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Climaticchanges induce significant manifestations in thephenology ofplants viz. defoliation and refoliation,
trAweringandfruiting, seasonalemergence ofnew whorls o fleaves etc. The relegation o/Hevea brasiliensis

towards north and south o fthe equator is seen to influence the phenology. The expressions ofphenological

attributes andyielding pattern are in tune with the seasons/climate in the north and south ofthe equator.
~ Rainfall and its distribution pattern, sunshine hours, mean temperature, wind velocity and evaporation
arefound to be crucialfactors governing establishment, growth andyield o/Hevea. Information gathered
on phenology and yielding pattern from the non-traditional regions of China, Brazil, Cote d 'lvoire,
French Guiana and Indonesia are compared in relation to differential geo-climates. While north ofthe
equator has the leanyieldingperiod during March-April, the south o fthe equator experiences leanperiod
during September-February, whichperhaps ensures stabilisedsupply o frubber in the international market.

~Keywords: Phenology, equator, geo-climate, Hevea, latitude, non-traditional areas, biotic stress, yielding

pattern.

Plants are excellent indicators of climate
changes. In theiroriginal habitat or otherwise,
plant species express their sensitivity to
environmental changes through phenological
manifestations. This has become evident in
studies on International Phenological Gardens
(IPG) (Menzel, 2000; Menzel & Fabian, 1999).
These manifestations are in the form of
defoliation and refoliation, flowering and fiiiit
set and seed dispersal. In a perennial crop
species, where yield can be retrieved
throughoutthe year, the fluctuations inyield in
accordance withthe seasonal changes are also
vital while detecting and measuring these
manifestations.

Para rubber {Hevea brasiliensis), though
has a history spanned over more than 450
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years, attained prominenceonly during later half
ofthe nineteenth century. Introduced from the
Amazon basin to Southeast Asia, it staked
almost 40 per cent of the export revenue of
Braziluntil 1940 (Dean, 1987). While Indonesia
and Malaysia started commercial ventures
during early 1900, India and Thailand began
cultivation during 1920% and 1930
respectively. China came to the scene in early
1960% (Barlow, 1997). The current rubber
statistics keeps Thailand as the top rubber
producer followed by Indonesia, Malaysia, India,
China, Sri Lanka, Nigeria, Vietnam, Cote
d’lvoire, Philippines, Liberia, Brazil and Zaire
in the descending order of hierarchy. The
Southeast Asian countries continue to enjoy
dominance in rubber production and trade
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through manoeuvering more than 60 per cent
of the 5.7 million metric tonnes of annually
produced rubberworldwide with India sharing
maximum productivity.

The natural habitat of Hevea is the rain
forests of the Amazon basin situated within 5"
latitudes at altitudes below 200 m. The climate
is equatorial monsoon type characterised by
mean monthly temperature of 27-32" C, with
high humid atmo”here, well-distributed rainfall
(2 000 mm) with no marked dry period. In
general, trees perform best in climates, which
closely resembles itsoriginal habitat. The center
oforigin and geographical distribution ofcrop
plants reveal that latitudinal changes affect the
expression of characters more than altitude.
Since the genus evolved in the tropical rain
forests, the prime climatic factors thatinfluence
its cultivation are rainfall and its distribution,
temperature, sunlight hours, relative humidity
and wind speed. Among these, total rainfall
and its distribution as well as mean minimum
and maximum temperature have to be
considered vital while selecting regions for
successful rubber cultivation.

The traditional rubber growing tracts
extend to 10* north and south of equator and
these areas offer ideal environment with a
mean annual temperature of 28+2° C, in
addition to well spread annual rainfall o f2 000-
4 000 mm extending from 100 to 150 days
(Pushparajah, 1983). The ideal altitude shall
be below 400 m though rubber is seen even at
1000 m in Annamallai Hills in South India,
Colombiaand Uganda (Wright, 1998). Towards
the end of the twentieth century, many Asian
countries took up mbber cultivation in marginal
conditions due to multitude ofreasons. A few
would be: expansion ofcivilisation in traditional
areas, the awareness created about quality
improvement of agricultural products and
competitiveness among the people of non-

traditional environments and the implementation
of policy decisions to upgrade the living
standards of people in non-traditional areas.
China, Vietnam and the northeastern states of
India fall under non-traditional zones that
experience one or more physical stresses viz.,
drought, low temperature, high altitude and
strong winds. Similarly, Thailand and Brazil
alsohave non-traditional zones delineated based
on latitudinal and altitude changes.

