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Introduction

Variations and their manifestation
within a tree species are due to heredity
and environment. Growing progenies
under unform site and climatic condition
reduces the proportion of environmental
variations facilitating selections for genetic
variations (Faulkner, 1975). Dalbergia
sissoo shows a great degree of variation
both within and between populations
for growth rate and stem form
(Vidakovic and Siddiqui, 1968; Vidakovic
and Ahsan, 1970; Dogra, 1981; Bangarwa
et al., 1994).

Flowering phenology within a clonal
plantation can potentially alter the
quantity as well as genetic quality of
fruits (Sedgley and Griffin, 1989). There
seems to be a direct association
between the extent of flowering synchrony
and fruit production among the constituent
clones in the plantation. Krishnaswamy
and Mathuda (1954), Sheikh (1989),
Bangarwa (1993) and Bangarwa et al.
(1994) studied the phenological
characteristics of Dalbergia sissoo in north
Indian conditions.

Keeping the above facts in view the

present study was undertaken to
determine the inter-clonal variation in
Dalbergia sissoo with respect to growth
performance, survival and phenological
characteristics in different climatic zones.
Selections for clonal variations are made
for growth rate, site adaptability, pest
resistance and productivity (Landsberg and
Wright, 1989). These differences make the
proper selection of clonal material, which
is critically important in the success of
any plantation programme.

Material and Methods

The planting materials of Dalbergia
sissoo from more than 300 candidate plus
trees were collected from the entire range
of its distribution in India and multiplied
at vegetative multiplication garden at New
Forest, Dehra Dun. Out of these, few
promising clones were selected and
multiplied vegetatively by taking 3-4 cm
long softwood cuttings with at least 1-2
leaves from the coppice shoots and
providing them with basal dipping in 1000
ppm IBA. The rooted cuttings were then
transferred to polythene bags containing
a mixture of soil, sand and FYM in a
standard ratio. After one year of growth,
clones were transplanted to the fields for

* Presently at : Himalayan Forest Research Institute, Shimla (H.P.).
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laying out clonal plantation trials in
different climatic zones of northern India
(Table 1). The trials were laid out in
Randomized Block Design with three
replications each of nine ramets with
spacing of 6 m x 6 m. Six clones were
selected for the present studies which were
common to all sites. The details of the

clones and their parental trees are given
in the Tables 2 and 3.

Growth parameters were recorded at
quarterly basis for two years w.e.f.
November 1998 to March 2001 and survival
per cent was recorded during the month of
March, 2001. Height and collar diameter
are presented as height and collar diameter
increment by subtracting the initial mean
data with the respective quarterly data.
Phenological characteristics viz. time of

[February,

flowering, pod and seed setting were
recorded for all the clones. The data
recorded were subjected to statistical
analysis using SPSS statistical package to
quantify the variation among clones at
different sites. For better interpretation of
the significant results, critical differences
were calculated by Scheffe’s method at 5%
probability level (Scheffe, 1959).

Results

Height Increment : Table 4 reveals that all
clones registered a steady increase in
height increment at all the sites and
significant inter-clonal variation was
observed significant at P<0.05. Clone C192
attained the maximum height increment
followed by clones C066, C019, C034 and
C087 in that order, while clone C083

Table 1

Details of the experimental sites.

Site Characteristics Lachhiwala, Lalkuan, Bithmera, Pandhori
Dehra Dun Haldwani Hisar Mindo Mind,
(Uttarakhand) [(Uttarakhand) (Haryana) Hoshiarpur
(Punjab)
A. Geographic Details:
1. Latitude 30°11'60" N 29°10'00" N  29°33'00"N  31°31'60"N
2. Longitude 78° 07' 00" E 79° 31' 00" E 75° 55' 00" E 75° 54' 60" N
3. Altitude (m) 512 423 216 290
B. Soil Characteristics :
1. pH 8.00 6.42 7.40 6.45
2. E.C. (mS) 0.26 0.29 0.24 0.09
3. Organic Carbon (%) 0.27 0.46 0.49 0.10
4. Available Nitrogen (kg/ha) 137.90 188.20 150.50 125.40
5. Available Phosphorus (kg/ha) 48.40 63.80 70.60 73.20
6. Available Potassium (kg/ha) 22.40 78.40 156.80 23.50
7. Calcium (ppm) 170.00 230.00 320.00 120.00
8. Magnesium (ppm) 122.00 174.00 185.00 195.00
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Table 2
Geographical details of the Dalbergia sissoo clones.
Clone State Circle Division Range Beat [Compt.
C019 Uttarakhand Haridwar Haridwar Khanpur Shahman- -
soorpur
C034  Uttar Pradesh Gonda North Gonda Tulsipur Bhain- 2
sasur
C066 Haryana Yamuna Nagar Yamuna Nagar Chhichrauli - -
C083 Rajasthan Hanumangarh Hanumangarh Hanuman- - 12 A
garh Kola
C087 Rajasthan Hanumangarh Hanumangarh Hanuman- - 12 A
garh Kola
C192 Uttar Pradesh Gonda North Gonda Tulsipur Hasnapur 2
Table 3 the performance of the other clones was in

