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Using the modined Sullivan (1972) method 13 Hevea clones wen: screened for their lolerancc to cold 
tempemture ireatment in the laboraiory. Leaf discs prepared from a composite leaf sample of each 
clone were subjected to low temperature (2“ C) and electrolyte leakage from treated leaf discs was 
compared with control samples which were maintained at room temperature (2S''C). The membrane 
Injur)- in cold treated discs relative to control lea\-es was computed and expressed in pcrccntage. Cold 
treatment o f leaf discs led to appreciable loss of membrane stability which ranged from 5 to 50 per ccnt 
showing marked variability among ihc clones of Hrvra. This method will be a promising experimental 
tool for sci«ening clones for cold tolerance if the results ally with ihc performance of the clones under 
cold conditions in the field.

INTRODUCTION

M any plants o f  tropical and subtropical 
origin sustain dam age when exp osed  to tempera­
tures b e low  a critical threshold temperature o f  
10-12" C and e v o k e s  m u ltip le  and co m p lex  
sym ptom s. C hilling  sensitive plants exp osed  to 
lo w  lem peralures b ecom e injured (Lyons, 1973). 
S tu d ies on ch illin g  injury in rubber b ecom es  
essen tia l as rubber cultivation  is now  being ex ­
tended to non traditional lo w  temperature prone 
areas like A ssam , Tripura, M eghalaya, Nagaland, 
M izoram , etc. In these reg ions the temperature 
g o e s  dow n o ccasion a lly  to around 5"C and usu­
ally  b elow  10" C at night during winter. C old  
dam age to rubber trees is a com plicated  geneti- 
cal, p h ysio log ica l and eco lo g ica l phenom enon. 
T h is is because responses to low  temperature 
vary with c lo n es, age o f  the plant and vigour  
status o f  the plant. B ecau se o f  such a com p li­
cated relationship betw een  rubber and its e c o l­
o g y , se le c t in g  a p h y s io lo g ic a l param eter to

screen the c lo n e s  for co ld  tolerance b eco m es  
difficult and m ostly  unreliable.

A m ong the m any p h y sio lo g ica l and b io ­
chem ical parameters such as photosynthetic rate, 
respiration, m em brane stability, lipid m etabo­
lism  , ch lorophyll f lu orescen ce etc ., e lectro lyte  
leakage m easurem ent to study the stability  o f  
m em brane is easy  and eco n o m ic . T he perm e­
ability o f  the plasm a m em brane is very sen si­
tive to low  tem perature. L ow  tem perature in­
fluenced m em brane injury leads to increased cell 
m em brane perm eability  and e lectro lyte  leakage  

(H e and C hina, 1986). T here is a negative cor­
relation b etw een  tem perature and e lec tro ly te  
leakage in H evea .  It has been  confirm ed that 
cold tolerant varieties o f  H evea  show ed less e lec ­
trolyte leakage during extrem e cold  cond itions. 
L ow  temperature intensity has m ore im pact on 
m em brane perm eability  o f  H evea  than the du­
ration o f  exposure.
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In th e p resen t s tu d y , l e a f  d is c s  from  
H e v e a  c lo n es  w ere subjected  to co ld  stress in 
the lab con d ition s and their m em brane stability  
w as studied with an ob jective to investigate if  
there is sign ifican t c lonal variation in m ainte­
nance o f  m em brane stability  during co ld  stress.

