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Annexure -~ I1

Methodology and Results
The following research progress has been made since the inception of the project.

1. Selection of Candidate Plus Tree (CPTs)

2. Vegetalive propagation of CPTs

3. Clone bank assemblage

4, Mass multiplication of assembled clones

5. Field testing for biodrainage efficiency
METHODOLOGY

1) Selection of CPTs

About 41 candidate plus trees (CPTs) were selected from nine sources viz.,
Ramanathapuram, Nagercoil, Tiruchendur, Mettupalayam, Sivagangai, ITC clones, Ariyalur,

Pudukottai and all clones have been selected by adopting the following methodology.

a)  Base population varfability study

In all the six locations, the natural vartability exhibited by the populations was studied by
placing sample plots. A sample plot size of 10 m x 8 m was placed in the plantation, likewise
three sample plots were placed randomly in a population, Ore plot has accommodated 20 tress
and in all the 20 trees height, diameter at breast height (DBH), volume upto DBH ahd total
volume were estimated. Besides, the physiological characters that dictate biodrainage efficiency
were also measured, The physiological characters like transpiration, photosynthesis, stomatal
conductance and inter cellular CO; concentration (CINT) were measured in all 20 trees in a
sample plot. Using these data, the population variability in terms of mean, standard deviation,
coefficient of variation and range (minimum, maxinum) were estimated. The above p'arameters

were worked out by the following methodologies.







Statistical values of the base population

The characters of the base population in terms of its statistical values viz., mean, range
(minimum and maximum) standard deviation and coefficient of variation were calculated using

the method given by Goulden (1952).

Mean

Mean of a plot was calculated by dividing the sum of all observations with the total

number of observations,

X
Mean of a plot (M) = ------
n
where
¥ X — sum of X character
a —number of observation
M| + My + naMs
Plantation mean = ------
- where

M, Mz, M5 are mean of sample plots 1, 2, 3 respectively

ny, nz, n3 are number of observations / tree respectively in 1, 2, 3 plots




Range

The difference between the minimum and maximum values for all characters in all the

sample plot.

Standard deviation (SD)

The standard deviation is the square root of the arithmetic average of the squares of

deviations from the mean.

S.D. of sample plot = V  —eeamemmene
}

where
x; = individual observation
'x = mean of the sample plot

n = number of observations in the sample plot

a) Selection of candidate plus trees (CPTs)

All the plantation sources subje"cted for selection are in the coastal areas of Tamil Nadu
as it has been proposed in the project proposal. In ail the sources the plantations were selected in
such a way that they were raised in the very high water fable area. However, few locations like
Sivagangai and Mettupalayam sources are from inland sources. Besides, already clonal
assemblage of ITC at Forest College and Research Institute, Mettupalayam has aisq been

subjected for selection.
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The selection of CPTs was done in following two phases:

1) Selection of CTs
it) Selection of Candidate Plus Trees (CPTs)

D “Selection of CT's (First Phase Selection)

In the first phase, Candidate Trees (CTs) were selected and in the next phase CPTé were
selected from CTs. Before selecting the CTs in the base population, the entire plantatién was
thoroughly perambulated to study thé status of tree growth in relation to the variation in
topographic and edaphic characteristics. Based on Gardne (1961) recommendation, the entire
plantation was divided into grids to check the soil heterogeneity. In each grid, phenotyﬁically
- superior trees with good height, collar diameter (CD), diameter at breast height (dbh), clear bole
with high self pruning capacity, fewer number of branches and with no pest and disease
incidence were selected. The selected trees were serially’ numbered and were designated as
Candidate Trees (CTs), These selected CTs were subjected for measuring various growth and

physiological traits as described below.

1 Physiclogical parameters
i) Transpiration
if) Stomatal conductance

iify  Photosynthesis
v) Internal CQ, concentration (CINT)

2) Growth parameters
i) Height
ii) Diameter of breast height (DBH)

iii)  Volume up to DBH

T Total volume




The above physiological parameters were measured using portable photosynthesis system

CID, Inc (made in USA).

Selection of candidate plus trees (CPTs) (Second Phase Selection)

During the second phase of selection, the CPTs were selected from CTs. The following

methodology was followed to work out the selection index for selecting CPTs,

Total tree volume

Total tree volume was calculated using quarter girth formula as described by Chaturvedi
and Khanna (1982).

Total tree volume = (g/4)* x 1 (m”)
where
g= G_irtﬂ at breast height (m)
1= Tree height (m)

Volume upto DBH

Volume upto DBH is the volume of bole from the ground level to the height upto 1.37 n.

This was calculated using Smalian's formula given by Chaturvedi and Khanna (1982).
S +8,
Volume up to DBH = «wuvuunaee x 1 (m?)
2
where
s.l = (BD/2)? x © (e?) (BD = basal diameter)
S, = (DBI/2)? x 7 (cm®) (DBH = diameter at breast height)

| = 1.37 m (breast height length)




Working of weightage of traits

Correlation coefficient was worked out by keeping transpiration as dependent character

and all others as independent characters.

Corretation coefficient ' Covariance X;.X,
(Weightage) =
oXi . 0X;
Where,
X Covariance of transpiration of tree

X,  Covariance of i character of tree
X Standard deviation of transpiration of that tree

th

X2 Standard deviation of i character of that tree

Like wise, the weightage will be worked out for transpiration vs all other characters

which are mentioned earlier,

Selection index

Using multiple regression, the following selection index will be developed.

ST i: X iRy st XoRezg) + XsR 5+ XaRpgy + XsRs9) + XeR (58 + X7R 7.0 7 XsR (5.8

Where,

X Stomatal conductance

X, Photosynthesis

X3 Internal CO; concentration (CINT)
Xy Height

X Diameter at breast height (DBH)

L]
]

X5 Tree volume




X7 Volume upto DB

Xg Transpiration

Rqyg Correlation coefficient for stomatal conductance Vs transpiration

Rpg Correlation coefficient for photosyntheéis Vs transpiration

Rag Qorrelation coefficient fgr internal CO, concentration (CINT) Vs transiairation
Rus Correlation coefficient for height Vs trapspiration

R sy Correlation coefficient for diameter at breast height (DBH) Vs transpiration

R 63 Cerrelation coefficient for free volume Vs transpiration

Ry Correlation coefficient for volume upto DBH Vs-transpiration

R gg Correlation coefficient for transpiration Vs transpiration

The tree scoring highest selection index was selected and has been designated as
Candidate plus trees (CPTs) v

L]

b) Vegetative propagation of CPTs

The candidate plus trees (CPTs) of Euca!yptus tereficornis that have been already
selected from five different locations viz., Nagercoil, Sivagangai, Ramanathapuram Tiruchendur
and Mettupalayam were mass multiplied through two nodal cuttings collected from the coppice
shoots of selected CPTs. Coppice shoots were collected from the selected CPTs with two nodes
and the leaves were half pmned to avoid water loss. The exercised nodal cuttings were
transported to propagation chamber by placing in a gel of Jalsakthi kept in ice boxes. In the
propagation chamber, the two nodal cuttings were washed thoroughly with sterile water at
propagation chamber and soaked in 0.1 per cent Bavistin for 30 minutes to avoid pathogenic
infection. The basal cut end of the cuttings was dip-smeared with IBA (Indole Butyric Acid)
4000 ppm powder concentration (and planted in poly cupsﬁlled with presoaked verm.icuilite as
rooting medium. The poly cups were kept inside polytunnels under shade net environment
condition. The polytunnels were placed on a leveled surface filied with sand to a depth of one
foot. The sides of the tunnels were tightly tucked with sand after keeping the poly cups in to the

tunnel, The humidity inside the polytunnels was maintained at 80 to 85 per cent by misting with
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water in to the tunnels by opening thée sides of the tunnels. Depending on the weather ¢ondition
and season, the shade for polytunnels was regulated with single layer or double layer shade net in
the hardening chamber. The plastic cups with cuitings were assessed for rooting after 20-25 days
of plaating. The rooted cuttings were transplanted to polybags filled with pot mixture (sand: soil:
FYM in the ratio of 1:1:1). After ensuring the good establishment of the rooted cuttings .in the
‘polybags, the hardening of cuttings was done in three phases. Initially, the rooted cuttings were
hardened inside the hardening chamber under double layer shade net; secondly, the hardened
clones were slowly moved to the single layer shade net inside the hardening chamber. Finally,
the clones were moved outside the hardening chamber to expose them for full sunlight. After

three months of hardening in full sunlight, the clones were plaated in the clonal bank
iiiy  Rooting of coppice shoots

The rooting behaviour and rooting capacity of the clones were assessed in relation to
clones and seasons. The seasonal behaviour on the rooting ability of the clones was studied from
Mareh 2005 to February 2006. All the 35 clones were studied for their rooting ability in three
replications with 50 cuttings in each replication. The rooting experiment was conducted in
Completely Randomized Design (CRD) inside the hardening chamber at Forest College and
Research Institute, Mettupalayam. The rooted cuttings were carefully separated from the plastic
containers with the rooting media without damaging the roots. The cuttings were washed in
water to remove the rooting media. At each stage care was taken to avoid damage to the roots.
The rooting parameters viz., root length, number of roots per cutting and shoot length were

measured and recorded.

d) Hardening of rooted cuttings

The rooted cuttings were hardened by slowly releasing the air tight polythene sheets
covered in the poly tunnel. The rooted cuttings were kept in the root trainer or plastic cups for
one week in open space, then they were transferred to polybags filled with pot mixture, The pot
mixture contains sand, soil and farm yard manure in the ratio of 1:1:1, To further hardén the
cuttings the polybags planted with rooted cuttings were lcep; inside the hardening chamber for
two months. Then, the potted cuttings were slowly moved to open space for further hardening

and subsequent field planting,
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e) Clonal assemblage and establishment of Clonal garden

The well hardened clones in open space were planted in the clonal bank, Among fhe 41

clones tried for rooting, 32 clones were successfully multiplied through vegetative propagation;

all the successfully rooted 32 clones were raised in three replications with 6 ramets in each

replication in the clone bank in at Forest College and Research Institute, Mettupalayam. All the

- clones were planted in the clonal bank with a spacing 1 m x 1 m. The clones were assessed for

their biometric and ecophysiological traits at monthly intervals,

i)

Eucalyptus saligna assemblage from Australia

Besides, Fucalyptus saligna which is consider as water pumper and that has been widely
present in the marshy low laying water logged areas in Australia was utilized for the
present study. The seeds of Eucalyptus saligna was obtained from Commonwealth
Scientific and Industrial Research Organisation (CSIRO), Australia and raised in nursery
mother bed as per the silviculture practiced prescribed for nursery practices. The three leaf
stage germinated seedlings in the raised bed were pricked out and transplanted in the poly
bags and kept under hardening chamber for initial establishment. Eventually established
seedlings were moved out to the full sunlight for further establishment. These seedlings

were utilized for the biodrainage assessment.

Eucalyptus eurograndis assemblage
Eucalyptus eurograndis is a hiybrid between Eucalyptus europhylla X Eucalyptus grandis.
Two clones of eucalyptus europhylla namely EU-1 and EU-2 were obtained from Tamil

Nadu Forest Department and utilized for biodrainage.

RESULTS

Variability in base population of Eucalypts

The variability in the base population of Eucalypts was studied in terms of growth and

physiological parameters. The-growth characters include height, DBH, volume upto DBH and

total volume. The physiological characters include stomatal conductance, transpiration,

photosynthesis and intercellular CO, conéentrati_on (CINT).
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a) Mettupalayam location

Total volume accounted highest coefficient of variation in all the sample plots ranges
from 17.98 per cent (sample plot 3} to 53.37 per cent (sample plot 2). The minimum height of
4.3 m (sample plot 3) and maximum of 7.3 m (sample plot 2) was observed among the plots
(Table 1). Among the physiological parameters, CINT accounted highest coefficient of variation

of 27.83 per cent (sample plot 1).

b) Nagercoil location

The base population study at Nagercoil using sample plots revealed that the highest
coefficient of variation of 81.75 per cent (sample plot 2) was accounted for volume followed by
volume upto DBH 62.91 per cent (sample ﬁlot 2), Among the physiological parafneters 32.42
per cent (sample plot 1) of coefficient of variation was observed in CINT, followed by
transpirgtion (18.96%) in sample pllot 1 (Table 2),

Maximum height range of 34,10 m was observed in sample plot 2 and minimum ol 11.5
m was observed in sample plot 2, The lowest transpiration of 13.254 (sample plot 1 and 3) and

highest transpiration of 25.95 m mol. m™ s (sample plot 3) was observed (Table 2).

¢) Ramanathapuram location

In Ramanathapuram location also the highest coefficient of variation (47.57%) was
observed in the total volume when compared to all other growth character. Like other Jocation
the volume upto DBH recorded higl1est coefficient of variation (29,7%) next to total voluﬁle. In
this location, highest coefficient of variation 26.57 per cent was observed in photosynthesis
(sample plot 1) followed by stomatal conductance 24.54 per cent (sample plot 2). The maximum
transpiration of 15.3 m mol. m™ s was observed in sample plot 3 and minimum of 8.12 m mol.
m? " was observed in sample plot 2. The lowest height of 11.3 m was observed in sample plot

1 and maximum height of 19.5 m was observed in sample plot 3 (Table 3). .

In the second location also three sample plots were laid to study the variability. The
highest coefficient of variation of 29,34 per cent was observed in photosynthesis in sample plot 2
and the lowest coefficient of variation of 3.25 per cent was observed in sample plot 3 for height,

The transpiration showed the maximum and minimum range of 12.55 m mol. m? s and 8.26 m
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mol. m™? s respectively. Similarly highest maximum and minimum range difference was

observed in photosynthesis and intercellular CO, concentration (Table 4).

In the third location, the highest coefficient of variation of 57.05 per cent was observed
for the volume in sample plot 1 and lowest coefficient of variation (10.76%) was observed for
transpiration in the sample plot 2. The minimum height of 12.5 m was observed in sample plot 3
and maximum height of 24 m was observed in sample plot 1. A minimum photosypthésis of
1527 p mol m? 5™ was observed in sample plot 1 and maximum of 31.55 w mol m™? s was

observed in the same sample plot (Table 5).

d) Tiruchendur source
Location 1

In Tiruchendur highest coefficient of variation of 75.76 per cent (sample plot 1) was
observed for volume and the lowest coefficient of variation of 9.72 per cent (sample plot 2) was
observed for stomatal conductance. Highest standard deviation of 136.17 was observed for
CINT in sample plot 2 and the lowest standard deviation of 0.021 was observed for volume upto
DBH in sample plot 3. The height difference of 21.5 m (maximum in sample piotj 1) and 7.0 m

(minimum in sample plot 3) was observed (Table 6).

Location 2

In this location the highest coefficient of variation of 73.99 per cent was observed in
sample plot 2 for volume and lowest coefficient of variation of 5,73 per cent was observed for
stomatal conductance in sample piot 3. The minimum height of 8.8 m was observed in sample

plot 3. Maximum height of 20.8 m was observed in sample plot 2.

Among the physiological parameters the coefficient of variation of 22.78 per cent was
observed in CINT in the sample plot 2. Among the growth characters the minimum coefficient

of variation of 15.94 per cent was observed in DBH in the sample plot 3 (Table )}
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e} ITC clones

Totally, 86 ITC clones were already assembled at this institute for vafious‘ advance
generation development for yield. In the assembled clones, selection was carried out by making
transpiration as a major dependent character and all other physiological and growth characters as
independent characters for biodrainage efficacy. The variability of 86 ITC clones in their
physiological and growth characters were described in the Table 8. In the clones, the minimum
transpiration of 10,269 m mol m? s and maximum of 27.256 m mol m™ s”' were observed.
Similarly, the height varied from 1.40 m to 9.60 m, these variations helped to identify the very

best clones for higher biodrainage efficacy within the ITC populations.

f) Sivagangai Location ‘

The presence of variability in the base population was studied by putting three random
sample plots of 10 x 8 m each. Measurement of variability in the sample plots in terms of
physiological and growth characters showed a minimum transpiration of 8.279 m mol m? g
(sample plot 3) and maximum transpiration of 12.434 m mol m™ s (sample plot 1). A
maximum of 9.4 m height was recorded in sample plot (1} and a minimum of 7.5 m was recorded
in sample plot 3. Similarly, a good variability was observed and described in terms of all

physiological and growth characters in Table 9.
e} Pudukottai Location

In Pudukottai location the highest coefficient of variation (73.53 %) was observed
in the total volume when compared to all other growth character. Like other location the volume
upto DBH recorded highest coefficient of variation (49.99 '%) next 1o total volume. In this
location, coefficient of variation 18.68 per cent was observed in transpiration followed by
photosynthesis 12.33 per cent).The maximum {ranspiration of 1123 m mol. m? s' and
minimum of 10.12 m mol, m™ 5™ was observed in sample plot, The Iowestrheight of 9.12 m was
cbserved in sample plot 1and maximum height of 10,85 m was observed in sample plot (Table
10).
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f) Ariyalur Location

In Ariyalur location also the highest coefficient of variation (70.01 %) was
observed in the total volume when compared to all other growth character, Like other location
the volume upto DBH recorded highest coefficient of variation (46.43%) next to total volume.
The maximum transpiration of 13.26 m mol. m™ 5" was observed in sample plot and minimum

l

of 13.26 m mol. m™ s was observed in sample plot. The maximum photosynthesis of 40,27 L

mo} m™ s was observed in sample plot and minimum photosynthesis of 24.56 m mol. m? s

was observed in sample plot .

Selection of candidate trees (CTs)

- The whole selection was done in two phases as described above, During the first phase
of selection, the good growing trees with desired phenotypes in a population were selected. The
selected trees were designated as candidate trees (CTs), The CTs were serially numbered and all
their growth characters like height, DBH, total volume and volume upto DBH were measured.
The physiological characters like transpiration, photosynthesis, CINT and stomatal conductance
were also measured in the selected trees. These f:d;ita were utilized to construct the selection
index using multiple regression equation. Acéordingly, in the present study at Tiruchendur 6
CTs were selected in location 1 aiid 7 CTs in location 2. In Nagercoil & CTs were selected in £,
camaldulensis plantation and 7 CTs were sclected in E. tereficornis plantation, In
Ramana}hapuram 6, 5 and 7 CTs were selected in location 1, location 2 and location 3
respectively. In Mettupalayam ‘selection was resorted among provenance population and a total
of 7 CTs were selected. Among the 86 ITC clones, & clones were selected as candidate clones
(CTs) during the initial stage of screening, Siﬁagangai; which enjoys less than 500 mm rainfall is
considered as one of the driest districts of Tamil Nadu, the Tamil Nadu Plantation Corpdration
(TAFCORN) and the farmers are éxtensively growing Eucalyptus ag one of the livelihood crop,
In the project, 50 acre Eucalyptus population was identified to select high efficacy biodrainage
efficacy clones. Among the 50 acres of population about 15 top performing trees were identified
as candidate trees (CTs). The phenotypic characters along with selection index havé been
described for all selected CPTs froin all sources in Table 10-A to 10-J, ‘,

Yy




— e L

Selection of candidate plus trees (CPTs)

In the second phase of selection candidate plus trees (CPTs) were selected from caﬁdidate
trees (CTs). Among the CTs, the trees, which were scored highest selection index, were selected
and marked as CPTs. Accordingly, in the present study, totally 29 CPTs were collected from six
different geographically separated locations. | In Tiruchendur, three CPTs were selected from
location"l and two from location 2. In Nagercoil, one CPT was selected from , camal‘a’u'lensis
population and three CPTs from E. tereticornis population were selected. In Ramanathapuram,
one CPT was from location 1, location 2, loqation 3 each. In Mettupalayam source, five CPTs
were selected (Table 9).

