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PROGRESS OF BREEDING
INVESTIGATIONS WITH HEVEA
BRASILIENSIS 1II

THE CROSSES MADE IN THE YEARS 1937-1941
C. C. T. Sharp

Summary

The results up to the end of 1950 of the breeding and selection
work initiated in the years 1937 to 1941 are described.

The yields and vegetative characteristics of the more important
families of hand-poflinated seedlings are discussed.

The effect of inbreeding on girth and yield and the oceurrence
of yellow-leaved seedlings are noted.

Recommendations are made on the basis of the results obtained
for the choice of clones to be used in seed gardens for producing
seed for commercial planting.

A preliminary note is made on the selection for testing on a
large scale of what appears to be the best 31 clones of the 1,700
established from hand-pollinated seedlings.

(1) Introduction

The breeding and selection of improved straing of
rubber planting material at the Rubber Research Institute
have taken place in three stages.

The first stage consisted of the work started by
Morris in the years 1928-1932. After the retrenchment
of staff that took place in 1932 as a result of the great
industrial depression no new work was undertaken but
the seedling families and the clones derived from them
were kept under observation and during the years
1987-1941 the clones of the R.R.IB00 Series were
selected for testing on a large scale and for distribution
to estates. An account of the first stage has been given
in an earlier publication. (Sharp 1940).

The second stage commenced in 1937 and use was
made of the material planted on the R.R.I. Experiment
Station which included most of the more promising clones
which had been developed up to that time in Malaya,
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Java and Sumatra. This stage continued up fo the end
of 1941 when it was terminated abruptly by the Japanese
invagsion and occupation of Malaya.

Breeding and selection were resumed after the re-
occupation of Malaya and the third stage which com-
menced in 1947 is still in progress,

This paper describes the results obtained up to the
end of 1950 from testing the material raised during the
gsecond stage,

(2) Experimental Procedure

In each of the years 1937 to 1941 a programme of
hand pollinations was undertaken in the main flowering
season in the early months of the year. Since the
seedlings raised in the seven flowering seasons of the
first stage of plant breeding were described as series
1 t6 7, those raised during the second stage have been
given the serial numbers 8 to 12,

The fruits were harvested in August-September and
the seeds were planted in baskets in a rat-proof germina-
tion cage. When the young plants were about one foot
high they were transplanted in their baskets to the
seedling nursery where they remained for two years.
This long period in the nursery was made necesgary by
the slow early growth in a deep sandy soil with poor
water retaining properties. Under more favourabie con-
ditions it should be possible to shorten it considerably.

The seedlings were cut back in the nursery at about
two feet from the ground and the tops were usd as
budwood for establishing clones for testing on a small
geale in fields previously . planted for the purpose with
unselected seedling stocks. Replication was considered
impracticable owing to the wvery large areas that would be
required and the first evaluation of the clones has there-
fore had to depend on a single direct comparison with
the control clone " B.84 which was budded on about one
eighth of the area 'in rows of about seven trees dis-
tributed evenly throughout the test fields.

Since all the available budwood of each clone had to
be used in the first budding round no supply budding
could be undertaken. The stocks were therefore planted
at a stand of over 200 to the acre and wherever possible
at least two buddings were made at each planting point.
This afforded ample scope for thinning out and a wvery
uniform stand of buddings was obtained by reducing the
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stand to one tree per planting point a year after budding
and by further reducing the stand to 140 trees to the
acre just before bringing the trees into tapping. Owing
to the Japanese occupation the final thinning out of the
clones made from the eighth and ninth series of seedlings
wag delayed.

After field budding was completed the seedling
stumps were planted in replicated experiments with the
modified randomised block design first described by
Hutchinson and Panse (1937). Plots of buddings of B.84
were used as controls.

Some departures were unavoidably made from the
procedure deseribed above. The 1940 and 1941 hand-
pollinated szeedlings were planted in the field during the
Japanese occupation without replication or controls and
owing to the lack of suitable land in 1943, clones for
testing on a small scale could not be made from the
twelfth series of seedlings.

The details of planting the new clones and families
of seedlings are summarised below:

|
! Dute of | Legitimate Seedlings ~ New clones
Setics making - . a
crosses Date of planting Field J Fields
— = — L
8 1937 | October 1939 33B 32; 88
9 1938 October 1940 34A 34; 44
10 1939 | November 1941 ‘ 38A 38
11 194G November 1942 ! 45A 41; 42
12 1941 | October 1043  45B _

Tapping and vecording the yields,

The fields containing the new material were brought
into tapping at various times as the trees reached tappable
size and were tapped S/2, 4/2, 100%.

On two normal tapping days in each month the
latex of all the trees under test was coagulated in the
cups by the addition of a small quantity of formic acid.
The coagulated lumps were air-dried for a month and
then weighed, a reduction of ten per cent for residual
moisture being made. The yield of each seedling tree
was recorded separately but the yields of all trees of
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Clones wused as Parenis

Clone

Rubber Research Imstitute (R.R.I.) 500

501
504
506G
506
b07
509
511
512
514
523
524

626
526
527
528
529

Series where ' Series where
i Abbreviation used Clone 1{ Abbreviation used
L
\ 1

509 9.10,11.12 i Tjirandji 1 Ti.1 8.9.106.11.12
501 9.10.11.12 | ", 16 Ti16 9
504 9 Prang Besar 24 P.B.24 8
505 12 C e . 48 P.B.49 8

.. 506 9.12 ,, " 86 P.B.86 8

o 507 ) 186 P.B.186 8
509 9.12 [ Pilmoor = A.d4 I Add 8
511 9.11 " B.58 B.58 8
512 12 \ . B84 B84 8.9.10.11.12
514 12 AVROS 32 Av.33 8
523 11.12 - 157 Av.157 8
524 1112 Glenshiel 1 Gl1 8

Bodjong

525 11.12 . Datar 5! B.D.5 8
526 11 " Lunderston N Lun.N Lun.N.
527 11 ' Bogor Redjo 2 B.R.2 B.R.2
528 11 — -—_ —_
529 11.12 J _— } — —

9L
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each new clone and of each control plot were weighed
together.

The trees affected with brown bast were taken out
of tapping and thereafter inspected at intervals of about
gix months. Those which at each inspection had recovered
or appeared to have recovered were brought into tapping
and no reduction in the intensity of the tapping system
was made. In the records of the incidence of brown
bast which appear below, no tree occurs more than once
even though it may have been taken out of tapping on
several occasions on account of this disease.

(3) The Legitimate Seedling Families

In Table 1 the full names of the 32 clones used as
parents of the five series of seedling families are listed
together with the abbreviations used in the text and
tables. For ease of reference the series in which each
parent was used have also been given.

The yields of the five series of crosses and notes on
their vegetative and other characteristics are described
below.

SERIES 8.

Planted in Field 33B as two-year-old stumps in
October 1939 (Tables II, ITI, IV and V). From the little
evidence available at the time that the crosses were made,
clones Tjirandji 1, Avros 157 and Pilmoor B.84 appeared
to be amongst the best parent clones in Java, Sumatra
and Malaya respectively. These three clones were there-
fore crossed with each other and with seven other clones,
P.B.86, 24, 49 and 186, Av.33, GL.1 and B.D.5.

Two other families, Tj.1 x Pilmoor B.58 and Pilmoor
A.d4 x Avros 157 were also raised. P.B.186 flowered very
late in the season and crosses with this clone and Avros
157 which had by then ceased to flower could not be made.

The Error of the Ezperiment.

The experiment was laid out in a large number of
plots of four trees in a design first used by Hutchinson
and Panse. One of the objeets of this design was to
provide for measurement of the genetic variance of the
different families but owing to the heavy loss of trees



TABLE I
Planted Oclober 1939-—Field 33 B,
Yieid in Ib. per tree per annum (estimated on 160 tappings) and as o percentage of the control,

Legitimate Seedlings, Series 8.

