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Abstract 1

Water potential (predawn and mid day), water potential components £

(osmotic potential at full and zero turgor, relative water content), soil Article History
water potential and leaf conductance were measured for two adjacently
growing tree species Shorea robusta Gaertn and Pinus roxburghii Sarg.
at an elevation of 1370 m. The stands were open and the density of S.
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robusta was 212 trees/ha and of P. roxburghiiwas 141trees/ha. Presence Keywords
of high number of saplings indicates both the species were regenerating _
well in the site despite human disturbance. S. robusta maintained relatively Density;

. . . Leaf Conductance;
high predawn water potential even in summers (above -0.50 MPa) and Osmotic Potential:
P. roxburghii showed low predawn water potential in early summer and Water potential.

summer season (above-1.4 MPa). P. roxburghii maintained a relatively
small daily change in water potential during early summer and summer
season (0.33 MPa and 0.27 MPa) indicating greater ability of the species
to close its stomata as drought intensifies. The values of osmotic potential
at full and zero turgor remained more or less constant for S. robusta from
monsoon to winter and then declined during early summer. P. roxburghii
showed a gradual decline in osmotic potential values from monsoon to
winter season. Chir-pine has the ability of invade and grow on sites that are
water stressed which can be related to its capacity to show high osmotic
adjustment. The most negative values of soil water potential were in early
summer in both years. The morning and afternoon conductance was lowest
during early summer and highest in autumn season.
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Introduction

Of the myriad environmental factors influencing
distribution and growth of woody plants, water
is of paramount importance and is usually the
most limiting throughout the world. This situation
exists even though global supplies of water
are immense. However, the interaction of air
circulation patterns, topography, temperature and
edaphic factor result in uneven distribution and
availability of moisture. Drought is amongst the most
important climatic events which can severely impact
natural ecosystems. The natural vegetation of the
Himalayan region varies from tropical forests in the
foothills to alpine meadows above the timberline
along an altitude gradient (300-3500m).!

The western Himalaya receive concentrated rainfall
between end of June to mid of September. This is
followed by 8-9 months of prolonged drought which
has a severe impact on adaptation of plants to
drought and ecosystem processes.?® The Himalayas
are warming at a faster rate than the global average
due to global warming.* The forest ecosystem of
Himalaya can be seriously impacted by global
climate change. The extent to which plant species
will be able to adapt to climate change is a key
question of great importance for conservation and
resource management. The importance of drought
in regulating the distribution of Himalayan species
is not very well understood.?

The water potential measurement at pre dawn
is important for estimating plant water status® as
it indicates how the plant integrates soil water
availability and the moisture level at which it begins
to develop its daily water deficit. An adequate supply
of water is essential to the successful growth, leaf
conductance and photosynthesis. Estimation of
osmotic adjustment at zero and full turgor is a useful
indicator of stress tolerance in trees. The essential
factor is plant water relations content and turgor to
permit normal functioning of the physiological and
biochemical process involved in growth. This is
controlled by the relative rates of water absorption
and water loss. There are some indirect evidences
to indicate, that moisture stress can be severe, that
moisture stress differs among communities and the
differences among species exist in their ability to
cope with drought.”

447

In the present study we have tried to compare the
water relation parameters of two adjacently growing
tree species, a broad leaved dipterocarp sal (Shorea
robusta Rox.) and chir pine (Pinus roxburghii Sarg.)
a conifer which are two major forest forming species
of Himalayan region.

Material and Methods

Study Site

The study site is located between 29°8" and
29°38" N latitude and 79°20 and 79°45E longitude
at an elevation of 1370 m. The study site is
situated on the eastern aspect and the slope angle
was of 27°. Five trees of each species growing
adjacent to each other, approximately within 2-3
m radius were selected. The trees were young
4-5 min height and circumference varying between
22 and 37 cm. The climate of the study site has a
monsoon rainfall pattern, mid June to late September
accounting for 75-80% of the annual rainfall. In spite
of high annual rainfall early summer (preceding
the monsoon period) and winters are relatively
dry, generally with <10 cm monthly rainfall, and
potential evapotranspiration that is often in excess
of precipitation.2 The annual rainfall is generally
between 170-190 cm. The mean monthly minimum
temperature ranges between 8.8°C in January and
21.2°Cin June, and the mean maximum temperature
between 12.3°C in February and 29.9°C in June.

