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Identification of a 23 kDa chioroplast stress protein as a marker for drought tolerance m Hevea
brasiliensis ;LN

Annamalainathan K/, Pramod S., Sumesh K.V. and James Jacob

Rubber Research Institute o( India, Kottayam-686 009. Kerala, India
mPresGnting author: annamaiai@rubberboard.org.in

Ten different clones of Hevea brasiliensis were evaluated under soil moisture deficit condition for their relative drought
tolerance potential. Physiological parameters such as leaf water potential, photosynthetic oxygen evolution rate of leaf,
guantum yield of PSII activity (xPSIl) and net CO” assimilation (A) rate were measured. The clones, RRIM 600, RR11208
and RRIIl 430 recorded comparatively small decline in A and comparatively stable PS Il activity upon exposure to soil
moisture deficit stress. On the other hand, clones PB 260, RR11105, RRII 414 and RRIl 417 were found more susceptible
in terms of severe inhibition of photosynthetic activities under moisture stress, Western blot analysis revealed consistent
over-expression of a low molecular weight (23 kDa) chioroplast protein in the relatively drought tolerant clones, RRIf™
600 and RRII 430. Further, this presence of this stress protein was validated in more number of clones of Hevea. It was
observed that exposure to light was a pre'requisite for its over-expression under conditions of moisture stress. Together
with other parameters, the relative over-expression of this protein is being used as screening tool for selecting drought
tolerant clones of rubber.
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Radiation processed carrageenan enhan pes essentia! oil yield and the active constituents dl
Eucalyptus citriodora Hook

Akbar All'*, Prem Kumar Dantu’, M. Masroor A, Kh " M. Naeem” Moin Uddin”and Lalit Varshney”™

'Department of Botany, Dayalbagh Educational Institute (C 3emed University). Agra'282005, India
“Plant Physiology Laboratory, Department of Botany. Aliga n Muslim University. Aligarh 202002, India
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Eucalyptus citriodora is highly valued for its citron -rich essential oil (EO) extracted from its leaves, Citronellal i
mainly used for synthetic production of menthol ar d citroneilol. Eucalyptus oil is widely used in many perfumery an
pharmaceutical formulations. Hence, escalated oil )roduction of Eucalyptus is the need of hour. We developed a ne<
agricultural technigue to achieve the goal. Applic ition of biologically active oligosaccharides, derived from gamm
irradiated polysaccharides, such as carrageenan “R), proved to be potent plant growth promoters. Gel-Permeatior
Chromatography of CR was performed after irradi ting it using Co-60 gamma rays at 250KGy, A pot experiment Wc
conducted to study the effect of foliar application ¢ irradiated CR (ICR) on active constituents and growth, biochemic
and yield parameters of Euca//plus. ICR sprays w re started at 6 months old plants. Totally, 5 sprays were carried o
with an interval of ten days. The treatments were; ceionized water (control), unirradiated CR 30, ICR 30,60,120 and 2
mg L'. Essentia! oil (EO) was extracted using ( evenger’'s apparatus and analyzed through Gas Chromatograph
Treatment 60 mg | ' (ICR-60) showed the highest ~alue for most of the parameters studied. Itincreased the EO conte
(287%), EO yield (72.4.5%), citronellal content 0.970) and citronellal yield (159.7%) as compared to control.
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Yield-Growth Dynamics ofHevea Hybrid Clones
In Tripura

,s)l ‘e

[ A n3V "< pm.PRIYADARSHAN das K.‘and s. K. DEY'

