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Effects o f  Atmospheric and Soil Drought on Growth 
and Development o /H evea  brasiliensis

A S. DEVAKUMAR*. M B, MOHAM ED SATHIK*. ;A M ES JACOB*’*.
K. a n n a m a l a in a t h a n ’ . p . g a w a i  p r a k a s h ’ * a n d  K.R. v i j a y a k u m a r ’

A f ie ld  study was conducted  in the severely  drought prone North Kortkan region on the West 
coast o f  India where rubber p lan ts (d o n e  R R IM  600) h a d  been grown with a nd  without 
sum m er trrigation since I9K7. A fter nine years, trees grown with irrigation h ad  a 32%  
increase in le a f  area index and  nearly twice as m uch sunlight interception by their canopy 
as the rain fed  trees. This led  to 52%  m ore shoot biomass p e r  tree in the irrigated treatment. 
Irrigated trees h ad  thicker bark a nd  m ost o f  that was present as so ft bark. A t the end  o f  the 
seventh and  eighth year. 78% and  97%  o f  the irrigated trees were ready fo r  tapping 
respectively, suggesting fa s t and  uniform growth o f  the trees. The rain fed  trees however did 
not reach tapping stage even after nine years  o f  growth, indicating that water was the most 
important and  the only limiting fa c to r  in this region.

In the traditional rubber growing region o f  India where there is no severe drought stress, 
the rainfed trees o f  the sam e clone atta ined tap p a b k  girth after nine years. Yield  urn 
significantly high in ihe irrigated trees grown in the North K onkan area com pared to the 
traditional region V m s. the results indicate that, with irrigation during .summer rubber 
cultivation is possible and  there is fa ste r  and  more uniform growth, an d  a higher latex vietd 
in the non-tradilional North Konkan region.

The global demand for natural rubber is likely important factor that restricts the expaJision of 
to increase in the years to come'. To bridge cultivation o f / /e v e a  to newer areas
the gap between the demand and supply o f in several rubber growing countries. It is being
natural rubber, cultivation is being extended to cultivated on an experimental basis, in Dapchari,
non-traditional areas in some o f the rubber s itu a te d  in  the N orth  K onkan  region of
grow ing  c oun trie s  like Ind ia , C h ina  and MaJiarastra, India, and the climatic conditions
Vietnam. The clim atic conditions in these tliere arc characterised by long dr>’ periods,
regions however may not be very viable for high te m p e ra tu re s  and low  atm ospheric
rubber cultivation. Drought is probably the humidity for almost half o f  t h e  year- Kottaynni.
single la rgest facto r lim iting  ag ricu ltu ra l on the other hand is situated in ihe drought-
productivity in general and it is the most free, traditional m bber growing region of

•  R u b b e r R e s e a r th  In^tiUUe o f  Ind ia , P lan t P h ysio log y  D iv ision , K o ttuy am  6 8 6  0 0 9 , K era la , Ind ia  
E -m ail rn i -k u tm ^ x 4 0 0 n ic g w .n ic . in  

R u b b e r R cseareh  in stH ulc  o i Ind ia . R eg ion al R esea rc h  S ta lio n , D ap c lian  4 1 0  6 1 0 , M a h a ra s lra . Ind ia  
^ C orrej?pond ing  a u th o r
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countrs’. T he ra in fa ll'd is tr ib u tio n  in Dapchari 
is seasonal w itli alm ost no rain fall betw een 
November and M ay^, and the cum ulative annual 
rainfall is about 2430  mm (F igures I  A , IB  and 
!C). The daily sunshine hour is longer than in 
Kottayam. T he norm al daytim e tem peratures 
range beUveen" 38°C -4I'>C  in  sum m er w ith 
occasional days getting as hot as 47“C, -but in 
Kottax am the m axim um  tem perature  seldom 
crosses  35°C  { F ig u re s  I  and 2 ), R e la tiv e  
huniidm- IS very  low  in D apchari com pared to 
K ottayam  (F ig u re  2). T hese  env ironm en ta l 
conditions resu lt in large evapo-transp irative 
dem and and coup led  w ith  the poo r ra in fall 
distribution, lead to both  soil and atm ospheric 
drought in D apchari during summer.

