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Yields oj young trees and other characters associated with the size o f  the laticiferous system 
have been studied on eighty clones from different provenances. The means and coefficients o f  
variation o f these characters and their clonal distribution patterns have been examined. The 
number o f trees necessary for detecting significant clonal differences o f  different magnitudes 
has been determined.

A reliable method of predicting at the nursery 
stage the likely yield performance of the 
tree would considerably reduce the time 
required to produce a clone for commercial 
use. The most direct method of forecasting 
the yield is to relate the yields of mature 
trees with those of young plants or with other 
correlated characters that can be measured 
readily at the nursery stage. Relatively low 
correlations can be useful in early selection, 
especially if the dependent variable {i.e. 
mature yield) is correlated with two or more 
independent variables (i.e. nursery characters) 
which are not highly correlated with each 
other. The multiple regressions of mature 
yield on several nursery characters independent 
of each other can account for more of the 
variance than any simple correlation, and 
the Teliability of the selection technique 
will thereby be improved.

In this paper a study is made of the variation 
in the yield and the main physical and 
structural characteristics of young nursery 
buddings which are thought to determine 
the size of the laticiferous system. The number 
of plants necessary to detect significant 
differences in these characters are considered 
in this paper. Later papers will be concerned 
with the degree of independence of the 
characters and the correlations between them 
and the yield of the tree when mature.

E X PE R IM E N T A L

Eighty of the 1954 international exchange 
clones, from five dilferent provenances, were 
used in the study (see Appendix). These 
were budded in three replications o f six 
trees each, with a planting distance of about
1.8 X 1.8 m, and were cut back in June 
1964. Yield determinations using the principle 
of the Haemaker-Morris-Mann technique 
( R u b b e r  R e s e a r c h  I n s t i t u t e  o f  M a l a y a ,  
1933) were done on S/l.d/1 tapping for 
ten days at heights of 71 and 6i cm at 33 and 
56 months from budding respectively, by 
taking the aggregate yield for the last six 
tappings (thirty-three months) or four tappings 
(ftfty-six months) for each tree. Girth measure­
ments were taken at the same time at 102 cm 
height, and bark samples were removed as 
plugs at thirty-three months. The bark thick­
ness was determined by the Schlieper gauge. 
Longitudinal sections were taken and stained 
with Sudan III to determine the number of 
latex vessel rings and the distance between 
them; transverse sections were stained with 
osmic acid to measure the diameter of the 
latex vessels and sieve tubes.

R E S U L T S  A N D  D ISC U SSIO N

Figure 1 shows the frequency distribution 
of the mean for each characteristic over
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Figure I. Frequency disiribution (between clones) o f nursery yields and other associated structural 
characteristics.
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Figure 2. Percentage cumulative frequency distribution (between clones) o f  the coefficients o f 
>ariation (c.v.) for nursery yields and other associated structural characteristics.



the eighty cJones. (The number o f trees 
per clone varied between eleven and eighteen.) 
Figure 2 illustrates the percentage cumulative 
frequency distribution of the coefficients of 
variation of the differeni characteristics.

Yield. The total yield from six tappings 
at thirty-three months and four tappings at 
fifty-six months, averaged over the eighty 
clones, were8.4 and 16.7 g per tree respectively. 
The yield at thirty-three months shows a 
range in mean from 2.5 to 16.4 g per tree 
whereas the yield range at fifty-six months 
is from 6.4 to 35.7 g per tree. Figure 2a shows 
that the pattern of variation in, yield between 
trees within clones for the two periods at 
which tapping was carried out is similar.

Girth. I n  mature trees more than half 
the variation in yield within clones is accounted 
for by differences in girth ( P a a r d e k o o p e r ,  
1961; N a r a y a n a n  a n d  H o ,  1970). Between 
clones, however, girth is important in the 
initial years of tapping and also when tapping 
renewed bark ( P a a r d e k o o p e r ,  1965; R u b b e r  
R e s e a r c h  I n s t i t u t e  o f  M a l a y a ,  1969). At 
thirty-three months of age the mean girths for 
the different clones varied between 16.2 and 
24.3 cm (average 20.3 cm). The mean girth 
of the same trees increased to 26.0 cm at 
fifty-six months and had a wider range (18.4 -
32.8 cm) (Figure 2b). The wider variation 
is the result of within- and between-done 
competition through overshadowing of less 
vigorous trees by more vigorous ones at 
such close planting distances.

