NATURAL

Qimste xvdrmw~

Strong t-rtticiKt tftnr, rubber
gruvrt roiiiii. afctndi>

A fnjjur fhreni  rTATiict
nrhhi-t supplv

Rubber plLitujfluri® it \'b
liidia lils.'ii u) bfiiotu

.M rubber fur Lr»mb.iiiiiv’
drought Mrevt

SiUcllitt- invip.'v for .iv-Asmui’

- -litrriihi)ip; « soil t-(il
- - t
NIV K\ hitlitc;

r-t(ringf

--emmair Huk in 4K ,;.cin' .-fm




NATURAL RUBBER RESEARCH

PANELOFADVSERS

‘naihan, Chairman, M.S. Swamijiathan Research Foundation

CiRUBBER
. "rslieiiuiCH

Cross-Srreet.Taramanilnstiturional Area. Chennai-600 113, India.

Dr. Abdul Aziz bin S. A. Kadir, Sccretary-Gencral, Intemarional Rubber

Research and De\*eiopment Board, RO. Box 10150. 50908. Kuala Lumpur,

Malaysia

Prof. AnU K. Bhowmick. Rubber Technology Centre, Indian Insticutc of
Technolog)', Kharagpur- 721302, West Bengal. India.

Dr. Oiec Kheng Hoy. Associated Chinese Chambers of Commerce and
IndustryofMalaysia. 7A .7 * Floor, Menara BC |, Plaza Berjaya. 12.Jaian Imbi
55100 Kuala Lumpur, Malaysia

Prof. M in

UnivefsHy.GPO Box4.CanberraACT 2601. Australia.

B~low Dcpmmenrrf Economics, R««rcl, School of Pacific Stndin, Aus.idian National

Dr. DavidW Lawfor, Rothamsied International. Harpenden, HertsAL5 2]Q . United Kingdom

- Vajwsifi*frRiaMni(NRR) pubtish«lin|-jiglishsince
3988 (formeriy as \'«WR*Mn-ar/wrrij
I the Rubber Rrsearch losDwte of India, contains
fwearch papers, shorf sdenoSe coirimunicationi, review-
articles »nd theotetca) p*pen in aC the disciplines
te(<nint to natutal rubber research. This jourru] lias
etncfA asamajor scicniific fournal wih concribuaons
A saentifts of all rubber pnDdudng countties. The
teatutesof thejoumaj indude:

* -trades on die bwkiRical and lechnolowcal aspects of
namral rubber.
st e " ipS™- indodmR propagad.,
mi planong ™ " propagag
growth and prodycdvity. cyioloB>- and
cTtogenetics, germplasm recources jnd  genetic
Mdorul roc]«™ discAAnat,™
~ appLcon, g™,d ,>™, A A

fc-chm n and microbiology,

tubte a,dphyitcomp™ A
and «h«log, comp,.ic and

plantatMTnaiugm.mtandagriculwnilccom,mics.

ferv.

» Abstracted in Agncuiiure and Knvironmenr for

Developing Regions. Afirindcx, Applied B.iunv
Abstracis, Biolo”cal Absttaccs. CAU Abstracts. Chemtc.il
Abstracts, Indian Science Abstracts and RAPRA
Abstracts,

»The research articles published in this journal repi.ct ihc

findings made by the various authors and tiiey arc not the
official recmraendanom ,,f Rubber Re.catch Insnn,tc
of India, Rubl)cr Board.

K.,im.Bociions ,0 ao.l,0,, please ,ee ihe las, page, Cop.e,
willbtmadcavailablconrcquest.

Publicationschedule
ild@’ miir

Annual subBcription

India A4DILO(
Omseas(byair) russsd.ul

All the back volumes are also available,

Payment
Payments shall be made through demand draii drawn in

Editorial communication
The tidiiM-in-Cluef

No/uraJ Rubber Resfanb

Rubber Reseajch Insiituie of India
Kottayam - 686 009, tKeiala. India
Email: rrii(girubberboacd,orj{m

A e neherbeurd <irljin



CONTENTS

RESEARCH PAPERS

Impact of climate wanning on natural rubber productivity in different
agro-ciimatic regions of India
P.R._Satheesh and James Jacob

Evidence for climate warming in some natural rubber growing regions of South India
Shammi_Rai. P.R. Satheesh and James Jacob

Over-expression of MnSOD and related drought tolerant traits in MnSOD
transgenic Hei'gfl hrasiliensis

R.Jayashree, S. Siibha. K. Rekha, R. Supriya, M. Vineetha, S. Sushamakuman,
R.G. Kala, PK, Jayasree, A. Thulaseedharan, K. Annamalainathan, D.B. Nair,
s. sreelatha, ~K iishnakj~ar and James Jacob
Ecosystem flux measurements in rubber plantations
K.Annamalamathan, P.R Satheesh and James Jacob

AppUcaHon of remote sensing and G1S in determining erodibility of rubber soils
Shankar_~leti,_B, Pj*adeep.jyU3-Jessv and James Jacob

Yield of modem clones and their response to weather parameters across

diverse environments
T.Meenakumari, j-R. Meenattoor. T.A, Soman, S.K. Dey. Gitah Das,

T, Saiiajadevi, Ramesh B. Nair. K. ~aRam an”~TXiregs” Kavttha K. Mydm-

Rubber yield of certain clones of Hevea brasiliensis and its relationship
with climate variables
T, Cireesh, Shammi Raj, Kavitha _

PhysioLogical evaluation of a few modara Hevea clones for mInns.c dionghl tolemnce

K.V.Sumesh, RR. Satheesh, K. Annamalamathan, R Knshnakumar

Phys'caT«aits'tosS L s

"o f potenUal drought tolerant accessions from

Juvenile growth response of selected wild An.azonia,, accessron, and hybnd
Hiifre Elbhks BF Wickhaiz origin in a drought stressed =nvrro,n ent
M.A. Mercy, Kavitha K. Mvdin, T. Mgnakuman gd D, Nair

editorialboard

Secretary Editorial CommiHee
Patron Members
Ms. Sheela Thomas LAS Dr.C. P Reghu

Dr.D. Giaudhuri
Editor-in-Chief

Associate Editors

Dr.James Jacob Dr. R. Krishnakumar

Dr. Kochuthresiamma Joseph
Editor .

Dr. Sibv Varghese

Dr. Sherin George

Guest Editor Dr. Jayashree Madhavan

Ms. Binni Chandy

Mr. Sabu V. Idiaila
Treasurer

CA. Zachariah Kurian
Dr. R. Krishnakumar Dr. Thakurdas Saha

Dr. Kavitha K. Mydin

44

.54

61

69

76



Comparison of ,00. train., and polybag gn,v.n. planting mat.rial, of
T.A Soman, M. Survakumar, Ka\itha K. Mydtn andj~es -
Some“~A T Acu thi«l practices for adapting rubber cultivation to climate change

SlierinGeo”~V.K. Syamala, Sabu_~djculaar”_N~Usha Nair
Exchange prope~es of soils in the tradiHonal mbber growing tract in South India

Mercybuttv joscph
Performance of some Hevea clones under the changing climate of

sub-Himalayan West Bengal dinr
Gita]j_Das. R. S. Singh, S. Meti and P Chaudhuri

Seasonal variations in yield and associated biochem ical changes in

RR11 400 series clones of Hevea brasiliensis

s, Sreeialha, Kavitha K. Mydin, Sheela P. Simon, R. Krishnakumar,

lames Jacob and K- Annamalainath I
Critical weather factors influencing the incidence and severity of Corynespora

leaf fall disease in Hevea 10/1
Shammi Raj and Annakuttv’ Joseph 1~4
Is climate inimical to the developmentof abnormal leaf fall disease in
natural rubber plantations in North East India?
C BIndu Roy, T. Sailajadevi, Shammi Raj, Nripen Kr. Gogol and Jacob M athew __ _ 132,
Reduction in cai“wn dioxide emission in block rubber production by biomass gasification -

Rajagopal and Sebastian 140
SHORT SCIENTIFIC COMMUNICATIONS
Climate uncertainties and early establishment of young rubber plants
in traditional rubber growing regions of India
M- D.Jegy, R. Krishnakumar, K. Annamalainathan and James Jacob
Potassium and silicon help young rubber plants tide over transient drought

Prasannakumari, M.D, Jessy and K. Annamalainathan
Variations in leaf fatty acid composition of different clones of Hevea brasU iensis
Molty Thomas and layasree Gopaiakrishnan

performance of Hevea in the di‘anging climare o f'Aro hiUi{Megh~aya)

~PJrjpjgaliR._P~Singh, M.J. Reju, D. Chaudhuri. R. Krisi*nakiirr.;.r and James jSo b 15
Drought tolerance of modem Hevea clones grown in the North Konkan
region of Maharashtra
ANanchandran, M eegjing!®m M )arab. R. Krishnakumar. and K. Annamalainathan 16

inJluence of climate change on rubber honey producHon
S:-P~AYanesan, K5. Premiia and K. K. Shailaia,

GENERALARTICLE

T P’rt-osens and their natural enemies
Asgd(mdra Desai ~ M. Sm ivasa Rao

Cover Page



In this issue

Natural Rubber Research is coming out for the first time w ith a special issue
and the theme is Climate Change which is of topical relevance. The articles
appearing in this special issue are important on two accounts: (i) According to
the fourth assessmentreportof the Intergovem menlal Panelon Climate Change,
countries in South and South EastAsiawhere mostoftheworld's natural rubber
(NR) is trad itionally grown are highly vulnerable to the adverse effects of global
warming and climate change, (i) Due to the increasing global demand for NR,
its cultivation isbeing extended to hitherto non-traditional areas thatare often
agro-climaH cally less congenial (or its ophmum growth and producHvity. Thus,
NR cultivation will increasingly experience clim ate stress, both in the tradrtional
and non-traditional areas in the years ahead

Several articles in this issue give evidence for climate warming in both the
IradiHonal and non-traditional areas of NR cultivaHon in India. The article by
satheesh and Jacob (page 1) showshow thiswillhave aprofound adveose impact
on NR productivity. In parts of North East India where severe ctold during
winter is presenUy 'a limiting factor for NR culHvation, cUmate warming has a
stimulatory effect on NR productivity. Moderate wanning could make more

areas in North East India suitable for growing NR in hrture

Thearticle by Jayashree el at. (page 18) explains the successhil development
ofatransgenic rubber plantthat over-expresses MnSOD, im parting protection
against water deficit stress in nursery studies. This is the first such report in
natural rubber. Several articles in this issue discuss agronom ic practices for
managing adverse climatic conditions in the Held. These independent stud.es
suggesttliatdone RRH 430 may have an edge over the other clones m the RRH
400 series in terms of survival under hotand dry conditions. The paperby Nair
ctil. (page 69) explains a fastand efficient method for screening large number
of plants for intrinsic stress tolerance traits.

