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A bstract. In flu ence o f  facto rs governing the so il-p lant- 
atm osphere system  on com ponents o f  w ater relations 
and yield w as siudied  in two clones o f  ru bb er iree, Hevea 
brasiliensis. viz. R R J I  305 and R R I I  118. C lonal varia­
tions were evident in yield and yield com p on en ts and 
associated  physiological param eters in  response to  soil 
m oistu re statu s and m eteoro logical facto rs. O bserva­
tions m ad e during d ifferent seasons ind icate variations 
in yield are a ttrib u ted  to d ifferences in plugging index 
and in itia l flow  rates. rhe m a jo r  yield com p onents 
and also  varia tion s in com ponents o f  w ater relations 
as influenced  by m eteoro logical facto rs. A m ong the two 
clones, R R I I  105 was found to be fairly  d rou ght to leran t 
com p ared  to R R I I  118. R R I I  105 w as found to respond 
well to dry w eather through higher stom ata l resistances, 
h igher le a f  w ater potentials, low ered tran sp irational 
w ater loss and low er relative tran sp iration  ra tio s , while 
R R I I  118 w as susceptible to  stress situ ations.
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Introduction

R u b b er tree {Hevea brasiliensis) is indigenous to  the 
tro p ica l rain  fo rest in the A m azon  B a s in , at an altitude 
o f  2 0 0  m ab ove m ean sea level and near the eq u ator. 
T h is region  is characterised  by m onthly  m ean tem p era­
ture betw een 24® and 28® C , v/ith am ple rain fall o f  annu­
al to ta ls  am ou n tin g  to 1 5 0 0 -2 5 0 0  m m  including som e 
dry spells. In Ind ia. Hevea is being cu ltivated  on  the 
hill slopes in the m idlands, on the w estern side o f  the 
w estern ghats and  on the footh ills  o f  the western ghats. 
A  well d istributed  rainfall was found to favou r latex

• Present address and ojfprini requests to: Ccnlrai Soil Sulinily Re­
search Inslitulc. Regional Rcscarch Station. 3-Swaminarayana So­
ciety. Anand 388 001. Gujarat. India

yields. T h o u g h  the m ean annual rainfall in the region 
is around  3000  m m , its m onthly d istribution  is far from  
sa tisfacto ry  (V ijayaku m ar et al. 1988). G en erally , soii 
m o istu re  deficits are experienced from  D ecem b er to 
M a y . D u rin g  the sum m er m onths, dr\' w eather prevails 
w ith  very high evaporative dem and resulting n o t only 
in a tm osp heric drought but also  soil d rou ght. E arlier 
studies ind icate that clones m ay vary in th e  degree o f  
th e ir d rou g ht to lerance (G u ru ra ja  R a o  et al. 1988 a . b ; 
D ev ak u m ar e ta l .  1988). A lthou gh  the effects  o f  soil 
d rou ght w ere studied in relation  to yield, the influence 
o f  facto rs governing the so il-p lant-atm osp here  system  
o n  w ater relations and yield perform ances under the p ro ­
gressive build-up o f  soii m oisture has received in ad e­
q u ate  atten tio n . T h e  present p ap er deals w ith  th e  im pact 
o f  soil, p lan t and m eteoro logical factors o n  w ater re la ­
tio n s and yield perform ance in tw o clones o f  H. brasilien­
sis in  the trad itio n al ru b b er-sro w in s tract o f  India.

M a te ria ls  and methods

Experiments wtr.2 condi:cted at tiiC Ruober Research Institute of 
India Central Experiment Station (CES). Chethackal (9®22'N; 
76°50'E) in clones R R I I  105 and R R I I  118. These clones were 
selected ba^d on yield drops during the summer months and the 
relative drought tolerance, i.e.. R R I I  105 as being fairiy drought 
tolerant and R R I I  118 as susceptible. Observations made during 
1987-1988 represent the dr>" season of 1987 (April-May), the wet 
season of 1987-1988 (October, December of 1987 and January 
of 1988) and the dry season of 1988 (February-March). The precip­
itation and soil moisture levels that occurred during the above ' 
periods are shown in Fig. 1. The trees under study were 10 years 
old and were growing in the same Held of which the soil was 
an oxisol. Both clones were under the same system of tapping. 
Five uniform trees of represeniative iiirth were selected from each 
clone for experimental purposes. Observations on diurnal changes 
in components'of water relations and mcteorolojiical factors were 
monitored as described in the following paragraph. Detached.sun 
leaves from iHe periphery of the canopy were sampled for' psy- 
chrometer and poromeier recordings (Devakumar et al. 1988).