Details of the parental trees of Dalbergia
sissoo clones.

Clone Age |[Total Ht.| GBH | Clean
(yrs.) (m) (cm) Bole
(m)

C019 50 34.00 178.00 15.00
C034 45 22.00 122.00 12.00
C066 40 15.20 120.00 9.00
C083 47 14.00 105.00 8.50
C087 47 13.00 110.00 8.00
C192 48 25.00 111.00 15.00

exhibited the minimum height increment
at Lachhiwala (Dehra Dun).

Clone 034 outperformed all other
clones at Lalkuan (Haldwani) and
Bithmera (Hisar) and clone 066 at
Pandhori Mindo Mind (Hoshiarpur) for
maximum height increment. On the other
hand, clone 019 at Lalkuan, clone 083 at
Bithmera and clone 087 at Pandhori Mindo
Mind attained minimum height increment,

the order: C 192 > C066 > C 083 > C087 at
Lalkuan, C 192 > C 066 > C 019 > C087 at
Bithmera and C 192 > C034 > C083 at
Pandhori Mindo Mind.

The effect of the site on inter-clonal
variation in height increment was also
found significant at P < 0.05. Generally,
all the clones attained the maximum height
increment at Bithmera followed by
Lalkuan, Pandhori Mindo Mind and
Lachhiwala in that order.

Collar Diameter Increment : Collar
diameter increment increased throughout
the period of study from November 1998
to March 2001. Significant inter-clonal
variation was recorded in collar diameter
increment at P < 0.05 (Table 5).

Clone C192 attained the maximum
collar diameter increment whereas clones
C066, C019, C034 and CO087 were
statistically at par at P<0.05; while
minimum value was recorded for clone
C083 at Lachhiwala (Dehra Dun). Clone
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Table 4

Inter-clonal variation in height increment (m) at different sites.

Site Clone Month Mean

March | July | Nov. |March | July | Nov. | March
1999 (1999 | 1999 | 2000 | 2000 | 2000 | 2001

Lachhiwala C019 0.05 034 0.84 091 1.15 1.37 1.53 0.88
(Dehra Dun, C034 0.17 0.34 0.61 0.72 1.04 1.24 1.32 0.78
Uttarakhand) C066 0.09 039 0.75 0.93 1.36 1.62 1.75 0.98
Co083 0.09 0.21 0.39 0.60 0.69 0.84 0.91 0.53
co87 0.16 0.35 0.56 0.73 0.85 0.97 1.04 0.67
C192 0.41 0.69 1.03 1.18 1.51 1.95 2.08 1.26
Mean 0.16 0.39 0.70 0.84 1.10 1.33 1.43 0.85
Lalkuan C019 0.10 0.27 0.46 0.58 0.81 1.01 1.11 0.62
(Haldwani, C034 0.22 0.85 1.84 2.03 2.82  3.23 3.43 2.06
Uttarakhand) C066 0.15 045 0.76 091 1.22 1.56 1.71 0.97
C083 0.13 031 054 0.76 0.95 1.34 1.46 0.78
co87 0.12 0.29 0.50 0.66 0.87 1.10 1.23 0.68
C192 0.30 055 0.96 1.15 161 2.20 2.41 1.31
Mean 0.17 0.45 0.84 1.02 1.38 1.74 1.89 1.07
Bithmera Co019 0.48 161 257 291 3.50  3.97 4.29 2.76
(Hisar, C034 0.43 1.79 292 3.33 4.28 5.02 5.51 3.33
Haryana) C066 0.34 145 248 2.86 3.71  4.44 4.69 2.85
Co083 0.36 1.30 2.05 2.50 3.29 3.95 4.31 2.54
co87 0.45 1.39 222 279 3.59 4.19 4.62 2.75
C192 0.39 146 233 2.79 3.64 4.50 5.15 2.89
Mean 0.41 1.50 243 2.86 3.67 4.34 4.76 2.85
Pandhori Co019 0.12 0.33 0.52 0.64 0.93 1.20 1.35 0.73
M. Mind C034 0.18 048 0.74 1.04 1.45 1.82 2.13 1.12
(Hoshiarpur, C066 0.17 0.52  0.83 1.04 1.70  2.55 3.13 1.42
Punjab) C083 0.07 024 0.44 0.53 0.81 1.16 1.30 0.65
co87 0.07 0.19 031 0.36 0.58 1.03 1.09 0.52
C192 0.14 0.54 0.86 1.09 146 1.79 2.13 1.14
Mean 0.13 0.38 0.62 0.78 1.15 1.59 1.86 0.93

