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ABSTRACT 
 

Large scale exploitation coupled with dysgenic selection of ecologically and commercially important Pinus wallichiana though has 

eroded its gene pool but it still exhibits wide spectrum of variability which could be utilized for its genetic improvement. The available 

natural resource of wild genes has an immense potential for utilization of the species in plantation and tree improvement programmes. 

It is in this context the plus tree selection and their seed germination was done by selecting superior sites from the entire distributional 

range of the species in Kashmir Himalaya on the basis of desirable traits. The Candidate plus trees (CPT’s) were selected on the basis of 

superiority percent and scoring method. The seeds of these CPT’s  were kept for germination, between moist non-toxic germination 

papers in plastic boxes in BOD incubator maintained at temperature 20±10C after treating them with distilled water, H
2

O
2 

and GA
3

 

separately. Out of the eleven families studied, Plus tree number 15 (family F15) located at Arthnari in forest compartment no. 38/L of 

Lidder Forest Division was outstanding in respect of most of the growth characteristics and seed germination behaviour. The highest 

mean seed germination percentage (81.50%) and  maximum mean germination value (4.81),particularly in the seeds those were treated 

with treatment T
1

 i.e. GA
3

  and hence plus tree no.15 (F15) could be used as the source genetic stock for large scale production of quality 

planting material (QPM) required in afforestation and reforestation programmes of the species. 
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Introduction 

Pinus wallichiana A.B. Jackson, the blue pine or Bhutan pine, 

commonly known in the trade as Kail, is found in the temperate 

Himalayas from Kashmir to Bhutan, at altitudes of 2,000 to 

3,500m (Mathur and Nadgauda, 1999) above mean sea level 

(amsl), but some times extending beyond these altitudinal limits 

(Anonymous, 1985).It is highly diverse throughout its range of 

distribution in Himalayan mountains where the species grows 

under varying geographic, climatic and edaphic conditions   

(Khan,2004). The species has widespread distribution in Indian 

Himalayas, Afghanistan, Bhutan, Pakistan and Nepal and 

possesses enormous wealth of variability in its growth, form, 

vigour and fecundity, resin yield and quality among provenances, 

sites within a provenance, stands within a site, and different trees 

within a stand (Aslam et al., 2011
b

 ). Variability studies are the 

pre-requisites and are of paramount importance for developing 

tree improvement strategy (Vakshasya et al., 1992; Sharma et al., 

2011). Significant area of Kashmir Himalaya in the drainage basin 

of Jehlum river and its tributaries is dominated by blue pine 

(Aslam et al., 2011
a

; Troup, 1921), which displays immense 

diversity in the species all over the state of Jammu and Kashmir 

(Dar,2004). Of the Indian pines, the wood of the blue pine is 

considered to be the best and stands next to deodar in value 

(Aslam,2005) and contribute significantly to the economy of the 

country and also protect the water sheds (Ginwal et al., 2009). 

Though exploited mainly for timber, the species is a good source 

of oleoresin also, which is used for production of turpentine oil, 

rosin, needle oil, camphor (Aslam et al., 2014) and splintered and 

used as torch (Orwa et al.,2009). It is an important and dominant 

coniferous tree species of the vibrant but fragile forest ecosystem 

of the Kashmir Himalaya (Aslam and Salathia, 2001).  
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Figure 1. Map of J&K Forests showing location of plus trees of Pinus wallichiana through out its range of distribution in the Kashmir 

Himalaya, India.  