M A T E R IA L S  A N D  M E T H O D S

In this study 13 c lo n e s  o f  H evea  w ere  
selected  random ly viz. R R II5 , R R II208 , SCATC  
8 8 -1 3 , H aiken 1. RRU 3 0 8 , RRII 118, RRIM  
6 0 0 , RRII 300 , RRIM  703 , SCATC 9 3 -1 1 4 , RRII 
105, PC K  2 , and PC K  I from  a fie ld  o f  Rubber 
R esearch Institute o f  India E xperim ental Farm, 
planted in 1989. M em brane stab ility  w as stud­
ied u sin g  a m od ified  electro ly te  leakage tech­
nique (S u llivan . 1972). L e a f d is c s o f  1 cm ^size  
w ere prepared from a co m p o site  pool o f  p h ysi­
o lo g ic a lly  m atured leaves that w ere co llected  
from  five  trees o f  each c lo n e . L ea f d iscs were 
w ashed with d istilled  w ater four tim es to re­
m ove any ex cess  e lectro ly tes that w ere present 
in the cut ends o f  the le a f d iscs. A fter w ashing, 
20  lea f d iscs  each w ere transferred to 12 boiling  
tubes. L ea f d iscs in six  b o ilin g  tu b es w ere sub­
jected  to low  temperature treatm ent (2"C  for 16 
h). T he other six  b oiling  tubes w ere m aintained  
at 25" C for 16 h (control). Both the co ld  treated 
and controls sam p les w ere kept in dark and care 
w as taken to prevent drying o f  le a f d iscs. A t the 
end o f  16 h both the treated and control sam ples  
w ere added with 3 0  ml o f  d istilled  water and 
w ere incubated in dark for 18 h at 2 5 ” C for al­
low in g  the electro ly tes to leak into the water. 
A fter the incubation the elarctrical conductiv ity  
o f  the w ater (in itia l) was m easured using a c o n ­
ductiv ity  bridge at 25 C. Then the sam ples w ere 
a u toc laved  at 15 lb  pressure for 2 0  m in and 
c o o led  to 25" C. T he volum e o f  water w as made 
up to 30  ml using d istilled  w ater and the electr i­
ca l co n d u ctiv ity  (fin a l) w as m easured  o n ce  
again . T he m em brane stab ility  w as expressed  
as R elative Injury (R I) using the fo llow in g  for­
mula:

RI 7c = 1 - [(1 -T ,/T j)/(1 -C /C 2 )] x 100

where T  is electrical conductivity o f  treat­
m ent, C  is electrical conductiv ity  o f  control and
1 and 2 refer to the initial and final con d u ctiv ity  
readings i.e. before and after autoclaving respec­
tively.

R E S U L T S  A N D  D IS C U S S IO N

T he tem perature and duration  o f  co ld  
treatment w ere first standardized using RRII 105 
le a f  d iscs (F ig . 1). M em brane e lectro ly te  leak ­
age increased with decreasing tem perature and  
at a g iven  temperature, leak age increased with  
the duration o f  exposure. Treating lea f d iscs with  
2°C w as found to induce lethal injury (5 0  %  e le c ­
trolyte leakage) w hich was later adopted for this 
study.

Low temperature duration (h)

F tg .l. Electrolyte leakage pattern o f  RRII 105 leaves to 
varN'ing levels and duration o f  tow tem perature

In the 13 c lon es studied  here, the lo ss  o f  
m em brane stability due to co ld  treatm ent ranged  
betw een  5 to 5 0  per cent (F ig . 2 ) . C lo n es such  
as RRII 5 . RRII 208 , SCATC 88 -1 3  and H aiken 1 
w ere found m ore stable to  co ld  tem perature in 
term s o f  their m em brane dam age (6  - 9  % e le c ­
tro ly te  lea k a g e). C lo n es  su ch  as R R II 3 0 8 ,  
RRIM  600 . RRII 30 0  and RRIM  7 0 3  exh ib ited  
a m oderate level o f  m em brane injury (2 8  - 3 9  %  
o f  e lectro lyte  leakage). H igher rates o f  electro-



ly le  leakage w ere found in SCATC 9 3 -1 1 4 , RRII 
1 0 5 ,P C K 2 a n d  PC K  1.

Fig. 2. Low temperature induced loss o f  membrane 
stability in 13 Hfvea  clones

T he resu lts o f  the present exp erim en t  
show  that a m arked variability ex ists  in lo ss  o f  
m em brane stab ility  at low  temperature am ong  
the c lo n es  tested. It has been confirm ed earlier  
that the lo w  tem perature induced ion leakage  
.would be m ore in ch illin g  sen sitive plants and

w ould be less  in ch illing  tolerant plants (C ollins  
e ta l . ,  1 9 9 3 .1 9 9 5 ) w hich have som e sort o f  adap­
tive or resistant m echanism  o f  protecting the 
m em brane structure so  as to prevent leakage o f  
electro ly tes. T h e H evea  c lo n es  w hich show ed  
m inim um  relative injury at low  temperature may 
therefore be expected  to tolerate ch illin g  tem ­
perature better in field  conditions a lso . I f  so  
proved , this technique can be used  to screen  
germ plasm  m aterials for co ld  tolerant varieties.
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