Research Article Journal of Plantation Crops, 2013, 41(3): 343-349

Seasonal changesin xylem sap flow ratein
mature rubber plants

K. Annamalainathan*, Joby Joseph, Badre Alam?, PR. Satheesh and James Jacob
Rubber Research Institute of India, Kottayam - 9, Kerala, India
!National Research Centre for Agroforestry, Jhansi, UP, India
(Manuscript Received: 24-05-13, Revised: 01-07-13, Accepted: 05-08-13)

Abstract

The rate of flow of xylem sap of mature rubber tree was recorded round the clock continuously for two years using a
Granier type thermal dissipation probe (TDP). The measurements were made on 19 year old trees of the clones, RRII 5
and PR 255 with a mean girth of 78 and 82 cm, respectively at 150 cm above bud union. Overal, the average rate of
water mining by atree was to the tune of 22 + 3 L day*. The diurnal and seasonal differences in the sap flow rate were
very evident which responded to the ambient weather conditions such as intensity of sunlight, temperature, rainfall etc.
In the morning hours, as the sunlight intensity increased there was a corresponding sharp increase in sap flow rate which
attained maximum level around mid-day. In the evening, as the light intensity declined, the sap flow rate also declined.
The maximum rate of sap flow per day was recorded in December and the minimum in February coinciding with
complete defoliation of the canopy. Taking a mean water consumption of 22 L tree'day! and assuming there are 400
trees ha?, the water consumption works out to be in the range of 1-2 mm day™. This is significantly lesser than the
potential evapo-transpiration (ET) of an open field in thistraditional region. Taking the long-term averagerainfal in the
region (3000 mm year?), it can be seen that the water loss due to transpiration (T) by the trees amounted only to 11 per
cent of the annual rainfall.
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Introduction Sap flow measurement is a precise technique
to study the tree water relations and to quantify
whole-plant water use. They are used, for instance,
to estimate whole tree transpiration or to evaluate
water stress periods due to climate condition,
diseases or damages. Moreover, sap flow
measurements are useful to assess the physiological

rubber tree is rather difficult considering the huge ~ Fésponse of trees to environmental factors and
quantum of water lossin atree depmds on canopy water lossisadirect method for accounti ng thewater
size, physiological condition and soil and  Uuseof individua tree. Granier (1985) developed a

atmospheric factors. There is also an increasing ~ dual-probe sap-flow measuring system which is

Natural rubber plant (Hevea brasiliensis) isa
perennial woody tree being cultivated mainly for
the product cis-isoprene polymer, i.e., rubber, by
tapping the tree’s soft bark tissue enriched with
laticiferoustissue. The measurement of whole plant
water use especialy in woody plants like natural

interest in water and carbon fluxes at the canopy- ~ known as thermal dissipation probes (TDP). The
atmosphere interface in the perspective of global TDP probe method has been popular among tree
climate change scenario. physiologists as it is simple and more reliable
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compared to other methods (Lu et al., 2004). Sap
flow measurements can provide an accurate method
for determining the transpiration from asingle tree.
Moreover, sap flow can be monitored continuously
over long periods (Granier and Loustau, 1994; Allen
and Grime, 1995).

So far, there are not enough published
experimental dataon water use of rubber plantations
intraditional rubber growing areaand hence worthy
to study it thoroughly with an advanced sap flow
measurement technology. The water use linked
evaporative loss of vegetation consists of two
components, first oneis plant transpiration (T) and
the second one is direct evaporation from the soil
and surface of other organic matter (E). The present
work is aimed at to quantify the water flux in a
mature rubber plantation using TDP probes. The
study is also leading to analyze the seasonal
transpiration water loss in a traditional rubber
growing area by relating xylem sap flow rate with
environmental parameters like temperature, rainfall
and sunshine intensity. The water use of rubber
plantations using the experimentally collected sap
flow datais also worked out in this study.

Materials and methods
Experimental site and plant material

The experimenta site was located at Rubber
Research Institute of India(RRI1), Kottayam, Keraa
at an atitude of 72 MSL, longitude 76° 34’ E and
latitude 9° 32' N. The xylem sap-flow rate was
measured in three trees (n=3) each of two rubber
clones namely RRII 5 and PR 255 of 19 years old
with amean girth of 78 and 82 cm, respectively at
150 cm above bud union. Theterrain waswith gentle
slope and the soil was laterite. The rubber plants
were planted during 1987 with 4.5 metre spacing
between the trees. Granier's TDP probes with 80
mm length were inserted in to the main trunk at
breast height and the probes were connected to a
programmable data logger (DL 2, Delta T Devices,
UK).