Contd...
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Mean C019 C034 C066 C083 CO087 C(C192
of Clones 1.25 1.82 1.55 1.12 1.15 1.65
Mean Lachhiwala Lalkuan Bithmera Pandhori M. Mind
of Sites 0.85 1.07 2.85 0.93
Mean of Lachhiwala Lalkuan Bithmera Pandhori M. Mind
Clone C019 0.88 0.62 2.76 0.73
x Site C034 0.78 2.06 3.33 1.12
C066 0.98 0.97 2.85 1.42
C083 0.53 0.78 2.54 0.65
C087 0.67 0.68 2.75 0.52
C192 1.26 1.31 2.89 1.14
Critical Differences
Treatment CD at 5% Treatment CD at 5% Treatment CD at 5%
Clone 0.21 Site 0.17 Clone x Site NS

NS = Non-significant

C034 attained the maximum collar
diameter increment followed by clone
C192. Clones C083 and C087 showed poor
collar growth, which were statistically at
par with clones C019 and C066 at P< 0.05
at Lalkuan (Haldwani). Clone C019
attained the maximum collar diameter
increment followed by clones C087 and
C034. Clone C192 recorded the minimum
value for collar growth, which was
statistically at par with clone C083 at P<
0.05 at Bithmera (Hisar). Clone C034
showed the maximum collar diameter
increment followed by clone C066. Clones
C087 and C083 showed the minimum collar
growth rate at Pandhori Mindo Mind
(Hoshiarpur).

Statistical analysis reveled that the
effect of site on inter-clonal variation in
collar diameter increment was non-
significant at P< 0.05. Generally, all the
clones attained the maximum collar

diameter increment in the order :
Bithmera>Pandhori Mindo Mind>
Lachhiwala>Lalkuan.

Survival: Data pertaining to survival of
clones at different sites are presented in
Table 6. Significant inter-clonal variation
was observed in survival at P<0.05.
Maximum survival was recorded for clone
C066 followed by clones C087, C192 and
C019. Clones C083 and C034 exhibited
low survival at Lachhiwala (Dehra Dun).
Hundred per cent survival was recorded
for clone C019 at Lalkuan (Haldwani)
followed by clones C066 > C087 > C083 >
C192 in that order and were statistically
at par with each other at P<0.05. Clones
C034 had the minimum survival. Clone
C087 recorded the maximum survival and
clones C083, C192, C019 and C034 ranked
second with respect to survival and were
statistically at par at P<0.05. Clone C066
had minimum survival at Bithmera
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Table 5

Inter-clonal variation in collar diameter increment (cm) at different sites.

Site Clone Month Mean

March | July | Nov. |March | July | Nov. | March
1999 (1999 | 1999 | 2000 | 2000 | 2000 | 2001