 

In the recent years the gene pool of this species has considerably 

degraded due to overexploitation. Under the present scenario, 

there is an immediate need to under take massive afforestation 

and reforestation programmes to meet the ever-increasing 

demand of forest produce and to achieve the stipulated 66 

percent forest cover for the hill states (Aslam et al., 2011
a

). Such a 

large scale plantation programmes will demand a large amount of 

planting material and to make those plantations more productive 

both quantitatively and qualitatively. This necessitates effective 

and planned tree breeding programmes to capture maximum 

genetic gain. Like in agricultural crops, genetically superior seed 

in forestry is of great significance on the quality of raising 

economically valuable plantations. Plus tree selection is generally 

aimed to get increased wood production and resin yielding ability 

for which phenotypic characteristics of the trees contribute the 

most towards productivity (Kedharnath, 1982) and accordingly 

owing to unexploited variation in the species, the available 

natural tree to tree variability should be exploited for the selection 

of superior individual trees (Aslam et al., 2010
a

); which are 

referred as the ‘plus trees’. The superior trees (plus or elite trees) 

is a phenotypically superior to the average of surrounding trees 

(comparison trees) for the desirable characters, which occur in 

natural stands and so the identification and selection of such 

trees is often utilized for production of good quality planting 

material in its mass multiplication for reforestation and breeding 

strategies (Aslam, 2005; Manisha and Bansal, 2007) which inturn 

facilitates tree improvement programme (Zobel and Talbert,1984; 

Mukherjee,2004). 



 

RESEARCH PAPER 

Aslam et al » Plus tree selection and their seed germination in Pinus wallichiana from Kashmir Himalaya, India » NeBIO 8(4): 279-286 
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

 

281 
NeBIO I ISSN 2278-2281(Online Version) I www.nebio.info 

The natural regeneration of the species is influenced by a number 

of factors, viz., seeding condition, germination, soil and climatic 

conditions, light, fire and grazing. Owing to increasing biotic 

interference, natural regeneration of the species is becoming 

difficult and efforts are being made to supplement the same with 

artificial regeneration. Seeds are important means of artificial 

regeneration of this species but seed germination is not only 

erratic but also low and takes more time to complete which 

results in prolong germination, irregular seedling growth and poor 

quality of the seedlings. Poor regeneration of blue pine seed is 

generally observed (Anonymous, 1985).Soaking the seed in water 

for twenty four hours is said to stimulate germination (Troup, 

1921). The probable reason could be physiological dormancy, 

which is commonly observed among the temperate tree species. 

The most effective pretreatment recommended to overcome this 

physiological dormancy is cold stratification (Willan, 1985; Aslam 

et al., 2010
b

). Chemical pretreatment such as with gibberellic acid, 

citric acid and hydrogen peroxide are also known to overcome this 

internal dormancy (Aslam et al., 2010
b

; Mathur et al.,1984).To 

raise large plantations of economic value as stated above, it is 

essential to have genetically improved seed. However, no 

systematic efforts have been made on P. wallichiana for its 

genetic improvement and production of quality reproductive 

material in Kashmir Himalaya. It is in this context that the present 

study was initiated with the objectives of not only screening the 

available germplasm of P. wallichiana through out its distribution 

range in Kashmir Himalaya of Jammu and Kashmir state, India, 

through use of morphological markers as suggested by (Mathur et 
al., 1984; Boulli, 2001) for identification of plus trees but also 

establishing their superiority through germination testing under 

laboratory conditions. 

 

Material and methods 

Candidate plus tree (CPT) selection 
The Jammu and Kashmir state is situated between 32 0  -17 ' and 

37 0  -16 ' N latitude 73 0  -26 ' and 80 0    - 06 ' E longitude, in the 

north- western extremity of India. Blue pine dominated forest 

stands in five forest divisions (Lidder, Pirpanjal, Shopian, Sindh 

and Kamraj) of Kashmir Himalaya (Figure 1) were chosen for 

selection of the plus trees (Table 1). Average age of these 

screened natural forest stands was 65± 15 years. After detailed 

survey and inspection 88 candidate trees along with 440 

comparison trees were selected on the basis of morphological 

appearance, which was assessed on quantitative as well as on 

subjective characters. These plus trees were selected from all the 

P. wallichiana dominated stands in Kashmir Himalaya on ICFRE-

WB funded, RGF, project no-40-5/ ICFRE (R)-97 titled, 

“Coordinated research project on improvement of Pinus 
wallichiana'' (Aslam, 2005). 