Carbon dioxide sequestration and water flux ratesofayoung NR plantation
estimated by tiie eddy covariance technique is reported by .~am alainathan
el al (page 28). This is the first such report from a perennial crop grown in
India. The article by Metietal. (page 38) used satellite images for the firsttime
to estim ate the vulnerability of rubber soils to erosion. Extreme rainfall events
are a likely falloutofdimate change and rubber plantations w hich are generally
grown in slopes need to take special care against soil erosion

James Jacob M Sc (Ag), PhD, DIC, PhD
Editor-in-chief
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IMPACT OF CLIMATE WARMING ON NATURAL
RUBBER PRODUCTIVITY IN DIFFERENT
AGRO-CLIMATIC REGIONS OF INDIA

P.R. Satheesh and James Jacob
Rubber Research Institute of India, Kotta>-am-686 009, Kerala, India

Received: 12 )anuary 2011 Accepted: 20 May 2011
Satheesh, P.R. and Jacob, ]. (2011). Impact of dimate warming on natural mbber productivity in different
agro-clime\tic regions of India. Natura} Rubber Research, 24(1); 1-9.

Long term changes in cUmate of major natural rubber (NR) growing tracts of India were quantified and
their impact on NR productivity was estimated using multiple linear regression models. Day-to-day
variations in productivity in terms of dry rubber yield per tree per tap (g/t/t) could be best explamed based
on the variations in daily maximum temperature (Tmax) and daily minimum temperahire (Tmin) and
variations in other weather variables did not contribute much to the variations in daily productivity. For
unit rise in Tmax and Tmin, NR productivih/ was affected differently in different agro-dimatic regions. If
both Tmax and Tmin rose by 1«C, NR productivity will reduce by 9-16% in the agrociimaHc conditions of
Kerala and by 11% in the hot and drought-prone North Konkan r~on. On the other hand, in the cold-
prone North Eastern India, there is hardly any reduction in NR productivity Lfboth Tmax and Tmin went
up by 1X: Our analysis show that if the present wanning trend continues, NR productivity m Kerala could
be reduced bv 4-7% and that in North East India could go up by as much as 11% in the next decade. North
Konkan region mav also register about 4% reduction in NR productivity in the next decade if the p i~ n't
Avarming trend continues; however, absolute yields wUI continue to remain high m Kerala,

Key words: Climate warming Maximum temperature. Minimum temperature, MLR models, Nahiral

rubber productivity

INTRODUCTION Changes in weather pattern can affect the

incidence of pests and diseases and thus

It is very likely that greenliouse gases affect the crop,

(CHGs)accumulaHng in earth's atmosphere

from anthropogenic emissions are warming Natural rubber (NR) is mostly grown m

the world's climate system (IPCC, 2007a). South and South East As.a ts hrgWy

Climate dianee asaresultofglobalwarming vulnerable to climate change (IPCC, 2007b).

can influence the growth and producHvity
of agricultural crops (Cynthia and Parry,
1994), Climate change can affect crop
productivity in various direct and indirect
ways (Cynthia ctnl, 2001), For example, an
extreme weather event like droughtor storm

directly impacts growth and productivity,

Studies show that temperatures have
generally gone up in tte partofthe wor d
in the recent decades (Manton eljL, 2001)
Number of rainy days and number of cool
nights per year showed a declining trend arid
that of hot days per year increased. W hile

we may be able to understand and appreaate

Cornjspondunce: James Jacob (james~Prubberboard.org.in)



to what extent climater has dianged in the
traditional rubber gromn” regions of the
u'orid in the recent past, it is extremely
difficult to predict how exactly these changes
will continue in the years ahead and how
these changes will affect growth and
productivity of NR. Thus, the impact of
change in future climate on natural rubber
growth, productivity and supply will be
complex and difficult to predict.

While warming conditions and
associated changes in climate may adversely
in the

affect growth and productivity
traditional MR growing tracts of the world,
it is likely that new regions and countries
could become suitable for NR cultivation in
future. For example, regions where low
temperature is presently a limiting factor for
cultivating NR, such as parts of North East
(ME) India could become suitable for NR
cultivation in a future warmer world.
Changes in climate may lead to changes in
incidences of old and new pests and diseases
in ways unknown today

Behv-een 2001 and 2008, consum ption
of NR in India increased atthe rale of 0.035
i"Uon tons/year while its supply increased
oy U.U36 million lons/year (IRSG, 2009)
Almost all studies show that in the years
ahead, (his kind of near-perfect harmony
between demand and supply may not

continue toexisteven asconsumption of NR
sexpected to increase at a faster rate than

(IRSG, 2009), provided there is sustained
economic growth. Since 2006, India ranks
tirst in the world in terms of NR
productivity (IRSG, 2009)
economic

Despite the
India

the

global crisis,
reasonably buoyant and

is expected to grow at

-cent
emamed
ndian economy
mmpressive rates in the coming years, and

thus, the demand for NR also w'ill be on the
rise. But climate change is one important
factor that may seriously jeopardize NR
availability in India and other major NR
producing countries in South and South
EastAsia, a region particularly vulnerable
to the adverse impacts of climate change
(Manton et ai, 2001). The present study

examines how rising temperature may
influence NR productivity in the different
agro-climatic regions of India where NR is

cultivated

materials and methods

Long term daily weather data collected

from the weather station at the Rubber

Research Institute of India (RRII) located in
typical traditional rubber
in Kerala, since 1957 were

Long term

Kottaym, a
growing region
analysed for long term
daily weather data were collected from the

trends

Regional Research Stations (RRSs) of RR1I at
Agartala, Tura and Dapchari (non traditional
regions), and Central Experimental Station
(CES) of RRII and RRS,
Padiyoor (traditional region) representing
the diverse agro-climatic regions in India
where NRis cultivated (Jacob clat., 1999)and
their changing trends were worked out.

at Chethackal

The climaticconditions of these regions

range from extreme dry and hot conditions

m Dapchari to severe winter conditions in
NE.Dapchari is situated at 20"04'N, 72"04'E
with an average elevation 0f48 m above MSL
m the North Konkan region of Maharashtra
Uuring the monsoon season, this region gets
During peak

around 2400 mm rainfall.

-summer days, [he maximum tem perature

goes above 38 «C and during winter, the
minimum temperature can be as low as
15.5 C (Jacob 19997
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Agartala and Tura are situated in NE
India, at 23" 50°'N, 9P 16'E and 25® 30'N, 90°
13'E, with an altitude ofaround 30 and 1100 m
above MSL, respectively. The annual rainfall
in these regions ranges from 2000-2400 mm.
During peak winter days, the minimum
temperature may be as low as 5 ® or less
and the maximum temperature during
summeris31°C (Jacobelal, 1999). Compared
to these two non traditional regions, the
weather conditions in the traditional NR
growing regionsofindia are more moderate.
Xliese traditional regions are situated at a
latitudinal range of 8~ 15'N to 12° 5'N and
longitudinal range of 74*A5°E to 77° 30'E with
an altitude of approximately 20-500 m above
MSL and are represented by RRII, Kottayam,
CES, Chethakkal and RRS, Padiyoor. Mean
annualrainfall in these regions ranges from
2000-4500 mm. The mean maximum and
minimum temperatures during thesummer
months are 33 “C and 25 and for the
winter months, 31 °C and 22°C, respectively.
India is perhaps the orly country where NR
is cultivated in such extremely diverse
conditions. In all cases, we regressed NR
yield with different weather parameters to
determine the quantitative effect of each
weather parameter on yield

Three different approaches were
adopted in analyzing the data. In the first
approach, we regressed mean annua!

productivity in these diverse agro-climatic
regions together with the prevailing weather
parameters and made one single multiple
linear regression model (MLR) for all the
locations. In the MLR model, we used
weather parameters like mean annual
temperature (Tann), mean annual maximum
temperature (Tmax), mean annual minimum
temperature (TmLn), mean annual rainfall
(RF)and mean numberofannualrainy days
(RFday) asindependentvariables and mean

yield over the yearie. g/l/tas the dependent
variable. Variables from all the different
experimental locations representing the
diverse agro-climatic regions were regressed
together in one single MLR model so as to
getmaximum variability in theindependent
(weather) variables. In the second approach,
daily per tree yield (g/t/t) for several years
was regressed with the corresponding daily
weather parameters for these years,
separately for the different agro-climatic
regions. In a third approach, we regressed
the per hectare productivity with maximum
and minimum temperatures for three
locations from within the traditional areas,
Kottayam, Kanjirapally and
Taliparamba and estimated the impact of
rising temperature on productivity. After

namely

getting a model for each location, we
predicted the yield for 1®6C rise in Tmax and
Tmin.Wealsopredicted the yield for the next
10 years by

incorporating the current

warming trends in these regions in the

models

RESULTS AND DISCUSSION
Long term temperature trends

The mean Tmax and Tmin on almost
every day in an year during 2005-2009 have
been higher than the same for the period
1957-1961 at RRII, Kottayam (Fig. 1). Liner
regression analyses showed that the mean
annual Tmax and Tmin have been increasing
atthe rate of 0.05°C peryearand 0.03 “C per
year, respectively since 1957 at RRII,
kottayam (Table 1). Atthe Regional Research
Station of RRIl in Agartala, Tmax and Tmin
increased atthe rate of 0.02 "C per year and
0,06 “C per year, respectively since 1986. In
every study location there was a warming
trend, but the extent of the warming was
different (Table 1).