Lachhiwala C019 0.20 069 1.61 1.94 232 2.80 3.09 1.81
(Dehradun, C034 0.25 068 1.17 1.62 1.87 2.35 2.63 1.51
Uttarakhand) C066 0.35 090 1.48 1.83 2.40  3.02 3.49 1.92
Co083 0.18 037 0.66 1.06 1.28 1.66 1.79 1.00
co87 0.29 0.68 1.11 1.67 1.93 2.17 2.37 1.46
C192 0.64 1.18 1.87 2.21 3.04 3.87 4.28 2.44
Mean 0.32 0.75 132 1.72 2.14 2.64 2.94 1.69
Lalkuan C019 0.18 043 0.80 1.06 1.37 1.71 1.87 1.06
(Haldwani, C034 0.43 1.32 294  3.37 449 5.18 5.66 3.34
Uttarakhand) C066 0.16 049 0.89 1.03 1.39 1.80 2.01 1.11
C083 0.15 0.38 0.83 1.09 1.19 1.53 1.71 0.98
co87 0.14 0.38 0.68 0.93 1.22 1.66 1.85 0.98
C192 0.45 0.74 1.31 1.52 2.04 2.76 3.11 1.70
Mean 0.25 0.62 124 1.50 1.95 244 2.70 1.53
Bithmera Co019 0.92 259 416 4.74 545 6.09 6.51 4.35
(Hisar, C034 0.54 212 3.08 3.53 4.16  4.78 5.02 3.32
Haryana) C066 0.47 1.28 243  2.83 3.61 4.22 4.61 2.78
Co083 0.43 1.24 187 2.32 295 3.62 3.91 2.33
co87 0.76 1.93 3.01 3.89 5.00 6.21 7.23 4.00
C192 0.29 0.84 148 1.93 247  2.96 3.27 1.89
Mean 0.57 1.67 267 3.21 3.94 4.65 5.09 3.11
Pandhori Co019 0.24 0.67 1.07 1.40 1.96 2.50 3.01 1.55
M. Mind C034 0.50 144 227 2.34 4.13 5.32 5.56 3.08
(Hoshiarpur, C066 0.34 089 140 1.94 3.18 4.58 5.61 2.56
Punjab) C083 0.12 039 0.66 091 1.25 1.68 2.15 1.02
co87 0.10 031 0.51 0.68 0.85 1.18 1.35 0.71
C192 0.30 0.87 149 2.03 2.69  3.40 3.83 2.09
Mean 0.27 0.76  1.23 1.55 2.34 3.11 3.59 1.83

Contd...
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Mean C019 C034 C066 C083 CO087 C(C192
of Clones 2.19 2.81 2.09 1.33 1.79 2.03
Mean Lachhiwala Lalkuan Bithmera Pandhori M. Mind
of sites 1.69 1.53 3.11 1.83
Mean of Lachhiwala Lalkuan Bithmera Pandhori M. Mind
Clone CO019 1.81 1.06 4.35 1.55
X site C034 1.51 3.34 3.32 3.08
C066 1.92 1.11 2.78 2.56
C083 1.00 0.98 2.33 1.02
CO087 1.46 0.98 4.00 0.71
C192 2.44 1.70 1.89 2.09
Critical Differences
Treatment CD at 5% Treatment CD at 5% Treatment CD at 5%
Clone 0.59 Site NS Clone x Site 1.16

NS = Non-significant

(Hisar). In case of Pandhori Mindo Mind
(Hoshiarpur), clone C019 recorded
maximum survival followed by clones
C192, C066 and C087, which were
statistically at par at P<0.05. Clone C083
exhibited minimum survival.

Effect of sites on inter-clonal variation
in survival was observed significant at
P<0.05. Generally, maximum survival
of clones was observed at Bithmera
followed by Lalkuan, Lachhiwala and
Pandhori Mindo Mind in that order. The
two-factor interaction effect between the
clone and site was also found significant
at P<0.05.

Phenological Characteristics : A perusal
of Table 7 reveals that clone differed
significantly in phenological characteristics
viz. occurrence of flowering, pod and seed
setting at different sites. In case of clonal
plantation trial, Lachhiwala (Dehra Dun),

early flowering and pod setting clones were
C087, C083 and C034 whereas clones C019,
C066 and C192 were late in flowering and
pod setting. Early seed setting clone was
C034, whereas no seed setting was
observed in clones C083 and C087.

In case of clonal plantation trial,
Lalkuan (Haldwani), early flowering and
pod setting clones were C083, C034, C087
and C019 whereas clone C066 and C192
were late in flowering and pod setting.
Early seed setting clones were C083, C034,
C087, while clone C019 was late in seed
setting.