Evaluation o fgrowth andyieldfor twelve selected hybridsfrom two recombination breeding
programmes was conducted in a clonal nursery trial at Tripura (North East India). Girth,
increment in girth andyield based on test tapping as well as under ethephon stimulation
were evaluated. Based on mean girth and girth increment, 99/5/9, 99/3/61, 99/1/15 and
98/46 were identified as vigorous clones. Test tap yield in the peak season was highestfor
reference clone RRIM 600followed by 98/46. Hybrid clones 99/5/9, 99/3/61 and 99/5/35
also had test tap yield above the grand mean in both peak season and summer season.
Assessment of intra-clonal variability through boxplot analysis revealed that among the
promising clones 98/46, 99/3/61 and 99/5/9 had a lower range in girth, while 98/46 and
99/5/9 had better uniformity in yield. Significant yield-girth correlation was observed
within clone:, in the second year oflest tupping. Hybrid clones were classified based on
mean and proportion oftrees in the above average category. Clones 99/3/61, 99/5/9 and
98/46, belonging to the high girth and high yield categories, recorded higher mean yield
than the grand mean over threeyears o ftest tapping, were comparable with RRIM 600 and
identified as potential clonesforfurther evaluation.

Keywords: clonal nursery evaluation; early selection; growth; hybrids; Hevea', yield

Derivation of climate resilient rubber
clones {Hevea brasiliensis Muell. Arg.) for
sub-optimal climatic conditions is prime,
as rubber cultivation expands to newer
areas worldwide. This involves screening of
potential genotypes adaptable to new agro-
climatic regions’. Breeding priorities in
Hevea rubber include vigorous growth and
high latex yield™\ Vigorous growth is crucial
for early attainment of tappabilily and the
emerging demand for latex timber clones™.
Although several studies have demonstrated
the utility of girth®, nursery vyield*, Ilatex
vessel density”, plugging index” oil content”®
latex sugar®, physiological and stomatal
characteristics’ etc., as early selection criteria
in Hevea, selection for yield and girth is
widely adopted. High correlations between
nursery yield at different growth stages and

mature yield® suggests that nursery yield
could be used to select at least a certain
proportion of genetically high yielders".
Other parameters were found to be either
inconsistent or could show only marginal
improvement in selection efficiency based
on yield. The only concern raised in early
selection based on nursery vyield is that
non-precocious high yielders may often be
eliminated'~. However, selecting clones that
perform better in later years of tapping is not
favoured by several workers'*. Considering
rubber trees are now valued for latex as well
as timber"*, recent emphasis has been on
simultaneous selection for growth and rubber
yield™*. Striking a balancing point between
girth and yield is arduous, but a challenge to
the breeder.

’Hevea Breeding Substation, Rubber Board, Subrahmanya Road, Kadaba, Puttur Taluk, D.K. District, Kamataka-574221.

' Corresponding author (e-mail: deepthv@ rubberboard.org.in?
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Tripura of Northeast India, a non-
traditional area for rubber cultivation offers
a sub-optima! environment for rubber
cultivation‘s  Although the crop establishes
well in this region, the average yield is
lower than traditional regions. This disparity
has been attributed to the sub-optimal
environment”- the stress factors being low
winter temperature, seasonal drought and
strong winds, making derivation of adapted
clones a top priority.

Recombination breeding through
controlled hand pollination was adopted
in Hevea for developing high vyielding
clones as early as 1930 and has led to the
development of several high yielders like
RRII 105M*7", RRIM 600~ RRII 400 series
clones™®’ e/c. However, indigenous clones
like RRIl 105, RRIl 414 and RRIi 430 often
exhibited lesser potential when grown in
Tripura® Development and identification
of specifically adapted clones is the key
for successful commercial cultivation.
Accordingly, annual hybridisation
programmes were initiated in Tripura,
and hand pollination programmes of 1998
and 1999 yielded 717 hybrids. Based on
mature yield of hybrids, selections were
made and multiplied for further evaluation.
The objective of the present study was
to evaluate clones of selected hybrids for
yield and growth in the nursery and to
identify promising hybrid clones for multi-
location on-farm trials that lead to clone
recommendations. |-

EXPERIMENTAL
Materials and Methods
The clonal nursery for evaluation of
selected hybrids was planted at a Research

Farm in Taranagar, Agartala, Tripura
(23°53°N; 91"15°E; 30m above msl).

