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The Rubber Research Institute of India has large collection of wild Hevea germplasm received from IRRDB 
which was collected in the 1981 expedition to the centre of origin of the crop in Brazil, covering the three 
states of Acre (AC), Rondonia (RO) and Mato Grosso (MT). W ild germplasm, being a rich source of genes 
conferring tolerance to various biotic and abiotic stresses, has an important role in broadening the existing 
narrow genetic base of cultivated rubber. For identifying the drought tolerance potential of this germplasm 
collection, a preliminary field screening of wild accessions along with the check clones R R II105, RRIM  600 
and Tjir 1 was conducted during 2001 and 2002 in the drought-prone area of Dapchari in Maharashtra. 
Response of these accessions towards drought stress was determined based on growth and drought-related 
parameters during pre - and post - drought periods. Plant height, girth, number of whorls and number of 
leaves were the growth parameters studied and senescence and relative water content of leaves were the 
drought-related parameters measured. Annual and summer period girth increments (as percentage) were 
also worked out to assess the drought tolerance potential of these accessions. Wide variability was noticed 
among the accessions for all the characters studied. The proportion of accessions w ith drought tolerance 
was more in MT and RO provenances than in AC provenance. Out of 105 accessions evaluated, 14 potential 
accessions could be identified for further detailed field evaluation.
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INTRODUCTION

The Rubber Research Institute of Iridia 
has a c o lle c tio r i o f 4548 w ild  Hevea 
germplasm accessions, received as part o f an 
expedition conducted by IRRDB jo in tly  w ith  
EMBRAPA of Brazil in  1981, in  the Amazon 
forests of Brazil. This venture resulted in  the 
collection o f more than 64000 seeds and 194 
ortets from  three states in  Brazil, namely Acre 
(AC), Rondonia (RO) and Mato Grosso (MT), 
covering a total of 64 locations in  16 districts 
(IRRDB, 1982). Acre has an equatorial climate

whereas Rondonia and Mato Grosso states 
experience a trop ica l clim ate w ith  a d ry  
season e x te n d in g  u p  to  fo u r  m on ths  
(Chevallier, 1988). Genetic d iversity in  this 
c o lle c tio n  is c lose ly  re la ted  to  the 
geographical provenance of the accessions 
(R R II, 2002) and cons ide rab le  genetic  
variation among the accessions from  Acre, 
Rondonia and Mato Grosso provenances has 
been reported (Varghese et al, 2002)!^Hence, 
th is  w ild  germ plasm  co lle c tion  has an 
im portant role in  broadening the existing 
narrow genetic base of cultivated rubber. The
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accessions received in  Ind ia  are now  in  
various stages of evaluation as they form  the 
p o te n tia l source o f genes co n fe rr in g  
to lerance to  va rious  b io tic  and ab io tic  
stresses.

In  order to extend rubber cu ltivation 
into marginal and non- traditional areas in  
Ind ia  w h ich  are confronted w ith  various 
ag roc lim a tic  constra in ts  l im it in g  p la n t 
growth and productivity, it  is h ighly essential 
to develop location-specific rubber clones. 
This goal can be achieved by iden tify ing  
po ten tia l w ild  accessions th ro u g h  fie ld  
screening fo r the specific objectives and 
inc lud ing  them in  breeding programmes. 
Regional Research Station (RRS), Dapchari 
located in  Maharashtra State in  India, is a 
drought-p rone region experiencing h igh  
temperature (exceeding 40 °C in  A pril), high 
ligh t intensity and very low  soil moisture 
during the summer months. It has a ra infa ll 
pattern lim ited only to four months in  a year, 
w ith  an average armual ra in fa ll of 7.5 m m  
per day and an average of 90 rainy days in  a 
year. P re lim inary fie ld  screening of w ild  
germplasm in  this drought-prone region was 
conducted to id e n tify  po ten tia l d rough t 
tolerant accessions.

