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Rubber (Hevea brasiliensis) is a specie of late yield performance. This makes breeding programs 
long-term and the decisions taken are based in the base population genetic parameters. The aim of 
this research was to determinate a genetic potential of a rubber segregating population through the 
use of repeatability as a parameter, in order to make decisions to start a breeding program, with the 
purpose of increasing the total solids. In addition, to describe the target population and to explore the 
relation between total solids yield and climate variables. This research was carried out in a segregating 
population with 3395 trees in 12,000 m2 divided into nine plots located in the research center El Nus 
of Corpoica. Ten evaluations of total solids were recorded in the period between October 2014 and 
September 2016. The repeatability of total solids was determined from estimation of individual and 
temporal environments variance using the Bayesian approach. Descriptive statistics for the total solid 
mean were used per plot and the correlation between total solids and climate variables were obtained. 
The repeatability estimate value was among 0.64 and 0.66. The plots had a total solids variation 
coefficient among 64.76 and 86.51%. Total solids and cumulate photosynthetic active radiation had a 
direct correlation (0.25) for 15 and 30 days prior period, while mean relative humidity had an inverse 
correlation of -0.44 and -0.42 with total solid in the same periods. There is a good probability that for 
this population the total solid can be inherited in a high proportion.
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El caucho (Hevea brasiliensis) es una especie de tardío rendimiento. Esto hace que los programas 
de mejoramiento sean a largo plazo y que los parámetros genéticos de la población base sean 
importantes para tomar decisiones. El objetivo de esta investigación fue determinar el potencial 
genético de una población segregante de caucho, mediante la repetibilidad como parámetro para 
tomar decisiones e iniciar un programa de mejoramiento, que busca el incremento de sólidos totales; 
además, describir la población de estudio y explorar la relación de la producción de sólidos totales 
con el clima. Esta investigación fue realizada en una plantación franca de caucho con 3395 árboles 
en 12.000 m2 y dividida en nueve sublotes, la cual está localizada en el centro de investigación El Nus 
de Corpoica. Fueron realizadas 10 evaluaciones de sólidos totales en el periodo entre octubre 2014 
y septiembre 2016. La repetibilidad de los sólidos totales fue determinada a partir de la estimación 
de las varianzas de ambiente temporal y permanente usando un enfoque bayesiano. Se usó 
estadística descriptiva para la media de sólidos totales por sublote y fue explorada su relación con las 
variables climáticas. La repetibilidad estimada estuvo entre 0,64 y 0,66. Los sublotes presentaron un 
coeficiente de variación entre 64,76 y 86,51%. Sólidos totales tuvo una correlación con la radiación 
fotosintéticamente activa de 0,25 para los periodos anteriores a los 15 y 30 días, mientras que tuvo 
una correlación de – 0,44 y -0,46 para los mismos periodos. Hay una buena probabilidad de que 
sólidos totales tenga una alta heredabilidad.
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Natural rubber (Hevea brasiliensis (Will. ex A. Juss.) 
Müll. Arg.) is a species of late yield. Production starts 
between 5 to 7 years after planting (Rodrigo, 2007) and 
reaches its stability yield between 10 and 12 years. 
This means that the breeding programs are a long 
term and the decisions taken prior to the beginning of 
the programs must be based on reliable information. 
Then, it is necessary to know the characteristics of 
the breeding base population and the environmental 
interaction with the target area for production. This 
population description should give us a global idea of 
the framework in which their individuals perform, which 
is fundamental to define and delimit their performances, 
even before the identification of superior individuals in 
the population.

For genetic improvement in plants, it is important 
to estimate attributes of a base population such as 
its effective size, level of variability (Falconer and 
Mackay, 1996), the phenotypic values of the majority 
of individuals and the proportion of better and worst 
individuals according to the objectives of improvement. 
In the case of yield as the main objective, it is valuable 
to have both individuals and population records of this 
variable. 