Details of Hybrids Selected for Clonal
Nursery Evaluation

The hybrid clones evaluated in the
clonal nursery were selected from two
seedling nurseries, planted with hybrid
seedlings obtained from 1998 and 1999
hand pollination (HP) programmes {Table
1). Eight and twelve cross combinations
were attempted in 1998 and 1999 hand
pollinations, respectively. Seedlings were
tapped at maturity and 18 superior genotypes
were chosen in the first round of selection
for further evaluation based on growth and
yield {Tables 2 and 3), of which 12 hybrids
were evaluated in the clonal nursery planted
in 2008.

Field Planting and Evaluation

The selected hybrids (12) were multiplied
by bud grafting and field planted in line
RBD with three replications and five plants/
replication at a spacing of 2.5 m x 2.5 m in
2008. Clone RRIM 600, clone recommended
for commercial cultivation in this region, was
included as the local control clone. Quarterly
recordings of girth was done at 30 cm height
from the bud union from March 2010 to assess
the seasonal growth increment. In Tripura,
rubber clones are reported to have a definite
peak yielding from October to January-"
Hence, for assessment of yield potential,
test tapping was done at 30 cm height in
November and May corresponding to peak
and lean yielding periods, respectively. Test
tapping was done under S/2 D3 6 d/7 system
for three consecutive years from 2011 (third
year after planting) onwards, following the
modified Hamaker Morris-Mann method"®.
The first five tappings corresponding to panel
opening were discarded and latex from ten
consecutive tappings were coagulated. Dried
cuplump weight was recorded and expressed
as gram/tree/10 tappings (gf'lOt"). To assess
the amenability ofthe clonesto low frequency



TABLE 1. PARENT COMBINATIONS AND SELECTIONS FROM 1998 AND 1999 HAND
POLLINATION (HP) PROGRAMMES

S
No.
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1998 HP

RRIM 600 xRO 4616
RRIM 600 xM T 4888
RRIM 600 x RRII 208
RRII 105 XRRII 208
RRII 105 XHaiken 1

RRII 105 XJuvenile Flower

PB 235 x RRII 208
GT 1 XRRIM 600
1999 HP
RRIM600XRRJI208
RRIM 60n X Haiken 1
RRIM 600 x PB 235
RRIM 600 XPB 5/51
GT | x RRIM 600
GT | x RRII 429
RRIM 600 xM T 4862
RRJM 600 x MT 4888
RRIM 600 xRO 4616
GT IX RRII 208

PB 235 XRRII 208
GT1XPB235

Total

No. of progenies
24
6
2
26

2
2
7
6

298
55
95
16
36
58
13
18

8

2

4
39
717

No. ofselections

18

TABLE 2. GROWTH AND YIELD PERFORMANCE OF SELECTED HYBRIDS

Identity
98/33 RRII 105 x RRII 208
98/38 RRII 105 x RRII 208
98/46 RRI1 105 x RRII 208
98/56 RRII 105 x RRI11 208

*>8/61

Parentage

RRII 105 x Juvenile Flower

:AOM 1998 HP (SET I)

Girth at 150 cm
April 2003

38.9
33.4
31.7

32.7

Mean yield over 24
months from Nov 2004

(gt-"f)
27.0

24.2
16.0
24.8
18.9

TABI

Identi

1 99/5/-

2 99/5/.

3 99/1/

4 99/2/

5 99/3/

6 99/7/

7 99/1/
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TABLE 3. GROWTH AND YIELD PERFORMANCE OF SELECTED HYBRIDS
FROM J999HP(SErn)

/denlity Parentage
1 99/5\9 GT 1 XRRIM 600
2 99/5/35 GT 1XRRIM 600
3 99/1/15 RRIM 600 X RRII 208
4 99/2/34 RRIM 600 X Haiken 1
5 99/3/61 RRIM 600 X PB 235
6 99/7/52 GT 1 XRRII 429
7 99/1/281 RRIM 600 XRRII 208

tapping under stimulation, response to
stimulation was studied by test tapping the
clones between July and August 2014 alter
panel application of2.5% ethephon, followed
by collection and recording of yield from
ten tappings. Yield per girth was calculated
based on the peak season test tap yield and
girth recorded prior to commencement
of tapping in the respective seasons. The
clone performance was assessed based on
the growth, test lap yield and yield/ girth.
Statistical analysis was performed using
Cropstat version 7.2 and box plot analysis
was done in R statistical package*".

