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The growth, girth increment, early dry rubber yield and timber yield of RRI1300 series, IRCA and a few other
promising clonesinthedry sub humid climate of Odisha in eastern region of India isreported. Prolonged high
temperature, low rainfall and soil moisture are the majorenvironmental constrains affecting the growth, yield
and adaptability of clones in the region. Clone RRI11 351 recorded the initial highest mean rubber yield (31.03
g tH") followed by IRCA 109 (30.69 gt't"'), whereas popularclones RRIM 600 and RRII 105 recorded 26.59
and 26.75 g t’f', respectively. Highest and lowestyield was recorded during winter and summer months,
respectively. RRII 300 attained highest girth (53.03 cm) and girth increment but yield was relatively low.
Highest bark thickness was recorded in PB 28/59 (6.97 mm) followed by 6.75 mm in RRIl 357 and RRII 51.
Highestbole volume was recorded in RRI1 300 (0.07 m~tree”) followed by IRCA 111 (0.06 m™tree'). IRCA
111 recorded medium yield 0f26.03 gt”f', on par with thatof the popularclones. In general, the clones
RRI1351, RRI1352 and IRCA 109 were found tobe more promising than the popularclones RRII 105 and RRIM
600 for early yield. The results of the presentstudy will aid in the identification of potential clones for possible

commercial cultivation in the region.
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INTRODUCTION Compared to other crops, rubber is a
relatively new introduction, having been
The Para rubber tree, Hevea brasiliensis  broughtin to cultivation in India a century

(Willd.ex Adr.de Juss.) Muell. Arg. is a country the traditional rubber
tropical tree native to Amazon rainforest. belt(8-12" N) encompasses the southern tips
More than 90 per cent of the world natural of the peninsula, where it provide
rubber (NR) is obtained from rubber tree appropriate environmental conditions and
latex (Verheye, 2010). Rubber has been has been grown on a plantation scale for
traditionally cultivated in the equatorial nearly a century.

region, inazone lying between 10°north and The shrinking availability of cultivable
10" south of equator. land in the traditional region and ever
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growing demand for NR has supported
the extension of rubber cultivation to
areas of diverse agro-climatic zones of the
country (Sethuraj et al., 1991). Odisha state
(17-22° N) in eastern region of India was
consequently identified as one of the
potential non-traditional area where NR
plantation can thrive well. Such plantations
are being established in environments
grossly different from those to which the
species is best adapted. It has also been
observed that clone which performs well
in one environment may not perform as
well in other environment.

In this region of Odisha state, few
abiotic factors as high temperature with
severe scorching summer, low and erratic
rainfall and low soil moisture are important
constrains affecting the growth and yield
potential of the rubber crop. Limited
reports are available on the performance of
few rubber clones in the Odisha region
(Meenatoor et al.,, 2000; Gupta et al., 2001;
2002). However, no information on
performance of RRII 300 series and IRCA
clones in this region is available so far.

The present paper summarizes data
on growth, early yield, timber value and
adaptability of eleven clones in the dry
sub-humid climate of Odisha in the eastern
region of India.

MATERIALS AND METHODS

The clone evaluation trial with eleven
Hevea clones was initiated during 1999 at
the Rubber Board, Regional Research
Station at Kadalipal, Dhenkanal, Odisha (20“
49' N; 85730"' E; 100 m MSL). The soil of the
area is acidic and classified as loamy sand
in texture and is of lateritic in nature.

The genetic materials used in the trial
are comprised of four RRII 300 series (RRII
300, RRI1 351, RRI1352, RR11357), two IRCA

clones (IRCA 109, IRCA 111) and five other
potential clones (RR11 208, RRII 105, RR1151,
PB 28/59, RRIM 600). The experimental
design was randomized complete block
with four replications and thirty six plants
per plotplanted ataspacing of4.6 m x4.6 m.
Brown budded stumps were used as
planting material. The plants were raised
following the cultural practices recommended
for the rubber growing region (Rubber
Board, 1990). In the initial years, partial life
saving irrigation of 20 L per week was
provided in summer months.

The trunk girth was recorded at
regular quarterly intervals at 150 cm above
the ground level. The first three years
measurement was taken as diameter, since
the plants were too small to measure girth.
Plant diameter was measured 15 cm above
the bud union with a slide caliper and
converted to girth, assuming that the stem
was cylindrical. Annual girth increment
was calculated for three different phases
each comprising of four years duration,
during the entire period of 12 years after
planting.