One of the main genetic parameters to estimate the 
genetic gain of a character is the heritability (h2). Its 
estimation depends if the breeding population has 
knowledge of both parentals and offspring, whereby to 
estimate this parameter in the first stages of breeding 
programs of rubber is not possible. Repeatability or 
intra-class correlation coefficient (r) is the maximum 
value that the heritability can reach and it is valuable 
parameter to approach to broad-sense heritability (h2) 
(Falconer and Mackay, 1996; Cruz et al., 2004; Cruz 
and Regazzi, 2001); hereby r is considered an important 
tool to know the potential of a character to inherit. The 
interesting aspect about this genetic parameter is that the 
equation, which determines it                            resembles that 
of broad-sense heritability equation               , therefore, it 
is possible to say that if coefficient is high, the heritability 
in the broad sense is likely to be high too. However, it 
will not be possible to obtain the h2 value from r, because 
the genetic variance of the last parameter will always be 
linked to the variance of the permanent environmental. 
In the absence of offspring or ancestry, r is the best 

information that can be counted (Falconer and Mackay, 
1996).

Repeatability is a parameter that allows predicting in a 
practical way the performance of a population trait in the 
future, that is, to know if the genotypes of a population 
are constantly good in the time (Cruz et al., 2004), 
as long as there are multiple measurements of each 
individual in time if r is high, it means that the genes that 
participate in the character of interest (for example total 
solids), will also do in the future (Falconer and Mackay, 
1996). This parameter has been used for this purpose in 
many permanent crops breeding programs like Coffea 
arabica L. (Mistro et al., 2008), Theobroma cacao L. 
(Oliva et al., 2014; Dias dos Santos and Kageyama, 
1998), Bactris gasipaes Kunth. (Padilha et al., 2001) 
and some forestry species, because of the low costs 
and the valuable information that it gives for making 
decisions. In H. brasiliensis repeatability of yield has 
been considered as a useful parameter to approach to 
the genetic value of the rubber plantation (Verardi et al., 
2012; Peres et al., 2014). In this study Total Solids (TS 
– it means dry rubber plus other molecules, like proteins 
and ashes) was used like yield variable, this character is 
of a polygenic nature (Priyadarshan, 2011). 

The aim of this research was to determine a genetic 
potential base population through the use of repeatability 
of total solids (TS) as a population parameter in a 
Colombian segregating population, in order to make 
decisions for start a breeding program, with the purpose 
of increasing the yield; in addition, to describe the target 
population and to explore the relation between total solid 
yield and some climate variables.

MATERIALS AND METHODS
Location 
The experimental plantation was a segregating population 
of natural rubber trees (H. brasiliensis) located at El 
Nus Agricultural Research Center of Corpoica with flat 
coordinates 716,523.239 North and 518,820.343 East, 
an altitude of 842.8 m, which is in Tropical humid forest 
(Holdridge, 1947), with the following climatic characteristics 
during the evaluation period (September 2014 to September 
2016): average temperature of 24.12 °C, average relative 
humidity of 86.16%, accumulated precipitation of 3674 
mm and an average cumulative radiation of 159,856 

2 2 2( ) / )g PE Pσ σ σ
2 2( / )g Pσ σ
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watts m-2. This plantation is 17 years old and has 3395 
individual, each of which was georeferenced with a 
Trimble® GeoXT sub-metric GPS. Its seeds came from 
the Colombian Paraguaicito Experimental Station of the 
Center for Research in Coffee, where, there are a polyclonal 
plantation with South American clones FX3864, IAN710 
and IAN873 and Asian clones RRIM703, RRIC110, PR228, 
RRIC102, SMR20, SGR20 (Lopez, 1998).