Tree Layer Analysis

The tree layer analysis was carried out by placing
10 quadrats of 10x10 meter for trees and 5x5 m
for saplings and 1x1m for seedlings. The data was
expressed as density and total basal area, following.®

Tree water potential (\¥), Pressure volume curves
and leaf conductance were measured on five
representative trees each of both the species across
the seasons. Measurements were made on twigs
located 2 to 3 m from the ground.

Soil Water Potential

Soil waterpotential was measured by Psypro water
potential system at two depths of 10 cm and 60 cm
following.®
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Twig Water Potential

Pressure chamber (PMS Instrument Co. model 1000,
range 70 bars) was used for the determination of
water potential and the development of Pressure-
Volume Curves (P-V curves). In this study water
potential measurements were made for two years on
selected sites and species in different seasons. The
water potential (‘) was measured at predawn (WPD)
(5.30- 6.30 A.M.) and in the midday (1.30- 2.30 pm)
(¥MD) following. 1011 and 12

Pressure volume curves (PV curves) and
Components of water potential

PV curves were prepared to develop a relationship
between components of water potential and Relative
water content (RWC %). PV curves were prepared
following the bench drying method from overnight
saturated twigs. From PV curves, the osmotic
potential at full turgor (OP)), the osmotic potential
at zero turgor (OP,) and RWC% at turgor loss point
(RWC,) were determined following.”'

Leaf Conductance

The instrument AP4 type diffusion porometer could
not measure the leaf conductance of conifers hence
conductance of only S. robusta was measured. Leaf
conductance measurements of S. robusta was made
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seasonally, using AP4 porometer (Delta-T Devices)
Data were collected from 03 leaves/ individual on the
sunny sides of tree and from approximately similar
height, in the morning and afternoon (10.30-11.30
A.M &1.30- 2.30 P.M) following.”*

Statistical Analysis

The data were subjected to analysis of variance with
a 95% confidence level using SPSS version 2016.
Species, seasons and year were the factors used
for ANOVA. Correlation coefficient was used for
expressing relationship between different variables.

Result

Tree Layer Analysis

S. robusta and P.roxburghii were the dominant
species in the selected site with densities of 212
trees/ha and 141trees/ha respectively. The stand
was open and trees were young, consequently the
total basal area was small (11.89 m?/ha). A few
scattered trees of Pyrus pashia and Sapium insigne
were present. The high number of saplings (840/ha
of S. robusta and 1317/ha of P .roxburghii) indicates
both the species were regenerating well in the site
despite human disturbance. Seedlings were present
but were less than sapling number (Table 1).

Table 1: Tree layer analysis of S. robusta and P. roxburghii

Density (ind./ha)

Total Basal Area (m?*ha)

Species Growth Stage

Shorea robusta  Tree 212
Sapling 840
Seedling 558

Pinus roxburghii  Tree 141
Sapling 1327
Seedling 698

5.99
0.2016
2.52
5.9
0.5042
1.39

Tree Water Potential

S. robustatrees had pre-dawn ¥, ranging -0.18+.03
MPa to 0.83+0.01MPa during year one and
-0.29+0.01 MPa to -0.67+0.04 MPa during year two.
The mid- day ‘¥, ranged between -0.25+0.02 MPa
and -1.27+0.04 MPa in year one and -0.62+0.03
MPa and -1.18+0.03_MPa in year two (Fig. 1). The
maximum daily change (A=Y _, - ¥ ) was during
the summers of the first year and spring of the
second year, the values being 0.55 MPa and 0.51
MPa respectively. The daily change in water potential
was negligible during the rainy season (Fig. 1).

