Selection gains and genetic parameter estimates in rubber tree progeny
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Abstract
The objective of the present study was to assess 22 rubber tree progenies in three regions representative of São Paulo state rubber cropping for rubber yield and annual girth gain by maximizing the genetic gain in the multi-effects index (MEI) to reduce the selection cycle of the species.  The experiments were set up in a randomized block design with 22 progenies, six replications and 10 plants per plot.  The progeny were assessed for rubber yield (RY) and annual girth gain (AGG) during three years.  Selection by progenies means gave greater genetic gain than selection based on the individual because the progeny mean heredities were greater than the individual heredity for the two variables in all the years of assessment.  With the selection of 10% of the best progenies for RY, the selection gain was 1.28 g/pl.  The genetic gains for AGG were high in the first year of assessment and these could be selected at the beginning of the breeding program. The effective size of the population was in line with the number of progenies selected (3), showing that the progenies selected in all the years for the two variables were not related, thus ensuring the genetic variability of the population.  The use of the MEI method is recommended for early selection in rubber tree progenies because of the high genetic gain values that it provides.  
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Introduction
The main objective of rubber tree breeding programs in Brazil is to unite high yielding and high vigor variables in a single individual.  But the breeding cycle of this species is very long and it can take 30 years until the final recommendation.  Thus it is very important to research to reduce this time, carrying out studies on young plants using early yield and plant vigor tests.

Knowledge of the genetic variability in a population is the basis for breeding and so it is fundamental to estimate the genetic parameters that describe the levels of among progeny genetic variation, the magnitude of the genetic control of the traits and the gains expected with selection (Sebbenn et al., 1994; Freitas et al., 2006).  Several authors in various parts of the world such as Indonesia, India, Malaysia and Brazil have been carrying out studies to maximize rubber tree genetic gains (Costa et al., 2008) because breeding programs can be accelerated with the use of adequate selection.

According to Resende & Fernandes (1999) the Multi-effect Index (MEI) method is an excellent selection procedure equivalent to the BLUP procedure (Best Linear Unbiased Prediction estimated by using the variances of the random effects of the mixed linear model) for the case where the data are unbalanced or survival is greater than 85%.  The multi-effects index is based on multiplication of the phenotypic values are for an individual, plot mean, family mean, block mean and general mean of the experiment by the weighting coefficients of the indexes (heritability).  The weighting coefficients for the heritability are calculated to maximize the correlation between the (heritability) indexes and genetic values.  This maximization occurs from the regression of the genetic value over the phenotype values that leads to a matrix system (Resende & Higa, 1994a). Resende & Higa (1994b) further stated that selection based on the multi-effects index maximizes the genetic progress of a trait, regardless of the experimental structure.
The objective of the present study was to assess 22 rubber tree progenies in three regions representative of São Paulo state rubber cropping for rubber yield and annual girth gain by maximizing the genetic gains based on the multi-effects index, to reduce the selection cycle of the species.

Material and Methods
The study was carried out using a population of crossed pollinated rubber tree progenies, set up in Regional Poles of the Paulista Agribusiness Agency (Agência Paulista de Agronegócios (APTA)) that represented different rubber cropping regions in the state of São Paulo (Table 1).

Cross pollinated progenies were used obtained from parents cloned from Southeast Asia germoplasm introduced in the Experimental Center at the Agronomic Institute (Pindorama, Votuporanga and Jaú) in 1952.

The experiments were set up in three locations Pindorama, Votuporanga and Jaú in a randomized block design with 22 treatments (cross-pollinated progeny), six replications and 10 plants per plot in single row 2 x 2 m spacing.