RESULTS

Assessment of girth along with the
increment in girth is used to “ermine the
early performance of new planting materials™".
In the present study, girth recorded annually
did not reflect a significant difference between
clones {Table 4). RRIM 600 (reference clone)
recorded the highest girth in all the years (up
to six years after planting). However, clones
99/5/9, 99/3/61, 99/1/15 and 98/46 had
higher girth than the overall mean, and can
be considered as promising clones in terms of
growth. Seasonal and annual girth increment

Girth at 150 cm Mean yield over 21

April 2006 months (gf'r")
43.3 18.62
44.2 30.08
45.5 24.61
44.6 37.68
40.5 29.00
45.8 23.16
315 30.14

calculated from quarterly girth recordings
revealed that differences were significant
only in the mean sujnmcr girth increment of
the clones {Table 4). Clone 99/5/9 recorded
the highest mean summer girth increment
(2.4 cm) followed by 99/3/61 and 98/46
(2.1 cm) and were higher than RRIM 600
(2.0 cm). Highest winter girth increment
was recorded by the clones 99/3/61,
99/1/15 and 98/56 (1 cm) suggesting their
cold tolerance potential {Table 4). Clones
99/5/9, 99/3/61, 99/1/15, 99/5/35, 98/46
and RRIM 600 had annual girth increment
higher than the grand mean (6.4 cm).

Yield potential ofthe clones was assessed
based on the test tap yield (gr'lOt’) and in
response to stimulation. Analysis of peak
season Yyield revealed that except in the first
year of tapping there was no significant
difference among the clones tested {Table 5).
Control clone RRIM 600 recorded the highest
yield over all three years. Clones 99/5/9 and
98/46 had higher yield than the grand mean
yield throughout, while 99/3/61 had a higher
yield than the grand mean in the second and
third years of test tapping. Clone 99/5/35
also recorded high test tap yield in the third
year of tapping. It was observed that, in the
high yielding hybrid clones, the peak season



TABLE 4. GROWTH PERFORMANCE OF SELECTED HYBRID CLONES IN CLONAL

lojmﬁlagooo\loambwm,_\gfﬁ

Clone
99/5/9
99/7/52
99/3/61
99/1/15
99/5/35
99/2/34
99/1/281
98/38
98/56
98/33
98/61
98/46

RRIM 600
CD (0.05)

GM*

NURSERY TRIAL

Mean girth (cm)

2 YAP*
8.3
101
8.3
7.6
6.8
7.6
75
6.9
74
9.3
8.6
10.8
138
NS
8.7

4 YAP*
20.1
21.4
20.1
20.7
17.8
16.6
17.9
181
18.7
210
181
23.6
27.6
NS
20.1

*YAP- Year after planting, GM- Grand mean

6 YAP*  Monsoon

34.6
34.2
37.6
37.7
33.2
23.8
29.4
32.0
32.9
331
28.7
40.3
47.8
NS
34.3

Mean girth increment (cm)

Winter
3.8 0.8
3.9 0.7
4.4 1.0
4.7 1.0
4.3 0.9
3.0 0.6
3.9 0.6
4.2 0.8
4.2 10
4.0 0.7
3.8 0.5
47 0.8
5.7 0.9
NS NS
4.2 0.8

Summer  Annual
24 6.6
15 6.0
21 73
2.0 75
13 6.6
0.6 4.1
0.9 55
12 6.3
13 6.4
Il 6.0
0.8 5.0
2] 74
2.0 85
0.9 NS
15 6.4