M easurement of sap flow

Sap flow was measured by Granier’s method

(Granier, 1985), based on the computation of thermal

dissipation of two probes inserted into the
xylem. Probes consist of two needles, each one
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incorporating a T-type thermocouple. The upper
probe is heated and its temperature is compared to
lower ambient temperature needle. A broad band of
thin plastic film was wrapped around the inserted
probesto avoid stem transpiration. The datain milli
volt (mV) signal was downloaded every weekend
and transferred to spread sheets. Further, the signa
was converted to flow velocity (V). Sap flow is a
function of temperature difference; it reaches the
maximum (dTM) when sap flow is close or near to
zero and it decreases as water comes up. The sap
flow is calculated by an equation that takes into
account this empirical relation. Granier proposed
empiricaly the sap flow velocity as

V=0.0119*K" 1% cm st where, K = (dTM-dT)/dT

where, dT is the measured difference in
temperature between that of the upper heated needle
referenced to the lower non-heated needle and dTM
isthe value when there is no sap flow or the lowest
flow in aday.

The sap flow velocity can be converted to sap
flow rate (mL hr?)

Fs=As* V* 3600 mL hr?

where, Fsisthe sap flow and Asisthe cross-sectional
area of sap conducting wood (cm?).

Rubber tree belongs to diffuse porous wood
(Reghu et al., 2006). The average active xylem area
was estimated to be 30 per cent of cross sectiona
area. Fs is a direct measurement of transpiration
water loss for a given time. Generally, the rate of
tree transpiration depends on stem temperature, soil
moisture availability and phenologica phases. The
daily flow rate was averaged for every month and
the mean value indicating per day flow rate was
calculated. Relationships between sap flow rate and
T, 0 SUNlight intensity and cumul ative sunlight load
were established in different seasons of the year by
simple linear regression analysis.

M eteorological observations

The daily meteorological parameters viz.
maximum temperature, rainfall and potential
evaporation (mm day') were collected from
meteorological observatory of RRII, Kottayam,
India which is situated 200 m away from the
experimental plot. The average annual rainfall was
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around 3000 mm. The air temperatures for summer
and winter seasons were recorded in the range of
33-35°C (T,,) and 23-24.5 °C (T . ) and 32-34
(T,,) and 21-22.5 °C (T . ), respectively. The
cumulativevisiblelight load at the canopy level was
measured by a solar radiation measurement system
(EMCON, India). The solar light measurement
system comprised photosynthetic active radiation
(PAR) sensors, control unit and memory module.
The incident sunlight recordings were downloaded
fortnightly and computed in spread sheets. It wasin
a range of 1200-5000 x 10* umol m2 day? in
different seasons. These parameters were used for
establishing environmental relationships with the
sap flow rate.

Results and discussion
Diurnal change in sap flow pattern

The sap flow rate of mature rubber trees
followed a definite diurnal pattern on sunny days
(Fig. 1). The flow rate increased as the sunshine
intensity increased during morning hours and it
declined during afternoon indicating that the flow
rateis regulated by stomata movement. A minimum
value of 1-20 mL water hr! during night and to a
maximum value of 3 L water hr! during mid-day
was recorded in agiven day. The sap flow rate was
aslow as 5.5 L treetday ! during wintering season
(defoliation period) and as high as 40 L tree? day™
during December, just before the onset of defoliation
(Table 1). Sap flow measurement isadirect account
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Fig. 1. Typical diurnal xylem sap-flow patternin maturerubber trees.
Thesap flow ratewascontinuously measured by Granier'stype
thermal dissipation probes (TDP). Diurnal sunlight intensity
(uwmol m?s*) and sametimesap flow (mL hr) ratearedepicted
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of water use of tree species through transpiratory
water movement. Generally, xylem sap flow rate has
been used for direct estimation of transpiration rate
in woody species (Ortuno et al., 2005) as the sap
flow through xylem is a measure of transpiratory
pull. Similar trend of diurnal course of sap flux has
been observed in many tree species and compared
(Granier et al., 1996; Meiresonne et al., 1999).
Different trees have distinctive sap wood area and
observations showed values as high as 30 kg hr?
(Granier et al., 1996) in huge tree species. The
variation among the rain forest tree species were
corroborated with their differencein canopy sizeand
age of the trees.