Bark thickness. The bark thickness, girth 
and latex vessel ring number are interrelated 
in mature trees and are in turn correlated 
with yield ( P a a r d e k o o p e r ,  1965; N a r a y a n a n  
et al.. 1973). In the thirty-three-month-old 
nursery buddings the mean bark thickness 
varied between 2.5 and 4.2 mm (average 
3.4 mm). The order of variation was slightly 
less than that of girth (Figure 2c).

Number o f latex vessel rings. I n  m a tu re  
t re e s  t h e  n u m b e r  o f  la te x  v esse l (LV) rin g s  
is a n  im p o r t a n t  s t r u c tu r a l  y ie ld  d e te rm in a n t.  
B e tw e e n  c lo n e s  i t  a c c o u n ts  f o r  a s  m u c h  a s
25 -  50% o f  th e  v a r ia t io n  in  y ie ld  ( R u b b e r  
R e s e a r c h  I n s t i t u t e  o f  M a l a y a ,  1966; 
W y c h e r l e y ,  1969) w h ils t  w i th in  c lo n e s  th e

number of LV rings and girth explain most 
of the variation in yield ( R u b b e r  R e s e a r c h  
jN sn rtJT E  OF M a l a y a ,  1967). The normal 
rings (i.e. excluding the outer disorganised 
rings) and the total number of rings were 
examined for all eighty clones at thirty-three 
months of age. The total number of LV rings 
varied from 4.3 to 9.1 (average 6.7 rings). 
Tliis is in agreement with the rate of latex 
vessel formation of about 2.5 rings per year 
obtained from the linear relationship between 
LV ring number and age up to fifteen years 
( R u b b e r  R e s e a r c h  I n s t i t u t e  o f  M a l a y a ,  
1966; G o.m ez e! a!.. 1972). The variation 
between trees within clones in the total number 
of LV rings is intermediate between that for 
girth and bark thickness.

Diameter o f latex vessels and sieve tubes.
A  relationship between latex tube bore and 
yield was reported by A s h p l a n t  (1928), 
and between yield and sieve tube diameter 
by G u n n e r y  (1935). F r e y  W y s s l in g  (1930) 
and R ic h e s  a n d  G o o d in g  (1952) discussed 
the theoretical relationship of LV diameter 
to the rate of flow. In their considerations 
of tapping efficiency G o m e z  et al. (1972) 
considered the association between the yield 
and the cross-sectional area o f the latex 
vessel system which was, inter alia, a function 
o f the square of the radius of the latex vessel. 
M e n d e s  (1969) and S h e p h e r d  (1969) working 
on young putative polyploid plants reported 
improved yields and larger latex vessel diameter > 
respectively following colchicine treatment.

The diameter of latex vessels and sieve 
tubes was studied in the thirty-ihree-month-old 
nursery buddings. Measurements of LV 
diameter were taken only on undistorted and 
well-defined vessels — i.e. those in the th ree. 
LV rings closest to the cambium. Similarly, 
only undistorted sieve tubes selected at 
random under the microscope were measured. 
The diameter of latex vessels varied between
14.7 and 20.5^, and of sieve tubes between
16.7 and 23.3^. The mean diameter of the 
latex vessels (eighty clones) was 17.3^, compared 
with 25.6̂ 1 (mean of eight clones) at nine years 
from budding (G o m e z  et al.. 1972). Both 
these characters have low coefficients of 
variation (Figure 2e).



In a study on the components of variation 
in ten clones it was found that the variation 
due to the number of observations within 

' trees w-as between 8 and 25 times larger than 
that between trees for latex vessel diameter, 
and between 4 and 33 times larger for sieve 

lu b e  diameter (Table 1). The standard error 
of a clone mean based on 'n trees and ‘c’ 
observations per tree is given by

A' cn -h

where o*r(n) and are estimates of the 
true variation of the ‘number of observations 
within trees’ and variation ‘between trees’ 
respectively. Since is small, the standard 
error is only slightly reduced by an increase 
in the number of trees. Table 2 shows the 
coefficient of variation (c.v.) of a clone mean 
for these two characters with different numbers 
of trees and observations within trees.