 

Each plus tree and comparison tree were measured with respect 

to total height (m), clear bole height (m), crown length (m), girth at 

breast height (cm), diameter at breast height (cm) and bole volume 

(m3). The data on subjective characters viz; tapper, straightness, 

branch thickness, branch angle, pruning ability and free from 

diseases were noted subjectively. Each candidate tree was 

compared with the mean data of 5 dominant /co- dominant trees 

(comparison trees) growing under similar site conditions in the 

vicinity of 100 meters as suggested by (Brown and Goddard,1961) 

and finally 11 plus trees having the best growth and form were 

selected with the help of scoring method as devised by 

(Ledig,1974). Only those candidate plus trees were approved as 

plus trees which showed highest score in respect of the studied 

traits than the mean score of 5 check trees and accordingly only 

11 trees (hereafter referred as families), representing elite 

germplasm of the species, were identified among the 88 

candidate plus trees, corroborating the widely held belief that 

superior tree occur in very low frequency (Puri, 1998). Three 

methods of assessment viz., measurement, scoring and 

description were used (Aslam, 2005).The data on plus trees and 

the comparison trees were compared with t-test and accordingly 

the superiority percent for each quantitative trait was calculated 

by using following expression of Wright, 1976:    

               

S= C/A ×100-100 

 

 where S= superiority percent 

            C= value of candidate trees and 

            A= average value of five comparison trees.  

 
Table 1. Geographic location, climatic and seed source details of Pinus wallichiana in Kashmir Himalaya 

Forest Division Latitude (N)*           Longitude (E)*            Altitude 

(m/amsl)*   

Annual rainfall 

(mm) ! 

Location Compartment  

No.  

Plus tree no/ 

designation 

Lidder 34o 02´       75 o 20´           2400 1075.2 Batakote 28/L                         F1 

Lidder     Pahalgam 47/L                         F7 

Lidder     Arthnari 38/L F15 

Pirpanjal   34 o 05´      74 o 20´         3000 2012.5          Batawooder 11/D F36 

Pirpanjal       Neegu 18/D F42 

Pirpanjal       Haijan 22/D F43 

Shopian 33o 50´          74 o 40´         2166 768.5 Haripora 5/Rb F53 

Shopian     Sedow                7/V F62 

Shopian     Sedow                9/V F63 

Sindh 32o 58´          72 o 30´         1660 549.4            Kangan 22/S F65 

Kamraj 34o 29´          76 o 20´         2166 793.9              Sogam                   63/SL F66 

Source: *Digest of Forest statistics, 2008, Forest Department, J&K Government;! Indian Meteorological Center, Rambagh, Srinagar, Kashmir (J&K).  
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Seed germination 
Cones of blue pine were collected in September-October from 

eleven candidate plus trees (hereafter referred as families), 

marked under ICFRE-WB project spread over five forest divisions 

of Kashmir region of Jammu and Kashmir State, viz., Lidder, 

Pirpanchal, Shopian, Sindh and Kamraj. The study was carried out 

in Research Laboratory of SFRI, Srinagar. The cones collected in 

separate lots from the selected trees were dried in sun for 7-8 

days and seeds were extracted manually. Germination test was 

conducted on these seed lots under different pre-treatments viz; 

T
1

: GA
3 

100ppm for 48 hours followed by cold stratification at 

3-50C for 15 days 

T2: H
2

O
2

 1% v/v for 48 hours followed by cold stratification at 

3-50C for 15 days. 

T3: Control-Soaking in distilled water for 48 hours. 

 

Four replications of 100 seeds each were taken from each seed lot 

and treatment derived from each plus tree/family. The seeds were 

sterilized with 0.1 percent mercuric chloride solution for five 

minutes and then rinsed twice with double distilled water before 

placing for germination test. The test was conducted by “Between 

Paper” method (Gupta, et al., 1975).Seeds were kept between 

moist non-toxic germination papers in plastic boxes in BOD 

incubator maintained at temperature 20±10C and arranged in a 

randomized fashion, after proper labelling.The germination count 

was taken from the 7th day onwards daily, till the end of the 

experiment, i.e. 35 days, when final germination was recorded. 