During the second selection, among the eight candidate clones of ITC, top three clones
were identified as candidate plus clones (CPTs) for their highest biodrainage efficacy. In the

Table 10-I, the growth and physiological characters of CTs of ITC were enlisted.

From the 15 CTs enlisted in Table 10-J for the Sivagangai location with their growth and
physiological characters, nine top CPTs were finally selected. In the Table 11, the growth and
L}

physiological characters of all finally selected CPTs were enlisted.
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VEGETATIVE PROPAGATION O,I:‘ CPTs
Felling of CPTs for Coppice Shoot Induction

All the CPTs selected in all the locations were felled after taking all physi-ologicél and
growth parameters. The feiling was exércised at the height of 1.5 to 2 m from the base of the
tree 50 as to enable more area for more coppice shoots production, In order to facilifatg more
number of coppice shoots, poliarding has also been done in Tiruchendur location, The felling of
CPTs  was done in such as way that a slant cut with saw to enable smooth surface and also to

protect the stumps from felling damage. This also helps in avoiding of splitting the stumps.

The rate of coppice shoots production was examined in terms of bud initiation, number of
coppice shoots production and time taken by each CPTs to produce coppice shoots of desired
size. These parameters were recorded in all CPTs of all location in two seasons viz., rainy season

and summer season.

The stumps of CPTs in Ramanathapuram location (Clone No, FCRI RMD-3) and
Tiruchendur location (Clone No. FCRI TCR-1 and FCRI TCR-4) were dried.

Rooting and Assemblage of Clones

The rooting methodology is described in the materials and methods. As pér the
methodelogy described, all the clones selected, which are felled for induction of coppice shoots
were subjected for rooting by using single nodal coppice shoots. The coppice shoots collected
from the respective locations were kept in stock absorb and.brought to the hardening chamber at
Forest College énd Research Institute, Mettupalayam, placing them in the ice box, The cut end
of the single nodal coppice shoots were treated with IBA — 4000 ppm and kept in poly tunnel
environment with vermiculite as a rooting medium. The cuttings were observed for their rooting

capacity in terms of rooting percentage, number of roots and time taken for rooting,

The rooting percentage of all the clones is described in the Table 12, The results showed
that maximum rooting of percentage was observed in Mettupalayam, ITC and NGC source:s. The

poor rooting percentage was observed from Ramanathapuram sources.

The rooting percentage of all the clones was studied in two different seasons. During

winter season, especially from November to December, more than 97% rooting was observed in
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all the sources except in Ramanathapuram and Sivagangai. During summer, from February to

March less than 20% rooting was observed in all the sources.

The assemblage by rooting of coppice shoots from different sources of CPTs is under
progress. The hardening of the rooted clones and shifting them to polybags for field planting is

also under progress.
Details of finally selected candidate plus trees

About 41 candidate plus trees (CPTs) were selected from nine sources viz.,
Ramsanathapuram(RMD), Nagercoil (NGTL), Tiruchendur(TCR), Mettupalayam(MTP),
Sivagangai(SG), ITC clones , Ariyalur(ALR), Pudukottai(PD) and Kantharvakottai (KK)
Cuttings taken from 42 CPTs were used for clonal multiplications for assessing the efficiency of

biodrainage.
Mean performance of clones with respect to rooting percentage

Totally twenty seven CPTs that were already selected were multiplied through two nodal
coppice shoot cuttings. The two nodai cuttings obtained from the coppice shoot of mother trees
were rooted by dipping the cut end of cuttings in IBA (4000 ppm). All the CPTs were subjected
for rooting study and the rooting behaviour of all the clones is illustrated in the Table 13. The
rooting potential of all the clones were studied in terms of rooting per cent, root lengtli, shoot

length and number of roots.
Effect of season on rooting

The rooting potential of all the clones were studied in relation to different seasons and
monthly interval. The result on the seasonal variations in rooting ability of the nodal cuttings is
presented in the Table 13. All the rooting parameters that were studied showed a significant

variation with respect to season as described below.,
Rootin% percentage

All the clones exhibited rooting in all the months of study with significant variation in
rooting percentage among all the clones during the petiod of study. The highest percentége of

rooting (99.33) was observed during the month of November for the clone MTP- 5, while, the




lowest percentage of rooting was exhibited during the month. of June by clone RMD-3 (7.19%)
followed by TCR-4 (10.58%) (Table 13). The rooting behaviour of all the clones showed a
tendency that maximum mean percentage of rooting (89.59) was observed during the month of

November, while, the minimum was recorded for the month of March (18.93).
Clonal response on rooting ability

The clonal ability for rooting was studied for all the clones at monthly interval, The
behaviour of each clones on rooting showed significant variation to season. On the contrary,
rooting ability of the clones also showed independency in rooting. The results of the rooting
response of the clones are illustrated in the Table 13. Marked differences were observed among

the clones in the rooting behaviour.
Percentage of rooting

The rooting percentage among the clones ranged from 7.19 per cent (RMD-3) to 99.33
per cent (MTP-5). All the clones had responded to rooting with varying percentage. The

maximum rooting percentage was exhibited by the clone MTP- 5.
Age of the parent tree on rooting

The variation émong_the clones for rooting with respect to age was also studied. The
results showed a remarkable effect of age on rooting. The data presented in the Table 2 shows
that the age of the mother plant has a direct bearing on the roéting ability in Eucalypts. The trees
of younger age showed a good rooting percentage compared to the mother trees of age 25 years
and above. A maximum rooting preentage of 99.33 (MTP-5) was obtained for the nodal
cuttings from the trees age of four years, followed by 98.34 per cent for SG-4 (2.5 years). The
rooting percentage of younger aged trees varies from 14.37 per cent to 99.33 per cent during the
period of study. While, the trees of age more than 25 years showed a poor rooting ability. The
mother tree of the clone RMD-3 (27 years) showed the lowest rooting percentage ranging from
7.19 per cent to 37.97 per cent throughout the year. Whereqs, the maximum rooting percentage
was exhibited by the clone MTP-5 of age four years which ranged from 32.57 per cent to 99.33
per cent. | However, the TCR clones of 25 years and NGL clones of 15 years exhibited a

moderate rooting percentage, but they are significantly lower than that of younger aged trees.
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Suceptible Clones |

NGL 3 ~ PDY

.~ TCR2 . . ALR2 !
SG3 . ALRS5




There was no significant variation in the number of roots, root length and shoot length
among the clones with respect to age. In all the clones, the root length, shoot length and number

of roots were almost on par with each other (Table 13).
Rooting ability of poor performing clones

The clonal ability for rooting was studied for all the clones at monthly interval. The
behavior of each clones on rooting showed significant variation to season. The results of the poor
response rooting of the clones are illustrated in the Table 14, The Clones NGL-1, TCR-S,RMD—
1,LRMD-3,SGC-5, SGC-G,SGC-T,SGé-‘S and SGC-9. Among the poor performing clones the
clone RMI-3 has very low rooting performance with low rooting per cent value of 2..13 in the

October month followed by SGC-8 with rooting per cent of 2.18 in October month,

Establishment of clonal bank

Among the 41 clones tried for rooting from five different sources, 32 cloneé were
successfully developed for rooting. These rooted 32 clones were planted in the clone bank in
CRBD design for clone bank  establishment at Forest College and Research Institute,
Mettupalayam on May, 2005. This serve as a resource for biodrainage efficiency screening the

clones through biometrical and ecophysiological traits.

Methods

Field experiment

The ramets of all the clones were planted in the field during August 2006 as a
biodrainage evaluation trail at Tamil Nadu Rice Research Institute, Aduthurai and at Agriculture
Engineering College and Research Institute, Kumulur during February 2007 (Plate 1). The both
fields were laid out in Completely Randomized Black Design (CRBD) with three replic.ations

‘and a spacing of 3m x 2m. The biometrical and ecophysiological observations were recorded at

three monthly intervals to evaluate the clones for biodrainage efficiency.

Mass multiplication for raising field trail:

Two nodal cuttings from the coppice shoots of selected candidate plus trees‘(CPTs)

which were raised in ¢lonal garden of Forest College and Research Institute, Mettupalayam and







mass multiplied by the methods described by Verma (1994). The leaves of two nodal cuttings
were half pruned to avoid water loss, In the propagation chamber, the two nodal cuttings were
washed thoroughly with sterile water replated and soaked in 0.1 per cent Bavistin for 30 minutes
to avoid pathogenic infection, The basal cut end of the cuttings was dip smeared with IBA (
Indole Bufyric Acid) 4000 ppm powder concentration (Verma et al., 1996) and planted in poly
cups filled with presoaked vermiculate as rooting medium. The poly cups were kept inside poly
tunnels under shade net environment condition. The humidity inside the poly tunhels was
maintained at 80 to 85 per cent by misting with water in to the tunnels by opening the sides of
tunnels, After 20-25 days of planting, the rooted cuttings were transplanted to poly bags filled
with pot mixture (Sand: Soil: FYM in the ration of 1'1 :1). After ensuring the good establishment
of the rooted cuttings in the poly bags, the hardening of cuttings was done in three phases.
Initially, the rooted cuttings were hardened inside the hardening chamber under double layer
shade net; secondly, the hardened clones were slowly moved to the single layer net and finally
they were exposed to open environment. After three rﬁonths of hardening the clones were

planted in field.

Evaluation for biodrainage efficiency

The vegetatively propagated clones were screened for their biodrainage efficacy was
assessed in terms of both biometric and eco-physiological traits as per the methods described

below,

Biometrical traits

The following biometric observations were made at 3 'monthly intervals for 33 clones of
Eucalyptus tereticornis and E. camaldulensis and three seed sources (one from Australia, i.e., E.

saligna) with the total of 36 sources which were raised in the two experiments.
Height

The plant height was measured using measuring scale from the ground level to the tip of

the stem and the mean was expressed in meter (m).
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Measuring biometric observations




Basal diameter
The basal diameter was measured at base of the stem (near ground level) using digital

vernier calliper and the mean was expressed in centimeter (cm),

Volume index

Volume index = (Basal Diameter)® x Height

(Hatchell, 1985; Manavalan, 1990)

Ecophysiological traits

The ecophysiological traits of the clones were measured using a Portable Photosyﬁthesis
System (PPS, model CI-301 CO, gas analyzer, CID, and Inc. USA). Thé measurements were
made on fully matured leaves (5-6 leaves from the bud) from April 2007 to March 2008. The
ecophysiological estimations viz., transpiration rate, photosynthesis, stomatal conductance and
inter cellular CO, concentration (CINT), was measured on é sunny day between 10.00 AM to

11.00 AM as per the procedure described below.

Transpiration

The transpiration rate was measured using Portable Photosynthesis System (PPS, model
CI-301 CO; gas analyzer, CID, and Inc, USA) and expressed as m mol m™ 57,
Photosthhesis

The photosynthetic rate of the entire clone was measured using the Portable
Photosynthesis System (PPS, model CI-301 CO; gas analyzer, CID, and Inc. USA). The PPS

measures the uptake of CO; and estimates the photosynthetic productivity using infra red gas
analyzer (IRGA). It is expressed in . mol m™ g7,
Stomatal conductance

- The stomatal conductance was measured using the Portable Photosynthesis System (PPS,

model CI-301 CO; gas analyzer, CID, and Inc. USA) and expressed in m mol m?s!
b
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Inter cellular CO, concentration (CINT)

The_inter cellular CO, concentration is a measure of photosynthetic efﬁciendy and
measured using Portable Photosynthems System (PPS, model CI-301 CO, gas analyzel CID, and

Inc. USA) and expressed in terms of ppm.

Diurnal variation estimation on ecophysiological traits

|

The behaviour of ecophysiological traits viz., transpiration, photosynthesis, stomatal
conductance and intercellular CO, concentration were studied with respect to-diurnal changes on
a sunny day using Poﬁable Photosynthesis Sjstem (PPS, model CI-301 CO; gas analyzer, CID,
and Inc. USA). These measurements were made at an hourly interval from 8.00 AM to 5.00 PM.
The diurnal variation study was conducted for all the clones from April 2007 to March 2008,

These measurements were made when the clones were irrigated up to field condition level,

LEstimation for stable isotope of carbon ‘
Leaf samples of various clones were collected, air dried and oven dried, The sémples
were powdered for quantifying the stable isolope ratios of carbon "¢/ (). The carbon content

was ostimated by using Isotope Ratio Mass Spectrometer (IRMS) technique,

IRMS facility is capable of quantifying the stable isotope ratios of carbon ("*C/"*C)'in
solid organic materials, Combustion and pyrolysis of organic matter is catalyzed by specific
catalysts in the elemental analyzer. Stable isotope ratios of carbon can be analyzed on a
continuous flow (CF) basis. This is achieved by interfacing the IRMS i in series with a contmuous

flow device that introduces the sample gas in tandem with the reference gas,

This feature ehhances the accuracy of the determination of stable isotope ratios. The
IRMS has an internal precision as measured by the standard deviation which is better than 0.05

per cent for carbon fraction.

Statistical analysis

The data gathered from the field experiments were subjected to statistical analysis and

tabulated separately. Estimates of mean, coefficient of variation and standard error were worked




out using the method described by Panse and Sukhatme (1978). The significance test was carried

]
out by referring to the standard ‘F’ tablé described by Snedcor (1961).
Mean

The mean for height and basal diameter was calculated by dividing the sum of all the

observations with the total number of observations.
Mean (m)=3>X/N
Where,
2.X = Sum of X character
N = number of observations
Variability parameters

The variability estimates viz., GCV, PCV, heritability and genetic advance are calculated
as follows. The variability parameters were estimated for the biodrainage attributes viz., height,
transpiration rate, stomatal conductance and volume index, The phenotypic value of height

recorded at three monthly intervals during the study period was used for the analysis,
Phenotypic and genotypic variances and co-variances
These parameters wete estimated as per the method described by Johnson ef al, (1953).
Genotypic variance = o’g = (M, — Mz)/r
Phenotypic variance = ¢”p = o* g+ e
Where,
M, = Mean sum squares for species
M, = Mean sum squares for error

o’g = Genotypic variance




o*c = Environmental variance

Phenotypic and Genotypic coefficients of variances (PCV and GCV) were computed
following Burton (1952).

(Phenotypic Variance)’s
PCV % = x 100

General mean

{Genotypic Variance)¥
GCV Y% = x 100

General mean

Heritability

Heritability in the broad sense (h%) was calculated using the formula suggested by Lush

{1940) and expressed in percentage.
h* (broad sense) = (o’g/ o™p)
Heritability percentage = h* x 100
Genetic advance
The genetic advance was calculated using the formula given by Johnson ef al., (1955).
Genetic advance = 5°g / 6°p .
Where
olg = Genotypic variance'-
k}: Selection differential (2.06) at 5% ilevel of significance,
op = Phenotypic variance

GA ag percentage of mean = GA / Grand mean x 100




Correlation studies

The degree of relationship between two traits can be assessed using correlation
coefficients. Phenotypic and genotypic correlation coefficients were calculated according to the
method suggested by Goulden (1952}, These correlation studies were carried out for the traits

viz,, transpiration rate, height, stomatal conductance and volume index.

Phenotypic correlation

Phenotypic covariance between 1 and 2

1y e e
172

(Phenotypic variance of 1 and phenotypic variance of 2)

Genotypic correlation

Genotypic covariance between 1 and 2
rF 125 cmmemmcmeeeeen ' e '

(Genotypic variance of 1 and genotypic variance of 2)'

Estimation of genetic diversity

Genetic divergence among the seed sources was studied using biometric techniques.

Genetic divergence

In order to find out the genetic divergence, Mahalanobis (1928) D? statistics and
subsequently clustering was adopted. It was also necessary to find out the contribution of
independent traits towards the di\}ergence so that, while selection, the same can be taken into
consideration. The entire analysis was' carried out using ‘GENRES’ computer based statistical

package developed by Tamil Nadu Agricultural University, Coimbatore.
D? statistics

The mean squares and mean products were estimated between groups and within
components by one-way analysis of variance, covariance dnd the significance tested at clonal

level. A vatriance — covariance was formed from the above and subjected to pivotal condensation




f

to obtain the linear function for transformation of character mean values (x) to a set of

independent variables (uncorrected mean) value (y)

The difference between any two mean values for each pair of clones were squared and
added to give the D values, Cumulative D* values in all possible combination of clones were

estimated separately for each y characteristics.
Yi=Xx
Y2 = Xz — axXy
¥3= X3 —any; —any
YP=XP—app1¥pe1 oonn. apiy

where,
x; = normalized variabies .
aj - bij /v (y) 8 <-1
v(yj) = A2 a(ji) bij —bij = Aij-1/ atht
Alj = covariance of i and j' = ji

All possible [n{n-1)/2), D* values were calculated by taking sum of different between pair of

corresponding ‘y’ values taking two clones at a time.

Determination of clusters or grouping

The clones were grouped into different clusters on the basis of D? values according to

Tocher’s method as suggested by Rao (1952).

Tocher’s method




In this method, the first stép in grouping the clones into distinet clusters was to arrange
them in order of their relative distances from éach other based on D? values. Then the two seed
sources having smallest average D* value from the clones were added. Similarly, the nearest
fourth clone was chosen and the process was continued up to a stage where there was abrupt
increase in the average D after adding a particular clone, Similarly, other clusters were formed
the clone, which had already been included. The process was continued till the entire seed

sources were included into one or other cluster.
Average intra and inter cluster distances

On completion of clustering, the intra and inter cluster relationships were studied and the
mutual relationship between clusters and their distances were represented.  The average intra

cluster distances was measured using the formula
D’ =Dij%/n,

Where D was the sum of distances between all possible combinations of the clones

included in a cluster whereas, the average inter cluster divergences were arrived at by taking into

consideration of all the component D? valyes possible among the numbers of the two clusters.

Then the genetic distance ‘D’ between the clusters were obtained from square root of the average

D? values.




RESULTS

Observations on biometrical traits viz., height, basal diameter and ecopilysiological traits
viz., transpiration rate, stomatal conductance, Inter Cellular CO, Concentration (CINT} and
photosynthesis rate were measured for all the 35 clones of Eucalypts and one Australian seed
source of £, saligna which were raised at Tamil Nadu Rice Research Institute, Aduthuréi and
Agricultural Engineering College and Research Institute, Kumulur, Volume was calculated using
the primary data on height and basal diameter. The data were analyzed and results are described

in following order,
1. Evaluation of clones for biodrainage efficiency
1.1 Clonal performance under waterlogged condition
1.2 Biometric traits
1.3 Eco-physiological traits
2. Estimation of genetic parameters of cloneé for biodrainage traits

3. Genetic divergence estimation -

4, Ecophysiological characterization of clones

Evaluat'on of clones for biodrainage efficiency
Clonal performance under waterlogged condition

The individual mean performance of 35 clones of Eucalypts and one Australié;n seed
source of E. saligna for biometric traits viz., height, basal diameter and volume are presented
from Table 15 to Table 20. Also the per se performance of the clones for ecophysiological traits
are presented in Table 21 to Table 26.
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Biometric traits
Height

The character height exhibited significant variation among the clones in all the months of

observation (Table 15; Fig. 1). Among 35 clones and one seed source studied at Aduthurai,

fourteen clones viz., MTP-1, MTP-2, MTP-S; MTP-4, MTP-5, MTP-6, MTP-7, TCR-1, TCR-

3,ITC-3,' ITC-286, KK-1,KK-2 and E. saligna recorded significantly higher height than 'gr-and
mean (7.45), The maximum value for average height was recorded by MTP-6 (10.45 m)
followed by MTP-5 (10.2] m) and the minimum average height value was recorded by the clone
EU-2 (4.93m), o

The same trend of height variation was also observed among the all the clones except
KK-1 in experimental plot established at Kumulur (Table 16; Fig, 2).However the grand mean of
height recorded at Kumulur (7,45 m) was significantly higher than Aduthurai research plot (8,20

m}.