The mean annual temperatures decreases
and dry period increases when moved away
from the equator with more prominent winter
conditions during November-January.
Northeastern states of India and rubber
growing areas of China lying between 18"and
24" N are regions well recognised as
inhospitable for the crop, exhibiting stress
situations like low temperatures and typhoons
(Priyadarshan et al., 1998a; Zongdao &
Yanging, 1992). It may also be worthwhile to
note that climatic conditions in vivid pockets of
Chinashall vary since Chinastropical and sub-
tropical regions are undulating and diversified
(Priyadarshan et al.» 1998a). An attempt is
made here to assess phenological changes in
Hevea when grown under different geo-
climatic situations. The non-traditional areas
vizy Tripura and Sao Paulo (Brazil) are
considered to derive conclusions on phenol-
ogical changes and yielding pattern.

CLIMATIC AND BIOTIC
ATTRIBUTES INFLUENCING
HEVEA BRASILIENSIS IN TRIPURA
(NORTH EAST INDIA) AND CHINA

Tripura in India offers suitable non-traditiona)
environment for rubber, in spite o fits prevailing
abiotic stresses like low winter temperature and
high-speed wind. It is the smallest state of
Northeast India with an area of 10491.69 sq.



Ik
m —

km, situated between 22" 56' and 24®32' N ;
9l®10’and 92° 21°E. The climate is sub tropical
(Mediocre) with moderate temperature
(summer: 36.6%-17.9“C; winter: 28.9*-7.17°C)
and a high humid atmosphere. It is worth
mentioning that rubber-growing areas of
Northeast India and China fall under the same
latitudinal range. In Northeast India, the
minimum temperature seldom falls below 7®C
(fairing extreme winter, while in China, two types
of cold regimes have been identified viz.,
radiative and advective (Zongdao & Xueqin,
1983). In radiative type, the nighttemperature
fells sharply to 5®C and the day temperature
ranges between 15 to 20* C or above; while in
advective type, the daily mean temperature
ranainsbelowBto 10°C,widiadaily minimum
of5® C. In both these types, under extreme
circumstances, complete death ofthe plant is
the ultimate outcome. Zongdao and Xueqin
(1983) further enumerated the spectrum of
damages caused by various levels ofambient
temperatures {Table 1). Reports from China

indicate that clones GT 1 and Haiken 1 can
withstand temperature ofupto 0°C fora short
span, while SCATC 93-114 can endure
temperature of even -1®C. The cold wave
conditions in Tripura State (Northeast India)
can be conveniently classified as radiative type.
A geo-climatic comparison ofenvironments of
Tripura, China, Brazil, Thailand, Cote d’lvoire
and French Guiana would amply reveal a
spectrum of climatic conditions over which
rubber is being grown {Table 2). This wide
range in geo-climatic attributes are noteworthy
and deserve special attention while deriving
adaptive clones, evolving agro-management
strategies and rescheduling exploitation
systems.

Wind is yet another abiotic stress
influencing establishmentand growth ofrubber.
It is argued that wind speeds 0f2.0-2.9 m per
second retards rubber growth and latex flow
andthatof3.0 m persecond and above severely
inhibit normal growth. Wind over Beaufort
force of 10-play havoc with branch breaks,

TABLE 1
SPECTRUM OF DAMAGES CAUSED BY VARIOUS LEVELSOFAMBIENTTEMPERATURES

Ambient

temperature Manifestations

(0C)