Ti 1 Avros 157 B. 84 Mean
Mean Mean Mean
1946 1946 1946
Parents 1946 1947 1948 1949 1950 to 1946 1947 1948 1949 1950 to 1946 1947 1948 1949 1950 to 1946 1947 1948 1949 1950
A 1950 1950 .1950
(1) 57 52 54 57 57 52 b1 b1 50 52 27 23 27 27 25
P.B. 86 (ii) 80 113 25 128 132 119 78 13.0 108 17.0 198 13.7 9.0 124 94 112 118 108 83 122 9.9 136 148
N {iii) 129 112 96 118 119 126 129 109 157 178 145 123 95 104 106
(i) 25 24 23 23 22 18 18 17 17 17 25 19 18 15 15
P.B. 24 (it) 11.6 180 181 21.1 2t8 181 67 157 136 179 224 15383 129 179 139 159 131 147 104 172 152 183 19.1
(ﬁig_ 187 178 183 195 196 108 155 137 166 202 208 177 140 147 118
(i) 44 43 42 39 40 48 46 46 46 46 38 37 36 35 32
P.B. 49 (it) 154 221 19.2 23.1 245 209 11,8 186 164 195 245 182 129 147 119 15.6 17.9 14.6 134 185 158 19.1 223
(iii)i 248 219 194 213 221 190 184 166 180 221 208 46 120 144 161
(1 31 29 27 27 26 7 8 7 6 6
P.B, 186 (i) 80 144 119 164 1952 14.0 e —— — o — — 81 124 121 200 17.0 139 81 134 120 182 181
(i) 129 143 120 152 173 L . 131 123 122 185 153 ~
(i) 30 28 a7 25 24 3 2 2 1 1 5 5 5 4 2
Av. 33 (ii) 111 169 173, 195 199 169 9.1 107 78 103 9.7 9.5 109 137 155 148 133 136 104 138 135 148 11.3
L (iii) 179 ”}67 1?? 180 179 7 147 106 79 95 87 176 136 157 127 120
(i) 14 13 14 13 13 19 19 17 16 16 )
Av, 157 (ii) 66 163 139 184 208 152 — - -_— — — — 99 179 158 218 234 178 83 171 149 201 221
~ Liii) 106 161 140 170 187 L 160 177 160 201 211 _
(1} 9 9 8 8 8
A 44 (ii) — — — — e - T4 109 93 124 152 110 — — — — — - 74 109 93 124 152
(iii) 109 108 94 115 137
(i) 2 2 2 3 4 19 19 17 16 16
B. 84 (i) 6.7 115 103 145 108 108 99 179 158 218 234 178 — — — — — — 83 147 181 181 171
(§113] 108 114 104 134 97 160 177 160 201 211 _
(i) 50 49 52 50 48 _
B. 58 (1) 9.0 13.0 11.5 14.8 14.7 12.6 — — — e — —_ —_ o - — — — 8.0 130 115 14.8 14.7
i} 145 129 116 137 132 )
(i) 14 13 14 13 13 2 2 2 3 4
T 1 {ii) — — — — — — 66 163 139 184 208 152. 67 115 105 145 108 1038 67 139 121 164 158
(iii) 106 161 140 170 187 108 114 104 i34 97
($3] 23 21 22 24 25 14 14 14 14 15 5 4 5 b 6
Gl 1 (ii) 73 109 105 131 141 -11.2 6.3 113 9.8 132 178 11.7 7.6 119 83 125 147 110 7.1 114 96 129 155
{iii) 118 108 106 121 127 102 112 99 122 160 123 118 86 116 132
1) 4 4 4 3 4 21 21 22 21 20 28 27 25 24 25
BD. 5 (i) 58 110 9.0 160 160 116 7.2 143 109 140 136 120 9.5 127 116 143 134 123 74 127 1056 147 143
(iii) 94 109 91 148 144 116 142 110 129 1?3 150 126 117 132 121
MEAN (ii) 89 145 131 170 175 8.1 143 120 160 186 97 139 121 156 15.0 89 141 123 162 17.0

Control Buddings of Pilmoor B.84 (124 trees).
Yield in 1b. per tree per annum of 160 tappings.
1950

1946
6.2
Note
Note

1947
10.1

1948 1949
99 108

11.1

1. (i) = No. of trees tapped; (ii) = Yieid in lb.; (iii) = Yield as % of eontrol.
2. The seedling trees were opened for tapping at 20 inches from the ground in April 1946 and 30 inches frgm ground in January 1948.

The budded trees were opened for tapping at 40 inches from the union in April 1946 and the second panel at the same height in May 1950.



Legitimate Seedlings Series S—Field 38 B.
Differences in Mean Yields (Ib./tree/annum) and Standard Errors.
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TABLE

m

b o - - o - “
v & ; = - = = = < o e - = < < z ® = o~ = - g - )
: = & @ z = 2 ¢z z < z = 2 = = - g o= 3 = 1
Parents _: » >< " » * w » = " N " - “ x ” & S < £ =) 5 < o o o
- T - O SR
@ £ |5 z z 5 & z < < < < < < < 2 = b = Py E oy & i< =
Tl x P.B.86 0.5 2.9 1.3 0 2.6 3.6+ 7% - 0.2 0 6.8* 1.0 07 -~ 15 7.2% 4.3% 2.7% 1.6 - 0.2 4.2% 3.0% 0.6 0.2 5.9+ 9.9 7.1*
» X P.B.24 0.8 4.2* 5.8* 7.1%  — 4.5* 3.5%* —34* — T3¢ _71* —03 61" -~ 64* - 8.6* 0.1 2.8% - 4.4% .~ 5B* — 7.3* - 2.9% 41% - 656% - 69% ~ 12 2.8%
+ X P.BA49 0.6 7.0% B.6* -~ 9.9 _ 7.3* 6.3* — £2* -10.1* - 9.9* — 31* -~ 89% _ g2r _114* 2.7* 5.6 - 7.2*% . 83% -10.1* - 5.7* 69* - 93 - 9TF - 4.0¢
» X Av.33 0.8 3.0 46% - 59%* _ 33 23% -~ 22 - 61* - 59% 0.0 — 49% - 52 - 74% 1.3 1.6 -—32* —43* -61* -~ 1.7 2.9% - B3* -~ b5TF
» X GL1 0.8 2.7 1.1 - 02 24 3.4% 3.5 —04 -02 6.6* 0.8 05 - 17 7.0% 4.1* 2.5% 14 - 04 4.0% 2.8% 0.4
» X BDS5 2.0 2.3 07 - 0.6 2.0 3.0 31 -08 -06 6.2* 04 01 -21 6.6% 37 21 1.0 -08 3.6 2.4
» x P.B.186 0.8 0.1 1.7 —~30 - 04 0.6 0.7 - 32t -39 38 —20 -23 -—45 4.2% 3 -03 14 -32 12
w X AVv.IST 1.1 1.3 20% - 42% .18 0.6 —05 —44% - 42¢ 26 - 3.2% . 35 —57 3.0% 0.1 -15 - 2.6%* -4d
» X PilLB.84 2.3 3.1 1.5 0.2 2.8 3.8 3.9 0 0.2 7.0% 1.2 0.9 - 13 7.4% 4.5 2.9 1.8
» X PiLB.58 0.6 i3 03 -16 1.0 2.0% 21 -18 -18 B2* — 06 -09 -31 5.6* 2.7+ 1.1
Av.157 x P.B.8¢ 0.6 0.2 14 —-27 -o01 0.9 1.0 - 29 _ 27 41* 17 -20 - 42 4.5* 1.6
» x P.B24 1.0 14 3.0% —43* - 17 07 -06 - 45% - 43* 25 - 83 - 36* - 58 2.9%
» X P.B49 0.6 4.3% 5.9% — 72% _ 46* 3.6% - 35% —TAT _—q72¢ _ 04 - 62F - §5* -— 8I*
. X Av.33 2.8 44 2.8 1.5 4.1 5.1 5.2 1.3 1.5 8.3* 2.5 2.2
» X GL1 i1 2.2 0.6 - 0.7 1.9 2.9% 3.0* 09 -0.7 6.1% 0.3
» x BD5 0.9 1.9 0.3 - 10 1.6 2.6% 27f -~ 1.2 -10 5.8%
» X PiLB.84 0.9 3.9¢ 5.5% — 6.8% _ 4.2 3.2* — 31* - T.0* - 6.8*
» x PilLA44 1.4 2.9 1.3 0 2.6 3.6% 3.7 - 0.2
Pil.B.84 x P.B.86 0.8 3.1 1.5 0.2 28 3.8* 3.9*
. X PB24 0.9 0.8 24* -37 -11 0.1
w X P.B49 0.7 0.7 23 36 - 10
» X Av.38 2.0 0.3 1.3 - 26
”» X Gl.l 1.8 2.9 1.3
» xBDS5 0.8 1.6
» X PB186 16

