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Hevea brasiliensis, a higlil)' cross-pollinated tree species, produces seeds of diverse genetic constituents. To exploit the readily avail* 
able genetic variability, seedlings were grown at experimental station in Tripura. Two>month-old seedlings showed distinct varl> 
ability in growth parameters such as plant height, shoot diameter and leaf expansion rate during winter season. On the basis of 
these parameters, a few seedlings with variable growth parameters were selected for further studies to evaluate their intrinsic 
capability to withstand low temperature. High vigor (IIV) seedlings recorded significantly higher mean plant height, shoot 
diameter, leaf expansion rate compared to low vigor (LV) seedlings. Further, the COi assimilation rate and stomatal conductance 
recorded in LV seedlings were 65% and 15% less respectively, compared to IIV seedlings. In a separate experiment in vitro, the 
degradation of chlorophyll was 7% over control in IIV types whereas 33% lower in LV types when the excised leaves were exposed 
to low temperature o f lO^C for two days. Low temperature of the same severity and duration had caused 57% and 41% membrane 
injury in LV and IIV plants respectively. In the same experiment, LV seedlings had recorded 54% more anthocyanin accumulation 
compared to other types.

Keywords: Hevea brasiliensis, low temperature tolerance, photosynthetic rate, chlorophyll degradation, membrane damage, anthocyanin 
accumulation.

In tro d u c tio n

Hevea brasiliensis, the natural rubber, is grow n in 
various d istinct agro-clim atic zones in India. O ne o f  
the m ajor areas o f  cu ltivation  o f  H. brasiliensis is in 
the N ortheast region o f  Ind ia , w here it encounters 
low tem perature stress fo r its norm al grow th and 
developm ent during w inter season. T o  com bat this 
abiotic stress, efforts have been m ade in d ifferent 
d irections c ither to develop resistan t genotypes o r to 
m inim ize the adverse im pact o f  low  tem perature in 
susceptib le ones. O ne o f  the d irections has led us to 
exam ine the polyclonal seedlings o f  H. brasiliensis, 
as the species is h ighly cross-pollinated .

In the presen t study, we m ade an effort to assess the 
variability  in low  tem perature to lerance am ong the 
polyclonal seedling  population . W e identified two 
groups o f  p lan ts contrasting  in their stress adapta­
tion. Further, gas exchange stud ies and o ther b io­
chem ical analysis, viz. chlorophyll degradation
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and m em brane leakage studies were also conducted 
to characterize these two groups o f  seedlings.

M a te r ia ls  a n d  m eth o d s

E nvironm ental condition and  p la n t materials

The sot! (0 -3 0  cm ) o f  the experim ental site contains 
21%  clay, 25%  silt and 54%  sand. T he organic car­
bon content was 1% w ith pH  o f  4 .6 . The mean 
m onthly m axim um  tem perature recorded ranged 
from  25.8®C to 29.0°C  and the minimum tem perature 
varied from  7.8°C  to 12.9°C during the w inter pe­
riod. W ithin the period, the RH  fluctuated from 66 to 
69%  with an average sunshine hour o f  8.2. U nder 
this agro-clim atic condition, polyclonal seeds o f  H. 
brasiliensis collected  from  m ulti-cIonal orchard were 
sown in 0 .6  m x  0.6 m spacing in seedbed at Tarana- 
gar Farm , R R S, A gartala (longitude 91®I5'E, latitude 
23°53 ''N  and 20  m M SL). Two hundred and thirty 
five seedlings o f  one-m onth age were monitored 
during the w inter season o f  2000. This study was 
continued until 2002.
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Growth parameters. The height o f  p lants (cm ) from 
shoot apex to ground level was m easured once in a 
week. Shoot diam eter (mm) at 10 cm  height was 
m easured at monthly in tervals by screw  gauge. L eaf 
expansion rate (cm^ day”’) was estim ated by m eas­
uring initial lea f area (LA i) as m ultip lied  by length 
and breadth o f the leaf in situ. A fter a week o f  the 
initial observation, the fm al leaf area  (LA 2) was re­
corded. T he leaf expansion rate  w as calcu lated  by 
using the form ula (LA |-LA 2>/7.

Gas exchange studies: N et pho tosyn thelic  ra te  (A) 
and other related  param eters w ere recorded  on uni­
form ly m atured leaves using  a po rtab le  photosynthe­
sis system  (L icor 6200 , L incoln , N E , U SA ). T he 
m easurem ents w ere taken  from  8 am  to 10 am  under 
saturated photon flux density  (~  1500 }imole m“  ̂s“*).

