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Clonal seed orchards are majorly established for the production of seed of known 
quality attributes. However, these seed sources often cross-pollinate over the years, 
forming new varieties of unknown seed quality traits. Given the long period that it 
takes forestry tree species to naturalize through provenance trials, it is desirable to 
develop rapid techniques for assessing seed quality traits to support the expansion of 
clonal seed sources. We evaluated the variability in seed quality among Pinus patula 
clonal seed orchards based on three physical cone characteristics (length, diameter, and 
weight) using cluster analysis and Principal Component Analysis. The results indicated 
that cone length was the significant component controlling for the groupings, with 
width and weight having almost similar influencing power as factors. Cluster analysis 
identified five optimal natural groupings out of a possible 14 clusters. The optimal 
groups had values that could easily be used in the grading of cones. The results suggest 
that cluster analysis holds promise for tree improvement specialists as a rapid, unbiased, 
and novel technique for assessing clonal seed material at a reasonably affordable cost. It 
is expected that future seed harvests in Pinus patula seed orchards will target cone 
length as an indicator of superior seed quality.  
 

Contribution/Originality: This study uses a new estimation methodology based on P. patula cone 

morphometric characteristics. The length of cone, the diameter of cone, the weight of cone and seed yield per cone 

from clonal seed orchards of in Londiani, Kenya are assessed using principal component analysis and cluster 

analysis methodologies. 

 

1. INTRODUCTION 

Clonal seed orchards are a valuable source of seed for commercial forestry. They are often established from 

known genetic material [1, 2]. Over time, they cross-pollinate with local landraces ending up with the seed of 

unknown quality traits [3-5].  In the forestry sector, there is a need to get rapid techniques that assess variability, 

which influences the selection of materials useful in establishing superior homogenous planting material [6]. This 
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is because of the generally long time and costs it takes for forestry species to naturalize through provenance trials 

[7-9].  

There are many methods studied and developed that are modern and useful in the selection of species such as 

pines, such as high spectral resolution remote sensing, dynamic classifier selection and dissimilarity feature vector 

representation, simultaneous variable selection and dimension reduction and existing reserve-selection methods 

[10-12]. These methods are robust, but they have a cost component that developing countries often find 

challenging.  This makes it necessary to develop similarly robust, but more affordable data-driven methods that can 

be easily appraised and used in determining natural groupings of a population. Cluster analysis is one such method 

that is used to determine natural unbiased groupings existing in a natural population, and there isn't a study that 

has demonstrated the use of cluster analysis on patula pines [13-15]. These variations within a clonal seed orchard 

once understood indicates that production and quality of seed of patula pine can be improved by selection [1, 16]. 

The objective of this paper is to determine the seed quality variability among Pinus patula clonal seed orchards 

based on physical cone characteristics, namely: length, diameter, and weight. The study cluster analysis and 

Principal Component Analysis (PCA) to assess the variability. It looks specifically at which variable has a higher 

forcing than the rest, and the optimal number of clusters of P. patula to estimate seed yield from cones of different 

clusters. 

 

2. MATERIAL AND METHODS 

2.1. Study Site  

The study was carried out in clonal seed orchards in Londiani in the Rift Valley, Kenya, between March and 

May 2020. The area is located 0o 10ʹ South and 35o 36ʹ at an elevation of 2,320 to 2,500 m above sea level. The area 

experiences annual precipitation of 1,000 to 1,500 mm. It has mean minimum temperature of 14oC and a mean 

maximum temperature of 17oC with an average temperature of 15.7°C.  This area has a cool and moist climate, 

which is conducive to seed production studies. Clonal seed orchards and seed stands have been established in the 

area since colonial times. One of the key commercial plantation tree species in the area is Pinus patula, which 

accounts for 27% of Kenya‟s commercial forestry plantations [17]. The area supports an average human population 

of 300,000. The main economic activity in the area is crop farming. 

 

 2.2. Study Design 

Mature cones were randomly collected from a 14-year-old Pinus patula clonal seed orchard established from 

grafted seedlings with a 5m by 5m spacing. The cones were packed in gunny bags and then brought to the Kenya 

Forestry Research Institute‟s (KEFRI) Rift Valley Eco-Region Research Programme - laboratory, Londiani. 