Basal diameter )
b

The clonal variation for basal diameter shown significant variation in all the month
among the clones at Aduthurai (Table 17). During 48 MAP about eighteen clones viz., MTP-1,
MTP-2, MTP-3, MTP-4, MTP-5, MTP-6, MTP-7, MTP-8, NGL-2, TCR-I, ITC-3, ITC-284,
ITC-286, SG-1,8G-2, KK-1, KK-2 and E. saligna were recorded significantly maximum value
for basal diameter than grand mean. The maximum value of 26.34 m was recorded by MTP-5
followed by 25.58 m in MTP-1. The minimum value (8,77 m) for basal diameter was recorded
by PD-10,

At Kumulur research plot the studied revealed that seventeen clones viz., MlTP-l', MTP-2,
MTP-3, MTP-4, MTP-5, MTP-6, MTP-7, MTP-8, NGL-2, TCR-1, ITC-3,ITC-284, SG-1,8G-2,
KK-1, KK-2 and E. saligna were recorded significantly higher value for basal diameter over
grand mean(19.70 m)(T able.18). | Among all the clones, the clone MTP-1 accounted’ basal
diameter of 27.63 m followed by MTP-6 and MTP-5 respectively of 27.43 m and 27.27 m. Eu-2

recorded the lowest basal diameter of 10.30 m.




Table 15.Clonal variation of height (m) (August 2006 to July 2009)- Aduthurai trail

48

12 18 24 30 36 D)

SNo Clonel | 6MAP | MAP | MAP | MAP | MAP | MAP | MAP | Map Mean

1 | MTP.1 L3 329 385 703| 1006 1571| 18.12| 20501 999

2| MTP2 111 278| 378 672 98| 1412] 1623] 1823| 910

3| MTP3 0.99 199 275  654| 953| 1428 1635| 1s84] sol

4 | MTP-4 137] 2711l 34| 647| 9471 1435] 16m 18.61| 9.12

5 | MTP-S 126 305| 4200 741| 1071] 1642| 1821| 2042 1001

6 | MTP-6 1.41 3551 406| 782) 11031 1631| 1856| 2082) 1045

7 | MTP-7 1.02 184 348 527| 867| 1386| 1543| 1762 840

§ | MTP-8 0.86 1941 2871 524| 9390 1391 1551 1746 840

9 | NGL-2 047] 285| 324 539] 83| 1347 1586| 17.56] s40

: 10 | NGL-3 0.44 125, 157 338| 635, 1056| 1381] 1633| 671
| 11 | NGL-4 0.51 133 185 301 s42] 93| 1265 1570| 622
;’ 12 | RMD-2 0.39 1.01 441 210]  3.92|  748| 1002 1215] asi
: 13 | RMD-3 039] 0095 135|205 38| 732] 104s| 1152| 470
| 14 | TCR-1 0.98 185 337! 5.8 837] 1351 1515| 17261 so1
| 15 | TCR-2 0.59 122 262| 346| 632] 1002, 1354| 1683 | 654
16 | TCR-3 0.99 LS| 302 5261  865| 1379| 1587| 1781 849
17 | TCR-4 0.41 1.01 A7)  248) 363 771 1152] 1311 517
18 | 1rC-3 0.75 137 256, 627! 954 1408| 1642] 1863 870
: 19 | rreosa 0.72 142 250) 633|  947| 1413| 1637, 1848 | 868
20 | ITC-286 0.55 1581 287, 300 s42| 932 1265] 1576 640

21 | $G-1 0.91 321 382)  723| 1085| 1632] 1832| 2037 1013

2 | 8G2 0.58 113 L72| 671, 954| 1482 1657| 18.05] 8.5

23 18G-3 0.68 188, 237  323| 682 1032] 1332( 16.18| 683

24 | SG-4 064| 230| 295] 318| 531| 048] 1267| 15831 654

25 | PD-6 0.56 137 156, 2381 376  737] 1031| 1261 499

26 | PD-9 0.43 LO9] 190|  368| 671 1056, 1354] 1656 681

27 | PD-10 ' 0.41 1.43 Lo4) 2410  395|  758| 1050| 1252 509

28 | ALR-] 044! 197 461  231| 3987 751 1012] 12.11| 487

29 | ALR-2 045| 0.8 L26| 327 634] 10370 1361| 1648 658

30 | ALR-S 0.70 128 1611 326]  625| 1045| 1332 1643 | 6.6

31 | KK-1 0.80 Lo7|  285| s42)  812] 1328 1sa1| 1762 sig

32 1 KK 079, 148) 257 634| 942| 1406] 1632 1854] 860

33 | Busal 1.03 1.58 L99]  603| 953 1401, 1667| 1871 869

3 | EU-I 0.51 L35 153 244|352 755 1175| 13.85| 540

35 | RU=2 0.48 101 152 241|385 |  741| 1022] 1251) 49
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Table 16. Clonal variation of height (m) (August 2006 to July 2009)- Kumulur trail
6 12 18 24 - 30 36 42

l SNoj Conel | MAP | MAP | MAP | MAP | MAP | MAp | aiap | Map ’ Mea:’
(UM | 261 330]  435]  sesl g 146 | 1632 2051 2201 11.13
2 M2 | 348]  405]  an1]  723] s 1540 | 740! 2050 893
b MIP3 | 24| 285|422 | 7430 933 1s12| 1715 20.60 ﬁ‘
4 IMa | 2s2] 3281 o | 701l om| 1sar | 1735 2044] 992
S AIMIP-S | 5312|  413|  ags | 857] 1187] 1691 | 2061 | 2224 1154
6_IMIP6 | 263]  371|  467]  s4s 1135|1680 ] 2061 | 2330 1256
T MY | 201 oss| 36 673| 11541 1463| 1632] 1845] o0s;
Ls IMIPS | 085! 144 I 341l 636l o3| iaso 1682 1827] 890
FQ INGL2 | 055|295 | 334]  649] 9ar| 1437 L76 | 18.11| 7.12
10 [NGL3 | 107] 100| amm| 475|  834] 1159] 14161 1700 771
|1 INGL4 | 003 | 150] 22 412|  043| 1023, 1306 16.09 | 7@%
2 IRMD2 | 0m0]  o09s| a211] o a12| 742 1016| 1367| s25| |
13 |RMD3 | 075| 098] 208|208 403|  7.32] 1056| i3es 529—f
|14 [ TCRL | oss | 1Lee 3641 651] 9070 1414| 16321 130]
15 [TCR2 | 101] 1531 as 454 ] 853| 1152] f4se| 17.50
| 16 | TCR3 200, 2751 354]  643|  973| 1423| 1641| 1839 o 19 %
17 | TCR4 092] 112|273 05| 437 os | 1301 1512l 63 ;
18 | ITC-3 165| 2401  408]  7.02| 9s53] 1s38 1747 20,68 l 9.79| |
h9 me2sd | 201 201] an | 743! 950] 1sa1| 17gs 2054 osa| |
}io |meass | Lis 155 36| am|  71s 1023 1326] 1622] 716 %
20 [8G-1 | 286] 37| as3 835 1143] 1683 | 20801 2211 11351 |
Ezz 562 | 207|  241] aa 745)  902| 1541| 1750] . 71 | 9
231863 | 17] 193] 2a1] g 855 | 1183] 1461, 1723 77
| 24 |sq4 I L01  156] 23] 422|745 1053 13201 1612] 70
| 25 | PDg 0961 __122] 264] 37| o5t 947| 13.10| 1553 s.80
I 26 IPD 9 061 178]  211]  235] 305 7510 1035 1356 508
27 I pDA10 VOB 1871 227] 457! 43| 1195] i46i| 17.08] a7
28 | ALR-1 064! 180 2071 280 f; 437 737] 1025| 1366 537
%LR 2
ALR-S

LOS| 195)  215) 431 | 835, 1145] 1451|1741 765
095 167 2281 425]  seo] 117g 1423 | 17.61| 7.68
7.20

f

|
3Kk | 6] 218 32| 6551 o33 1441 181] 1543 )
2 kK2 | 109 233 a12] 73] ox 15631 17.50] 2000 o6
3 |Bsal | 220 200  453]  743|  os 1511 17.60] 3012 o84
34 1 BU | 00 L0 2630 314|405 945 | 1357|1541 626
35 !EU;z | 0651 1w0] 201 s 401 735| 1015| 1323 ] 517




Fig 2.Clonal variation of height at different MAP in Kumulur
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Table 17.Clonal variation of basal diameter (m) - Aduthurai trail

6 12 13 24 30 36 42 48
S-No | Clonel ' MAP | MAP | MAP | MAP | MAP | MAP | MAP | MAP | Moan
1| MTP-1 1,55 300 409| 1223| 2573| 3623] 4950, 7220 2558
2| MTP-2 1.55 2021 408, 1035| 2234| 3015| 45.16| 6432 2261
3| MTP3 137 2101 283 1080 21.52| 3056 4547 6542 2251
4 | MTP-4 160 2371 391 986 21.64| 3042 4500 6439 2240
5| MTP-5 145 3.12| 467| 1354 2554 3814 5225| 72.00] 2634
6__| MTP-6 1561 3.16] 499 1383| 2614| 3851| 215 7425 2057
7_ | MTP-7 1.19 1.03] 397| 844 2035  2595| 3835| 56.87] 19.59
§ - | MTP-8 1,15 102] 396| 85| 2014| 2494| 3815] 56381 19.29
9 | NGL-2 1.14 106 388| 848| 2038 2497] 3828| 5672 19.44
10| NGL-3 0.95 107) 215| 012] 1490| 2001| 3415! 5214] 1570
11 | NGL+4 080 | 005 200| s12| 1230] 15011 2531| 4433 | 1324
12| RMD-2 0.50 137] 200| 254| 495 8.00| 19.11] 3100| 868
13 | RMD-3 0.64 L3 1504 248 485 7.99) 1885( 3154] 8.70
14 | TCR-1 112 LO1| 378 852 015 2415| 38.15| 5637| 1673
15 | TCR-2 0.95 53] 287 689| 1435 1951| 34.12| 5286 16.64
16 | TCR-3 115 [30] 365 441 2052, 2456| 38.54| 56421 1882
17_| TCR-4 0.8] 58] 2.52] .347] 037| 1554| 3211 3612 1157
18 | ITC-3 1.32 207 382 917! 2215 3015 4435| 6532 22.20
19 |ITC2f4 | 143|  215| 380]  947] 2210] 3058| 464! ot00 17.27
20 |ITC-286 | 0.82 123| 2221 s15| 12510 1553) 2641] 4523 | 1364
21 | G-I 1.17 322| 436 1225| 2654| 3751 504! 7032 25.69
22 | 8G-=2 086 213| 470 954| 2044| 3058] 44.52| 6456 22,17
23_[8G-3 0.93 63| 228) 631 1478| 2016| 3420| 5746 16.59
24| 8G-4 080 | 134 203! 523 1247 15320 2533| 4534 1348
25 | PD-6 0.88 L8] 272| 3217 651 1035| 2251| 37.56] 10.67
26 | PD-9 0.79 142, 204| 656| 1389| 20.11| 33.85] 5112] 1622
27 | PD-10 0.67 124 178| 252! 5330 812 1833| 3215| 8.77
28 | ALR-1 0,62 L75| 192| 2.63| 600| 822| 1851 32000| 896
29 | ALR-2 072 088] 120y 625! 1500| 20is| 3380 51.56] 1621
30 | ALR-S 0.79 LI9T 148 ) 631] 1501] 2014 3415] 5124 1629
31| KK-1 1.10 LO5| 365,  848| 20381 2448 | 3823| 5612 19.26
32 | KK-2 0.96 245] 415| 986 20.87| 3078 44.79| 6477 2233
33| Esal 148 247] 491,  9.65| 2131| 3056| 4456| 6431 2241
34| BU-1 0.74 L47] 2811 352, 678 1131! 21.52| 3522 1042
35 | BU-2 0.65 132) 2110 265] 500| 831] 1900 8.90

32.14




Table 18.Clonal variation of basal diameter (m) - Kumulur trail

48

6 12 | 18 24 30 36 42
S.No | Clonel | MAP | MAP | MAP | MAP | MaP | MAP | mMap | Map Mean
1| MTP-1 L7, 3971 609| 1532! 2737 3932] s321| 7400 2763
2 | MTR-2 LS| 3681 5311 1215| 2485 3412) 48.15) 6715/ 2462
3| MTP-3 L36| 364 547] 1223, 2484| 34.12| 47.16| 67.65| 2458
4 | MTP-4 [A8] 315|565 1245| 2437| 3488, 4747 6674 24.52
5 | MTP-5 L64| 366y 612| '1515| 2735| 3012| 52.12| 73.00| 2727
6 | MTP-6 L72]  368| 622, 1485| 2632| 4015| 5340, 73.12 2743
7 | MTP-7 L3L] 315 415] 1159] 2171) 3012| 4371 6215 2204
8 | MTP-8 L29 | 339| 428, 1125! 2168| 30.01| 4324 6276 2225
9 | NGL-2 123  305|  412] 1154] 2100] 29541 4300| 6154 2180
10 | NGL-3 LIS| 265 322| 815, 1771 2518] 37.00( 5512 1807
11| NGL-4 085 255| 3.05| 723| 1525 19.43] 28.50| 4823 1560
12 | RMD-2 972 1451 227| 423| 725| 1138] 2131| 3480 1043
13| RMD-3 078 143) 217 458| 778 1154] 21s3| 3480 109
14 | TCR-1 L33, 357| 427| 1147| 2256| 30.16| 44.16| 6247 2250
15 | TCR-2 Llz| 276 305, 815] 1785 2650| 36721 $7.15) 19.16 |
16 | TCR-3 41, 3411 451| 1138] 2144| 31.56| 43.56] 61.56| 2235
17 | TCR4 0801 1651 291, 556] 859 1415] 2418 38344 12,04
18 | I1mC-3 1oLy 3010 571] 1231] 2328 3525| 47.12| 6785 2452
19 | ITC-284 98| 3.06] 565| 1248] 2324 3461| 4805 6612 2436
20 |ITC-286 | 095| 254, 3151  722| 1555| 19461 2815 48.70 | 15.72
21 | 8G-1 L75)  3:64| 652] 1585 2527| 3941| s214| 73150 2702
22 |sG2 L35] 307, 812 1256] 24731 3508] 4709 66.01 2440
23 | 8G-3 LOS| 264] 385 823 1715| 2615] 3628 5600 | 1892
24 | 8G-4 0951 2831 315 7.42| 1525' 1955 28.15| 48.12| 15.64
25 | PD-6 0801 162| 291| 571 833| 1415| 2473, 38.15| 1205
26| PD-9 LI2 255 387] 855| 1723] 2652, 3658| 5605 1906
27 | PD-10 075 135 215) 411] 733 1131] 2151 3411 103
28 | ALR-1 072, 132|223 401|725, 1152| 2156| 3423 1036
29 | ALR-2 LIS| 5051 415] 954) 1815| 27.00| 37.15( 5650 19.59
30 | ALR-5 LI6| 3.101 418  967| 1876| 27.56| 37.16| 55.15| 1959
31| KK-1 27| 330, 428| 1158 2265| 3032] 4432 6261 2254
32 | KK-2 L7 362 575, 12661 2468 | 3588| 47111 67.00] 2478
33 | F.sal [38)] 280, 485 1195 2401| 3508] 46.15| 6695 2417
34 | EU-I 080 165 292! 531 823 | 1408 24221 38441 11.96
35 | EU-2 0.72 210 409] 726" 1128] 2159 3404 1030

1,31




Table 19.Clonal variation of volume (m3) - Aduthurai trail

6 12 18 74 30 36 | 42 48
SNoy Clonel | MAP | MAP | MAP | MAP | MAP | MAP | MAPp MAP | Mcan
1 | MTP-1 0.07| 032| 049| 270| 813| 17.87] 2816| 4648| 802
2| MTP-2 005| 025]| 048] 218| 6.89| 1337| 2301 3682| 646
3| MTP-3 0.04| 013] 024] 222| 644| 1370 2334| 13870| 630
4_MTP4 | 007) 020]  039] 200] 643 1371 2377 3763 6.41
5 | MTP-5 0.06| 0301 062 3.15| 8359| 19.66] 2983| 46.17| 844
6 | MTP-6 007 035| 064] 40| 905, 1972 125| 4854, 65
7 | MTP7 004 009, 043] 140 554 1129] 1858] 3146 517
§ | MTP-8 0.03] 006 036] 141| 594 1089] 1858] 3091 5.09
9 | NGL-2 002 0I5  039| 144] 532| 1056| 1906] 3127 s.12
10 | NGL-3 0.01 | 004 o11] o001 297! 667! 1481| 2674] 33 !
11| NGL-4 000 004 012] 048] 210 442| 1005| 21.85| 259
12| RMD-2 0.0, 004 009| 017] 061 188 | 601| 11.83] 131
13 | RMD-3 0001 005! 006] 016 059  1.84| 601| 1141] 128
14 | TCR-1 003, 0.09] 040] 139| 0.04| 1024 1815| 3055| 43
15 | TCR-2 0021 0061 024, 075 285| 620] 1451 2793| 357
16 | TCR-3 0.04 | 007| 036] 073| 557| 10631 1921] 3155| 4.96
17 | TCR-4 0.0t 005] 012, 027] 004 376 1162 1487| 183
18 | ITC-3 003, 0091 031 18| 664| 1333| 2287| 3821 6.00
D _1ITC-284 | 003) 010) 030 188| 657 1357, 239! 37.14] a7
20 [ITC-286 | 0.01] 006] 020| 049 213|  454| 1049| 2238 274
21| 8G-1 003 0321 052, 278| 904 1922 28841 4498| 5.7
22 | 8G-2 002, 008 025 201 612| 1423| 23.16| 3659, 6.02
23 | 8G-3 0021 0101 017] 064| 37| 653 1430] 2665] 357
24 | 5G4 002 010] 019] 052] 2.08| 456 1008 2254 277
25 | PD-6 002 0071 0131 024| 077! 240, 720 1487] 167
26| PD-9 0OL. 005| 12| 076 293| 667| 1439, 2658 347
27 PD-10 00L] 006 0111 019 066/ 193] 604| 12.64| 140
28 | ALR-] 001 006] 009| 019 075| 194| 58| 1217 137
29 | ALR-2 001 002] 005| 064] 299  656| 1448| 2668 335
30 | ALR-S 0021 005 007 0.65] 295 661, 1428 26431 341
31 KK-1 003] 010 033] 144| 520 1021 1850] 31.05| 495
32 | KK-2 002] OI1] 033| 1960 617 1359 2295 3771 600
33 | E.sal 0051 012 031 18| 638 1344  2332] 3778] 612
34| BU-I 0OL] 0061 013 027! 075| 268 794! 15321 173
35 | EU-2 0.01] 004] 010) 020 060) 193] 610] 1263 13