Leaf wiUcr potentials and latex osmotic potentials (La­
tex,) were estimated using C-52 sample chamber psychrometcrcon- 
nected lo H R  33T dew point microvolt meter fWescor Inc.. Logan.'



Utah. USA). Leaf discs were used for determining and latex 
samples taken on filter paper discs were used for estimations of 
Latex,.- Stomatal resistance (r,) and transpiration (Tn) rates were 
estimated using LI-1600 steady state porometer (Li-Cor Instru­
ments, Nebraska. USA). Xylem sap speeds were estimated at 1-h 
intervals (from dawn to dusk) using Model HP-J sap flow meter 
(Hayashl Denkoh. Japan), based on measurements made by beat 
pulse technique. The sensor and heat probes were installed above 
the tappir-g cut into that portion of the cambium tappet̂  by the 
cut to a depth of 3.5 cm. Latex vessel turgor (P,J was estimated 
using disposable minimanometers developed by us comprising No. 
48 polythene surgical tubing sealed at one end and fitted with 
a 21 -gauge hypodermic syringe needle at the other (Raghavendra 
et al. 1984). The total length of the manometer was 20 cm. The 
length of the air column trapped in the manometer was measured 
and the turgor pressure was estimated using a calibration curve 
prepared against known pressures. Turgor pressures were moni' 
tored 5 cm below the lapping cut.

Yield (g tree"* tap“‘) and yield components includmg initial 
flow rate. F (ml cm"‘ min"‘). rubber content. C  (% w/v) and 
plugging index were recorded. Plugging index was determined ac­
cording to Milford et al. (1969) using the equation:

Mean flow rate during the first 5 min 
^ ~ Total latex yield ̂ml) ^

Soil moisture was determined gra\'imeirically at depths of 0- 
15. 15-30. 30-60 and 60-90 cm and the values were convened 
to potential units using characteristic standard curves for soil mois­
ture. Five replications were obtained at each depth. Vapour pres­
sure deficits calculated from the wet and dry bulb temperatures 
using Assman psychrometer (Ogawa Seiki, Japan) were- taken in 
the open area adjacent to the experimental site and represent that 
of bulk air. Irradianw was monitored usir'~ LI irL".* spcctr?r»di- 
ometer with a cosine receptor (Li-Cor Instruments, USA).

Daily transpiration rates were obtained by integrating the 
hourly recordings of transpiration measured during the day from
0600 to 1800 hours, and by taking the mean value of pre-dawn 
and dusk transpiration rates as the mean of n^ht transpiration. 
The daytime sap flow rates were calculated from the cumulative 
values of 12 hourly radings. The ratio of transpiration to potential 
evapotranspiration was also calculated. Evapotranspiration rates 
were estimated according to Penman method (Frere and Popov 
1979).

Results

Soil water status

Soil water potentials at 0-30 cm depth were —0.2 MPa 
during April-May 1987. The was below the wilting

Mean Monthly Rainfall (mm)

Fig. 2. Climaiogram drawn by taking mean monthly rainfall and 
mean air temperatures (average of 10 years data from Central Ex­
periment Station. Chethackal) in different months

Table L Variations in mean ambient temperature, irradiance, va­
pour pressure deficit and evapotranspiration rates in different sea­
sons

Parameter 1987
Dry season 
(Apr-May)

1987-1988 
Wet season 
(Oct. Dec. 87; 
Jan,88)

1988
Dry season 
(Feb-March)

Temperature
(“C)

36.7 32.4 J5.-+

Irradiance
(Wm-2)

305.0 241.2 310.5

Vapour pressure 
deficit (mbar)

34.5 36.4 32.8

Evapotranspi­
ration (mm day"̂ )

5.27 3.97 5.57

Average values of ET̂: (after rounding ofT to one decimal) dry 
season, 5.4; wet season, 4.0

point at 30-90 era depth (<  —1.5 MPa) during the same 
period. Soil water potentials were very high ( — 0.05 
MPa) during the wet season due to complete recharging 
of the soil. However, values decreased during the 
dry season of 1988 with the onset of summer. The higher
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water poicntiais in the surfacc layers during the dry sea> 
son of 1987 were found to be due to the light showers 
received prior to the observations.

