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. Of late, Eucalyptus has become
a very controversial species for
- afforestation in' India due to its
reported high ~water consumption.
Dabral {1970), for Fucalyptus citrio-
dota, Chaturvedi {1983), and
Chaturvedi, Sharma and Srivastava
(1984) for Eucalyptus hybtid h a ve
reported higher water consumption
in comparison . to other species,
but all the authors.have reported
least water consumed per unit
weight of dry “matter produced.
Thomas ¢t ab (1972) have reported
the annual transpiration rate of
Eucalyptus globulus in Nilgiris to be
about 34,75 em, Daebral and Raturi
(1983), reported that water consump-
tion in Eucalyptus hybtid at field
capacity was nearly six times
higher than at 1/3 field capacity.
Whereas water consumption by
Eucalyptus hybtid and Eucalyptus
_camaldulensis were nearly the
same Eucalyptus tereticotniy  under
" water stress condition produced more
‘btomass compared to other Eucalyp-
"tus species. Rawat et al.(198B4),
reported that in water  stress
g el
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| Introduction ) conditions Eucalyptus cuts down its

transpiration and that the dry
matter production is not seriously
affected. Mathur and Raj (1980},

~ Raj Mathur end Raj Gopal (1584)

and Mathur, Raj and Raj Gopal
(1984) have reported that Eucalyptus

is a shallow rooted species, confined

to a depth of about 3 metres
and no edverse effect on hydrologi-
cal cycle due to planting of blue
gqum was revealed, nor there was
evidence that local ground water
and soil moisture regime and
water quality have been upsset
adversely in Nilgiris. Kaul and
Negi (1979), found Eucalyptus tereti-
cotnis and Eucalyptus hybrid having
comparative lower transpiration
rates compared to other four
specles, Ghosh et al. {1978), and
Tiwari and Mathur (1983) have
reviewed the subject and opined
that Eucalyptus plantation in
India have a big role to play in
Indian Forestry.
. i

Studies carried out in 3m X3m X
3m R.C.C. lysimeters with Eucalyptus
hybrid upto an age of three years
at New Forest, Dehra Dun are !
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rébofte& in this'papér.'

Matevial and Methods

Four R.C.C. lysimetéra, BGm -

X3 m X 3 m, each) with provision
-for collecting drainage at the
bottom were = constructed. The
lysimeters all round were surrounded
by trees. Adequate , slope was
provided in the floor of the lysi-
meters for quick drainage of
water, The inner walls and floors
of the lysimeters were cemented,
plastered and painted with a thick
layer of bitumen to prevent leakage

of water. A 15 cm layer of gravel
followed by a 15 cm layer of
sand was spread on the floors

of lysimeters a&nd soil dug from a
nearby chir-pine forest was filled,
to the extent possible in its natural
profile, leaving approximately
5 em from the top, during the
summer of 1978. Five six month
old Eucalyptus hybrid seedlings were
planted in each lysimeter during
the ensuing rains. Some fresh
soil had to be filled after the
~ first showers to bring the soil
to its original level in the lysimeters.

. Soll moisture determinations
were made within 5 cm at30,.60,.120
and 200 cm of soil depths. This
was done as during summer months
it became practically impossible
to extract the scil samples from

~surface up to 200 cm depth and-

recourseé had to be taken to take

the samples from the window
constructed in the walls of the
lysimeters. After taking the
soil samples the windows were

again sealed. ‘

. Rainfall’ was ‘récorded by
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a raingauge installed nearby.
Monthly rainfall has been calculated
between the two dates of soil
moisture sampling.  Soil moisture
sampling was usually done between
5th and 10th day of every month.
For detertmination of soil moisture,
4 to 6 sampies were drawn from
each depth; values averaged between
two consecutive soil depths gave
soil moisture content for
the profile in question. Soil moisture
for top layer (0-30 cm) was assumed
on the basis of total rainfall receiv-
ed immediately before the soil
moisture sampling as (1) rainy
season or heavy rainfall immediately
before soil moisture sampling
25% soil moisture (field capacity).
(2) Semi dry period (winter and
autumn).  18% soil moisture. (3)
rainfall .
stantial but the days before actual

soil sampling were dry - 12%
soil moisture. (4) Dry periods
or light rainfall many days before
actual soil sampling - 8% soil
moisture. (5) Very hot or dry
- season and rainfall very scanty-
6% soil moisture. - Bulk density
was determined at the close of
the experiment for the natural
hardiness to reappear and also

not to disturb the soil mass during
the experimental period. Potential
evapotranspiration was calculated
after Thornthwaite and Mathur (1955).

