 

Far more, clusters may be selected also based on agronomic potential. For 
example, accessions in cluster one (Table 9) should be selected for their high 
yield potential and cluster two for high resistance to coffee leaf rust in a hybridi-
zation program. Accessions in the third cluster exhibited poor agronomic per-
formance; thus, improvement program should target upgrading these accessions. 
Results from the multivariate analysis both (PCA and hierarchical cluster analy-
sis) were in conformity with the estimated genetic distance (Table 8). For example, 
the longest genetic distance of 5.63 between the accessions BM Jamaica 13-1066 
(17) and Mysore de Mulungu (8) was also detectable from the PAC analysis. 
Monitoring these variations and correlations will guide us for selecting econom-
ic traits, such as resistance to pests and diseases [2]. 

5. Conclusion 

Although this study provided huge information on the genetic variation and agro-
nomic performance among different coffee accessions in Rwanda, extending it 
with more replications across different locations and years may lower possible 
environmental errors and allow estimating trait heritability index to provide 
coffee breeders with more reliable information on elite cultivars selection. Also, 
integrating this work with molecular markers would significantly boost precision 
breeding as some important variations can’t simply be revealed through mor-
phological evaluation. 
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