In case of clonal plantation trial
Bithmera (Hisar), early flowering and pod
setting clones were C034, C087, C019 and
C083 while late in clone C192. Early seed
setting clones were C083, C087, C066 and
C192 whereas late seed setting clones were
C019 and C034.
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Table 6
Inter-clonal variation in survival (%) at different sites.
Site Clone Mean
C019 C034 C066 C083 Co087 C192
Lachhiwala 74.07 74.04 100.00 62.96 92.59 92.59 82.70
(Dehra Dun, (65.29) (60.14) (90.00) (52.71)  (76.97) (76.97) (70.35)
Uttarakhand)
Lalkuan 100.00 66.66  96.30 92.59 96.30 81.48 93.21
(Haldwani, (90.00) (65.59) (83.48) (76.97) (83.48) (64.70) (79.27)
Uttarakhand)
Bithmera 92.59 92.59  85.19 96.30 100.00 96.30 93.83
(Hisar, Haryana) (76.97) (76.97) (71.72)  (83.48) (90.00) (83.48) (80.44)
Pandhori Mindo  88.89 66.67 77.78 59.26 77.78 85.19 75.93
Mind (74.09) (54.70) (62.32) (50.59) (67.41) (71.21) (63.39)
(Hoshiarpur,
Punjab)
Mean of Clones 88.89 74.99  89.82 77.78 91.67 88.89
(76.59) (61.85) (76.88) (65.94) (79.46) (74.09)
Mean of Sites Lachhiwala Lalkuan Bithmera Pandhori Mindo Mind

82.70 (70.35)

93.21 (79.27)

93.83 (80.44) 75.93 (63.39)

Critical Differences

Treatment CD at 5% Treatment

CD at 5%

Treatment CD at 5%

Clone 11.25 Site

9.18 Clone x Site 22.50

Note: Values in parenthesis are arc-sine transformation means and these outside are original means.

In case of clonal plantation trial,
Pandhori Mindo Mind (Hoshiarpur), early
flowering, pod and seed setting clones were
C034, C087, C083, C019 and C066 while
late recorded in clone was C192.

The effect of the sites on inter-clonal
variation in phenological characteristics
was significant at P<0.05. The two-factor
interaction effect between the clone and
site was also observed significant.

Discussion

Growth characteristics presented in
terms of increment in height and collar
diameter is in fact, a net result of
accumulation of photosynthates, which is
highly useful and valid tool for predicting
the growth performance of the plants. A
clone derived from the candidate plus tree
through vegetative means is expected to
perform as of the mother plant. Clonal
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Table 7

Inter-clonal variation in some phenological characteristics at different sites.

Site Clone Phenological Characteristics
Occurrence Occurrence of Occurrence of
of flowering pod setting seed setting

(Day) (Day) (Day)

Lachhiwala CO019 79.67 92.00 142.33

(Dehra Dun, C034 73.67 89.67 135.67

Uttarakhand) C066 80.00 92.33 141.67

C083 72.00 85.67 -
co087 71.33 81.67 -
C192 81.00 91.33 140.33
Mean 76.28 88.78 140.00

Lalkuan Co019 77.33 90.33 139.00

(Haldwani, C034 73.00 93.00 132.00

Uttarakhand) C066 81.33 95.00 136.67

C083 71.33 90.67 128.33
co87 74.33 90.67 132.33
C192 80.00 91.33 135.67
Mean 76.22 91.83 134.00
Bithmera C019 70.33 82.67 132.33
(Hisar, Haryana) C034 68.67 80.67 132.67
C066 73.00 82.33 130.67
C083 70.33 85.33 128.33
co87 68.67 81.33 129.00
C192 74.00 91.67 130.67
Mean 70.83 84.00 130.61
Pandhori Mindo Mind C019 72.33 85.67 131.67
(Hoshiarpur, Punjab) C034 71.00 87.67 129.67
C066 73.00 90.33 133.67
C083 72.00 90.00 132.00
co87 71.00 89.00 133.67
C192 75.67 95.67 137.33
Mean 72.50 89.72 133.00




224 Indian Forester [February,
Critical Differences

Parameters Treatment | CD at 5% | Treatment CD at 5% | Treatment CD at 5%
Occurrence of

flowering Clone 1.31 1.07 Clone x Site 2.62
Occurrence of

pod setting Clone 1.28 1.05 Clone x Site 2.56
Occurrence of

seed setting Clone 1.48 1.21 Clone x Site 2.95

propagation transfers and utilizes both
additive and non-additive gains, which are
the reason for promoting clonal
propagation in forestry (Fielding, 1963;
Thulin, 1969; Libby, 1977; Campinhos and
Ikemori, 1980). The physiological
importance of seasonal periodicity of
growth in trees has been well documented
for tropical and temperate species (Kramer
and Kozlowski, 1960).

