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Introduction

Clonal propagation of Dalbergia sissoo

(Shisham) Roxb. through rooting of
juvenile shoot cuttings is the most practical
approach for mass scale production of
superior planting stock. Continuous supply
of juvenile shoots is possible through
establishment and maintenance of
Vegetative Multiplication Garden (VMG)/
Hedge garden of superior clones and
extracting shoots from them through
regular hedging/coppicing. Cuttings
obtained from coppiced shoots are juvenile
and thus have higher rooting potentiality
(Gurumurti et al., 1988). Successful
rejuvenation by coppicing adult trees has
been achieved in many forest tree species
(Bonga, 1982; Gurumurti et al., 1988;
Bakshi, 1989; Robertson and Kleinschmit,
1991). Since regenerated shoots after
coppicing form the raw material for
propagule production, success of any clonal
forestry programme will depend on good
regeneration capacity of shoots. Shoot
production in hedge garden/VMG is
affected by a number of factors (Pong-anant
1989, Bagchi and Mittel, 1986, Pal
et al., 2003) and can be enhanced by proper
management.

The present observations were made
in 96 clones of Shisham in VMG at Birplasi,
Nalagarh (Himachal Pradesh) to identify
the best clones producing maximum shoots.

Material and Methods

Under planting stock improvement
programme of World Bank-FREE project,
a VMG using clonal material of selected
plus trees was established at Birplasi,
Nalagarh (H.P.) in year 1999 (5 years old).
For this, one year old material was
procured from Forest Research Institute,
Dehra Dun which was raised by means of
juvenile shoot cuttings obtained from root
suckers of selected plus trees. The present
investigation was carried out in 96 clones
planted in hedge garden at Birplasi which
were maintained in a row to row design
with forty five ramets/row/clone.

Hedging was performed in the month
of Jan. - Feb. 2003 at 30 cm hedging level.
Ten stumps/clone chosen randomly were
observed for shoot emergence and six
weeks after hedging, data was recorded on
collar diameter of cut stump, number of
shoots regenerated, maximum length of
shoots and their basal diameter. The data
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pertaining to 96 clones (10 ramets of each
clone) with regard to above parameters
was subjected to ANOVA using SPSS
computer program and correlation between
collar diameter and shoot number was
worked out.

Results and Discussion

Significant clonal variation (P< 0.001)
was observed for the collar diameter of

coppiced stump, days of emergence of
shoots after hedging, shoot number, their
length and basal diameter (Table 1). The
maximum collar diameter of coppiced
stump (89.2 mm) was observed in clone 6
belonging to Chiryapur (Bijnor) followed
by 86 mm in clone 207 belonging to Gonda
and the minimum collar diameter
(34.4mm) was recorded in clone 106
(Hanumangarh, Rajasthan). Days to
emergence of shoots ranged between 5 to

Table 1

Collar diameter of stump, days of shoot emergence, mean number of shoot, mean shoot length

and collar diameter of shoot after hedging in different clones of Dalbergia sissoo

at the age of 5 years.

Clone No. Collar dia. Days of No. of Max. shoot Shoot
stump shoot emergence shoots/ length diameter
(mm) after hedging  stump (cm) (mm)