Distance between latex vessel rings. There 
are clonal differences in the distribution of

LV rings in virgin bark, and the concentra­
tion of LV rings is generally highest nearest 
ihe cambium ( R u b b e r  R e s e a r c h  I n s t i t u t e  
OF M a l a y a ,  1966). The distribution also 
changes markedly with age (G o m e z  ei al., 
1972). The differences between nursery and 
mature yield performance may be partly 
attributed to the rate of laying down of LV 
rings, since mature yield from virgin bark is 
correlated between clones with the number 
of latex vessel rings but not with girth. The 
distance between LV rings is a continuous 
variable, whereas the number of latex vessel 
rings is a discontinuous variable and, in 
nursery plants, is small. It was therefore, 
hoped that the distance between LV rings 
might be more easily determined and prove 
more discriminating than a count of LV 
rings in nursery plants. The distance between 
consecutive rings was therefore measured, 
( W y c h e r le y ,  1969) to test this hypothesis 
and to study the correlation between the 
distance between consecutive LV rings and 
the rate of LV formation, and the number 
of latex vessels in the bark of mature trees.

T A B L E  1. C O M P O N E N T S  O F  V A R IA T IO N  O F  D IA M E T E R  O F  L A T E X  VESSELS A N D  SIEV E T U B E S

Clone
Latex vessel Sieve tube

CT^c(n) 1 a^n c*c(rt)/cj*rt M ean o “c(n) ' O 'r t c r * c ( n ) / o * n M ean

AV  1191 8.33 0.87 9.6 20.0 10.48 0.32 32.8 19.8

G T  ! 6.79 0.51 13.3 17.5 10.48 0.84 12.4 18.6

PB 5/51 . 7.16 0.68 10.6 19.2 6.44 0.39 16.6 19.2

PB 28/59 5.57 0.68 8.2 19.5 751 0.34 22.2 20.2

P R  107 2.00 0.16 12.5 15.0 17.12 0.62 27.8 20.8

P R  25S • 3.10 0.20 15.3 16.8 8.41 0.28 29.6 19.9

P R  261 3.02 0.12 24.7 15.5 9.01 0.47 19.2 20.9

R R IM  600 8.95 , 0.43 20.7 20.2 9.98 0.69 14.4 18.4

R R IM  614 5.67 0.32 17.9 20.3 9.50 2.41 3.9 17.5

R R IM  701 2.47
i

0.23 10.7 15.7 10.01 0.52 19.1 18.6

a M « )  is an  estim ate o f  the tru e  v aria tion  ‘betw een observations w ithin trees. 
a* /j is an  estim ate o f  th e  tru e  variation  ‘betw een trees.’



T A B L E  2. C C i ,-F IC IE N T S  O F  V A R IA T IO N  O F  A  C L O N E  M E A N  F O R  D IA M E T E R  O F  L A T E X  VESSELS 
A N D  SIE V E  T U B E S  B A S E D  O N  5 O R  ID T R E E S . W IT H  5 O R  

JO O B S E R V A T IO N S  PER  T R EE

\
: Trees C oefficients o f  variation  o f  a clone m ean

obsr*- i t o n s L atex vessel
!