MATERIALS AND METHODS
Two sets of 63 and 42 w ild  accessions 

were planted along w ith  the check clones 
RRII 105 (standard check), RRIM  600 (a 
drought tolerant check) and T jir 1 (a drought 
susceptib le  check) in  the f ie ld  at RRS, 
Dapchari, during 2001 and 2002, respectively. 
In  the firs t set of 63 accessions, there were 24 
accessions from  Acre, 17 from  Rondonia and 
22 from  Mato Grosso provenances. Second 
set of 42 accessions comprised of 16 Acre 
accessions, six Rondonia accessions and 20 
Mato Grosso accessions.

They were field-screened fo r three 
consecutive years for assessing the grow th 
and response to w a rd s  d ro u g h t stress 
experiencing from  February to M ay in  that 
region. The statistical design adopted was 
augmented RBD w ith  five plants per p lo t at 
a spacing of 2.5 x 2.5 m. There were five 
blocks in  the firs t set and six in  the second 
set. A l l  standard cu ltu ra l practices were 
followed for the maintenance of plants. Data 
recording on grow th and drought-related 
param eters  d u r in g  p re - ( f irs t  h a lf o f 
February) and post-drought (firs t ha lf of 
June) periods was carried out fo r assessing 
the response of these accessions towards 
drought stress. Plant height, g irth  at 30 cm 
height from  the collar region, num ber of 
w h o rls  and num ber o f leaves were the 
g row th  parameters studied in  both  sets. 
Relative water content (RWC) of leaves in  
both sets and leaf senescence in  the second 
set were the drought-re la ted parameters 
measured. Annual and summer period g irth  
increments were also worked out to assess 
the grow th rate of these accessions during 
the stress period. Potential w ild  accessions 
show ing  good g ro w th  u nde r D apchari 
conditions were identified for further fie ld 
evaluation in  the same region.

RESULTS AND DISCUSSION

Set I: Growth parameters such as height, 
girth, number of whorls and leaves, total leaf 
area and RWC of leaves were recorded in  
February and June representing respectively 
the pre- and post- summer periods. G rowth 
performance of the accessions during pre­
drought period at the age of eight months 
(February, 2002) is shown in  Table 1. Wide 
v a r ia b il i ty  am ong the accessions was 
observed fo r a ll the characters stud ied. 
During the in itia l grow th stage, the accession
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Character
Table 1. First year pre- drought data on growth characters -  Set I

Accession Accession General __________Check clone (mean)
minimum maximum mean R R II105 RRIM  600

Height (cm) 49.33 

(RO 3461)

241.25 

(MT 54)

133.31 134.20 195.48 58.53

Girth (cm) 2.36 

(RO 3461)

6.23 

(MT 54)

4.26 4.47 4.98 2.49

No. of whorls 2 . 0 0  

(AC 405)

4.75 

(MT 54)

3.52 3.51 4.63 2.73

No. of leaves 15.67 

(RO 3461)

59.40 

(MT 1627)

37.05 37.00 59.04 25.37

Total leaf area 

(cm 2 )

2049.70 

(RO 3461)

24427.49 

(MT 1616)

4168.66 11759.80 12997.10 4131.30

RWC (%) 82.18 

(MT 1589)

99.81 

(RO 3461)

83.32 89.00 89.49 91.90

M T 54 registered good g row th  w ith  the 
highest values for height, g irth  and number 
o f whorls, whereas the performance of the 
accession RO 3461 was poor for height, girth, 
num ber o f leaves and to ta l lea f area. 
However, this accession (RO 3461) showed 
the highest relative water content at this age. 
There were accessions superior to a ll the

three check clones, w ith  regard to growth 
parameters recorded. Similar variability and 
sigruficant differences among the accessions 
o f the same germplasm collection have been 
reported for most of the agro-morphological 
traits, bark structural characters and juvenile 
yield, indicating scope for selection in  the 
tra d it io n a l area. (Varghese et ah, 1989;

