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A bstract

C lo n e s o f  l ie v e u  ex h ib it sign ifican tly  variab le  response to seasonal factors which 

is  partic u la rly  reflec ted  in ru b b e r y ie ld  during  sum m er inonths. In v iew  o f  the 

drastic  change in ciim ato log ica l variab les, deve lopm en t o f  clones am enable to 

d rie r  cond itions  is need  o f  th e  hour. P rev ious s tud ies on perform ance o f  various 

c lones u n d er v a rie d  clim ates o ver the y ea rs  had show n that clones like RRIC 

52 and  R R IC  104 in troduced  from  Sri L anka and  few  o ther im ported clones c .  N aray an an  

w ere ca p ab le  o f  pe rfo rm ing  w ell in term s o f  grow th  and  y ield , even  under drier 

cond itions. D uring  1993, as a  part o f  breed ing  for d rought to lerance, hybridization was carried 

ou t u sing  ab o v e clones. A fte r initial assessm en t fo r grow th  and y ield  at nursery stages, selections 

w ere sub jec ted  to  fu rthe r sm all sca le  evaluation . S usta inable y ield  o f  above hybrids during summer 

m on ths, coup led  w ith  p rev ious find ings tha t these  hybrids also possessed  drought-tolerant Baits 

b ase d  on physio log ical and b iochem ical stud ies, suggested  that y ield  during  sum m er months could 

be used  as  an ind ica to r o f  d ro u g h t to lerance  in H svea . T h rough  hybrid iza tion , traits for drought 

to lera n ce  w e re  successfu lly  recovered  from  im ported  clones, w hich  established potential use ol 

a bove drough t to leran t clones as parents fo r conferring  to lerance traits to off-spnngs to otherwise 

h igh -y ie ld tng  clones o i  H evea . P rom ising  se lec tions from  the above breeding program m e have 

a lread y  been  identified  as po ten tial cand idates fo r further long term  evaluation in large scale as well 

as o n -fan n  trials, in trad itio n al and  non-trad itional reg ions experiencing  drought phases, atter whic 

re com m endations  w ould  be m ade for large-scale com m ercial planting.

K ey  w ords: H evea , annual y ield , su m m er y ield , sum m er depression, girth, drought tolerance.

•C o ire sp o n d in g  au lllo r e  m ail: cnaray>n™f<m,bbLTb.K,t<l.orB.m 
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introduction

RubbcTyield inZ/cnvtnsdcicrniinedbytlicgenm ypc  

o f  a  c lo n e . H o w e \e r .  ru h b e r  y ie ld  is a ls o  g re a tly  

inflaenced b y  v a r io u s  e d a p h o c l im a lie  v a r ia b le s . 

S ince  c h a n g e s  in e lin ia ie  \  a n a b le s  a d \  e rs e lv  alTeci 

ru b b e r c u ltiv a tio n ,  n e e d  lo r  d e v e lo p in g  s tra te g ie s  

for m a n a g c m e n l. in ip r o \e in e n i  a n d  p ro te c tio n  

o f  c ro p  I'or s i is ia n ia b le  > iek i ni Hcvca  h a s  b een  

stressed  (S h a n in n  R aj ci al., 2 0 ! ! ) .  l lie re  is a lso  

in c rea sin g  tre iu l o f  s h i l l in g  ru b b e r  e i ik i \ ; i i io n  lo 

new a re a s . p a r tic u ia rK  ib o se  a re  p ro n e  lo  d ra s tic  

tem p era tu re  c h a n g e s  l lc n e e .  c \ o l \  m g  c lo n e s  tha t 

are  c lim a te - re s il ie n t is an  n n p o r ia n t  p r io n iv  toi 

ru b b e r  b re e d e rs  (S a tb e e s h  a n d  Ja c o b . : o i  I i 

Under v a ried  a g ro -c l in ia i ic  e o iu lit io n s  p re \a ilin < j 

in Ind ia  a n d  e l s e u b e r e ,  c lo n e s  of !!c\\\i e \b ib i!  