The trees were opened for tapping at
the 12* year after planting. The tapping
system followed was 1/2S d/2 6d/7. Dry
rubber yield was recorded fortnightly
intervals following cup coagulation
method. The yield data over early two years
were used for evaluation of clones. In order
to assess the seasonal performance, a year
has been grouped in to three seasons, as
rainy (June to September), winter (October
toJanuary) and summer (February to May).
The per cent depression in yield in summer
months during the period was worked out.
The projected commercial yield was
determined for 350 trees per hectare per
year, for 120 tapping days in a year.

The primary branch number and
trunk height up to the main fork of entire



Table 1. Weather parametersduring the study period

Month Temperature (°C) Rain” Rainy Sunshine Evaporation
Tmax Tmin (mm) days (hrs) (mm)
January 28.2 12.9 12.2 1 7.3 2.8
February 32.0 16.9 7.3 1 8.0 3.6
March 35.7 20.6 12.4 1 8.1 4.7
April 39.8 241 39.1 3 8.6 6.3
May 39.6 24.9 83.7 5 8.1 6.2
Jime 35.9 25.4 182.9 11 5.3 4.3
July 325 24.7 350.1 19 3.9 2.4
August 32.3 24.7 278.4 16 4.1 2,3
September 32.3 24.1 191.0 11 4.8 2.2
October 32.1 22.3 133.1 6 7.1 2.7
November 30.0 16.2 9.9 1 7.1 2.7
December 28.4 13.2 4.3 1 72 2.7
Total/Mean 33.2 20.8 1304.4 76 6.6 3.6

trees were measured, and clear bole volume
per tree was estimated in the 12'~ year after
planting following the quarter girth method
(Chathurvedi and Khanna, 1982). The bark
thickness of 16 trees of each clone at the time
of opening of the panel for tapping was
recorded. The data were statistically
analyzed according to the standard
procedure (Sukhatme and Amble, 1989).

RESULTS AND DISCUSSION

The region represents dry sub-humid
climate with stressful conditions. The region
received an annual rainfall of 1304 mm
during the study period and the rainy period
was 76 days, mainly confined to mid June
to September. The distribution of rainfall is
far from satisfactory which results in long
dry spells extending from November to May,
during which the drought conditions
become severe. The summer months
(February to May) exhibited severe soil
moisture stress conditions. The sunshine
hours during July and August were low,
moderate in June and September and more

than seven hours daily in the remaining
months. Daily minimum temperature was
low in November, December and January
and high in the remaining months. Daily

Table 2. Meanannualyield ofclonesovertwo years
underdrysub-hiunid conditions
Clone Mean annual yield Projected yield
(Rt-"tO (Kgha-'yr-*)

RR11300 23.35 (9) 882.6
RRI11351 31.03 (1) 1172.9
RRII 352 28.40 (3) 1073.5
RRI1I1357 26.54 (6) 1003.2
IRCA109 30.69 (2) 1160.0
IRCAII 26.03 (7) 983.9
RR11208 19.72 (11) 745.4
RRII 105 26.75 (4) 1011.1
RRH51 21.25 (10) 803.2

PB 28/59 23.50 (8) 888.3
RRrM600 26.59 (5) 1005.1

CD (P=0.05) 4.35

Ccv 11.64 —
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Fig. 1. Mean annual yield performance over two years of differentclones
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Fig. 2. Yield performance ofclones in rainy (J-J-A-S), winter (G-N-D-J) and summer (F-M-A-M) seasons over

initial two years

maximum temperature exceeds 35"C during
March, April, May and June. During the
month of April and May, the mean
maximum temperature recorded was 40 °C.
Evaporation was low during July, August

and September and high during summer
months (Table 1).

Significant clonal variation in terms of
initial annual mean yield of dry rubber over
two years of tapping has been recorded. The



Table3. Monthly rubberyield of differentclones overinitial two years tapping

Yield(gf'f)
Clone Jun lul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
RR11300 1455 20.96 14.28 19.74 28.60 38.43 39.80 29.74 24.43 19.78 17.03 12.88
RRII 351 18.45 36.45 23.00 37.48 41.24 40.45 49.10 37.02 25.13 28.46 18.59 17.03
RRI11352 16.30 36.35 30.68 34.99 30.61 37.54 33.95 33.83 23.90 21.28 22.23 19.13
RRI11 357 12.13 18.59 24.10 24.93 30.36 40.31 46.30 36.86 28.25 24.46 21.55 10.68
IRCA 109 2198 32.29 27.35 26.78 36.79 4584 41.80 3849 33.80 25.11 19.31 18.75
IRCA 111 13.98 26.46 20.45 40.45 42.69 32.30 35.05 30.18 22.20 19.59 14.31 14.73
RRI1208 17.16 21.04 21.95 22.71 22.10 24.04 2498 23.11 17.11 17.23 13.50 11.73
RRI1 105 15.05 20.16 19.15 32.56 49.99 4579 43.70 24.36 21.79 22.29 16.74 10.00
RRI1151 11.83 20.05 13.83 19,56 30.79 38.59 31.60 26.74 16.78 18.20 13.99 13.10
PB 28/59 13.80 23.75 15.65 22.46 28.54 40.70 43.13 26.36 15.14 14.14 19.34 18.95
RRIM 600 13.85 24.56 19.58 31.84 34.53 41.11 43.00 39.49 27.18 18.39 13.55 12.00
CD (P=0.05) 3.37 7.48 5.77 9.67 9.00 NS 11.47 9.90 6.13 6.39 NS 3.10
CvVv 15.12 20.21 19.02 23.38 18.14 22.10 20.12 21.69 18.20 21.19 25.23 14.83

