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Abstract

Clones oflieveu exhibit significantly variable response to seasonal factors which

is particularly reflected in rubber yield during summer inonths. In view of the

drastic change in ciimatological variables, development of clones amenable to

drier conditions is need ofthe hour. Previous studies on performance of various

clones under varied climates over the years had shown that clones like RRIC

52 and RRIC 104 introduced from Sri Lanka and few other imported clones c. Narayanan
were capable of performing well in terms of growth and yield, even under drier

conditions. During 1993, as a part of breeding for drought tolerance, hybridization was carried
out using above clones. After initial assessment for growth and yield at nursery stages, selections
were subjected to further small scale evaluation. Sustainable yield ofabove hybrids during summer
months, coupled with previous findings that these hybrids also possessed drought-tolerant Baits
based on physiological and biochemical studies, suggested that yield during summer months could
be used as an indicator of drought tolerance in Hsvea. Through hybridization, traits for drought
tolerance were successfully recovered from imported clones, which established potential use ol
above drought tolerant clones as parents for conferring tolerance traits to off-spnngs to otherwise
high-yieldtng clones oi Hevea. Promising selections from the above breeding programme have
already been identified as potential candidates for further long term evaluation in large scale as well
as on-fann trials, in traditional and non-traditional regions experiencing drought phases, atter whic

recommendations would be made for large-scale commercial planting.
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introduction

RubbcTyieldinZ/cnvtnsdcicrniinedbytlicgenmypc
ofaclone. Howeler. ruhber yield is also greatly
inflaenced by various edaphoclimalie variables.
Since changes in eliniaie \ anables ad\ erselv alTeci
rubber cultivation, need lor developing strategies
for managcmenl. inipro\eineni and protection
of crop l'or siisianiable >ieki ni Hcvca has been

stressed (Shaninn Raj ci al., 20!!). Iliere is also

increasing treiul of shilling rubber eiiki
new areas. particuiarK ibose are prone lo drastic
temperature changes llcnee. c\ol\ mg clones that
are climate-resilient is an nnporiant prioniv toi
rubber breeders (Satbeesh and Jacob. :oi Ii

Under varied agro-cliniaiic eoiulitions pre\ailin<j
in India and elseubere, clones of !'c\\\i e\bibi!
significantly variable response lu seasonal factors

whichisparticularlyreneciedinrubhersieldduring

summer months (George a a!. I“NO: Setburai

bPh; Sethura). I-) Response

and George.
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10 seasonal vanalions including high moisture
sircss during summer is delermiiied by siructural,
characteristics

physiological and biochcmical

of a clone. Clones exhibit variability in yield
depression durnrg drought period and it is greatly
illtliienced by latex How pattern (Selhuraj. 1777],
Soil moisture and atmospheric temperature are
t'vo mam enuronment variables which mtlucnee
turgor pressure in laticil'crs uhich in turn cause

variation m yield during different seasons
Kieorge i/ ui. I9K(); Selhuraj and (ieorge. 1°76),
Studies \\ere also earned out on the utiliiv ofbark
anatomical traits ui charactcn/aiion ot clones lor
tiroiight tolerance (I'remakumari a ai. I'"""3i. Tlk-
abo\e stud\ showed significant \ariation in phloie
ra\ \\idth and height widtb ratio oi'ph|(>ic rays
among drought tolerant clones.

In India, feu doncs, hoih introduced and
indigenous, have been known to show consistent

\ield largeK unallccted b\ moisture stress during;
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summer months (Raghavendra ei al. 1984;
Vijayakumar ei al.. 1988). Whether yield during
summer can be considered as a reliable trait for
identifying drought tolerance in Hevea is otkn
debated since clones showed varied responses
and summer stress is confounded with stress due
10 refoliation during rainless period of the year.
Among imported gennplasm, clones RRIC 52.
RRIC 104 and RRIM 600 are generally known
to be tolerant to drought conditions. During
1993. as a part of breeding for drought tolerance,
hybridization was carried oui wusing above
imported clones. Based on initial assessment for
growth and yield at nurser>' stage, selections were
planted in 1998 in a small scale trial for long-term
evaluation, in this paper, variability and recovery
of drought tolerant traits among selections from
above breeding programme, is discussed.
Materials and method

