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Abstract With the objective to explore the 
possibility of optimising selection for reducing 
the number of years of yield recording that could 
be sufficient enough to establish the lowest risk 
tapping-age for selecting the potential clones 
from field-level clone trials, long-term yield data 
(13-16 years) from eight clone evaluation trials 
were subjected to formal graphical/statistical 
analytical techniques. Non-linear curves were 
fitted to yield data and the year of start of upper 
asymptotic phase was worked out. Correlations 
were worked out between mean yield of all the 
years' data and cumulative mean yield over 
3-10 years of tapping. Success rate achieved in 
the selection of high yielding clones from the 
third year of tapping was worked out. The mean

maximum 6y/dx  (first derivative of the curve) 
across all trials ranged from 3 to 7 years of 
tapping with mean maximum dy/djc at 4 years. 
Correlations observed from the sixth year of 
tapping were highly significant in most of the 
trials. Considering the results from all the three 
analytical techniques, it was concluded that six 
years of yield recording would be required for 
optimising selection of top yielding clones from 
large-scale clone trials. The possible use of these 
results is discussed in the framework of a global 
selection scheme with a view to shorten the 
breeding cycle of Hevea brasiliensis.
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Introduction

Hevea brasiliensis (Willd. ex. Adr. de. Juss.) 
Muell. Arg., is one of the important industrial 
tree crops grown mainly in the tropical climates 
between 12® latitude on either side of the 
equator. It is the major source of ‘natural 
rubber’, a product used in the manufacture of 
thousands of products of which the pneumatic 
tyre is the most popular. Rubber trees belong to 
the genus Hevea  under the family Euphorbia- 
ceae. Though ten species have been recognized 
in the genus, Hevea brasiliensis is the only
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species cultivated (Webster and Paardekooper 
1989). Like in other tree crops, in Hevea also, 
breeding, evaluation and release of clones is 
long, laborious and time consuming (Subraman- 
iam 1980; Tan 1987; Simmonds 1989). Each 
cycle of hand pollination programme involves 
several crosses to generate few hundred to 
several thousand new genotypes. The first stage 
evaluation of these genotypes is carried out in 
seedling nurseries that reduce the number of 
potential individuals to a manageable level. 
Further reduction in number takes place when 
the selected seedlings are cloned and evaluated 
in clonal nurseries. Both seedling and clonal 
nursery are planted at a higher density than the 
normal spacing of the plantations (500 trees per 
hectare). Even after two stages of screening at 
the nursery level, there will still be many 
genotypes involved, which have to be evaluated 
in field-level tests. In Hevea breeding, small- 
scale and large-scale field trials are very impor­
tant intermediary trialing stages and the total 
duration of both stages last for over 30 years. In 
these trials, selections from the nursery level 
tests are evaluated in normal commercial scale 
spacing to further reduce the number of selec­
tions to much smaller number which are worth 
passing forward to onfarm trials (Simmonds 
1989).

In the current practice at the Rubber 
Research Institute of India, the small-scale trials 
are planted in RCB design with 25-50 entries in 
plot sizes of 4-5 ramets in three replications. In 
large-scale trials 10-15 entries are tested in plot 
sizes of 16-25 ramets following RCB design with 
three replications. The clones included in these 
trials are normally evaluated for yield for over 
20 years (excluding immature period of about 
6-7 years) to decide on the selections that are 
carried to onfarm trials. Both the trialing stages 
span over 30 years of evaluation period. In 
order to bring out the pipeline clones to 
limelight, breeding cycle needs to be shortened 
for increasing the number of potential clones 
that can be carried forward to onfarm trials. 
Thus, it is of high importance to explore the 
possibilities of reducing the number of years of 
yield recording for optimising the selection of 
potential clones without compromising the safer

side of the decision. In Hevea even though a lot 
of literature is available on breeding and eval­
uation (Dijkman 1951; Polhamus 1962; Panikkar 
et ai. 1980; Tan 1987; Simmonds 1989; Varghese 
1992; Ong et al. 1994; Varghese and Mydin 
2000; Saraswathyamma 2002; Priyadarshan and 
Clement'Demange 2004) no attempt has been 
made to find out the minimum number of years 
of yield data required to select the high yielding 
clones that are to be carried forward to onfarm 
trials. The objective of this study is to present 
the age of yield stabilization and to discuss its 
implications for optimising selection and short­
ening breeding cycle in Hevea brasiliensis.