TABLE 5. MEAN PEAK SEASON (NOVEMBER) TEST TAP YIELD OF SELECTED
HYBRIDS OVER THREE YEARS

SI No.
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Clone

99/5/9
99/3/61
98/46
99/5/35
98/56
98/38
99/2/34
98/33
98/61
99/7/52
99/1/15
99/1/281
RRIM 600
CD (0.05)
GM

First year
(gt-"iot-)
51.33
48.19
68.51
41.53
41.68
42.78
65.42
31.64
31.34
41.16
35.69
17.79
126.55
34.08
4951

Second year
(gt-*10t")
156.81
125.28
154.66
108.30
106.29
115.94
122.45
94.88
91.26
88.42
78.20
44.54
202.03
NS
114.54

Third year

(gr10r?)
186.97
189.03
189.75
188.66
159.20
114.30
123.00
121.62
155.27
138.42
100.27
88.44
194.00

NS
149.92
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yield showed an increasing trend in the first
to third year of test tapping as against RRIM
600 which showed a sHght decrease from the
second to third year (Table 5). Mean peak
yield was highest for RRIM 600 (174.2 gf
‘l1Of) followed by 98/46 (137.6 gf'10t")
(Table 6). Clones 99/5/9, 99/3/61 and 99/5/35
also had mean peak yield above the grand
mean of the trial (104.7 gt'l1Or").

There was no significant difference among
the clones in the test tap yield in summer
season and in response to stimulation (Table
6). Clones 99/5/9, 99/3/61, 99/5/35, 98/46
and RRIM 600 had a higher summer yield
than the grand mean (78.9 gf'l1Of')- There
was no significant difference between the
tested clones in the mean yield over three
years of tapping. Although RRIM 600 (152.1
gf'10f") recorded the highest mean test tap
yield over three years of test tapping, hybrid
clones 99/5/9 (117.2 gf'10f"), 99/3/61 (110.2

gf'1Of"), 98/46 (108.5 gf'lOf") and 99/5/35
(107.7 gf'1Of") recorded a mean yield higher
than the grand mean of the trial (91.0 gf'lOf").
Highest mean test tap yield in response to
stimulation was recorded in clone 99/5/35
(277.2 gf'10f") followed by 99/3/61 (223.5
gf'1Of"). All other hybrid clones recorded
lower yield under stimulation than the check
clone RRIM 600 (218.1 gf'lOf).

Boxplot analysis of girth and yield oftrees
was done to understand the variability within
the clones. Analysis of girth at three to five
years after planting revealed that the clone
99/2/34 showed the maximum range {Figures
IA, B and C). Among the hybrid clones with a
mean girth above the grand mean at five years
after planting, 98/46, 99/3/61 and 99/5/9 had
a lower range compared to other clones.
Clones 98/33 and 98/46 had more than 50%
trees in the above average girth category in
all the years of test tapping. Despite having a

TABLE 6. MEAN YIELD OF SELECTED HYBRIDS OVER THREE YEARS OF TEST

TAPPING
Si. Mean p'eak yield  Mean su‘mm(?ryield Mean yield Stimulated yield
No. Clone (gf'10f) (gf'1Of") (gf10F) (gF10F)
(3 rounds) (3 rounds)
1 99/5/9 1317 102.7 117.2 149.8
2 99/7/52 89.3 62.7 76.0 1252
? 99/3/61 120.8 99.7 110.2 2235
4 99/1/15 71.4 43.3 57.3 129.9
5 99/5/35 102.6 107.7 277.2
6 99/2/34 103.7 62.0 71.9 1381
7 99/1/281 50.3 477 49.0 88.8
8 98/38 91.0 73.6 823 154.1
9 98/56 102.4 72.0 87.2 153.7
10 98/33 82.7 77.8 80.3 157.1
n 98/61 92.6 72.9 82.7 157.2
12 98/46 137.6 79.3 108.5 1329
13 RRIM 600 174.2 130.0 152.1 218.1
GM 104.7 78.9 91.0 162.0
CD (0.05) NS NS NS NS
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98/33  98/38  98/46 98/56  98/61 99/1/15 99/1/281 99/2/34 99/3/61 99/5/35 99/5/9 99/7/52 RRIM 600 13