The study was conducted in a small scale trial laid

out with the purpose ofbreeding and selection for
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drought tolerance. Details of the clones are given
in Tabic I. The trial, planted in 1998 I‘ollowiing
a randomized block design (five tree per plot
replicated thrice), consisted of fifieen hybrids
derived from hybridization in 1993 between
high-yielding and drought tolerant clones; seven
parental clones have also been planted as checks.
Growth perfonnance of the clones was assessed
in terms of girth at 150 cm height in the T year
of tapping. Dry rubber yield (weighed in grams
per tree per tap; gf'f') was recorded in all the
tress followmg cup coagulation method based
on annual mean of fortnightly recordings every
month from January to December during 7 and 8*
year of tapping under S/2 d3 6d/7 system without
stimulation (Mydin and Saraswathyamma, 2005).

Summeryield oryield during stress was computed
from annual yield based on yield during dry
months of February - May. Summer depression or

yield depression which reflects decreasing trend in



Tabk I. Grovith and yield psrformance of hybrids in tlie small scale trial

Annual
Clooe Pedigree mean yield  summer d:sggsﬂ Girlh
(g/t/0 yield (g/t/t) (cm)
(%)

55 RRI! 105 X A\T73 54.8 32.0 38.02 68.3
53 RRII I05XAVT73 56.2 29.2 49.17 72.1
80 RRII 105 XPB 86 57.1 38.0 31.78 65.6
84 RRil 105 XPB 86 33.7 25.7 24.90 64.0
88 RRIl 105 XPB 86 66.8 411 37,85 64.9
270 RRII 105 X RRIC 52 56.3 38,6 31.81 75.9
216 RRII 105 X RRIC 52 68.5 57.2 16.17 78.9
214 RRIi 105 X RRIC 52 90.5 45.4 49.21 73.4
105 RRIM 600 X RRIC 104 52.5 375 30.26 76.9
225 RRIM 600 X RRIC 104 43,9 258 40.15 60.7
112 RRIM 600 X RRIC 104 59,4 40,1 32.47 7.7
145 RRJM 600 X RRIC 52 61.6 45.6 26.74 717
184 RRIM 600 X RRIC 52 51,4 36.7 29,05 753
188 RRIM 600 X RRIC 52 21,6 19,3 10,43 50.1
286 PB217XAVT73 49.2 315 35.51 711
RRII 105 Tjir 1XGil 57.7 36.5 35,8 60.6
RRIC 104 RRIC 52 XTjir 1 61.7 38.3 37.7 76.7
AVTT73 Estate selection 39.1 25.7 32.4 63.2
RRIC 52 Ortet selection 433 36.7 15.2 825
PB217 PB5/51 XPB6/9 80.6 45.8 425 62.6
PB 260 PB 5/51 xPB 49 76.9 41,4 44.9 70.9
'RR1M 600 Tjir 1XPB 86 54.0 32.0 405 60.8
cb 18.8 148 145 117

summeryield was computed as percentage drop in  and standard heterosis for various trails were
yield during summer months over the annual mean computed to assess the potential for high genetic
value. Data was subjected to statistical analysis gain through breeding fordrought tolerance (Hays

using standard procedures. Genetic parameters e/o/.. 1955; Fonseca e/o/.. 1968).
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Results and discussion

The revealed variation for

annual yield, summer yield, summer depression

study significani
and growth among the hybrids (Tabic 1). Annual
mean yield ranged from 21.6 gt'f' m HP 18X
to 90,5 gt't * in HP 214. In general, the hybrids,
from families mvolving RRIC 52 and RRIC 104
exhibited high mean yield compared to other
families. Annual mean yield ranged from 56.3
gt't “in HP 270 of family RRIl 105 RRIC 52 to
90.5 gf'f' in HP 214 of the same family. Hybrids
ofthe family RRIlI 105 x RRIC 52 had an average
yield of 71,8 gr‘t > while those from the'family
RRIM 600 X RRIC 52 showed average yield of
44.8 g f'f’. Among the check clones annual mean
yield ranged from 43.3 gf'f' in RRIC 52 to 80,6
g/Win PB217.