‘Table 20. Clonal variation of volume (m) - Kumulur trail

6 12 18 24 30 36 42 48
S.No | Clonel | MAP | MAP | MAP | MAP | MAP | MAP | MAP' | MAP | Mean
1 | MTP-1 0.14 0.41 083 | 407 9.85| 20.15| 3427 5014 965
2 | MTP2 0.17 0.47 0.60| 2761 7210 16500 1119 4322 6.90
3 | MTP-3 . 0.10 0.33 072! 285 728 | 1620 2540 4376 7.61
4 | MTP-4 0.12 032 071 274 7.3| 1688 | 2586| 42.83( 7.64
5 | MTP-5 0.16 0.47 0.93 408 1019| 2077| 3373 5098 | 9.8
6 | MTP-6 0.14 0.43 0.91 394 938 2118 | 3456| 7416 10.82
7 | MTP-7 0.09 0.28 045 2.45 787 1384| 2240| 3601 | 6.64
8 | MTP-8 0.03 0.14 046 | 232 642 1371 22.84| 3600| 622
9 [ NGL-2 0.02 029] 043 2.35 621 1333 238 3499 4.90
10 | NGL-3 0.04 0.17 0.28 122  464|  916| 1645| 2058 455
11 | NGL-4 0.02 0.12 0.21 094 452 6.14| 11.69| 2437 2.53
12 | RMD-2 0.02 004| 015 0.38 0.94 2.65 680 | 14.94| 1.72
13 | RMD-3 0.02 0.04 0.14 | 042 0.98 2.65 716 1499 1.76
14 | TCR-1 0.04 0191 049 234| 643| 1339| 2263 2591 578
15 | TCR-2 0.04 0.13 0.24 116 | 478 9.50| 16.79] 3157 4.65
16 | TCR-3 0.09 029 050|230 655 14101 2245| 3555 6.45
17 | TCR-4 0.02 0.06 0.25 0.57 1.18 425 1056| 18250 241
18 | ITC-3 0.08 0.23 0.73 2.75 697| 17.02| 2585| 44.06| 7.54
19 | ITC-284 0.09 0.20 0.73 2.91 693 16750 2672 4264 7.52
20 | ITC-286 0,03 0.12 0.36 093] 349 625 11.72| 2480 353
21 | 8G-1 0.16 0.44 0.93 416 |  907| 2089| 3405| 5078 9.70
22 | 8G-2 0.10 0.23 0.69 294 708! 16971 2588! 4293| 756
23 | 8G-3 0.04 016 0290 113 460  971] 1664 3030| 4.61
24 | SG4 0.03 0.14! 023 0.94| 357 6.46 | 1167 2436 3.46
25 | PD-6 0.02 006 024| 066 013 4211 1017 18.60]| 223
26 | PD-9 0.02 0.14 0.26 0.63 214] 625 1189 2387 3.16
27 | PD-10 0.03 0.08 0.15 0.59 1.94|  424]  987] 18200 251
28 | ALR-J 0.01 0.07 0.14 | 035 099 267] 694 1468 175
29 | ALR2 0.04 0.19 0.28 120 476, 971 1693 3089 | 470
30 | ALR-5 0.03 0.16 0.30 129 | 512] 10.19] 1660| 30501 473
31 | KK-1 0.07 0.23 043 | . 238 664 1372| 252 3623 5.09
32 | KK2 0.05] 026 074 287, 721 1761 2580| 4234 752
33 | Esal 0.11 0.18 069 279 707| 1664 2550| 4230 7.47
34 | BU-1 0.02 0.05 024 052 LIO| 418 ] 1032| 1824 235
35 | BU-2 001 0.04 0.13 0.38 0.91 2.60 6.88 | 14.14| 1.67




Volume

]
This volume exhibited significant variation at various stages of observations in all the

clones at Aduthurai (Table 19). During 48 MAP the maximum volume of 8.44 m> was recorded
by MTP-4 followed by SG-1 (8.17 m?). The clone RMD-3 accounted significantly lowest value
0f 1.28 m’,

At 48 MAP among 35 clones and one seed source. studied, tota]ly sixteen clones viz.,
MTP-1, MTP-2, MTP-3, MTP-4, MTP-5, MTP-6, MTP~7, MTP-8, NGL-2, TCR-1, ITC-3, ITC-
284, 5G-1,5G-2, KK-1, KK-2 and E. saligna recorded significantly higher value than grand
mean, The same trend of volume variation was observed at Kumulur research D ot(Table 20,
The maximum volume of 10.82 m® was recorded by MTP-6 and minimum value of 1,67 m® was

recorded in clone EU-2,
Ecophysiological traits

The clonal efficiency to fit for biodrainage suitability was evaluated by measuring the
biodrainage related ecophysiological traits viz., transpiration rate, stomatal conductance, Inter
Cellular CO; Concentration (CINT) and photosynthesis rate. The observations in the study result

are described here under.

Transpiration

The clonal variation for transpiration rate showed a significant variation among the
clones at Aduthurai was described in the Table 21; F ig.3. The mean (ranspiration rate ranged
from 1.94 m mol m™ g’ (MTP-1} to 1.08 m mo! m™ 57 (RMD-2 and RMD-3). Totally sixteen
clones viz., MTP-1, MTP-2, MTP-3, MTP-4, MTP-5, MTP-6, MTP-7, MTP-8, NGL-2, ‘TCR-I,
ITC-3, ITC-284, SG-1,8G-2, KK-1, KK-2 and E saligna recorded significantly higher
transpiration rate than grand mean. Among the clones, MTP-1 registered maximum value of 1.94
m mol m™ ¢! followed by MTP-6 and SG-1 respectively of 1.91 and 1.86 m mol m™ s'.l. The
lowest transpiration rate 1.08 m mol m™ s'was registered by two clones namely RMD-2 and
RMD-3, |

At Kumulur seventeen clones viz., MTP-1, MTP-2, MTP-3, MTP-4, MTP-5, MTP-6,
MTP-7, MTP-8&, NGL-2, TCR-1, TCR-3, ITC-284, 8G-1,8G-2, KK-1, KK-2 and E saligna




Table 21.Clonal vari

Aduthurai trail

ation for ecophysiological traits on transpiration (m mol m-2 s -1)-

30

Clone ( 18 , 24 36 ]
sNo| Now | Map MAP | MAP | MAP | MAP | MAp MAP MAP | MEAN
!:1 | MTP-L | 07s| 2e 391 077 211|  3a] 086  204| 194
1?2 | MIP2 | 066] 205 29| o071 L8 3010 080] 191, 176
3 M3 | 098] 2100 296 069 176] 304] o7 1921 175
| 4 | MTP4 | o0e!| 21 286 068] 1801 305| 077 Lo1] 173
S_ | MIP-s | 071|256 318 076] " 201] 319 ogs 2.07 1.92:J
6_| MTP6 |  069| 254 341 075]  212] 3071 ose 203! 191
7 | MP7 | 046 200 268 052|175 285 061 173 1.59"
’js MTPS | 036] o211 2651 051 1761 g9 060 172] Ls3
9 | NOI2 | od1| os7] 306|051 176] 2861 g0 175 | 1.69
10 ' NGL3 | 052] 167 220] 0470 12| 256| os6 142] 138
| 1| NGLa | 041, 151 215 040 145 | 238| 0.0 1261 126
12 | RMD-2 | o028 L61] 203 030 0951 205 041 098] 108
13 | RMD3 | 0.0 L6 201 035 096] 206 044| 095 108
14 | TCR1 | 057]  210] 265 ' 04| 178|286 | 053] 175 1.50:1
TCR2 | 052] (76 205 047 161 251 056]  140] 136
TCR-3 0561 053] 261] 053 18] 2871 054 Les .1.38;{
TCR-4 030 213|  214] 036| 123 | 207] 0as| 1as| 1as
ITC-3 065 235 2751 066] 178! 230] 075 L2 | 157
LC-28 | 064 227] 28] 065] 180]  304] o0vs 193] 174
20 | ITC-286 036 178|207 o042 1s1| 3031 o5 1.94 ]  1.45
21 | 8G- 0371 25 3091 075] 2131 315 0841  203] 186
22 | sGa2 043]  209] 205] 065) 1711 08 074]  205| 163
23 | sa3 039] 179|207 o046]  172] 2611 oss 150, 139
24 | G4 0461 182] 210 042| 147, 240| osi 1311 131
25 | PD-6° | 035] 169! a1y | 037 132] 22l oa 12| 1o
26 | PD-9 8L LOT|  204] 046) 171|  259|  055|  148| 1as
27 | pp-1g 027, 162] 204) 031] 098] 206, o041l  1Los 1,09
28 | ALRY | 028 186 2061 034] 005 200] 44| 12| 112
29 | ALR2 | 0s0]  1e7] 220 T04s|  Les 257 054]  145| 113
0 | ARS | 05| Les 203] 0471 171 260 | 038] 152] 139
31 | Kkl 042| 208 200! o0s2] 20 288 0611 172 14
32 | Kk-2 045 2001 218] o068l 179 30 o7 202| 162
33 | Esal 063 18] 213| o] 178 | 305|__073] 201 el
3 | BU W0| L7 2151 037] 125] 221] oas| 1ol 1.19
35 | BU2 027) 167 200] 032] 098] 203] o041] Log 1.09 |




Fig 3.Clonal variation for ecophysiological traits on transpiration (m mol m? s ) - Aduthurai trail
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Table.22.Clonal variation for ecophysiological traits on transpiration (m mol m-2 s -1)
Kumulur trail ‘

6 12 18 24 30 36 42 42

o MAP | MAP | MAP | MAP | MAP | MAP | MAP | mop )MEAl—I
MTP-l | 096] 271] 319 076, 210]  3.04| ogs L 203] 1o7
MIP2 | 081} 204] 285 06| 17 | 291 o] 19| 1.7
MIB3 | 0s2] 215|280 g 2] 29| o | 19| 17
MIP4 | 0811 216] 2811 o | 170] 2031 o7s | 19s| 1,
MIPs | 095| 205|315 o75| 21 | 32| o083 2o | 189

|
|
|
|
MTP-6 ,I 098] 276] 3.7] 0771 213| 3.3 084, 2061 108
|
f
|
|
|
|

MIP7 | 051) 201] 263] oa0 168 279|  oss | 170] 1ss

050 203] 262] o043 | 169]  278]  oss | 169] 154

NGL2 | 050 204| o1 047] 169 279 054| 168 154
NGL3 | 045] 161] 215 o040 | 156] 2501 oo 135 131
NGL4 | 035| 145] 210 o33 140! 2335 a0 L 12 120

12 | RMD-2 | 025| 162] 1| 027]  094] 15| 038 005|104
13 | RMD3 | 0241 161] 1.97] o8 | 095] 19| o037 004 1o

TCR-1 | 052 205] 261 | 048] 169| o | 0s4]  1¢7] 1.54 |
TCR2 | 044] 162 | 2.14] 041 155] o251 050  136] 13
| . . 168 1.68

0.8
0.80 |

0.81 | 064! 172|201 o077
0341 130 234] 039 |

18 | rre

19 |

20 | ITC286 | o042

21 | $G1 | 093 278 _314]  o77] 214] 315 084|205

22; G2 | 0s0| 214 280] 065|173 293 076] 195
|

5G3 | 044| 162 204]  042]  155] 251 048] 137
SG-4
PD-6

138 233 038 120]

1.28

0.32 |
0.28

| 032] 147

ALR-1 | 0.3 0961  196| 037
29 | ALR2 | 047| Lel 18] 1,56 | 254 049 135
ALRS | 046] 160] 216] __o042|  1s7] 255 048]  136| 11
KK-{ 051 206 047 | 168 055 167] Ls4

218 292 076
8l 215 28] oal m 1971172
_EU1 | 03] el 2001 020|127 o1 043 109] 113
EU-2 195 026 0.4 195 036 09s| 104

l
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recorded significantly higher transpiration rate and it was described in Table 22 ;Fig.4, The
highest transpiration rate (1.98 m mol m™ s was recorded by two clones (MTP-6 and SG-1).
PD-10 and ALR-] recorded significantly lowest value of 1.03 m mol m? ¢! respectively than

grand mean,
Stomatal conductance

Stomatal conductance an examiner of biodrainage is also measured in all the clones at
Aduthurai and Kumulur., The research result at Aduthurail revealed: that stomatal conductance
also exhibited significant variations among the clones (Table 23), Significantly higher stomatal
conductauce was observed in fifteen clones viz MTP-1, MTP-2, MTP-3, MTP-4, MTP-5, MTP-
6, NGL-2, TCR-1, ITC-1, ITC-284, $G-1,8G-2, SG-3, KK-1, KK-2 and E. saligna with the
value of 124.73, 117.09, 113.26, 114.34, 124.62, 107.91,109.19, 113.21, 113,66, 118.73, 113.37,
206.63,109.21 and 114.10 m mol m? g respectively. The clone MTP-| registered the maximum
for stomatal conductance of 124.73 m mol m? ¢! followed by MTP-5 and MTP-6 respectively of
124,70 and 124.62 m mol m™ s, Also most of the clones showed significantly parity with grand
mean., The minimal and significantly low stomatal conductance was exhibited by the clone
RMD-3 (78.65 m mol m™ s,

The research result at Kumulur revealed that signilﬁcantly higher stomatal conductance
was observed in eighteen clones viz MTP-1, MTP-2, MTP-3, MTP-4, MTP-5, MTP-6, MTP-7,
MTP-§, NGI-2, TCR-1, TCR-3, ITC-3, ITC-284, SG-1,8G-2, KK-1, KK-2 and £ saligna than
grand mean. The clone MTP-6 registered the maximym for stomatal conductance of 140.50 m
mol m™ s followed by MTP-1 and 8G-1 respectively of 140,12 and 138.90 m mo m? g (Table
24). The minimal and significantly low stomatal conductance was exhibited by the clone RMD-2
(77.20 m mol m™ ¢, ' '

Inter Cellular CO, Concentration (CINT)

Inter Cellular CO; Concentration which is also a measure of. high productiyity and
biodrainage efficiency of clones is measured and the result is described in the Table 25 At
Aduthurai al] the clones showed significant variation among them in terms of Inter Cellular CO,
Coneentration. Among all the 35 clones and one seed source studied, the clonal members MTP-
I, MTP-2, MTP-3, MTP-4, MTP-5, MTP-6, MTP-7, MTP-8, NGI1.-2, TCR-1, TCR-3, ITC—3,




Table.23. Stomatal Conductance (m mol m?§ ") - Aduthurai Trial

6 MAP 12 18 24 30 36 42 48
S.No | Clone 1 (m) MAP MAP MAP MAP MAP MAP MAP | Mean
I | MTP-1 4822 | 163,92 | 163.37 7532 | 12530 15065 105.351 165.67| 124.73
2 | MTP-2 50.18 | 153.81 | 163.43 6731 | 11625 141.23 92,03 | 152.50| 117.09
3 | MTP-3 4120 | 145.84 | 149,79 6548 | 117.86 | 140.25 92.08 | 153.60 | 113.26
4 | MTP-4 4554 | 146.17 | 151.90 66.54 | 116.37 | 140,83 92.85| 154.50| 114.34
5 | MTP-5 5188 | 171.07 | 161.47| 7615 124.56 151,37 | 106,56 | 154.50 | 124.70
6 | MTP-6 4825 | 171.57 | 15546 7537 | 125.68 | 150.93 | 105.85| 163.87 124.62
7 | MTP-7 3876 | 152,69 | 142.74 55.30 90.38 | 121.59 85,30 | 164.56 99.80
8§ | MTP-§ 38.19 | 14346 | 133.16 35.40 90.54 | 122.40 83.40°| 13848 | 103.13
9 | NGL-2 36.49 | 171.04 | 165.10 54.38 9273 | 121.59 82.43 | 139,50 167.91
10 | NGL-3 33.56 | 13250 | 140.58 48.35 8532 11531 75,50 | 139.72 96.36
11 | NGI-4 3014 1 130,50 | 136.58 41.15 79.30 | 109.30 68.50 | 13240 90.98
12 | RMD-2 24.35 | 128.50 | 133.40 30.15 64.87 83.48 55.65 | 125.30 80.71
13 | RMD-3 2562 | 12740 | 132.41 29.46 05,78 84.56 5473 | 109.23 78.65
14 | TCR-1 34.23 | 15520 145,60 54.80 93.54 | 12230 83.50 | 109.42 | 109.19
15 | TCR-2 3470 | 141.24 ] 149.11 48.30 86,32 | 115.32 7432 | 138.30 98,45
16 | TCR-3 45,30 | 147.20] 15520 56.38 93.50 | 12038 835 13332 94.95
17 | TCR-4 33.50 | 131.56 | 144.67 35.38 72.34 95.30 60.35 | 135.40 88.56
18 | ITC-3 42.52 | 14632 15132 97.31 | 11500 14270 9238 11815! 113.21
19 | ITC-284 42.20 | 146,57 | 150.20 6642 | 11620 | 142.38 91.50 | 153.80| 113.66
20 | ITC-286 35.83 | 13877, 155.32 40,32 79.86 | 11040 69.30 | 154.30 88.01
2l | 8G-1 3425 | 169.63 | 162.61 76.56 | 124.58 | 151.85| 105.88 | 124.50 118.73
22 1 8G-2 3430 | 14444 | 14955 65.30 | 11547 | 142,95 91.08 | 163.85] 113.37
23 | 8G-3 3143 | 137.63 | 147.20 47.48 8432 | 114.13 74.12 | 154.87 98.90
24 | 8G-4 39.58| 169.14 | 163,64* 40,50 80.89 | 110.40 96.88 | - 131.37 95.54
25 | PD-6 34731 13602 | 143.48 3546 73.50 9642 |  61.56 | 124.50 8821
26 | PD-9 32251 13319 143.54 47.12 85.12 | 113.33 75.81 112:50 92.86
27 | PD-10 39.25 1 12991 | 148.43 30.67 63.72 85.47 5438 | 130.37 85.28
28 | ALR-1 33.10 | 13682 '147.76 60.15 63.54 85.65 54,32 | 109.50 86.36
29 | ALR-2 34,12 132281 139.72 47.13 85,86 | 114.33 7432 | 108.50 92.03
30 | ALR-S 31.30 | 131.87 | 140.92 46.32 84.33 | 112,41 75.67 | 129.36 94.02
31 [ KK-1 39.94 | 148691 151.85 55.30 92.30 ] 12140 80.42 | 130,14 | 106.63
32 | KK-2 32.84 | 141.95| 14816 65.87 | 116.80 | 143.80 91.78 | 13250 | 109.21
33 | H.sal 48261 139.76 | 151.96 66.72 | 116,37 | 143.58 91.33 | 15480 | 114.10
34 | BU-1 3231 129.50 | 14530| 3548 72,50 94.48 62.51 | 119.54 86.45
35 | EU-2 35541 12530 30.15 65.34 84321 55.62 109.50 79.78

t

132,50




Table.24. Stomatal Conductance (m mol m? § ) -Kumulur Trial

6 MAP 12 18 24 30 36 42 48 —,
SNo | Clonel | (m) MAP | MAP | MAP | MAP | MAP | MAP MAP | Mean

1 | MTP-1 156.16 | 15298 | 165.34 7677 130551 15632 110.47 172351 140.12

2 | MTP-2 155.34 | 14928 | 150.22 71.52 | 12246 147.38 98.26 | 157.20| 13146

3 | MTP-3 134.86 | 14782 | 151.56 71.08 | 121.30 | 148,51 97.50 1 156,20 ! 128.60

4 MTP~4 136.04 | 142,78 | 152.08 71.09 | 12340 147.36 9820 | 15532 | 12828
5 | MTP-5 15733 | 161,98 | 153.47 7748 | 121.48 | 145.40 95.55 | 15642 | 133,64