Figure 1. Boxplot o fmean girth (cm) ofclones over third (A), fourth (B) andfifth (C) year after planting.



high proportion trees of above average girth,
98/33 failed to give a high yield due to low
yield/ girth in all the years (TaWe 7). Similarly
clones 99/1/281, 98/61 and 99/7/52 in the
first year; and 98/38 and 99/1/15 in the third
year of test tapping gave low yields owing
to their low yield/girth. It was observed that
{Figure 2) clones 98/46, 99/5/9 and control
clone RRIM 600 consistently had more than
50% of the trees with above average yield in
all the years of test tapping. From the box
plot of yield performance of clones over
three years of tapping {Figures 2 A, B and
Q, it is evident that among the clones with
above average mean yield, 98/46 and 99/5/9
had a comparatively lower interquartile range
aoRi

Significant positive association of girth
with juvenile yield was reported earlier by
others®""" In the first year of test tapping,
irrespective of the clone, trees having
above average yield (except two) had above
average girth, but the reverse was not true.

The number of trees with above average yield
having below average girth increased to six
and twelve in the second and third year of
tapping, respectively. Significant correlation
was observed between yield and girth on
an individual tree basis and the correlation
decreased from first to the third year of
test tapping {Figure 5). The vyield girth
correlation within clones was significant (r)
in all the clones in the second year of test
tapping (0.66 to 0.99) (Table 8). However, in
the third year of test tapping the correlation
was insignificant for clones 99/7/52, 99/2/34,
99/1/281, 98/38 and 98/46, while it was
negative for control clone RRIM 600.

Utility of test tap yield in the second year
for identification of potential clones was
advocated by several studies™™\. Hence, based
on the mean and proportion of trees in the
above average category in the second year of
test tapping, the clones were classified into
four categories {Table 9), as follows.

TABLE 7. YIELD/GIRTH OF HYBRID CLONES OVER THREE YEARS OF TEST TAPPING

Mean yield/girth (gt ' 10f*)

S)- Clone
No. T*year
1 99/5/9 2.3
2 99/7/52 16
3 99/3/61 21
4 99/1/15 14
5 99/5/35 19
6 99/2/34 2.9
7 9/1/281 0.9
8 98/38 19
9 98/56 17
10 98/33 14
u 98/61 16
12 98/46 2.7
13 RRIM 600 4.4
GM 21

2"*year Iyear
4.7 4.9
2.8 4.2
3.9 49
2.3 25
35 4.8
45 4.0
17 3.0
3.7 34
3.7 5.2
33 35
35 5.0
45 4.6
5.3 4.2
3.6 4.2



TABLE 8. CORRELATION (R) OF YIELD WITH GIRTH WITHIN CLONES OVER
THREE YEARS OF TEST TAPPING

SI. No.
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Clone
99/5/9
99/7/52
99/3/61
99/1/15
99/5/35
99/2/34
99/1/281
98/38
98/56
98/33
98/61
98/46
RRIM 60

“significant to 0.05 level

0

1 year
0.877"
0.928"
0.949"
0.938"
0.958"
0.845"
0.653"
0.966*"
0.762"
0.835"
0.893"
0.842"
0.927"

2" year
0.661m
0.941"
0.987"
0.960"
0.978"
0.958"
0.865"
0.897"
0.567'
0.857"
0.949"
0.905"
0.691"

3*year
0.790"
0.483
0.769"
0.801"
0.819"
0.698
0.483
0.538
0.568*
0.828"
0.946**
0.403
-0.018

significant to 0.01 level

TABLE 9. GROUPING OF CLONES BASED ON THEIR PERFORMANCE IN
THE SECOND YEAR OF TAPPING

Yield

« Sd
s «

Bcon >

Girth
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(Grand mean) performance (%)
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25-75