Radical emergence was taken as the criterion for seed 

germination and accordingly a seed was considered germinated 

when radical attained 1 cm length (Jann and Aman, 1977). To 

study the speed of germination, germination value (GV) was 

calculated as GV= PV×MDG given by Czabator, 1962,where PV is 

peak value of germination and MDG is mean daily germination 

percentage divided by the number of days. The data thus obtained 

was subjected to analysis of variance and least significant 

differences (LSD) were calculated. The families were ranked for 

the variables studied using computer software program ‘SX’. 

 

Results and Discussion 

Candidate plus tree (CPT) selection 
The observations recorded on plus trees and comparison tress are 

given in Table 2a, 2b, 3 & 4. It is apparent from the observed data 

that blue pine trees in various locations of Kashmir Himalaya, 

were highly variable from one another with respect to all the 

growth characteristics under study. The height in plus trees 

ranged from 29.20 m to 37.5 m (S.D =2.01) with mean values as 

33.06 m as compared to comparison trees where mean height 

was 30.25 m. The overall mean height in plus trees indicated 

11.36% superiority over comparison trees. The maximum height of 

37.8 m was observed in plus tree no. 15 (Arthnari, 38/L) indicated 

22.72% superiority than comparison trees. This was followed by 

plus tree no. 43 (Haijan, 22//D), indicated 19.28% superiority over 

comparison trees. The clear bole height in plus trees ranged from 

17.6 to 27.4 cm with mean value as 22.18 m as compared to 

comparison trees where mean clear bole height was 18.08 m. The 

overall mean clear bole height in plus trees showed 20.60% 

superiority than comparison trees. Maximum clear bole height of 

27.4 m was observed in plus tree no.15 (Arthnari, 38/L) indicated 

41.96% superiority than comparison trees. This was closely 

followed by plus tree no. 66 (Sogam, 63/SL) which indicated 

41.89% superiority over comparison trees. Crown length in plus 

trees ranged from 7.0 m to 16.0 m with mean value of 11.27 m as 

compared to comparison trees. The crown length was smaller in 

plus trees by 8.81% than comparison trees. The girth at breast 

height in plus trees ranged from 169.5 cm to 221.0 cm with the 

mean value as 207.23 cm as compared to comparison trees where 

it was 193.08 cm. The overall girth at breast height in plus trees 

was 7.08% more than the comparison trees. Girth at breast height 

was found maximum (221.0 cm) for plus tree no. 15 (Arthnari, 

38/L) and was superior over comparison tree by 8.49%. This was 

followed by plus tree no. 36 (Batawooder, 11/D) which is superior 

(8.53%) over comparison trees, where GBH was 220.0 

cm.Diameter at breast height in plus trees ranged from 54.0 to 

70.3 cm with the mean value as 65.06 cm as compared to 

comparison trees where it was 61.02 cm. The overall mean 

diameter at breast height was 6.62% superior in plus trees than 

comparison trees. Diameter at breast height (DBH) was found to 

be maximum for plus tree no. 28 (Batawooder, 11/D) and was 

8.99% superior to comparison trees, which was 70.3 cm.  

Bole volume in plus trees ranged from 2.31 to 3.62 with the mean 

value as 3.51 as compared to comparison trees where mean bole 

volume was 3.08. The overall mean bole volume in plus trees 

were 13.96% superior to comparison trees. 

 

Table 2a. Performance of plus trees and comparison trees (mean data of five trees) with respect to different       growth characteristics in P. wallichiana  

Plus  tree 

no* 
Total height (m) Clear bole height (m) Crown length (m) 

Plus                      

tree 

Comparison 

trees 

Superiority 

(%) 

Plus  tree Comparison 

trees 

Superiority 

(%) 

Plus                

tree 

Comparison trees Superiority  

(%) 