The following traits were measured in the progeny trials in the three locations:
a)Rubber yield (RY): obtained by the Hamaker Morris-Mann (HMM) test modified for three-year-old plants.  The mean dry rubber yield was used of three cuts per plant.  The panels were opened 15 cm above ground level, using the 1/2 S d/3 system in a total of 35 cuts, discarding the first five tapping samples that corresponded to the panel “running in” phase.  The 1/2 S nomenclature corresponds to the half spiral cut and the 1/2 S d/3 nomenclature expresses the interval between tappings, that is, one tapping every three days;

b)Trunk girth (TG): determined 50 cm above ground level using a graded measuring tape and the measurement was expressed in centimeters
Analysis of individual variance
The variables were analyzed according to the mathematical model that considers all the random effects, expressed by 
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The variance estimates were obtained from the plot means in each location, following recommendations by Steel & Torrie (1980), analyzed by the genetic statistical program Selegen.

The within plot variances (
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) were calculated using individual plant data and averaging the individual plant square means.

Estimates of genetic and phenotype parameters

The genetic and phenotypic parameters were estimated using the genetic statistical software Selegen – Reml/Blup (Model 93), developed by Resende (2002, 2007) for perennial plant breeding applied to the half-sib progeny tests, randomized block design, several plants per plot, in various locations and a single population.  When expressed in matrix terms the statistical model is given by:

Xb + Za + Wc + e, where,

b is the vector of the fixed block effects, a is the vector of the random genotypic effect of matrices, c o vector of the random environmental effects common to the plots, and e is the vector of random errors.
The parameters estimated were: 
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  (individual heredity in the narrow sense);
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Selection by the multi-effects index method
The multi-effects index (MEI) was used to estimate the selection gains (Resende, 2002), by the following expression:
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The effective population (
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Results and Discussion
Table 2 shows the mean squares for the variables trunk girth gain and rubber yield.  The effects of the mean squares were significant for trunk girth gain in the first year of assessment in the three locations, indicating that the progeny differed for this variable, suggesting that selection can be started at the beinning of the program.  There were significant square means effects for rubber yield in all the tests and locations.  The significant effect for the two variables showed that there was genetic variability among the progenies suggesting that there were favorable conditions for selection.  These data were confirmed by Gonçalves et al. (1990; 1998; 2004a; 2009) and Costa et al. (2000b; 2006).

Table 3 shows the estimates of genetic parameters for annual girth gain and rubber yield in the three years of assessment.  The heredity values ranged from low to high for the two variables in all the years and the progeny mean heredity (
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), thus selection based on the progeny mean would give greater genetic gains than that based only the individual. Gonçalves et al. (2005) in studies carried out in the same locations as the present study in three-year-old progenies reported greater 
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 close to those observed in the present study.  The authors stated that high heredity estimates together with a great rubber tree within population variation makes productive and vigorous progeny selection more efficient.  Further according to Paiva et al. (2002) selection based on progeny tests is always more efficient than that made based only on the phenotype of the individual plants, because the assessment includes not only individuals to be selected but also their descendants.

The selective accuracy(
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) values were greater than 80% and these values were within the standard indicated by Resende (2007) for the first and intermediate steps of a breeding program.  High accuracy values are advantageous because they give high genetic gain values and efficiency in selecting progenies for inclusion in future breeding programs.
Both the coefficient of genetic variation (CVg%) and the expermeintal coefficient of variation (CVe%) were low but they were within the expected for the rubber tree crop.  Higher values than these observed in the present study were reported by Costa et al (2000a; 2002) and Gonçalves et al. (2004b). The relative variation index (CVr) presented very high values, reaching values greater than one in some cases, indicating genetic variability for the two variables in all the years and locations.  These values indicated a favorable situation for selection, because it provides high heredity values that would result in greater genetic gains.

Table 4 shows the genetic gains, selected mean and the effective population size for rubber yield.  Selecting 10% of the best progenies led to high selection gains by the MEI method for rubber yield in the three locations in three early tests.  Jaú presented the greatest genetic gain in the third year (G= 59.52%) but it presented the smallest gains among the three locations.  Pindorama and Votuporanga presented gains greater than 100% in the three yield assessment tests.  Gonçalves et al. (2005) observed 100% genetic gains for rubber yield in progeny studies carried out in Pindorama and concluded further that with the results observed it was possible to develop breeding programs with the selected progenies.