Regarding summer vyield. HP 216 of family
RRIl 105 X RRIC 52 showed maximum yield with
57.2 gf’f' while clone 188 from family RRIM 6(K)
X RRIC 52 showed minimum yield (19.3 gt 'f*)

as in Table 1. With reference to summer yield in
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different families, hybrids of family RRJ| 105 ~
RRIC 52 showed an average of 47.1 gt-if while
those of family rRR11 105 x AV 73 showed an
average of30.1 g f'f. In the check clones summer
yield ranged from 25.7 m AVT 73 to 45.8 gf'i-*
m PB 217. There was signilkant variation for
summer depression among the hybrids (Table 1).
Summer depression ranged from 10% in HP 188
to 49“r. in HPs 53 and 214. Among the families,
hybrids of family RR1M 600 x RR1C 52 showed
an average of 22.1% while those of family
RRIlI 105x AVT 73 showed an average 0f43.6%,
Summer depression ranged from 15.2 % in RRIC
52 to 44.9 in PB 260 %. With reference to summer
depression also, family RRII 105 x RRIC 52
shoued superior performance with an average of
32.4%

With reference to growth performance of the
clones, girth ranged from 50.1 cm in HP 188 to
8,9 cm in HP 216 (Table 1), Among the families,
hybrids RRII 105 \ RRIC 52 showed an average

girth of 76.1 cm while those of family RRII 105



X PB 86 showed an average ginh of 64.8 cm.
Hybrids produced using RRIC 52 and RRIC 104
were able to attain high girthing compared to
check clone RRI! 105.

Clonal variations for response to drought in terms
of yield and associated physiological parameters
have been observed earlier in Wickham clones
and germplasm accessions of Hevea and breeding
and selection for drought tolerance have already
been initiated in India and elsewhere (RRH, 2004;
Varghese ct al., 2006; Mercy el al.. 2011), An
earlier study showed significant clonal difference
inyield during dry season (Jan-May); GT 1could
sustain yield trend even during drought and the
yield drop was low (36 %) compared to Tjir 1
(61%) suggesting existence of drought-tolerant
traits in GT 1 (Vijayakumarercj/., 1988). Summer
yield is considered as a clonal trait and has been
used to categorize clones either as drought-
tolerant or drought-susceptible (Premakumari el
al., 1993). Based on chlorophyll traits, membrane

stability and epicuticular wax content, clones have
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been categorised as drought-tolerant or drought-
susceptible (RR1I, 2004; Varghese el ai, 2006). In
the above study, Sri Lankan clones viz. RRIC 52
and RRIC 104. and a Malaysian clone RRIM 600,
along with HP 225, HP 105 and HP 184 (hybrids
which are also under long-term evaluation in
the small scale trial), were shown to possess
drought tolerant traits which commensurate with
observation from the present study.

Inthe presentstudy, clones like RRIC 52 and RRIC
104. which are known to be drought tolerant, have
been used as parents in breeding for tolerance to
drought. Hybrid clones derived from the cross
using RRIC 104, RRIC 52 and RRIM 600 were
able to inherit drought-tolerant traits as clearly
evident from their overall pattem of high annual
mean yield, summer yield, low yield depression,
and girth. It is worthwhile to note that, based on
chlorophyll flourescence, chlorophyll stability,
membrane stability and epicuticular wax content,
which are considered as traits conferring drought

tolerance in Hevea, hybrids HP 225. HP 105 and
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HP 184 of the present population, have already
been identified as drought tolerant clones (RRII,
2004). Based on standard heterosis for traits under
consideration, families involving RRIC 52 and
RRIC 104 showed better heterosis compared to
other families indicating potential for achieving
significant levels ofgenetic gain through breeding
for drought tolerance using these clones as parents
(Table 2).

Details of genetic parameters are given in Table 3.