Thus, in D apchari, the annual environmental 
conditions are  ex trem ely  severe for at least 
fou r m o n th s  d u r in g  th e  d ry  sea so n . T he  
objective o f  the present study was to  assess 
the te c h n ic a l fe a s ib ili ty  o f  e s ta b lish in g  a 
successful rub ber p lantation  in D apchari by 
p ro v id ing  su m m er ir r ig a tio n  (the  ex trem e  
environmental conditions in this area demand 
irrigation). T ree grow th and productiv ity  o f  
irrigated and ram fed rubber in this region are 
also compared w ith K ottayam  which is free o f 
any significant drought stress.

m a t e r i a l s  a n d  m e t h o d s

L ocation

The stody was carried out at the Regional 
R esearch S tation  o f  the R ubber R esea rch  
In s titu te  o f  Ind ia  lo c a te d  a t D a p c h a ri in 
M aharastra state, India. This station is situated 
m the N orth Koiikan (W estern coast line o f 
India) region 20° 0 4 'N , 72° 04' E, 48 m MSL 
with a plain topography. The soil is classified 
as an oxisol, willi pH 6.3, bulk density 1.4 mg m^’.

field capacitj’ 30%  and perm anent w ilting point 
17%. The annual rainfall averaged for the last 
ten  years is 2430 mm. M ost o f  the rainfall 
occurs betw een June and Septem ber and the 
res t o f  the year is dry (F igures IB  and 1C). 
A s a typical sem i-arid subtropic, so lar radiation 
re c e iv e d  in th is  re g io n  is  v e ry  high^. 
A tm ospheric rela tive hum idity in this region 
ranges from  2 6 % -1 0 0 %  (a t 7.40 a.m .) and 
I0 % -1 0 0 %  (a t 2 .40 p.m .). D uring sum m er, 
h igh  s o la r  ra d ia tio n  a sso c ia te d  w ith  h igh  
te m p e ra tu re  and  low  r e la t iv e  h u m id ity  
(F igures ID . IE  and 2C. 2D ) results in high 
vapour pressure deficit between the lea f and 
th e  s u r ro u n d in g  a tm o s p h e re , and th is  
subsequently increases the evapo-transpirative 
demand o f  the atmosphere. Thus, rubber trees 
in tills region are subjected to prolonged periods 
o f  botll soil and atm ospheric drought stress 
during summer.

P lan tin g  M a te ria l

Five hundred unifonn polybag plants o f  clone 
RRIM  600 w ere m aintained in the nursery in 
large polybags for one >’ear prior to plantmg 
ju s t before the onset o f  die monsoon during 
19 87 , a t a sp a c in g  o f  4 .9  m x 4 .9  m. 
imm ediately after clearing tlie area for planting, 
cover crop was established using a leguminous 
c re e p e r  P u e r a r ia  p h a s e o h id e s .  A fte r  
estab lishm ent o f  the plants in die field, the 
plant basin was mulched using dry leaves, grass 
cuttings and cover crops. 12:12:12 N PK inixUire 
at 250 kg/ha was applied till the plants attained 
the tappable growtli and 10:10:10 N PK  mixture 
at 900 g/tree thereafter. Fertiliser application 
w as done in two split doses, (A pril-M ay  and 
Septem ber-O ctober) during both immature and 
mature phases. These cultiual practices were 
done as per the standard package o f practices 
given by Rubber Research histitute o f  India’ .



Figure L Annual mean rainfall (I987-I996, A), monthly mean rainfall (J995, B; 1996. C) 
and sunshine hours (1995, D; 1996. E) at Dapchari (O) and Koltayam (•).
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2. Monthly means o f relative humidity {1995. A.- 1996, B} and maximum 
lemperatiire (1995. C: 1996. D) at DajKhari (O) and Koltayam (•}.
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Irrigation  Schedule

QuantitN and frequency o f  irriga tion  was 
Nsorked out at different grow th stages based 
on the m odified Penm an equation"*"^ that took 
into account the grow ing conditions and past 
ten years o f  w eather records fo r the region. 
The basis on w hich irrigation quantity' and the 
schedu les w ere  w orked  ou t is described  in 
detail by V ijayakum ar e t a l^. During the initial 
two years o f  p lanting (sum m er o f 1987 and 
1988). uniform  life-saving irrigation w as given 
for all the 500 plants throughout the dry- season. 
From the sum m er o f  1989 onwards, 250 plants 
w e re  m a in ta in e d  u n d e r ra in fe d  co n d itio n  
without any irrigation, w hile another 250 trees 
w ere given irrigation. Details o f  the quantit> 
and frequency o f  irrigation given at different 
stages o f  grow th are given m  Table 1. Basin 
irrigation w as given throughout the experiment 
period

