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ABSTRACT 
 

A clonal trial comprising 12 poplar clones was planted at Regional Research Station, 
Bathinda in semi-arid region of Punjab following randomized block design with three replications 
and plot size of ten trees. The data collected on diameter at breast height, tree height and volume 
per tree at 2, 3, 5 and 7-year age were analyzed and genetic parameters were worked out.  
Significant differences among clones were noticed for all growth traits at all ages. Clones S7C8, 
113324, L-188/84, L-313/85, L-51/84, L-71/84, 154/84, 110702 and 64-243-1 were promising 
clones at 7-year age with volume per tree ranging from 0.242 to 0.320 m

3
. The phenotypic and 

genotypic coefficients of variation were relatively higher for volume (11.15-31.78 %) and the 
minimum for tree height (4.71-13.65 %). The broad sense heritability ranged from 29.68 to 73.11 
per cent with relatively higher values for diameter (36.07-73.11%) and height (44.73-54.81 %). The 
genetic advance was lowest for height (6.49 – 14.10 % of mean) and relatively higher for wood 
volume (12.51 – 38.96 %).  The study indicated that exotic clones S7C8 and 113324 were the 
potential clones for commercial cultivation. 
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INTRODUCTION 
 

Intensive forestry practices is the need of the hour to meet the increasing 
demands of wood based products, fibre, fodder and minor-forest products, as the over-
exploited natural forests of developing countries are having poor productivity. Presently, 
the tree cover of India is about 23 per cent of total geographic area (dense forest area is 
12 %) having a low productivity (0.7 m

3
/ha/yr) in comparison to that (3.1 m

3
/ha/yr) of 

world (Singh et al., 2010). Considering the alarming situation, massive afforestation 
programmes on government lands, common places and farmlands have been advocated 
to bring one third of total geographic area under vegetative cover. Short rotation tree 
species mainly exotics have caught recent attention of tree growers to diversify their 
cropping pattern. Populus deltoides Bartr. is one of such successful exotic species of 
India  and has become an integral part of landscape in most parts of north-western India. 
The soft, attractive, and easy to work wood is suitable for plywood, paper, furniture, 
packing cases, etc. Its better economic returns and suitable features like straight stem, 
thin crown, deciduous nature, etc. has made it widely adopted in this region. The 
productivity of well-managed poplar plantations under Punjab conditions had been 
estimated to be 46.9 m

3
/ha/yr (Verma,1993).  However, poplar plantations in these states 

are having narrow genetic base consisting of only a few superior clones (G-3, G-48). 
Such situation of raising narrow genetic base material has resulted in creation of insect-
pest problems. There is urgent need to bring genetically diverse and promising clones for 
commercial plantations. 
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Punjab Agricultural University, Ludhiana started poplar improvement programme 
in late eighties of the last century and has introduced more than 200 poplar clones. 
Introduced clones from many organizations/ institutions of the country were evaluated at 
the nursery stage for three years (Sidhu 1989, 1994, 1996). The promising ones were 
evaluated in a series of clonal trials conducted in various agro-climatic regions of the 
state.  The objective of the present study was to find out genetic variation among the 12 
clones evaluated under semi-arid region of the state, and to identify the site-specific 
clones.  
 
MATERIALS AND METHODS 
 

The study was conducted at PAU Regional Research Station, Bathinda of 
Punjab. The site falls in Semi-arid region of the state (latitude 30

o
17’ N, longitude 74

o
57’ 

E, altitude 211 m) with sub-tropical arid climate. The canal is the only irrigation source 
and quality of underground water is poor. The soil was loamy sand to sandy loam with pH 
of 8.6.  Twelve clones used for the study were selected on basis of initial screening for 
three years at the nursery stage (Sidhu, 1989). The detail of these clones is given in 
Table 1. The ETP’s (entire transplants, one year old plants) of these clones were raised 
at nursery area of department of Forestry & Natural Resources, PAU, Ludhiana following 
recommended practices. The one-year old bare rooted plants were transplanted at the 
study site following randomized block design with three replications and plot size of ten 
trees. The ETP’s were planted at 5 x 4 m spacing with planting depth of one meter. The 
recommended cultural practices were given throughout the study period (Sidhu et al, 
1990). The data on plant height and diameter at breast height (DBH) were recorded in 
January of each year. Volume per plant was worked out following the regression equation 
developed by Dhanda and Verma (2001) for this region. The data recorded at 2, 3, 5 and 
7 year age was analyzed using the CPCS1 computer package developed by Punjab 
Agricultural University, Ludhiana. The genetic parameters were worked out following 
Johnson et al. (1955) as per following formulae. 