Mean daily tmay (a) and Tmin (b) in RRU,
Kottayam ring the periods 1957-61
(gretri) andw2005-09 (red)

Tura
(NE)
AgartaU
(N'E)

(rraditional)

Hapciiari

(Traditk>nalt
tvihackal
(Tradi(H>cuu

19»4*2007

1998-2009

1987-2009"

1W7-2000

Tmin
Tmax
Tmin
Tmax
Tmin
Tmai;
Tmin
Tmax
Tmin
Tmax

Tmin

M ultiple liner regression analysis of
annual yield data and different weather

parameters (all locations together)

Mean annual weather data (mean
temperature, mean Tmax, mean Tmin, mean
rainfall and mean number of rainy days/
year) were used as tlieindependentvariables
(X variables) and mean annual prod uctivity
ofthe tree (g/t/t) was taken as the dependent
variable (Y variable) to work out a single
MLR model in which data from all study
locations were pooled togetherin orderto catch
maximum variations in the independent
variables (approach 1). hi the last step of
MLR, only three independent variables
were leftin the model, namely, mean annual
Tmax, mean annual Tmin and mean annual
RF (Y=196.94-7.05 Tmax +7.45 Tmin +0.008
RF,R-=0.71) (Table 2). Tliis model (in which
the independent variables from various
agro-clim atic regions were pooled and
incorporated in one single MLR model) had
afundamental flaw; in die differentregions,

the different independent variables had

0.12
16.9 030 0.05
30,6 0.07 002
19.9 0.30 0.0
3238 0.05 001
218 obo 011
33,2 0.40 oo
206 0.16 003
s 0,66 0.05
_J2.7 0.30 0.03
32.5~ 0.10 002
21.8 orL

-0.03
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Table 2.
for all stations together (approach 1).
Unslandardized

coefficient

(Constant) -26.4 152.224

Tann 2.787 2.628

Tniax -4.922 6.459

Tmin 6,203 5.56

RF 5.68E-03 0.0(»
8.94E-02 0.305

2 (Constant) -0.195 in.345
Tann 2.642 2.333

Tmax -6.419 3.572

Tmin 7,647 2.327

RF 8.13E-03 0.003

3 (Constant) 96,938 72.647
Tmax -7,053 361

Tmin 7.452 2.375

RF 8,nE-03 0.003

tiUcilitatively and quantitatively different
impacts on yield (see approach 2 below). For
example, in the NE where very low winter
temperaturesprevail, an increase in Tmax had
apositive effecton yield unlike in other places
where the effect was the opposite. This
became evident when MLR analysis was
made separately for the different regions (see
approach 2 below). Tlierefore, approach 1 was
rejected

MulHple linear regression analysis of daily

yield data and daily weather data
separately for different locations
Upon realizing that the weather

parameters had different impacts on yield
in the differentsttidy locations, M LR analysis
was done for eacli study location separately
(approach 2). For obtaining variations in
vield (Y) and weather (X), daily data were

MLR (backward) models obtained between the annual yield and different weather parameters

Standardized
coefficients

~ta
-0.173 0.871
0.284 1.061 0.349
=0.607 -0.762 0.488
1.145 1,116 0.327
0.449 0.625 0.566
0.21 0,293 0.784
-0.002 0.999
0.269 1,132 0.309
-0.791 -1.797 0.132
1,412 3.286 0.022
0.643 258 0.049
1.334 0.23
-0.869 -1.954 0.099
1.376 3,138 0.02
0.641 2515 0,046

collected round the year for several years
Tlie MLR models obtained for the individual
regionshad only two independentvariables
in the last step, namely daily Tmax and daily
Tmin. The MLR models for the different
study locations were: Y = 433.43 - 7.87
Tmax -4.83Tmin (CES, 9426'N to 76“46'N),
Y =171.01 -2.54Tmax - 1.71Tmin (Padiyoor,
11°58'N to 75" 36'N ), Y =204.98 -1 .OlTmax -
5.51Tmin (Dapchari, 20704'N, 72"04'E),
Y =41.25+0.67Tmax -1.13Tmin (Agarthala,
23°50'N, 91" 16°E) and Y = -24.85 +3.58 Tmax
-2.59Tmin (Tura, 25* 30'N, 90° 13'E). From
these five models, the change in yield when
both Tmax and Tmin concom itantly
increased by 1“C was calculated (Table 3).
Reduction in yield in CES, Chethackal was
to the tune of 16% for 1°C rise in Tmax and
Tmin. In Dapchari, the yield reduction for
1°C rise in Tmax and Tminwas 11% followed



by 9% in Padiyoor. But in the olher tw'o yield reduction after 10 years willbe about

regions, nameiv Agartala and Tura in NE
India where winter temperatures are very
low, theimpact of warming was found to be
negligible. In Agartala, the >ieid reduction
was about 1% and in the case of Tura there  of yield by 4% after 10 years based on the
was an increase in the sield by 3% for 17"\ g model for Padiyoor (Table 3), In the
rise in Tmax and Tmin. Thus, small rise in oo of papchari, during the period 1987>
temperature in this region may not have 5004 tpe rate of increase in Tmax was much

7% in CES. In Padiyoor, the rate of increase
in Tmax and Tmin during the period 1998-
2009 were0.01°C/yrand 0.11 °Qyr, respectively
(Table 1)and this may resultin the reduction

much adverse impact on rubber yield. oo (0 08 sC/yr) but the minimum
Sometime this may increase the yield just )
temperature increased by only 0.03 ~C/yr
like what happened in the Tura region
PP 9 (Table 1). The reduction in the yield in this

Wanning of the region ma)' help to expand
! region will be 4% for the next decade. In
NR cultivation to more parts of NE where
R Agartala, the reduction in yield in the next
low temperature is a limiting factor today
ten years will be very small going by the
During the last 52 years (1957-2009)  present warming trend (1%) which is 0.02 T f
Tmax and Tmin in RRn have increased at v rfor Tmax and Tmin 0,06 “C/yr for Tmin
the rate of 0.05 ®C/vr and 0.03 ®C/Yr,  (guring the period 1984-2007). For the
respectively at RRII, kottayam (Table 1)l ori5d 1995-2008 Tmax in Tura increased by
Extrapolating this data, the rise in Tmaxand ¢ 1, ¢ /v (Taple 1). But the minimum
Tmin in the next 10 yeai~ was calculated and ) -
temperature increased by 0,05 °C/yrin this
hesam mate th
thesame was used to estimate the expected 50 (Tapie 1) The cumulative effectof the
reduction in productivit>' after 10 years at
expected changes in Tmax and Tmin in this
the nearby CES, Chethackal using the MLR X
region could lead to an increase in the yield
model developed for CES (Table 3) The )
by 11% in the next ten years (Table 3).

AChangL~ Esttmated present

SMon
(for 1«C rise)  (mnext preduetyity
_1Q years) from MLR (e/t/n
-m Tmin -2,60 " 8
200WIB  Tmax- 0-67 41,25 0,07
Tmin 113

2003:08 Tmax

52451 ™ ) Tmin 4783
Padiyoor 2007-08 Tmax
-2.54 171.01 0.19
Tmin «171

(Non-Traditionai) ~ Tmin
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Table 4. MLR (backward) models, percentage change in the future productivity of rubber (on a per ha

per month basis) for 1°c

rise in Tmax and Tmin and estimated present productivity (kg/hayyr)

from the MLR models for three locationsinK e r a |a

MLR % Change Estimated present
Reg.0 (for INCrise)  productivity from
Coeff,  Intercept R ___ MLRmodel (kg/ha")
Kottayam 2008-09 Tmax  -614 999.53 0.24
(close to RRII) Tmin  -27.68 -
Taiiparamba 2008-09 Tmax 6.14
(dose to Padiyoor) Tmin -1.37
Kanjirapaliy 2008-09 Tmax -11.33 798.36 0.25
(close to CES) Tmin  -12,68 -
that this will have qualitatively and

M ultiple linear regression analysis of per
hectare productivity and tem perature

The MLR modelobtained forper hectare
productivity (kg/ha/month) was Y =999.53 -
6.14Tmax - 27.68Tmin for Kottayam (close
to RRII), Y =789.36-11,33Tmax - 12.68Tmin
for Kanjirapaliy (close to CES) and Y = 281.91
+ 4.13Tmax - 11.26Tmin for Taiiparamba
(close to Padiyoor). These MLR models were
made using monthly mean values of the Y
and X vaiables for the whole year for several
years. W hile mean yields were obtained from
growers' fields in these three regions, the
weather data were obtained from nearby
RRII, Kottayam (for the Kottayam region),
RRS, Padiyoor (for the Taiiparamba region)
and CES, Chethakkal (for the Kanjirappally
region). The percentage reductions in
productivity (for 1°C rise in both maximum
and minimum temperatures) were 19%, 15%
and 4% for Kottayam, Kanjirapaliy and
Taiiparamba, respectively Tliese results were
comparable to the results obtained from the
respective regions when per tree per day
yield was used as the dependent variable
(Tables 3&4)

Ouranalyses clearly indicate thatclimate
has warmed in the traditional and non

traditional rubber growm g tracts of India and

quantitatively different impacts on NR
productivity in the different regiorts. Kerala
and the Konkan regions are going to be
relatively more affected by the adverse effect
of climate warming than NE India (Table 3)
where warming conditions may increase
productivity even as the prevailing cold
conditions are a limiting factor at present
(Jacob et al., 1999). Rise in temperature,
especially in Tmax would have a fwsitive
impacton NR cultivation in NE India, unlike
inother places. For these reasor\s, approach 1
was rejected. Extrapolating the present
warming trends, the MLR models clearly
indicate that NR productivity will be
relatively more affected in Kerala than any
other NR growing regions in the next one
decade, although the absolute productivit)'
may still remain high here. However, NR
productivity may see an improvementin NE
inthe coming decade as the region continues
to getwarmer

In tixis context, it is pertinent to ask the
question if the pastwarming has had in fact
adversely affected NR productivity. Going
by the MLR models, such an impact must
havehappened already.Butitmay be noted

that statistical data clearly indicate that NR



productivity in ihe countrv' has gone up in
the paf.tdecades (Rubber ~ard, 2009). This
has been due to incn?ased adoption of high
yielding clones, particularly RRIf 105, the
flagship clone released by RRIlduring 1980.
RR 11105 has been one of the highest >'ielding
clones anywhere in the world. As a large
nscame under

share of the mature plantati
RRIlI 105, \'R productivity {based on
statistical data from growers' fields) also
increased over the years, masking the achjal
impact of climate u-arming on productivity.