1 2 3 4 5 6

6 89.2 ± 5.3 16.0 ± 0.73 56.2 ± 2.4 103.2 ± 4.3 8.7 ± 0.5

9 82.7 ± 5.7 17.0 ± 0.64 42.0 ± 3.4 132.8 ± 3.5 11.0 ± 0.4

10 47.0 ± 4.9 15.0 ± 0.64 45.5 ± 4.5 67.5 ± 3.4 6.2 ± 0.5

15 55.9 ± 6.3 11.0 ± 0.40 35.1 ± 2.4 73.3 ± 5.0 6.1 ± 0.5

16 65.8 ± 1.2 13.0 ± 0.56 42.0 ± 2.1 71.2 ±.6.5 7.5 ± 0.6

18 53.0 ± 5.6 13.0 ± 0.34  36.9 ± 2.9 75.2 ± 8.0 8.0 ± 0.7

19 73.3 ± 6.0 13.0 ± 0.61 43.2 ± 3.8 105.4 ± 5.1 9.6 ± 0.7

20 65.4 ± 4.4 13.0 ± 0.54 45.6 ± 5.9 88.1 ± 4.8 7.4 ± 0.5

21 64.7 ± 5.6 12.0 ± 0.39 40.7 ± 5.1 77.1 ± 5.6 6.7 ± 0.6

33 42.2 ± 6.3 11.0 ± 0.40 34.0 ± 7.3 95.4 ± 6.6 8.4 ± 0.6

34 51.1 ± 8.7 12.0 ± 0.41 42.9 ± 4.8 70.2 ± 9.1 5.7 ± 0.9

36 60.0 ± 7.5 14.0 ± 0.87 42.6 ± 2.4 76.0 ± 3.8 6.6 ± 0.6

40 68.8 ± 8.5 11.0 ± 0.16 54.0 ± 4.7 102.6 ± 8.1 8.0 ± 0.6

41 67.5 ± 7.2 11.0 ± 0.58 52.2 ± 2.2 87.2 ± 7.5 7.2 ± 0.5

42 80.9 ± 3.1 11.0 ± 0.87 57.2 ± 4.0 94.6 ± 2.4 7.9 ± 0.2

44 63.6 ± 8.5 10.0 ± 0.48 47.4 ± 4.5 87.2 ± 7.5 8.4 ± 0.9

47 80.9 ± 8.3 12.0 ± 0.31 42.9 ± 4.4 102.6 ± 3.3 9.0 ± 0.4
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49 54.4 ± 8.1 13.0 ± 0.31 35.1 ± 5.0 70.6 ± 9.6 6.4 ± 0.8

51 65.4 ± 4.7 12.0 ± 0.36 42.6 ± 2.2 95.7 ± 7.1 8.6 ± 0.7

55 45.0 ± 3.2 14.0 ± 0.87 37.2 ± 4.9 60.5 ± 5.0 5.3 ± 0.5

57 53.2 ± 6.9 12.0± 0.36 42.8 ± 4.0 77.1 ± 8.0 6.6 ± 0.7

59 75.0 ± 3.5 11.0 ± 0.40 40.9 ± 2.6 98.8 ± 3.7 9.3 ± 0.4

60 69.0 ±.7.1 11.0 ± 0.24 48.4 ± 2.9 96.1 ± 8.0 8.7 ± 0.8

61 58.4 ± 2.5 12.0 ± 0.36 37.0 ± 5.8 75.7 ± 4.5 7.3 ± 0.5

62 63.0 ± 5.0 12.0 ± 0.23 46.2 ± 2.8 91.6 ± 5.1 8.3 ± 0.5

64 35.5 ± 3.6 15.0 ± 0.64 26.6 ± 4.9 68.8 ± 5.2 6.2 ± 0.7

66 55.8 ± 9.8 11.0 ± 0.40 37.5 ± 2.7 76.2 ± 10.7 6.7 ± 1.0.