Table 1. Mean daily sap-flow rate (L day™) in two clones of mature
H. brasiliensis trees

Mean sap-flow rate (L day™?)
Month RRII 5 PR 255
January 285+10 300+£07
February 140+0.6 55104
March 16.0+£0.7 120+ 04
April 21.0+07 95+04
May 160108 170+ 05
June 130105 130+07
July 140407 190+08
August 215+08 21.0+09
September 20+14 170+11
October 340+10 305+10
November 280+13 240+15
December 400£15 320£11

+ SE indicated, mean of al days of month

Sap flow rate during wintering and refoliation
period

As rubber is adeciduous tree, every year the
tree sheds leaves with the onset of winter, followed
by the sprouting of new flush of leaves. The
wintering phenomenon in Hevea generally starts
from later part of December and intensive during
January. The sap flow rate was recorded
corresponding defoliation and refoliation periods
(Fig. 2). With the progression of defoliation period
the sap flow rate declined drastically from 40 L water
tree! day?! (during last week of December) and at
theend of defoliation period it was5.5to 14 L water
tree! day*. The flow rate started increasing
concomitant with the onset of new flush of leaves
which was in 3¢ week of January and attained
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Fig. 2. Xylem sap flow pattern in mature rubber trees during
defoliation (January) and refoliation period (February)

optimum flow rate after 3 week of February. This
observation clearly supports the fact that the rate of
sap flow is directly proportional to the canopy |eaf
area (LA) and stomatal conductance (Prazak et al.,
1994).

Seasonal changesin sap flow rate

The daily xylem sap flow rate of rubber trees
for an entire year isdepicted in Figure 3. The day to
day water mining pattern of the tree showed a huge
variation in different seasons. It was low during the
beginning of the year which coincided with
defoliation period. There was a subsequent gain in
theflow rateduring refoliation period. Theflow rate
again declined during March owing to prevailing
higher atmospheric air temperature coupled with soil
moisture deficit. With the onset of summer rainfall,
the sap flow rate increased due to the recharging of
soil moisture. During April to July the sap flow rate
wasintherange of 15to 20 L water tree* day™*. The
flow rate increased from August onwards and
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Fig. 3. Daily sap flow rate (L day?) in a mature rubber plantation at
RRII, Kottayam. The day of the year isindicated (Julian day)
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attained a peak rate of 35 to 40 L water tree! day™*
during October to December when the canopy was
full of mature leaves. The North-East monsoon
and post-monsoon period withessed higher water
consumption by a mature rubber tree. This was
mainly due to good sunlight intensity in the
morning hours followed by rain fall in the
afternoon that provided saturated level of soil
moisture with better transpiration pull in this
season. The available photosynthetic source area
per plant was the highest during the post-monsoon
season in rubber plants (unpublished data). The
transpiration rate is directly proportional to leaf
area, stomatal frequency and soil moisture (Prazak
et al., 1994). Similar studies conducted in forest
and agro-forest tree species showed that sap flow
rate is controlled by soil moisture and sunlight
intensity in spruce and eucalyptus (Dye 1996;
Montero et al., 2001).

Factors influencing sap flow rate

Sap flow rate of a given tree is directly
proportional to stem girth as natural rubber tree is
diffuse porous wood, the amount of xylem vessels
distributed depends on the cross sectional area
(Reghu et al., 2006). The observations reveal ed that
theflow rate al so depends on the number of branches
and total leaf areq, i.e., canopy size (datanot shown).
The major environmental factorswhich regulate the
sap flow rate are solar radiation, sunshine hours,
temperature variance, atmospheric vapour pressure
deficit (VPD) and soil moisture conditions. Sunlight
intensity had a direct role in regulating the sap flow
rate. Therewas a positive relationship between light
intensity and sap flow rate (Fig. 4A). The diurnal
xylem flow rate on a sunny day was directly
controlled by the sunlight intensity (R?=0.6- 0.75in
April and May). On a given day, the rate of decline
in the sap flow with respect to reduction in sunlight
intensity in the late afternoon was lower than the
rate of increasein sap flow with increasein thelight
intensity in the morning hours. Even during the mid
day, when there was a sudden decline in sunlight
intensity due to a passing cloud, sap flow rate did
not show any concomitant reduction (Fig. 1)
indicating that the water movement in the xylem is
uninterrupted by any temporary shade condition.
Obviously the cumulative sunlight load on daily
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basis had a positive influence upon the daily
transpiration water loss (Fig. 5).