40 Respiration exceeds photosynthesis; retardation of
growth and scorching of young leaves

27-30 Optimum range oftemperature for photosynthesis

22-28 Favourable for latex flow

less than 18

more than 28 Yield decreases with late dripping in the former case

18 Plant cells divide normallyjust for survival

10 Mitosis occurs but photosynthesis discontinues

less than 5 Colddamage

less than o Severe cold damage

after Zongdao & Xueqin ( 1983 )
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truk sgs ad Yooty of tress, mainly
anfired nthing, dninguretoCdeEr. In
Noittesst rdia, wind goescsofaout 125km
pertour sseldomeqeniac. Tree kssde
heavy Windis leirgeqeriaXevery year
NTripura. Stuoies NnChim real doss
PR 107 and Haaken 1cantbeconsidered wind
thaat;ad natitimtotee, dlaePB Y
51 Bssn o ke wind edurant nTripua
(Priyadarshan etal., 19889). Esteblidmatofr
seliat=isoastayofetgromgadwind
resatgE0es Boreraredial nessureleiny
folloved mthinatocaramantwinddaregess.
Alternatively, adgotianofjudicial pruningof
bradesand darfing tadnigesareshonn
orad.cewind damege fem5.310 13.7er
atnastudy aoducted nChina (Zogoeo
&uegin, 1833). Shnessuresasvarratad
by articiar laation el be practicd in
rovtracitio el aressof rdia, which Binter
eqamental fese. Farfripura, Estgrovng
tree gEaes llePongamia gldora, Mesua
faren, Lagerstroemia soecicsa, Termiralia
arjus, Cassia nodlsa. Cassia sianea ad
Acacia ariadlifomis nanuli:-ta system
uderdocsargecig Beirgediaal.
Rubber tress in Tripura ederiece
wintering during Decarer-January ad
refienirg sarts by Feoruary folloned by
floerirg Somyalathaetai, 197). Hevea
romal ly tees3-4yearstoattanrgralcive
Slae -a pese alle nppes o floer -
similar to otrer gl tress (Kraver &
Kazlonski, 19/9). Though tre Ggecity ©
floer srearatasfia, tepaiaiatyof
floatyaisfrondaetodaes nater
tqaal trass (Oners, 190). Hevea Shons
malﬂcy\erirg nregoesetdiaatonn
s=0s. InTriu, Hevea eqeriaes te
ranfloers ilad
aduotgd=l of ssothry floering ssesm
preallscrirpAgLsE-Septerter {Figure ).

It scems reesoeble O presue tet
gorghic loationhesalearimgon e tress
o floer dunirg ssodary ssesmn. Vhille £
floes n suttemn ats of ridkia G&RN)
cirirg Vardh- Al aly, Malaysia G®N)
eqeriastloarigvdiviedlesssd g
both seesos. Tripura (2-248N) on teotter
herd, thougheqenieess floverirgand seed
stdrirghothsesos, trevisalityofssds
shgly kesdnmgssootary ssesmn. This
propisressadastoaTfireradollrstion
eqarmats drirg MardAaral anlywhen

aderdrestionof lov and high yieldirg
telowseldrgaat; rainly trevtalisstioof
gynthesised carbdhydrate resenes far
refdietion, floerirgad fiutdevelgorent
durgFdauary-Ag st The noisture stiess
eqerieddurigreauany-Vardh, tedfler
effedts of Tl disesss (mainly Oidium
heveae) and trephysiolagical aftarefiedsofr
lov taperature sress eqeriaced dnirg
previaLs winter ssesm {Teble 1) together
inposeanaauing lovyseldrgperiaddnirg
Vey-Septenter (riyecarerenetd., 200).
Hovever, tte &l In tenperature durirng
Cctoer-Noverberstimnulatesyseldihiletre
chlytaryaturerawe E3-1RC, meking te
atmogtere most Al far laecflov ad
proclcaan, tte minimum tenperature
eperiedearly ntrenoming s 154ARC
adafta-10am tre dootstoZ/-
2Z8:C. \\hiletteformer Baogeial farlex
T, te B s 0 o Hedrapaam
throch acouullatian (Ong et dl., 198).
Chiresediaes lieHaiken 1, SCATC 83-13
ad SCATC 98114 are keirg eallated n
Trura. hitelyieldrgattemshonsHaiken
IobehighyseldirgamongChiresedlaesin



Figure /. Phenology andyield o/'Hevea brasiliensis in relation to climatic changes
in Tripura



TABLE3

SEASONSAND PHENOLOGICALATTRIBUTES EXPRESSED DURING VVARIOUS PERIODS IN
TRIPURA AND SAOPAULO

Location
mPhenology Tripura Sao Paulo *
Defoliation December - January August - September
Refoliation February - March September- October
Flowering March - Apri! October - November
Leanyield May - September August - January
Peakyield October - December February - July
Rainy season May - August October - March
November -January June - August

+ afterOrtolanie/a/,. (1998); @ after Priyadarshane/a/., (2000)

For climatic details of Brazil see: www.IM”mb.suite.dk/brief/climate.html

Tapping: Tripura = May to January; Sao Paulo = continuous (except August).
aoparison  RRIM 630. Though clae a)earrSaoPaJIoasglxm NTeble3 Qrokni
SCATC 9B-114 Haroclaimedascoldadurant etai, 198).
uder Chinese aodrttias, Knever shows 'I*remrierperxﬂdnrgdm—Agst B
arsirableyieldpotental utertredinate drywith tanperature reechirg 1527 C ad
of Tripuraat kst ntte nitel yicldigpese may dipto@®C rady. The ttd arllllrats

AErnadmad., 1985)).