In vitro studies: The effect o f  low  tem perature on 
chlorophyll degradation  and m em brane dam age was 
studied by exposing  uniform ly m atured leaflets to 
low tem perature (10°C ) for 48 h in a B O D  incubator 
(Caltan D T 909) in presence o f  light.

C h lo ro p h y ll d eg ra d a tio n

Leaves o f  uniform  m aturity  from  individual p lants 
were exposed  to low  tem perature  to study the stress- 
induced chlorophyll degradation . O ne set o f leaves 
was kept in am bient cond ition  as control. A fter 48 h 
o f exposure to  low  tem peratu re  five  leaf d iscs o f
1 cm diameter were incubated in 80%  acetone :D M SO  
( 1 :1 )  m ixture overn ight. T h e  absorbance o f 
decanted solu tion  at 546 nm , 6S2 nm  and 663 nm 
w avelengths w as recorded . T he ch lorophyll conten t 
was then calcu la ted  by using  the form ula o f  Arnon 
(1949).

M em brane dam age

L eaf d iscs taken from  both trea ted  and contro l leaves 
were incubated in 7 ml o f  s terile  w ater in a  test tube 
overnight. T he w ater was decan ted  and  absorbance at 
273 nm (D i) was recorded both in treated  and contro l 
samples using a UV spectrom eter. T he absorbance at 
273 nm was again recorded (D^) fo r the decanted 
water after autoclav ing  the sam e test tubes at high 
pressure. The m em brane dam age was calcu lated  
using the form ula: [(D 2-D j) /D 2] x  100 (H e Jing, 
1982).

A n th o cya n in  co n ten t

Y oung bud tissue (1 g) was taken from  each sam ple 
and hom ogenized in 5 ml o f  m ethanol contain ing
1.0 N HCI m aintained at 4°C  for four hours (C hriste 
ef al„ 1994). T he particu lates were rem oved by 
centrifugation o f the hom ogenate at 1 0 ,0 0 0 ^  for 
30 min. T he absorbance o f  the c lear supernatan t at 
530 nm per gram  o f  tissue serves as a  m easure o f  
anthocyanin content as previously  described  by K ho 
e ta l.{ \9 1 1 ) .

R esu lts  a n d  d iscu ssio n

G row th analysis

Prelim inary  grow th o f  the seedlings du ring  low  tem ­
perature  season reveals that there is a d ifference  
am ong the seedlings in term s o f  their in teraction  
with low  tem perature (T abic  1). The mean increase 
in plant height o f  seedlings was 16.31 cm  ranging 
betw een 3 .0  cm  and 36.3  cm  during the 120 days 
period in w inter season. The ra te  o f  increase in o ther 
param eters nam ely, shoot d iam eter and le a f  expan-

Table 1. Mean and range of different growth characteristics of 
polyclonal seedlings.

Increment in Mean Range SE

Plant height (cm) 16.31 3.0-36.3 ± 0 .47
Shoot diameter (mm) 0.98 0.26-2.18 ±0 .036
L.eaf expansion rate (cm^ day~') 1.33 0.12-5.15 ±0.033

Tabic 2. Growth characteristics of contrasting Uevea seedlings In
winter season.

Plant Shoot Leaf
Seedling height diameter expansion rate
no. (cm) (mm) (cm* day'*)

HV 11 36.7 2.01 1.91
HV 45 28.8 2.21 1.17
HV98 33.5 2.18 1.32
HV 106 27.1 1.99 2.48
HV 110 36.3 1.92 2.47

Mean 30.4 2.06 1.87

LV 170 3.0 0.26 0.21
LV212 7.0 0.41 0.45
LV230 5.0 0.36 0.19

Mean 5.0 0.34 0.28

HV: High vigor; LV: L^w vigor.
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Table 3. Assimilation rate (A), stomatal conductance (gi), inter­
cellular CO2 (Ci) and an estimate of mesophyll efficiency 

(Ci/g,) of selected seedlings grown in winter season.