Significant positive relationship existed
between day time temperature and sap flow rate
during pre-monsoon period (Fig. 4B). By and large,
the T__ (maximum temperature) did not have any
strict influence on therate of xylem flow throughout
the year probably due to cumulative effect of many
factors. Sap flow rate during the summer was lower
than post-monsoon season (Fig. 3). During summer
season the prevailing high atmospheric VPD might
have further aggravated by high air temperature
(RRII, Kottayam meteorology data) and low soil
moisture leading to stomatal closure. When stomatal
conductance sharply decreases (low xylem water
potential) invariably leads to a reduction in

transpiration rate. In general, during dry summer
period sap flow can undergo a considerable
reduction as stomatal conductance (gs) isinfluenced
by soil moisture content (Welander and Ottosson,
2000). Interestingly intensive rainy days also
witnessed a sharp decline in sap flow rate most
probably due to cloudy days leading to partial
closure of stomata. In a comparative study with
many plant speciesit has been reported that woody
species are more directly influenced by variation of
climatic factors than other forest species (Granier
et al., 2000).

Water use of rubber plantations

Continuoustwo years observation of sap flow
rate in 18-19 year old rubber trees indicated that a
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Fig. 4. Relationship between (A) sunlight intensity (umol m?s?) and sametime sap flow rate(ml hr*) and (B) maximum temperature(T ) and sap

flow rate (L day?) in maturerubber trees
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Fig. 5. Relationship between daily cumulative sunlight load (x 10*pmol
m2 day™) and sap flow rate in mature rubber trees during
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mature tree mined an average of 22 L water
treeday . Averagetappabletree stand intraditional
rubber growing area is around 400 trees ha?.
Considering the average field stand the mean water
consumption of rubber plantation is

22 x400x 365 =3.2x 10°

Mean annual rainfall of Kottayam area is
around 3000 mm

=3x 10" L ha!year?

The water consumed by rubber plantation as
estimated from sap flow rate was around 11 per cent
of therainfall. The amount of water transpired by a
mature tree was around 1-2 mm day*. A previous
report from Sri Lanka showed that the estimate of
transpiration by the sole rubber crop was
exceptionaly low (5mm per week) in a two year
old young rubber plantation (Rodrigo et al., 2005).
The seasonal changes in transpiration water
movement had been reported in mature rubber
plants. Observations on transpiration rate of mature
rubber tree in North East Thailand indicated that
the sap flow rate declined from 1.6 mm to 0.4 mm

L hat year
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day*as the dry season progressed (Isarangkool Na
Ayutthaya et al., 2009). Earlier studies with
lysimetric method in traditional rubber growing
areas in South India showed that mean plant and
surface evapotranspiration was 4.4 mm day* (Jessy
et al., 2002). Under field condition the
evapotranspiration of mature rubber plants varied
from 2-6 mm as reported from different countries
(Monteny et al., 1985; Gururgja Rao et al., 1990;
Jessy et al., 2004). During drought months, a
maximum evopo-transpiration rate of around 3-4
mm day* has been recorded in 10 year old rubber
plantationin India(GururgjaRao et al., 1990). From
the present and earlier studies with Penman-
Monteith equation for water use of rubber plantation,
it isunderstood that an approximately same amount
of water equal to the sap flow rate may be lost from
the soil surface asevaporation. Hence, thetotal plant
and surface evapo-transpiration loss of water isabout
20-25 per cent of the rainfall received.

Acknowledgements

Theauthorsthank Dr. R. Krishnakumar, Joint
Director (Crop Physiology Division), RRII for his
support in conducting this study.

References

Allen, S.Jand Grime, V.L. 1995. Measurement of transpiration
from savannah shrubs using sap flow gauges.
Agricultural and Forest Meteorology 75: 23-41.