F1 
F7 
F15 

F36 

29.20 

34.0 

37.8 

36.0 

28.20 

31.4 

30.8 

33.4 

29.0 

30.6 

30.8 

27.9 

29.7 

30.4 

24.7 

3.54 

8.28 

22.72 

7.78 

11.72 

19.28 

7.79 

9.31 

9.09 

5.26 

20.20 

19.80 

24.50 

27.4 

24.5 

21.0 

25.4 

17.6 

21.7 

21.3 

23.7 

25.0 

17.60 12.5 9.4 

10.0 

9.9 

11.5 

11.4 

9.01 

15.6 

8.8 

11.1 

9.7 

10.3 

10.6 

15.6 

10.8 

10.7 

9.7 

14.6 

15.3 

8.8 

11.4 

10.9 

14.5 

-11.32 

-33.89 

-8.33 

7.47 

17.52 

-37.64 

1.30 

0.00 

-2.63 

-11.00 

-28.96 

17.06 

19.3 

22.7 

19.3 

17.9 

15.5 

19.1 

18.3 

19.5 

21.5 

39.20 

41.96 

7.92 

8.80 

41.89 

15.54 

13.61 

16.39 

21.53 

16.27 

F42 32.4 

F43 

F53 

F62 

F63 

F65 

F66 

36.5 

33.2 

30.5 

32.4 

32.0 

35.7 
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Table 2b. Performance of plus trees and comparison trees (mean data of five trees) with respect to different growth characteristics in P. wallichiana  

Plus  tree 

no* 

 Girth at breast height (cm) Diameter at breast height (cm) Bole   volume (m3) 

Plus         

 tree 

Comparison 

 trees 

Superiority 

(%) 

Plus  tree Comparison 

 trees 

Superiority 

(%) 
Plus  tree Comparison 

 trees 

Superiority 

(%) 

F1 185.0 176.0 5.11 59.0 5.0 5.39 2.31 2.31 0.0 

F7 

F15 

F36 

F42 

F43 

F53 

F62 

F63 

F65 

F66 

209.0 

221.1 

220.0 

220.0 

218.0 

207.2 

2.20 

213.7 

213.7 

188.4 

194.6 

203.7 

201.7 

202.7 

201.3 

192.1 

197.3 

201.1 

194.8 

178.9 

7.39 

8.49 

2.94 

8.53 

9.28 

7.86 

11.50 

6.26 

9.70 

5.31 

64.0 

64.0 

70.0 

70.3 

70.0 

66.0 

70.0 

68.0 

68.0 

60.0 

62.0 

61.5 

67.6 

64.5 

64.0 

61.2 

62.8 

64.0 

62.0 

57.0 

3.22 

4.06 

3.55 

8.99 

9.37 

7.84 

11.46 

6.25 

9.67 

5.26 

3.62 

3.62 

3.62 

3.62 

3.62 

3.62 

3.62 

3.62 

3.62 

3.62 

3.53 

2.82 

3.62 

3.11 

3.19 

3.45 

3.21 

3.21 

3.62 

3.21 

2.54 

28.82 

0.00 

16.39 

13.47 

4.92 

12.7 

12.71 

0.00 

12.7 

* Plus tree numbers were given on the basis of initial selection of 100 candidate trees by Aslam (2005).  

 
Table 3. Over all means, ranges and standard deviation of different growth characteristics of plus and comparison trees of P. wallichiana  

Cc/ 

       Characteristics 

*/cc/caharacteristicscc 

Mean Range Standard deviation 

Plus trees Comparison 

trees 

Plus trees Comparison 

trees 

Plus trees Comparison  

trees 

Total height (m) 33.06 30.25 29.20-37.50 23.42-33.40 2.01 1.62 

Clear bole height (m) 22.18 18.08 17.60-27.40 15.00-23.10 2.42 2.10 

Crown length (m) 11.27 12.36 7.00-16.00 8.80-17.40 1.99 2.27 

Girth at breast height (cm) 207.23 193.08 169.5-221.0 158.8-213.7 13.46 10.88 

Diameter at breast height (cm) 65.06 61.02 54.00-70.30 50.60-68.00 6.77 6.93 

Bole volume (m3) 3.51 3.08 2.31-3.62 2.31-3.62 0.31 0.47 

 
The natural populations under natural forest are generally 

genetically variable with respect to different growth characters. 