Figures in the table show differences in mean yield in 1b./tree/annum.
family. Differences exceeding the 5% level of significance are denoted by an asterisk.

A negmtive sign indicates that the ‘coluran’ family has a smaller mean yield than the ‘row

Some families are represented by few trees and hence comparisons involving these families will require relatively larger numerical differences to reach significance.
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TABLE 1V

Legitimate Seedlings, Series 8.—Field 33 B,
Incidence of Brown Bast in the first five years of Tapping.

Tjirandji 1 Avros 157 Pilmoor B.84 Tj.l1, Av.157 & B.B4 Combined
3 2 2 5]
E o Cases of Brown Bast £ - Cases of Brown Bast ﬁ 'c Cases ¢of Brown Bast ] o Cases of Brown Bast
Parents i ot - =2

is i it it |

=3 1946 1947 1948 1949 1950 Total =8 1946 1947 1948 1949 1960 Total e 3 1946 1947 1948 1949 1950 Total =S Total | Percentage
P.B. 86 - 62 1 7 ) A— 3 12 55 — 3 L J— 4 10 30 | 1 4 — 1 2 3 147 30 20
P.B. 24 - 25 — 5 p 1 1 9 18 RN — 1 — 2 3 25 — 5 5 3 2 15 68 27 40
P.B. 49 - 45 — 1 3 1 3 8 49 — 1 1 — 1 2 28 — 3 1 pR— 6 132 17 13
P.B.186 - 81 1 1 4 — 3 9 — L — — 7 — 1 1 = 2 a8 11 29
Av. 33 - 30 —_ 4 4 — 1 9 3 — 1 T - = 2 5 — 2 ) 1 4 38 15 39
Av.157 - 14 -— 2 j [— 3 6 — A — 19 — 1 ; [ — 2 4 33 10 30
Add - — —_— e = = = — 9 - 1 - = = 1 — _ — — — - — 9 1 11
B.84 - 4 B — — 19 - 1 ; - 2 4 — U — 23 4 17
B.58 - 52 — 4 — 1 4 9 — U — — — S, — 52 9 17
Tj.1 - — _ = = = = — 14 _— 2 5 S 3 4 — - = - - — 18 3 17
GL1 - 28 — 14 2 - — 6 16 SR — 1 - — 1 6 — 1 - - — ] 1 50 8 16
B.D.5 - 4 —_ = 2 — 2 23 — 1 3 1 - 5 28 — 1 2 2 L 6 55 13 24
Total - 205 2 28 19 g 18 | 10 206 — 10 12 1 9 32 162 1 18 11 8 3 46 663 148 | —_
Percent - 24 16 28 ; 22

Note: (1) Total trees tapped include all trees that have been tapped at any time during the years 1946-1950.

{2) Trees affected more than once with brown bast appear only once in the table.
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TABLE V
Legitimate Seedlings, Series 8, Planted Oclober 1939, Field 33 B.

Mean girth wn inches at 30 inches from the ground.

Tj 1 Av, 157 B. 84 Mean of Tj.1, Av.167 and B.84
Parents
| I
No. of trees 1946 ;o 1948 | 1950 No. of trees 1946 1948 | 1950 No. of trees 1946 1948 1950 1946 1948 1960
| | | ] I | I e L B o
\ l

I.B. 85 . 69 193 | 228 26.0 57 21.3 25.4 28,7 37 17.6 21.0 28.3 194 23.1 257
. 24 .. 26 225 | 264 29.5 18 21.5 254 28.5 29 21.0 24.6 27.1 21.7 25.5 28.4
,, 49 .. 46 27.0 | 31.3 34.4 47 26.9 315 35.9 29 245 29.6 32,7 26.1 30.8 34.2
, 186 .. 31 21.6 I 259 289 — ——m — — 8 20.2 25.8 294 20.9 25.8 29.1
Av, 33 .. 30 23.3 . 262 28.6 3 24.0 26.4 28.0 5 24.6 279.5 29.7 23.9 26.7 28.8
,» 157 .- 16 21.5 i 27b 380.8 —_ — — — 19 27.5 32.4 36.7 24.5 30.0 33.7
Ad4 .. — — — — 9 22.7 25.9 28.4 — — — — 227 25.9 284
B.g4 .. 5 15.7 21.1 23.4 19 27.5 324 36.7 —_ _— — — 21.6 26.7 30.0
B.58 .- 53 217 25.3 27.2 — — — — — —_— — — 217 25.3 27.2
Tj.1l .. — — —_— — 16 21.5 27.5 308 B 15.7 21.1 234 18.6 243 27.1
Gll .. 30 19.0 22.9 25.9 16 20.0 26.5 29.1 8 194 227 257 19.8 24.0 26.9
B.D.5 - T 5 16;5 20.2 23.0 23 21.9_ | 258 26.9 32 20.5 23.7 25.5 19.6 23.2 25.1
Total or mean of families 311 20.8 25.0 277 208 23.0 274 30.3 182 212 25.4 28,2 217 25.9 28.7

Control Buddings of B.84
No. of trees Mean girth Inches
measured 1946 1948 1950
129 224 26.2 29.2
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during the first few years from root disease and attacks
by termites this measurement could not be made.

The number of trees in each family varies greatly
and it is not possible to make a single estimate of the
error which would be used for tesfing the significance
of the difference in yield between any two families. The
error of the mean yield for five years of each family
has therefore been calenlated separately and the
differences in mean yield of the various families are set
out in Table III with an indication of what differences
are significant at the five per cent level

Comparison of 1'j.1, Av.157 and B.84 as parents.

The first ecomparison can be made between Tj.l1 and
Av.157 when crossed with P.B.86, P.B.24, P.B.49, Av.33,
Gl.1, B.D.5 and B.84. The unweighted mean of the Tj.1
families derived from crosses with these clones
is 143 =+ 0.5 pounds per tree per annum and that
of the Av.157 families 140 = 0.5. The difference,
0.3 = 0.7, is not significant. It will however be observed
that although the mean yields of these two groups of
families do not differ significantly, the family Tj.1 x P.B.24
has a sgignificantly higher yield than Av.157 x P.B.24
and in the reverse direction the yield of Tj.1 x P.B.86 is
significantly lower than Av.157 x P.B.86.