 

  Phenotypic coefficient variation (P.C.V.)  = (p/ā) x 100 

 Genotypic coefficients variation (G.C.V.)  = (g/ ā) x 100 

Heritability in broad sense (H
2
)    = (

2
g/

2
p) x 100 

.  Genetic advance (GA) (% of mean)  =  k.H
2
.p/ ā x 100 

 

Where, p and g are phenotypic and genotypic standard deviation of variance, 

respectively, ā is the general mean of the population, 
2
g and 

2
p are genotypic and 

phenotypic variance, respectively and k is selection differential (which is 2.06 at 5% 
selection intensity). 
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Table 1. Details of clones used for the study 

 
S No. Clone Name Source/origin 

1 G-3 Australia 
2 1467 USA 
3 L-188/84 Forest Research Center, Lal Kuan, Uttrakhand 
4 L-71/84 Forest Research Center, Lal Kuan, Uttrakhand 
5 L-313/85 Forest Research Center, Lal Kuan, Uttrakhand 
6 200/84 Forest Research Center, Lal Kuan, Uttrakhand 
7 S7C8 USA 
8 L-51/84 Forest Research Center Lal Kuan, Uttrakhand 
9 64-243-1 USA 

10 113324 USA 
11 154/84 USA 
12 110702 USA 

 
RESULTS AND DISCUSSION 
 

The analysis of variance of data revealed that differences due to clones were 
highly significant (P<0.01) for all the traits at all ages except for DBH and volume at age 2 
where it was significant at P<0.05. The differences due to replications were also highly 
significant (except at age 3) which implies that blocking was precise (Table-2). The mean 
diameter at breast height and tree height is given in Table-3. The differences among 
clones were observed to be significant for all the traits at all ages. DBH ranged from 4.30 
to 6.86 cm, 5.37 to 9.05 cm, 10.99 to 17.47 cm and 14.33 to 21.42 cm at age of 2, 3, 5 
and 7 yr, respectively. Clone ‘113324’ registered top ranking at age 2, 5 and 7 yr and was 
closely followed by clone ‘L-188/84’. At age 7, clone ‘113324’ recorded maximum DBH 
which was however at par with clones ‘S7C8’, ‘L-188/84’, ‘L-313/85’, ‘L-71/84’, ‘L-51/84’, 
‘154/84’, ‘110702’ and ‘64-243-1’.  Clone ‘G-3’ registered the lowest rank at age 2, 5 and 
7 yr with respect to diameter. The top ranking for tree height was not stable and changed 
at each subsequent reading; however, all these clones were statistically at par with each 
other. Like diameter, Clone ‘113324’ attained the highest value and was similar to all 
clones except those of ‘200/84’, ‘64-243-1’, ‘G-3’ and ‘1467’. The volume per tree at age 
7 varied from 0.122 to 0.320 m3 with significant differences among the clones (Figure 1).  
Again, nine clones i.e. ‘S7C8’, ‘113324’, ‘L-188/84’, ‘L-313/85’, ‘L-51/84’, ‘L-71/84’, 
‘154/84’, ‘110702’ and ‘64-243-1’ were promising and at par with each other. The 
significant differences among the clones for the diameter, height and volume may be 
attributed to their distinct genetic constitution. The earlier studies conducted in the Punjab 
at nursery stage (Sidhu 1989, 1994, 1996) and field conditions (Sidhu and Dhillon, 2007, 
Dhillon, 2004, Singh et al 2008, Dhillon et al, 2010 a,b) also found apparent variation for 
the growth traits. Similar genetic variation for height and diameter under field conditions 
had been reported by Nelson and Tauer (1987), Jha et al. (1991, 1993), Puri et al. 
(2001), Toky et al. (1996), Singh et al. (2001).  
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Table 2.  Mean sum of squares and F ratios based on ANOVA of varions traits recorded 
at four ages  

 

Source df DBH 2 DBH 3 DBH 5 yr DBH 7 yr 

MSS F Ratio MSS F Ratio MSS F Ratio MSS F Ratio 

          
Replication 2 6.049 8.28** 3.252 3.40 31.08 23.98** 53.02 22.86** 
Clones 11 1.967 2.69* 3.880 4.06** 11.87 9.16** 15.36 6.63** 
Error 22 0.7305  0.956  1.296  2.319  

 

Source df Height 2 Height 3 Height 5 yr Height 7 yr 

MSS F Ratio MSS F Ratio MSS F Ratio MSS F Ratio 

Replication 2 1.016 11.19** 3.242 5.61* 27.75 26.86** 31.43 32.19** 
Clones 11 0.311 3.43** 2.320 4.02** 4.80 4.64** 4.24 4.34** 
Error 22 0.0908  0.578  1.033  0.976  

 

Source df Volume 2 Volume 3 Volume 5 yr Volume 7 yr 

MSS F Ratio MSS F Ratio MSS F Ratio MSS F Ratio 

Replication 2 0.42-04 8.11** 0.934-04 3.04 0.193-01 25.97** 0.716-01 25.99** 
Clones 11 0.12-04 2.27* 0.996-04 3.24** 0.419-02 5.63** 0.117-01 4.23** 
Error 22 0.52-05  0.307-04  0.745-03  0.276-02  

 
* and ** denotes significance at P<0.05 and P<0.01, respectively. 
 