P. roxburghii trees had Yo ranging from -0.27+.02
MPa to -1.5+0.02MPa during year one and
-0.36+0.03 MPa to -1.3+0.07 MPa during year
two. The ¥ , ranged between -0.39+0.01MPa
and -1.93+0.06 MPa in year one and -1.02+0.03
MPa and -1.47+0.04 MPa in year two (Fig. 1).The
maximum daily change was during the spring season
in both the years, the values being 0.79 MPa and
0.75 MPa respectively. The daily change in P
roxburbhii was minimal during the peak summer
time. The comparison of S. robusta with adjacently
rooted P.roxburghiitrees indicated that of 11 predawn
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water potential values 10 were higher for S. robusta.
However, T-test between pre dawn water potential
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of P.roxburghii and S. robusta were not significantly
(NS) different.
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Fig. 1: Variation in predawn and midday water potential in S. robusta
and P.roxburghii across different seasons

ANOVA showed that water potential (both Yo and
V) varied significantly across species season and
year (P<0.01). The interaction between species and
year, species and season, year and season were
also varies significantly (P<0.01).

Water Potential Components

Using pressure volume (PV Curves) osmotic
potential components and relative water conetent
(RWC%) of twigs were estimated in four seasons
namely monsoon, autumn, winter and early summer
season.

The values of osmotic potential at full and zero turgor
remained more or less constant for S. robusta from
monsoon to winter and then declined during early
summer by -0.50 MPa (from -1.6 to -2.1MPa) and
-0.40 MPa (from -2.5 to -2.9 MPa) during the period
of maximum osmotic adjustment (winters to early
summer) (Table 2)

P. roxburghii showed a gradual decline in osmotic
potential values from monsoon to winter season in

osmotic potential at full turgor. The osmotic potential
at zero turgor showed a much greater decline of
-1.4 MPa. The osmotic potential at zero and full
turgor showed a rise thereafter in early summer. The
osmotic potential at zero turgor values declined from
-1.3t0 -2.7 MPa (Table 2).

In S. robusta and P. roxburghii the values of relative
water content (RWC%) were fairly stable. In S.
robusta the values ranged between 77.5% and
85.7%. It declined slightly from monsoon to autumn
and then rose slightly in winters. In P. roxburghii
the values of RWC(%) ranged between 74.3% and
86.1%. The species showed more or less similar
seasonal pattern of relative water content. It declined
continuously from monsoon to winters and then rose
in early summer (Table 2).

ANOVA showed that osmotic potential (at full and
zero turgor) and relative water content (%) varied
significantly across species and season (P<0.01).
The interaction between species and season, also
varied significantly (P<0.01).
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Table 2: Season changes in Osmotic Potential at full turgor andat
zero turgor and relative water content at zero turgor (RWC%) in S.
robusta and P. roxburghii.

(The value represented are mean of two years)

Seasons Water Potential Components

OP Full (MPa) OP Zero (MPa) RWC (%)
S.robusta
Monson -1.6 +0.3 -2.5 +0.1 85.7 7.5
Autumn -1.7 £0.2 -2.4 0.1 77.5 £5.6
Winter -1.7 0.2 -2.1 0.3 84.6 +8.0
Early summer -2.1 +0.5 -2.9+04 80.9 +10.2
P. roxburghii
Monson -0.9 0.1 -1.320.2 86.1 +8.4
Autumn -1.5+0.2 -2.6 +0.6 80.0 +7.6
Winter -1.8+0.4 -2.7 0.3 74.3 +11.2
Early Summer -1.4 £0.2 -1.8 0.3 75.3 +10.4

Soil Water Potential
Across both the years at 10 cm depth the soil
water potential ranged between -0.38+0.02 MPa

and -4.80+0.03 MPa. At 60 cm depth the soil water
potential ranged between -0.19+0.01 MPa and
2.77+0.02 MPa (Fig. 2)

Soil Water Potential (-Mpa)
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Fig. 2: Seasonal Change in soil water potential (-MPa) at 10 cm and 60 cm soil depth

In year 1,soil water potential remained high from
autumn to spring and then declined conspicuously
in early summer to rise sharply thereafter until rainy
season. In second year soil water potential declined
from rainy to winters, increased during spring,
declined moderately during early summer and then
increased during later half to summer. The most
negative values occurred in early summer in both
years (Fig. 2).

ANOVA showed that there was no significant
variation in soil water potential across years however,
it varied significantly across seasons (P<0.01). The
interaction between year and season also varied
significantly (P<0.01).