6

7

8

9

MTP-6 154.61 | 151.14 | 165.48 7851 | 13251 | 156.78 112,65 | 17232 140.50
MTP-7 120.20 | 14852 | 145.30 62.50 9820 | 135.25 9015 | '141.50 117,70
MTP-§ 107.60 | 126,01 | 142,20 6530 | 105301 13282 9120 142,80 | 114.15
NGL-2 117.28 | 132,51 | 14532 64.32 | 102.51] 133.28 92.58 | 143.90 | 116.46
10| NGL-3 100.28 | 115.02 | 138.50 32,58 95.00 | 125.50 81.00 | 137.00 | 105.61
11 | NGL-4 91.52 98.33 | 135.20 45,38 82511 115.20 72,50, 129.30 96.24‘|
12 | RMD-2 75.36 7448 | 111.56 31.42 65.35 90.57 5431 ] 114,51 77.20
13 | RMD-3 74.67 74.56 | 112.56 32,56 66.48 89,48 54.56 | 115.81 77.59
14 | TCR-! 123.65 | 131151 145.20 60.50 99,20 | 135.20 9120 | 14280 116.11
15 | TCR-2 101.56 | 11647 | 13842 53.54 96.76 | 126.00 82.75 | 13848 | 106.75
16 | TCR-3 126.29 | 14035 | 14256 62.58 | 100.28 | 134.58 92.80 ] -143.80 | 117.91
17 | TCR-4 85.35 82.30 | 12520 40.20 72,00 | 100.51 6530 | 121.50 | 86.55
18 1 ITC-3 155.36 | 150.34 | 151.32 72.32 ) 12231 14620| 9738 156;20 131.43
19 | ITC-2B4 | 154.48 | 152.41 130.51 71,56 | 120.51 | 142.31 99.20 | 156.56 | 130.94
20 | ITC-286 95.26 99.52 | 134.56 44.20 82.56 | 115.28 73.56 | 128.59 96.69
21 | 8G-1 153.84% | 158,88 | 164.48 7560 | 128.50 | 15748 | 113.85| 173.50 138.99

22 1 8G-2 150.23 | 148.22| 14920] 70.21 121.58 | 14230 9848 | 15621 | 12955
23 | 8G-3 101.56 ) 11635 13948 51.54 96.38 | 126,48 82.56 | 138.47 106.60
24 | 8GH4 96.30 98.28 | '135.48 44.76 84.85 ] 116.25 7423 | 128,54 97.34
25 | PD-6 84.30 81.30 | 135.26 41.36 73.50 | 10146 6470 | 122.54 88.03
26 | PD9 102,56 | 117.48 | 124.50 52.61 96.71 | 124.61 82.56 | 13548 | 104.56
27 | PD-10 75.31 76,771 139,48 30.26 64.56 91.35 35.64 1 11536 81.09

28 | ALR-1 75.47 7748 | 112,56 28.34 62341 9248 5520 11547 77.42
29 | ALR-2 10152 | 116.25| 138.35 51.28 95.87 | 123.43 81.68 | 134.87 | 105.41
30 | ALR-5 10251 11737 | 13638 | 5276 9423 | 124.58 8270 | 13520 | 105.72

31 1 KK-1 135.20 | 14436 | 143.20 61.58 99.20 | 134,28 91,50 | 142.80 | 119.02
32 | KK-2 117.73 | 136,00 ! 14851 71521 11928 | 145.33 99.50 | 158301 124,52
33 | E.sal 12032 | 13697 | 150.21 72,56 | 12020 | 143.28 98.50 | 157.28 | 124.92
34 | EU-I 84.36 80,36 | 132,56 39.40 71.50 | 10147 64.37 | 120.56 86.82

| 35 | EU-2 75.36 7638 | 111.56 30.54 65.76 90.31 54111 11530 7742




Table.25. Clonal variation for ecophysiological traits on intercellul
(CINT) (ppm)- Aduthurai trail

ar CO, concentration

Clone 12 18 24 30 36 42 48 ]
SNo| No. | 6MAP | MAP | MAP | MAP | MAP | MAP _MAP | MAP | Mean |
L MTP-) | 24567 23566 | 22513 | 233.46, 237.16| 25433 | 240.61) 26568 242,21
2 | MTP-2 | 23568 19536| 185.62] 185.65 205.66 | 204.67 | 200.87 | 222.36| 204.48
3 (| MIP3 | 20536| 19663 | 18536 18223 | 201.23 | 20011 205.11| 22301 199,88
t [MIP4 | 20566 20026 | 19585 | 18436 206.63| 203.13] 206.33] 2241; 203.29
S_|MTP-5 | 24565 23547 225.68| 233.61] 237.63 254.50 | 230.40 | 264.50 | 242.06
O IMIP-6_| 244.37| 23561| 22556 232.81 | 237.60| 253.60 1 23840 26589 241.73
T [ MTP-7 | 19543 | 182.15| 17533 | 18323 | 20031| 195.61 | 17761 195.06 | 188.09
8 | MTP-S | 19234 | 181.16| 17320 18567 20141 | 195.65| 17871 195.16 1 187.01
?_|NGL-2 | 19533, 18051| 175.66| 18032 200.11| 196.65| 176.16] 10486 187.45
O _[NGL-3 | 17046 | 15546 15147 159.65| 17547 | 18541 | 165311 18341 168.33
I INGL4 | 151.66 | 142.55| 13944 14155 | 16022 | 16508 | 1503] 17022 | 152,63
12 |RMD-2_| 11567 10645| 10935| 110.44| 122.68 | 13266 12033 | 141.55| 119.89
I3 RMD3 | 11487] 10555 | 10966 11056 122.69| 1317 121,66 | 142.66 | 119,93
14 | TCR-1 19641 | 182.61| 17676 | (82.43 | 20121| 198.11| 179.36| 197.20| 189.26
13 |TCR2 | 17115 | 15637 15216 | 163.17| 18536] 190.30 | 17035 18536 | 171.78
16 1TCR3 | 197.14| 18623 | 167.67 | 189.30| 212.31| 19530 | 150.63 195.40 | 190.50
17 | TCR4 | 12615 | 11567 11637| 112.56| 135.01] 14433 | 12735 14536 | 12785
18 | ITC-3 20312 | 201.56 | 192.55) 182.55| 20250 | 195.66| 108.51] 223.10| 1889
10 |ITC284 | 203.67| 202.67| 192.67| 18189 | 203.61 | 19467 10961 225,671 18931
20 | ITC-286 | 15161 | 142.60 | 13845 140.65! 16037] 165.77| 15163 171.38 | 152,81
21 | $G-1 24.33 | 23347 | 20567 132.63| 23746 | 153.66| 24039 26637 | 21675
22 | 8G-2 20178 | 20615 19136, 185.95| 206.96 | 19339 210.11] 224.16| 20248
23 |8G3 L7267 15647 | 15565 | 161.66| 18055 | 190.33 | 170.41| 18623 17175
24 | 8G4 13167 | 14276 | 13876, 142.67| 16156 | 16581 15031 | 171.88 | 13318
25 | PD-6 12665| 11437] 11516 112.65! 13570 | 14333 | 12635 | 144.63| 12736
26 | PD9 173331 16033 | 16136 162.35| 18211, 19533 | 17143 | 158411 170.83
27 | PD-10 15,361 10630 10923 | 11035, 12233 130.67| 120.80| 140.30| 119.42
28 L ALR-L | 11567 10523] 109.31| 11065] 12241] 130.68| 12081 140,67 | 119.43
29 |ALR-2 | 17532 | 16255| 16533 | 16387 | 183.21] 19521 172.77 183.41 | 175.21
0 JALR-S | 175.66| 162.66| 16544| 164.78| 183.40] 19420 173.73 | 18281 175.34
31 | KK-] 19032 | 18115 | 17535 | 18332 | 20011 19623 | 175.66| 195.16 | 18716
32 | KK-2 20230 | 20816 | 19530 | 190.21] 20611 19632 208.60 | 222.69] 20371
33 | Eal 20511 | 207.16] 19250 | 189.50 | 205.60 | 19530 20950 225.60 | 20373
34 | FU-1 12626 | 114.36| 11635] 113.47] 135.08| 10548 | 180.11 | 19540 14706
35 | BU-2 11537, 10637 | 109.06 | 11032 12211 13040, 12016 14055 11929 |




Table.26. Clonal variation for ecophysiological tr

Ly

(CINT) (ppm)- Kamulur trail

aits on intercellular CO; concentration

Clone 6 12 l 18 24 30 36 42 , )
2No| _No. | MAP | MAP | MAP | MAP | MAP | MAP | MAP | 45niap Mean
L MIP-L 25534 | 24737 | 23110 23705 | 24037 25637) 23530 0.5 245.43
S MIP2_ | 208.26 | 19532 | 19032] 19131 210.05| 20956 | 19533 215.10 | 20105
S MIP-3 | 20543 | 19688 | 19133 | 190.05 | 21125 | 20823 | 19420 21419 201.45
4 | MTP4 | 20214 | 19253 | 19244 | 190.61] 21135 | 208,111 10340 215.30 | 200.74
2 MIP-S | 20932 24440 | 232.11| 237.06| 240.12] 256.37| 23440 260.46 | 23928
6 | MIP6 | 251.65| 24692 233.06| 23536 | 24024 | 235.11 23330 260.34 | 242,00
7| MTP7 | 18548 | 17326 | 170,14] 17820 | 195311 19101 173.46 | 191.26 | 182.27
8 [ MTP-8 | 18558 17357 170.16] 178.20 195.47 | 190.03 | 17341 | 19246 | 182.36
9 INGL2 | 28353 | 17547| 17126] 177.15] 192.05) 192.04| 172.43 193.67 | 194.70
10 INGL3 | 16535| 15423 15023 | 158.54| 174.82 | 18325 | 16254 182,51 | 166.43
L NGL4 | 14414 | 13456 13356 13857 | 15523 | 16255 14535 | 160,15 146,76
2 | RMD-2 11202 ] 10215] 10511 10820] 12530 13022 | 11520| 14055 117.36
1_{RMD-3 | 112.20 | 10235 10520 ] 108.10| 12556 | 13056 ] 115.36| 17056 121.27
S (TCR-L | 18409 | 17468 | 17015, 17535 | 192.65 | 19023 172.15] 19236 181.46
L5 [TCR2 | 163.33 | 15324 | 15033 | 157.53] 17523 | 18523 | 1636 155.66 | 163.03
| 16 | TCR3 | 18508 | 17365 172.06| 12504 192.01 | 19023 | 172.16 | 192.06 | 18161
Ln TCR4 | 123611 112.65| 11250 | 11041] 13251 | 14036 125 4 144.70 | 12530
18 _|1TC3 | 20635 | 19537] 190.06 | 19231 212.6¢ 20840 | 19344 | 21520 | 20172
19 [ITC284 | 20647 | 197.48 | 189.12| 19342 21166 | 208.44| 19547 215.25 | 20101
20 ITC-286 | 14415 | 13336 | 132.56 | 136,33 | 15625| 16531 12325 159.54 | 146,09 |
2L |SG-1 25175 | 24523 | 23106 237.15 | 24033 256.11] 235 12 260.76 | 244,69
215G 207.23| 19233] 192.10| 18932 19250 20831 195.c8 214.16 | 198,95
23 8G3 | 16327) 15333| 15133 | 157.03] 17355 18a.01] 1e3.61 181.23 | 165,82
24 18G4 | 14535 | 135.15| 15423 | 135.11] 15501 | 16431] 14233 158.04'148,ﬁ
25 |PD-§ 112351 15244 | 15240 13640 | 17266 185.11| 16466 182.33 | 161.19
20 1PD:9 16333 | 113.54| 11247 | 11030 13232 14190 12535 | 143.20 | 130.21
27 | PD-10_ | 11315 | 102,56 10637 | 108.27| 155371 12031 115.30 | 137.28 | 120,95
28 {ALR-1 | 11427 103.57| 10627 109.51| 12441] 13241| 11430 138.00 | 117.84
29 LALR-2_ | 16245 | 15146 | 150771 157.67] 17346 | 150231 163.77 181.66 | 165.31
30 | ALR-S | 16365 | 15166 | 151.88 | (57.68 | 173.66| 183.23] 16377 181.77 | 165.9]
3L KK-L 118366 1 17315 | 16936 | 17456 | 19466 | 192.50 | 174.63 192.31 | 18185
32 I KK-2 /20601 ] 19051] 19025 | 15950 | 193.51] 20731 19673 | 21315 | 194.62
3 | Esal | 20815| 19027 ] 19128 | 15911 19420 20650 ] 196.37 214.15 | 195,00
34 [BU-U [ 12341] 11345 11130] 11020] 3Lea 140.33 | 126.20 142.50{124.857‘
L35 [EU2 | 113as | 10438 10927] 12151 ] 13023] 11620 138,00 11754

107.27




ITC-284, 8G-1,8G-2, KK-1, KK-2 and E. saligna than grand mean. The clone MTP-1 registered
the maximum Inter Cellular CO, Concentration of 242.21 ppm and the clone EU-2 accounted the

minimal Inter Cellular CO; Concentration value of | 19.29 ppm.

At Kumulur all the clones showed significant variation among them in terms of Inter
Cellular CO, Concentration. Among all the 35 clones and one seed source studied, the clonal
menibers MTP-1, MTP-2, MTP-3, MTP-4, MTP- 3, MTIP-6, MTP-7, MTP-8, NGL-2, TCR-1,
TCR-3, ITC-3, ITC-284, SG-1,8G- 2, KK-1, KK-2 and E saligna than grand mean. The clone
MTP-1 registered the maximum Inter Cellular CO, Concentration of 245,43 ppm and the clone
RMD-2 accounted the minimal Tater Cellular CO; Concentration value of 117.36 ppm(Table
26).

Photosynthesis

Photosynthetic rate also showed mgmﬁcant variation among the clones and the result
describefl in Table 27, At Aduthurai the clonal members viz,, MTP-1, MTP-2, MTP- 3, MTP-4,
MTP-5, MTP-6, MTP-7, MTP- 8, NGL-2,TCR-1, ITC-3, ITC-284, SG-1 25G-2, ALR-2, KK-2
and E. saligna accounted hlgher photosynthetic rate than grand mean with the value of
2.68,2.232, 12,2.17,2.66,2.63,1.94,1.91,2.02,1.86,2.16,2.09,2.59,2.39,2.16,2.05 and 2.33.p mol
m? g respectively. The lowest significant level of photosynthetic rate was registered by the
clonal members of RMD-2 and RMD-3 (0.91 umol m? 5™ followed by ALR-1 (0.93 yu mol m™
§ )andEU2(0 96 pmol m™ & h.

At Kumulur al! the clones showed significant variation -among them in terms of Inter

Cellular CO, Concentration, Among all the 35 clones and one seed source studied, the clonal

‘members MTP-1, MTP-2, MTP- 3, MTP 4, MTP-5, MTP-6, TTC-3, ITC-284, SG- 1, 8G-2, $G-4

and E. saligna than grand mean(Table 28). The clone SG-2 registered the maximum Tnter
Cellular CO, Concentration of 16,78 wmol m™ 57" and the clone EU-2 and ALR-1 accounted the

minimal Inter Cellular CO, Concentration valye of 3.00 wmol m™ s’




Table 27. Clonal variation for ecophysiological traits on photosynthetic rate (& mol m-?
s -') Aduthurai trail '

18 24 30 36 42 48 -

Clone No, MAP ‘ MAP _ MAP | MAP | MAP | MAP | MAP | Map ' Mea;}
| MTP.1 055 334] 5951 o059 | 558 435 o044 | 064| 268
| MTP-2 051)  289] s523| oss | 431 329 om0 | 062 22_’;{
| MTP.3 0521  281] 440| o057 | 4a3] 322 oar | 063| 212
| MTP-4 050| 2811  463] 05 | 457] 34| o039 | 0| 217

2.66
| MTP-6 057  329] 563 0.62 5521 4241 04| 070
MTP-7 049 | 274 484 3 61 236|  038] 0.0
MTP-§ 049| 274l 4| 3] 343 241 033 | 050

f
|
|
| MTP-5 ‘! 0.58)  332] sg8 063 553|415 047, 069
l
|
I

| NGL2 048] 238 576] ‘F 372] 232]  037] 053]
INGL3 | 041] 20 375 | 265|  152]  030] o052

037) _215] 361| o042l 216] 132 | 026] o04s| 125

11 | NGL4
12 | RMD.2 029, L1131 217) 034 193] 085| ous 039! 091
13 | RMD3 028 | 115|222 o 190  084] 0170 o040 oo
| TCR.1 047! 2411 47| 0521 34 232 036] 058 1.86‘{
| TCR2 042  208] 3a o.4% 2591 149 031| o053 1.46
| 16 | TCR3 046 | 224| 3651 051 3451 232] 0351 os6 1.72 |
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Table.28. Clonal variation for ecophysiological traits on photosynthetic rate (u mol m-2

$ -1) Kumulur trail

Clone ) 12 18 24 , 30 36 42 48 I
SNo| No. | 6MAP | MAP | MAP | MAP | MaP | MaP | map MAP | Mean
k] MIP-1 | 881] s854| 631 862 054] 551| 805 8.70 | 7.02
2 (MTP2 | goo|  g12] 53 743 050| 4351 870 8.56 | 638
3 IMTP3 | 802| 628|543 754 0511 442| 873 8.51 | 6.181
4 MIP4 | 834] 66s] 554 7651 049 47| w71 8.50 | 6.31
| 5 |Mips | 8751 887| 652 763 | 057] 5521 893 871 | 694
| 6 |mMTP6 | 884 852] 650 761 055] 553]| 892 872 690/
7 MTP7 | 751 701, 4.5 563 | 048] 336| 761l 7.01] 540 |
ks IMIPS | 7801 7021 as . 562 _046| 342! 783 721 548 |
9 _INGL2 | 71712]  706| a7 585 040] 375| 786 715 | 557
| 10 [NGL3 | 651 605| 361 472 033] 264| 701 6.56 | 4.6
| 1l INGL4 | 611  so8| 313 426 | 028 215| 610 532| 417
12 [RMD-2 | 435| 423 295| 4041 027] 104] 424] 305 3.13 |
P:—s RMD-3 | 436| 415 292| 405|048 145] 215| 16 3.09 |
14 [TCR-1 | s69] 527 441|  s62| 041] 342, 7. 7.16 | _4.98]
Fs [TCR2 | 702] 642|357 468 | 045 2571 712 652| 479
16 |TCR3 | 770|  708|  4ac 557! 034] 345] 780 717 ] 545 |
17 [ TCR4 | 505 as 309 411 0s2] 200, 316 476 | 367
|18 [mc3 | 673  694] 535 646 | 037 439] $73 8.51 | 5-9i_{
| 19 |rrc-osa | 71|  843| s35] 648 | 051| 437 871 | 854 639
| 20 | ITC-286 | 873 853| 3.17 429 0s2| 214] e1s 543 ] 487
| 20 [sG1 | 870 839] 658, 769 | 054 5551 o6 872 | 689
2 [s62 | 580| sa | 645 7561 o021 50 873 851 1678 |
23 863 | 73] 683 | 347]  458] 04 223|_705| 663 452
24 1864 | 880l sa2| e 2271 038] 2081 s12 537 | 1470 |
25 [PD-6 | 523] 475]  30s 416 038] 201] e1a 485 | 3.82]
26 [PD9 | 78] 667! 3as 4591 032] 237| 716] 673
PD-10 | 437 300|290 405| 028| 187] 4331 315| 301
\LR-1 | 427|  306| 293 404 0291 1.85| 438] 346! 300
] . 637, 355) 465) 035| 285 714] 659] 483
6.54 476|035 271] 716
439 045! 33| 783
635 | 053] 48| 877
. . . 720 052 5390 sl g
34 |BU | 52| 4s4] 3o 415 033] 206| 52 475 365
L35 [BU2 | 41 326] 291 404 193 | 430] 3.4] 300

0,27
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Genetic parameters of clones for biodrainage traits
Variability of clones for biodrainage traits -

The biodrainage related traits of clones like transpiration rate, stomatal conduc.tance,
height and volume were used to identify their contribution in biodrainage efficiency of clones,
Also, effects of each character on others and their variations viz., phenotypic variations,
genotypic variations and environmental variations were estimated in experimenta] plots located
at Aduthurai and Kumulur and tabulated in the Table 29 and 30;fig 5 and 6.