Sieve tube

5 10 1 5 10

C lone
5 10 5 10 j 5 10

A V R O S  1191 3.6 2.9 2.5 2.1 3.5 2.6 2.5 1.9

G T  1 3.5 2.8 2.5. 2.0 4.1 3.3 2.9 2.3

PB  5/51 3.4 2,8 2.4 2.0 3.0 2.4 2.1 1.7

PB 28/59 3.1 2,5 2.2 1.8 1 3.0 2.3 2.1 1.6

P R  107 2.2 1.8 1.6 1.3 4.3 3.3 3.1 2.3

P R  255 2.4 1.9 1.7 J.4  I 3.2 2.4 2.2 1.7

P R  261 2.5 1.9 1.8 1.3 j  3.2 2.5 ^ 2.3 1-8

R R IM  600 3.3 2.6 2.3 1.8 ; 4.0 3.2 2.8 2.2

R R IM  614 2.6 2.1 1.9 1.5 1  5.3 4.7 ! 3.8 3.3

R R IM  701 2.4 2.0 1.7 1.4 ! 3.8 3.0 j 2.7 2.1

The mean distance between rings for the 
first three rings and for all rings together 
is highly correlated between clones (r =  0.763). 
The distance between three rings nearest 
the cambium is smaller — indicating a higher 
concentration of LV rings — and is also more 
variable than {hat between the other rings 
{Figure 2 f). Table 3 shows the mean distance 
between consecutive latex vessel rings up 
to the eighth ring and the 95% confidence 
limits for indiudual clones. The average dis­
tance between consecutive LV rings is smaller 
in young buddings than 'in mature trees, 
averaging 213p. The distance between the 
first and second ring is smaller than that 
between outer consecutive rings. Rings 
beyond the third ring are more uniformly 
spaced. This is further illustrated by the 
cumulative frequency curves in Figure 3. 
The distance between the second and third 
ring is more variable than that between

other rings (Table 3) and may therefore be 
a better measure of the rate of latex vessel 
formation. The correlation between the total 
number of LV rings and the distance between 
rings is highest with the second and fourth 
ring (r =  -0.709). The distance between 
the cambium and the second ring is small 
and is variable within clones, so that fronj 
practical considerations, such as convenience 
and clarity of structure, the distance from the 
second to the fourth ring is the most suitable 
for purposes of measurement.

Density o f  latex vessels per 5 mm within rings. 
T h e  d e n s ity  o f  la te x  vesse ls w ith in  th e  rin g s  
is a n  im p o r ta n t  f e a tu re  o f  th e  la tic ife ro u s  
sy s tem . G o m e z  et al. (1972) re p o r te d  a  
h ig h e r  d e n s ity  c lo se r  t o  th e  c a m b iu m .

The mean density of latex vessels in the 
three rings closest to the cambium and in 
all rings taken together were highly correlated 
between clones (r =  0.843), with the same



T A B L E  3. M E A N S. S T A N D A R D  D E V IA T IO N S A N D  C O E F F IC IE N T S  O F  V A R IA T IO N  O F  T H E  
M E A N  D IS T A N C E S  B E TW EE N  C O N SE C U T IV E  LV R IN G S  F O R  D IF F E R E N T  C L O N E S

Item
C am bium  

and  
1st ring

1st and 
2nd ring

2nd and 
3rd ring

3rd and 
4 th  ring

4th and 
5 th ring

5th and 
6 th ring

6 th and  
7th ring

7th and 
8 th ring

N o. o f clones 80 80 80 80 74 62 43 18

M ean 0.16 0.11 0.23 0.31 0.30 0.30 0.28 0.28

S.D . 0.04 0.04 0.09 0.09 0,08 0.10 0.07 0.07

C.V. (% ) 24.10 35.90 40.70 30.10 25.90 32.00 25.70 24.10

M ean -  2 S .D . o.og 0.03 0.05 0.13 0.14 0.10 0.14 0.14

M ean 2 S .D . 0.24 0.19 0.41 0.49 0.46 0.50 0.42 0.42

order of variation (Figure 2g). The mean 
density over all rings averaged 9.4 per 
millimetre over eighty clones, compared 
with an average of 13.6 per millimetre for 
mature trees from three clones RRIM 501, 
623 and 625 ( G o m e z  et al.. 1972). Table 4 
shows for each ring the mean LV density per
5 mm of ring over all clones, and the 95% 
confidence limits for individual clones. The 
density is higher in the second ring than in the 
first, followed by a progressive decline with 
distance from the cambium, as was observed 
in mature trees by G o m e z  a  al. (1972). This 
is also shown by the cumulative frequency 
curves in Figure 4.

Number o f Trees Necessary to Establish Signi­
ficant Differences Between Two Clones for 
each Character.

