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ABSTRACT 
 

The selection of plant age in forest species is crucial in a genetic improvement program, as time is a 
key factor in decision-making. This study aimed to evaluate the variation in clonal growth of Cedrela 
odorata L. to identify clones with superior performance at an early age. The orchard was 
established in September 2014, utilizing a completely randomized block design with a planting 
distance of 4 x 4 m. The experiment comprised 70 clones (ortets), each with 35 replicates (ramets), 
totaling 2,450 ramets. Selection was based on four key traits: total height (th), clear stem height 
(csh), normal diameter (nd), and crown diameter (cd). These variables were used to calculate the 
percentage gain or loss in performance for each clone relative to the population mean. A principal 
component analysis, analysis of variance (ANOVA), Tukey test (p≤0.05), and cluster analysis were 
performed to assess the data. The results identified 16 out of the 70 clones as having superior 
traits. The superior clones included 53-CoSFcoChan07, 2-CoGua344, 15-CoB191, 19-CoKal126, 
22-CoKal142, 41-CoTux558, 35-CoTez642, 56-CoTez539, 45-CoTez549, 49-CoTez540, 50-
CoTez540, 59-CoTux555, 62-CoCar5, 30-CoBac02, 48-CoTez544, and 10-CoKal16. The average 
traits of these superior clones were 8.0±0.4 m for total height, 2.6±0.1 m for clear stem height, 
0.13±0.0 m for normal diameter, and 4.1±0.2 m for crown diameter, representing a 15% increase 
over the population mean. 
 

 
Keywords: Clonal silviculture; vegetative propagation; gene-set; clone selection. 
 

1. INTRODUCTION 
 
The age of selection plays a critical role in 
genetic improvement programs, particularly in 
forestry, where time is a key factor in decision-
making. Since forestry results unfold over the 
long term and the development of these 
programs is complex, it is crucial to optimize the 
selection process. For forest geneticists, the 
need to reduce the time required for a selection 
cycle and, consequently, maximize genetic gains 
per unit of time is widely recognized [1]. Early 
selection is a strategy employed by forest 
geneticists to identify the best trees based on 
economically valuable traits, such as commercial 
volume. This selection is conducted prior to the 
rotation age to shorten the breeding cycle and 
maximize profitability per unit of time [2]. 
Increased efficiency in the selection process 
enhances genetic gains in a shorter period and 
reduces the costs of breeding programs [3]. 
Cedrela odorata L. (red cedar), a tree species of 
the Meliaceae family native to the tropical 
regions of the Americas, is highly valued for the 
exceptional qualities of its wood—durability, 
color, and aroma—considered fine and precious 
[4]. This has led to its widespread use in the 
production of fine furniture, turned articles, 
musical instruments, crafts, and cabinetmaking, 
making it the second most commercialized 
tropical tree species globally [5]. However, 
overexploitation without adequate management 
plans has resulted in population decline and 
fragmentation, limiting gene flow [6] and reducing 
genetic diversity among populations [7]. C. 

odorata is currently listed as a vulnerable species 
by the International Union for Conservation of 
Nature [8] and is protected under the Convention 
on International Trade in Endangered Species of 
Wild Fauna and Flora [9]. In Mexico, it is 
classified as Subject to Special Protection 
according to the Mexican Official Standard 059-
SEMARNAT-2010 [10]. Given these 
circumstances, it is urgent to explore efficient 
propagation methods to rescue, conserve, and 
improve the genetic quality of this species 
germplasm. The effectiveness of a propagation 
program in forestry is directly linked to the time 
required to achieve genetic gains. Thus, the 
correlation between the performance of traits of 
interest at early and adult ages is critical for the 
success of any genetic improvement program 
[11]. In this context, grafting as a clonal 
propagation method is a relatively novel 
technique in forestry [12,13]. Its advantages 
include the ability to select superior genotypes 
based on desirable traits, shorten the juvenile 
period, and accelerate reproductive maturity. 
These benefits aim to reduce selection cycles 
and expedite the production of genetically 
improved seeds through open pollination 
between vegetative copies of select genotypes. 
The objective of this study was to evaluate the 
variation in clonal growth of C. odorata to identify 
clones with superior performance at an early 
age. 
 

2. MATERIALS AND METHODS 
 

Plantation location and establishment: The 
asexual seed orchard is located in the San 
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Cristóbal ejido (19° 32' N, 88° 40' W) in the 
municipality of José María Morelos, Quintana 
Roo, Mexico. The plant material (buds) used for 
grafting was collected from a Cedrela odorata 
clonal garden established at the San Felipe 
Bacalar experimental site (18° 46' N, 88° 17' W), 
which is part of the National Institute of Forestry, 
Agricultural, and Livestock Research. The 
grafting technique employed was the "lateral 
veneer" method. The grafts (clones) were 
established in September 2014 over a 3.9-
hectare area using a completely randomized 
block design. The planting distance was set at 4 
x 4 meters in a square grid. A total of 70 clones 
(ortets) were used, each with 35 replicates 
(ramets), resulting in a total of 2,450 ramets. 
 