Materials and methods

Data sets

Data sets used in this study come from eight clone 
evaluation trials conducted by the Rubber 
Research Institute of India at different locations. 
The trials and their details are summarized in 
Table 1. Among the eight trials, seven were 
conducted in the state of Kerala under the 
traditional rubber growing zone (8-12®N) and 
one at Agartala in the North East India under the 
non-traditional zone (23°N). All the trials con­
ducted in the traditional rubber growing zone 
were tapped after about 8 years of immature 
growth while the trial at Agartala was tapped 
after 10 years of immature growth.

Graphical approach

Non-linear curves were fitted to yield data and the 
year of start of upper asymptotic phase was worked 
out. The non-linear equation fitted was the Mor- 
gan-Mercer-Flodin (MMF) model (Morgan et al. 
1975; Saber and Wild 1989) that takes the following 
form:

ab -I- cx^ 
b + x^

where a is the value of the lower asymptote, b is 
the scaling parameter, c is the value of the 
upper asymptote and d is a parameter that
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controls the location of the point of inflection. 
Before choosing this model, many models were 
fitted to the data and it was found that in 
general MMF model fitted most of the data 
well, was easy to fit, fit statistics were robust and 
provided a discernible upper asymptote in most 
of the curves. Curve fitting was carried out using 
the software CurveExpert (version 1.38, http:// 
curveexpert.webhop.biz). To exemplify under­
standing of the approach, graphs of fitted curves 
were drawn only for the top three clones of 
each trial. The first derivative of the fitted curve, 
dy/dx was worked out and the year of maximum 
6y/dx which is the time of highest increase in 
annual yield, was noted as the beginning of yield 
decrease and stabilization.

Correlation approach

Pearson’s bivariate correlations were worked out 
between mean yield of all the years of tapping 
and progressively moving cumulative mean yield 
at different years of tapping. The correlations 
were worked out separately for each trial.

Decision approach

In this approach, starting from the third year of 
tapping, clones were selected based on progres­
sively moving mean yield and the success rate 
for the selection of high yielding clones that 
would have been selected after 13-16 years of 
yield recording was worked out. Two methods of 
working out success rates namely, SRI and SR2 
were implemented. SRI was worked out by 
unequal weighting of selections on a scale of 1-3 
and the results were then converted to success 
rate. To differentiate the clone in weighting, 
ranks of the selections were reversed into their 
weightings. Thus the first, second and third 
ranked clones were assigned a weighting of 
three, two and one respectively. Other clones 
were weighted zero and hence did not contribute 
to success rate even if they were selected in a 
particular year. SR2 was worked out by equally 
weighting the top three clones with one and 
weighting the other clones with zero. Success 
rate was calculated as:



Success rate = Actual total score due to selections in a chosen year 
Maximum total score that is achievable X  100

Results

Graphs of fitted curves exhibited a discernible 
upper asymptotic phase in most of the clones 
(Fig. 1). The MMF model fitted the data well in 
majority of the cases. In general, high yielding 
clones gave better fils, while the low yielding 
clones showed dispersed scatter of yield points 
with poor fit parameters. Year of tapping at 
maximum dy/djc varied from 2 to 8 years

(Table 2). The mean maximum dydjc among the 
trials ranged from 2.5 to 7.0 years of tapping. 
Maximum dy/dx was observed at four years in the 
trials CT3, CT4, CT5, and CT6, at five in CT7, at 
six in CT2, al seven in CTTl and at eight in CTT8.