However, if large scale adoption of
RRII 105 had not happened and the area
under this high yielding clone had not
increased, there was every possibilit)' that
NR producHvity would have gone down
over the years as a result of clim ate
warming. The MLR models clearly suggest
that the potential MR productivity must

have come down in the recent decades;

Mianagcincnf of
plantations

~sodatcd changes

in weaiher/ctiroate  j A

thanksto climate warming. During the late

1970s and early 1980s, the mean
productivity of RRIf 105 under the best
research

management practices of our
farms in the traditional regions have been
in the range of 60-65 g/t/t, but of late, this
is mostly in the range 0of50-55 g/t/tor even
less (RRII, 1988 & 2010). Since the genetics
(clone) was the same and the management
practices were constant (as can be expected
as the trials were in our own experimental
farmswhere management practices did not
under go any substantial change over the
years), the most persuasive reason for this
reduction in productivity seems to be the
appreciable temperature warming that has
happened during this period. There might
have been other factors too, such as likely
deterioration in soil productivity or other
unknown factors, but the high rate of rise

in both Tmax and Tmin in the traditional

temperature

Humanhealth K. .J_

limalc warming cm ginwIh and yield of rubber
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regions strongly indicates the significant
role climate wanning must have played in
reducing productivity in the past.

This could have been true for other
crops too - had it not been, for the genetic
and agronom icimprovements, productivity
might have been adversely affected, or at
least the potential productivity of a new
variety mightnothave been fully realized in
the field as temperature rose. This points to
the need to evolve cultivars and clones that
are climate (temperature) resilient

The present analysis has been the first
attemptofits type to assess the directimpact
ofclimate warming on NR productivity- Our
results clearly indicate how Tmax and Tmin
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ground biomass in boreal forests (Roger,
2001). In tropics, more carbon is stored in
above ground vegetation than in soils (IPCC,
2000). Carbon stored in various components
ofan ecosystem can return to the atmosphere
asCOjwhen thesoil iscultivated. Agricultural
tillage operations stir up soils resulting in
oxidation ofbiomass carbon into COA. Decay
or combusting of biomass also results in
emission of CO~ into the atmosphere. The
movementofcarbon in and out of trees and

soilsisintegral partofthe earth's carbon cycle

W hile annual agricultural crops also
sequester large amounts of CO~ from the
atmosphere, almost the entire amount of
carbon stored in them is returned to the
atmosphere atthe end ofthe crop cycle when
the crop is consumed by man or animal and
the crop residues are used as cattle feed or
they are incorporated into soil or burnt. This
isnotso in forestr\'or plantation agriculture
with perennial tree species. For example, a
plantation like natural rubber {Hevea
brasiliensis) has an economiic life cycle of 25- 30
years and therefore, the carbon sequestered
in the biomass in rubber plantations will stay

for this long.

Automobile tyres, whether they are
made of natural or synthetic rubbers, are
indispensable to man. Automobiles are
responsible for emission of roughly 14% of
the global GHGs {Stern, 2006). Natural
rubber plantations help to mitigate the
atmospheric CO, concentration in two
different ways. First, it supplies natural
rubber which can be used in place of
synthetic rubbers that are produced from
petroleum stocks. Production of synthetic
rubbers results in huge emission of COA.
Secxjndly, natural rubber plantations have the
capacity to sequester significant quantities
of CO, from the atmosphere. This study

attem pts to measure the capacity ofa rubber
plantation to sequester atmospheric COj

There are several methods to study the
COj sequestration potential of a perennial
plantation crop like natural rubber. Biomass
inventory method is the mosteasily available
and commonly used method which gives an
estimate of the totalamountofcarbon stored
in the various components over a period of
time (Jacob and Mathew, 2004; Jacob, 2005).
Inthe presentstudy a state-of-the-artmethod
known as eddy covariance (EC) technique
was used for measuring CO, and water flux
ina4-5yearold natural rubber plantation in
central Kerala continuously for a period of
one year

MATERIALS AND METHODS

Experimental site

The experimental site was situated at the
Central Experimental Station (CES) of
Rubber Research Institute of India (RR1I) at
Chethackal, Pathanamthitta District, Kerala
(Fig. 1). The location is 9° 26'N and 76" 48'E.
The study was carried out in an immature
(4-5 year old) rubber
different Hevea clones namely, RR 11105, PB

plantation, with

260, RR11430 and ten ortetselections, spread
overmore than five hectare area with alm ost
uniform growth. The average height of the
treeswas 10 m and girth was 35 cm at150 cm
above the bud union of the plant when the
study began in March 2009. Results given
here are based on the measurements made
between April 2009 and March 2010.

Eddy covariance technique for atmospheric
flux analysis

Eddy covariance (EC) method is a
sophisticated miao-meteorological method
inwhich the fluxes of CO,and water vapour



and three-dimensional wind velocities are
measured on real time basis (Baidocchi,
2003), The EC sj'stem comprises o( a three
dimensional sonic anemometer (CSV\T3,
Campbell USA) wiiich isused togethervdth
an open path in/rared gas analyser (Li-7500,
Li-Cor, USA). Additionally the system is
equipped with a net radiometer (NR-Lite,
USA)and temperature and relati\'e humidity
(RH) senstvs {HMP 45, Vaisaia, Finland)
(Fig.2). Other weather parameters namely,
and  minimum

rainfall, maximum

temperatures, sunshine hours, etc. were
collected from an adjacent weather station
at CES, Chethackal. Carbon dioxide (Fc)and
watervapour fluxes of the rubber plantation
ivere continuously measured by eddy
covariance technique for the above period
The EC equipments were com missioned on
aflux towerof 18 m height and the various
sensors were fixed on the tower at4 m above

the canopy {Fig. 2).

Raw data were collected and corrected
by Edi Re software and processed into half-
hourly values. There are several parameters
necessitating correction of the measured
Signals (Massman and Lee, 2002), The pianar
fit corrections have been done for averaging
the mean vertical wind by using Edi Re
-WMware, Data on CO, flux (Fc) and the water
vapour flux which ismeasured as latentheat
of vapourisation (LE) were corrected for
density effects (Webb et ni, 1980). Daily
dmrnal net ecosystem exchange of CO
(NEE)and day and night flux rates were also
calmlated. The latenl heal of vapourization

U wasuarfto calculate evapotranspjralion

(thonaperdaybasis.Thedownloadedand
corrected data table contains half hourly

™ anvaluesofnetradiaaon.airtem perah,re
relative humidity (RH), fluxes of CO (Fc)

™ ter » P'and sensible heat (H). The rate

ofecosystem photosynthesis, respiration and
decom position will vary diurnally and
interactions
like

seasonally in response to

between the physical
irradiance, moisture and temperature and
like plant phenology, soil

environment

biotic factors
microbial metabolism and heterotrophic CO,
release (Goulden et nl., 2004). Therefore
attemptswerealso made to correlate the CO,
flux values with prevailing environmentai

conditions

Netecosystem level flux of CO, and water
vaporin real time was calculated, file net CO,
exchange obtained from the EC system is the
difference  between  photosynthetic
assimilation by the vegetation and tlie total
respiratoiy CO, efflux from the foliage, roots
and soil (Lalrammawia and Pahwal, 2010), In
the present study, ecosystem level net CO,
sequestration rates (photosynthesis and
respiration, including litter decom position)
and evapotranspiration for a one year period

ina4-5yearold rubberplantaKon isdescribed

Accounting of tree biom ass

Theabove ground dry weightofa rubber
tree was calculated using the Shorrock's

regression model:

W=0.002604 (Shorrocksffn;., 1965)

where, G is trunk girth (cm) at a height of
150 cm from bud union. 15-20% of the shoot

biomass was taken as the root biom ass.