The P.patula cones used for this study were collected from completely randomized samples of 14-year-old 

grafted Pinus patula trees spaced 5m apart from each other. The acreage occupied by these trees was 2 ha with 800 

trees as a sampling frame. The orchard was divided into 4 blocks with 200 trees per block, of which only five trees 

were randomly selected for cone collection. Cones were subsequently collected from a total of 20 trees. The cones 

were collected in march 2020 during peak cone production season for patula pine [17]. The collection was done by 

seasoned KEFRI seed collectors to minimize the error by ensuring the collected cones were of the same quality 

used in seed production for KEFRI. The cones collected were more than 1000 and thereafter assessed for defects, 

maturity (already opened at least once and closed and immature) and pest damage [18, 19]. Cones were labeled and 

measured for length (cm), diameter (cm) and weight (g) after which they were subjected to different temperatures in 

the experiments by Angaine et al., (Submitted) and Onyango et al., (Submitted.) for which seeds were extracted 

from each cone. The petri dishes with the cones were removed and seed extracted from cones by tapping gently for 

15 times on a flat wooden bench. The total number of extracted seeds for the 620 cones were enumerated at the end 

of the exposure periods.  
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2.3. Data Analysis 

The data from 620 cones collected from completely randomized plots were tabulated in a data-sheet in MS 

excel. Principal Component Analysis (PCA) was conducted in Rstudio V Version 1.2.5042 on the interaction 

between the seed orchard provenance on the data for the Pinus patula species with all four variables (length of cone, 

the diameter of the cone, weight of cone and number of seeds extracted per cone) [20-22].  

After tabulation and analysis with PCA and all variables were scaled so as to be able to be compared because 

the magnitude of each of these variables does vary, the central concept in PCA is representation or summarization. 

Each of the component's eigenvalue was calculated and called the "Proportion of variance" Table 1. When 

calculated the angle between the vectors, which is the correlation between any two variables is equal to the cosine 

of the angle between the vectors (θ), or r = cos(θ).   Succeeding the PCA, hierarchical cluster analysis was then 

conducted on the same data sheer using Rstudio V Version 1.2.5042 [23, 24]. The dissimilarity matrix and 

clustering were done on the data with R Studio Version 1.2.1335 using “mclust" package version 5.4.6. Further 

Post hoc analysis (Tukey HSD) was used to determine the difference of means (at 95% CI) of the seed yield from the 

clusters in the one-way ANOVA with clusters as factors and seed yield as variables. Correlations analysis between 

the measured values of the clonal variation length, diameter, and weight were positively moderate using the 

Pearson correlation, which correlated negatively with all other cone traits. The data from 620 cones were tabulated 

in a data-sheet in MS excel, and PCA [20-22] and Cluster Analysis [23, 24] was done to calculate dissimilarity 

matrix, choosing the clustering method and then assess clusters,  on the data with RStudio Version 1.2.1335 and 

“mclust” package version 5.4.6. Post hoc analysis (Tukey HSD) was used to determine the difference of separation 

(P<0.05) of means of seed yield for the clusters in the one-way ANOVA with clusters as factors and seed yield as 

variables. 

 

3. RESULTS  

In this study Length of the cone was observed to be the most important component for analysis Table 1, Figure 

1a. The angle between Length and Diameter is 62.44, Length and Weight is 45.00, and between Diameter and 

Weight is 47.07 Figure 1b.  

 
Table-1. Description of importance of the pinecone components, factor loadings, sums of squares of the 
correlations of the loadings and correlations of each variable. 

Importance of components: 
  

 
Comp.1 Comp.2 Comp.3 

Standard deviation 1.4966 0.7334 0.4713 
Proportion of Variance 0.7466 0.1793 0.0741 
Cumulative Proportion 0.7466 0.9259 1.0000 
Loadings: 

   
 

Comp.1 Comp.2 Comp.3 

Length (cm) 0.5590 0.6830 0.4710 
Diameter (cm) 0.5500 -0.7300 0.4060 
Weight (g) 0.6210 