Height Girth Number of whorls Number of leaves RWC
M T 1649 M T 54 M T 54 MT 1627 M T 1595
M T 54 MT 1579 MT 1668 AC 1609 M T 54
MT 1000 AC 4083 AC 404 M T 54 AC 2532
M T 1627 M T 1627 M T 2594 AC 3687 R 0  3461
MT 1616 MT 1000 M T 1589 M T 1591 AC 587
M T 67 M T 1649 AC 4083 M T 1579 M f'8 9 9
R 0  20 AC 4120 MT 1591 M T 1616 R 0  268
M T 1579 AC 1609 M T 1579 M T 2594 M T 67
AC 1609 M T 6 7 M T 1649 M T 80 M T 1649
M T 1668 AC 570 RO 2828 MT 1668 AC 2692
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Abraham et al, 1992,2002; Madhavan ef aZ., characters b u t fo r RWC, w h ich  was the 
1993; Mercy et al, 1993,1995; Rao et al, 1996). highest in  the check clone T jir 1.
The Shannon-Weaver diversity indices (SDI) Potential d rought to lerant accessions 
estimated for 22 morphological qualitative identified from  this set of 63 accessions, 
tra its  d u r in g  ch a ra c te riza tio n  o f 195 the age o f one year, a fte r the p lants 
accessions also showed h ig h  leve ls o f experienced the f ir s t  sum m er stress 
d iv e rs ity  fo r  m ost o f the tra its  in  th is  (February, 2002 - firs t ha lf of June, 2002) 
germplasm collection (Suma et al, 2006). (Table 2). A m ong  the to p  ra n k in g  10 
Among the three check clones, RRIM 600 was accessions, M T 1668, M T 67, M T 1616, M T 
s ign ifican tly  superior fo r a ll the g row th  1649, M T  1627 and M T  54 show ed

Table 3. Range in growth increment and RWC variation in the germplasm after the first year drought 
period- Set I

Character Accession Increment % 
(minimum)

Accession Increment % ' 
(maximum)