Leaf Conductance
The instrument AP4 type diffusion porometer could
not measue the leaf conductance of conifers hence
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the conductance of only S.robusta was measured.
Leaf conductance was measured over five seasons
autumn, winter, spring, early summer and summer
over a period of two years. Across all the seasons
the morning leaf conductance varied between
82.5+6.25 and 563.6+63.8 m mol m2sec”. The
afternoon conductance varied between 70.63+5.69
and 248.5+5.19 m mol m2sec™ (Fig. 3). The morning
and afternoon conductance was lowest during
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early summer of Yr2 and highest at autumn of
Yr1. Across all the seasons and years the morning
leaf conductance was higher than the afternoon
conductance. ANOVA showed that morning leaf
conductance and afternoon leaf conductance varied
significantly across years and season (P<0.01). The
interaction between years and season, was also
significant (P<0.01).

Early Summer
summer

Seasons

Afternoon

Fig. 3: Seasonal pattern of morning and afternoon leaf conductance (m mol m2sec™) in S. robusta

Discussion

The study site is characterised by an approximately
three-month period of heavy rainfall and warm
temperature from mid-June to mid September,
and nine months of light rainfall or no rain with
long stretches of drought. Moisture conditions of
these forests would also be impacted due to global
warming and climate change. S. robusta maintained
relatively high predawn water potential even in
summers when day time temperature was very high.
The deeper soils which provide a large soil moisture
pool seemed to serve this deep rooted species S
robusta well during the summer drought. The pre-
dawn shoot water potential of deep rooted species
is higher (less negative) than shallow rooted ones as
soil water availability is higher at lower depths.'®” On
the other hand the P. roxburghii showed low predawn
water potential during early summer and summer
season (-1.4 and -1.5 MPa) and the daily change
declined with increasing stress (0.33 MPa and 0.27
MPa) indicating the ability of P. roxburghii to close
its stomata as drought intensifies a strategy useful
for encroaching in to new sites poor in moisture.
The species appears to have a clear strtegy for
drought avoidance. Evidently, if adaptation to the
existing level of drought were the main determiner

of competitive outcome, P. roxburghii would out
compete S. robusta. Subsequent to disturbance
P. roxburghii is expanding in transition sites where
the species comes up at the cost of broad leafed
species.? In S. robusta winter to spring time rise
(-0.46 to -0.83 MPa) in tree water potential was a
pronounced feature which coincided with the timing
of maximum phenological activities. Similar results
was also observed by'2 in low altitudinal species of
Himalayan region. The daily change in P.roxburghii
which indirectly represents ability to keep stomata
open and conduct water freely, tended to decrease
in dry season. The summer time decline in predawn
water potential was sgnificant in P. roxburghii and
absent in S. robusta. The deep roots and deep soil
seem to explain the stable predawn water potential
of sal.

The conductivity of leaf surface to water vapour
is an important integrator of the plant water
conditions.'® Daily pattern of leaf conductance
vary along environmental gradients'” and with
succession.'® There was a significant decrease in
leaf conductance during the peak summer time in
S. robusta. According to'® the upper canopy species
have maximum mean conductance 294 m mol m2
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sec” which is slightle higher than that of 211 m mol
m2sec for seasonal tropical forests. In the present
study the maximum conductance of S. robusta was
563.6 m mol m2 sec™ which is marginally higher that
the conductance of Hopea ferrea (510 m mol m?2
sec) by.2° Leaf conductance appeared to be related
to leaf development, because it decreased in early
summer and in summer, when leaves expanded and
matured. After replenishment of soil water during the
rainy season leaf conductance was high in autumn.
Similar results were also observed by.?!

Conclusion

It is difficult to explain species distribution on the
basis of their adaptation to water stress alone.
Several other environmental factors may contribute
to their regeneration and distribution®2% S. robusta
was not subjected to severe water stress across
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all seasons. Sal is known to repeatedly die-back
at seedling stage when the tap roots are unable
to penetrate into deep soil with favourable water
conditions. It is quite likely that it is affected by
water deficiencies only at seedling/ sapling stages
and once its root system is fully entrenched into
deeper soils it is not subjcted to water stress. The
shallow rooted P. roxburghii avoids severe water
stress by closing stomata when water stress is high
particularly during the summer drought.
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