67 64.2 ± 3.1 13.0 ± 0.61 54.9 ± 3.5 73.8 ± 3.4 6.7 ± 0.5

78 59.1 ± 6.9 10.0 ± 0.48 41.6 ± 2.5 96.6 ± 6.6 8.7 ± 0.8

79 36.8 ± 5.0 14.0 ± 0.65 27.5 ± 2.1 92.8 ± 8.9 8.5 ± 0.8

80 57.1 ± 5.0 13.0 ± 1.23 42.1 ± 3.5 78.0 ± 2.8 6.0 ± 0.4

81 49.0 ± 2.5 15.0 ± 0.82 34.0 ± 1.8 106.1 ± 6.9 9.3 ± 0.2

82 50.1 ± 7.2 10.0 ± 0.62 32.5 ± 4.9 79.9 ± 7.4 6.6 ± 0.8

83 46.1 ± 5.3 14.0 ± 1.0 38.6 ± 5.1 69.5 ± 5.6 5.7 ± 0.5

84 42.4 ± 2.7 13.0 ± 0.49 38.4 ± 3.9 74.7 ± 3.5 5.9 ± 0.3

86 63.0 ± 4.6 5.0 ± 0.33 53.6 ± 2.6 93.2 ± 3.4 7.8 ± 0.3

87 39.4 ± 6.3 8.0 ± 0.34 33.5 ± 5.0 66.5 ± 5.6 4.9 ± 0.5

90 71.8 ± 3.8 13.0 ± 1.23 49.0 ± 2.9 79.6 ± 5.1 6.7 ± 0.5

91 51.0 ± 3.3 5.0 ± 0.33 47.1 ± 3.5 80.3 ± 5.3 7.3 ± 0.5

92 65.3 ± 4.7 11.0 ± 0.82 47.2 ± 2.7 87.2 ± 4.3 7.4 ± 0.5

99 62.3 ± 6.6 11.0 ± 0.68 32.9 ± 2.8 79.4 ± 6.8 6.9 ± 0.6

101 48.9 ± 3.6 9.0 ± 0.38 42.7 ± 5.0 69.1 ± 3.9 5.9 ± 0.4

103 68.1 ± 5.8 8.0 ± 0.29 54.6 ± 3.3 92.7 ± 5.4 8.1±.0.5

106 34.4 ± 7.9 9.0 ± 0.38 38.8 ± 7.2 65.6 ± 9.8 5.7 ± 0.9

107 68.9 ± 8.5 11.0 ± 0.94 67.0 ± 8.5 90.6 ± 3.6 7.2 ± 0.5

114 44.8 ± 4.7 14.0 ± 0.95 33.5 ± 2.0 93.9 ± 8.9 8.8 ± 0.5

121 48.7 ± 3.0 15.0 ± 1.06 27.1±. 2.5 98.3 ± 7.1 8.8 ± 0.7

123 74.8 ± 3.1 13.0 ± 0.97 47.2 ± 2.3 92.2 ± 2.3 7.8 ± 0.5

129 67.7 ± 8.8 9.0 ± 1.03 43.8 ± 5.1 103.4 ± 7.1 9.0 ± 1.0

133 62.6 ± 2.0 11.0 ± 0.74 43.7 ± 5.9 102.3 ± 5.2 9.4 ± 0.7

136 47.7 ± 2.7 11.0 ± 0.94 43.2 ± 3.1 106.0 ± 3.0 9.6 ± 0.3

137 45.1 ± 3.6 12.0 ± 0.80 44.4 ± 1.9 110.3 ± 5.3 10.2 ±.0.4

1 2 3 4 5 6
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1 2 3 4 5 6

200 47.8 ± 4.4 11.0 ± 0.42 39.2 ± 2.6 107.4 ± 1.7 10.2 ± 0.2

203 77.3 ± 4.4 11.0 ± 0.95 40.9 ± 2.7 94.7 ± 5.5 7.6 ± 0.6

204 73.0 ± 6.0 14.0 ± 0.95 47.8 ± 3.3 107.4 ± 5.5 10.0 ± 0.6

207 86.0 ± 5.0. 11.0 ± 0.94 41.6 ± 2.9 92.5 ± 4.1 7.7 ± 0.5

215 55.7 ± 6.1 10.0 ± 0.41 44.5 ± 3.4 102.8 ± 5.9 9.3 ± 0.8

236 66.5 ± 5.2 15.0 ± 0.41 43.6 ± 3.6 87.9 ± 7.7 7.5 ± 0.8

237 60.9 ± 6.2 12.0 ± 0.54 45.5 ± 4.6 93.0 ± 6.5 8.0 ± 0.8

243 59.5 ± 1.9 13.0 ± 0.91 47.4 ± 3.2 86.1 ± 6.5 7.3 ± 0.7

249 46.9 ± 6.4 11.0 ± 0.94 47.0 ± 3.0 78.7 ± 8.5 6.8 ± 0.8

250 72.4 ± 8.3 13.0 ± 0.92 33.1 ± 1.7 96.6 ± 7.1 7.8 ± 0.8

252 49.2 ± 1.8 16.0 ± 0.75 30.5 ± 1.6 111.7 ± 4.6 9.7 ± 0.5

253 41.0 ± 4.7 15.0 ± 0.80 25.6 ± 2.8 87.6 ± 7.8 9.6 ± 0.4

254 52.4 ±. 5.0 17.0 ± 0.68 43.5 ± 1.4 131.3 ± 4.9 11.5 ± 0.5

260 78.7 ± 4.7  12.0 ± 1.00 32.7 ± 1.9 95.9 ± 7.8 6.0 ± 0.4

262 51.7 ± 3.4 12.0 ± 0.94 35.1 ± 2.8 92.4 ± 4.1 7.8 ± 0.5

266 42.3 ± 8.4 15.0 ± 0.80 33.0 ± 2.6 83.2 ± 3.3 7.6 ± 0.5

268 45.3 ± 8.4 12.0 ± 0.76 33.1 ± 4.5 72.5 ± 6.3 7.2 ± 1.0.