RESULTS AND DISCUSSION

Diurnal of net ecosystem
exchange of CO, (NEE) clearly indicates two

phases namely, a netfixation of CO, occurring

pattern

JAunng day time (influx) and net release of
from the system into the atmosphere

dunng nighttime (efflux) (Fig. 3). By default



Fig, 1. Map showing the location of the study area (Chelhackal, Pathanamthitta District, Kerala, India,
9" 26'N ; 76" 48'E)

Fig.2. (A) A bird's eye view of the young rubber canopy at Central Experimental Station (CES), Rubber
Kesearch Institute of India, Koltavam. Kerala State, India. (B) Eddy covariance system installed on
an 18 meter tower inside a rubber plantation. (Q Various sensors of eddy covariance measurement
systeni are indicated, CSAT3, Campbell's three dimensional sonic anemometer; U 7500, Li COR's
open path infra a-d gas analyzer; NR- Lite, Kipp and Zonen'snet radiometer and HM P45 temperature
and RH sensors
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years old)

net influx of CO, mto ihe ecosystem (net
photosynthesis) is shown as negative flux
and net efflux of CO, (net respiration) is
shown as positive flux which includes
jsp,ration from all living components and
decom position, collectively termed
K~ystem respiration (R™,). The difference
tetween the amount of net fixation during
dayhmeandtheCOlostasR.Aduringns
hme ,s the net fixation of CO by the
ecosystem for a given day. As A114 7
mensrty mcreases, net CO, flux graduaUy

negative (indicating  nen
photosynthesis or CO, influx or sequestration
-nto theecosystemjand thisgeneX im
negative until sunsetinth lev s ~ "~
intensity declines R iwnn,

S-ET

an immafure rubber plantation (4-5

During thestudy period, the daily NEE
by the rubber ecosystem ranged 1-25e CO /
mVday (Fig. 4). Most of the days recorded
CoO, influx in to the plantation; however, a
few days (around 25 days during the one
yearstrdy penod) recorded netcarbon efflux
~om the plantadon to atmosphere. On those
days, around 1-7g CO,/mVday was released
to atmosphere and during these days there
wasram and relatively few ersunshine hours
Ihe net efflux on certain days would have
mecluded the possible high rate of total soil

spiralion (RJ both by autotrophic (R ) and

“ "PO~nls of the soil in

add vV
addition to the net CO, release from leaf
mAmAPiation rate
the soil moisture,

generally depends on
temperature, organic com position, density of
A =nd rate of
~position of organic contents {Stephen

d e



Day of the year

Fig. 4. Daily netCO, flux (Fc) in a4-5 yearold immature rubber plantation in central Kerala for a continuous

one year penod. Short gaps Ln the data are due to equipment failure from thunder storm, power
failure etc

-R- S A«

Fig, 5. Mean monthly ecosystem exchanges of CO, in a4-5year old rubber plantation. Tiw mean ecosystem
respiration (Reco), ecosystem COj assimilation (A ~ arid net ecosystem COa exchange (NEE) on
per day basis are depicted



and Tlieodore. 1979). Intermittent heavy
rainy days witnessed a net efflux of CO” to
atmosphere, most probably, due to a low rate
ofcanopy photosynthesis due to poor solar
light and possible sudden spurL<5 in release
of locked up CO, from the air space in the
soil. Sunn)~days (when soil moisture level was
not deficient) were more favourable for
sequestration of carbon by the rubber
plantation. On an annual average, tile NEE was
1]gcormvdaydurmgtfie~ d y period whidi
is equivalent to 33.5 tons of CO Jha/year.

TTie net CO~ assimilation (A ~ and net
respiratory CO% efflux (R & were calculated
for the entire year. While (he mean was
2-5g COj/mVday, the net assimilation rate
(Al recorded was 13.5g COymVday (Fig.5)
Though there was considerable rate of
ecosystem respiration at night, the CO
assimilation during daytime was much

6. Sunshine iiours (SSHI and npt

high

higher in rubber plantation making it a net
sink 0f CO,. In a study with mature rubber
plantation in Thailand, Thaler clai (2008)
got similar rates of sequestration and they
have suggested that ecosystem level EC
measurementof CO,and water fluxes could
be used to model gas exchange of rubber
plantaHon according to prevailing climate
and otherenvironmental parameters
The daily flux data were analyzed in
relation to prevailing maximum temperature
(Tmax) and sunshine hours of the day, buta
clear relationship was not observed
throughoutthe study period, most likely due
to other factors such as soil moishare and
VPD interfering with photosynthesis and
respiration (Stephen and Theodore, 1979;
Orchard and Cook, 1983). In general, days
with lengthy sunshine hours recorded high

rate of net ecosystem exchange (Fig. 6).



Day of the year

Fig. 7. Water flux in a 4-5 year old rubber plantafior\ in central Kerala for a continuous oixe year period

During summer monthssunlightwas plenty
but high
restrict canopy
photosynthesis and hence NEE. The NEE

soil moisture deficit and

atmospheric VPD could

was relatively higher during pre-monsoon
period when the soil is fully recharged with
moisture after the initial showers. During
continuously cloudy and incessant rainy
days, either NEE was very low or the net
ecosystem respiration rate was higher than
net assimilation

The rate ofevapo-transpiration (ET) was
calculated from the downloaded data on
latent heat of vapourization (LE). The mean
ET was 3.5 mm/day during the study period
(Fig. 7). Earlier studies with
method

lysim etric
in the traditional rubber growing
areasof Keralashowed thatthe mean ET was
4.4 mm per day {Jessy ettii, 2002).

The amount of carbon sequestered by
the rubber plantation was estimated during
the same period by estimating the annual

shoot biomass incrementduring this period

using Shorrock’s method. From the shoot
biomass estimation, the amount of COj
sequestration was calculated as 13.5 t
CO./ha/yr which does not include root
biomass, soil respiration, litter decom position
and sequestration by weeds and other
vegetation inside the plantation such as cover
crops. Carbon stock in rubber plantations has
been worked outearlierby biomass inventory
method (Jacob and Mathew, 2004; Wauters
etal, 2008). The amount of carbon stored in
one hectare of a 33 year-old stand was 596
mt. Total carbon sequestered by rubber
plantations under Kerala conditions for a 21
year period was estimated to be 67 1C/acre
and it was reported that ti>e sequestration
capacity of rubber plantation was much
higherthan mostother terrestrial ecosystems
(dJacob and Mathew, 2004). A 14 year old
rubberholding had a carbon stock of 761C/ha
in its above ground biomass which is
equivalentto J9.9tCOyha/yr (Wanterselal,
2008). The contribution of the soil organic



carbon poolamounted to 1351C ~a (Wauters
elaL, 2008).

Our studies show that natural rubber
plants are a good sink for atmospheric CO,
round theyear. Cultivation of rubber trees on
non forested land is a good land use option
to mitigate rising concentration of CO, iji the
atmosphere. Under Kyoto Protocol, forestry
or plantation activities that sequester
atmcephericca7i)on into biomasscangenerate
CO, offset cj~its that coudd furdier help in
reduction of fossil fuel use (Suruchi and
singh, 2002), butexisting plantaHons are not
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and repeated during 2008 (HBSS, Paraliar)
and 2009 (Vadakkel Nursery, Perumbavur).
The propagation tecliniques included were
insiluyoungbudding, in situ greenbudding
and stump planting of rubber in root trainers
and polybags. A randomized block design
with four replications and a plot size of 40
plants was adopted. Root trainers used for
youngbudding had a length of 22 cm with a
holding capacity of 350 cc and that used for
greenbudding by direct seeding and stump
planting had a length 0f30 cm with a holding
capacity of 800 cc. Cured coir pith mixed
with powdered rock phosphate (5 g), neem
cake (5g),bone meal (5 g), pesticide (Phorate
-1I0G @100 mg) and fungicide (Dithane
M '45 @100 mg) was used as the potting
medium per root trainers. Polybags of size
17.5 X35.5 cm and thickness 250 gauge were
used for young budding and of size 25 x 55
cm and thickness 400 gauge were used for
green budding by direct seeding as well as
forstump planting. Polybagswere filled with
topsoil mixed with powdered rock
phosphate at the rate of 25 g for small bags
and 50 g for big polybags.

Germinated seeds were planted

directly in polybags and root trainers.
Sufficient stock seedlings were raised in the
ground nursery also for green budding and
stump planting. After planting, the root
trainers and polybags were stacked in
trenches. Young budding was initiated at the
age of 28'~ day onwards (on attaining
maturity of the first whorl of leaves) on the
seedlings raised in polybags (T,) and root
trainers (T,) and continued up to 60 days
(until it started emerging the second whorl
of leaves), with bud wood of the same age.
Budding tape of width 1.2 cm, length 25 cm
and thickness 100 gauges was used foryoung
budding. Green budding on stocks raised in

polybags (Tj), root trainers (T,) and ground

nursery were initiated at the age of three
months and continued up to months
Budding
success was enumerated 21 days after
budding and successful bud grafts of both
young budded and green budded plants
were cut back at the age of five months.

following standard practice

Successful green budded plants in the
ground nurser\' were pulled out, stvimped
and planted in polybags (TA)and root trainers
(TA) on the same date. Root trainer plants
raised by stump planting were initially
stacked in trenches till they attained two
whorls of growth and then subjected to
hardening by hanging instand made of iron
rods. Young budded plants raised by in situ
budding on stocks raised in root trainers
were stacked in stand right from the
beginning. The plants were irrigated daily
and fertilizer was applied with NPKMg
(10:10:4;1.5) at the rate of 5 g for small
polybagsand 10 g for big polybags. Fertilizer
was applied in root trainers in the form of
2% solution of the sam e fertilizer mixture at
weekly intervals. Observations on height,
diameter,numberofwhorls,numberofleaves
etc. were recorded just before transplanting
to the field. Roots were examined by
destructive sampling of ten plants each from
treatment

every Data were analyzed

statistically following Rangaswamy, 1995

RESULTS AND DISCUSSION

Highambienttem perahire,low humidity,
extended soil moisture stress and low
ground water table are supposed to be the
major climatic constraints anticipated under
the influence of global warming. A bud
grafted young plantisa two partite structure
consisting of scion of an improved cuitivar
bud grafted on a rootstock of unknown

genetic constitution. An agro-climate



characterised by climatic extremes may
demand aroofsystem consistingofa deeply
grown taproot with ivef[*developed lateral
roots. Since breeding for better rootstock is
not easil)’ practical in rubber, rootstocks are
required (o be improved by adopting
appropriate plant propagation techniques,