The most important aspect for the identification and selection of 

plus trees for its mass multiplication is to tap this variable 

phenotypic variation. Because by selecting the superior 

phenotypes in wild stands one can achieve 10- 15 % genetic gain 

in the first generation by simply collecting the seeds and raising 

plantation from them (Wright, 1976). Selection of plus trees has 

been accepted by geneticists as preliminary and easy step in the 

development of progressive tree improvement programmes. In the 

present study plus trees were selected through comparison tree 

method from natural stands of blue pine in five forest division of 

Kashmir Himalaya. This method of selection has been widely 

accepted in even-aged stands of conifers (Ledig, 1974; Zobel and 

Talbert, 1984). The coordination committee for Forest Tree 

Breeding and Genetics, Sweden, has emphasized that the site 

conditions and age for plus trees by comparison trees must be 

similar (Anonymous, 1964).However, it is believed that the 

environmental check through the use of comparison trees would 

result in an improvement in the accuracy of recognizing 

individuals with good genotypes rather than merely the good 

phenotypes (Ledig, 1974). Therefore, the selection of candidate 

plus trees for the present study was done after assessing them in 

relation to superiority percent and scoring for individual 

characters for height, bole height, crown length, girth at breast 

height, diameter at breast height, and bole volume were ascribed 

to phenotypic superiority. The variation in these growth and 

morphological parameters was high between the plus trees and 

comparison trees and even between the plus trees selected from 

different sites. This variation pattern in growth characteristics can 

not be solely ascribed to phenotypic superiority or environment 

patterns but is also genetic in nature. 

 

In the present study data obtained on plus tree and comparison 

trees were also compared with‘t’-test (Table 4) which  revealed 

highly significant variability for all the characters under study. It 

clearly shows that high genetic variability exists in the species. 

These differences in the traits of economic importance have great 

significance in its improvement. It is expected that plus trees have 

better combination of genes for growing straight and therefore, a 

high genetic gain coupled with high heritability can be predicted 

in them (Zsuffa,1969; Vidakovic and Ahsan,1970)..  

Table 4. Comparison of plus trees and comparison trees for mean values of different growth characteristics in P.wallichiana. 
Tree designation Total Height  

(m) 

Clear Bole 

height (m) 

Crown 

length (m) 

Diameter at breast 

height (cm) 

Girth at breast 

height (cm) 

Bole volume 

(m3) 

Plus trees 33.0 22.18 11.27 65.06 207.23 3.51 

Check trees 30.25 18.09 12.36 61.02 193.08 3.08 

t-value 11.42** 17.44** - 4.14 5.45** 18.28** 9.21** 

** = Significant at 1% level of significance 
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Table 5. Germination percentage (GP) of families under different pre-sowing treatments in P. wallichiana. 
Forest Division      Family/ Treatment GA3 (100ppm)      H2O2 (1%) Control Mean  

Lidder F1 85.50 84.49 68.00 79.00 C.V. = 17.01 

F.tes t= *** 

SE± = 1.44 

C.D.(5%) = 2.86 

 F7 84.50 87.50 63.00 78.33 

 F15 91.50 87.50 65.70 81.50 

Pirpanchal F36 79.00 75.00 56.00 70.00 

 F42 68.00 61.01 50.01 59.66 

 F43 76.50 81.00 60.99 72.83 

Shopian    F53 79.50 76.50 57.00 71.00 

 F62 90.00 75.50 56.00 73.83 

 F63 82.00 74.50 61.00 72.50 

Sindh F65 63.00 59.01 54.00 58.67 

Kamraj F66 86.50 80.00 59.00 75.17 

 Mean 86.50 80.01 59.00  

C.V. = 18.00; F.tes t= ***; SE± = 0.75; C.D. (5%) = 1.50 

 

Table 6. Germination value (GV) of families under different pre-sowing treatments in Pinus wallichiana. 
Forest Division      Family/ Treatment GA3 (100ppm)      H2O2 (1%) Control Mean  