269 45.5 ± 5.6 14.0 ± 0.76 30.5 ± 4.2 91.5 ± 9.2 7.9 ± 0.9

270 44.0 ± 2.3 11.0 ± 0.94 32.5 ± 2.6 83.1 ± 5.1 7.6 ± 0.2

MMP1 47.6 ± 4.4 17.0 ± 0.83 25.7 ± 2.1 119.1 ± 4.5 10.4 ±0.6

NP1 46.0 ± 2.2 17.0 ± 1.03 31.3 ± 1.6 99.2 ± 4.9 8.7 ± 0.3

NP2 43.9 ± 2.8 16.0 ± 0.76 27.1 ± 1.6 96.6 ± 3.0 8.2 ± 0.5

NP3 55.9 ± 3.1 12.0 ± 0.76 47.2 ± 4.1 97.2 ± 3.8 8.1 ± 0.5

P1 56.2 ± 4.4 11.0 ± 0.94 51.6 ± 2.3 82.1 ± 6.0 7.5 ± 0.5

P2 68.0 ± 8.2 13.0 ± 0.86  41.2 ± 5.7 106.9 ± 7.1 10.0 ± 0.6

P3 43.1 ± 2.4 15.0 ± 0.38 31.0 ± 1.7 84.2 ± 3.2 7.0 ± 0.6

P5 51.7 ± 7.9 9.0 ± 0.76 36.4 ± 4.4 73.1 ± 8.7 6.6 ± 0.8

P7 61.0 ± 2.3 12.0 ± 0.94 35.6 ± 2.9 77.4 ± 3.2 6.5 ± 0.6

S9 75.0 ± 6.9 11.0 ± 0.94 35.1 ± 1.4 122.5 ± 4.1 10.9 ± 0.6

S12 46.0 ± 2.2 11.0 ± 0.4 35.4 ± 2.4 107.5 ± 6.5 9.9 ± 0.6

S 19 69.4 ± 4.8 10.0 ± 0.95 33.5 ± 4.2 118.6 ± 2.8 10.6 ± 0.5

S 24 52.4 ± 5.2 14 ± 0.95 33.5 ± 3.8 96.6 ± 4.6 8.7 ± 0.4

S 33 67.6 ± 4.7 14 ± 0.83 35.6 ± 1.8 91.1 ± 7.7 8.1 ± 0.7

S 35 53.4 ± 4.3 15 ± 0.81 35.6 ± 2.3 88.4 ± 2.7 8.5 ± 0.7

S 40 56.0 ± 4.7 11 ± 1.05 45.4 ± 3.2 103.8 ± 8.2 9.5 ± 0.9
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1 2 3 4 5 6

S 41 64.4 ± 3.8. 13 ± 0.50 39.5 ± 2.8 88.3 ± 5.0 8.0 ± 0.4

S 42 46.2 ± 3.8 11 ± 0.95 36.6 ± 2.3 86.5 ± 2.9 8.0 ± 0.3

S 44 47.1 ± 3.8 14 ± 1.05 36.3 ± 1.9 80.2 ± 6.8 7.0 ± 0.9

S 57 48.2 ± 4.1 13 ± 0.42 35.0 ± 2.8 74.5 ± 6.5 6.9 ± 0.7

S 66 59.8 ± 4.1 11 ± 0.50 50.6 ± 2.7 113.1± 4.7 10.3 ± 0.3

S 93 37.8 ± 5.7 11 ± 0.39 29.4 ± 3.4 65.6 ± 7.4 5.7 ± 0.6

S 123 57.9 ± 3.1 12 ± 0.95 38.5 ± 1.9 106.7 ± 3.0 9.7 ± 0.3

S 137 52.7 ± 7.0 14 ± 0.95 36.0 ± 3.2 78.9 ± 5.1 7.2 ± 0.5

S 189 63.6 ± 3.6 14 ± 0.38 39.0 ± 3.3 99.6 ± 2.7 9.0 ± 0.2

Mean 57.5 ± 5.06 12.3 ± 0.68 40.3 ± 3.35 90.20 ± 5.5 7.94 ± 0.59

CD 4.77 2.21 6.23 8.15 0.54

17 days with the earliest being in clone 86
and 91 (Rajasthan) and lately being in 9,
254, MMP1 and NP1 belonging to Bareilly,
Rishikesh, Matak Majri and Nalagarh
respectively (Table 1). The number of
shoots ranged from 25.6 (253 Rishikesh)
to 67 (107, Hanumangarh). As regards
shoot length and basal diameter, maximum
values of 133 cm and 11 mm respectively
were shown by clone 9 belonging to Pathri,
Haridwar (Table 1). Correlation between
collar diameter and shoot number was
feeble (r =0.68 ).