A similar comparison can be made between the Tj.1
and B.84 families when crossed with P.B.86, P.B.24,
P.B.49, Av.33, GL1, B.DJ5, P.B.18 and Av.157. The
unweighted mean of the Tj.1 families of crosses with
these clones is 14.9 =+ 0.4 pounds per tree per annum and
that of the B.84 families 13.6 = 0.5. The difference of
1.3 + 0.6 pounds is significant, but that crosses with Tj.1
are not always superior to those with B.84 is shown when
the two clones are crossed with Av.157.

The mean yields of the Av.157 and B.84 families may
also be compared when crossed with P.B.86, P.B.24, P.B.49,
Av.233, GL1, B.D.5 and Tj.1. In this case the unweighted
mean of the crosses with Av.157 is 13.6 =+ 0.5 pounds
per tree per annum and that of the crosses with B.84 is
126 =+ 0.6, The mean difference, 1.0 = 0.8, is not
significant though significant differences oeccur when the
two clones are crossed with, for example, P.B.49 and P.B.86.
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From the data obtained from the eighth series of
crosses it may be concluded that Tj.1 has shown itself
on the average to be a better producer of high yielding
seedlings than B.84. Tj.1 may also be superior in this
respect to Av.157 and Av.157 to B.84 but this has not
been demonsgtrated.

It may also be seen from Table V that Av.157
produces more vigorous seedlings than either Tj.1 or B.84.

About one quarter of the trees of the B.84 and Tj.1
families of seedlings succumbed to brown bast during the
first five years of tapping compared with sixteen per
cent in the Avros 157 families.

Comparison of the other clones used as parents in the cighth series.

Of the other clones used, P.B.49 produced very high
yvielding families of seedlings with exceptionally vigorous
growth and a low incidence of brown bast. On the other
hand the renewed bark of the three families of P.B.49
seedlings tends to be rather corrugated. Buddings of
B.84 frequently show this characteristic and the corruga-
tions are particularly marked in the cross P.B.49 x B.84.
It is known that the renewed bark of B.84 tends to grow
smoother with age, the corrugations seldom causing any
serious interference with tapping, and the indications are
that the seedlings of this family will behave in the
same way.

The latex of young buddings of P.B.49 shows a
tendency to coagulate prematurely before collection and
this characteristic was observed in July 1947 in about one
third of the seedling trees of the three P.B.49 families.
From observations taken at the same time it was also
observed that about two thirds of the clones derived from
these seedlings showed partial or complete coagulation
of the latex. A second examination was made in July
1951 and a considerable improvement had taken place,
precoagulation occurring in only nine per cent of the
seedling trees and in fifteen per cent of the clones.

P.B.24 and Av.83 also produced high yielding families
but since some 40 per cent of the trees contracted brown
bagt during the first five years of tapping their commercial
value would be low.
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TARBLE VI

Planted October 19450 i Field 34 A,
Yield in b, per tree per annum  (estimaled on 160 lappings), givth meesurenments and tncidence of Browen Bast.

Legttimale Seedlings, Series 9,
i

Girth at 50 inches from | old in 1 L . . ol 1 Incid ‘B B
No. of ground. Inches. E No. of Yield in lb. per tree per annum and as % of contro Mean ‘ ncidence o rown Bast % of
Family Parents n‘ietar;;a:ed ‘ ; t:gi?:d i wé%(]m h trees
1946 1948 1949 1950 | 1946 1947 1948 1949 | 1950 | 1946 1947 1948 1949 1950 Total tapped
| W, % W % | b %| b %| b % ;
t
|
500 x 501 - | A44 x B84 & A4d4 x LunN - 9 18.7 213 221 227 ‘ 8 8.6 183 | 12.6 173 129 170| 1256 135 9.5 98 11.2 Ji — — — — — S —
» X 504 - -do- & -do- - 78 213 249 260 270 | 70 11.0 234 142 195] 185 178 13.6 147 135 139 13.2 3 5 16 6 10 40 57
» X 509 . -do- & -do- - 1 181 212 233 243 1 9.8 209 149 204|123 162 — —| — — _ — = 1 - - 1 100
» X 511 - -do- & A.44 x B.16 . 11 190 254 268 266 | 8 108 250! 15 185 162 213|105 114 11.6 120 12.5 L J— 2 1 1 7 88
. x Tjl - -do- & Unknown - 10 23.2 286 308 325 | 8 13.8 294 | 192 263 | 187 246 165 179 159 164 16.8 § — 4  — 3 8 100
» X B.84 - -do- &  -do- - 1 158 175 181 190 | 1 43 91| 32 44 33 43| 34 37| — - — —_ = = = 1 1 100
BOL x BO6 « | Ad4 x LunN & A44 x B84 - 18 200 240 258 271 15 9.2 196 10.4 1421 106 129| 96 104| 7.6 78 9.5 2 2 4 3 i 12 80
» % b0Y - -do- & A44 x LanN 6 | 156 189 195 199 | 6 6.9 147 97 133| 8¢ 117| 75 81| 101 104 8.6 - — 1 — 1 2 33
s X b1l - ~do- & A44 x Bl16 - 41 21.7 270 275 287 34 10,8 230 17.2 286! 177 233| 17.9 194 185 191 16.4 — 4 5 3 5 17 50
» x Tjl - -do- & Unknown - 29 21,6 264 279 285 i 24 81 172| 1956 267 19.6 258 20.6 224 | 20.8 214 17,7 — 2 5 2 2 11 46
» X B.34 - -do- & -do- - 11 255 30.0 319 435 11 14.0 298] 20.1 275! 19.9 262| 20.2 219! 230 237 194 | —  — 3 2 5 10 83
504 x 506 - -do- & Ad4 x B84 - 15 220 254 270 279 | 16 9.2 196! 11.6 159 | 115 151 | 13.8 1491 122 126 1.7 S — 2 1 3 6 40
» X B09 - -do- & A44 x LunN 40 188 217 225 230 37 97 206 134 184! 122 161 11.5 124! 116 120 11.7 F R— 6 1 1 12 32
» X Bl11 - -do- & Add x B16 - 66 191 241 258 266 | 56 87 185 124 170| 136 179! 138 149; 129 133 12.3 1 1 9 7 5 23 41
» x Til - -do- & Urknown - 71 214 269 288 30.2 62 9.3 198 | 156 214 162 213 | 182 1961 17.2 177 15.3 5 @ — 8 3 14 30 48
., x B84 - -do- &  -do- - 25 | 208 249 286 275 24 84 1791 11.2 153 11.5 151] 13.3 144 185 139 11.6 — 1  J— 4 g8 33
507 x Ti.l - lA44 x B84 & -do- . 19 {1 238 201 303 319 16 141 3000 187 2561 18.5 2431 20.8 225, 188 194 18.2 1 — 9 2 1 13 81
509 x 511 - | A44 x LunN & Ad44 x B.I6 - 9] 211 243 252 263 | 6 101 2157 11.7 160| 11.6 153: 13.5 146 B.6 89 11.1 1 — 2 — 3 6 100
» x Ti1 - -de- & Unknown - 4 243 300 317 328 4 13.8 294 | 21.9 300 27.6 363 30.9 334 33.1 341 26.5 — = - = 1 1 20
511 x Tj1 - | Ad4 x B16 & -do- - 2 20,7 261 278 29.1 11 7.3 155 12.0 164 12.0 158} 167 180 152 157 12.6 1 — pJ— 2 6 55
, X B.84 - -do- & -do- - 6 253 326 343 354 | 6 9.9 211 147 201 167 220 251 272| 24.3 251 18.1 5 E— 1 - = 2 33
Ti1 x Tjl6 - | Unknown &  -do- - 27 222 289 309 325 | 2g 104 221 175 240) 19.5 256 24.6 267 21.0 216 18.6 1 2 5 1 3 12 5B
., x B4 - -do- &  -do- - 17 228 279 208 306 | 16 86 183] 12.6 173| 135 180 16.7 180| 16.9 174 13.7 — 2 3 1 4 10 63
Total or Mean of families 524 21,0 255 270 28.0 461 —_ 24 19 91 33 71 238 59
i
| |
Control Buddings of B.84 120 19.7 264 285 29.6 109 47 100! 7.3 100| 7.6 100! 9.2 100| 97 100 77 || — 2 3 4 3 12 11
\ | | | | |