 
-0.7830 

 
Comp.1 Comp.2 Comp.3 

SS loadings 1.0000 1.0000 1.0000 
Proportion Var 0.3330 0.3330 0.3330 
Cumulative Var 0.3330 0.6670 1.0000 
Correlations Length (cm) Diameter (cm) Weight (g) 
Length_cm 1.0000 0.4627 0.7071 
Diameter_cm 0.4627 1.0000 0.6811 
Weight_g 0.7071 0.6811 1.0000 
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The biplot displayed both the loadings (correlations between the original variables and the components) as 

labelled vectors, and the component scores as either symbols, or as here when the matrix has row names, as labels 

Figure 1b. These correlations were further compared on strength with the observation that there was strongest 

positive correlation between length and weight of P.patula cone as well as strong positive correlation between 

weight and diameter of pine cone (P<0.05) Figure 1c,d. All correlations were positive for these variables of length, 

diameter and weight.  

 
Figure-1. Factor loadings (a) for the P.patula cones with Length as Comp 1, Diameter as Comp 2 and Weight as Comp 3; (b) Biplot of the factor 
loadings of the cones with the measured values (Length, Diameter and Weight); (c) correlations of the measured values with values and p<0.05 
significance (in Asterix) and (d) Network diagram of the same values based on correlation. 

 

The results in this paper for the dissimilarity matrix and choosing the clustering method yielded Euclidean 

distance with ward distance method Figure 2. This analysis yielded optimum clusters that account for 92.59% of the 

point variability Figure 2d. The cluster values for each of the five clusters were tabulated with cluster 2 having the 

longest mean length (10.1 cm) Table 2. 

The mean seed yield extracted from the Pinus patula cones were calculated and this showed that cluster 1,2 and 

4 ranged from 40.1 to 60.1 and these were significantly different from cluster 3 and 5 (p<0.05) Figure 4. 

 

4. DISCUSSION 

This analysis including the correlation matrix of importance agree with methodology on understanding factors 

that this PCA enabled the discovery of simple patterns in the pattern of relationships among the variables used in 

these pine cones analysis [21, 22]. The interpretation of the components (which is governed by the loadings vis the 

correlations of the original variables with the newly created components) can be enhanced by “rotation” which could 

be thought of a set of coordinated adjustments of the vectors on a biplot though not rotating is observed to increase 
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interpretability [20, 21, 25]. Component 1 from PCA has shown the highest variation (74.7%) with the factors 

positively influencing seed yield. 

 
Figure-2. Within groups sums of squares (a) showing the clusters distribution, Ward distance dendrogram showing number of clusters (b),  
Cluster dendrogram with the P.patula cones length, Diameter and Weight showing p values (c), and Cluster plot showing the variables that 
account for more than 90% of the observations (d). 

 

 

 
Figure-3. A centroid plot showing the optimum five (5) clusters and their distribution (a), Plot showing the clustering of the five clusters of 
P.patula cones (b). 
 

Table-2. Mean values for P.patula cones for each cluster with seed yield shown with standard error. 

Value Length_cm Diameter_cm Weight_g Seed Yield cluster 

Mean   : 9.444 3.409 44.85 52.4 ± 5.03 1 
Mean   : 10.051 3.699 61.31 60.1 ± 10.20 2 
Mean   : 7.951 3.005 30.1 42.1 ± 3.35 3 
Mean   : 8.659 3.218 36.59 56.9 ± 3.96 4 
Mean   : 7.159 2.731 23.35 31.9 ± 3.42 5 
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Figure-4. Mean seed yield per cluster for the P.patula clusters. 

                       

Cluster analysis ensued after the PCA and in this process developed with query on best fit [13, 23].  The 

clustering process is performed in three distinctive steps that begin with calculating dissimilarity matrix which is 

an important decision in clustering [24]. These methods started with the preferred agglomerative clustering as it is 

better in discovering small clusters and divisive clustering that aids in discovering larger clusters [24]. This has resulted to 

an optimum number of clusters (five) that are significant to determining differences in seed yield from a Pinus patula 

clonal seed orchard. 

 

5. CONCLUSION AND RECOMMENDATIONS 

Length was the most indicative for variations in cones characteristics hence should also be included in the 

selection process when identifying superior mother trees for pine seed production with length classes. This method 

is robust enough to be used on species as a cost-effective way of estimating hybridization through determining the 

variability. 

For maximization of genetic gain and seed production, this new information could guide the process of 

rogueing in clonal seed orchards. 
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