Table 5 shows the 50 and 90% values 
obtained from the percentage cumulative 
frequency distributions of the coefficients 
of variation within clones for the different 
characters shown in Figure 2. These values 
have been used to derive the number of trees 
necessary for detecting significant differences 
between two clones for each of the characters. 
At the 50 % point the corresponding coefficients 
of variation are about 60% for yield, 4% for 
diameter of latex vessels and sieve tubes, and

TA BLE 4. M E A N S, S T A N D A R D  D E V IA T IO N S A N D  C O E F F IC IE N T S  O F  V A R IA T IO N  O F  T H E  
M E A N  D E N S IT Y  O F  L A TE X  V ESSELS P E R  5 M M  O F  R IN G  F O R  D IF F E R E N T  C L O N E S

Item 1st ring 2nd ring 3rd ring 4 th  ring 5th ring 6th ring 7th ring 8th ring

N o . o f  cloncs 80 80 80 80 74 62 43 18

M ean 74.7 82.1 54.7 37.2 29.7 25.7 23.4 21.1

S .D . 23.2 20.4 13.4 10.6 10.3 8.9 9.7 10.6

C .V . (% ) 31.0 24.9 -24.5 28.6 34.7 34.8 41.5 50.4

•Mean -  2 S.D . 28.3 ■ 41.3 27.9 16.0 9.J 7.8 4.0 • 0

M ean -f’ 2 S .D . 121.1 122.9 81.5 58.4 50.3 43.6 42.8 42.3



Figure 3. Percentage cumulaiive frequency distribution (between clones) o f the mean 
distance between consecutive latex vessel rings.

Figure 4. Percentage cumulative frequency distribution (between clones) o f  the mean 
density o f L V  per 5 mm e f  ring for different rings.



T A B L E  5. P E R C E N T A G E  V A L U E S  O F  D IS T R IB U T IO N  O F  C O E F F IC IE N T S  O F  
V A R IA T IO N  F O R  D IF F E R E N T  C H A R A C T E R S

C haracter
C.V . percentage value 

50 90

Yield (g)
33 m on ths 60.0 86.0

56 m onths 57.0 75.0

G ir th  (cm)
33 m on ths 1 16.8 21.4

56 m on ths 22.8 29.4

B ark  thickness (m m ) 33 m on ths 14.0 18.6

N o . o f  LV  rings (33 m onths)
Functional 23.0 30.6

T o ta l 17.3 23.0

D ensity  o f  LV  per 5 m m  o f  ring O ver th ree rings I 26.6 34.5

(33 m o n th s) O ver all rings i 25.5 ' 
i

35.6

D istance  (m m ) betw een consecutive O ver th ree  rings i 49.2

LV  rings (m m ) (33 m onths) O ver all rings 22.3 34.0

D iam eter (^ )  (33 m onths)
L atex  vessels , ■ 3.8 6.0

Sieve tubes ' 4.3
1

6.3

N o ie :  T hese values have been read  from  th e  g raph  o f  th e  percentage cum ulative d istribu tion  o f  each  character.

between 14 and 34% for other characters. 
The clonal differences to be detected at the 
5% level of significance have been taken 
as 20, 30 and 40% of the mean for yield, as 
2, 4 and 6 % of the mean for diameter and 
as 10, 20 and 30% of the mean for the other 
characters (Table 6).

The relationship between the number of 
trees and the c.v. is given by 

2^2/2
"  s  ^  - 0 )

where d is the desired observed difference 
to be detected, 5  ̂ is an estimate of the true 
variance, and t is the appropriate Student’s 
t value at 5% level of significance. The 
values of n given by Equation 1 are shown 
in Table 6. About thirty and twenty trees 
respectively are necessary for an even chance 
of detecting clonal differences in yield of the 
order of 30 or 40% of the mwn. Likewise, 
between five and twenty-five trees are required 
to detect clonal differences of the order of 
20% of the mean in the other characters



T A B L E  6. N U M B E R  O F  T R EE S* N E C E SS A R Y  F O R  D E T E C T IN G  
S rC N IF IC A N T  D IF F E R E N C E S  B E T W E E N  T W O  C L O N E S

Percentage value 50% 9 0%

C h a ra c te r  Size o f  d  (%  o f  m ean) 10 20 30 40 10 20 30 40

33 m onrhs 70 32 J9 143 64 37
Y ield (g)

56 m on ths 64 29 17 109 49 28

33 m onths 23 7 4 37 10 5
G ir th  (cm )