Polycross planting materials are derived
from specially designed polyclonal seed
gardens. Plants raised usingpolvaoss seeds
wer~ noticed to posses astrong'rootsystem
with sturdy shoots (Simmonds, 1989) There
areseveral documented evidences for better
Inrformance ofpolycrossplanting materials
imder stressed agro-dimate. So, seed-af-

stakeplantm g raised uTthpolycrossplanling
™ ter,als seems to be the most suitable
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by several workers in various tree crops
(Wilson, 1986; Sharma, 1987; Shankar, 1994;
Chadurvedi, 1994; Khedkar
Subrahmaniam, 1996; Nanhorya et al, 1999;
FRI, 1999; Ginwal 2001)

of the above mentioned

and
eial. In due
consideration
drawbacksofpolybag plants, the Agriculhiral
Division of the Asian Technical Department
ofthe World Bank recommended root trainer
planting technique as an alternative to
polybag plants for tree crops (Josiah and
Jones, 1992). Polybag plants with coiled
taproot and under-developed lateral roots
may not withstand a warmer and drier

climate

The propagation technique of raising
advanced planting materials by planting
green budded stumps in root trainers has
widely been em ployed in the traditionalbelt.
In this technique, the root trainers are filled
with cured coir pith, planted with green
budded stumps and the containers are
stacked in trenches. On attaining two whorls
of growth, the plants are subjected to
hardening. For this, the plants are lifted from
the trench,the roots outgrown the containers
are carefully pruned with a knife and the

plants are stacked in carriers made of iron

Table 1. Mean values of budding

rods. In this suspended condition off the
ground, the taproot resumes growth in a few
days and undergoes natural air pruning on
contact with air. This natural air pruning
exerts a temporary stress on the plant, and
some ofthe root primordiae which remained
dormant, areinduced to sproutagain under
the influenceof thestress. The vertical ridges
on the container wall direct these roots
downwards and these lateral roots are also
subjected to air pruning. As a result, a
hardened root trainer plant raised with
budded stump asthe initial planting m aterial
possess an average of 14.4 lateral roots as
against 7.8 laterals observed in polybag
plants of the same age (Table 1). So, in
addition lo avoiding the coiled growth of
taproot, the natural air pruning is found to
be helpful to improve the lateral root
formation in root trainer plants. However, it
could be seen from Table 1 that almost half
of the lateral roots removed from the budded
stum ps still remained dormantand hence the
root trainer plants raised with budded
stumps as the initial planting material could
also be not considered as an ideal
propagation technique under a stressful

agro-climate

icion esiablishmeni, growth ajid n,.I pa.amelen

taenl  Budding G.owa'paim.eters Plants  No.a
— % estblisK.ent Heibt ~ TELY w

Ti 9b.| 923 68,1 7.93 1.86 13.0 791 338
Ta 95.6 91.8 59.6 8.66 168 11.4 - 477
88,3 921 71,0 831 1,74 121 87.7 30.7

T4 86.6 90.0 62.9 8.48 1.69 118 - 58.6
Ts (Control) 90.3 86.6 67.9 8,9% 181 126 732 7.8
T 891 827 62.2 8.1l 1.66 116 _ 144
G. mean 91.0 89.3 655 8,41 172 12,1 - 32,2
CD {PH3.05) 6.3 49 8.3 0.91 0.27 1,6 - 30.6



h siliiyoung budding on stocks raised
in root trainers was an improvisation of the
propagation technigue
This technique was

root trainer
mentioned above.
standardized with anew nottodisturb the
roofs at any stage in the nursery.
Germinated seeds were planted directly in
root h-ainers and keptsuspended in carriers
nghtfrom the beginning and budding was
mitiated at the single-whorl stage. The
tproolgrowing outofthedrainage hole at
the bottom of the container was subjected
to natural air pruning on contact with air
Ih.s air pruning, in the absence ofsoil, was

asti~sstotheplantandthepiantresponded
o the stress by producing large number of

additional lateral roots into the well-aerated

potting medium. vertical ridges"” fte
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‘aprootandinnumerablelaferal rch

were poperly oriented inside the container

Based on the observations

itcould be concluded™"®

thepresentstud
g Aingon Gcarials raise

advanced pla
polybagsusing budded stum ps as the i,
planting materialsuffered from somesi~rio™
drawbacksIlkecolllngoflaproot insuSem
umber a ormed growth ofirt™
roots (Fig. 1a). A major portion oflateral roots
pruned from the budded stumps failed

regenerate m polybags. Damage”aused
the skm of the taprootduring the process of

beTnATtr'* ~"Hng the stumps could
be one of the reasons for this meager lateral

root formation observed in polybags The

mediam polybags was also reported to exert

formation was observed
“ "niderable number

used as the mrnal planting material

budd’in" technique of 7/, sil«

Sreen
roobi w,, had theadvantage that
root, werenotcutand lostatany stage, but

~ "8 materials were found

tosuffer?
S s rT o * Tlu-
sfm situv P™PAgaUon technique
roottrai "“dding on stocks raised in
tril2 1 Mot mop M (> ooftheroot

“™ 8 "udled

Slumps a 7 tf«m

‘he soil on tram pM ntogJ)nI~ATjn



taproot of seedling trees. This deep growth
of taproot may provide access to the
much-needed moisture available in the
deeperlayersofsoil during extreme drought
The full set of lateral roots, supplemented
by additional numbers formed in response
to natural air pruning, may help the plantto
acquire additional absorption area. This
additional absorption area may help the
plantto absorb sufficientwater and nutrients
even under extended soil moisture stress
Rootswerenotdisturbed during the process
of transplanting and hence the nahjrally air
pruned roots were noticed to resume growth
within 24 hours after transplanting to the
field. This quick growth of roots may help
the plants to attain high establishment

success even under prolonged dry spells

Budding success in rubber is highly
influenced by atmospheric tem perature and
humidity. So, a dr)’ weather due to a change
in tlie agro-clim ate is likely to poise a serious
threat to the vegetative multiplication of
planting materials in rubber. The stock
seedlings in the newly standardized in situ
youngbudding are raised in roottrainers and
the plants were maintained over a stand, off
the ground, till they are finally transplanted
to field. The compact size of the container
and the portable nature of the stock seedlings
make it possible to take the rootstocks to a
green house and carry out bud grafting
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containing as many as 75 plants could be
taken to a green house and budding could
be attempted conveniently on a wooden
bench. In case of unfavorable agro-climate,
budding success could be improved by
retaining the bud-grafted plants under
protected conditions till the scion buds are
accepted by the stock. So, this planting
technique makes it possible to derive the
9%'arious advantages ofbench grafting without
uprooting the plants and hence without
compromising the budding success and
establishment

This modem propagation technique is
environment friendly, labor friendly and
highly cost effective also. Due lo the light
weight and com pact size of the containers,
the costrequired for planting operations like
transport of plants, distribution, field
planting etc. could be cut short drastically
compared to polybag plantsw hich also need

large volumes of soil
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George, S., Syamala, VK., Idicula, S.P. and Nair, N.U. (2011). Some good agricultural practices for adapting
mbber cultivarion to climate change. Natural Rubber Research. 24(1); 91-96.

Droughtis one of the most important manifestations of climate change as far as the rubber growing re~ons
in India are concerned. The effect of type of planting materia! and water conservation techniques like
tiUage, mulching and in situ water harvesting on growth of immature rubber and storage of soil moisture in
two ongoing experiments are discussed. In the nursery'experiments, growth parameters of planting materials
raised through direct-seeding in poiybags followed by in situ budding and planting budded stumps in
poiybags were compared. The results indicated significant difference in the growth performance depending
up on the type of plandng material. It was observed that the planting material produced through direct-
seeding with an intact root system was significantly superior in stem diameter, plant height, number of
whorls, fibrous root ar\d dr>- matter compared to plants raised through budded stumps. In the field
experiment, direct-seeded green budded plants were integrated with moisture conservation practices like
tillage, mulching, silt pits and enhanced fertilizer application along with the use of organic manures. It was
observed that the soil moisture storage during summer was significantly increased compared to the plots
where plants were raised from budded stumps foUowing the cunrent package of practices. A significantly
higher leaf area index (LAI) and root length density (RLD) were maintained by the direct-seeded green
budded plants under integrated management. The growth of the direct-seeded green budded plants under
integrated management was significantly superior to other treamients. Therefore introduction of planting
materials with a good root system and adoption of good agricultural practices (GAPs) could play an
Important role in adapting plants to future extremes of climate change.

Keywords: Climate change, GAPs, Growth, Immature mbber, Soil moisture

INTRODUCTION uneven monsoon are a reality in the

traditional rubber grovAing regions in India.