The genetic gains are based on the general mean of each year and the improved mean was greater than the general mean in all the locations in all the tests, thus with selection of the three best progenies there would be a yield increase of up to 1.28 g/pl.  Because of to the increase in the genetic gains over the tests, selection is recommended only at the end of the third test, so that the breeding programs are more efficient.

The genetic gains, selected mean and the effective population size for trunk girth gain are shown Table 5.  The trunk girth gain presented high values in all the assessment years in the three locations.  Due to the high genetic gain values in the first year of assessment the most vigorous progeny could be selected at the start of the rubber tree breeding program that would ensure genetic gain in the next cycles and reduce the cycle because the rubber tree breeding cycle is very long and it can take 25 to thirty years to reach the final recommendation.  The fact that the values of the bred mean were greater than the general mean in all the assessment years and locations makes early selection more reliable.  The values reported in the present study were compatible with other studies such as those by Gonçalves et al. (2004b) and Costa et al. (2000b).  


A more effective selection of the best progenies per location would take into consideration not only yield but also the performance of the other variables studied that contributed to the yield increase, especially trunk girth gain, that is related to plant vigor.
  The effective population size was in line with the number of progenies selected (3), indicating that the progenies selected in all the years for the two variables were not related, thus ensuring the genetic variability of the population.  The endogamy coefficient was high F= [1/(2Ne)*100]= 17%, but this value can be reduced by increasing the number of individuals selected.  Arantes et al. (2010) reported endogamy coefficient values (F= 2.88%) well below those observed in the present study with selection on the 20 best rubber tree progenies for rubber yield.
Conclusions
1. The genetic variability among the progenies for the two variables studied, a fact confirmed by the significant mean squares, high heredities and high endogamy value observed in the population, that showed favorable conditions for selection;
2. Selection is more inefficient when based on the progeny mean than when based only on the individual;
3. Early selection can be made on rubber tree progenies using the multi-effects index due to the high genetic gains observed, that will reduce the breeding cycle of the species.
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Table 1.  Geographic characteristics of the expermeintal locations for the progeny studies in São Paulo state.
	Observations
	Localities

	
	Jaú
	Pindorama
	Votuporanga

	Spacing (m)
	1.5 x 1.5
	1.5 x 1.5
	1.5 x 1.5

	Planting density
	1 row x 10 plants

10 plants / parcel
	1 row x 10 plants

10 plants / parcel
	1 row x 10 plants

10 plants / parcel

	Experimental design
	DBC1
	DBC1
	DBC1

	Number of replicates
	6
	6
	6

	Altitude (m)
	580
	560
	450

	Latitude (S)
	22°17’
	21°13’
	20°25’

	Longitude (W)
	48°34’
	48°56’
	49°59’

	Temperature (annual average)
	21.6°
	21°
	22.3°

	Annual average precipitation (mm)
	1,344
	1,390
	1,480

	Soil Type²
	Ferralsol
	Acrisol
	Lixisol

	Landform
	Flat
	Flat
	Flat


Table 2.  Mean squares referring to the individual analysis for the variables girth growth (GG) in cm pl-1, dry rubber yield (RY) in grams per cut pl-1 of 22 rubber tree progenies assessed in Pindorama-SP, Votuporanga-SP and Jaú-SP for three years.