In the initial years of tapping, bivariate corre­
lations worked out between mean yield over all 
the years of tapping and the cumulative mean 
yield over three to 10 years of lapping varied 
among the trials (Table 3). The correlations

Fig. 1 Fitted curves of 
top three clones of trials 
C r i toCT8(a): CTl, (b): 
CT2, (c): C n ,  (d): CT4, 
(e): CT5, (f): CT6. (g); 
c n .  (h): CT8
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T a b le  2  Y e a r  o f  ta p p in g  a t m ax im u m  d y /d r  in d if fe re n t c lo n e s  o f  H eve a

Clone® T ria l  co d e

C T l C T 2 C T 3 C T 4 C T 5 C T 6 C T 7 0 1 8 ”

1 6 3 2 2 3 2 4 7
2 7 2 2 2 3 2 3 7
3 4 3 3 3 3 2 5 8
4 5 5 4 4 4 2 3 7
5 6 5 3 2 3 4 4 3
6 5 2 N A 4 3 5 5 8
7 7 2 3 2 3 3 3 8
8 5 2 2 2 4 2 4 7
9 6 6 3 2 3 2 2 8
10 3 3 3 2 3 5 3 7

M e a n 5.4 3.3 2.7 2.5 3.2 2.9 3.6 7.0

® In  e a c h  tr ia l c lo n e s  a re  d if fe re n t

N A : I t  w as n o t  p o ss ib le  to  w o rk  o u t  th e  dy/d.K v a lu es

^  T h re e  lo w es t y ie ld in g  c lo n e s  fro m  th is  tr ia l w ere  e x c lu d e d  fro m  an a ly s is

T a b le  3  S im p le  c o r re la tio n  co e ff ic ie n ts  b e tw e e n  m e a n y ie ld s o v e r  all th e  y e a rs  o f  ta p p in g  w ith  th e  c u m u la tiv e  m e a n  y ie ld
o v e r  3 -1 0  y ea rs

T ria lc o d e C o m p le te d  y e a r  o f  ta p p in g

3 4 5 6 7 8 9 10

C T l - o A r ^ -0 .0 8 “ -0.07"* 0.42"* 0.53"* 0.64* 0.78** 0.87**
C T 2 0.90** 0.92** 0.94** 0.96** 0.97** 0.98** 0.98** 0.98**
C T 3 -0.15"* 0.03"" 0 .22"’̂ 0 .5 9 " ' 0.64"* 0.77** 0.86** 0.92**
C T 4 0.65* 0.71* 0.77** 0.81** 0.86** 0.88** 0.92** 0.96**
C T 5 0.78** 0.91** 0.90** 0.95** 0.96** 0.98** 0.98** 0.99**
C T 6 0.83** 0.84** 0.82** 0.90** 0.93** 0.95** 0.96** 0.98**
C T 7 0.32 0.40** 0.67* 0.80** 0.87** 0.90** 0.95**
C T 8 0.86** 0.91** 0.92** 0.93** 0.95** 0.97** 0.98** 0.99**

* P  < 0 .05; <  0.01; n s  =  n o t  s ign ifican t

progressively increased with the advancing year 
of tapping. In trials CT2, CT5, CT6, and CT8, 
they were highly significant as soon as at year 3. A 
higher level of significance was achieved at year 5 
for trial CT4, at year 7 for trial CT7, at year 8 for 
trial CT3, and at year 9 for trial C Tl. Correlations 
observed in the early years of lapping did not 
show consistency across clone trials but they 
improved progressively from 6th year onwards 
culminating in highly significant values from 
8th year of tapping.

In the decision approach, success rate achieved 
by SRI method in selecting the three top clones 
by applying selection at different completed year 
of tapping (Table 4) was less than 70% at 3rd, 4th 
and 5th year of tapping. From sixth year of

tapping, a success rate of more than 87% was 
observed. The success rate achieved in SR2 
method was though similar to SRI, the values 
were slightly lower (Table 5). Individual proba­
bilities of selecting the top three clones were 
identical in both SRI and SR2. Probability of 
unselecting the top yielders in the 3rd, 4th and 
5th year of tapping was very high with 13-37.5%. 
From sixth year onwards probability of unselect­
ing the first ranker was nil while that of second 
and the third rankers was 25%. By the seventh 
year of tapping chances of loosing the third 
ranker was considerably lower (13%) while that 
of second ranker was still considerably higher 
(25%). In general, top yielding clones consoli­
dated their position by the fourth year of tapping