Lidder F1 5.13 2.36 3.30 3.60 C.V. = 5.21 

F.tes t= *** 

SE± = 0.19 

C.D.(5%) = 0.37 

 F7 5.13 5.42 2.83 4.46 

 F15 5.91 5.42 3.11 4.81 

Pirpanchal F36 4.45 4.01 2.24 3.57 

 F42 3.30 2.65 1.78 2.58 

 F43 6.11 4.65 2.65 4.47 

Shopian    F53 4.51 4.18 2.86 3.85 

 F62 5.78 3.99 2.10 3.96 

 F63 4.78 3.85 2.65 3.76 

Sindh F65 2.83 2.48 2.08 2.46 

Kamraj F66 5.34 4.57 2.48 4.13 

 Mean 4.84 3.96 2.55  

 

 

Plus tree selection in P.wallichiana is generally aimed to get 

increased wood production and resin yielding ability, for which 

only two characters i.e. height and diameter of the trees, which 

contribute the most towards productivity are considered to 

increase the efficiency of the selection (Kedharnath, 1982).  
However addition of other variable characters as taken in the 

present study may hopefully be an added advantage in bringing 

effective tree improvement in P.wallichiana. Analysis of this data 

(Table 2a & 2b) reveal highly significant variability in all the 

characters except crown length, wherein variability in plus trees 

was 9.84% than the comparison trees, which is considered as 

positive aspect because it increases the volume of merchantile 

bole (Aslam, 2005). 
 
Seed germination 
The effects of various treatments, family differences and their 

interactions (Table 5 & 6) were observed to be highly significant 

for the parameters studied viz., germination percent and 

germination value. Of the three treatments studied, GA
3

 (100ppm) 

performed the best for both the parameters studied. The 

treatment increased the germination by 36.29% and germination 

value by 89.80% over control. Out of the eleven families studied, 

family F15 performed the best with 81.50% mean germination, 

which was found to be statistically at par with F1, with 79.33% 

mean germination. The minimum value of mean germination was 

recorded by family F65 (58.67%), which was at par with F42 

(59.66%) in ascending order. 

Family F15
 

also gave maximum mean germination value (4.81), 

which was statistically at par with F43 (4.47) and F7 (4.46). 

Minimum mean germination value was observed in family F65 

(2.46), which was at par with F42 (2.58) in ascending order. The 

study has shown that treatment T
1

 i.e. GA
3

 gave best performance 

for both the parameters studied. Similar beneficial effects of 

exogenous application of gibberellic acid on seed germination 

were recorded in Picea smithiana (Chandra and Chauhan, 1976) 

and in Pinus wallichiana (Gera et al., 2003).The germination of 

dormant seeds of Eucalyptus delegatensis, E.fastigata and 

E.regnans could be improved by treatment with GA
3 

(Bacheland,1967). The immersion of seeds of Nathofagus oblique 

in GA
3

 for 24 hour had given rapid and complete germination in 14 

days against a normal period of 28-42 days required for the 

species (Gordon, 1979).GA
3

 was also reported to be effective in 

releasing dormancy of 21 days stratified seeds of Pinus taeda 

(Biswas et al., 1972). These results suggest that in hormonal 

control of dormancy, gibberellins play a primary role in regulation 

of germination and for the release of dormancy. Owing to large 

amount of variation observed among the families, it is also 

desirable to include germinability as one of the criteria for the 

selection of plus tree in Pinus wallichiana. 

 

Conclusion 

The plantations of P.wallichiana are raised generally from seeds 

collected either by sweeping the forest floor or from easily 

accessible inferior trees, as it is difficult to collect seeds from plus 
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trees, because of their considerable height and straight boles. But 

with the increasing demands of wood and decrease in land area 

for afforestation /reforestation of this species, it is essential to 

harvest the seeds as much as possible from the superior trees 

selected in the present study after adopting standardized 

selection and germination procedures. If we raise the plantations 

after taking seeds from genetically superior trees, superior 

progeny will yield manifold benefits after maturation. 
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