	Sites
	Variable
	Years 
	Mean Square

	
	
	
	Progeny
	Residual
	Within

	Jaú
	GG
	I
	2,05**
	0,36
	0,98

	
	
	II
	0,87**
	0,39
	2,14

	
	
	III
	10,70**


	2,45
	15,27

	
	RY
	I
	0,02ns
	0,02
	0,12

	
	
	II
	0,12**
	0,06
	0,44

	
	
	III
	0,30**
	0,12
	0,92

	Pindorama
	GG
	I
	1,02**
	0,17
	0,71

	
	
	II
	1,94*
	1,04
	3,49

	
	
	III
	20,37**
	3,31
	25,82

	
	RY
	I
	0,36**
	0,04
	0,29

	
	
	II
	0,52**
	0,05
	0,39

	
	
	III
	0,58**
	0,09
	0,69

	Votuporanga
	GG
	I
	1,45**
	0,23
	0,87

	
	
	II
	1,88**
	0,46
	3,15

	
	
	III
	22,99**
	2,17
	20,22

	
	RY
	I
	0,08**
	0,01
	0,13

	
	
	II
	0,14**
	0,02
	0,24

	
	
	III
	0,26**
	0,06
	0,63


*P < 0.05; **P < 0.01.

Table 3.  Estimates of genetic parameters for the variables girth growth (cm) (GG) and rubber yield (g pl-1) (RY) of 22 rubber tree progenies assessed for three years in three locations in São Paulo state.
	Sites
	Variable
	Years
	Estimates
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	CVg %
	CVr
	CVe %

	Jaú


	GG
	I
	0,73 ± 0,15
	0,82
	0,86
	0,91
	12,13
	0,88
	13,82

	
	
	II
	0,13 ± 0,06
	0,55
	0,11
	0,74
	10,35
	0,45
	22,74

	
	
	III
	0,31 ± 0,09
	0,77
	0,27
	0,88
	10,50
	0,74
	14,05

	
	RY
	I
	0,01 ± 0,03
	0,08
	0,01
	0,28
	3,43
	0,12
	29,23

	
	
	II
	0,09 ± 0,08
	0,50
	0,07
	0,71
	10,34
	0,41
	24,95

	
	
	III
	0,12 ± 0,08
	0,58
	0,09
	0,76
	13,55
	0,48
	28,41

	Pindorama
	GG
	I
	0,60 ±0,12
	0,84
	0,60
	0,91
	8,91
	0,92
	9,67

	
	
	II
	0,14 ± 0,06
	0,47
	0,13
	0,68
	11,21
	0,38
	29,33

	
	
	III
	0,39 ± 0,10
	0,84
	0,33
	0,92
	12,16
	0,93
	13,13

	
	RY
	I
	0,59 ± 0,14
	0,88
	0,54
	0,94
	33,29
	1,13
	29,48

	
	
	II
	0,64 ± 0,14
	0,89
	0,59
	0,95
	32,78
	1,19
	27,41

	
	
	III
	0,40 ± 0,11
	0,83
	0,35
	0,91
	23,11
	0,91
	25,38

	Votuporanga
	GG
	I
	0,67 ± 0,14
	0,84
	0,70
	0,92
	11,24
	0,95
	11,85

	
	
	II
	0,27 ± 0,09
	0,76
	0,23
	0,87
	9,16
	0,72
	12,76

	
	
	III
	0,58 ± 0,13
	0,91
	0,51
	0,95
	11,00
	1,27
	8,69

	
	RY
	I
	0,34 ± 0,11
	0,84
	0,27
	0,91
	24,06
	0,93
	25,87

	
	
	II
	0,29 ± 0,10
	0,82
	0,24
	0,91
	23,60
	0,87
	27,11

	
	
	III
	0,19 ± 0,08
	0,75
	0,15
	0,87
	19,91
	0,71
	28,21
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: individual heredity in the narrow sense; 
[image: image54.wmf]2

ˆ

mp

h

: progeny mean heredity; 
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: within plot additive heredity; 
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ˆ

ˆ

: accuracy; CVg%: coefficient of genetic variation and CVr: index of relative variation = CVg%/CVe%; CVe%: coefficient of expermeintal variation.