Plant variables evaluation: In October 2021, 
the following variables were evaluated: total 
height (TH), clean stem height (CSH), normal 
diameter (ND), and crown diameter (CD). Crown 
diameter was determined by measuring the 
projection of the crown in two directions—north-
south and east-west—using the ends of the 
crown's projection on the ground as reference 
points. Total height and clean stem height were 
measured using a graduated measuring rod (in 
cm), while normal diameter was measured with a 
diameter tape, and crown diameter was 
measured with a measuring tape, both graduated 
in centimeters. 
 
Statistical analysis: The data were subjected to 
principal component analysis (PCA), analysis of 
variance (ANOVA), mean comparison using 
Tukey's test at a 5% probability level (p ≤ 0.05), 
and cluster analysis. All statistical analyses were 
performed using the STATGRAPHICS Centurion 
Ver. XV-II software, released in 2006. 
 

3. RESULTS AND DISCUSSION 
 
Graft cloning of Cedrela odorata L.: The 
establishment of the asexual seed orchard of 
Cedrela odorata L. was carried out using the 
lateral veneer grafting technique (Fig. 1A, B, and 
C). One of the key advantages of this method is 
its ability to rejuvenate mature trees and 
accelerate sexual phenology and the breeding 
process [14]. Two years after the orchard was 
established, clones 22-CoKal142, 35-Cotez642, 
and 59-CoTux555 exhibited early reproductive 
behavior, as evidenced by the presence of 
flowers and fruits (Fig. 1 D, E). This precocity is 
likely attributable to the more favorable climatic 
conditions in the orchard compared to the ortets' 
place of origin, as well as the effective 

silvicultural management of the ramets. It is 
worth noting that flowering in ramets of some 
forest species can be influenced by the type of 
graft used. However, young asexual seed 
orchards typically do not produce large quantities 
of seeds due to low flowering rates [15]. In this 
study, as the orchard matured, an increase in 
precocity was observed, with fruit production 
recorded in 90% of the ramets by the age of 
seven years (Fig. 1F). This outcome can be 
attributed to efficient clone management, 
particularly pruning practices aimed at generating 
a sympodial crown structure, which promoted the 
abundant development of flower buds. 
 
The grafting of Cedrela odorata was conducted 
intraspecifically, achieving a 90% grafting 
success rate and an 88% survival rate six 
months after grafting. These high percentages 
confirm the strong taxonomic compatibility and 
affinity between the bud and the rootstock. 
Intraspecific grafts generally exhibit greater 
compatibility due to the anatomical, 
physiological, and biochemical similarities 
between the graft components [16]. Additionally, 
the phenological state of the buds and favorable 
environmental conditions contributed to the 
successful growth and development of the 
vegetative shoot, which became fully attached to 
the rootstock cambium (Fig. 1A, B, and C). 
 
Descriptive dasometric analysis: Seven years 
after the establishment of the asexual seed 
orchard of Cedrela odorata L., a survival rate of 
84% was recorded, representing 2,070 live 
ramets out of a total of 2,450. The average 
height growth was 7.3 meters, and the average 
normal diameter was 11.8 cm. [17] evaluated the 
survival rate in two clonal trials of C. odorata 
seven years after establishment, reporting 
survival rates of 79% and 94%, respectively. 
Ramet survival in the field is influenced by 
appropriate silvicultural management, 
environmental conditions, pest and disease 
prevalence, and damage caused by harmful 
fauna [18]. Therefore, successful field 
performance of ramets is contingent on adequate 
silvicultural practices tailored to the specific 
conditions of the establishment site. Although 
ramet height is not a direct indicator of the 
operability of an asexual seed orchard [19], it is 
related to the ramets' sprouting capacity and 
reflects the fertility of the site, having a moderate 
genetic component [14]. The results align with 
those reported by [20], who emphasized that 
height dominance and stem straightness are 
critical factors in selecting ramets for an asexual 
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seed orchard. Similarly, [21] concluded that stem 
shape characteristics are key in selecting ramets 
for improved seed production, thereby increasing 
the value of the resulting germplasm in the short 
and medium term. However, [22] noted that seed 

quality is determined by the genetic superiority of 
the trees within the orchard, the degree of 
relatedness among them, and a                        
balanced representation of branches from all 
clones. 