M easurem ents

A ll the m easurem ents recorded here were 
m ade during the summer o f 1996 on 15 trees 
each, selected randomly' from the irrigated and 
rainfed plantations. Trunk girth was used to 
compute standing shoot drv- biom ass’. Photon 
f lu x  d e n s ity  (P F D ) w as  m e a su re d  
sim ultaneously inside the plantation and in the 
open field at mid-da> under bright sunhghl using 
a C e p to m e te r  (A n a ly tic a l D e v e lo p m e n t 
Company, UK ) with an 80 cm integrating line 
sensor, and light interception by the canopy 
w as com puted. L ea f a rea index (LA I) was 
determined with a Plant Canopy A nalyzer (LAl- 
2000. L i-C or. Inc . USA) in remote mode using 
tw o  u n its . O ne  u n it w as d e d ic a te d  to 
automaticalK record the light above the canopy 
continuously at 15 s intervals, and the other 
u n it w as m a n u a lly  o p e ra te d  to  re c o rd

o b s e rv a t io n s  u n d e r  th e  c a n o p y . T hese 
m easurem ents w ere m ade e ither during dawn 
or in the dusk to avoid b right sunlight. A  4 cm* 
bark  plug w as carefully  cut and rem oved using 
a  chisel. A fter m easuring the to tal thickness of 
the bark, the soft b a rk  portion w as separated 
carefully to  re ta in  only  the hard  bark  and the 
thickness w as recorded. Subtracting  the hard 
ba rk  th ickness from tlie to ta l th ickness, the 
soft bark  thickness w as obtained. A ll the bark 
th ickness m easurem ents w ere  m ade using a 
screw  gauge  w h ic h  is m o re  a c c u ra te  and 
separated bark  easier m easured w hen compared 
to  a bark  gauge.

T he quantity o f  w a te r lost by a tree was 
c o m p u ted  fro m  th e  x y le m  sap  flow  
m easurem ents. Xylem  sap speed w as measured 
based on the heat pulse chase technique using 
a sap flow' m eter (H P-1, Hayashidenko, Japan). 
From the xylem sap speed, the volum e o f water 
lost was computed using the active xylem area 
present in the total cross sectional area o f the 
trunk. M easurem ents recorded on rainfed and 
irrigated trees w ere statistically  com pared using 
independent / test.

RESULTS AND DISCUSSION

There was a substantial increase (32% ) in the 
LAI o f  irrigated trees com pared to unirrigatcd 
trees {Figure 3A). D ue to  the high LAI the 
amount o f  sunlight intercepted by the irrigated 
trees  w as  tw ic e  th a t o f  the  ra in fe d  trees 
{Figure 3B). The observed large LAI and higli 
light in tercep tion  resu lted  in an increase of 
trunk girth and shoot biom ass by 24%  and 
5 2 %  in  th e  ir r ig a te d  and  ra in fe d  trees, 
respectively {F igures 3D  and 3E ). Such an 
interactive relationship has been shown in other 
tree species^
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TABLE 1. DETAILS OF THE IRRIGATION SCHEDULE FOLLOWED AT DIFFERENT GROWTH STAGES

Year

1987 and 1988

1989 to 1993

1994 onwards

Quantity o f irrigation 
(1/plant/irrigation) Frequency and time of the year

150.0

212.0

422.5

November to February: Once in 10 days;
March to May: Once in 7 days.

November to February: Once in 10 days;
March to May: Once in 7 days.

January: Once in 3 days; February:
Thnce in 7 days; March to May: Once in 2 days.

The quantity o f irrigation was equal to an evapolranspiration coefficient of one crop.

There w as significantly thicker bark  in the 
irrigated  trees  th an  in  the un irriga ted  trees 
(Figures 3 F  and 3G ). T he ratio  o f  the thickness 
o f the soft bark  to that o f  the total bark  was 
higher in the irrigated  trees than in the rainfed 
trees. T he quan tity  o f  w a te r lost by rainfed 
trees w as le ss , com pared  to  irriga ted  trees 
(Figure 3G ).

It is env isaged  tha t the irrigated  trees o f 
clone RRIM  600 could com e to tapping by the 
end o f the seventli year unlike in the traditional 
regions w here tappable  girtli is attained only 
after nine years. Thus, the immaturit>' period 
can be reduced  by about tw o years in the 
North Konkan w ith sum m er irrigation. This is 
in agreem enj w ith  earlier findings'^. Irrigation 
also resulted in a higher num ber o f  trees than 
could be tapped in the first year (78% ) and 
within one-and-a-ha lf-years all the irrigated 
trees  w e re  ta p p e d . S u ch  f in d in g s  a re  
imcommon in the traditional regions. Tliis is 
an indication o f  uniform  growth that the trees 
could a tta in  w hen  p ro v id e d  w ith  sum m er 
irrigation. S im ilarly, the LAI and shoot dry- 
"'eight w ere higher in tiie irrigated trees grown 
in the N o rth  K onkan  re g io n  than  in the

traditional regions (Table 2). For example, nine- 
year-old trees o f  clone RRIM  600 grown with 
irrigation in the North Konkan region had 25%  
higher LAI and 23%  more trunk girth than the 
tree s  g ro w n  in  th e  t r a d i t io n a l  re g io n s. 
A dditionally, the shoot dr>' biom ass o f  the 
irrigated trees in the area is higher than in the 
traditional region. In the case o f  rubber yield, 
irrigation also generated higher yield than the 
rainfed trees by  55% , 45%  and 43%  during 
the first, second and third >ear o f  tapping, 
respectively*.