CLIMATIC CONDITIONS AND
PHENOLOGY IN SAO PAULO

TheplateauragianofSeoPaulosele, anesje
areaofSALE dissssehes been rdfaredtoss
temst nportentcomercial nider-gdming
region of Brazl (Cstaetai, 200). \\hile
Tripura liessat2- 248N, SeoPaulo B8 0- 2
S (A050m MSL) meking tresearessmn-
traditivd. YielddataofclaeRR IM 6Qoer
four years fran Pindorarma BEqerimantal
SN @F=>13"S 48<56°W; 56m) aeusd
nitsstigy. Lhlike Trpura, tressareeplontad
Tw Lmonths nSsoPaulo ol lovrghalisordl
ats, tgped ae nfardys. Foaaly
Jdre stte high yieldirg pericd ad Ly O
Jnay sttelovyieldrgpaal. Refiisay,

floegad seed Hlaeeqenaxsdae

fran 1000-1400mm. Overtrenoiths, te
aerae rdbinenmidity 57080 perat.
The best eviramant far rudeer splatesu
loated a2 330-900m MSL with dsp, velll
draired podolic ad Hosdlicsak A few
3 loatsd mvoleanicredsaalsof
hich &tility. ScoPauloeqariatss low ke
vetressand retinely lovteneraturedrirg
cefolitionand s rad.o=s South Averiican
Leaf Blaight (SALB) causd by Microoyelus
uldl. Yet, Golletotridum glososporioces ad
anthraoose disee are s9en o assure
goickmicprgoortia’s nmany ruderaressof
SeoPaulo Goalvcsetai, 199).

SITUATION IN FRENCH GUIANA,
COTE DTVOIRE AND INDONESIA

Infomatian on tte geology ofHevea N
FrethQuiana(Kourou-5"17 N; 5°56W;



altitude: 48 m) reveal fliat tiie defoliation is
during February, similar to the areas north of
the equator (Vincent LeGun, personal
communication). This indicates tfiat tiie shiftin
latitude towards the opposite sides of the
equator has induced climatic changes
stimulating phenological changes. Coted’lvoire
experiences an analogous situation (Clement-
Demange, personal communication). However,
the rubber growing areas of Indonesia are
spread over to both sides of the equator.
Towards north it exhibits a phenology and
yielding pattern similar to Tripura and in the
south the attributes resemble that ofSao Paulo.
Thus Indonesia offers an excellentarea where
in the same country both types ofphenology
are observed (Ridha Arizal, personal
communication).

COMPARISON OF GEO-CLIMATES

A comparison o fweather attributes ofAgartala
and Sao Paulo can reveal how the weather
spectrum changes from month to month

{Tables 4 & 5). As mentioned earlier, plants
react to different environs through changes in
growth response. For instance, defoliation isa
phenomenon to circumvent moisture and low
temperature stresses through minimising
transpiration so as to ensure reproduction, seed
dispersal and perpetuation of generations.
Flowering and fruit formation utilise large
amount of carbohydrate reserves. Hence,
flowering and fruit formation is followed by low
yielding phase in rubber both in Tripura and
Sao Paulo {Figures 1 & 2). The environmental
conditions inducing defoliation, flowering and
low and high yielding periods are analogous.
Thepeakyielding period in Sao Paulo is March-
June followed by winterand defoliation, while
in Tripura, October-December is the high
yielding period. The latitudinal changestowards
south and north ofequator induce phenological
changes in Hevea in vice-versa fashion.
Tliepossible factors behind the low yielding
period in Tripura had been explained earlier
(Priyadarshan et ai, 2000). Sao Paulo is a
disease free zone for SALB, prevalent in

TABLE4
WEATHERVARIABLESATAGARTALA (TRIPURA STATE-NORTHEAST INDIA)

Month Rainfall Temperature

(mm/month) (mean" C)
January 283 m
February 797 211
March <nG 755
April 145.45 21.7
May 261.69 282
June 428.69 283
July mzi 283
August 318J4 284
September 214.47 28i
October 146.62 272
November 18.06 237
December 0.13 198
Source;

Relative

Wind run Evaporation

humidity (%) (m/s) (mm/day)

73 0.9 0.01 Z44
66 U 0.02 327

1.6 0.14 435
71 2.1 0.60 4.78
78 1.8 138 431

17 3.05 3.48
85 17 2.76 327
85 15 140 320

13 157 3.18
79 1.0 0.84 330
76 0.9 0.05 286
76 0.9 0.00 234

DTR* daily temperature range; @MAI = moisture availability index