Natural rubber isa prominent plantation agricultural crops, the growth and

crop of considerable significance to Indian natural rubber are also
economy, having a share of 8.9 per cent of jrerted by climate change (Jacob,
world's production and 8.7 per cent Concernisgrowing among the nahiral
consumption. Climate change has many overthe possible
facetsincluding fall and rise m change especially after the

Z L r2rot

irh s rdorse fa,rofN Routputby.lpercentduring.»,

Correspondence; Sherin George (Email: sherinKt-nibberlxJrd.org.in)



available information, biomass gasifier isnof
being used in other major rubber producing
countries for drying of block rubber. If, at
least, 50 per cent of the production is dried

w th producergas, 120 million liters ofdiesel
reduce

can be saved which will in turn
into the

3,24,000 MX of CO, emission

atmosphere peryear

The biom aK gasificatton technology can
replace diesei/kerosene/eleclricity in a
o~~menlional block mbber dryer. Its benefits
are teo fold,-in addiHon to the savings made
m the COS! of production of block mbber
tere would be considerable reduction in
€O, emission. Globally, only asmall quanHty
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The impact of climate change on on

agnculture varies with crop, region and
cultivation techniques. Variabilities in local
climate rather than global climate patterns
ire more relevantin determining the impact
ofweatherevents on crop production. Daily,
monthly and seasonal patterns of
temperature and precipitation are likely to
be affected by climate change (Reilly ctal,
2000). Rainfed crops are more vulnerable to
the variations in climate such as changes in
precipitaHon regimes, temperature, sunshine
hours and relative humidity. Reddy and
Hodges (2000) emphasized the need for
altering cultural pracHces and engineering

techniques to tackle climate change effects

Casualty, Climate uncertamty. Drought Hevea brasiliensis. Life saving irrigation. Soil moisture.

crop produclion. Considering the
changing climatic scenario in the rubber
growing regions of the world, the current
agronomic practices being followed in
rubber cultivation may beinadequate to meet
the challenges of future climate,
Theimpactofuncertain weather pattem
will be more pronounced during the
establishment and early growth of young
rubberplants. Tradition~ly monsoon season
is theideal planting season of rubber in India
In recent years, uncertainty in rainfall and
other weather factors is making the
scheduUng of various farm operations like
planting, difficulteven in traditional rubber

growing regions, Occurrence of unexpected
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tem peralu»durintisn sm m weather pattern on planting and
-«sH n.e,totyoun,ru.Lp.anfs,
««sess the impact of changing Theextentofcasualty after planting was

assessed in field experiments initiated



CLIMATE UNCERTAINTIES AND YOUNG RUBBER PLANTS

during consecutive years with varying
weather pattern during planting season in
Central Kerala. The extent of casualty was
assessed in one hectare plantation during
2007 and 2008. During both years, planting
wascarried outduring the firstweek ofluly
and casualty was assessed during September

A field survey was carried out to find
out the extent of life saving irrigation
adopted by smallholdersduring the summer
season of 2010. The traditional rubber
growing region mainly covering the central
Travancore and south Malabar regions of
Keralawassub divided into eightregions for
the survey A total of 161 holdings were
visited for the assessment of drought

intensity in the first year of planting

A field experiment was conducted at

Puthukkad Estate, Trichur, which is a
comparatively droughtprone area in Kerala
The experiment was initiated during 2(X)8
with three treatm ents ufz, control, tilling the
plantbase and life saving irrigation. Rubber
(clone RRII 105) was planted during June
2008 and subsequently vacancy filling was
carried out during September 2008. At the
end of the rainy season (October, 2008) the
base (radius 1.0 m)of100 rubber plantswere
tilled to a depth of 10 cm. Hundred plants
were given

life saving irrigation weekly

twice from December 2008 onwards and
another hundred plants were retained as
control withoutirrigation or tillage. The base
of the plantsin all the three treatments were
mulched as per the standard practice and
stem of the rubber plants were protected
from sun scorch by contact shading with
dried grass. Soil moisture was recorded
periodically during summer and stem
diameter was recorded atthe end of summer
(April 2009). The data was analyzed with

t-test. Extent of casualty at the end of the

Table 1. Casualty of young plants two months
after planting in the main field
Year Dateof  No.otplants  Casualty
planting observed *
2007 July 6 450 26
2008 luly 3 450 4.7

summer was also recorded in all the first

treatments.

Casualty ot young plants immediately
after planting was 2.6 per cent during 2007
whereas itwas 6.7 per centduring 2008 even
after providing life saving irrigation to the
plants which showed willing symptoms
Planting was done during the first week of
July which isthe middle monsoon season in
both years. Although soil moisture status was
sufficientin both years, atmospheric drought
due to bright sunshine hours and high
tem perahire (Fig. la-c) during the firstweek
ofluly 2008 mighthave resulted in the higher
casualty fTable 1). Itis recognized thatas Ihe
climate warms and as the hydrologic cycle
intensifles, it is likely that there wiU be an
increase in the temporal and spatial
variability of precipitation and in the
intensity and duration of storms and
droughts (Huntington,2010). The occurrence
of dry spell with bright sunshine and warm
temperature during monsoon season
observed in this study may or may not be
related to climate change. However, new
management strategies to mitigate the
adverse

resulting effects

should be
developed if such aberaHons continue to
occur Soil moisture conservation alone is

not sufficient and the possibility of
enhancing the ability of plants to tide over
transient drought by nutritional
manipulations or other cultural methods
need tobe explored

In the field survey in traditional rubber

growing region, it was observed that in



addition to the recommended management
practices like mulching iind shading, life
saving irrigation is increasingly practiced in
certain holdings, although this has not been
areconxmendation in the tradidtional areas

Table 2, Percentage of farmers adopling life
saving irrigation in the first year of
planting in traditional rubber growing

region
5L Region No. Of %of
No. holdings  holdings
surveyed irrigated
2 Adoor 20 20
2 Kottoyam 22 18
3 Pathanamthitta 25 16
4 Erattupetta 19 16
5 Kolhamangalam 20 18
6 Muvattupuzha 19 2]
7 Mannakkad 25 16
8 Thalassery 1 1%
Total farmers contactpd 161

Ataosl 18 percent of (he rubber holdings
where plantmg was taken up in 2009 in the
tad.bonal belt where the survey was taken
up, were irrigated at least once during the
su”erseason of2010fTable 2). Life saving
rngation was ttever needed in the
trad.t.onal rubber growing regions
However, ,n the recent years due to
cheésafzvmvg rngahon is being.:rg\;id[eudrié
tideoverdroughtconditions. In most cases
basin imgahon was adopted

* Significant at P-0.05

Visual  assessment indicated
chlorophyllbleaching and leafscorching in
the rainfed unirrigated young plants. Severe
drought induced mediated symptoms in
only in non-

leaf have been reported

traditional areas of rubber cultivation in
central India (Devakumarefal, 1998:Jacob
ttal, 1999). Heatstress caused by increasing
temperature has already been reported asa
major concern for crop production in
association with projections of increase in
the numberofdays with high temperature
(Trenberth 2007) and inyoung rubber
plants also, it appears that climate change

is warranting alterations in cultural

practices.

The experiment area on tillage did not
receive rains during December to February
2009. Tillage enhanced soil moistcire content
sigmficantly during January and February
(Table 3) and the growth of plants was
significantly superior to that of control and
was on par with thatofplants with life savine
mrngation (Table 4). Surface tillage has been
reported to enhance soil moisture storage
considerably (Jalota and Prihar, 1998; Payne,

Table 4. Growth and survival of plants M months
after field planting

Treatment Diameter Casualty
(°rm) (%)
Control
Tillage
Nil
Lite saving irrigation 1Q 74 Nil

* Significant at P*.05

February



999), The extent of casualty was 4% in the
ontrol whereas there were no vacancies in
the other two treatments during summer
season 0f 2009 (Table 5). The data indicated
that additional measures to conserve soil
moisture will help to enhance growth of
young rubber plants and
Both tillage and

reduce casualty

life saving irrigation were

found effective; however, tillage is a
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Aglas house ex~rimait ivas conducted mIh polybag plants of clone RRII 105 to study the effect of

potas,...., and s,1,»n in alleviating .Ke adverse effects of soil moisture stress in young mbber planB

eper,e«,.isted of  treatments,  irrigated and unirtgated. Unde,e L Salen C

~tK). Sibcon was suppbed as ,.ce husk ash, and inrorporated into the soU two weeks after

5 C. ultoL 01 potassiun in Qvereoming il Moisture stress.

Keywords: H m . fe-raVimsB, Moistun- stna”. Potassium, Silicon.

fran = » d
(Mengel and Kirkby, 1980). K’

during monsoon season adversely alkct
estabUshment and initial erowlh of n,hh»
plants even in tradiHonal rubber growine
regions. Increasing severity of droueM regulates the slomatal
during summer season also augments the ~ conditions
casualty in the field. Scarcity fo it iy

imgation and manpower limit [he laro~ teandplantgiowthunder

1995). The

P > ™ xA ez

f condition (Marschner,

sale adopHon of irtigalion inyoungrub L
plantations, though life saving irrigation

young plants is increasingly adopted
8 ~ adopted m

in

recentyears.
Stat,,s,, f L] N
Matus Of mineral nutrients in plants

P ays a critical role in increasing plant
*TMg>'t stress (Marschner
s T (K) has a
PMficrolejnaUeviatingtheadversceffects
Cor,p.nde,»P.P,, Ak, ";

| mau.prasan,,akomaric,, bberb,ard.,,r8.in)

effects of high levelsofadded
svercoming moisture stress effects in
young rubber plants was reported by

M "arappulir/,, (. (1993,

‘'mportant role

™ ‘“‘erance to environmental
! «? M < L u X
Silicon

A 1fr use efficiency and



maintained high rates of photosynthesis
under water stress (Epstein, 2001), Silicon
helps to maintain low er hydraulic resistance
under water stress and increases water
uptake (Hattoiri, 2005). Besides this, silicon
has been reported to alleviate aluminum
toxicity, which increases the susceptibility of
plants to water stress by formation of

aluminum silicates (Marschner, 1995).

In young rubber, the

recommendation of K

current
is low compared to
nitrogen and phosphorus (N 1K =2.5 :1). A
low quantity of K was recommended since
there was no measurable effect of K on
growth of young rubber plants (Ananth,
1966). Beneficial effects of silicon in young

rubber plants have notbeen studied so far.

Uncertain rainfall pattern as a result of
climate change has been reported to increase
casualty of young plants immediately after
planting (Jessy et.al, 2011). Bright sunshine
and high tem perature are being experienced
even in the middle of the monsoon season
in recent years adversely affecting
establishment of young plants in the field
(Jessy etai, 2010). The objective ofthe present
study was to find outifsilicon and potassium
supplements increase the ability of young
plants to tide over transient drought. The
experiment was conducted in a glasshouse,
since uncertain weather

pattern makes

testing in the field difficult.