sig n ifican tly  v a r ia b le  re s p o n s e  lu s e a so n a l fac to rs  

w h ic h is p a r t ic u la r ly r e n e c ie d in r u b h e r s ie ld d u r in g  

su m m er m o n th s  (G e o rg e  a  a ! . I'-'NO: S e tb u ra i 

and  G e o rg e . b P h ;  S e th u ra ) . l '- )" " i R e sp o n se

10 s e a so n a l v a n a l io n s  in c lu d in g  h ig h  m o is tu re  

s irc s s  d u r in g  s u m m e r  is d e le rm iiie d  by  s iru c tu ra l,  

p h y s io lo g ic a l a n d  b io c h c m ic a l c h a ra c te r is tic s  

o f  a c lo n e . C lo n e s  e x h ib it  v a r ia b ili ty  in y ie ld  

d e p re s s io n  d u rn rg  d ro u g h t p e r io d  and  it is g re a tly  

i lltliien ced  b y  la tex  How  p a tte rn  (S e lh u ra j.  I ')7 7 |,  

S o il m o is tu re  a n d  a tm o s p h e r ic  te m p e ra tu re  are  

t 'v o  m am  e n u r o n m e n t  v a r ia b le s  w h ich  m tlu cn ee  

tu rg o r  p re s su re  in la tic il'c rs  u h ic h  in tu rn  cau se  

v a r ia tio n  m y ie ld  d u rin g  d iffe re n t sea so n s  

K ie o rg e  i / u i.  I ‘)K(); S e lh u ra j a n d  ( ie o rg e .  I ^76 ), 

S tu d ie s  \ \ e r e  a lso  e a rn e d  o u t on  th e  utiliiv  o f b a r k  

a n a to m ic a l tra its  ui c b a r a c tc n /a i io n  ot c lo n e s  lor 

t iro iig h t to le ra n c e  ( I’re m a k u m a ri a  a i .  I'^^3 i. TIk- 

a b o \e  s tu d \  sh o w e d  s ig n if ic a n t \ a r ia t io n  in p h lo ie  

r a \  \ \ id th  a n d  h e ig h t w id tb  ra tio  o i'p h |(> ic  rays  

a m o n g  d ro u g h t to le ra n t c lo n es .

In Ind ia , feu  d o n c s ,  ho ih  in tro d u c e d  and 

in d ig e n o u s , h av e  b e e n  k n o w n  to  show  c o n s is te n t 

\ i e l d  la rgeK  u n a llc c te d  b \ m o is tu re  s tre ss  during;
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su m m er m onths (R aghavendra e i al.. 1984; 

V ijayakum ar e i al.. 1988). W hether y ield  during 

su m m er can be considered  as a re liab le trait for 

identify ing  d ro u g h t to lerance in H evea  is o tk n  

deba ted  since clones show ed varied  responses 

and su m m er stress is confounded w ith  stress due 

10 refo liation  du ring  rainless period  o f  the year. 

A m ong im ported g ennp lasm , clones RRIC 52. 

R RIC  104 and  R RIM  600 are generally  know n 

to  b e  to leran t to  drought conditions. D uring 

1993. as a  part o f  breed ing  for drough t to lerance, 

hybrid iza tion  w as ca rried  oui using above 

im ported  clones. Based on initial assessm ent for 

g row th  and y ield  at nurser>' stage, selec tions w ere 

p lan ted  in 1998 in a sm all scale trial for long-term  

evaluation , in this paper, variab ility  and recovery 

o f  drough t to leran t traits am ong selec tions from  

above breed ing  p rogram m e, is discussed. 

M ateria ls and m ethod  

T h e  study  w as conducted  in a sm all scale trial laid 

o u t w ith  th e  purpose o f  breed ing  and selec tion  for

d rought to lerance. D etails o f  the clones are  given

ingin Tabic I. T he trial, p lanted in 1998 followi 

a  random ized  block design  (five tree per plot 

rep licated  thrice), consisted  o f  fifieen hybrids 

derived  from hybridization in 1993 between 

h igh-y ield ing  and drought tolerant clones; seven 

parental clones have also been planted as checks. 

G row th p erfonnance  o f  the clones was assessed 

in term s o f  girth  at 150 cm  height in the T'^ year 

o f  tapping. Dry rubber yield (w eighed in grams 

per tree p er tap; g f ' f ' )  w as recorded in all the 

tress fo llow m g cup  coagulation method based 

on annual mean o f  fortnightly  recordings every 

m onth from January  to D ecem ber during 7“' and 8*̂ 

y ea r o f  tapp ing  under S /2 d3 6d/7 system without 

s tim ulation  (M ydin  and Sarasw athyam m a, 2005). 