M eteorological factors  ̂ •
/

The climatogram of mean monthly air temperatures ver­
sus’ mean monthly precipitation (Fig. 2) indicates that 
the rubber trees experienced soil moisture stress from 
December/January to May. Though the total annual 
rainfall was around 2700 mm, its uneven distribution 
during different months resulted in soil moisture stress 
during the above period. During the dry months, in­
creases in radiation and temperature as well as vapour 
pressure deficit (VPD) were observed with time. The sea­
sonal variations in these parameters and values of evapo- 
transpiralion, were cJeai’Jy'in'djcaied between dry 
and wet months. The ET^ values were around 5.4 mm 
day"* in most of the dry season and 4.0mm  day"* 
in the wet season (Table 1).

Plant factors

Yield and yield components. Maximum rubber yields were 
obtained under conditions of adequate soil moisture 
availability ( —0.05 MPa, wet season) in both clones (Ta­
ble 2). However, the absolute yields were higher in R R II 
105 compared to.RRII 118. Lowered yields in the sum­
mer months in both clones indicate that availability of 
soil moisture is one of the important factors influencing 
latex yields through its effect on plant-water relations.

Among the yield components, initial flow rate o f la­
tex was found to be high during wet months, while plug­
ging index and rubber content of latex were low during 
the wet months in both clones. All the major yield com­
ponents showed significant variations with time in both 
the clones; the interactions between season and clone 
were also significant in relation to yield, initial flow rate 
and rubber content (Table 2).

Components o f  naier relations. Most o f the components 
of water relations were studied during April, May, Sep­
tember, October and December, 1987 and January and 
March, 1988. Observations during February, 1988 could 
not be recorded due to wintering (defoliation) of trees.

Pre-tapping latex vessel turgor was found to be high 
during wet months (Table 2). There was significant clon­
al variation in Pjy, although the variation betw'een 
months was not significant. R R II 105 was found to 
maintain better latex vessel turgor than PvRII 118. Latex 
solute potentials were also found to be lower in R R II 
105 compared to R R II 118. Latex, was found to be 
low in dry months in both the clones.

PrC'dawn leaf water potentials differed significantly 
between clones and seasons. R R II 105 was found to 
possess very high pre-dawn as well as afternoon leaf 
water potentials. Results indicate that maximum 
and xylem sap speeds were noticed after the restoration 
of complete soil moisture status, i.e. from June onwards

and decreased again with the onset of dry season in 
1988. RRII 105 was found to maintain higher stomatal 
resistances than R R II 118 in all the seasons. There was 
no appreciable variatiph in minimum stomatal resistance 
between the clones. The computed daily transpiration 
rates were .higher m wet months, and were lower in clone 
R R II 105 than R R II 118. The variation of transpiration 
rate between months and clones was highly significant. 
The mean transpiration ratio (Tn/?ET) ranged from 
0.104 to 0.544 in clone R R II 105 and from 0.242 to 
1.0?9 in RRII 118. Again, clonal and seasonal variations 
of this parameter were highly significant. The cumulative 
xylem sap speeds were markedly higher in both the 
clones during wet months. Observations could not be 
carried out during some months due to technical limita­
tions.

Discussion  ̂/

In a survey conducted during March, 1987, we noticed 
that soil moisture was below the wilting point (<  —1.5 
MPa) at depths of up to 60 cm. It was also observed 
that even to 60-90 cm depth, the water availability was 
very low. Severe water deficits were experienced by rub­
ber plantations due to unusual drought resulting from 
unusual rainfall pattern with very low precipitation dur­
ing October-November. 1986 and almost total absence 
of rain in December. 1986 to March, 1987 (Vijayakumar 
etal. 1988). Even the scanty rains received were only 
partially effective (Fig. I) ; it was evident from the after­
noon leaf water potentials that the trees were experienc­
ing severe drought.

In N. brasiliensis. low rubber yield in summer and 
wintering is thought to be due to soil moisture stress 
(Chua 1970). Separate quantification of effects on clones 
RRII 105 and R R II 118 would be possible only with 
irrigation experiments. Although the pre-tapping latex 
vessel turgor (Pjv) was not very low in April-May, 1987 
(dry season) and February-March, 1988, the initial flow 
rate o f latex {F) was ver>' low. Significantly higher rubber 
content ( O  aqd s-ibsecuctjUly higher viscosity o f latex 
might have resulted in low i  values (Buttery and Boat­
man 1976). Clonal variations in latex yields in R R II 
105 and R R II 118 in the summer months was associated 
with differences in latex vessel turgor, initial flow rate, 
rubber content and plugging index. It is evident from 
Fig. 3 that maintenance of higher latex vessel turgor in 
R R II 105 results in better latex flow. Absence of season­
al variation in Pî  can be ascribed to osmotic adjustment 
in the latex (Raghavendra etal. 1984). In R R II 105, 
higher turgor in aU the months is associated with lowered 
Latex„.