Note:

(1) The yields for the year 1946 have been estimated from the yields of May-October,

(2) The seedling trees were opened for tapping at 20 inches from the ground in May 1946 and the second panel at 30 inches from the ground in July 1948,

The budded trees were opened at 40 inches from the union in May 1946 and the second panel at the same height in August 1950,
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The most important records of the four highest
vielding families in this series are summarised below.

f
No. of Mean Yicld 1946-50 | Brown Mean
Famuly trees per anpum Bast Girth 1950
apped 4‘]
w lb. per trec T | inches
|
Ti.1 x P.B.49 ] 45 20,9 8 34.4
Av 157 x P.B.A49 .. ' 49 18.2 6 35.9
Tj1 x P.B.24 .. } 25 18.1 36 29.5
Av.157 x B84 ST 17.8 21 | 367

| |

Of the four families the first two are of about equal
value for the significantly higher yield of family
Ti.1 x P.B.49 would be offset by the lower incidence of
brown bast in family Av.157 x P.B.49. The third family
has little practical interest owing to the high incidence
of brown bast but the fourth family is exceptionally
vigorous with very good bark characters and an average
amount of brown bast.

P.B.86 and G.1, although amongst the highest yielders
of the older clones have produced poor-yielding families
in striking contrast with Av.157 which has never been
recommended for commercial planting and Av.33, P.B.49
and P.B.24 which were discarded as second eclass clones
many years ago.

SeriEs 9.

This series was planted as two-year-cld stumps in
Field 34A in October 1940. (Table VI).

In this programme of pollinations clones R.R.1.500,
501, 504, 506, 507, 509 and 511 were used for the first
time. They were crossed with each other in various
combinations and also with B.84 and Tj.1. In addition
the cross Tj.1 x Tj.16, made first at the Proefstation,
West Java, was repeated.

Self-pollinated seedlings of A.44 are known to
produce very poorly grown and low yielding trees and all
the clones of the R.R.L500 Series mentioned above have
A.44 as one of their parents. When crossed with each
other they produce high yielding families of trees but
for the most part they are poorly grown showing, like
the grandparent A.44, a tendency for the stems to be
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fluted and the renewed bark to be corrugated. (See
section (4) below).

The control clone B.84 was budded in the field at the
gsame time that the seedling stumps were planted. The
original stand of the buddings was 180 trees to the acre
and it was intended that they should be thinned out to
the same stand ag the seedlings—109 {rees to the acre—
early in 1942, Thinning out however did not take place
until 1946 by which t{ime they had suffered some
appreciable retardation in growth from competition with
each other as a result of the high stand. There can he
little doubt that compared with the control the yields of
the seedlings are exaggerated, the buddings having
suffered more severely than the seedlings from the effects
of neglect during the war years. On the other hand the
vields of the best families of seedlings, although a year
younger, appear to be ag good as or better than the best
families in the eighth series.

The yield per tree of some of the families is high
but owing to the heavy incidence of brown bast the yield
per acre would in many cases be very little in excess of
the control clone by the fifth vear. There is no evidence
from this series of crosses to show that any of the parent
clones usged is more likely to produce seedlings susceptibie
to brown bast than the others.

The original design and history of this trial were
gimilar to those of the eighth series. It has again been
necessary to calculate the standard error of each family
and these with the differences in mean yield between all
pairs of families can be found in Table VII,

The highest yielding families are 501 x Ti.1,
509 x Tj.1, 511 x B.84, Til1l x Tj.16, 501 x B.84 and
507 x Tj.l. The two last mnamed are excessively sus-
ceptible to brown bast and need not be considered further.
Of the remaining families 509 x Tj.1 is the best grown
and yields significantly more than any of the others.
There are only four trees in this series but a larger
family of younger trees in series 12 confirms the good
vields obtained here. (See Table X). The families
Tj.1 x 501 and, so far as can be told from six trees,
511 x B.84 are well grown with good secondary characters
and average susceptibility to brown hast for this series.

The good yields from crosses of Tj.1 x Tj.16 confirm
those obtained at the Proefstation, West Java, (de
Bergcultures 1941), The incidence of hrown bast is
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TABLE VI1
Legitimate Seedlings Series 9—Field 34 A,

Differences in Mean Yield (Ib./tree/annum) and Standerd Errors.

-+ - - = 3 ) s = 2 2 = > §
- - = N - = - = = ot = - z e = - = z t
o e - - - - - - B A - B S
Parents S 2 = » " " » " " " * ® "‘ " ¥ * ] ® “ * » "
3 N - z g 3 z LR 2 z 3 5 3 z g
- - = p = p: 2 = = 2 = o = = = 5 = = %
] = [y £ o o e = o of o o o o P e o e o o~ o o
R.R.L500 x R.R.1.501 19 2.5 74* 6.9* 1.4 14.3* - 01 7.0% 0.4 4.1* 11 0.5 0.5 8.2+ 6.5% 52% -~ 26 - 17 5.6* 1.3 2.0
.  x RR.IL504 0.6 0.5 5.4% 49* - 0.6 12.3* - 2.1 BO* - 1.6 21* - 0.9 -15 ~15 6.2* 4.5* 3.2 -~ 46  — 3.7 3.8 - 0.7
. x RRI511 1.9 1.2 6.1* 5.6 0.1 13.0% - 1.4 BT* - 0.9 28 - 02 -08 -~08 6.9*% 5.2*% 3.9 -39 -390 4.3
.  x Tjl 1.9 - 81 1.8 1.3 - 42 87* - B.7* 14 —52% _— 15 - 45* -51* - 51* 2.6 0.9 0.4 - 8.2*% - 7.3*%
R.R.I501 x R.R.L506 1.4 4.2% 9.1* 8.6* 3.1 16.0% 1.6 8.7* 2.1 5.8* 2.8 2.2 2.2 9.9% 8.2* 6.9%* - 09
»  x RR.IL509 2.3 5.1 10.0% 9.5* 4.0 16.9* 2.5 9.6* 3.0 6.7* 37 3.1 3.1 10.8* 9.1* 7.8%
. X RRI511 0.9 - 27 2.2 19 - 338 9.1* - 53* 18 - 48% 11— 41F -~ ATF . 4T* 3.0 1.3
w x Tjl 1.1 - 4.0* 0.9 0.4 - B1* 7.8% - 6.6* 0.5 -—61* -24 —b54* ~60* ~ 60* 17
., x PilLB.84 1.6 - 57 -~ 08 -13 . G68*% 6.1* -~-83%* -—12 - 78%f —41* —T1¥ 77 - LT*
R.R.I1504 x R.R.I1506 1.4 2.0 6.9% 6.4* 0.9 13.8* - 0.8 6.5 - 0.1 3.6 0.6 0
» X RR.I509 6.9 2.0 6.9*% 6.4* 0.9 13.8% - 0.6 65 - 0.1 3.6* 0.6
» X RRIs11 0.7 14 6.3* 5.8* 0.3 132 - 12 59*  — 0.7 3.0%
» xTil 0.7 ~ 16 3.3% 28 - 27 10.2* - 4.2 29 - 37
» X PiLBS84 1.1 2.1 7.0% 6.5 1.0 139 - 05 6.6*
R.R.L507 x Tj.1 1.4 - 4,5% 04 —01 - 56* 7.3% -~ 71
RR.150% x R.R.I511 2.1 2.6 7.5* 7.0% 1.5 14.4%
R.R.I50% x Tj1 2.5 “11.8% - 69* — T4*¥ _12.9%
R.R.I511 x Tj.1 1.5 11 6.0* 5.5%
R.R.I511 x Pil.B.84 2.3 —~ 44 0.5
Tj.1 x Tj.16 1.1 - 4.9%
Tj.1 x Pil.B.84 14

A negative value indicates that the ‘row’ family has a greater mean yield than the ‘column’ family,

Differences whose magnitude is such that they exceed the 5% level of significance are denoted by an asterisk.