Table 4 Success rate (probability) achieved in selecting the three top yielding clones at different completed years of 
tapping by unequal weighting (SRI) of selections

Trial Total years of Top clones Yield(g t-1 t-1)® Weighting Completed year of tapping at selection
code data

3 4 5 6 7 8 9 10

CTl 16 RRII5 74.1 3 3 3 3 3 3 3 3 3
PB 217 63.0 2 0 0 0 2 2 2 2 2
RRII 116 60.3 1 0 1 1 1 1 1 1 1

CI-2 15 RRII 105 62.7 3 3 3 3 3 3 3 3 3
RRII 101 51.2 2 0 0 0 0 0 0 0 0
RRII 116 50.8 1 1 1 1 1 1 1 1 1

C n  15 RRH 108 56.9 3 0 0 3 3 3 3 3 3
RRII 119 55.3 2 0 0 0 2 2 2 2 2
RRII 112 51.2 1 1 1 1 1 1 1 1 1

CT4 15 RRIM 703 47.7 3 3 3 3 3 3 3 3 3
RRIM 701 45.3 2 2 2 2 2 2 2 2 2
Harbel 1 45.3 1 0 0 0 0 1 1 1 1

CT5 15 RRII 206 65.8 3 0 0 3 3 3 3 3 3
RRII 204 65.6 2 0 0 0 0 0 0 0 0
RRII 209 65.5 1 1 1 0 1 1 1 1 1

CT6 13 RRIC 100 49.0 3 3 3 3 3 3 3 3 3
RRIC 102 44.8 2 2 2 2 2 2 2 2 2
Nab 17 42.7 1 0 0 0 0 1 1 1 1

CT7 13 PB 310 58.7 3 0 0 0 3 3 3 3 3
PR 255 54.7 2 0 2 2 2 2 2 2 2
RRIM 600 54.0 I I I 0 1 0 0 0 0

CT8 13 PB 235 57.4 3 3 3 3 3 3 3 3 3
RRII 203 52.0 2 0 0 2 2 2 2 2 2
RRIM 600 47.5 1 1 1 1 1 1 1 1 1

Selection Rankers
selected

Total score for probability 
calculation

Probability of selecting the top yielders

Individual 1
2
3

24
16
8

62.5 
25.0
62.5

62.5
37.5 
75.0

87.5
50.0
50.0

100.0
75.0
75.0

100.0
75.0
87.5

100.0
75.0
87.5

100.0
75.0
87.5

100.0
75.0
87.5

Combined 1 + 2  
1 + 2 + 3

40
48

47.5
50.0

52.5
56.3

72.5
68.8

90.0
87.5

90.0
89.6

90.0
89.6

90.0
89.6

90.0
89.6

“ g/t/t: Grams per tree per tap

while the other two rankers kept on changing 
their positions before consolidating their respec­
tive rankings. From both the methods of calcu­
lating success rates it can be observed that at least 
six years of yield recording is necessary for getting 
the maximum increase in success rate (Fig. 2).

Discussion

Graphical approach (dyUx approach) to delin­
eate the year of maximum yield increase indi­
cated the necessity of yield recording for a period

of three to seven years. The variability observed 
in year of maximum dydr in the trials indicated 
that the different clones exhibited different yield 
patterns along time. The higher mean year of 
maximum dy/dx noted for trial CT8 can be 
attributed to the particular climatic conditions in 
that non traditional zone for rubber cultivation, 
with low temperatures that determine slow 
growth and slow yield increase after tapping 
(Vijayakumar et al. 2000). Another reason could 
be that the clones might be slow starters. Higher 
mean dy/dx may not be of significance because, 
selecting clones that perform better in later years



Table 5 Success rate achieved in selecting the three top yielding clones at different completed years of tapping by equal 
weighting (SR2) of selections (Weighting = 1)

Rankers selected Total score for
probability
calculation

Completed year of tapping at selection

10

1
No. of times a ranker is selected out of 8 trials 
5 5 7 8 8 8 8 8

2 - 2 3 4 6 6 6 6 6
3 - 5 6 4 6 7 7 7 7

1 8
Probability of selecting clones individually 
62.5 62.5 87.5 100.0 100.0 100.0 100.0 100.0