Latex measurement and determination of total solids
During the period from September 2014 to September 
2016, ten latex evaluation were made to all individuals in 
the plantation (3395 trees), by harvesting latex. In order 
to determine the total solids (TS) (rubber molecules with 
proteins and ash included), a sample of latex with unknown 
volume was taken. These containers were labeled with 
the consecutive of tree identification and then these were 
carried lab and were storaged in aluminum containers (with 
the previously measured weight in an Ohaus® analytical 
balance – fresh weight), them the samples were dried in a 
Mermmet® oven at a temperature of 60 °C for 24 hours, 
that was the time in which samples reach a constant weight; 
then the dry weight was registered was the time in Equation 
1 was applied to determine total solids content (TSC).

Where,  (DW)ij   was the dry weight of tree “i” of 
evaluation “j”, (TW)ij  indicates the tare weight of tree 
“i” of evaluation “j” and  (FW)ij  was the fresh weight in 
the same tree and evaluation.

From this, the amount of TS was determined by Equation 
2.

where for (1) and (2),
i = { 1,3, ... ,3395}
j = { 1,2, ... ,10}

(L)ij indicates the amount of latex to the tree “i” of the 
evaluation “j”, while  TCSij corresponds to the proportion 
of total solids of tree “i” of evaluation “j”. These 
records were consolidated in a database with both the 
identification and coordinates.

(1)
( )   ( )  

( )
( ) ( )

ij ij
ij

ij ij

DW TW
TCS

FW TW

−
=

−

(2)

To study the total solids (TS) variable a random model 
was used (Equation 3): 

                           yij = μ + τ + eij                                     (3)

i = {1,2, ... , 3395}
j = {1,2, ... ,10}

Where Yij is the phenotypic expression of total solids (TS), 
µ is overall mean, τi  is the random effect of genotype 
“i” (genetic effect linked to permanent environmental 
effect), and eij is the random error of genotype “i” in 
the evaluation “j” (temporal environmental effect). To 
estimate the parameters of tree variance among evalu 
ations        , and temporal environmental variance      ,    
the bayesian approach was used by Markov chains in 
Monte Carlo simulation (MCMC). Thus, a chain with 
1.005x106 were generated, and one of each ten samples 
was taken to estimate the parameters. The burn-in period 
was of 5x103 samples, obtaining an effective length 
chain of 1x105. The MCMCglmm package (Hadfield, 
2016) in R environment was used. Median and mean 
of each parameter from the join posterior distribution 
was obtained as Bayes estimate. Repeatability was 
estimated use (Equation 4).
					   

where, r  is the repeatability of total solids,          is genetic 
variance linked to  permanent  environmental variance                          
                   and           is the temporal environmental 
variance           (Cruz et al., 2004).

Description of study population
Descriptive statistic per plot, considering the total solids 
(TS) variable. The statistics obtain were: a number of 
plants, the minimum value, quartile one (Q1), median, 
quartile two (Q2), the maximum value (Max), mean, 
standard deviation (SD), the coefficient of variation 
(CV). This information was represented in a boxplot.

Relationship between total solids and climate 
variables
For the correlation analysis two periods of time were 
defined. Thus 15 and 30 days before of each evaluation 
were considered to summarize the climatic variable as 
follows: a) average between each period of temperature 
(Tm in °C), relative humidity (RHm in %) and b) 

2( )eσ

2( )τσ
2( )eσ
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Estimated parameters 
Bayes estimate           HPD 95%

Mean Median Lower Higher

Individuals variance 1743.35 1742.72 1655.83 1830.21

Temporary environment 928.55 928.50 913.81 943.18

Intraclass correlation    0.65 0.65 0.64 0.66

2( )τσ
2( )eσ

( )r

cumulate values between each period of rainfall (RNFc 
in mm), photosynthetic active radiation (PARc in µmoles 
[photons] m-2s-1) and degree days (DDc). For DDc can 
be used the Equation 5.

where, Ymax and Ymin are the maximum and minimum 
temperature in the interval of time        and h  is the number 
of evaluation realized in a day. The base temperature (Ii) 
was 19 °C (Filho et al., 1997). The correlation between 

min)( 1
2

max
i

Y Y
DDc I

h

+  = −  
  

1,
h

TS and climate variables was estimated using a 
Pearson correlation method (Neyman and Pearson, 
1928) and the confidence intervals to the 95% were 
found. 