Check clone Increment %

Height AC 153 18.75 MT 1591 85.71 RRIM  600 50.5

AC 4266 2 2 . 2 2 M T 899 85.00 R R II105 39.14

R 0  31 22.73 RO 3461 81.1 T ji r l 76.63

AC 587 25.39 MT 1589 73.08

AC 570 27.29 M T 80 72.97

Girth AC 587 19.16 M T 80 86.36 RRIM  600 42.16

AC 3934 21.39 R 0  20 74.2 RRII 105 37.06

MT 1616 25.03 MT 1668 72.48 T ji r l 41.85

AC 570 28.3 RO 1248 70.04

M T 2594 31.57 AC 157 68.38

No. of whorls AC 587 -37.5 AC 4083 83.33 RRIM  600 5.33

MT 1629 -28.57 AC 405 80.00 RRII 105 14.48

R 0  31 -16.67 AC 3934 75.00 T ji r l 34.86

AC 2669 -11.76 R 0  322 60.00

MT 1627 -9.52 M T 8 0 60.00

No. of leaves M T 1629 -24.59 M T 8 0 1 2 0 . 0 0 RRIM  600 18.68

AC 587 -12.79 AC 153 118.75 RRII 105 19.92

R 0  31 -12.24 MT 3433 115.52 T ji r l 29.6

AC 609 -8.57 AC 4120 109.68

AC 3532 -4.17 AC 776 87.76

RWC MT 3687 -15.64 M T 54 -0.3053 RRIM  600 -t.49

R 0  31 -14.43 MT 1649 -0.6023 RRII 105 -4.90

M T 1000 -14.28 AC 3532 -0.9521 T ji r l -5.18

RO 3457 -13.82 AC 1609 -1.1149

AC 609 -11.76 AC 4083 -1.1712
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s u p e r io r ity  fo r  m ore than  one g ro w th  
character indicating their potential to survive 
in  a drought-prone area. The same trend was 
observed when the grow th performance of 
these accessions was assessed after one year 
also when the accession M T 54 continued to 
show  stable pe rfo rm ance . In  genera l, 
accessions from  the Mato Grosso provenance 
showed superiority for grow th and survival 
in  a drought-prone area compared to the 
accessions from  the other tw o provenances. 
C o m p a ra tive ly  p ro lo n g e d  d ry  season 
prevailing in  the state of Mato Grosso m ight 
have resu lted  in  be tte r a d a p ta b ility  to 
drought fo r these accessions. Earlier, in  a 
prelim inary screening carried out in  100 w ild  
accessions in  the traditional region in  Kerala 
based on va rio u s  d ro u g h t re la ted  
morphological, anatomical, physiological 
and biochemical characters, Mercy (2001) 
reported the superiority of M T accessions. 
D u r in g  p re -d ro u g h t and p o s t-d ro u g h t 
periods and over one year grow th in  field, 
the superior accessions m aintained the ir 
s u p e r io r ity  fo r  each g ro w th  character 
irre sp e c tive  o f the p e riods  u n d e r 
observation. This indicates the stability in

performance o f these accessions w hich are 
the idea l candidates fo r selection fo r a 
drought-prone area.

W h ile  assessing the perform ance o f 
accessions in  terms of grow th and RWC over 
the first year drought period (Table 3), certain 
w ild  accessions were found to have higher 
increment values than the drought tolerant 
check clone for all the parameters. Accession 
M T 80 fe ll in  the group w ith  the highest 
percentage increm ent over the firs t year 
drought period in  the (June, 2002) fo r all 
g row th  parameters, w h ile  M T  54 had the 
least reduction in  RWC. But at the end of pre­
drought period in  the second year (February, 
2003), the superior accessions iden tified  
based on the ir g row th  performance were 
M T  1649 and M T 1579. These accessions 
showed m axim um g irth  of 4.5 and 4.1 cm, 
respectively compared to 3.1 cm g irth  o f the 
drought tolerant clone RRIM 600. M ajority 
o f the accessions id e n t if ie d  as be tte r 
performers for g irth  and height during stress 
period were of M T provenance, sim ilar to the 
trend shown in  the previous year. This again 
highlights the drought tolerance potential of 
the M T  accessions. Provenance le ve l

Character
Table 4. First year pre-drought data of growth characters -S e t II

Accession
minimum

Accession
maximum

General Check clone (mean)
mean R R II105 RRIM  600 Tjir 1

Height (cm) 60.00 190.00
(AC 643) (M T 179)

Girth (cm) 2.70 8.60

(AC 774) (MT 80)

No.of whorls 1.25 3.50

(AC 774, (MT 56,

MT 193) RO 4184)

No. of leaves 4.00 39.75

retained (AC 405) (MT 56)

102.63

3.80

2.32

20.92

111.24

3.97

2.32

20.10

145.87

4.08

2.92

33.91

105.96

3.96

.a.32

25.45
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Table 5. Accessions in the extreme classes for various characters after the first year drought period - 
Set II

Character Accessions w ith values
in lower range

Accessions with 
values in higher range

Check clone

Height (cm)

Girth (cm)

No. of whorls

N o.of leaves

RW C (%)