yield of popular clone RRIM 600 was 26.59
g f'f~ while yield ofrest of the clones under
evaluation ranged from 19.72 g tH”to 31.03
gt'rClone RRII 351 recorded the highest
early mean yield (31.03 g tH”), followed
by IRCA 109 (30.69 g f't’) and RRII 352
(28140 g t ); where as RRII 208 recorded
the lowestyield (19.72 g t't*) (Table 2, Fig. 1).
RRIlI 351 and IRCA 109 with high early
annual mean yield with high summer yield
were found relatively better clones (Table 3
and 4, Fig. 2). The coefficient of variation
(CV) with respectto monthly yield variable
among the clones was low to moderate
ranging 14.83 per centto 23.38 per cent. The
annual yield among the clones under
evaluation also indicated a low CV of 11.64
per cent suggesting high stability (Table 2
and 3). No literature is available on
performance of rubber yield on the RRI11300
series and IRCA clones in dry sub-humid
conditions. However, superior yield
performance of IRCA 109 and IRCA 111 was

reported in the traditional region (Reghu
efa/., 2008).

Rubber yield increased gradually with
the onset of monsoon particularly in the
month of August, peaked in subsequent
period, sustained up to December and
started slight decline thereafter. Overall
rubber yield was comparatively low during
the summer period (February to May) and
high during the winter (October to January)
(Table 3 and 4, Fig. 2). A similar trend in few
rubber clones were also reported earlier in
dry sub-humid conditions (Chandrashekar
et al.,, 1990; Gupta et ai, 2002). In general top
yielding clones RRII 351 and IRCA 109
recorded high yield 22.30 and 24.24 gtH
respectively during the summer period. The
other superior yielders during summer were
RRII 352 and RRII 357 recording 21.64 and
21.24 gt 't respectively. Summer yield
depression of clones ranged from 29.39 per
centin RRII 208 to 48.5 per cent in RRII 351.
Popular clones RRIM 600 and RRII 105 also



Table 4. Summermeanyield of theclonesovertwo

Clone Mean yield Summer Summeryield

yield depression
(gt-'t-) {Rt-'f) (%)
RRJI300 23.35 18.53 32.99
RRI1351 31.03 22.30 48.50
RRI1352 28.40 21.64 41.92
RRI11357 26.54 21.24 37.16
IRCA 109 30.69 24.24 42.59
IRCA 111 26.03 17.71 42.69
RRI11208 19.72 14.89 29.39
RRI1I 105 26.75 17.71 45.98
RRES51 21.25 15.52 32.73
PB 28/59 23.50 16.89 36.71
RRIM 600 26.59 17.78 44.21
CD (P=0.05) 4.35 2.19 7.73
CcvVv 11.64 15.72 15.15

recorded high summer yield depression
(Table 4). The lower yield during summer
months could be attributed to the stress
imposed on the rubber due to soil moisture
stress and synchrony of various other

physiological complexities due to
defoliation, flowering and refoliation (Chua,
1970).

Vigor in terms of tree growth is an
important factor since early good yield is
only possible for a tree which grows
vigorously when young (Simmonds, 1989).
Growth during the initial years is crucial for
Hevea especially with respect to attainment
oftappable girth (Sethuraj and George, 1980;
Paardekooper, 1989). RRII 300 (53.03 cm)
recorded the highest gjrtii followed by IRCA 111
(50.53 cm) and RRII 208 (49.40 cm) at the
time of opening of the trees for tapping.
Girth ofall restofthe clones was comparable
tothatof RRIM 600 (Table 5). Altiiough IRCA
109 recorded the lowest girth at opening
38.30 cm, the clone recorded high rubber
yield (30.69 gt'H *) among the evaluated
clones (Table 2 & 5). Similarly other high
yielding clones like RRII 351 and RRII 352
also recorded relatively low girth. This is
in agreement with thereportthathigh yield
need not necessarily be associated with high
girth (Goncalves et al., 2006).