99/3/61
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In the present study, hybrid 98/33 (38.9 cm)
had the highest girth and mean yield among
the selections from Set | {Table 2) while its
clone ranked second in girth and recorded the
lowest mean yield among the clones from Set |
(Tables 4 and 6). The hybrid with lowest girth
and mean yield in set | was 98/46 (31.7 cm),
while its clone exhibited the highest girth and
mean peak yield. In the second set of hybrids
(Table 3), 99/7/52 (45.8 cm) and 99/1/281
(31.5 cm) recorded highest and lowest girth,
respectively. The clone 99/7/52 had highest
girth in the initial years which later dropped
and the clone 99/1/281 had lower girth than
other clones of Set Il except 99/2/34. Among
the Set Il hybrids, 99/2/34 recorded highest
mean vyield (37.7 gt't ), while 99/5/9 (18.6
gf'f*) recorded the lowest. On the contrary,
the clonal progeny of 99/5/9 (117.2 gt'f®)
recorded the highest mean yield among the
clones of Set Il hybrids.

DISCUSSION

Clones 99/5/9,99/3/61, 99/1/15 and 98/46
with high girth and annual girth increment can
be considered as promising clones in terms of
growth. Earlier studies have shown that girth
during drought period can be used to assess
the drought response of a clone™. Clones
99/5/9 and 99/3/61 were superior to RRIM
600 in summer girth increment indicating
their potential for drought tolerance. High
winter girth increment of 99/3/”, 99/1/15
and 98/56 suggests their cold tolerance. Since
the clones that are more adaptable to a region
are reported to show vigorous growth™*, the
above clones are likely to be adapted to the
climatic conditions prevailing in this region
although yield improvement is the ultimate
aim of any breeding programme.

Clones 99/5/9, 99/3/61 and 99/5/35 with
high mean peak season yield were identified
as clones with high yield potential. Clones
with high test tap yield in summer season viz.,
99/5/9, 99/3/61, 99/5/35 and 98/46 are likely

to have tolerance to summer stress. Stringent
selection is not advocated in early evaluation
stages in Hevea breeding and earlier reports
have advocated the selection of moderate to
high yielders for further evaluation® Hence,
hybrid clones 99/5/9, 99/3/61, 98/46 and
99/5/35 which recorded a mean yield higher
than the grand mean were selected for further
evaluation.

Narayanan and Hy® showed that in
mature trees, more than half the variation in
yield within clones was accounted for by the
differences in girth. Hence, selection of high
yielding clones exhibiting better uniformity
in girth after budding will ensure better
yield at maturity. Large range exhibited by
the clone 99/2/34 in the boxplot analysis
of girth indicates that the clone may not
have much uniformity in terms of growth
after budding. A lower range exhibited by
vigorous clones viz.,, 98/46, 99/3/61 and
99/5/9, compared to other clones indicates
better uniformity. Earlier studies have shown
that the uniformity of grafted plants depends
on the graft stock family, the bud graft and
the association between stock/bud subject to
other factors being equal™”. The observation
that low yield/girth resulted in low yield in
clones despite having a high proportion of
trees in the high girth category indicates that
relying on girth as the sole criterion for early
selection may not be advisable. Futility of
nursery selection based on juvenile vigour
was reported earlier®. However, clones
like 98/46, 99/3/61 and 99/5/9 with a high
proportion of high girth trees, coupled with
high yield / girth proved to be high yielders.
Clones 98/46 and 99/5/9 had a comparatively
lower interquartile range (IQR) and better
uniformity in terms of test tap yield. Hence,
based on the box plot, it can be concluded
that 98/46 and 99/5/9 has better uniformity
in yield and girth among the high yielding
clones in the present study.