Some families are represented by few trees and their yield difference from other families requires to be extra large numerically before significance iz established.
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Legitimate Seedlings, Series 10,

38
TABLE VIII

Planted November 1941 in Field 38 A.
in lb. per tree per annum (160 tappings) and as a percentage of the Control, gurth measurements and incidence of Drown DBast,

Family

Lun.N x B.84 -
Lun.N x Tj.1 -
Lun.N x 501 -
Lun.N x 500 -
B.R.2 x 500 -
Tjl x B.84 -

Tatal or Mean of families

Parents

Unknown & Unknown -

& s =
& A4 x LunN
& Ad4 x B.84 -
& ” -
& Unknown -

Control Buddings of B.B4 -

No. of -
trees
measured |

7
5

Girth in inches at 50 inches

1

|
|

as % of Control

Yield in lb. per tree per annum and

. No. of
from ground irees
tupped
May  Jan. Feb. Jan,
1947 1949 1850 1951
18.3 20.3 214 231 5
20.8 24.0 25.5 27.0 5
17.6 21.1 224 24.0 24
19.8 22.6 244 25.8 17
19.3 23.2 24.8 20.8 2
20.3 24.4 26.6 28.2 122
194 22.6 24.2 24.8 175
18.9 22.56 24.9 26.3 b3

!

Incidence of Brown Bast

1947-48 194849 1949-50 Total

1947487 ] 194840 | 194050
b. % b % | b %
1 | o
104 267 | 181 202 | 147 155 — — — 0
115 295 | 153 235 | 239 252 1 2 3
9.3 238 | 115 174 | 1L7 123 1 1 2 4
13.7 351 | 154 237 | 182 192 4 2 6
115 295 | 117 180 | 15.0 158 | - 1 — 1
9.1 233 | 104 160 | 149 157 | 13 23 6 42
|
] 109 2801129 199 | 164 1721 19 29 8 56
39 100 | 65 100 | 95 100 2 3 2 7

Note:

budded trees were opened at 40 inches from the umion in June 1947.

The first tapping panel of the seedling trees was opened at 20 inches from the ground in June 1947 and the

second panel at 30 inches in January 1949. The



TABLE IX

Legilitmate Seedlings, Series 11,
Yield in 1b. per lree per annumt (160 tappings), girth measurements and incidence of Brown Bast,

89

Planted November 1942, Field 145 A.

Girth in inches at 50 inches A .
No. of from ground No. of Yield tb. per tree per annum Incidence of Brown Bast
Family Parents trees trees
measured Jan. Jan. Dec. tapped
1949 1950 1950 194849 1949-H0 1950-5H1 194849 1949-50 1950-51 Total
Til x LunN =1 Unknown & Unknown - 5 15.1 17.3 18.7 4 9.9 12.5 11.2 — — —_ —
» X 500 - . & Ad4 x B4 - 8 17.5 19.5 21,1 6 17.5 20.7 17.3 — 1 3 4
» X b23 - ' & Ad4 x B.1s - 9 17.4 20,1 216 8 13.8 19.5 17.4 — e 1 1
e X 524 - o & ' - 16 17.7 19.8 21.4 15 9.7 12.3 12.9 — e 1 1
» X b2b - . & B.84 x D.65 - 3 151 17.8 19.6 2 9.4 14.1 15.0 —_ _— — —
» X B26 - » & ” - 19 18.5 20.6 221 18 9.9 13.0 15.0 — 1 — 1
» X B27 - " & B.50 x B.84 - 35 17.4 194 21.0 31 11.3 14.3 14.7 1 3 1 b
» X D28 - ” & B84 x D.65 - 30 20.6 23.2 249 30 10.7 15.3 15.3 — 1 3 4
, X 529 - N & " - 13 198 224 235 12 10.2 14.9 155 — 1 3 1
B.84 x 501 - » & A.44 x LunN - 10 19.7 21.8 23.2 10 12.6 16.2 18.1 — — _ —_
, x B11 - , & Add x B.16 - 3 171 192 201 3 8.5 13.4 75 — _ — —
500 x 501 - Ad4 x B84 & A44 x LunN - 2 18.3 200 213 2 10.1 13.8 16.9 — — - -
B.R.2 x T)1 -1 Unknown & Unknown - 225 18.8 20.9 22.3 215 16.9 13.8 13.8 6 6 10 22
Note: The first tapping panel was opened at 20 inches from the ground in May 1948 and the second panel at 30 inches from the ground in July 1950.



Legitimate Seedlings, Sertes 12,

TABLE X

Planted October 1948, Field L5 B.

Yield in (b, per tree per annum (160 tappings) girth measurements and incidence of Brown Bast,

Girth in inches at 50 inches §§ i ;2-
W 2] +

¢ from the ground § & B

: ﬁ'ﬂ pei D4§ | i}

Family Parents o | - =8 ‘ A

=) Jan, Dec. Dec. D o = g

<3 1949 | 1949 | 1950 g & S | B

z £ Z 8 HE L om
Tjl x LunN Unknown & Unknown - 6 13.5 17.9 19.5 6 6.6 —
» X BOO ' & Add x B84 - 17 12.4 16.0 174 11 10.0 —
» X B06 " & " - 30 13.3 16.9 18.6 21 9.3 —
s X 509 " & A44 x TuanN - 32 15.2 19.0 20.5 26 i11 —_
, X 512 . & A4d x B84 - 6 10.6 12.6 15.5 4 64 —
» X 523 » & A44 x B.18 - 10 11.1 15.2 17.7 5 6.8 —
» X 524 ., & N - 3 10.8 14.1 16.2 3 3.7 —
. X 525 , & B84 x D.6 - 5 13.8 7.2 | 185 4 8.9 —
Lun.N x 529 . &, i - 2 12.6 15.4 17.6 1 8.4 —
505 x LunN A44 x LunN & Unknown - 27 128 5.9 17.7 19 5.5 -—
» X B.B4 ” " & . - 10 149 19.2 21.0 10 5.7 —-—
» X Bl4 " " & Ad4 x BHE - 46 15.8 19.2 20.9 - 89 9.0 1
514 x 500 A4t x B58 & A.d4 x BR4 - 16 16.4 19.8 20.7 13 18.5 1
» X BOL " » & Add x TunN - 30 14.3 17.7 18.9 27 7.6 —
» X b06 ” » & Ad4 x B84 - 25 15.1 184 19.7 21 10.8 _—
s X LunN ” » & Unknown - 43 16.2 19.4 20.7 38 8.9 —

Note: Tapping cuts opened at

20 inches from the ground in January 1950.

06
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rather heavy but only one tree out of 27 has been broken
in the wind whereas at the Proefstation, West Java, wind
damage was severe.