T he  la rg e  LAI w h ic h  g av e  a la rg e  
photosynthesising source and high ra tes  o f  
photosy'nthesis per unit lea f area are achievable 
in plants grown in the North Konkan region if 
there is adequate irrigation during summer, 
because water is the major, and possibly the 
only enviroimiental constraint for grow lh in 
this arca®-'^

W e further show that increased growth was 
because the Nortli Konkan region has. on an 
annual basis, relatively warm er temperatures 
and has  m ore su n sh in e  hou rs  than  the 
traditional areas (Figures ID. IE  and 2C. 2D)
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* Indicates i test significant ai p=0.05 

** Indicates t test significant at p=O.Oi 
NS = not significant

Figure 3. Crowlli Mribules o f  mne-year-old Hevea brasiliensis trees grami under 
irn g M d  (M jand ramfed CD) condilions in the Non!, Konkan region. Each bar is m  

aierage o f 15 observaimis (except fo r  root biomass fo r  which n=4): ± SE slwwn.
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TABLE 2. COMPARISON OF GROWTH AND YIELD OF IRRIGATED TREES IN THE DROUGHT 
PRONE NORTH KONKAN (RRS, DAPCHARJ) AND STRESS FREE REGION OF INDIA (KOTTAYAM)

P aram eter

LAI

Girth (cm)

B iom ass (kg/tree)

Yield (kg/ha)

1st year 
2nd year 
3rd year

D apchari K ottayam
6.28

58.02

211

1058
1683
1624

5.02

52.24

157

681
1164
1137

LAI, girth  and biom ass given are for nine year old trees for both the sites (n=15). Yield is from 
traditional regions*.

which w ould lead" to  enhanced photosynthetic 
productivity in a tropical species like H evea , 
provided w a te r is not a lim iting factor. The 
tr ia l  a lso  i l lu s tr a te s  th a t  o v e rc o m in g  the 
lim itations o f  w ^ ter through irrigation  could 
in c re a s e  p h o to sy n th e tic  p ro d u c tiv i ty  and 
e v e n tu a lly  p la n t g ro w th , s in c e  th e  N o rth  
K onkan region has w arm er tem peratures and 
longer sim shine hoiu’s than the o ther rainfed 
regions.

T he  h igh  te m p e ra tu re  and low  re la tiv e  
humidit>' prevailing in tlie N orth Konkan region 
in c re a s e  th e  e v a p o ra t iv e  d e m a n d  o f  the 
atmosphere", Tliis will create an atmospheric 
d ro u g h t s tre s s  on th e  p la n t. S o il and 
a tm o sp h eric  d ro u g h t le a d  to  po o r carb o n  
assim ilation, ultim ately affecting the growth. 
On the other hand, if  w ater is not a limiting 
factor as in tlie case with the irrigated trees, 
{Figure 3G ) the biom ass production will not 
be affected . Increased  w ater loss from  the 
irrigated trees is not only  due to the large 
atm ospheric dem and but is a lso  due to the

large  canopy size  {F igure 3A ). A  positive 
correlation has been shown to exist between 
the to ta l canopy  w a te r  loss and b iom ass 
production^ '°. Totai biomass increased as the 
quantit}' o f water lost by the plant increased. 
Thus, our results show that the environihental 
co n d itio n s  (long  su nsh ine  h o u rs , w a rm e r 
tem peratures and dr>’ a ir) prevailing  in the 
d ro u g h t p ro ne  N o rth  K onkan  re g io n  a re  
favourable for rubber culti\ation, provided the 
trees are irrigated in summer.

The economic feasibilit> o f  irrigating large 
plantations depend on the availability o f  water, 
la b o u r  and  th e  p rice  o f  n a tu ra l ru b b er . 
Considering the expected increase in the global 
dem and fo r na tu ral rubber, expanding the 
cultivation o f  H evea  with irrigation to dr>' and 
m arginal regions in countries like India and 
Vietnam may be a viable proposition. Further, 
it has been show n that H e v ea  p lantations 
improve the physical, chemical and biological 
properties o f  the marginal soils thus helping to
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reclaim  denuded lands w hich w ill be an  added 
advantage from an environm ental standpoint.
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