Significant positive association of girth
with test tap yield was observed in the present
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Figure J. Yield- girth relation in trees in thefirst (A), second (B) and third (C) year oftest tapping.

i) High Girth and High Yield

It was observed that hybrid clones 99/3/61,
99/5/9 and 98/46 belonged to this category
of clones with above average me~girth and
yield and can be considered as promising
clones. Among these, 99/3/61 and 98/46
also had very strong yield-girth correlation
indicating their girth dependence.

ii) High Girth and Low Yield
Hybrid clones 98/33, 99/7/52 and 99/1/15

recorded a low mean yield despite having a
high mean girth.

iii) Low Girth and High Yield

99/2/34 and 9808 of this category had a
high mean yield/girth. Clone 98/38 had more
than 50% trees with above average yield and
the yield girth correlation was not high.

iv) Low Girth and Low Yield

Clones 99/5/35, 99/1/281, 98/61 and
98/56 belonged to this category.

Although several studies have explored the
correlation between the ortets and their bud-
grafts, results were mostly inconclusive™,



study. Similarly, wvery high phenotypic
and genotypic correlations were reported
between girth at panel opening and rubber
yield®. Girth of clones in the clonal nursery
was also found to be positively correlated
with yield at maturity’”*. Observation that
trees with above average yield invariably
had above average girth in the first year of
test tapping indicates positive dependence of
juvenile yield on girth. The increase in the
number of trees with an above average yield
despite having below average girth in the
subsequent years may be due to reallocation
of resources from vegetative growth to latex
production. Earlier studies have also shown
that in the first year of tapping girth and yield
between clones are positively correlated. As
tapping proceeds, this correlation disappears
and may even become negative"®. A similar
trend was observed in the correlation between
yield and girth on an individual tree basis
with the correlation decreasing from first to
the third year of test tapping. The yield girth
correlation observed in this study was similar
to the correlations (0.48 to 0.99) reported by
Narayanan and Ho™.

Mydin” reported the significant correlation
of test tap yield of two year old nursery
seedlings with the yield of resultant clones
at maturity. Classifications of clones based
on the means and proportion of trees in the
above average category, in the second year
of test tapping revealed that 99/3/61, 99/5/9
and 98/46 are promising as the|Thad high
girth and yield. Among these clones, 99/3/61
and 98/46 also had very strong yield girth
correlation indicating their girth dependence.
Hence the ability of these clones to have a
higher proportion of high girth trees will
be crucial in realising their yield potential.
Further, the ability of 98/46 to retain more
than 75% of the population in the above
mean girth category when we go for large
scale cultivation needs to be confirmed.
Hybrid clones 98/33, 99/7/52 and 99/1/15
with low mean yield despite having high

mean girth are not promising for further
evaluation. Clones in the low girth and high
yield category had a high mean yield / girth.
However, 99/2/34 was found to have the
maximum range among all the clones and the
high mean yield was observed from only a
few trees which attained tappable girth and
hence, is not promising. Clone 98/38 can be
selected for further evaluation as more than
50% trees had above average yield and the
girth dependence of yield was not very high.
Among the clones with low yield and girth, it
was interesting to note that 99/5/35 had high
mean Yyield over three years of tapping. On
detailed examination, we can find that the
high mean yield of 99/5/35 was due to a few
trees (< 50%) giving above average yield in
the third year of tapping and hence cannot be
considered as a promising clone for further
evaluation.

Among the high vyielders, not much
correlation existed in the ranking of the
selected ortets and their respective bud-grafts.
Variation in the growth pattern of genotypes
consequent to bud-grafting is reported in
earlier studies and was mainly attributed
to stock scion interactions"®. The rootstock
is reported to have a significant effect on
the growth, yield and growth physiology of
rubber tree scions™".

CONCLUSIONS

Based on the overall performance, hybrid
clones 99/5/9, 98/46 and 99/3/61 with high
yield and girth were identified as promising
clones in the early evaluation. It is crucial
to select clones with better vigour and yield
from early sorting trials like clonal nursery
evaluations for further evaluation in on-farm
trials. The present study emphasises the
need for taking into account the uniformity
in yield and girth of clones along with their
mean performance. The selected clones have
to be evaluated further in on-farm trials under
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normal spacing and tapping systems along with
control clones to ascertain the long term yield
performance in Tripura. The selected clones
can also be evaluated for their adaptation at
other locations in northeast India.
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