Soil moisture (%)} was converted
into mm of water using Bulk density
as Soil Moisture (%) X Bulk density
X 30.50 X 10/ 100.

The field capacity and the

wilting point of the soil were
25% (24.75) and 9% (B.66). When
the . total soil moisture of

the

was sub- '
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: profile exceeded the field ,capacity

" for- the plants,

i.e. 25% (677.3 mm), 677 mm
of water was considered available
the excess being

assumed as drainage. The year
" has been divided into . three
seasonsy winter (15th Oct. to

- was

~data was skipped and bracketted .

Summer (15th Feb.
and Rains (15th

14th Feb. ),
to 14th May)
May to 14th Oct.)

.-, Evapotranspiration has been
" calculated as

Evapotranspiration

(E.T.} = (Rainfall + -Soil moisture
in the preceeding month) - (Present
soil moisture + drainage + run
off).

. Run-off was assumed as 1/4
of rainfall during Sept. and Oct.
1978 due to inadequate height
of wall above the soil surface
to prevent water from over-flowing
and 1/5 in the subsequent years
when the walls were raised. Drainage
measured atleast
day, in the morning and evening
in c.c. Under conditions when
the soil moisture content exceeded
that of the previous month, the

with that of the following meonth.
Such cases were very few and
confined to within the prescribed
season.

 eutts and Diseasiion
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) Water consumption from the
lysimeters has been estimated
at " two soil depths (i) surface
to 245 cm (0-245 cm) to account
for the entire water loss from
the trees (transpiration) and evapora-
tion. (E) losses from the soil, which
gradually - decreases with drying
of -l?il,' a stage beinqg reached

I IVR,

" Water consumption by Eac;.alqptaa hybrid o

- of soil

twice a

- higher
the winter of 78-79, thereby making
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~ when 'é'vapdtr'ahsp;ira'ruon (ET),

becomes equal to transpiration

‘and (ii) 30-245 em depth to cut

off evaporation from the soil
surface ‘and assess the transpiration
losses only from the trees as
it is well known that evaporative

factors do not work beyond 30
cm soil depth. However, this
estimate will naturally by less,
since rooting in Eucalyptus  occurs
within the first 30 cm soil depth
also and water absorption by roots

takes place from the zone it
is readily available. Thus an esti-
mate of soil moisture lost as
-assessed. between these two sail

‘profile depths may be the actual

water consumption by Eucalyptud
trees. Williams and Coventry
(1979) have shown that the study
water regime will give
a8 good insight inta the hydralogy
of the area.

Water consumption in 0-245
¢m soil depth were higher during
winter (703 mm) and summer
(495 mm) of 1978-79 compared
to 1979-80 (656 and 248 mm respec-
tively). This is because of the
rainfall received -during

more soil water available for
evapotranspiration. Water consump-
tion during rains of 1980 exceeded
that of 1979, chiefly because
of the higher rainfall and lower
evaporation compared to the previ-
ous year. The ratio of the water
consumption between these two
depths ranged bytween 1.29 to
1.63 (maximum being 2.21 met
in summer of 1980, due to higher
evaporation rates) with an average
value of 1.40. Water consumption

" ranged from 370 mm to 579 mm



and 566 to 775 rmim for 30-245
and surface to 245 cm soil depths
respectively during winter. The
corresponding figures for summer
were from 37 to 384 mm and
173 to 527 mm and for rains
from 761 to 1150 mm and 1041
to 1464 mm. However, water
consumption for 12 months during
78-79 and 79-80 at both the depths
showed marginal differences.
Water consumption of 36 month
old Eucalyptud hybtid during the
last 27 months ranged from 5001

te 5081 mm and 3588 to 3640
‘mm for the soil depths 0-245
em and 30-245 cm respectively,

mean values being 5054 and 3621
mm (Table 1). It will be seen
that” the water consumption from
30 to 245 cm depth was sightly
lesser than the rainfall received.
However, water consumption
from surface to 245 cm depth
exceeded the rainfall at the expense
of the previously stored soil moisture
(Table 1)

. Water ‘consumption was 56,
17 and 27 per cent of total water
consumption ,for soil depth 0-245 cm
end 60, 14 and 26 per. cent for
 soil depth 30-245 cm during rains,
summer and winter respectively
(Table 2). It is thus seen that
maximum water consumption
took place during rains, followed
by winter,
the availability of soil water
coupled with favourable conditions
for evapotranspiration. However,
it will be appreciated that mere
favourable conditions for evapotrans-
piration without adequate soil
water, kept the water consumption
at the lowest as observed during
. summera. The data can be divided