AC 161 

AC 405 

M T 7 3  

M T 43  

AC 730 

AC 730 

M T 184 

M T 73  

AC 405 

AC 161 

M T 184 

M T 5 4  

AC 651 

AC 730 

AC 661 

M T 184 

M T 54  

AC 730 

AC 661 

R 0  300 

AC 620 

M T 7 8  

AC 6 8 6  

M T 196 

M T 184

65.00

80.00

85.00

85.00

90.00 

2.76

3.20

3.20 

3.30 

3.45 

1.00 
1.00 
1.00 
1.00 

1.50

7.00

7.00

8.00 

11.50

13.00 

71.82 

75.89

77.74

77.75 

79.10

RO 1248 

AC 765 

M T 945 

M T 58  

RO 4184 

AC 765 

M T 5 8  

RO 3655 

M T 41 

RO 4184 

M T 41 

M T 56  

AC 765 

RO 4184 

M T 191 

M T 41 

M T 5 6  

AC 728 

M T 945 

AC 765 

M T 80  

RO 1248 

RO 2524 

M T 191 

R 0  300

180.00

177.50

173.80

170.00

165.00 

5.47 

5.37 

5.02 

4.96 

4.84

4.00

4.00

3.75

3.75 

3.67

64.00

53.00

40.00

40.00 

39.75

92.77 

90.07

88.78 

88.43

88.00

RRIM  600

R R II105

T ji r l

RRIM  600 

R R II105  

Tjir 1

RRIM  600 

R R II105 

T ji r l

RRIM  600 

RRII 105 

T ji r l

RRIM  600 

RRII 105 

Tjir 1

175.81

127.50

146.18

4.32

4.23

4.51

3.21

2.57

3.17

40.97

26.63

36.32

83.12

81.44

77.18

differences in  response towards drought 
tolerance has been previously reported by 
N a ir et al. (2005), u tiliz ing  a rapid screening 
procedure.

A fte r tw o years of fie ld  screening of 63 
accessions of Set I, eight potential accessions, viz. M T 54, M T 1579, M T  67, M T 1668, M T 
1616, M T 1627, M T 164 and M T 80, which 
su rv ived  tw o  years' stress pe riod  were

id e n tif ie d  and selected fo r fu rth e r fie ld  
evaluation for drought tolerance.

Set II: Field screening of another set of 
42 accessions was started in  2002 and data 
recorded on in it ia l g row th  performance. 
Growth performance of the accessions during 
pre-drought period is shown in  Table 4. The 
accessions showed w ide variability for all the 
characters studied as evident from  the w ide
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Table 6 . Superior accessions in tenns of growth characters after one year of drought - Set II

Height (cm)

MT 41 (370.00) 

RO 2524 (358.00) 

M T 945 (350.00) 

MT 58 (345.00) 

MT 179 (337.00) 

AC728 (305.00) 

RO 4184(300.00) 

MT 78 (275.00)

RRIM  600 (327.3) 

R R II105 (207.0) 

Tjir 1 (229.67)

Girth (cm)

RO 2524 (10.27) 

MT 58 (9.99)

AC 728 (9.89) 

MT 41 (9.73) 

M T 40 (9.39)

AC 765 (9.23) 

M T 945 (8.92) 

M T 179 (8.45) 

M T 38 (8.26)

RO 3655 (8.26) 

RRIM  600 (8.10) 

RRII 105 (6.28) 

Tjir 1 (6.60)

Number of whorls

M T 41 (1.25) 

M T 40 (3.0)

AC 676 (2.0)

RO 2524 (2.0) 

AC 650 (2.0)

RO 4184(1.75) 

MT 38 (1.5)

M T 80(1.5)

AC 765 (1.33) 

MT 43 (1.25) 

RRIM  600 (2.63) 

RRII 105 (1.0) 

Tjir 1 (1.07)

Number of leaves

MT 41 (60)

M T 40 (43.5)

RO 2524 (31.0) 

M T 80 (30.5)

AC 676 (29.0)

M T 58 (25.0)

M T 38 (23.0)

M T 76 (22.5)

M T 945 (21.25) 

RO 3655 (20.5) 

RRIM  600 (25.12) 

RRII 105 (8 .8 )

Tjir 1 (14.77)

range of values obtained for each character. 
In  an e a rly  eva lu a tio n  o f w ild  Hevea 
germplasm for drought tolerance based on 
grow th and dry  matter production, Mercy et al. (2006) reported sim ilar grow th difference 
among the accessions. W h ile  random ly  
selecting the accessions, accession M T 80 was 
included in  this set also. As in  the previous 
set, here also this accession showed good girth 
during the in itia l period. Among the check 
clones, RRIM 600 was superior for grow th 
characters, compared to RRII 105 and T jir 1. 
It had the maximum height and retained the 
maximum number of leaves, while leaf fall 
was m inimum. Accessions like M T 179, RO 
4184, M T 56 and MT 196 showed superiority 
for more than one character during the pre­
drought period of the firs t year indicating 
their general superiority.