Table 4.  Selection gains, new mean and effective population size (Ne) of the individuals selected by the multi-effects index method for rubber yield (g pl-1) of 22 progenies assessed for three years in Pindorama-SP, Votuporanga-SP and Jaú-SP.

	Years
	Progenie
	Gains
	New Mean
	Ne
	Mean

	Jaú

	I
	6
	0,03
	0,54
	1,00
	0,51

	
	49
	0,02
	0,53
	2,00
	

	
	22
	0,02
	0,53
	3,00
	

	II
	19
	0,33
	1,30
	1,00
	0,98

	
	15
	0,30
	1,28
	2,00
	

	
	19
	0,29
	1,27
	2,48
	

	III
	17
	0,84
	2,10
	1,00
	1,26

	
	19
	0,76
	2,04
	2,00
	

	
	19
	0,75
	2,01
	2,48
	

	Pindorama

	I
	20
	1,37
	2,06
	1,00
	0,69

	
	20
	1,35
	2,04
	1,60
	

	
	20
	1,30
	2,01
	2,00
	

	II
	4
	1,91
	2,76
	2,76
	0,85

	
	15
	1,77
	2,62
	2,61
	

	
	20
	1,71
	2,56
	2,56
	

	III
	19
	1,70
	2,93
	1,00
	1,23

	
	5
	1,62
	2,84
	2,00
	

	
	15
	1,54
	2,76
	3,00
	

	Votuporanga

	I
	18
	0,95
	1,40
	1,00
	0,45

	
	18
	0,85
	1,29
	1,60
	

	
	18
	0,78
	1,23
	2,00
	

	II
	17
	1,01
	1,59
	1,00
	0,58

	
	18
	0,95
	1,53
	2,00
	

	
	12
	0,90
	1,46
	3,00
	

	III
	3
	1,20
	2,11
	1,00
	0,90

	
	18
	1,19
	2,09
	2,00
	

	
	17
	1,13
	2,04
	3,00
	


Table 5.  Selection gain, new mean and effective populational size (Ne) of the individuals selected by the multi-effects index for the girth growth (cm) of 22 progenies assessed for three years in Pindorama-SP, Votuporanga-SP and Jaú-SP.

	Years
	Progenie
	Gains
	New Mean
	Ne
	Mean

	Jaú

	I
	13
	2,55
	6,92
	1,00
	4,37

	
	21
	2,55
	6,92
	2,00
	

	
	21
	2,54
	6,91
	2,48
	

	II
	1
	0,83
	3,57
	1,00
	2,75

	
	19
	0,83
	3,57
	2,00
	

	
	4
	0,81
	3,56
	3,00
	

	III
	14
	4,93
	16,09
	1,00
	11,16

	
	21
	4,74
	15,90
	2,00
	

	
	14
	4,62
	15,78
	2,48
	

	Pindorama

	I
	18
	3,77
	8,00
	1,00
	4,23

	
	12
	2,78
	7,01
	2,00
	

	
	12
	2,44
	6,67
	2,48
	

	II
	3
	4,18
	7,66
	1,00
	3,47

	
	9
	2,70
	6,17
	2,00
	

	
	9
	2,14
	5,61
	2,48
	

	III
	10
	6,53
	20,39
	1,00
	13,86

	
	5
	6,50
	20,36
	2,00
	

	
	1
	6,48
	20,34
	3,00
	

	Votuporanga

	I
	11
	3,15
	7,17
	1,00
	4,01

	
	17
	3,04
	7,05
	2,00
	

	
	1
	2,79
	6,81
	3,00
	

	II
	14
	1,89
	7,22
	1,00
	5,32

	
	3
	1,86
	7,18
	2,00
	

	
	21
	1,83
	7,15
	3,00
	

	III
	5
	9,52
	26,45
	1,00
	16,93

	
	5
	9,40
	26,33
	1,60
	

	
	18
	9,26
	26,19
	2,48
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