Table 3. Diameter and height growth of poplar clones at various ages 

 

Clone Diameter at Breast Height (cm) Total Tree Height (m) 

2 yr 3 yr 5 y 7 yr 2 yr 3 yr 5 yr 7 yr 

G-3 4.30e 6.28cd 10.99d 14.33c 5.20d 6.69cd 13.22d 17.34de 
1467 4.47de 5.37d 12.43d 15.56c 5.22cd 6.25d 14.67cd 17.11e 
L-188/84 5.89 abcd 8.84a 17.20a 21.14a 6.06a 8.89a 16.83ab 19.37abc 
L-71/84 5.67abcde 7.52abc 16.29abc 20.36ab 5.72abc 8.17a 16.52ab 19.12abc 
L-313/85 5.99abc 9.05a 16.57ab 20.74ab 5.94ab 8.59a 16.90ab 19.96abc 
200/84 4.65cde 6.88bcd 14.73bc 18.30b 5.45bcd 6.78bcd 16.27abc 18.96bcd 
S7C8 6.42ab 8.27ab 16.60ab 21.26a 6.03a 8.87a 17.14ab 20.22ab 
L-51/84 6.05abc 8.55a 16.87a 20.31ab 5.97a 8.32a 17.56a 20.57ab 
64-243-1 5.04bcde 6.88bcd 14.50c 19.52ab 5.58abcd 7.81abc 15.80bc 18.53cde 
113324 6.86 a 8.69a 17.47a 21.42a 5.97a 8.49a 17.09ab 20.69a 
154/84 6.13ab 8.14ab 16.22abc 20.05ab 5.89ab 8.05ab 17.43ab 20.37ab 
110702 5.83abcd 7.49abc 15.77abc 19.76ab 6.09a 7.71abc 15.74bc 19.77abc 
Mean± 
S.E. 

5.61± 
0.20 

7.66± 
0.24 

15.47± 
0.42 

19.40± 
0.51 

5.76± 
0.08 

7.89± 
0.19 

16.23± 
0.32 

19.33± 
0.32 

 
The genetic parameters revealed medium to high variability among the poplar 

clones (Table-4). The phenotypic coefficient of variation (PCV), genotypic coefficients of 
variation (GCV) and genetic advance (% of mean) were relatively higher for volume and 
lower for height. The broad sense heritability in general was medium and was relatively 
higher for DBH (36.1-73.1 %) and height (44.7-54.8 %).  The trend of all genetic 
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parameters with respect to age was inconsistent. In general the values were the highest 
at age 3 or 5.  Similarly, many earlier studies have reported moderate to high genetic 
parameters for growth traits of poplar (Singh et al. 2001, Dhillon 2004, Singh et al. 2008). 
On the other hand, Wilcox and Farmer (1967) found low heritability (0.21 to 0.31) for 
growth traits of P. deltoides. Nelson and Tauer (1987) while studying variation in P. 
deltoides at 2-year age also found the low heritability values for height and diameter (0.19 
and 0.35).  
 
Table 4. Genetic parameters of growth traits of poplar clones. 

 
Genetic Parameter Age (yrs) DBH (cm) Height (m) Volume per tree 

(m3) 

PCV (%) 2 19.06 7.04 20.47 
3 18.13 13.65 31.78 
5 14.19 9.30 31.16 
7 13.31 7.43 29.86 

GCV (%) 2 11.45 4.71 11.15 
3 12.88 9.67 20.78 
5 12.13 6.89 24.27 
7 10.75 5.40 21.50 

Broad sense heritability (%) 2 36.07 44.73 29.68 
3 50.50 50.15 42.76 
5 73.11 54.83 60.69 
7 65.22 52.71 51.84 

Genetic advance (% of 
mean) 

2 14.17 6.49 12.51 
3 18.86 14.10 27.99 
5 21.37 10.50 38.96 
7 17.89 8.07 31.88 

 
 
                                                                                   a                      a 
                                                  ab           ab                      ab 
                                                          ab                                                     ab   ab 

                                                                                     ab 
                                                             bc   
 
                             cd 
                     d 
 
 
 
 
 
 
 

 
Fig. 1.  Volume per tree (m3) of Poplar clones at age 7 year. Clones having 

same alphabets are having statistically similar values at <0.05.  
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CONCLUSION 
 
  The present study involving 12 poplar clones has found significant clonal 
variation for all the growth traits. Three clones i.e. ‘S7C8’, ‘113324’, ‘L-188/84’ were found 
to be promising ones with respect to volume and may be used for commercial cultivation. 
There is urgent need to make further introductions of new exotic clones and to initiate 
systematic poplar improvement programme at National Level. 
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