“ Indian Forester

"and 0.71 to 1.70,

chiefly because of

P
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in two “parts, oné winters' where
high soil moisture content exists

~from a previous recharge or/rains

where it is due to the current
soil moisture recharge and the
other during summers with scanty
previous or current soil moisture .
recharge. The crop ‘factor (ET/PE)
ranged between 2.27 to 2.47 and 3.18
to 3.84, average values being 2.35
and 3,44 during winter, 0.32 to 1.20
average _values
being 0.72 and 1.16 during summer,
1.51 to 1.86 and 2.0 to 2.40, average
values being 1.68 and 2.20 during
rains for 30-245 and 0-245 cm
soil depths respectively (Table
2). This shows the cutting down
of transpiration by Eucalyptus hybrid
during unfavourable periods, Such
instances have been reporied
elsewhere also (Rawsat et al,, 19843 -
Greenwood and Beresford, 1979).
Riekerk (in press) has laid importance
on crop factor (ET/PE), suggestive
of the effects of available soil
moisture on transpiration.

The Leaf Area Index (LAI)

“in this experiment was 3.7, A number

of factors viz
(LAD,
(rb),

- Leaf Area Index
‘Boundary layer resistance
stomatal ~ resistance (rs),

~ albedo are related towards transpira-

tion losses (Dunin and Mackay,
1982).- Greenwood and Beresford
(1979) opined that in Eucalyptus total
leaf ~ area did not significantly
affect transpiration per tree and
that the average area of a leaf
did not significantly influence
transpiration per unit leaf " area,
nor was the boundery layer resistance
g significant factor and that stomatal
resistance may likely affect the
transpiration behaviour. In eucalypt,
minimal stomatal resistance ranged
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Water Consumption by Eucalyptus hybrid
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between 100 to 200 sm™! compared
to conifers where it ranged from
200 to 300 sm™' (Connor et at,, 1977
and Sinclair, 1980) cited by Dunin
and Mackay (1982). The values
of salbedo were between 0.10 to
0.20 for conifers and 0.15 to
0.19 for broad-leaved forests
(Rutter, 1968). It can be reasonably
sald that with high soil water
and 8 well developed canopy,
the transpiration rates will be
directly related to net radiation
received. In a model study at
Lidsdale (Dunin and Mackay, 1982)
eucalypt vapour loss between
20 Feb. 1969 and 19 Feb. 1971
was 1346 mm.

The higher values of ET/PE -

“in winter may be expleined due
to greater availability of soil

moisture from the preceeding
raine and the lower evaporation
rates. Although soil molsture

recharge is maximum during rains,
ET/PE ratio are of a lower order
mainly because of the high evapora-
tion rates. During summer ET/PE
ratios are - minimum because of
lower availability of soil moisture
and high evaporation rates.

: . Thus water consumption during
. rains, summer and winter by Eucalyp-

. tus may reflect upon its consumptive

behaviour in hot humid, hot dry
- dnd cool hurmid climates. In summer,
soil evaporation is practically
negligible due to quick heavy
depletion of soil moisture from
the top layers, evapotranspiration
may be practically the same as
 water lost by transpiration. Consider-
ing only 3 months- (March to May)
of summer, the cumulative amount
of water consumption was 14%

Water Consumption by Eucdlypfu& hgb’ii&l -

‘that a  reduction

- when
rate is low then when it is high.
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of the total water lost as against
60% during rains and 26% during
winter (Table 2)

It will be seen that whereas
the evapotranspiration values
(% of total water consumed) were
practically the same, 26 and 27%,
during winter, it was 14 and 17%
during summer and 60 and 56%
during rains for the two seid soil

depths respectively, The lower
percentage (56%) in 0-245 on
soil depth against 60% in 30-245

on soil depth may be due to higher
soil moisture in the lower layers
of soil mass due to hydraulic conduc-
tivity and the occasional drying,
of moisture in the top soil layers
due to bright sun-shine in between
rains. A higher percentage (17%)
of. soil maisture depletion from

'0-245 on depth against: 14% from

30 to 245 on soil depth in summer
may be due to continucus depletion
of soil moisture at slower rates
from the surface layers to below
wilting point moisture content
(Stibbe, 1975). ‘