 

 
 
Fig. 1. Clones of Cedrela odorata L. with fruits at an early age. A, B and C.- Intraspecific grafts 
of C. odorata using the lateral veneer technique; D, E.- Clones with flowers and fruits at two 

years of age; F.- Clones with fruits at seven years of age 
 

 
 

Fig. 2. Group of superior red cedar clones that agree with the greatest growth in height, clean 
trunk, normal diameter and crown diameter 
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Fig. 3. Grouping of 70 clones of Cedrela odorata L. according to the dasometric variables 
evaluated in the San Cristóbal ejido, Quintana Roo, Mexico 

 
Analysis of variance: The analysis of variance 
(ANOVA) revealed statistically significant 
differences between clones and at the block 
level. Specifically, the variable "crown diameter" 
showed significant differences (p ≤ 0.05; F = 
1.39). Based on these results, a multiple range 
test was conducted using Tukey's test at a 5% 
probability level (p ≤ 0.05). The results of this test 
enabled the selection of clones that 
demonstrated superiority in the four variables of 
interest: total height (TH), clean stem height 
(CSH), normal diameter (ND), and crown 
diameter (CD) (Fig. 2). 
 
According to the results, 16 clones were 
identified as superior and are recommended as 
candidates to remain in the genetic improvement 
process (Fig. 2). [23] emphasizes that the 
success of genetic improvement programs 
hinges on the quality of the selected trees and 
the genetic gains achieved. Additionally, it is 
crucial to avoid genetic impoverishment, as this 
is vital for the adaptation and evolutionary 
changes of the species [24]. Therefore, 
alongside maximizing the response to selection, 
it is essential to conserve a broad genetic 
diversity. 
 
Cluster analysis: The results of the cluster 
analysis were consistent with those obtained 
from the multiple range test. The dendrogram 

presented in Fig. 3 illustrates the grouping of 
clones that share similar characteristics. Notably, 
those highlighted in red represent the clones that 
demonstrated statistical significance according to 
the multiple range test and exhibit similar 
groupings (Fig. 3). 
 
On the other hand, clones positioned in the lower 
rankings for the four variables of interest were 
identified. Fig. 4 illustrates the group of clones 
that, according to the analysis results, exhibited 
inferior characteristics, corresponding to reduced 
growth in height, clean stem, normal diameter, 
and crown diameter [25] advocates for early 
selection as a practical strategy aimed at 
shortening the cycles of the genetic improvement 
process. However, such decisions should be 
grounded in prior knowledge of the clones' 
performance under specific edaphoclimatic 
conditions [26]. 
 
Differences in clone growth can be attributed to 
both genetic and environmental factors. Some 
authors as [27] conclude that site conditions 
enable selected clones to fully express their 
genetic potential. This expression                       
positions them as candidates for sexual crossing 
[28] with other clones that have also been 
selected for their superior characteristics, aiming 
to strengthen the genetic foundation of the clonal 
set [29]. 
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Fig. 4. Group of inferior Cedrela odorata L. clones that agree with the lowest growth in height, 
clean stem height, normal diameter and crown diameter. 

 

 
 

Fig. 5. Group of clones of Cedrela odorata L. with intermediate characteristics in height 
growth, clean stem, normal diameter and crown diameter 

 
Regarding the intermediate positions (Fig. 5), a 
certain level of stability was observed among the 
clones and ramets for the four evaluated 
variables, with no abrupt changes noted [25] 
reported a similar pattern of consistency over 
time in the performance of Gmelina arborea 
clones, aligning with the findings of the present 
study. Additionally, some clones exhibited 
notable performance in certain variables while 
underperforming in others. This heterogeneous 
behavior suggests that these clones should 
remain in the genetic improvement process, 

allowing for continued studies on the evolution of 
different growth variables over time. The goal is 
to recover the strong performance of specific 
ramets in certain variables in subsequent 
generations. 
 

4. CONCLUSION 
 
Clones 53-CoSFcoChan07, 2-CoGua344, 15-
CoB191, 19-CoKal126, 22-CoKal142, 41-
CoTux558, 35-CoTez642, 56-CoTez539, 45-
CoTez549, 49-CoTez540, 50-CoTez540, 59-



 
 
 
 

Uicab et al.; Plant Cell Biotech. Mol. Biol., vol. 25, no. 11-12, pp. 176-184, 2024; Article no.PCBMB.12500 
 
 

 
182 

 

CoTux555, 62-CoCar5, 30-CoBac02, 48-
CoTez544, and 10-CoKal16 were identified as 
superior and are recommended for continuation 
in the genetic improvement process.  
 
Clones 11-CoKal110, 12-CoKal125, 17-
CoZM160, 21-CoKal125, 23-CoKal125, 28-
CoKal16, 37-CoTez554, 38-CoTez541, 39-
CoGol581, 60-CoTux122, 63-CoBac08, 67-
CoLib12, and 69-CoNov14 were identified as 
inferior and are recommended for discarding 
from genetic improvement efforts. If necessary, 
they should be conserved in germplasm banks 
for future studies. 
 
The clones identified in the intermediate 
positions of the hierarchy are recommended for 
maintenance as candidates to remain in the 
genetic improvement process, along with 
continued studies on the evolution of various 
growth variables over time. 
 
In general, it is recommended to implement 
genetic thinning in the field to purify inferior 
clones and remove branches exhibiting physical 
damage or pest infestation, primarily as a 
sanitary measure to enhance orchard quality. 
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