Table5. Growth performance ofrubberclonesovertwelveyearoffield planting

Clones Annual Girth Increment (cm) Girth atopening  Bark thickness
Juvenile period Immature period Mature period (cm) (mm)
RRH300 3.44 4.57 4.97 53.03 (1) 6.41
RRII 351 3.67 3.36 3.64 45.33 (8) 6.41
RRnN352 3,92 4.66 2.58 46.80 (6) 5.38
RRI11357 3.31 4.44 2.92 45.68 (7) 6.75
IRCA 109 2.41 4.31 2.85 38.30 (11) 5.43
IRCA 111 2.65 6.92 2.73 50.53 (2) 5.83
RRH208 3.17 5.20 3.66 49.40 (3) 5.96
RRNi05 2.25 4.28 4.59 43.70 (9) 5.25
RRH51 2.06 3.86 3.74 40.08 (10) 6.75
RRIM 600 3.38 4.80 3.58 48.55 (5) 6.00
PB 28/59 3.54 4.02 2.92 48.70 (4) 6.97
CD (P=0.05) NS 1.57 NS NS 0.91
Ccv 34.51 23.58 37.96 17.61 10.25



Trunk annual girth measurement is
widely used in Hevea cultivation as a
parameter of growth particularly during
the immaturity period. This parameters is
also commonly used in assessing growth
performance of new planting material
(Shorrocks et al., 1965). Higher girth
increment was observed during the
immature four years period (2003-07) as
compared to the juvenile four years period
(1999-03) and early mature four years period
(2007-2011). Overall, RR11300, RR 11208 and
RRII 352 recorded high mean annual girth
increment during the entire periods, but
these clones did not yield high. RRII 51
showed lowest mean annual girth increment
(Table 5). The present reportwascomparable
with other clone performance reports in dry
sub-humid conditions (Chandrashekar
et al; 1998; Meenatoor et al, 2000; Gupta et
al., 2002; Krishan etal, 2007). Good girthing
is important in sustaining yield in high
yielding clones and also reducing wind

Table 6. Timber volume associated characters of
differentrubber clones after twelve years

of planting

Clone Branching Number Bole
height of primary volume

(m) branches (m” tree™)
RRI11300 3.06 2.73 0.07
RRI11351 2.95 2.25 0.04
RRI1352 2.84 2.68 0.04
RRI11357 2.94 2.73 0.05
IRCA 109 2.46 2,30 0.03
IRCA 111 3.26 2.21 0.06
RRI11 208 2.81 2.19 0.05
RRI11 105 2.45 2.21 0.04
RRII51 2.48 2.62 0.04
RRIM 600 2.67 2.37 0.05
PB 28/59 2.69 2.93 0.04
CD (P=0.05) 0.45 NS 0.02
cv 11.25 17.81 29.04

damage losses through trunk snap (Tan,
1987).

Bark thickness of Hevea clones at
juvenile stage have been reported asaclonal
characteristics (Licy and Premakumari,
1988). Significant clonal variation for bark
thickness was observed at the time of
opening for tapping. Bark thickness was
observed the highest in PB 28/59 (6.97 mm)
followed by 6.75 mm in PB 28/59 and
RRII 357, RRI1I 51 respectively. The popular
clone RRIM 600 attained a bark thickness of
6.00 mm (Table 5). Goncalves et al. (2006)
reports that thick bark is important
because it minimizes wounding incidence,
which is known to effect yield productivity
on latter panels.

Clear bole volume is an indicator of the
timber yield of a clone since the clear bole
contributes 60 per cent of the timber
recovered from a rubber tree (Najib et al.,
1995). Clonal variation for clearbole volume
and height at forking were significant. The
clones, superior in terms of clear bole
volume were RRII 300 (0.07 m™f') followed
by IRCA 111 (0.06 m™t'). The mean height
atforking wasthe highestin IRCA 111 (3.26 m)
followed by RRI1300 (3.06 m). Popular clone
RRIM 600, recorded 0.05 m*r' and 2.67 m,
bole volume and first forking height
respectively (Table 6). The primary
branches contributes significant role in
formation of canopy and abalanced canopy
plays an important role in wind resistance
besides timber contribution. The number
of primary branches varied from lowest
2.21 in RRII 105 to highest 2.73 in RR11 300
(Table 6).

In the present study based on initial
yield performance, RR11351, RRI1352, IRCA 109
and IRCA 111 were found to be better than
that of the popularclones RRII 105 and RRIM
600 in the dry sub-humid condition. The
good performance of clones suggests



possible improvement for the yield and
growth through selection. It is also
postulated that yield data from the early
years of tapping could be useful in
predicting yield in later years of the clones.
However, the performance needs to be
confirmed based on further observations on
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