The performance o f these accessions 
after experiencing one season o f drought 
stress was also assessed and accession M T 
41 was observed to produce more foliage, 
w hile  accessions RO 1248 and AC 765 were 
superior fo r height and girth. Accession M T

80 recorded the highest RWC during  this 
period. The accessions in  the extreme classes 
were also id e n tifie d  fo r various g row th  
parameters during firs t year pre - and post - 
drought periods. Table 5 shows grouping 
o f accessions in to  extreme classes w h ich  
helps to iden tify  those accessions showing 
tolerance and susceptib ility  to the stress 
co n d itio n s  in  te rm s o f th e ir  g ro w th  
performance. In  the group of accessions w ith  
h igh values ind ica ting  drought tolerance, 
m ajority o f the accessions belonged to M T 
provenance whereas accessions from  AC and 
RO provenances came under the low-value 
group. Am ong the check clones, RRIM 600 
was superior fo r most o f the characters. A n  
assessment o f g row th performance of the 
accessions over 18 months under Dapchari 
conditions identified M T 41 and RO 2524 as 
the superior accessions (Table 6) fo r m ajority 
of the growth characters, followed by M T 945 
and M T 58. A t the age o f 18 months, the 
accessions were ranked on the basis o f gir th 
in c re m e n t and the change in  RWC. 
Compared to the check clones, the superior

,■ ■■■■ ■■
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Set

I

_______Table 7. List o f w ild  accessions selected for detailed field  evaluation

Accession Drought tolerant attributes____________________________________

MT 54 Good height, girth, number of whorls, RWC and stable performance

M T 1579 Good growth even after experiencing stress

M T 67 Good growth (height and girth) and RWC

M T 1668 M ore number of leaves, good growth (height and girth) and girth increment 

MT 1616 More number of leaves and whorls, good growth (height and girth) and RWC

MT 1627 M ore number of leaves and whorls, good growth (height and girth) and RWC

M T 1649 Good growth even after experiencing stress

M T 80 Good growth increment and RWC even after experiencing stress

II MT 41 Good foliar production, higher rate of girth increment and good RWC

RO 1248 Good growth (height and girth) and good RWC in post drought period

AC 765 More number of leaves and whorls, good growth (height and girth)

RO 2524 M ore number of whorls and good growth (height and girth)

M T 945 M ore number of leaves and good growth (height and girth)

MT 58 More number of leaves and good growth (height and girth)

w ild  accessions had h igher rate o f g irth  
increment w^ith good RWC w ithou t much 
effect of drought stress. The accession M T
41 exhibited higher grow th rate in  terms of 
g ir th  in c re m e n t w ith  a h ig h e r RWC, 
indicating its su itab ility  fo r drought-prone 
areas. A fte r experiencing drought stress for 
tw o years, six accessions, viz. M T 41, RO 
1248, AC 765, RO 2524, M T 945 and M T 58, 
showing good grow th performance (Table 7) 
under Dapchari conditions were identified 
fo r further detailed fie ld  study.

CONCLUSION

Field screening of the w ild  accessions for 
the firs t time in  the drought-prone area of 
Dapchari, Maharashtra, helped to throw  light 
on the genetic diversity among these w ild  
accessions towards drought stress tolerance. 
Fourteen potential accessions identified out 
of 105, belonging to three provenances can be 
used for identifying candidate genes based on 
the drought tolerance attributes they possess 
after detailed evaluation in  the drought-prone 
area.
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