¥

Phenotypic variations '

At Aduthurai among the traits viz,, transpiration rate, stomatal conductance, height and
volume studied, the volume (18905.62) accounted maximum phenotypic variation followed by
height ( 1136.04). Stomatal conductance registered lower level of phenotypic variations '57.15

and transpiration rate accounted least phenotypic variations of 0.029,

height (1106.24), Stomatal conductance registered lower level of phenotypic variations 49.89

and transpiration rate accounted least phenotypic variations of 0.030,
Genotypic variations

Genotypic variations was highest for volume (16204.35) followed by height (989.25),
The traits stomata] conductance and transpiration rate accounted the genotypic variation of 29.53

and 0.019 respectively in experimental plot located at Aduthurai,

At Kumulur Genotypic variations was highest for volume (17204.26) followed by height
(890.45). The traits stomatal conductance and transpiration rate accounted the genotypic

variation of 31.49 and 0.014 respectively,

Environmental variations

At Aduthurai the variation due to environment wag less in all the traits compare to

phenotypic and genotypic variations, Among the four trajts studies, volume had high




Table 29. Contribution of variation for biodrainage attributes at Aduthurai

Character GV | ®» [ ®V |
Height ' 989.25 1136.04 |~ 146.79
Stomatal conductance *. 29.53 57.15 27.62
Transpiration rate 0.019 0.029 0.010
Volume 16204.35 | 18905.62 2701,27

Table 30. Contribution of variation for biodrainage attributes at Kumulur

Character GV PV | EV |
Height 890.45 1106,24 136.89
Stomatal conductance 31.53 49.89 23,73
Transpiration rate 0.014 0.030 0.011

Volume 17204.26 | 19105.77 | 2701.49
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environmental variation of 2701.27 followed by height, stomatal conductance and transpiration

rate with the variation of 146,79, 27.62 and 0.010 respectively.

~ The variation due to environment was less in all the treits compare to phenotypic and
genotypic variations. Among the four traits studies, volume had high environmental variation of
2903.49 followed by height, sfomatal conductance and transpiration rate with the variation of
136,89, 23.73 and 0.011 respectively at Kumulur. '

These results help to conclude that environmental influence on the traits were less,

However, all the traits were largely dictated by phenotypic and genotypic influence,

Estimation of genetic parameters

The contribution of variation in terms of genotypic, phenotypic and environmental
coefficient of variations of the clones in terms of various biodrainage related traits were
explained in the Table 31; Fig. 7. In addition, the heritability and genetic advance of the clones
for various biodrainage traits were also explained in the same Table 32; Fig. 8. The results were

presented using the estimation of traits at 6 MAP,

Genotypic coefficient of variation

The success of the selection depends on the control of characters by the genetic factors.
The results of present study at Aduthurai revealed that among the four traits volume had highest
genotypic coefficient of variation 89, 06, whereas, height and transpiration rate accounted the
genotypic coefﬁmeni of variation of 37.84 and 30,73 respectively, Among the four traits,

stomatal conductance accounted very low genotypic coefficient of variation of 14.11.

The results of present study revealed that among the four traits volume had highest
genotypic coefficient of variation 88.96, whereas, height and transpiration rate accounted the
genotypic coefficient of variation of 34.86 and 31 .82 respectively. Among the four (raits,
stomatal conductance accounted very low genotypic coefficient of variation of 13,18 in

Kumulur,




Table 31. Genetic parameter for biodrainage attributes at Aduthuraj

GA (%)
of mean

Character ’7GCV ’ rcy ’ ey | Heritability

{%)
Height 37.84 40.55 14,57 87.08 72.73
Stomatal conductance 14.11 19.63 13.65 51.67 20.90
Transpiration rate 30.73 37.83 22.07 65.08 51.42

Volume 89.06 | 96.19 | 36.36 85. 71 169.84

Table 32.Genetic parameter for biodrainage attributes at Kumulur

T

Character GCY ’ PCV ' Ecy | Heritability ['GA (%)

(3] of mean

Height 3486 | 3961 | 13.54 83.10 71.78
Stomatal conductance 14,18 19.59 13.62 51.71 - 21,78
Transpiration rate 30.83 | 37.80 21.99 - 65.91 56.39

Volume 88.96 99.19 38.36 79.71 167.84




Fig 7. Genetic parameter for biodrainage attributes at Aduthurai
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Table 33, Genotypic correlation co-efficient for biodrainage attributes at Aduthurai

’ Stomatal Transpiration

Charactel_' Height | conductance rate Volume
Height 1.000 0.980% 0.993* 0.977%
Stomatal conduciance 1.000 » 0.861* 0.902%
Transpiration rate LO0G | 0.948%
Volume 1,000

* Significant @ 5% level

Table 34.Genotypic correlation co-efficient for biodrainage attributes at Kumulur

Stomatal | Transpiration W .
Character Height | conductance rate Volume
Height | 1.000 0.989* 0.997* 0.987*
Stomatal conductance | 1.000 0.881* 0.906*
Transpiration rate o ' 1.000 0,942+
Volume 1.000

* Significant @ 5% level




Phenotypic coefficient of variation

Phenotypic desirability of the clones helps to identify the best performing Candidate Plus
Trees (CPTs) by breeders. In Aduthura; the result revealed that similar to genotypic coefficient
of variation, maximum phenotypic coefficient of vatiation of 96.19 was accounted by volume
followed by height (40.55) and transpiration rate (37.83). The least phenotypic coefﬁcignt of

variation of 19.63 was accounted by stomatal conductance.

In Kumular niaximum phenotypic coefficient of variation of 99.19 was accounted by
volume followed by height (39.61) and transpiration rate (37.83). The least phenotypic

coefficient of variation of 19,59 wag accounted by stomatal conductance,
Environmental coefficient of variation

The study revealed that environmental coefficient of variation also showed similar trend
like GCV and PCV at Aduthurai. Higher environmental coefficient of variation (36.36) was
accounted by volume followed by transpiration rate (22.07) and height (14.57). The least

environmental coefficient of variation of 13.65 was registered by stomatal conductance.

At Kumulur higher environmental coefficient of variation (38.16) was accounted by
volume foilowed by transpiration rate (21.99) and height (13.54). The least environmental

coeificient of variation of 13.62 was registered by stomatal conductance, -

The above result explained the characters viz,, volume, height, transpiration fate and
stomatal) conductance used for biodrainage studied were largely dictated by genotypic and
phenotypic variation. It ig also important to note that environment played a little role on the

characters studied,

Heritability

The maximum genetic gain can be achieved through high heritability. It is also important
that, the characters considered for selection must have high heritability to capture maximum

benefit. Among the four characters studied at Aduthurai, height accountéd highest heritability of

87.08 per cent, volume, transpiration rate and stomatal conductance have the heritabi]ity-of 85,

71 per cent, 65,98 per cent and 51.67 per cent respectively,




Table 35, Phenotypic correlation co-etficient for biodrainage attributes at Aduthurai

l : Stomatal TranspirationT 1

Character Height | conductance rate _Yolume ‘
Height 1.000 | 0.685% 0,720% 0.942%*
Stomatal conductance 1.000 0.655% 0.691*
Transpiration rate ' 1,000 0.732%
Volume ' 1.000

* Significant @ 5% level

Table 36.Phenotypic correlation co-efficient for biodrainage attributes

at Kumulur

Stomatal
conductance

Transpiration
rate

Character ’ Height

Volume'ﬁ[

0.721*
0.659*
1.000

Height

Stomatal conductance

0.679*
1.000

1.000

Transpiration rate
Volume

* Significant @ 3% level

0.944%
0.692%*
0.734%
1.000 -




Table 37. Environmental Correlation co-efficient for biodrainage attributes at Aduthuraj

‘ Stomatal Transpiration
Character Height | conductance rate Volume
Height 1.000 0112 -0.153 0.7_24
Stomatal conductance 1.000 0.091 0.001
Transpiration rate 1.000 -0.176

Volume 1.000

Table 38. Environmental correlation co-efficient for biodrainage attributes at Kumulur

Stomatal Transpiration o
Character Height | conductance rate Volume |
Height 1.000 0.115 -0.163 0.728
Stomatal conductance 1.000 0.091 (.001
Transpirat_ion rate 1.000 -0.169

Volume 1,000

— e




At Kumulur height accounted highest heritability of 83,10 per cent, volume, transpiration
rate and stomatal conductance have the heritability of 79.71 per cent, 65.91 per cent and 51.71

per cent respectively,
Genetic advance

The experimental result at Aduthuraj Tevealed that maximum genetic gain in terms of
genetic advance was obtained by volume ( 169.84%) followed by height (72.73%), transpiration
rate (51.42%) and stomatal conductance (20.90%),

The experimental result at Kumulur revealed that maximum genetic gain in terms of
genetic advance was obtained by volume (1 67.16%) followed by height (71.73%), transpiration
rate (56.39%) and stomatal conductance (21,78%).

Association of biodrainage traits
Correlation studies

The correlation among the traits will help to harvest additional genetic gain if one
character is highly correlated witly another character, The estimation of correlation in terms of
genetic correlation, phenotypic correlation, environmental correlation and simple correlation

were explained in the Table 33 to Table 40 respectively,

Genotypic correlation

All the four characters viz., height, volume, transpiration rate and stomatal condu'ctance
were highly correlated with each other genotypically. In Aduthurai among the four attributes,
height showed very strong genotypic correlation (0.993) with transpiration rate followed by
height vs stomatal conductance (0.980) and height vs. volume (0.977). Transpiration rate also
had strong correlation with volume by registering genotypic correlation value of 0.948, Stématal
conductance showed moderate genotypic correlation with volume (0.902), whereas, slightly
lesser genotypic correlation was observed for stomatal conductance vs, transpiration (0.861)
(Table 33), '

In Kumulur among the four attributes, height showed very strong genotypic correlation

(0.997) witk transpiration rate followed by height vs stomatal conductance (0.989) and height vs.




volume (0.987). Transpiration rate also had strong correlation with volume by registering

genotypic correlation value of 0.942. Stomatal conductance showed moderate genotypic
'

correlation with volume (0.906), whereas, slightly lesser genotypic correlation was observed for

stomatal conductance vs. transpiration (0.881) (Table 34).
Phenotypic correlation

Compared to genotypic correlation, phenotypic correlation showed only moderate
relatlonsth among the clones, At Aduthurai the phenotypic correlation was found to be high for
height vs. volume (0.942), followed by transpiration rate vs volume (0.732), Stomatal
conductance vs. transpiration rate showed a low phenotypic correlation of 0.655 (Table 35). The

correlations between all these four traits were significant at five per cent level,

At Kumulur the phenotypic correlation was found to be high for height vs. volume
0.944), followed by transpiration rate vs, volume (0.734). Stomatal conductance vs.

transpiration rate showed a low phenotypic correlation of 0,659 (Table 36).
Environmental correlation

At Aduthurai the height showed positive correlation {0.724) with volume, whereas height
with transpiration rate (-0, 153) and transpiration rate with volume (-0.176) were negatively
correlated environmentally. Stomatal conductance showed moderate environmental correlation

with transpiration rate (0.091) and very low environmental correlation with volume . (0.001)
(Table 37).

At Kumulur the height showed positive correlation {0.728) with volume, whereas height
with transpiration rate (-0.163) was negatively correlated environmentally, Stomatal conductance

showed moderate environmental correlation with transpiration rate (0.091) (Table 38)

The above result showed that all the characters considered for the selection are dictated
by genotypic and phenotypic factors and are less influenced by environmental factor. Hence, the

characters considered for the selection for biedrainage can be used.




Simple correlation

The assoclation of characters were analyzed and furnished in Table 39 and 40 The
research result at Aduthurai indicated that height exerted a strong correlation with volume
(0.964) followed by transpiration rate with volume (0.906).  Stomatal conductance had
correlation with volume and transpiration rate with the correlation coefficient being 0. 883 and

0.870 respectively. Height showed the least simple correlation with stomatal conductance (0.847)
(Table 39).

- The research result at Kumulur indicated that height exerted a strong correlation with
volume (0.968) followed by transpiration rate with volume (0.906). Stomatal conductance had
correlation with volume and transpiration rate with the correlation coefficient ‘being 0.878 and

0.870 respectively. Height shawed the least simple correlation with stomatal conductance (0.851)
(Table 40,

Path coefficient analysis for biodrainage traits

The estimates of direct and indirect effects of biodrainage traits viz., transpiration rate,
stomatal conductance, height and volume are presented in the Table 41and Table 42. The

residual effect for the evaluation trail on volume was 0.18893.
Direct effect

In Aduthurai among all the biodrainage traits studied, the height exhibited negative'effeot
on volume (-0,241), while stomatal conductance and tlanspiration rate showed direct positive

effect on volume with path value of 0.525 and 0.709 respectlvely (Table 41).

In Kumulur among all the biodrainage traits studied, the height exhibited negative.effect
on volume (-0.231), While stomatal conductance and transpiration rate showed direct positive

effect on volume with path value of 0.531 and 0.701 respectively (Table 42).




Table 39, Simple correlation co-efficient for biodrainage attributes at Aduthurai

N : Stomatal | Transpiration
Character Height | conductance rate Volume
Height 1.000 0.847 0.882 0.964
Stomatal conductance 1.000 0.870 - 0.883
Transpiration rate 1.000 0.906
Volume

1000 |
_

Table 40,Simple correlation co-efficient for biodrainage attributes at Kumulur

L

- . Stomatal | Transpiration | Volume
Character Height .
conductance rate index
Height 1.000 0.851 0.879 0.968
Stomatal conductance 1.000 0.870 0.878
Transpiration rate 1.000 0.906
Volume 1.000




Table 41. Path coefficients of biodrainage traits showing direct and indirect effects
on volume index at Aduthurai

Characters Height Stomatal | Transpiration .Correlatml.l(r)
‘ conductance rate with volume index
Height -0.241 0.514 0.703 0.977
Stomatal conductance —0.236 0.525 0.750 1.038
Transpiration rate -0.239 0.555 0.709 1.025

Residual effect=0.18893

!

{Diagonal values are direct effect) "

Table 42.Path coefficients of biodrainage traits showing direct and indirect effects
on volume index at Kumulur

Stomatal | Transpiration | Correlation(r)
Characters Height conductance rate with volume index
Height 0.231 0.504 0.802 0,865
Stomatal conductance | -0.229 *.|  0.531 0.760 1.028
Transpiration rate -0,235 0.556 0.701 1.019

Residual effect= 0.18893

(Diagonal values are direct effect)




Indirect effect
Height

At Aduthurai height exhibited maximum positive indirect effect on volume through
transpiration rate (0.703) and also expressed lesser positive indirect effect through stomatal
conductance (0.514) (Table 41},

At Kumulur height exhibited maximum positive indirect effect on volume through
transpiration rate (0.802) and also expressed lesser positive indirect effect through stomatal
conductance (0.504) (Table 42).

Stomatal conductance

At Aduthurai stomatal coﬁductance also exhibited positive indirect effect on volume
through transpiration rate (0.750) and exerted its maximum negative .indirect effect. through
height (—P.236) on volume (Table 41). ' ‘

At Kumulur, stomatal conductance also exhibited positive indirect effect on volume
through franspiration rate (0.753) and exerted its maximum negative indirect effect through
height (-0.229) on volume (Table 42).

Transpiration

At Aduthurai transpiration rate registered negative indirect effect on volume through
height (-0.235) and also exhibited positive indirect effect through stomatal conductance (0.556)
(Table 41). ‘ '

Y

Genetic divergence estimation

The genetic divergence estimation of clones helps to understand the genetic distance
among the clones. In the present study, based on the result collected on transpiration rafe,
stomatal conductance, Inter Cellular CQ, Concentration, photosynthetic rate, height and volume
of all the clones were subjected for multivariate analysis using “GENRES” statistical package.
The D estimation of 35 clones and one seed source grouped into seven genetically distinet

clusters.




Cluster components

The multivariate analysis of the 35 clonés and one seed source and their genetic gl'dupillg
along with the cluster components are furnished in the Table 43, The ) analysis grouped 35
clones and one seed source into seven genctically distinet clusters, Among the seven clusters,
maximum clones (8 clones) were accounted in the cluster VI followed by cluster V and VII
which was constituted with six clones each. The cluster 1T and III have three clones each and the
cluster I has five clones. The cluster IV has four clones, The highest number of clones viz,,
MTP-2, MTP-3, MTP-4, ITC-3, ITC-284, 8G-2, E, saligna and KK-Z? where grouped in cluster
VI whereas the clusters V and VII hayff six clones viz., MTP-7, MTP-8, NGL-2, TCR-1, TCR-3
and KK-1 and NGL-3, TCR-2, 8G-3,PD-9,ALR-2 and ALR-5 respectively. The cluster I and
I was constituted with three clones each viz., NGL-4, ITC-286 and §G-4 and TCR-4,PD-6 and
EU-1 respectively. Similarly, four clones viz., MTP-1, MTP-5, MTP-6 and SG-1 constituted in
cluster IV, The five clones viz,, RMD-2, RMD-3, PD-10,ALR-1 and EU-2 were accommodated

in the cluster I,

Inter and intra cluster average distance

The average intra and inter cluster distances among the seven clusters are presented in

Table 44 and Table 45 , Fig. 9 and Fig 10. At Aduthurai the clones within the cluster VI had high
intra genetic distance of 5.329 followed by cluster I'vV (3.384), while the least genetic distance of
0.992 among the clones was observed in the cluster II(Table 44) . The highest inter cluster
distance was recorded between the cluster T and cluster TV (9.425) followed by cluster III and
cluster IV (9.348). The cluster | and cluster IIT showed very minimal inter cluster diétance of

1.809 representing their genetic relatedness,

At Kumulur the clones within the cluster VI had high intra genetic distance of 5,297

followed by cluster IV (4.272), while the least genetic distance of 0,892 among the clones was

observed in the cluster II. The highest inter chister distance was recorded between the cluster -

and cluster IV (9.392) followed by cluster Il and cluster IV (9.337) (Table 45). The cluster | and
cluster IIT showed very minimal inter cluster distance of 1,006 representing their genetic

relatedness.




Table 43. Clusterinrg pattern of Kucalyptus for biodrainage traits

Cluster number

Number of clones

Members

RMD 2
RMD 3
PD 10
ALR 1
EU2

NGL 4
ITC 286
SG 4

TCR 4
PD6
EU 1

MTP 1
MTP 5
SG 1

MTP 6

MTP 7
MTP §
NGL2
TCR 1
TCR 3
KK 1

MTP 2
MTP 3
MTP 4
ITC3
ITC 284
SG2
E.Sal
KK 2

NGL 3
TCR 2
SG3
PD 9
ALR?2
ALR 5




Cluster mean performance

The cluster means for the traits were estimated and are furnished in the Table 46 for
Aduthurai, The maximum cluster mean of 1.91 m mol m™ s was observed for transpiration rate
in cluster 1. whereas, the least cluster mean transpiration rate (1.54 m mol m* s™*) was exﬁibited
by the cluster VII. The cluster members in cluster I showed highest performance for height and
volume with the cluster mean of 10,19 and 7.85 m? respectively. On the contrary, the minimum
cluster mean of 4.88 em and 1.35 m’ respectively for height and volume was observed in cluster
VIL In the case of stomatal conductance, the cluster mean was highest for cluster I (123.19 m
mol m™ s} and the lowest cluster mean was exhibited by the cluster VII (82.16 m mol m™ 7.
Among the seven clusters, cluster I exhibited the maximum cluster mean values of 2,64 W mol m’
2

s and 235.69 ppm respectively for photosynthetic rate and Inter Cellular CO» Concentration.