Brownbudded stumpsofclone RRII 105
were planted in polybags (60x35 cm) and
raised in glass house conditions. The soil
used for filling the polybags was acidic in
reaction (pH 5.2), medium in organic carbon
status (1.02 per cent) and low in available P
(0.5 m~100g) and available K (4.5mg/100g)
(Jackson, 1958).

There were two treatments, t'tz,

irrigated and unirrigated. Under each

treatment, there were four sub-trc.ilrIKriK
znz, control (standard practice), silicon (Si),
potassium (K) and silicon ~potassium (Si *
K). Silicon was supplied as ricv husk ash,
and incorporated into the soil (Ig/kp soil),
two weeks after planting the budded stumps
N:P:K;Mg mixture (10:10:4;1.5) was applied
twice at the time of maturity of first and
second whorls. In treatments of higher dose
of potassium, 2.5 times the recommended
dose of K was added (N:K«1:1) and both N
and K were applied in two splits. Treatment
imposi

on was completed 15 days prior to
withholding irrigation

There were 40 plants under each
treatment, out of which 20 were kept un-
irrigated, while rests of the plants were
irrigated. Before inlHating the experiment,
water for irrigation w'as quantified so that
nowater drained outside the polybag. W ater
lost through evapo-transpiration was
replenished by irrigation based on the
canopy area and evaporative demand of the
atmosphere. Soil moisture content in
polybag was assayed by gravimetricmethod
on the 30" day of withholding irrigaHon
chlorophylicontentindex was recorded after
10, 20 and 30 days ofwithholding irrigaHon
with achlorophyll content meter (CCM 200,
Opti-science, USA). Leafwater potential was
recorded with a Psypro water potential
meter (Wescor Inc.) after 10 and 20 days of
withholding irrigation. Leaf area was
measured with LICOR leaf area meter, 20
days after withholding water After 35 days,
plantdiameter was recorded, and the plants
were uprooted for the estimation of dry
mater. The data was subjected to two-way
analysis of variance

Chlorophyll content index (CCD

recorded 10 days after im posing water stress

in polybags showed significant reduction m



, m,«,mnhdl contentind« - 1Q, 20 and 30 days after withholding irrigaHon

Irrigated i>tTessea
119.9 99.5
115.1 115.9
1195 119
Sit-K 116.0 110.1
Mean 117.6 1113
co(Aa) 457
CD(AXB> 9.34

stressed plants com pared to irrigated plants
(Table 1). Among unirrigated treatments,
CQ was significantl)' liigher for treahnents
w th Si, K and Si + K compared to stressed
control. C a recorded after 20 and 30 days
also showed the same trend. Afterim posing
water stress for 30 days, there was 54%
reduction in CCI in the stressed control
compared to the irrigated control. This
reduction in CCI compared to irrigated
contnDI was only 25% for K, 34% for Si and
33% for Si + K treated plants, indicating a
positive effect of potassium and silicon in
under

retaining chlorophyll content

moisture stress CQndition.

Table1 Leaf waterpofenfdad(-MPa} 10and 20 days
after withholding irrieaHnn
U af waler potential (-MPa)

Treatmmls 1Qd.ys -
M SittdStesed iSASa~s5iW
. 22 278 329 3,09
196 258 269
" 203 2.36 2.30 2.69
s 223 234 2-34 251
Mean 22 2.36 2.75
CiiAT ET o013
NS 0,26

119.7
117.2
109.4

115.9

- Chioroph~ll content index

30 days
Stressed

173 95.7 98.3 452
110.9 103.2 651
116.2 95.6 733
100.6 100.8 66.4
105.7 993 62.5

5.08 6.49

10.16 12.99

Leafwater potentia] (LW P) recorded 10
days after imposing water stress showed a
significant decrease in unirrigated plants
compared to irrigated plants ~able 2), but
did not show significant difference among
sub-treatments. However, after 20 days,

among the wunirrigated treatments,
significantly higher LW P was observed for
Si, K and Si + K treated plants compared to
stressed control, indicating a positive effect
of potassium and silicon in maintaining a
better water status in plants under soil

moisture stress.

Bajehbaj et al. (2009) reported the
beneficial effectof higherlevel ofpotassium
in maintaining chlorophyll content and leaf
water potential in sunflower {Heliauthus
annmis)underdroughtstress. Similar results
in potato cz>. Agria. was reported by
Khosravifar et al. (2008). Samarappuli et ai
(1993) studied the role of potassium on
growth and water relations of rubber plants
and reported thatstem diameter and height
of rubber plants when grown in a soil at 50
per cent field capacity witli recommended
level of K was almost equal to the stem
diameter and heightof plants when grown
in a soil at 10 per cent field capacity with

double the recommended level of K.



Ma and ¥amaii (IW )

tioTcfidal effect oS silicon application in

reported the

jg.judnn vs-aletlossb\’cutku U r transpirafiiin
inriceiid sugarcane. Hattori tt at. (2005)
inxHted a piBitiveeaectofsffioonapplicaBon
in aainlaining the photosm lhebc rale and
stomatal conductance at a higher level in
MTghuni (Soigfiiwi Wcoior Moench) under

droughtstress.

Leaf area recorded 20 days after
withholding irrigation show ed a significant
reduction inunirrigated plants, com pared to
irrigated plants (Table 3)

recorded 3S days

Stem diameter
after withdrawing
irrigation showed a significant decrease in
water stressed plants com pared to irrigated

plants, and among the sub-treatments, no

Table 3. Leifarealon'l 20 days after with holdiiig

water

Treatment Irrigated Stressed
Control 63.24 43.35
si 68.91 $8.78
K 67,44 55.67
Si+K 65.78 54.77
Mean 66.34 53.14
CD(A) 2.92

SE (AXB) 2.76

Table 4. Diameler of stem (mm)

Treatment Irrigated Stressed
Control 8.55 6.18
Si 7.91 6.00
K 8,73 7.09
Si+K 8.64 6.18
Mean 8.46 6.36
CD(A) 0.41

SE(AXB) NS

T«bh'5 St2w*nin>*vtin tn*»*tt"pUnO

Cvwtn?! "<oli 427 SM i
Si 44

K 9.27 rsl« 44:
Si-nK Kl 5»r I.-
Stean 877 r-K

CtHA) 0.»

CtHAXB) NS

significant diffeiw ice was otKserwd fT«We 4»
Stem and rootdn- matter attrr

days was signifkantly low r in strf<n!
plants compared to irrigated pUnts. *n*d
among sub-treatments, no sjgn»frcsrt<
difference was observed (Table 5) ni«
mean soil moisture consent estimated on
30 day of drought imposUion in the
irrigated and unirrigated treatm ents v-tt?-

21.24% and 14.33% respectively

DataonCaand LW findicatethM under
soil moisture stress condition, supptemwittng
silicon and a higher dose piAwium M pri
the plants to retain chlorophyll tunlent and
maintain leaf water potential. Undershortdry
spells, both silicon and potasMum were
effective in reducing the adverw effects of
water stress. However, as the wafer .t” -
prolonged, potassium was mote effective lhan
silicon

In this expenmmt. after

water stress for 35 days, all (he plants were

mptwn*

imgated uniformly and it was.*«ved tM
plants supplemenled with higher level»( K
recouped from wiltingsymptoms within two
daysand showed bettor »ur\-ival p.T.m lagc.
Further experiments have to be conducted
in the field to ascertain the beneficial elf.M

of potassium and silicon in dfi.ught pnme

areas.
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The increased iinsaturation of lipids in plant cell membranes is cor~dered necessary adaptation to
cold str~s. Fatty acid composition of leaf polar lipids in different Hevea brc ISIS clones was analyzed
and the double bond indices computed. The main unsaturated fatty adds in the leaf polar lipids of H.

brasil/OTsis were palmitoieic add, oleic add

linoleic add and linolenic add. Pabnitic add and steanc aad

were the main saturated fatty acids. The double bond indices of leaf polar lipids in
varied significantly Among the clones, the highest double bond index v 'Snoticed in RRIM 703, suggesting

that it would be the most cold tolerant clone

Keywords: Cold tolerance, Double bond index, Hevea dones. Leaf fatty aad.

Inorder to meetthe rising demand for
natural rubber, rubber cultivation is now
being extended to the non-traditional areas
inindiaincluding the low tem perature stress
prone states like Assam, Tripura, Meghalaya,
etc. Tolerance to low tem perature is a useful
trait for plants grown in such areas. Plants
respond to low temperature stress through
a wide variety of biochemical and
physiological changes, such as synthesis of
many regulatory proteins, accumulation of
compatible solutes etc. Over the pastdecade,
anumberofreports in different crop plants
have shown physiological effects on cell
membrane properties due to low
temperature stress (Steponkus, 1984; Orvar

ai. 2000).

Cell membrane undergoes both

fiualilative and quantitative modifications

-during low tem perature stress which

increase the membrane fluidity. The lipid
composiHon, levelof fatty acids and its level
of saturation/unsaturation regulate the cell
membrane fluidity (Hur d ai, 2004). Lipids
ofplantcellmembranes are characterized by
ahigh contentofpolyunsahjrated fatty adds
(Wang et al, 2006). An increase in
phospholipids uitaturation has been related
to membrane fluidity at low temperature.
saturated fatty acids solidify much faster at
lower temperatures than unsaturated fatty
adds and hence tissues with high quantities
ofunsaturated fatty adds would have a low
freezing point. The fatty acid com position ot
leaf polar lipids of cold tolerant and
susceptible rice genotypes mdicated that
double bond index of lipid unsaturation is

significantly high in the cold
genotypes (MajumdereU/.

tolerant
1989). Gustavo
ft al (1990) studied the fatty acid
composiHon of leaf phospholipids of barley

Correspondence; MoUy Thomas (Bmail: moliy«~rubberboard.org.m)