2 8 25.0 37.5 50.0 75.0 75.0 75.0 75.0 75.0
3 8 62.5 75.0 50.0 75.0 87.5 87.5 87.5 87.5

1 + 2 16
Probability of selecting clones in combination 
43.8 50.0 68.8 87.5 87.5 87.5 87.5 87.5

1 + 2  + 3 24 50.0 58.3 62.5 83.3 87.5 87.5 87.5 87.5

of lapping is a discarded objective in Hevea 
breeding. The correlation approach indicated that 
6-7 years of yield recording were sufficient for a 
good prediction of the yield potential of the 
clones. Decision approach was different from the 
other two in that it focussed not only on the yield 
evaluation of all the clones but also on the 
selection of three top-rankers. This approach 
provided more clarity. Two methods of working 
out success rates gave very similar results. Success 
rates obtained for individual selections were 
identical in both SRI and SR2, but for combina­
tion of clones the values were slightly lower in 
SR2 indicating not much sensitivity of the weight­
ing system used. The results from the two success

Completed year o f  tapping at selection

Fig. 2 Probability of selection of the three top yielding 
clones at different completed years of tapping following 
(wo success rates, SRI (O) and SR2 (•)

rates indicated that at least six years of yield 
recording is necessary for getting the maximum 
increase in success rate.

From all the three approaches, it can be 
concluded that six years of yield recording would 
be required for optimising selection of top yield­
ing clones from large-scale clone trials. However, 
additional two or more years of yield recording 
would be necessary for selecting high yielding and 
slow starter clones. In order to bring out more 
pipeline clones to limelight, it is necessary to 
shrink the breeding cycle so that more potential 
clones can be carried forward to onfarm trials. 
Therefore, 6 years of yield recording appears to 
be a reasonable trade-off and worth risk-taking. It 
should be noted here that secondary characters 
like, susceptibility to wind, diseases and tapping 
panel dryness are also of high importance. Six 
years of observations may not be sufficient to 
score the clones for these traits. The observations 
on these should be based on long duration data 
either from block plantings or from onfarm trials. 
Often it is possible that more than three clones 
will have similar yield data with negligible differ­
ence. In such situations discerning judgment is 
needed before rejecting the lower ranked clones.

In the current practice, potential selections from 
the nursery level screening are pushed through two 
levels of field experimentation namely small-scale 
and large-scale clone trials for better efficiency in 
selection. Though efficiency of selection can be 
improved by many methods, every programme will



have to decide empirically whetiier the gain is 
worth the cost in space and labour. In the small- 
scale trials though the genotypic differences are 
confounded with competitive effects, selection 
practiced could be as much for competitive ability 
as for the desired performance in pure stand. On 
the other hand the larger plots can be more 
accurate to a degree depending on soil heteroge­
neity but are expensive and they compromise the 
degree of replication and hence the control of error 
(Simmonds 1979). Thus, only one stage of field 
experimentation appears to be a more prudent 
practice both from the point of view of selecting 
potential clones which are worth passing forward 
to onfarm trials and to shorten the total breeding 
cycle of Hevea brasiliensis.

As breeding cycle of Hevea is long and many 
different stages of trials will be running at a given 
time, land is also a limiting constraint for field 
experimentation. Therefore, it is necessary to 
shorten the selection duration and organize the 
different selection stages for adapting to this 
constraint. To this end, clonal nurseries appear to 
provide the best way out as they offer the 
opportunity of screening a large number of clones 
with wide genetic variability at high density on a 
small area. Selections from clonal nurseries can 
then either be planted in small-scale or on large- 
scale trials. In small-scale trials, yield recording is 
not advisable for more than 3 to 4 years due to 
the risk of development of competition effects. 
Thus only one stage of experimentation in large- 
scale trials with medium sized plots and six years 
of yield recording appears to be a belter 
alternative. Feasibility of such a scheme would 
require a thorough research on juvenile-mature 
correlations.
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