RESULTS AND DISCUSSION
Repeatability estimation
This research found a repeatability values between 0.64 
and 0.66 for the population (Table 1). This information is 
useful to know in the first instance, whether a population 
is of interest or not, to rubber breeding program 
according to the character to be improved. 

Table 1. Intraclass correlation coefficient and variance components for total solids yield in a segregating plantation of H. brasiliensis in CI El 
Nus of Corpoica.

Besides, total solids yield should be considered a 
character with low heritability because is a quantitative 
character controlled by polygenes, since, several 
physiological processes are involved in it (sucrose 
partition, uptake of sucrose by lacticifers cells, ethylene 
metabolism regulation), and influenced by enviroment 
(Priyadarshan, 2011). The target population presented 
a high repeatability which makes likely a high heritability 
for this character. The first development clones (with high 
yields) were empirically crossed, under the assumption 
that the best clones in production were also good 
parents and with these were reached a breakthrough 
in breeding programs (Priyadarshan et al., 2009; Saha 
and Priyadarshan, 2012). Simmonds (1979) and Tan 
(1977) reported that the vigor and yield variables are 
highly additive. For example, Furlani et al. (2005) found 
that the girth trait and plant height had high values of 
heritability (0.48 and 0.51) and Costa et al. (2000) have 
found heritability values for bark thickness between 
0.30 and 0.51, girth between 0.32 and 0.36 and rubber 
production between 0.11 to 0.61 in different Brazilian 
rubber populations. 

A few authors have found high repeatability values for 
the mean of total solids in rubber populations. Peres 
et al. (2014), found a mean value of      of 0.31 and 
Verardi et al. (2012) estimated a mean value of 0.41 
for total solids, and for this studies these authors found 
high repeatability values, 0.84 (Peres et al., 2014) and 
0.64 (Verardi et al., 2012). This information is useful 
for breeding programs that do not the necessary 
antiqueness to estimate h2 as the main parameter. It is 
the case of Aguiar et al. (2006) who found for the South 
American clones of the IAC300 series  values for total 
solids variable between 0.39 and 0.52; these values 
are consider high according to the authors. It is also the 
situation for the present investigation, in which similar  
values for total solids were found with respect to those 
reported in the literature (among 0.64 and 0.66).

Finally, it is worth mentioning that although the genetic 
parameters depend on each population, the  values 
were high and comparable with those reported in the 
literature.  This means that it is likely that the total solids 
character in the study population could be inherited to the 

2h

(5)
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next generation with a high proportion. That is, individuals 
who are identified as superior should be a good parents.

Description of study population
The total solids (TS) variable had an asymmetric distribution 
with a right tail (Figure 1). The minimum value was 2.16 
g, while the maximum value was 464.9 g. The majority of 

the population was near to a value of 47.17 g. Asymmetric 
distribution was reported by Priyadarshan (2011) for the 
latex yield in a polyclonal plantation. The Fedecafe’s rubber 
polyclonal plantation, which is the parental population 
shows a yield average for South American clones of 3.13 
kg year-1 per tree and 5.00 kg year-1 per tree for Asian 
clones (Lopez, 1998) and the target population got a 

Min.	     2.155
Q1	   27.240
Q2	   47.170
Med. 	   57.840
Q3	   76.680
Max.	 464.900
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Figure 1. Histogram of total solids variable in a segregating plantation of H. brasiliensis from Corpoica CI El Nus. 

mean value of 5.78 kg year-1 per tree. Thus, our results 
are higher than the parent population, can be explain 
by a phenomenon of heterosis and/or by a likely better 
environment in the target population. 