Soi! 'moisturé during rains
and winter is readily available
for consumption. But the potential
evapotranspiration (PE) during
rains is of a much higher order
than in winter. This is reflected
in more consistent values of ET/PE
during winter than in rains (Table
2). Rutter (1968) citing Denmead
et al.(1962) and others has suggested
in soil moisture
reduces transpiration and that
the actual to potential transpiration
ratios remain constant over a
wider range of avsilable soil water
the potential transpiration



4y, The eanalysis of variance shows
a very high correlation between
seasons and water consumption
by Eucalyptus hybrid (Table 3)

Gtowth behaviour = ... 7 ,
.. The growth béHébion’ was
meéasured by two parameters,
monthly linear and radiali increments
upta February 1980, The observations
had to be stopped after February
1980, as the height of the trees
could not .be measured accurately
due to their lodging. Monthly
increments of dry weight were
not recorded due to lack of more

lysimeters to grow Eucalyptus| trees.

During March and September
a decrease in diameter growth,
compared to the previous  month,
was observed. No clear trend
in diameter increment in the four
lysimeters, was observed. In general,
maximum diameter increment
took place between April and
August and in February. In isolated
cases it even occurred in November.

Yhe data is given in Table 4.
Maximum linear increment took
- place in November 1979 and as

in Navember 1978
alsa, The next lower linear incre-
‘ment took place in the months
of April, May and June followed
by in July, August,
and October. Linear increment
in March was nearly similar ' to
,as in October. Minimum linear
-increment was met .in the months
of December, January and February
“{Table 5). :

per indications

D rmttu pwductwu U&. wm{

consumption
. Agaimst “the 34 396. 27, 1Dﬁ,

30.942 and 31.570 kg of dry matter

Indian Forester E

‘ produced

. under

September-

“[Décemfb:e:l"‘,

in these
lysimeters, 3640 (5081), 3630 (5 67),
3626 (5066) and 3588 (5001)

of water were consumed - from
30-245 cm  (0-245 cm) of soil
mass. Since the roots were not

extrected in this study, an estimate
of root mass was made on the
basis of a. previous work (Dabral,
1970). The respective dry matter
produced for the whole plant
{including roots) were 43.245,
37.341, 42,629 and 43.494 kg.
Thus the water. caonsumed per
kg of the dry matter produced  for
the aboveground shoot and (whole

plant) were 116 (84), 134 (97),
117 (85) and 114(82} mm for 30-245
em soil depth. The respective

figures for 0-245 cm soil depth
being 162 (117), 187 (136),164 (119),
and 158 (115), mm of water. 122 mm
of water was consumed to produce
1 kg .of dry matter for the whole
plant. It comes to 167 mm when
we consider the utilised above-
ground portion, leaving the roots
in the soil, for 0-245 em
soil depth, The data is presented
in" Table 6.

The data reveals that Eucalyptus
cansumes a fairly large amount
of water (Table 1 and 2). Dabral
(1970} and Chaturvedi et al. {1984)
have shown that Eucalyptus produced
maximum dry matter against unit
volume of water consumed, " 8mongst
the tree species studied. Growth
in terms of dry matter production_
is the outcome of gaseous exchange
involving transpiration, growth
rate offers a ‘fmeans for inferring
the transpiration regimé (Dunin
and Mackay, 1982). Lima (1984),
reviewing the work oh transpiration
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and evapotranspiration- on eucalypt

species hes remarked, that the
transpiration rates per tree vary
lamong eucalypt species between

20 litres per tree per day to 40
litres per tree per day. Evaporation
rates from Eucalyptus forest in field
condition appear tc vary 1.55 mm
per day in winter to .00 mm per
day in summer. The majority of
eucalypt species possess socme
mechanism to control transpiration
druing drought stress. Average
catchment  evapotranspiration of
a well stocked -eucalypt forest
is probably around 1000 mm per
year in rainfall regimes in excess
of 1200 mm per year and approxima-
tely 400 mm per year when the
rainfall regime is .of the arder
of 500 mm per year {Lima, 1984).
For wetter regions evapotranspiration

increases eventually reaching a
value of 1500 mm per year for
tropical eucalypt forest of lower

latitude. Evapotranspiration calculated
at this end for two years (1978-80)
in 30 to 245 cm soil depth ranged
between 1630 to 1652 mm per
year, values which should be consider-
ed fairly high against an average
annual rainfall of 2042 mm. As
stated by Stewart (1981) the concept
" of potential evapotranspiration does
‘not  apply to forests, as
the conopies are wet (interception)
the latent heat flux (evaporation)
“is frequently greater than the
net input of radiational energy.