Significant inter-clonal variation was
recorded in growth performance at
different sites. This variation in growth
performance of clones may be attributed
to inherent genetic factors as well as the
effect of environmental conditions. Dunlap
and Barnett (1983) and Pathak et al. (1984)
have also reported that the genetic and
environmental factors influenced the
growth performance of plants. Clones from
the states of Uttar Pradesh, Uttarakhand
and Haryana were performing better than
the clones from the state of Rajasthan.
Presumably, clones from these states (UP,
UA and HR) were easily adapted due to
being originated in the similar eco-climatic
conditions than the clones from the state
of Rajasthan.

Generally, all clones performed better
at Bithmera (Hisar) than at the other sites.
The edapho-climatic conditions of this site

seem to provide the congenial environment
for growth performance of the clones.
Dormling (1979), Sorensen (1979) and
Rehfleldt and Wycoff (1981) reported that
plants raised from different provenances
often display different pattern of growth.
Sniezko and Stewart (1989) also suggested
that variation in growth characteristics of
the plants is essentially genetic in nature
if grown in identical environmental
conditions. Nautiyal et al. (2003) also found
the significant inter-clonal variation in
height and collar diameter of Dalbergia
sissoo clones under Dehra Dun conditions.
Other studies pertaining to the growth
performance of D. sissoo provenances also
support the present investigation (Rehman
and Hussain, 1986; Devagiri, 1997; Singh,
1998; Sagta and Nautiyal, 2001).

Significant inter-clonal variation in
survival was recorded at different sites.
On an average maximum survival was
recorded for clone C066 followed by clone
C087, while clones C019 and C192 were
closely related to each other in survival.
Minimum survival was recorded for clone
C034. This may be due to the fact that
clone C066 had more potential in
adaptation at various sites than the others.

However, clone from the Rajasthan
origin showed the moderate survival in
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comparison to the others possibly due to
the facts that plants from the xeric
environmental conditions are well adapted
to tide over the harsh conditions. Mathur
(2003) also recorded maximum survival
for the clones from Rajasthan origin under
water stress conditions. Clones growing in
common nursery conditions, when shifted
to the different sites, are likely to express
interaction with prevailing site conditions
leading to different response. The resultant
variation in survival of clones may be
partly due to both environment and genetic
make up. The studies of Johari and Chew
(1987), Devagiri (1997), Singh (1998), Sagta
and Nautiyal (2001) also support the
present investigation.

Clonal plantations are intended to
supply abundant amounts of genetically
superior seeds for commercial plantations
as well as for further tree improvement
programme. Hence, clonal plantations have
vital links between commercial plantations
and tree improvement programme. One of
the most important aspects in a clonal
plantation is the flowering synchrony
among the clones for random mating
among the constituent clones and hence
the genetic gain in the resultant progeny
(Gunaga et al., 1999). Any factor adversely
affecting the seed production in clonal
plantation would be a hindrance for logical
end of tree improvement programme
(Griffin, 1984). Variation in flowering
phenology within a clonal plantation can
potentially alter the quantity as well as
genetic quality of fruits (Sedgley and
Griffin, 1989). Differences in phenological
characteristics obtained in different clones
at various sites in the present study may
be due to the genetic make up of clones as
well as due to the variation in edapho-
climatic conditions of the sites. Clones were
behaving in a mixed manner with respect
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to phenological characteristics. Clones
C083, C087 and C034 showed early
occurrence of flowering, pod and seed
setting at the major sites, while late
occurrence in clones C019, C066 and C192.
It may be reiterated that plants from the
hot drier areas produce early and more
seeds as an adaptive mechanism towards
supporting their regeneration in such
harsh conditions. However, no seed setting
was observed in clones (C083 and C087)
from the state of Rajasthan at Lachhiwala
(Dehra Dun). This might be due to poor
performance of these clones and ultimately
photosynthates may not be available for
further seed setting. The studies of Kumar
(1992); Rawat et al. (1992); Palupi and
Owens (1998); Gunaga and Vasudeva
(2002) on clonal variation in some
phenological characteristics of Tectona
grandis support the present findings.