The boxplot representation (Figure 2), describes the 
variation of total solids per plot. The median and the 
first quartile of all plots were similar, however, the third 
quartile and the maximum value were different per plot. 

Figure 2. Total solids boxplot by allotment in a segregating plantation of H. brasiliensis from Corpoica CI El Nus.
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The plot with the greatest number of individual with high 
performance were 2a, 1c, 3a and 3c. The greatest yield 
tree was found in the allotment 2a. In this place, there 
was also the greatest variation of total solids because of 
the atypical point found (464.9 g). In the plots were found 
many individuals with poor yield and few of these with 
high performance. This fact caused that the coefficient of 
variation (CV) of total solids has been high, in this case 
between 64.76 and 86.51%. This means that there was 
phenotypic variability for total solids.

Relation between total solids and climatic variables
Total solids and climatic variables correlation in the 
periods prior to each evaluation of 15 and 30 days had 
a similar behavior. Total solids and Tm, RNFc, RHm, DDc 
correlation were low and not significant. However, total 
solids had a significant and direct association with the 
variable PARc and, a significant and inverse correlation 
with RHm for this population (Figures 3 and 4). The PAR 
to activate the photosynthetic process is closely linked 
to the sucrose production (Lambers et al., 2008) which 

Figure 3. Total solids and relative humidity Pearson correlation in a segregating plantation of H. brasiliensis from Corpoica CI El Nus; A. 
Period of 15 days prior to each evaluation; B. Period of 30 days prior to each evaluation.

Figure 4. Total solids and relative humidity Pearson correlation in a segregating plantation of H. brasiliensis from Corpoica CI El Nus. A. 
Period of 15 days prior to each evaluation; B. Period of 30 days prior to each evaluation.
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is a precursor to the rubber molecule (Venkatachalam 
et al., 2007). Besides, the total solids and RH relation 
should be explained because there are a partial closure 
of stomata, which reduce the entry of CO2, when the 
water saturation in the environmental is high (Lambers 
et al., 2008). If the CO2 fixation is affected the sucrose 
production decrease and finally the rubber production 
(Venkatachalam et al., 2007; Dusotoit-Coucaud et al., 
2009). The vapor pressure is directly associated with the 
lactiferous vessels that control the latex flow (Jacob et 
al., 1988). Priyadarshan (2003) found that other climatic 
factors such as wind speed, minimum temperatures, 
and evaporation had an inverse relationship with the 
total solids production, which are related to the vapor 
pressure deficit in Asian clones.

In addition high relative humidity increase in the 
incidence and severity of South American Leaf Blight 
(SALB). Long periods of relative humidity enhance the 
development of the disease as mentioned by Guyot et al. 
(2010). This causes severe and consecutive defoliation, 
which entail a reduction in the latex production and 
eventually the death of the trees (Furtado et al., 2008; 
Guyot et al., 2010; Jaimes and Rojas, 2011; Rivano 
et al., 2012).

Both, the vapor pressure deficit and the increase in the 
incidence and severity of SALB increased with the high 
relative humidities which were always higher than 78% 
and reached mean values of 92%, in the present study. 
These effects could be complementary for the decrease 
in the total solids yield. Thus, the climatie variables PARc 
and RHm affect total solids yield over time. This means 
that there is an effect of temporal variation environment 
that contributes to the dynamics of the rubber production 
in the target population.

CONCLUSIONS 
The estimate values to  for the study population are 
promising. There is a probability that for this population the 
total solid character can be inherited in a high proportion 
of a next generation. 

A low proportion of individuals of segregating H. 
brasiliensis plantation had the high total solid yield. On 
the other hand, there is a high variability of total solids 
variable for the population evaluated.

PAR and RH had a direct and inverse relationship with 
the total solids yield respectively. This means that there 
is a temporary environment effect on the yield of trees 
in the study plantation.
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