The lowest cluster mean value for photosynthetic rate and Inter Cellular CO, Concentration was

registered by cluster VII (0.94 pwmol m™ s and (119,59 ppm) respectively.

The cluster means for the traits were estimated and are furnished in the Table 47 for
Kumulur, The maximum cluster mean of 1.95 m mol m™? s was observed for transpiration rate
in cluster I. Whereas, the least cluster mean transpiration rate (1.04 m mol m™ ¢'') was exhibited
by the cluster VIL The cluster members in cluster I showed highest performance for height and
voluime with the cluster mean of 11.65 and 10.01 m* respectively. On the contréry, the minimum
cluster mean of 5.76 cm and 1,88 m” respectively for height and volume was observed in cluster
VIL In the case of stomatal conductance, the cluster mean was highest for cluster 1 (138.29 m
mol m? s and the lowest cluster mean was exhibited by the cluster VII (78.14 m mol m? ),
Among the seven clusters, cluster I exhibited the maximum cluster mean values of 6.94 . mol m’
2 s and 24285 ppm respectively for photosynthetic rate and Inter Cellular CO, Concentration.
The lowest cluster mean value for photosynthetic rate and Inter Cellular CO, Concentration was

registered by cluster VII (3.05 wmol m? sy and (118.99 ppm) respectively.
Contribution of characters towards genetic divergence

The number of times each character ranking first was counted and percentage
contribution towards genelic divergence was calculated and presented in Table 48 and Table 49,

Fig.11 and Fig 12. In Aduthurai among all traits, height contributed maximum (39.32 %) towards
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Table 44. Inter and intra cluster distances of the clones for biodrainage traits at Kumulur

Clusters 1 2 3 4 | 3 0 7
1 1711 | 2176 | 1.810 | 9.425 | 4375 | 7.063 2573
2 0.892 | 1.878 | 8163 | 3.456 | 6.004 | 1.958
3 1.084 | 9337 | 4.081 | 7.046 | 2.245
4 4272 | 6.942 | 5301 | 8.842
5 3.834 | 5208 | 3.897
6 5.297 6.659

L 7 2.840

Table 45, Inter and intra cluster distances of the clones for biodrainage traits at Aduthurai

Clusters 1 2 3 4 5 6 - 7 ]
1| 1710 | 2185 | 1.809 | 9.420 | 4385 | 7080 | 2.56
2 0992 | 1.968 | 8194 | 3136 | 6.013 | 1.989 |
3 1.086 | 9348 | 4.087 | 7.049 | 2250
4 | 4384 | 6937 | 5301 | ssa2
5 3817 | 5302 | 3.948
6 5329 | 6.647
7 2,740




- Table 46.Cluster means for the Eucalyptus clones for biodrainage attributes at Kumulur

Cluste | Cluster Basal Volum Stomatal Transpiration Photosynthetic

rno | ranking | Height | Diameter eindex | CINT conductance rate -rate
4 I 11.65 2739 | 10.01 | 24285 138.29 1.95 | 6.94
6 2 9.7 24.49 7471 199.54 128.71 1.72 6.19
5 3 8.35 22.30 5.85 184.04 116.89 1.54 530
7 4 7.30 19.18 4,40 | 159.45 | 105.77 1.32 4,01
2 3 714( 1565, 35114718 96,76 1.19 4.46
3 6 6.17] 12011 233 137.12 §7.14 1.16 3.71
1 7 5.76 10.40 188 | 118,99 78.14 1.04 3.05

Table 47. Cluster means for the Fucalyptus clones for biodrainage attributes at Aduthuraj

Cluste | Cluster Basal | Volume Stomatal Transpiration Photosynthetic—‘
rne | ranking | Height | diameter index CINT | conductance rate rate

4 1' 1019 2455 7.851 23569 123.19 1.91 2.64
6 2 882 | 2175 6.02! 19945 120.27 1.68 2.19
5 3 833 | 1886, 493 188.40 113,53 1.56 1.86
7 4 6.74 | 16271 345 172.20 95.44 1.37 1.56
2 3 639 1345|270 152.97 94.84 1.34 1.36
3 6 515 1088 176 134.09 87.74 1.22 111

| 1 7 4.88 880| 13511959 82.16 1.54 0.94




Table 48. Contribution of each character to genetic divergence at Kumulur

Number of first

Character rank Y Contl‘ibut:ion—|

Height 134 39.27
CINT 27 6.60
Stomatal conductance 7 1.95
Transpiration rate 45 12,51
Photosynthetic rate 24 7.14
Volume index 114 32;53

Total 351 100

Table 49. Contribution of each character to genetic divergence at Aduthurai

Number of first rank

% Contributioﬂ

Character
Height 138 39,32
CINT 23 6.55
Stomatal conductance 7 1.99
Transpiration rate 44 12,54
Photosynthetic rate 25 7.12
Volume index 114 32.48
Total 351 100
L

e




Fig 11. Contribution of each character to genetic divergence at Kumulur
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divergence followed by volume (32.48%). Minimal cohtribution towards divergence was
recorded by stomatal conductance (1.99%). Transpiration rate contributed 12.54 per cent towards

divergence of clones and it is described in Table 48; Fig 11.

In Kumulur among all traits, height contributed maximum (39.27 %) towards divergence
followed by volume (32.53%). Minimal contribution towards divergence was recorded by
stomatal conductance (1,95 %). Tfanspiration rate confributed 12.51 per cent towards divergence
of clones (Table 49; Fig 12). ' ‘

Ecophysiological characterization of clones

The biodrainage ability of the clones was dictated by the ecophysiological characters viz.,
transpiration rate, stomatal conductance, photosynthesis and Inter Cellular CO, Concentration

{CINT). These traits were estimated and presented here under.

Transpiration

Transpiration rate is an imp'ortant trait which decides the biodrainage efficacy of clones.
Based on the divergence studies at Aduthurai, the cluster mean for transpiration rate of the clones
is presented in Table 50. Among the clusters, highest transpiration rate was accounted by -clonal
members in cluster IV (0.62 m mol m™? s™") followed by clones in cluster VI (0.48 m mo! m™ s™),
Among all the 35 clones and one seed source, the clone MTP-1 constituted in the cluster IV
recorded the highest transpiration rate of 1.94 m mol m? s (Table 21). The minimum
trenspiration rate with cluster mean of 0.30 m mol m™ s was exerted by cluster VIL In fhé same
cluster, fhe clones viz., RMD-2 and RMD-3 were rated as low performing clones in terms of
their transpirational value as 1.08 m mol m™ ™', The moderate performance was observed in the
cluster V and VI with the transpiration value of 0.411 m mol m? s and 0.48 m mol m™ s, Here
also, the high performing clones wei‘e accounted high transpiration rate, Thus, the clonés have

shown their potentiality to be fit for alleviating biodrainage problem.

Same trend of diurnal variation in transpiration rate was observed in Kumulur trail,
Among the clusters, highest transpiration rate was accounted by clonal members in cluster TV
(0.60 m mol m™? s followed by clones in cluster VI (0.48 m mol m™ s"). The minimum

transpiration rate with cluster mean of 0.29 m mol m™ s”' was exerted bly cluster VII (Table 51).

¥
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Stomatal conductance

Stomatal conductance having positive association with transpiration rate and it is also an
important factor which decides the biodrainage efficiency of clones. The cluster mean value for
stomatal conductance for Aduthurai trail is described in Table 52. Among the clusters, the
maximum stomatal conductance was registered by cluster IV followed by cluster V with the
stomatal conductance of 43.91 and 38.49' m mol m? s respectively. Among all the 35 clones
and one seed source, the clone MTP-1 constituted in the cluster IV recorded the highest stomatal
conductance of 124.73 m mol m? s™' (Table 23). The minimum stomatal conductance value of

33.00 m mol m? s was recorded in cluster VII and the low performing clone RMD-3 was
placed in this cluster with the stomatal conductance value of 78,65 m mol m? s (Table 23), The
moderate performance was shown by the clonal members in cluster V with the sfomatal

conductance of 38.49 m mol m? s”.

The cluster mean value for stomatal conductance Kumulur trail showed the same trends
as that of Aduthurai trail (Table 53). Among the clusters, the maximum stomatal conductance
was registered by cluster IV with the stomatal conductance of 40.97 mol m™ s™' respectively. The

minimum stomatal conductance value of 32.39m mol m™ 57! was recorded in cluster VIL

Photosynthesis

The cluster mean for photosynthetic efficiency of different clusters for Aduthurai irail is
presented in Table 54, The photosynthetic rate of clusters showed a range of 0.47 to 0.28 1 mol
m” 5. Among all the clusters, the clones in cluster IV recorded maximum photosynthetic rate
followed by cluster VEwiththe-photosynthetic rate of 0.47 1 mol m™ s'and 0.42 1 mol rn'z.s'1
respectively. The better performipg clones MTP-6 and SG-1 (2,68 1 mol m™ sy in terms of
photosynthetic rate were placed in cluster IV (Table 27).

The cluster mean for photosynthetic efficiency of different clusters for Kumulur trail is
presented in Table 55, The photosynthetic rate of clusters showed a range of 0.46 to 0.25 12 mol
m? g, Among alt the clusters, the clones in cluster 1V recorded maximum photosyathetic rate
followed by cluster VI with the photosynthetic rate of 0.46 1 mol m? s™and 0.41 pmol m? s

respectively, The better performing clone MTP-1 (7.02p mol m™ s7') in terms of photosynthetic




rate were placed in cluster IV (Table 28). The minimal photosynthetic rate (0.25 p mol m? s
was recorded in cluster VII and the low performing clone EU-2 (3.00 wmol m? s7) in terms of

[}
photosynthetic rate presents in the same cluster.
Inter Cellular CO; Concentration (CINT)

Here also, the higher productivity is highly associated with high Inter Cellular CO;
Concentration (CINT). The mean performances of clusters for Inter Cellular CO; Concentration
(CINT) at Aduthurai trail are furnished in Table 56. Among the clusters, highest Inter Cellular
CO; Concentration was accounted by clonal members in cluster IV (272.91 ppm) followed by
clones in cluster IT (247.80 ppm), Among all tile 35 clones and one seed source, the clone MTP-1
present in the cluster TV recorded the highest Inter Cellular CO, Concentration of 242.21 ppm
(Table 25). Similarly, the minimal Inter Cellular CO, Concentration of 201.90 ppm was
accounted by clonal members in cluster IIT. In the same cluster, the low performing clone ( EU-
2) with the Inter Cellular CQO; Concentration value of 119.29 ppm was placed. The average
performance of Inter Cellular CQO» Concentration was accou:ited by clonal members in cluster I

and VT,

The mean performances of clusters for Inter Cellular CO, Concentration (CINT) at
Kumulur trail are furnished in Table 57. Among the clusters, highest Inter Cellular CO,
Concentration was accounted by clonal members in cluster IV (261.21ppm) followed by blones
in cluster IT (248.60 ppm). Similarly, the minimal Inter Cellular CO, Concentration of 202.70
ppm was accounted by clonal members in cluster III, The average performance of Inter Céliular

CO, Concentration was accounted by clonal members in cluster IT and VII.
Diurnal variation of ecophysiological characters in clones

The ecophysiological characters viz,, transpiration rate, stomatal conductance,
photosynthesis and Inter Cellular CO; Concentration (CINT) were estimated at an hourly interval
to study diurnal behaviour of clones. The diurnal behaviour in terms of various ecophysiological

characters was explained in the Table 30 to Table 58.




Diurnal variation in transpiration

At Aduthurai trail the transpirational behaviour of all the 35 clones and one seed source
estimated from 8.00 AM to 5.00 PM is described in Table 50; Fig. 13. Among the all clusters,
the clones in cluster IV were showed highest transpiration rate through out the day without any
midday depression. In the same cluster, the clonal members registered maximum transpiration
rate of 0.89 m mol m~ s at 10.00 AM. Intesestingly, they also showed 0.79 m mol m™?s" of
transpiration even at 12.00 noon proving their potential to fit for biodrainage suitability withouot
midday depression. The clonal members in cluster VII showed lowest transpiration rate, when
compared to all other clusters. This cluster also recorded the transpiration rate ranged from 0.15
to 0.45 m mol m? §™'. This cluster also accounted minimal transpiration rate (0.34 m mol m™? ™)
during 12.00 noon indicating the tendency of strong midday depression.. Similar midday
depression was observed at 12.00 noon in the cluster VII with the cluster mean transpiration rate
of 0.34 m mol m? s, It is also interesting to note that clonal members in all the clusters had not
shown much midday depression at 12.00 noon, A moderate performance of ¢lonal members for
diurnal variation in transpiration rate was observed in the cluster Il and cluster V. Slightly‘lesser
performance of clonal members in the cluster I and cluster 11 were also observed. But it is
imporiant to note that these clusters have not shown much m1dday depressmn The difference

was observed only in terms of transpiration rate.

Same trend of diurnal variation in transpiration rate was also observed in Kﬁmulur trail.
Among the all clusters, the clones in cluster IV were showed highest transpiration rate
throughout the day without any midday depression, In the same cluster, the clonal members
registered maximum transpiration rate of .92 m mol m? s"-at 10.00 AM (Table 51; Fig. 14.).

This cluster also recorded the transpiration rate ranged from 0.25 to 0.92 m mol m™s”,

Diurnal variation in stomatal conductance

Stomatal conductance is also an important trait for deciding the biodrainage cfﬁbiency of
clones, which ultimately influence the transpiration rate of the clones. The performance of each
clone under waterlogged condition was assessed by measuring stomatal conductance at -511 hourly
interval bt Aduthurai and the results are presented in the Table 55; Fig. 15. Measurement of

stomatal conductance during the study period revealed that the cional members in the cluster IV




Table 50. Cluster means for diurnal variation in transpiration r

ate (m mol m™ sy at

Aduthurai

Elusters ‘ Time ﬂ
8.00 | 9.00 | 10.00 | 11.00 | 12.00 | 1.00 | 2.00 | 3.00 4,00 | Mean

1 020] 0.24 023| 044| 047| 049! 031] 030] 017 0.32

2 022] 035! 057| 043| 046| 033 045| 028 0.16 | .36

3 017! 041! 028 050| 039| 023 034 039 025| 033

4 039 0.60| 089 083 079| 065, 050} 047 044 | 062

5 027! 034| o049| ostl 059l 049 038 030] 0361 041 |

6 030! 039 047] 086| 0.56| 0.78| 041| 037) 0200 048

7 015| 029 045! o042] 034] 027, 027 029 021} 030

Table 51. Cluster means for

diurnal variation in transpiration rate {m mol m? sy at Kumulur

Clusters Time . j
8.00 ‘ 9.00 \10.00 11.00 | 12.00 | 1.00 | 2.00 | 3.00 4,00 | Mean
1 0.22 ‘ 025 026] 047] 049] 052 032 031] 018! 034

2 023| 036| 058, 048] 033 046 042 031 018]| 0.37

3 022] 028] 0411 051| 042 027 027 025| 024 032

4 025 049 092 087] 082 071 0.62 04| 035 060

5 026 0331 084 081 076 | 0.46] 034 037 029 Q.SO

6 0271 037| 087| 0.76] 066 0.74 046 034 026 0.j

L 7 0.15| 020 045 041] 034] 027 0.27 02] 021 O.Zﬂ




Fig 13. Cluster means for diurnal variation in transpiration rate

Fig 14, Clus
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Table 52. Cluster means for diurnal variation in stomat

al conductance (m mol m” s™") at Aduthurai

TClusters k 8.00

Time

) 9.00 \10.00 \'11.00 ' 12.00l 1.00 l 200 ) 3.00 ' 4.00

o

1 379 | 396 | 382 | 39.0 | 359 38,9 | 257 | 254 | 283 | 3499
2 390 | 437 | 422 | 368 | 443 27.6 | 377 | 300 | 242 | 5049
.3 440 | 419 | 439 | 390 | 307 289 | 240 | 21.1 1 282 | 44459
4 579 | 501 | 61.6 | 285 | 417 464 | 411 | 415 | 264 ) 43,91
5 410 | 492 | 420 | 422 | 417 350 | 27.8 | 376 | 299 18 49
6 29.4 | 44.0 | 38.0 368 | 343 | 315 | 474 | 342 26.5 3579
7 388 | 416 | 323 | 367 | 315 282 | 345 | 262 | 27.2 | 4349
Table 53. Cluster means for diurnal variation in stomatal conductance (m mol m? s at
Kumulur
l Time B
(Clusters r&OO l 9.00 ll0.00 11.00 | 12.00 | 1.00 | 2.00 3.00
1] 359 386| 392 391 3691 385 257] 244
5| 94l a27| 412] 378| 433] 2067 377| 30
3 43| 417 449 39| 308| 279! 246 21
41 424 511 506 245 427 466 | 417 417
5| 406| 481 424 428| 427 34| 27.81 366
6| 284 45 37| 348| 333| 305| 464 372
71 358 43.6| 313 357TY) 205 28.1) 335| 261




Fig 15. Cluster

means for diurnal variation in stomatal conductance (m
mol m? 1) at Aduthurai

Fig 16.Cluster means fo
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and II registered highest stomatal conductance. It is also important to note that the clones in the
cluster IV had registered the highest stomatal conductance when compared to aﬂl other clusters,
The peak stomatal conductance of 61.6 m mol m? ¢ was rcglstcrcd at 10.00 AM by the clonal
members in the cluster TV, The same cluster had also maintained high level of stomatal
conductance (41.7 m mol m? sy even at 12.00 noon. When compared to ali other clustcfs, the
clonal members in the cluster IV had maintained highest storatal conductancc during the after
noon by registering the stomatal conductance of 46.4, 41.1 and 41,5 mmol m™” & rcspectwcly at
1.00, 2.00 and 3,00 PM. The study, also revealed that the clonal members in the cluster 1I have
registered highest stomatal conductance (44.3 m mol m'2 s') at 12.00 noon. Similar to
transpiration rate, moderate level of stomatal conductance was observed in the cluster [I dnd V.