SERIES 10,

This series was planted as stumps in Field 3BA in
November 1941, (Table VIII). The field was opened
from jungle and planted on contour in 1939, The fallen
jungle was not burnt and the vigorous secondary growth
was kept under control by periodic slashing. It was
slashed just before planting and again during the Japanese
oceupation fowards the end of 1942, After that the
secondary jungle was allowed to grow unchecked until
the end of 1945 by which time the rubber trees had
suffered greatly from competition with the mnatural
growths and had grown tall and spindly. The buddings
of B.84 which were used as a control suffered even more
severely than the seedlings and in consequence have little
value as a control, at any rate during the first few years
of tapping. Once the secondary jungle growths were
brought under control the trees girthed rapidly and
tapping commenced in June 1947 when the trees were gix
and a half years old.

The largest and most interesting family is Tj.1 x B.84.
Both parents are high yielders and have been shown to
be producers of high-yielding seedlings when crossed
with many different clones but when crossed with each
other the yields are not oufstanding and the incidence
of brown bast is high. Considering their early history
the trees of this family are very well grown but the
renewed bark of many trees tends to be bumpy and
corrugated.

SERIES 11 AND 12,

Series 11 was planted in Field 45A during the Japanese
occupation in November 1942 as two-year-old stumps.
(Table IX). The field had been clean-cleared and at the
time of the reoccupation was under a mixture of grasses
and wvarious creepers with a high proportion of lalang.
Growth was greatly retarded and tapping did not com-
mence until May 1948,

Series 12 was planted in Field 45B as two-yvear-old
stumps in October 1943 and the conditions for growth
appear to have been even more unfavourable than in
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Field 45A. (Table X). At the time of the reoccupafion
most of the field was under heavy lalang. Since several
of the families in this series also occur in geries 11, the
two series can be considered together.

The highest yielding family in series 11 comes from
the eross Tj.1 x 500. In this series there are only six
trees in tapping of this cross but that the family is
high yielding in its early years is confirmed by the yields
from the same cross in series 9 and 12. In the former
series the yields declined after the second year and the
incidence of brown bast was high. In series 11 the
incidence of brown bast is also high though it has not
yet appeared in series 12,

The high yields of Tj.1 x 523 in the eleventh series
are not confirmed by the yields in the twelfth and the
trees are for the most part poorly grown with a tendency
to lean.

The family Tj.1 x 527 is moderately well grown and
gives fair yields. The bark characters are good and the
heavy development of cork of 527 is found in nearly all
the seedlings. The incidence of brown bast may, however,
prove heavy.

Tj.1 x 528 is an exceptionally well grown family of
seedlings with & fair initial yield and a good rate of
inerease. The bark characters are good and the renewed
bark is smooth.

The yields of B.84 x 501 confirm the good results
obtained in the ninth series.

The large family B.R.2 x Tj.1 gives fair yields though
there is a tendency for the stems to lean slightly. The
virgin bark is smooth but the renewed bark is sometimes
rather corrugated.

Clone 514 which was used for the time in series 12
inherits the rather weak growth of Pilmoor B.58 and is
below average in vigour for clones of the 500 series.
However, three of the five families of crosses with this
clone are amongst the most vigorous in the series. The
vields of the five families vary considerably, that of
514 x 501 one of the poorest.

The secondary characters of these families are on
the whole poor; generally the bark is thin and there is
a tendency for the stems to be fluted. It cannot be said
to what extent these defects can be attributed to the bad
conditions experienced during the early years of growth
but it seems unlikely that 514 will prove a good parent
clone.



93
(4) The Effect of Inbreeding

The crossing of two normally self-pollinated plants
frequently produces offspring which are larger and more
vigorous than the average of the two parents. On the
other hand it has been shown (Sharp op. cit.) that self-
pollinated seedlings of rubber trees which are normally
out-pellinated may be far below the average in vigour.
It can also be shown that crosses between nearly related
trees are likely to be of less than average vigour.

In the ninth series of crosses the following clones
were crossed in all possible combinations:

Clone Parentage
R.R.1.501 .. Ad44 x Lun. N
» 904 .. w X
., 009 . yw X 4
. 500 .. Ad4 x B.B4
,» 011 .. AA44 x B.16

Tj.1 . Unknown

Fourteen families of seedlings were obtained, one
cross, 501 x 504, proving sterile and producing no seeds.

The first three clones are sibs (sisters or brothers),
the next two, having one parent in common, are half-gibs,
and Tj.1 is unrelated to any of the others,

The fourteen families can be divided into four groups
according to the closeness of the relationship of their
parents. The girths and yields of the families and the
means weighted for the number of trees in each group
are set out in Table XI.

Girth. In the first two groups there is no relationship
between the parents of any of the five families and the
mean girths of groups A and B do not differ significantly.
Both parents of the seven families in group C are the
children of A.44 and the mean girth is significantly
lower than that of groups A and B. In group D which
consists of the two families from crosses between sibs
the mean girths is significantly lower than those of the
other three groups. The depressing effect on vigour of
inbreeding is thus clearly demonstrated. It is believed
that this effect is common in rubber as it is in many
other species but it may not be universal and it is
possible that it may not be found in the descendants of
all clones.
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TABLE XI

Urosses belween closely related parents.
| |
| ' Total
No, of , p
, , o : Girth Yield
Relationship J Family t;r}‘)eeesd 1049 | 1946-1948
) J P . i Ib
1. inches | per tree
A. None {a) - 501 x Tj.1 24 27.9 47.2
504 x Ti1 62 28.8 41.1
508 x Tj.1 b 3L.7 63.3
Mean - ‘? ‘ 28.7‘-/ 43.9
B. None (b} - 500 x Tj.1 8 30.8 51.7
511 x Tj.l 11 27.8 31.3
Mean - (4 29.1 39.9
C. Half sibs - 500 x 501 7 23.56 341
600 x 504 70 26.0 38.7
500 x B09 1 23.3 37.0
500 x b1l 8 26.8 40.5
501 x 511 34 27.5 4597
h04 x 511 56 25.4 34.7
509 x 511 6 25.3 33.4
Mean - l$2. 26.0 38.5
D. Sibs . 501 x 509 6 195 25.5
504 x B09 37 22.5 36.3
— >
Mean - /'.'\ ﬁ\\ J 221 33.9
Standard error of the mean girths = + 0.60 inches.o
" » yields = &+ 3.08 pounds,

Yields.

bl

Although there is an indication that the

mean yields follow a similar pattern to the mean girths
the differences are not significant and no conclusion with
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regard to their differences can be drawn with confidence.
This is not altogether unexpected for it is known that
girth is only one of the many factors which determine the
vield of a tree and the relationship between yield and
girth between families of seedlings is unlikely to be
cloge.

It may be inferred from the results that as a general
rule in any field set aside for the production of seed for
commercial planting it would he unwise to include two
closely related clones unless the value of the crosses of
these two clones is known to be high.

{5) The Occurrence of Trees with Yellow Foliage

Trees with yellow foliage have been found only in
the eighth series of crosses and only in families
P.B.86 x B.84 and P.B.24 x B.84. No yellow seedlings were
found in the crosses between these two Prang Besar clones
and Av.157 or Tj.1 nor did they oceur in any of the other
crosses with B.84, The vields and girth of the yellow
and green seedlings in the two families in which they
oceurred are given helow,

. | !Gmb at %Yie.ld 1947
Total Died i Tapped 150 in-:hesl pet  tree
Family Foliage Planted befare | 1947 ! w1948 ‘per tapping
1947 |
. I , mches | gms
_ ‘ { f
P.B.86 x B84 - Green 33 8 | 20 | 232 | 408
Yellow 16 7 i 1 164 19.2
R _ R
(ireen l 29 11 16 » 24.0 l 55.6
PB24 x B84 - | |
]‘ 12 4 b ] 20.0 I 41.2

‘ Yellow

Compared with the green seedlings the yellows in
family P.B.86 x B.84 showed a higher mortality in the
field, weaker growth and poorer yields. In the other
family, P.B.24 x B.84, the girth and yield of the vellows
are inferior to the greens though to a lesser degree but
no difference in the mortality has been observed.