Sum m er y ield  or y ie ld  during  stress was computed 

from  annual yield based on yield during dry 

m onths o f  F ebruary - May. Sum m er depression or 

y ield  depression  w hich reflects decreasing trend in
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T ab k I. G rovith and yield psrform ance o f  hybrids in tlie small scale trial

C looe P ed ig ree

A n n u a l 
m ea n  yield

(g/t/ 0
S u m m e r 

y ield  (g /t/t)

S u m m e r
depression

(% )

G irlh
(cm )

55 R R l! 105 X A \T 7 3 54.8 32.0 38.02 68.3

53 RRII I0 5 X A V T 7 3 56.2 29.2 49.17 72.1

80 RRII 105 X P B  86 57.1 38.0 31.78 65.6

84 R R il 105 X P B  86 33.7 25.7 24.90 64.0

88 RRII 105 X P B  86 66.8 41.1 37,85 64.9

270 RRII 105 X R RIC  52 56.3 38,6 31.81 75.9

216 RRII 105 X R RIC  52 68.5 57.2 16.17 78.9

214 R R Ii 105 X  R RIC  52 90.5 45.4 49.21 73.4

105 R RIM  600 X RRIC  104 52.5 37.5 30.26 76.9

225 R RIM  600 X RRIC 104 43,9 25.8 40.15 60.7

112 R RIM  600 X  RRIC  104 59,4 40,1 32.47 77.7

145 RRJM  600 X  RRIC 52 61.6 45.6 26.74 71.7

184 RRIM  600 X RRIC  52 51,4 36.7 29,05 75.3

188 R RIM  600 X  RRIC 52 21,6 19,3 10,43 50.1

286 P B 2 1 7 X A V T 7 3 49.2 31.5 35.51 71.1

RRII 105 T jir 1 X G i l 57.7 36.5 35,8 60.6

RRIC 104 RRIC  52 X T jir 1 61.7 38.3 37.7 76.7

A V T 73 Estate selection 39.1 25.7 32.4 63.2

RRIC 52 O rte t selection 43.3 36.7 15.2 82.5

P B 217 P B 5/51  X P B 6 /9 80.6 45.8 42.5 62.6

PB 260 PB 5/51 x P B 4 9 76.9 41,4 44.9 70.9

!RR1M 600 T jir 1 X PB 86 54.0 32.0 40.5 60.8

CD 18.8 14.8 14.5 11.7

sum m er yield w as com puted as percentage drop in and standard heterosis for various trails w ere

yield during sum m er m onths over the annual m ean com puted to assess the potential for high genetic

value. Data w as subjected to  statistical analysis gain t h r o u g h  breeding fo r drought tolerance (Hays

using standard procedures. G enetic param eters e /o / . .  1955; Fonseca e /o / ..  1968).
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R esults and discussion

T he study  revealed significani variation for 

annual yield, sum m er y ield , sum m er depression 

and grow th am ong the hybrids (Tabic 1). Annual 

mean y ield  ranged from 21.6 gt ' f '  m HP I8 X 

to 90,5 g t 't  ‘ in HP 214. In general, the hybrids, 

from fam ilies m volving RRIC 52 and RRIC 104 

exhib ited  high m ean yield com pared to  other 

fam ilies. A nnual m ean yield ranged from 56.3 

g t 't  ‘ in HP 270 o f  fam ily RRII 105 RRIC 52 to 

90.5 g f ' f '  in HP 214 o f  the sam e family. H ybrids 

o f  the fam ily RRII 105 x RRIC 52 had an average 

yield o f  71,8 g r ‘t ’ w hile those from th e 'fa m ily  

RRIM  600 X RRIC 52 show ed average yield o f  

44.8 g f ' f ’. A m ong the check clones annual mean 

yield ranged  from  43.3 g f ' f '  in RRIC 52 to 80,6 

g /W in  P B 2 1 7 .

R egarding sum m er yield. HP 216 o f  family 

RRII 105 X R RIC  52 show ed m a x im u m  yield w ith  

57.2 g f ’f '  w hile clone 188 from fam ily RRIM  6(K) 

X RRIC  52 show ed m inim um  y ield  (19.3 gt ' f ‘) 

as in Table 1. W ith reference to sum m er yield in

different fam ilies, hybrids o f  family RRJ| 105 ^ 

R R I C  52 show ed an average o f  47.1 g t- if  while 

those o f  fam ily R R I I  105 x A V I 73 showed an 

average o f3 0 .l  g f ' f .  In the check clones summer 

yield ranged from 25.7 m AVT 73 to 45.8 gf'i-‘ 

m PB 217. T here was s ig n ilk a n t variation for 

sum m er depression  am ong the hybrids (Table 1). 