56 m on ths 41 11 6 68 18' 9

B ark  th ickness (m m ) 33 m on ths 16 5 3 28 8 4

F unctional 42 n 6 73 19 9
N o . o f  LV  rings (33 m onths)

T o ta l 24 7 4 41 11 6

D ensity  o f  LV  per 5 m m  o f  ring 56 J5 7 93 24 11

O ver all rings 51 14 7 99 26 12

M ean  distance betw een 88 23 11 187 48 22

consecu tive LV  rm gs (m m ) 40 11 6 90 23 11

Size o f  rf (%  o f  m ean) 2 4 6 : 2 4 6

i V
. 1

L atex vessels 29 g 4  : 70 19 9
D ia m e te r  (p )  (33 m on ths)

Sieves tubes 37 10 5 •// 20 iO

• r  is th e  n u m b er o f  trees such th a t the difference o f  size d  betw een tw o  clones (expressed as a  percentage o f  the 
co m n w n  m ean) wilJ be significant a t  the 5 %  Jevel, assum ing  th a t th e  popula tions are  no rm al a n d  have the 
sa m e  variance.

(diameter excepted) with a 50% degree of 
confidence. Between eight and ten trees are 
sufficient for an equal chance of detecting 
clonal differences of 4% of the mean diameter 
of latex vessels and sieve tubes, while twenty

. - ------ - c o tn ^

difference with about 90% confidence. About 
sixty measureinents per tree were taken 
to estimate the diameter of latex vessels 
and sieve tubes as shown in Table 2, but 
fewer measurements per tree will be adequate 
fnr future work.



•  . CONCLUSIONS

^  Within the clones studied in the nursery, 
yield is the most variable parameter with a
c.v. of about 60%: the diameter of latex 
vessels and sieve tubes is the least variable 
with variations under 5%. The girth, bark 
thickness, number and density of LV rings 
and the distance between consecutive rings 
are intermediate in this respect with c.v. 
around 20%. Measurements of the last three 
characteristics are generally less variable 
when all (instead of some) LV rings are 
considered. Between twenty and thirty trees 
are sufficient to allow an even chance of 
detecting clonal differences in yield of the 
order of 30 -  40% of the mean. With the 
same number of trees, smaller clonal differences 
in other characters can be detected. The 
distance between the second and fourth 
LV ring is more variable (between clones) 
than between outer rings, and is also highly 
correlated with the total number of * rings. 
It therefore provides the best indicator of

* the rate of latex vessel formation. The more 
variable girth at fifty-six months compared 
with thirty-three months may be attributed 
to the intensification o f competition within 
and between clones in the closely planted 
nurser>'. Any nursery selection should therefore 
be applied as early as possible not only to 
save time but also to avoid errors due 
to competition.
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APPENDIX

SOURCE O F CLONES

Malaysia Ceylon Java Sumatra Vietnam

RR IM  501 RRIC 1 LCB 1320 AVROS 308 IR C I 1

R R IM  513 RRIC 3 G T  1 AVROS 385 IR C I 2

R R IM  519 RRIC 4 W R 101 AVROS 427 IR C I 3

RR IM  600 RRIC 5 PR 107 AVROS 1191 IR C I 5

RR IM  605 RRIC 6 PR 226 AVROS 1279 IR C I 9

RRIM  607 RRIC 7 PR 228 . AVROS 1349 T R  1406

R R IM  610 R R IC  14 PR 231 AEROS 1350 T R  1512

R R IM  612 RRIC 16 PR 247 AVROS 1447 T R  1514

R R IM  614 RRIC 21 PR 248 AVROS 1502 T R  1542

R R IM  615 R R IC  22 PR 249 AVROS 151S TR 3702

R R IM  623 RRIC 36 PR 251 AVROS 1734

R R IM  632 RRIC 37 PR 252 AVROS 1735

R R IM  633 R R IC  41 PR 255 AVROS 2012

R R IM  636 RRIC 42 PR  258 AVROS 2037

R R IM  638 R R IC  45 PR 259

R RIM  701 PR 261

RR IM  707 

ES 4 

ES 5 

ES 8 

PB 86 

PB 5/51 

PB 5/63 

PB 28/59 

Ch 30