The leaves of the yellow seedlings in these two
families are similar to the second group described by
Chittenden (1950) and turn green by the time they are
fully expanded after which no apparent difference hetween
the two groups can be recognised. None the less it would
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be advisable to discard all yellow seedlings in the nursery
for they would obviously make inferior planting material.

(6) Choice of Seed Parents

Having reviewed the characteristiecs of the more
important families of seedlings it is clear that certain
clones are far more valuable as seed parents than others.
It is therefore degirable to examine the data to see which
if any of the clones used in the five series of crosses would
be suitable for planting in fields of mixed clones set
aside for the production of seed for commercial planting.

In the five series of crosses described Tjirandji T has
been used in more combinations than any other clone and
it is probably one of the best parent clones now known,
although its seedlings are on the whole liable to develop
brown bast,

Avros 157, though only usged as a parent in the eighth
geries, is possibly as good as Tj.1 and its seedlings appear
to be less gusceptible to brown bast than those of Tj.1,

Prang Besar 49 is also an outstanding parent and
produces vigorous high-yielding families of seedlings with
a comparatively low incidence of brown bast.

Pilmoor B.84 has produced one particularly good
family when crossed with Av.157 but is probably of less
value as a parent than Tj.1 and Av.157 and since it is
also a shy seed-bearer, it might be betier to omit it from
a seed garden.

Of the new R.R.L clones Nos. 501 and 509 appear
very promiging parents provided they are not crossed with
other clones of the 500 Series which have A44 as a
parent that is with clones 500-524.

The family A.44 x Lun.N in the third series of
crosses was the best family discovered in the first stage
of Breeding and Selection. Clone Lunderston N has, in
the later series, proved a producer of good yielding
geedling families though in general it has been found
difficult to cross and is not prolific gseed-bearer.

On the other hand it is very clear that certain clones
are likely to he undesirable seed parents. P.B.86 is a heavy
seed-bearer and generally produces seedlings of less than
average yield and growth. B.D.5 and Gl.1 are also below
the average, The seedlings of P.B.24, Av.33 and R.R.1.500
though vigorous and high yielding are susceptible to
brown bast and it would be inadvisable to use them in
a seed garden.
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Records from small-scale trials of clones selected for further testing.

Clone

R.R.I.600

»”

»

»

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621

622

- 623

624

625

626

627

628

629

630

Parents of
Mother trees

| Tit x P.B86

Control

Tj.1 x GL1
Control

Tj1 x GL1
Control

P.B.86 x B.84
Control

Tj.1 x P.B.49
Control

Tiil x P.B.49
Control

Tjl x P.B4Y
Control

Tj1 x P.B.A49
Control

Av.33 x Tj1
Control

Av.157 x B.D.5

Control

504 x Tj.1
Control

504 x Til
Control

Av.157 x P.B.49

Control

Tj.1 x 509
Control

Tj.1 x b09
Control

511 x Tjt
Control

Tj.1 x 507
Control

B.R.2 x 500
Control

Lun.N x 501
Control

501 x Tj.1
Control

501 x 511
Control

504 x Tj.1
Control

Tj.1 x B.84
Control

P.B49 x B.8&4
Control

Ti1 x 529
Control

Tj.1 x 526
Control

Tj1 x 500
Control

Til x 526
Control

Til x 527
Control

Til x 529
Control

Tj1 x 527
Control

o
CE ! Year budded

1939

1640

1941

1939

1942

bl

No. of trees

- -1 -a

-1

-

=1

! tapped 1950

TABLE XII
_E
.= % e qs '_E
.88 o
TRES no
BDa~" g
[« E &D EE .
25 es 2 _?,;:u E
< B HEE
22.3 9.0
i
288 | 9.4
329 | 102
4.6 10.1
26.0 10.2
29.6 9.2
|
| 384 8.9
!
i
P8k 9.6
30.9 8.6
!
30.3 9.2
30.9 8.1
32.0 9.6
37.9 10.5
27.9 8.2
29.5 9.5
30.2 8.8
i
: F
285 8.6
274 8.1
29.2 9.4
24.8 7.2
319 | 102
| |
|
972 | 8.5
300 | 8.4
35.7 8.8
| Jan, 1951
24.8 7.0
| |
26.5 7.1
| 222 8.4
28.3 8.0
20.1 6.2
|
22.7 7.3
225 7.9
|

Yield in lb. per tree per annum

1947

10.5
3.8

13.2
4.8

14.6
7.9

15.3
4.9

17.3
4.9

11.6
3.2

15,2
4.9

9.6
4.9

9.5
5.6

141
6.9

13.8
5.5

114
7.3

12,0
4.0

16.56
3.8

10.2
7.5

14.3
5.3

11.1
4.7

7.1
6.3

7.6
3.0

23.0
7.3

1948

17.7
5.2

17.3
6.9

18.0
4.7

25.8
4.7

15.7
2.8

18.8
4.7

17.5
6.0

14.3
4.8

19.7
8.7

18.3
7.5

11.4
3.9

18.0
8.7

21.0
5.1

17.8
11.2

17.8
7.0

13.8
4.8

15.2
6.7

15.4
7.1

16.2
9.8

11.2
3.6

14.9
74

20.5
7.3

1949

16.3
b.3

20.8
3.8

20.1
4.9

271
4.9

21.6
1.7

21.3
4.9

18.6
4.3

15.5
4.8

21.0
7.8

21.8
8.6

17.1
5.3

18.3
6.2

24.3
4.6

20.2
11.5

22.2
9.1

14.1
5.4

21.3

8.6

8.5

216
10.8

20.7
3.6

22.6
9.5

22.2
8.7

1950

26.8
9.9

1l6.4
b.0

20.9
4.9

21.2
9.1

22.2
5.1

19.5
5.1

22,9
3.6

20.5
5.1

18.1
5.3

13.2
6.9

18.2
6.1

22.6
8.6

17.6
5.0

i4.4
6.5

21.6
10.7

14.7
8.5

16.9
02

17.2
3.7

20.5
8.9

19.4
10.3

1949-1950

14.1
5.0

17.6
4.8

14.8
4.3

12.0
4.3

14.5
5.3

14.1
7.3

10.8
6.1

|

| 1947-1950
: B.B. Cases

3]

[3~]

The control clone is Pilmoor B.84.
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The position can be summed up by saying that Tj.1,
Av.i57, LunN and R.R.L501 and 509 are probably the
best parents used in the five Series of crosses and could
be recommended for use in seed gardens though for
reasons discussed above it would be inadvisable to include
in any garden two or more of the closely related clones
501, 509 and Lun.N.

(7Y New Clones from Hand-Pollinated Seedlings

As has been deseribed in section 2, at the time that
the hand-pollinated seedlings were transplanted to the
field, new clones were established for testing on a small
scale,

Altogether some 1,700 new clones were hudded in
the vears 1939-1942 and of these 31 have been selected
for further test and given the numbers R.R.L60O to 630,

The more important data of these clones are get out
in Table XII, The fertility of the soil in the flelds in
which these small scale trials have been set up is very
variable as can be seen from the large differences in the
yields of the contrel. Even though the yield of B.84 may
vary more than that of most clones with changes in soil type
the hest estimate of the value of the new clones is pro-
bhably the ratio belween their yields and those of the
controls.

The yield of many of the clones declined in 1950,
sometimes by a large amount. This can be attributed
to the cutting baeck of the branches to provide budwood
for the large seale trial and for multiplication.

For testing on a large scale clones 600-618 were
budded at the Experiment Station in Field 48B in April
1950 and clones 619-630 in Field 48D in October 1950.
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