Sum m er depression  ranged  from 10% in HP 188 

to 49 “ r. in H Ps 53 and 214. A m ong the families, 

hybrids o f  fam ily R R I M  600 x R R I C  52 showed 

an average o f  22 . 1%  w hile those o f  family 

R R I I  105 x  AVT 73 show ed an average o f43 .6%, 

Sum m er depression ranged from 15.2 %  in R R I C  

52 to 44.9 in PB 260 %. With reference to summer 

depression also, family R R I I  105 x R R I C  52 

sh o u e d  superior perform ance with an average of 

32.4%

With reference to grow th perform ance o f  the 

clones, girth ranged from 50.1 cm in HP 188 to 

■’8,9 cm in HP 216 (Table 1), Am ong the families, 

hybrids RRII 105 ,\ RRIC 52 showed an average 

girth o f  76.1 cm while those o f  family RRII 105
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X PB 86 show ed an average  g in h  o f  64.8 cm . 

Hybrids produced using  R R IC  52 and R RIC  104 

were able to attain  high g irth ing  com pared  to 

check clone RRI! 105.

Clonal variations fo r response to drough t in term s 

o f yield and associa ted  physio log ical param eters 

have been observed earlie r in W ickham  clones 

and germplasm  accessions o f  H evea  and b reeding  

and selection for drough t to lerance  have already  

been initiated in India and  elsew here  (R R H , 2004; 

Varghese ct al., 2006; M ercy  e l a l.. 2011), An 

earlier study show ed significant clonal d ifference 

in yield during d ry  season (Jan-M ay); G T 1 could 

sustain yield trend even during  drought and the 

yield drop w as low (36  % ) com pared  to T jir 1 

(61%) suggesting ex istence o f  drought-to leran t 

traits in G T 1 (V ijayakum are rc j/., 1988). Sum m er 

yield is considered as a clonal trait and has been 

used to  categorize clones e ither as drought- 

tolerant or d rought-susceptib le (P rem akum ari el 

al., 1993). B ased on ch lorophyll traits, m em brane 

stability and ep icu ticu lar w ax content, clones have

been ca tegorised  as drought-to leran t o r drought- 

susceptib le (R R II, 2004; Varghese el a i ,  2006). In 

the above study, Sri Lankan clones viz. RRIC 52 

and R RIC  104. and a M alaysian clone RRIM  600, 

along  w ith HP 225, H P 105 and H P 184 (hybrids 

w hich  are also under long-term  evaluation in 

the sm all scale trial), w ere show n to possess 

drought to leran t traits w hich com m ensurate with 

observation  from the present study.

In the present study, clones like RRIC 52 and RRIC 

104. w hich are know n to be d rought tolerant, have 

been used as parents in breeding for tolerance to 

drought. H ybrid clones derived from the cross 

using  R RIC  104, RRIC 52 and RRIM  600 were 

ab le to inherit drought-to leran t traits as clearly 

ev iden t from their overall pattem  o f  high annual 

mean y ield , sum m er yield, low yield depression, 

and girth. It is w orthw hile to note that, based on 

ch lorophyll flourescence, chlorophyll stability, 

m em brane stability  and ep icu ticu lar wax content, 

w hich are considered  as traits conferring  drought 

tolerance in H evea, hybrids HP 225. HP 105 and

RESEARCH
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H P 184 o f  the present population, have already 

been  identified as d rought tolerant clones (R R Il, 

2004). B ased on standard  heterosis for traits  under 

consideration , fam ilies involving RRIC 52 and 

R R IC  104 show ed b etter heterosis com pared  to 

other fam ilies ind icating  potential for achieving 

significant levels o f  genetic  gain through breeding 

for drought to lerance using  these clones as parents 

(Table 2).

D etails o f  genetic p aram eters are given  in Table 3.

A m ong the traits, annual mean yield and summer 

depression (% ) show ed high heritability. Summer 

yield and girth exhibited m oderate heritability. 

W ith reference to  correlation am ong various traits, 

sum m er yield was strongly correlated with annual 

mean yield and girth im plying that high-yielding 

clones in general presented high rubber yield 

during sum m er m onths also (Table 4), Summer 

depression was correlated w ith annual mean 

yield indicating that high-yielding clones showed

Table 2. Standard heterosis for growth and yield o f hybrids

C lone Pedigree

S tandard heterosis (% )