. In contrast to the earlier
findings (Dabral, 1970) of 1.4 mm
of water being consumed, under
unrestricted supply of water (potential
evapotranspiration) to produce
1 gram of dry matter in Eucalyptus
cittf'odom,- only 0,122 mmofwater

.4 . Indian Forester

when

| {December,

have been utilized by Eucalyptud
hybud to produce 1 g of dry matter
under rainfed condition. This also
suggests the capability of Eucalyptus
species to cut down their water
consumption  under moisture stress
conditions, as well as of their cepabi-
lity for luxury consumption under
plentiful water availability. It
may be mentioned here that Eucalyp-
tus citriodora and Eucalyptus hyb1id
may not be differing much in their
water consumption behaviour.
However, the gain in water economy
under soil water stress is lost
in terms of time in producing dry
matter (Dabral and Raturi, 1983).

It may be mentioned here
that in an earlier study made with
Eucalyptus tereticownis in 3 x 3 x 3m
lysimeters, it was observed that
even though the root density (L/0)
was low, say between 0.00015
to 0.00020, the tap roots had penetra- .
ted to a depth of 245 cm, the
average length-of the roots ranging

between 150 to 200 cm within
24 months. The root - characters
are presented in Table 7. Dabral

et al.(unpublished) studying the
root spread in a 15 year old Eucalyp-
tus hybuid plantation at New Faorest,
Dehra Dun observed root penetration
upto 3.55 m. Under hard compacted
soil (bulk density 1.5), a clustered
root system of about 2 m depth
with no distinct tap root was
observed and due ta the hardiness
of soil the roots got badly fused
with each other. Root within 30
cm depth, parallel to the ground
surface were also observed. Carbon
et al (1980) working in eucalypt -
forest in Western Australia, have

- epined that the flow of soil water

to roots is related to the distribution
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of root length pér unit soil voiume,
~root system drawing water from
deeper parts of the soil when the
surface horizon dry and water
becomes ‘unavailable there.

(i) Evapotranspiration in 27 months
by three years old Eucalyptus hybrid.
trees renged from 5001 to 5081
mm. The corresponding soil moisture
loss from lower soil depths beyond
30 cm was between 3588 to 3640
mm. As such, -the real water consumed
by Eucalyptus trees should be some-
where between 5054 and 3621
mm. Water consumption from 30-245
cm soil depth was slightly lesser
than the rainfall received,

(i) Water consumption was 56, 17
and 27 per cent for soil_depths
0-245 and 60, 14 and 26 per cent
for soil depth 30-245 cm of the
vearly water consumption during
rains, summer and winter respectively.

(iii) The average values of the
crop factor (ET/PE) were 2.35
and 344 during winter, 0,72 and
1.16 during summer, and 1.68 and
2.20 during rains for 30-245 and
D-245 cm 'soil depth respectively.

(iv) Matimum linear increment
took place in November followed
by April, May and June, the next
lower pace of increment being

met in July, September and October,
whereas it was equal in March
and October. ‘

(v) Maximum diameter increment
took place between April and August
and in February,

Water Consumption by Eucalyptus hybud , .
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T
{vi) Water consumed per kg dry
matter produced, based on the
whole plant, was 122 and 87 mm
.for 0-245 and 30-245 soil depth
-respectively. Since during harvest,
‘orily the  aboveground portion

is extracted; water utilised works.

out to be 167 and 120 mm for

0-245 and 30-245 cm soil- depths

respectively.

{vil) The ~3tudy'sho'\ﬁved ihat Euca;lyptub

consumeéed
of water.

fairly large amount

(viii) The tap roots of two years.
oid Eucalyptus tereticron's in * lysi-
meters penetrated to & depth of
245 em, the average length of
the roots ranging between 150
to 200 em. In a8 15 year old planta-
tion of Eucalyptus hybrid
penetrated upto 355 cm depth.
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Sdﬁmaty

- The peper presents the results of
water conmsmption by Eucalyptis hybrid
trees during the last 27 months In Jm
x 3m x 3. RC.C. lysimoters, Water con—

sumption from 30 to 245 cm depth was -
slightly losser than the rainfall received, '

sithough water comsumption from the entire

"ﬂ'h’u'(n—ﬂs‘dm-)mmthdﬂu’
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