Among the traits, annual mean yield and summer
depression (%) showed high heritability. Summer
yield and girth exhibited moderate heritability.
With reference to correlation among various traits,
summer yield was strongly correlated with annual
mean yield and girth implying that high-yielding
clones in general presented high rubber yield
during summer months also (Table 4), Summer
depression was correlated with annual mean

yield indicating that high-yielding clones showed

Table 2. Standard heterosis for growth and yield of hybrids

Clone Pedigree

Standard heterosis (%)

Annual Summer Summer Girth
mean yield yield depression

55 RRII 105XAVT73 5.1 -12.3 6.2 127
53 RRII 105XAVT73 -2,6 -19,9 37.4 19.0
80 RRII 105 XPB 86 -1.0 41 112 8.3
84 RRII 105 XPB 86 -41.6 -29.6 -30,4 5,7
88 RRII 105 XPB 86 15.9 125 5.7 7,0
270 RRII 105 X RRIC 52 2.4 5.6 -111 25.2
216 RRII 105 X RRIC 52 18.6 56.6 -54.8 30.1
214 RRII 105 X RRIC 52 56,9 245 37.4 211
105 RRIM 600 X RRIC 104 -9.0 2.7 -15.5 26.8
225 RRIM 600 X RRIC 104 -24.0 -29.4 12.1 0.2
112 RRIM 600 X RRIC 104 2.9 9.9 9.3 28,2
145 RRIM 600 X RRIC 52 6,7 24.9 -25.3 183
184 RRIM 600 X RRIC 52 -11.0 0.6 -18.9 243
188 RRJM 600 X RRIC 52 -62.6 -47.0 -70.9 173
286 PB217XAVT 73 -14.7 -13.6 -0.8 173
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Table 3. Heritability (//~for different traits among hybrids

Phenotypic Genotypic
coefficient of coefficicot of w
variation variation
Annual mean yield 31.9 24.6 0.60
Summer Yield 30.8 18.4 0.36
Summer Depression (%) 35.8 27.7 0.60
Girth 141 9.7 0.47

Table 4. Phenotypic correlation for growth and yield traits

Annual mean

Summer yield

yield
Annual mean yield
Summer Yield 0,809*’
Summer Depression (%) 0.601*
Girth 0.362

«#significant at 1% level

significant drop in yield but still maintained
better yield levels compared to rest of the clones.
However, the extent of drop in yield was not
correlated with summer yield per se. Girth was
not correlated with annual mean yield and similar
trends have been reported earlier (Narayanan and
Kavitha, 2011).

Hybrids derived from drought-tolerant clones
were able to sustain rubber yield during summer
months when moistiire stress is present, without
considerable yield depression. This observation
on sustainable yield during summer months from
the present study, coupled with the previous
finding that these hybrids possess other intrinsic
drought-tolerant traits not only suggested that

yield during summer months could be used as

Summer depression

0.573**

an indicator of drought tolerance in Hei-ea but
also indicated potential use of drought tolerant
clones as male parents for conferring tolerance
traits to oft-springs to otherwise high-yielding
clones. Whether drought-tolerance is a paternally
transmitted trait, however, needs further genetical
through systematic

analysis progeny testing.

Nevertheless, more detailed investigation in
above hybrids using physiological, biochemical
and molecular markers could be of immense
application in validating the summer resilience
of clones as well as identification of markers for
early selection for the above traits.

Through hybridization, traits for droughttolerance
were successfiilly recovered from imported clones,
as indicated by the superior performance of their
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hybrid progenies under summer period. Promising
selections from ihe above breeding programme
have already been identified as potential candidates
for ftirlher long-term evaluation in large-scale
as well as on-farm trials, in traditional and non-
traditional regions experiencing drought phases,
after which recommendations would be made for
large-scale commercial planting.
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hybrid progenies under sunrimer period. Promising
selections from lhe above breeding programme
have already been identified as potential candidates
for further long-term evaluation in large-scalc
as well as on-farm trials, in traditional and non-
traditional regions experiencing drought phases,
after which recommendations would be made for

large-scale commercial planting.
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