Annual 
mean yield

Sum m er
yield

Sum m er
depression

Girth

55 R R Il 1 0 5 X A V T 7 3 -5.1 -12.3 6.2 12.7

53 R R Il 1 0 5 X A V T 7 3 -2,6 -19,9 37.4 19.0

80 R R Il 105 X P B  86 - 1.0 4.1 - 11.2 8.3

84 R R Il 105 X P B  86 -41.6 -29.6 -30,4 5,7

88 RRIl 105 X P B  86 15.9 12.5 5.7 7,0

270 RR Il 105 X  RRIC 52 -2.4 5.6 - 11.1 25.2

216 RR Il 105 X  R RIC  52 18.6 56.6 -54.8 30.1

214 RRII 105 X R RIC  52 56,9 24.5 37.4 21.1

105 RRIM  600 X R R IC  104 -9.0 2.7 -15.5 26.8

225 RRIM  600 X RRIC 104 -24.0 -29.4 12.1 0.2

112 R RIM  600 X R RIC  104 2.9 9.9 -9.3 28,2

145 R R IM  600 X RRIC 52 6,7 24.9 -25.3 18.3

184 RRIM  600 X  RRIC  52 - 11.0 0.6 -18.9 24.3

188 RRJM  600 X RRIC 52 -62.6 -47.0 -70.9 -17.3

286 P B 2 1 7 X A V T  73 -14.7 -13.6 -0.8 17.3
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Table 3. H eritability ( //^ for  different traits am ong hybrids

P h en o ty p ic  
coeffic ien t o f 

v a r ia tio n

G eno typ ic  
coeffic ico t o f 

v a r ia tio n
W

Annual m ean y ield 31.9 24.6 0.60

Sum m er Yield 30.8 18.4 0.36

Sum m er D epression (% ) 35.8 27.7 0.60

Girth 14.1 9.7 0.47

Table 4. Phenotypic correlation for growth and yield traits

A nnual m ean 
yield

S um m er yield Sum m er depression

Annual mean yield

Sum m er Yield 0 ,809*’

Summ er D epression (% ) 0.601*

Girth 0.362 0.573**

•♦significant at 1% level

significant drop in y ield  bu t still m aintained 

better yield levels com pared  to rest o f  the clones. 

How ever, the ex ten t o f  drop in yield w as not 

correlated w ith sum m er yield p e r  se. G irth was 

not correlated w ith annual m ean yield and sim ilar 

trends have been reported  ea rlie r (N arayanan  and 

K avitha, 2011).

H ybrids derived from drought-to leran t clones 

w ere ab le to  sustain rubber y ield  during  sum m er 

m onths w hen m oistiire stress is p resent, w ithout 

considerable yield depression. T his observation 

on sustainable y ield  during  sum m er m onths from 

the present study, coupled  w ith  the previous 

finding that these hybrids possess o ther intrinsic 

drought-tolerant traits not on ly  suggested that 

yield during  sum m er m onths could be used as

an ind icator o f  drought tolerance in Hei-ea but 

also indicated potential use o f  drought tolerant 

clones as m ale parents for conferring tolerance 

traits to  oft-springs to otherw ise high-yielding 

clones. W hether drought-tolerance is a paternally 

transm itted trait, however, needs further genetical 

analysis through system atic progeny testing. 

N evertheless, m ore detailed investigation in 

above hybrids using physiological, biochemical 

and m olecular m arkers could be o f  immense 

application in validating the sum m er resilience 

o f  clones as well as identification o f  m arkers for 

early  selection for the above traits.

T hrough hybridization, traits for drought tolerance 

w ere successfiilly recovered from im ported clones, 

as indicated by the superior perform ance o f  their
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h y brid  pro g e n ie s  u n d er su m m er period . Prom ising  

se lec tio n s  fro m  ih e  above b reed ing  program m e 

h av e  a lre ad y  been  identified  as po ten tial candidates 

fo r ftirlher long-term  eva luation  in large-scale 

as w ell a s  o n -fa rm  trials, in trad itional and non- 

trad itio n al re g io n s experienc ing  d rough t phases, 

a f te r w h ich  re com m endations  w ou ld  be m ade for 

la rg e -sca le  com m ercia l p lan ting .
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hy b rid  p ro g e n ie s  u n d er sunrimer period . Prom ising  

se lec tio n s  from  Ihe above b reed ing  program m e 

h av e  a lread y  been  identified  as po ten tial candidates 

fo r fu rth e r long-term  ev a lu atio n  in large-scalc 

as w ell a s  on -farm  tria ls, in trad itional and non- 

trad itio n al reg io n s experienc ing  drough t phases, 

a f te r  w h ich  re com m endations  w ou ld  be m ade for 

la rg e -sca le  co m m ercia l p lanting.
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