Category A gi Ci Ci/&

HV 8.30 0.26 281.3 1065
(± 0.15) (± 0.03) (± 1.38) (± 3.3)

LV 2.90 0.22 300.7 1363
(± 0.083) (+ 0.009) (± 1.27) (±3.6)

CD (P = 0.05) 0.72 0.02 5.37 -

HV: High vigor; LV: Low vigor.
Values in parentheses indicate the SE of the data (n = IS).

sion was 0 .26 to 2 .18 mm and 0 .12 to 5.15 cm^ day'* 
respectively. B ased on the increm ent in plant height 
and shoot d iam eter, a few  seedlings w ere grouped 
into two d istinct ca tegories, viz. high vigor (H V ) and 
low vigor (LV ) seedlings.

The HV seedlings recorded average plan t height o f 
30.4 cm, shoot d iam eter o f  2 .06 mm and leaf expan­
sion rate o f  1.87 cm^ day" ', w hereas LV types 
showed 5 .0  cm and 0 .34 mm and 0.28 cm^ day"* 
respectively (T able  2).

Gas exchange studies

A significant variability  was observed in net photo­
synthesis rate (A ) and o ther related param eters such 
as stom atal conductance (g ,), in tercellu lar C O 2 (Ci) 
and the in vivo  estim ated m esophyll efficiency 
(Ci/gs) betw een the HV and LV  seedlings. Sim ilar 
variability was also  reported  by Sam suddin and 
Impens (1979), D ey et al. (1995) and N ataraja  and 
Jacob (1999). The HV seedlings show ed an average 
assim ilation rate  o f  8.3 ^m o le  C O 2 m“  ̂ s"’ whereas 
the LV types recorded  only  2 .9  nm ole C O 2 m"^ s"' 
(Table 3). T he ratio  o f  Ci to g, is an estim ate o f  
mesophyll effic iency  (K rishnaprasad et a!., 1990). 
The HV types recorded the C i/gj o f  1065 in com pari­
son with 1363 in case o f  LV types, w hich reveals 
better m esophyll activ ity  in H V  types in relation to 
the o ther one.

C hlorophyll d eg ra d a tio n

D egradation o f  pigm ents is a reflection o f  stressful 
environm ent such as low  tem perature (Stam p et al., 
1983; Stam p, 1984; B aker and N ie, 1994). In the 
present study, the degradation o f  chlorophyll after

low  tem perature exposure is 7% in HV types, 
whereas the LV type showed 33% (Figure 1). This 
param eter is used as an indication o f low tempera* 
ture im pact as chlorophyll is m ore liable to oxidative 
dam age under this adverse condition (M ac W illiam 
and N aylor, 1967).

Figure 1. In vitro membrane damage and chlorophyll degrada­
tion in high vigor and low vigor seedlings.
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Figure 2. Anthocyanin accumulation in high vigor and low 
vigor Hevea seedlings under in vitro condition.
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M em b ra n e  dam age

T he m em brane dam age due to  low  tem perature  expo­
sure was significantly d ifferen t betw een HV and  LV 
seedlings. The HV seedlings show ed 41%  injury 
com pared to 57%  in LV types (F igure 2). It was 
dem onstrated that low  tem perature  caused  increased 
m em brane perm eability  that resu lted  by m em brane 
injury (Hu D eyou, 1984; H e R uiyan and C hina Zhen- 
fei, 1986).

A n th o cya n in  a ccu m u la tio n

The two types o f  seedlings d iffer s ign ifican tly  in the 
accum ulation o f  anthocyanin  in young bud tissue. 
The HV types recorded  less am ount o f  anthocyanin 
content o f  1.56A53o/g bud  tissue fresh w eight com ­
pared to LV seedlings (2.91 As3o/g bud tissue fr wt). 
It has been reported  that the flavonoid-like an tho­
cyanin is induced by low  tem perature stress in plant 
species (H ajim e et al., 2001). T he low  accum ulation 
o f  anthocyanin in HV types indicates the lesser 
extent o f  stress experienced  by the seedlings as they 
have a better m echanism  to w ithstand the low  tem pe­
rature stress com pared  to o ther type o f  seedlings 
(F igure 2).

T he resu lts o f  th is experim ent show  that the HV 
seedlings are less susceptib le  to low tem perature 
stress com pared  to LV types, as HV seedlings could 
m aintain better structural s tab ility  under stress con ­
d ition . E m pirical grow th analysis o f  these polyclonal 
seedlings w ould provide g reater source o f  variability  
in cold  to lerance  trait fo r c rop  im provem ent. These 
selected high vigor seedlings can  be used as parental 
m aterial for further b reeding  program m es for 
im proving co ld  to lerance characteristics o f  Hevea 
clones.
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