The present study indicates that agro-meteorological 
factors play an important role in soil- and plant-water 
relations and water relations of laticifers (latex vessel 
system) through regulation of stomatal opening. We ob­
served progressive atmospheric demand during dry peri­
ods, which might have resulted in increased resistance. 
Maintenance of higher plant water status in R R II 105 
is associated with higher stomatal resistance. Earlier stu-
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Fig. 3. Relationship between latex vessel turgor and initial flow 
rate of latex in R R I I  105 and R R ll  118 {observations talcen from 
different seasons)

dies indicate that stomatal resis'tatice below 3 s cm“ * 
is indicative of fully open stomata. The process o f stoma- 
tal closure was initialed at r, values around 5 s cm "* 
and complete closure occurred at resistance values 
greater than 15 s c m "‘ . Thi? was reflected by highly 
negligible rates of COj uptake at higher r, values (Sath- 
eesan et al. 1984).

In most of our experiments, initiation of stomatal 
closure in R R II 105 and R R II 118 occurred al irradiance 
of around 275 W m“ ,̂ ambient temperature of 33® C 
and VPD of 28 mbar; the upper limit of these factors 
was 300 W m '^ , 35° C and 35 mbar, respectively 
(Fig. 4). The high stomatal resistances in R R II 105 com­
pared to R R ll 118 (Table 2) indicate that the stomata 
of R R II 105 are more sensitive to meteorological factors 
than those of R R II 118.

Absence of seasonal and clonal variation in mini­
mum stomatal resistance, i.e., the peak hours of stomatal 
opening, suggests that these clones do not behave differ­
ently at the lime of maximum photosynthesis. However, 
variations in stomatal resistance (at times other than 
peak hours of photosynthesis) might play a vital role 
in plant-waier relations, thereby maintaining better 
plant-waler status in R R II 105, resulting in-higher laiex 
output.

As reported earlier (Devakumar el al. 1988), the 
transpiration coefficient can be used as a tool to quantify 
soil moisture availability, as in tree crops such quantifi­
cations are often difficult using soil moisture data alone. 
Our observations indicate that transpiration rates were 
higher in R R II 118 compared to R R II 105. even though 
the sap flow rates in the latter were higher, despite 
changes o f leaf water potential. This indicates a lower 
root resistance which may be due to either higher root 
density or better root pei-meabiiity to water. 
nance of higher stomatal resistance in this clone might 
be an adaptive feature, and is another factor contribut­
ing to the high plant water status in R R II 105, which 
results in higher latex yields due to higher laiex vessel 
turgor. The lower latex solute potentials during dry 
months also contribute towards the turgor maintenance. 
We also observed that transpiration rates were higher 
in the afternoon hours when the VPD is high, even

V o p o u r P re s s u re  D e fic it  (tnbar)

Ir ra d ia n c e (W m '^ )

Fig. 4. Stomatal resistance in Hevea clones R R I I  105 and R R II  
118 during the dr\’ season plotted against radiation, temperature 
and VPD. Each point is the mean of 5 observations calculated 
from measurements taken between 0900 and 1400 hours

though the maximum stomatal opening was seen in the 
morning.

It should be mentioned here that the addjtive effect, 
o f environmental variables is more than an individual 
effect, i.e. radiation causes an increase in temperature, 
*vnjch in turn affects VPD and indirectly influences sto­
matal regulation. Variations in these meteorological pa­
rameters, viz., irradiance, temperature and VPD. exceed­
ing the limits indicated, might result in stress in Hevea- 
The lowered transpirational rates in the dry season can 
be ascribed to higher stomatal resistance which in turn 
resulted from high leaf temperatures and associated me­
teorological factors.

In conclusion, it can be stated that low latex solute 
potentials and sufficient available water to maintain 
higher P̂ y are the conditions required for good flow of 
latex. The meteorological parameters, irradiance. ambi­
ent temperature and VPD. play an important role in 
maintenance of plant water status through their effects 
on stomatal resistance and transpiration, thereby in­
fluencing latex vessel turgor and latex outputs. Further 
studies are in progress to assess the direct and indirect 
effects o f these m,:teorological factors on latex, yields 
in Hevea.
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