Dye, P. J. 1996. Response of Eucalyptus grandis trees to sail
water deficits. Tree Physiology 16: 233-238.

Granier, A. 1985. Une nouvelle methode pour la measure du
flux de seve brute dans le tronc des arbres. Annales
Sciences Forestieres 42: 193-200.

Granier, A. and Loustau, D. 1994. Measuring and modeling
the transpiration of a maritime pine canopy from sap
flow data. Agricultural and Forest Meteorology 71: 61-
81.

Granier, A., Huc, R. and Barigah, S.T. 1996. Transpiration of
natural rain forest and its dependence on climatic
factors. Agricultural and Forest Meteorology 78: 19-
29.

Granier, A., Biron, P. and Lemoine, D. 2000. Water balance,
transpiration and canopy conductance in two beech
stands. Agricultural and Forest Meteorology 100: 291-
308.

GururgaRao, G, SanjeevaRao, P, Rajagopal, R., Devakumar,
A.S., Vijayakumar, K.R. and Sethuraj, M.R. 1990.
Influence of soil, plant and meteorological factors on



Seasonal changes in xylem sap flow in rubber

water relations and yield in Hevea brasiliensis.
International Journal of Biometereology 34(3): 175-
180.

Isarangkool Na Ayutthaya, S., Do, F.C., Pannengpetch, K.,
Junjittakarn, J., Maeght, J.L., Rocheteau, A. and
Cochard, H. 2009. Transient thermal dissipation method
of xylem sap flow measurement: multi-species
calibration and field evaluation. Tree Physiology 30:
139-148.

Jessy, M.D., Dey, SK, Prathapan, K., John, J., Mathew, T.P.
and Punnoose, K.I. 2002. Effect of drip irrigation on
growth of immature rubber. Journal of Natural Rubber
Research 15(2): 182 -186.

Jessy, M.D., Nair, R.B., Sherin, G, Sailgjadevi, T. and Punnoose,
K.l. 2004. Crop Coefficient for immature rubber.
Natural Rubber Research 17(1): 34-40.

Lu, P, Urban, L. and Ping, Z. 2004. Granier’'s thermal
dissipation probe (TPD) method for measuring sap flow
in trees: Theory and practice. Acta Botanica Snica
46(6): 631-646.

Meiresonne, L. Nadezhdin, N., Cermak, J., Van Slycken, J. and
Ceulemans, R. 1999. Measured sap flow and simulated
transpiration from apoplar stand in Flanders (Belgium).
Agricultural and Forest Meteorology 96(4): 165-179.

Monteny, B., Barbier, JM. and Omont, C. 1985. Micro
meteorological study of Hevea forest plantation. In:
Land Clearing and Devel opment in the Tropics. (Eds.)

349

R.Lal, PA. Sanchez and R.W. Gummings Jr., Balkema
Publishers, Netherlands. pp. 203-214.

Montero, J.I., Anton, A., Munoz, P. and Lorenzo, P. 2001.
Transpiration from geranium grown under high
temperatures and low humidities in green houses.
Agricultural and Forest Meteorology 107: 323-332.

Ortuno, M.F,, Alarc’on, J.J., Nicol“as, E. and Torrecillas, A.
2005. Sap flow and trunk diameter fluctuations of young
lemon trees under water stress and re-watering.
Environmental and Experimental Botany 54: 155-162.

Prazak, J., Sir, M., Tesar, M. 1994. Estimation of plant
transpiration from meteorological dataunder conditions
of sufficient soil moisture. Journal of Hydrology 162:
409-427.

Reghu, C.P, Thomas J., Mathew, F., Marattukalam, J.G. and
Verghese, Y.A. 2006. Variation in certain structural and
physical properties of wood of ten clones of Hevea
brasiliensis Journal of Plantation Crops 34(3): 186-191.

Rodrigo, V.H.L., Stirling, C.M., Teklehaimanot, Z.,
Samarasekera, R.K., Pathirana, P.D. 2005. Interplanting
bananaat high densities with immature rubber crop for
improved water use. Agronomy for Sustainable
Development 25(1): 45-54.

Welander, N.T. and Ottosson, B. 2000. The influence of low
light, drought and fertilization on transpiration and
growth in young seedlings of Quercusrobur L. Forest
Ecology Management 127: 139-151.