Conclusion

In conclusion, clone C192 out
performed at all the sites viz. Lachhiwala
(Dehra Dun), Lalkuan (Haldwani),
Bithmera (Hisar) and Pandhori Mindo
Mind (Hoshiarpur) and suited for
adaptation to a wide range of agro-
climates. On the other hand, some of clones
were site specific viz. C192 and C066 at
Lachhiwala (Dehra Dun); C034 and C192
at Lalkuan (Haldwani); C192 and C034 at
Bithmera (Hisar) and C066 and C192 at
Pandhori Mindo Mind (Hoshiarpur).
Accordingly, various clones of Dalbergia
sissoo are recommended for plantations at
different sites for optimization of their
productivity.

Clones C083, C087 and C034 showed
early occurrence of flowering, pod and seed
setting at the major sites, while late
occurrence in clones C019, C066 and C192.



226 Indian Forester [February,

This indicates that on the basis of early clones can be inter-bred for getting the
and late occurrence of phenological events, more genetic gain in the resultant progeny.
SUMMARY

Clonal plantation trials of Dalbergia sissoo were laid out on four different sites viz.
Lachhiwala (Dehra Dun), Lalkuan (Haldwani), Bithmera (Hisar) and Pandhori Mindo Mind
(Hoshiarpur) to investigate inter-clonal variation with respect to growth performance, survival
and phenological characteristics. Clone C192 (Tulsipur, North Gonda, UP) exhibited excellent
performance at all sites and suited for adaptation to a wide range of agro-climatic conditions.
On the other hand, some of clones were site-specific viz. C066 (Chhichrauli, HR) at Lachhiwala
(Dehra Dun) and Pandhori Mindo Mind (Hoshiarpur), C034 (Tulsipur, North Gonda, UP) at
Lalkuan (Haldwani) and Bithmera (Hisar). Accordingly these clones of Dalbergia sissoo are
recommended for plantations at different sites for optimization of their productivity. Flowering,
pod and seed setting were early in clones C083, C087 (Hanumangarh, RJ) and C034 (Tulsipur,
North Gonda, UP) and late in clones were C019 (Haridwar, UA), C066 (Chhichrauli, HR) and
C192 (Tulsipur, North Gonda, UP) at major sites. Thus, clones can be interbred for optimal
genetic gains in the resultant progeny on the basis of early and late occurrence of phenological
events.

faf=T Sofary ueell # dgar wfhdr, sifaehifaar ik wgoiflde! faRmaei & www
# gorgfilar freg Tao # el sR@aea faf=ar
JMRoUYdo qd d Yo AlfeTT
NI

SAFIGT vy & PIaTd AYa IIEv IR AR Il 1ie Feslara (QEvIgH), Aretagan
(Begr), foher (RER) iR dert faver fie @RMRER) ¥ ggar dfhaar, Afdehfaar sk
F—oIfdHT fRIvdRl @ e | mRE<H AT s=Iftd & & oy enfia &y g |
F=adh Al 192 (ToRIGR, ST el Solo) o T Tl W YA Afhadr yelfa & iR g8
Fiaa! o fawgd <Ml & Igad a9 Wdb- & Sugad Ul AT | 39 [T $8 Fd wId
faf¥re arg 77 IeTo W 066 fERIc (BRATIN), TeeiaTel (IER1gH) IR der fivel fie (BIRRRYR)
& forg; 91 034 JAHIYR (ST eI, So¥o) ATAR3T (BegT) 3R fdoHsr (FUR) & oy | aaaR
SATIIGT e & 31 Hdehl DI D] IATGdHAT Bl §69 a9 & forg faf=1 wrall wR Jua=i
@ forg IR fobar Sirar & | Yo, Biordm T SR dIsT o7 93 Ml IR F=dd Al 083,
T 087 (B 7@, VTORAT) 3IR A 034 (JAHUIYR, ST 1T, So¥o) ¥ STedl qAT Pwidb Al 019
(ERER, STRIEvs), A1 066 (feRicl, BRATUM) 3R Al 192 (TR, I Il Jolo) H IR A
83T | 399 TR Follddd TSRl & Seal A1 faem | 8M & MR W Ulahed I<ifd § gedd
ARG o™ U & folT PHwiebl BT TSI ¥l BRIAT ST Wbl & |
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