Hedge garden/VMG of Shisham at
Birplasi was maintained to capture
maximum juvenility. Age of hedging / No.
of hedges also play an important role in
regeneration of shoots, though level of
hedging has a variable effect on shoot
production as well as rooting (Pal et al.,
2003), Dalbergia sissoo continues to
produce rooted propagules for at least 5-6
years without affecting much the rooting
potentiality. Seasonal fluctuations in
regeneration potential of shoots like other
species is obvious in sissoo as well. Hedging
made in dormant- winter season showed

best response (unpublished). Similar
response was observed in Eucalyptus

oblique L. Herit (Blake, 1972), Platnus

occidentalis L. (Belanger, 1979) and
Eucalyptus hybrid (Bakshi, 1989) when
trees were coppiced in winter or early
spring.

The findings of present work clearly
showed that variation exists with respect
to collar diameter of coppiced stump, days
of emergence of shoots after hedging, shoot
number, their length and basal diameter
in different genotypes of D. sissoo.

Differential response in sprouted shoots of
sixty clones was also observed in
Eucalyptus tereticornis (Verma et al., 2003)
and eight clones of D. sissoo (Pal et al.,
2003).

Existence of feeble correlation
between collar diameter and shoot number
in this study envisages that shoot
production is independent of collar
diameter in 5 year old hedges. Similar
correlation between these two factors has
earlier been reported in D. sissoo (Pal
et al., 2003) which however is contradictory



106 Indian Forester [January,

to reports of Babitha et al. (2000) in
Eucalyptus tereticornis and Singh and
Gupta (1996) in Debregeasia hypoleula.

The findings of this investigation
suggest that preliminarily selection of
clones could be made on the basis of high

shoot regeneration capacity following
hedging coupled with maximum shoot
length and early emergence of shoots
assuming that higher shoot regeneration
would lead to maximum plantlet
production and hence will be suitable for
large scale multiplication.

SUMMARY

Ninety six clones of Dalbergia sissoo were hedged at 30 cm of height level in the month of
Jan. - Feb. in VMG at Birplasi, Nalagarh (HP) to assess shoot regeneration capacity of different
clones. Significant differences (P> 0.001) were observed among clones regarding days to shoot
emergence, collar diameter of cut stumps, shoot number, shoot length and basal diameter of
shoots. The earliest shoot emergence (5 days) was recorded in clone 86 and 91 both belonging
to Rajasthan. The maximum number of shoots (67) were recorded in clone 107 (Rajasthan)
followed by 57 shoots (Clone 42, Gonda), while maximum shoot length (133cm) and diameter

(11 mm) was observed in clone 9 (Pathri, Haridwar). A feeble (r=0.68) correlation was observed

between collar diameter of stump and number of regenerated shoots.

MycfxZ;k flLlq ¼'kh'ke½ jkDlŒ ds o?khZizo/kZu m|ku esa ckM+ yxkus ij
izjksg iqutZuu gksus esa ÑUrdh; fofHkUurk
ehuk c['kh] dsŒ,lŒ Bkdqj o lqjsUnz dqekj

lkjka'k
fofHkUu ÑUrdksa dh izjksg iqutZuu {kerk dk vkdyu djus ds fy, chjiyklh] ukykx< ¼fgekpy izns'k½

ds o?khZizo/kZu m|ku esa tuojh&Qjojh ds eghuksa MycfxZ;k flLlq ds 96 ÑUrdksa ij 30 lseh ÅapkbZ Lrj
j[kdj ckM+ yxkbZ xbZA izjksg fudyus esa yxs fnu] dVs BwaB ds ewyalf/k O;kl] izjksg la[;k] izjksg yEckbZ
vkSj izjksgksa ds vk/kkj O;kl dh n`f"V ls ÑUrdksa esa lkFkZd vUrj ¼P> 0.001½ jgrk ik;k x;kA lcls igys
izjksg fudyus yxuk ¼5 fnuksa esa½ ÑUrd 86 vkSj 91 esa ns[kk x;k tks nksuksa jktLFkku ds ÑUrd gSA lcls
vf/kd la[;k esa ¼67½ izjksg ÑUrd 107 ¼jktLFkku½ esa fudys ns[ks x, ftlds ckn 57 izjksg ¼ÑUrd 42] xksaMk½
esa fudys] tcfd izjksg dh vf/kdre yEckbZ ¼133 lseh½ vkSj O;kl ¼11 feeh½] ÑUrd 9 ¼iFkjh] gfj}kj½ dh
jghA ,d gYdk&lk lglEcU/k ¼r = 0.68½ BwaB ds ewylaf/k O;kl vkSj iqutZfur gq, izjksgks dh la[;k esa jgrk
ik;k x;kA
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