The lowest stomatal conductance was obscwed in the cluster VII compared to all other clustcrs

Same trend of diurnal vauatlon in transpiration rate was also observed in Kumulul trail.
Among the all clusters, the clones in cluster IY were showed highest transpiration rate (4097 m
mol m? ") throughout the day without any midday depression. In the same cluster, thc clonal
merberd registered maximum and minimum transpiration rate of 50.60 m mol m? s and 31,30

m mol m?2 s respectively (Table 56, Fig 16).
Diurnal variation in photosynthesis

The modulation of photosynthetic efficiency of the clones helps to identify not only the
efficient clones for biodrainage but also helps to identify high productive genotypes under
waterlogged condition at Aduthurai. The diurnal variation value of photosynthctic rate of all the
clones were estimated and computed in the Table 54; Fig.17. Similar to transpiration rate and
stomatal conductance, highest photosynthetic efficiency was observed in the cluster TV followed
oy cluster V1. The highest photosynthetic rate of 0.52 1 mol m? s at 12.00 noon was registered
by the clonal members in the cluster IV, The same cluster was also registered the highest
photosynthetic rate of 0.60 mol m™? & at 10.00 A M., compared to all other clonal membets in
the other clusters, The same cluster also registered highest photosynthetic rate of 0.43, 0.32,0.49
and 0.34 p mol m? s respectively at 1.00, 2. 00, 3.00 and 4.00 PM. The lcwcst photcsynthctlc

rate was observed in the cluster VI and IL The clonal members in the cluster VI registered

lowest photosynthetic rate 0.26 w mol m? s at 12.00 noon. The study also observed that the




Table 54. Cluster means for diurnal variation in photosynthetic rate (pmol m?s™) at
Aduthurai

\7 Time ]
Clusters | 8.00 | 9,00 | 10.00 | 11,00 12.00 | 100 | 2.00 | 3.00 | 400 | Mean

038 | 039 | 037 | 0.28 020 | 038 | 021 | 0.20 0.26
0.40 | 033 | 025 | 039 041 | 028 | 030 | 0341022
025 | 033 | 034 | 032 0.30 | 030 | 032 70.19 0.26
047 | 059 | 0.60 @ 0.45 052 | 043 | 032 | 049 0.34 0.47
0.45 | 045 | 0.40 | 042 | 0.39 038 | 046 | 037 | 032 | 0.40
| 050 | 055 | 044 | 0.50 042 | 047 | 033 | 027] 026 " '0.42
036 | 028 | 035 | 033 | 026 026 | 024 | 025 | 021 0.28

031
0.32
0.29

‘-]O\U‘l-hbll\)i—‘

Table 55.Cluster means for diurnal variation in photosynthetic rate () mol m? s at Kumulur

1 Time
Clusters fs.oo l 9.00 lm.oo ) 11.00 \ 12.0'0) 1.00 l 2.00 ,-3.00 , 4.00 | Mean
1 036 037| 033] 024] 0271 034} 017] 0.6 0.35

036! 020] 021] 035! 0371 024} 026] 03| 029}
01! 020 03|02s| 026] 025| 028 015} 029
0a3| 056 056| 042] 048] 039] 028 045, 055
oat| 041! 038] 038| 035| 034] 0421 033} 04l
046| 051] 04| 046| 038 041 029 026! 051
032l 024! 031] 020] 022] 022} 021 021} 028
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Fig 17. Cluster means for diurnal variation in photosynthetic rate
(m mol m?s) at Aduthura
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Table 56. Cluster means for diurnal variation in inter

cellular CO; concentration
(CINT) (ppm) at Aduthurai

Time

Clusters \;.00 9.00

10.00 11.00 | 12.00

1.00 \ 2.00 , 3.00

4,00 |- Mean

—_—

LT N VS SN P A

2719
296.4
2154
| 286.7
255.9
277.0
249.5

256.5
294.1
2472
290.7
286.7
263.2
2432

283.7 | 243.6 | 2025
2254 | 276.1 | 249.6
247.8 | 181.2 | 183.5
341.1 | 2287 | 294.3
275.5 | 241.1 | 2189
248.0 | 327.4 | 2787

316.4 | 190.2 | 250.1

1925
2257
2169
288.8
194.3
209.9,
228.3

229.6
232.8
165.3
245.2
257.3
219.9
183.2

182.1
162.9
160.0
274.2
219.7
198.7
254.9

208.6 | 233.00

267.2 | 24780
199.8 | 201.90
206.5 | 272.91
2026 | 230,11
2025 | 247.26
210.6 236’29J

Table 57.Cluster means for diurnal variation in inter ce

Nular CO; concentration

(CINT) (ppm} at Kumulur

Time :
(Clusters 8.00 | 9.00 | 10.00 | 11.00 [12.00 [ 1.00 | 2.00 | 3.00 | 400 |
1 2737 | 252.54 | 280.94 | 24174 | 19341 | 193.3 | 2304 182.9 | 2124

2 23556 | 2049 | 297.9 | 276.9 | 2504 | 2265 | 233.6 | 1637 | 268
3 216.2 | 248.6 | 182 | 1843 2177 | 166.1 | 160.8 | 200.6 |-
4 7714 1 23586 | 3419 | 229.5 | 280.65 | 279.24 24517 | 2541212073 |-
5 256.7. 2763 | 2419 | 2197 | 195.1 | 258.1 | 220.5 2034 |

6 277.8 2488 | 3282 | 279.5 | 2107 | 2207 | 1995 | 2033
225.1 275.64 | 191 |217.38 184 230742114
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clonal nlembers in the cluster V showed a moderate performance in terms of photosynthetic

efficiency.

The diurnal variation value of photoéynthetic rate of all the clones at Kumular were
estimated and computed in Table 55; Fig.18.The highest photosynthetic rate of 0.56 p mol m? s’
at 10.00 AM was registered by thé clonal members in the cluster IV, The same cluster was also
registered the highest photosynthetic rate of 0.48 p mol m2 s at 12.00 A.M., compared to all
other clonal members in the other clusters. The lowest photosynthetic rate was observed in the
cluster VII and 11L. The clonal members in the cluster VII registered lowest photosynthetic rate
0,20 wmol m™ & "at 2,00 P.M. The study also observed that the clonal members in the cluster V

showed a moderate performance in terms of photosynthetic efficiency.
Diurnal variation in Inter Cellular CO; Concentration (CINT)

The Inter Cellular CO, Concentration is also a measure of productivity and biodrainage
efficiency of clones, which results in high level of dry matter production. All the clones
subjected for water logging were measured for Inter Cellular CO, Concentration at an hourly
interval in the diurnal variation study at Aduthurai. The performance of the clones of cluster
mean is explained in the Table 56; Fig. 19. The highest Inter Cellular CO; Conceniration (2943
ppm) was observed at 12.00 noon in the cluster TV. It is observed that the clonal membersin the
cluster IV maintained very high Inter Cellular CO; Concentration value through out the day.
Similarly, higher Inter Cellular CO; Concentration was observed among the clonal members in’
the cluster I ( 327.4 ppm at 11,00 AM). The clonal members in the cluster IV and VI have
maintained high Inter Cetlular CO Concentration in after noon from 1.00 PM to 4.00 PM. These
results clearly help to concluded that the clonal memtbers in the cluster IV were highly efficiency
in terms of their biodrainage as well as photosynthetic productivity. The study also concluded
that the lowest Infer Cellular CO; Cooncentration value was observed in the cluster 1IL Among all
the clusters, the lowest Inter Cellular CO; Concentration value of 160.00 ppm was observed at
3,00 PM in the cluster III,

Similar trend of Diurnal variation in Inter Cellular CQ, Conceniration (CINT) was
recotded at Kumulur trial, The highest Inter Cellular CO; Concentration (341,9ppm) was

observed at 12.00 noon in the cluster I_V. It is observed that the clonal members in the cluster TV




o

maintained very high Inter Cellular CO, Concentration value throughout the day. Silﬁilarly,
higher Inter Cellular CO, Concentration was observed among the clonal members in the cluster
11 ( 297.90 ppm at 10,00 AM). The clonal members in the cluster IV and VI have maintained
high Inter Cellular CO, Concentration in after noon from 1.00 PM to 4.00 PM.

The diurnal variation study of the clones at Aduthurai and Kumulur by measuring
transpiration rate, stomatal conductance, photosynthesis and Inter Cellular COz Concentration
(CINT) revealed that the cluster IV showed highest performance, when compare 0 all other
clusters. This helps to conclude that the clonal membets in this Cluster viz., MTP—l; MTP-5,
MTP-6 and $G-1 were having highest biodrainage officiency as well as the photosynthetic
productivity, Hence, the genetic potential of these clones towards biodrainage efficiency can be

exploited to alleviate water logging related problems (Table 57, Fig 20).




ROOT DISTRIBUTION STUDY

The root distribution of 35 clones raised under waterlogged condition was studies at the
end of project period by destructive analysis through excavation and uprooting of tress .In all the
clones, the root distribution was studied in terms of lateral root length, tap root length and

number of roots (Table 58)

The study result explained that $G-1 , MTP -6 ,MTP-5 AND MTP -1 were observed
with very high number of roots 49.49,48, and 46 respectively the very low number were
observed in RMD -2, RMD-3, PD-10 , ALR-1, EU-1 AND EU-2 with their average root

number of 5,6,7,8,9 and 8 respectively:

The average lateral root length was highest in SG-1 (8.91), MTP-1 (8.95) followed by MTP -5
(8.78), MTP-6 (8.62). Very low lateral root length (0.42m) was observed in EU- 2 followed by
PD-10 ( 0.43), RMD-2 (0.45) and RMD- 3 (0.46) .The tap root length Was highest found in
MTP-6 ( 2.86) followed by MTP -5 (2.79) , MTP-1( 2.62) Very low root length of 0.38 m was
observed in eu-2 followed by PD-10 (0.40) and RMD -3 (0.41) . the study result revealed that
best performing clones showed lateral root length range of 8.5‘ m to 9 m and tap root length range
of 2 to 3 meters and number of roots range of 45 to 50 the medium performing clones namely
MTP-7, MTP-8, NGL-2, TCR-1, TCR-3 and KK-1 showed average lateral root length ranée of 5

to 6 m, . Tap root length of 2 m and average number of roots ranged from 25 to 30.




Table 58. Root distribution studies under water logge

d condition .

|—S No Latera! root No. of.]

=71 Clone No length(m) | Root length (m) Roots
1 MTP-1 8.95 2.62 46
2 | MTP-2 7.56 . 256 36
3 | MTP-3 7.21 245 39
4 | MTP-4 7.69 S 239 37
5 | MTP-5 8,78 2.79 48
6 | MTP-6 8.62 2.86 49
7 | MTP-7 5.66 2.10 26
8 | MTP-8 5.8 1.98 28
9 | NGL-2 5.46 2,00 25
10 | NGL-3 3.42 1,46 19
11 | NGL-4 1.59 0.90 | 11
12 | RMD-2 0.45 0.39 | 5
13 | RMD-3 0.46. 0.41 6
14 | TCR-1 5.48 1.91 27 |
15 | TCR-2 3.86 1.58 15
16 | TCR-3 5.32 2.02 26
17 | TCR-4 1.45 0.46 10
18 | 1TC-3 7.49 24510 d
19 | 1TC-284 7.28 2.57 36 |
20 | ITC-286 1.78 0.96 12
21 | SG-1 8.01 2.83 49
22 !18G-2 7.92 2.56 40
23 | $G-3 3.86 159 18
24 | SG-4 1.95 0.95 E‘
25 | PD-6 1.42 046 10
26 | PD-9 3.76 1.65 16
27 | PD-10 0.43 0.40 7
28 | ALR-1 048 0.38 8
29 | ALR-2 3.66 1.49 18
30 | ALR-5 3.53 163 20 |
31 | KK-1 5.63 2.15 g
32 | KK-2 7.85 2.49 38
33 | E.sal 7.53 2.58 37
34 | BU-1 1.35 0.45 9]
35 | EU-2 0.42 0.38 8|

Data not statistically analysed




Annexure- III
9, Conclusion and recommendation

The.biodrainage project funded by the Ministry of Water Resources, Governrﬁént of
India was catried out to evolve the superior clones of eucalyptus for high biodrainage efficiency.
Accordingly, about 35 clones wﬁich include 32 selection in different parts of Tamilnadu and
Eucalyptus saligna seed source from CSIRO, Australia and 2 hybrid clones of E. eurograndis
were utilised for the present study. The clones were mass multiplied and raised under
waterlogged conditions in two locations namely Tamil Nadu Rice Research Institute (TRRD),
Aduthurai, Agriculture Engineering College and Research Institute, Kumulur for field testing.
The clones were assessed for their bioclfaineige efficiency in terms of biometric traits namely

height, diameter, volume and ecophysiological iraits guch as franspiration rate, stomatal

conductance, intercellular co2 concentration (CINT) and photosynthesis rate.

The observation were taken at 6 months intervals and subjected for the D* statistical
analysis for genetic grouping of clones having similar biodrainage‘efﬁciency. D* analysis
categorized 35 clones into 7 genetically distinct clusters. Amdhg 7. clusters, maximum of 8
clones were accounted in cluster 6 follgwed by 6 clones each in ctuster 5 and 7. Similarly, cluster
5 and 3 were having 3 clones each whereas, the cluster | and 4 contains 5 clones and 4 clones
respectively. It is interesting to note that clonal member namely MTP -1, MTP-5, SG-1 and
MTP-6 performed very well ander waterlogged conditions and showed very good transpiration
rate with high biomass productivity. Similarly, the clonal member in the 6™ cluster showed very
good performance and explained their suitability for waterlogged conditioné. On the contrary, the
clonal member pamely RMD -2, RMD .3, PD-10, ALR -1 and EU-2 showed very poor

performance nnder the water logged condiiion with very low growth and transpiration rate. Thus,

these ciones ave not fif for water logged conditions.

Similarly, the clones TCR -4, PD-6, EU-1 also showed very poor performance in terms of
growth and transpiration rate. A moderate transpiration and rgrowth performance was observed
among the clones MTP -7, MTP -8, NGL~2, TCR. -1, TCR-3 and KK-1 belonging to 5™ cluster.
Equal moderate performance was observed among the & clonal member of the 7" cluster. The

moderate performance of these clones revealed that the clones are just managing waterlogged

et ——————— e



condition but they cannot meet the requirement of high biodrainage efficiency. The root
distribution study also explained that clonal member in the 4™ cluster showed very good root

distribution in terms lateral root length, root depth and number of T00ts.

The same study also explains that the poor performing clones could not able to establish
good root system under waterlogged condition by showing very minimal root length, root depth
and number of roots. Eucalyptus saligna obtained from Australia showed good transpiration raie
in India under waterlogged condition, but it could not it able to grow well and showed low
growth and productivity Literature evidences of Eucalyptus saligna revealed that it could not
grow well in India due to variation in latitude between India and Australia. Thus the present
study observed that Eucalyptus saligna cannét be exploited for biodrainage utility under Indian

condition,

Tt is also interesting to know that eucalyptus hybrid namely Eucalyptus enrograndis could
not grow well under waterlogged condition and showed low grow and {ranspiration rate when
raised under waterlogged condition, The detailed study ‘result recommends that the clonal
members namely MTP -1, MTP-5, SG-1, and MTP-6 were superior in maintaining high
biodrainage efficient with good growth performance and can be exploited to alleviate water
logging problems in India. In addition, the clonal member MTP-2, MTP -3, MTP -4, ITC-
3, 8G-2 and KK-2 were also showed good response under waterlogged condition, hence, these

clones can also be used for biodrainage utility .







Poor performing clones







Annexure- IV
10. Conclusion / recommendations compared with current thinking

Water logging problem in India showed positive shifts for the past 3 decades due to
extension of agriculture area and development of new irrigation projects across the country.
Eventually, it is estimated that about 7.5 million ha of total geographical area,of country is
affected by salinity and water logging. For instance, in Tamil Nadu alone about 50,000 ha are

being affected by water Jogging in the Cauvery river command area alone, The water logging

. problem is also augmented through irregular raining patterﬁ due to influence of climate change.

During 2011 alone, about 20 to 30 % increase in rainfall was observed throughout the country
and posing more threats of water logging. In addition, to increase in sea level across {he coastal

area this is accounted to be 7500 kms.

The biodréinage technique offers greater scope fo alleviate water logging problefns at
cheaper costs as against engineering drainage systems. The good performing clones némely
MTP- 1, MTP-5 $G-1 and MTP-6 showed superior biodrainage efﬁciendy under waterlbgged
condition. Hence, afforesting these clones in the waterlogged areas offers greal scope for
alleviating problems related to water logging. Additionally, growth and productivity of these
clones adds economic benefits to the farmers. At this context, the biodrainage efficient clones
identified in the present study will help in a grater way to alleviate water logged problem under

present scenario of climate change.




Annexure- V
Field test conducted

The present study was undertaken to investigate the evaluation of Eucalypts clones for
high biodrainage efficiency. To attain the objectives two field experiments were carried out at

the following two locations.

v Tamil Nadu Rice Research Institute (TRRI), Aduthurai

v Agricultural Engineering College and Research Institute, Kumulur
Field experiment - T - Tamil Nadu Rice Research Institute, Aduthurai

The ramets of all the clones were planted in field as a biodrainage evaluation ffail at
Tamil Nadu Rice Research Institute, Aduthurai, The trail was laid out in Completely
Randomized Black Design (CRBD) with'three replications and spacing adopted 2 m x 3 m. The
biometric and ecophysiological observatioﬁs were recorded to evaluate the clones for
biodrainiige efficiency. The expefimental area Tamil Nadu Rice Research Iﬁstitute (Aduthurai)
lies exactly at 11°N latitude and 79.3°E longitude with an altitude of 19.5 m MSL. This location
receives an annual average rainfall of 1254 mm and the mean and minimum temperature is

30.5°C and 20.4°C respectively. The soit type of field trail is alluvial clay with the pH of 8.4.
Field experiment — IT Agricultural Engineering College and Research Institute, Kumuluar

The ramets of all the clones were planted in the field at Agriculture Engineering College
and Research Institute, Kumulur. The experiment was laid out in Completely Randomized Black
Design (CRBD) with three replications and a spacing of 3m x 2m. The biometrical and
ecophysiological observations were ref:orded at three monthly intervalé to evaluate the clones for
biodrainage efficiency. Agriculture Engineering College and Research Institute (Kumulur) lies
exactly at 10°56°1” N latitude and 78°49°50” E longitude with an altitude of 19.5 m MSL. This
location receives an annual average rainfall from 821 to 947mm and the mean maximum and
minimum temperature is 37.7°C and 18.9°C respectively. The seil type of the experimental field
is sandy loam (Typic Usiochrept) with the pH of 7.9.

/




| : ' Annexure- VI

13, Possibility of any patent / copyright

The study identified 4 high performing clones namely MTP-1, MTP-3, $G-1, AND MTP-
6. These clones can be protected through registration by the provision given by the Protection of
Plant Varieties and Farmers Rights Act, 2001, The gazette notification for registration guidelines
and DUS testing protocols for eucalyptus is in progress by Protection of Plant Varjeties and
Farmers Rights Authority (PPV & FRA), New Delhi, Once the gazette notification for registration
is issued by the authority, the best performing clones for higher‘biodrainage evolved through the

present study will be registered under ﬂ}f} above act.




Annexure- VII
14. Suggestion for future work

The present study was funded with the objective of identifying good clones suitable for
waterlogged areas hence the best clones namely MTP-1, MTP-5 8§G-1, AND MTP-6 need to be
retested at field level besides an extensive trial in a large scale ( around 100 acres) need to be

taken up to exactly quantify the lowering of stagnated waler under waterlogged condition, ‘

In addition, many water polluting industries are dumping out their treated effluents in the
open area which are eventually contaminating ground water. Under such circumstances a
detailed study to be taken up using high bio drainage efficient clones identified in the present
study to test their fitness for pumping effluent water and thus reduce the groundwater

contamination.




Annexure VIII

Explanation for Experts Comments

1) Test results are based on locations. It should also be based on agro-climatic factors like
temperature, humidity, sunshine, etc. for its replication in other regions

The agro-climatic faotorsllike temperature, humidity, sunshine, etc. were 1'ec§)rded at

monthly} interval in the study .locations during 2005-2009 (study period). The agro-climatic

parameter recorded during the study period is enclosed in the Annexure A,

2) Test results do not mention an importﬁnt factor of spacing and age of trees on Bio-
drainage efficiency and age of tree species | _.
The data were recorded at different growth interval of trees and the results are presented "

based on the age of the iree. The spacing of the tree planted in the plantation was 2m X 2m has

also been indicated in the report,

3) Some potential trees species other than eucalyptus could also have been identified and

¥

tested '
The project was sanctioned in the title on “Screening superior genotypes of eucalyptus
for biodrainage through ecophysiological approaches” with the objective of testiﬁg the
biodrainage efficiency of Eucalyptus clones. Other species will not come under the purview of

the present proposal. However the biodrainage efficiency in terms of transpiration rate of 11

native species is appended in Annexure B,
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