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Introduction 

Palash [Butea monosperma (Lam.) Taub.] commonly known as “Flame of the Forest” / “Parrot Tree”, belongs to the 

family Fabaceae. It is locally called as Khankhra/Dhak. It was a punishment given to him by Goddess Parvati for 

distributing her and Lord Shiva’s privacy. It is a species of Butea native to tropical southern Asia, from Pakistan, 

India, Bangladesh, Nepal, Srilanka, Myanmar, Thailand, Laos, Cambodia, Vietnam, Malaysia and western Indonesia. 

It is said that the tree is a form of Agnidev, God of Fire [1]. It is found in mixed or dry deciduous forests in western 

and central parts of India. It is tree of tropical and sub-tropical tract of the world. It is capable of growing in 

waterlogged situations, black cotton soils, saline, alkaline, swampy badly drained soils and on barren lands except in 

arid regions. It is a multipurpose tree for both local people and pharmaceutical industry. It is a medium sized tree with 

crooked branches and large tri-foliate leaves. It is also good plant for avenue planting in a dry tract of the Rajasthan. 

This attains a height of 6-15 metre and diameter of about 40-45 cm at maturity. Bark is rough, fibrous slate grey to 

pale brown blaze fibrous, pink veined with red. [2]. Almost all the parts of the plant namely root, leaves, fruit, stem 

bark, flowers, gum young branches are used as medicine, food, fibre and for other miscellaneous purposes such as 

fish poison, dye, fodder, utensils, etc. About 45 medicinal uses are associated with the plant and out of these claims 

almost half the claims have been scientifically studied and reported [3,4]. In nature, the performance of a species 

depends upon its genetic constitution with a significant contribution of the prevalent climatic conditions on expression 

of the characters. However, no research work has been conducted on Palash to work out the genetic variability of the 

trees growing under Jhalawar conditions of Rajasthan. Therefore, to exploit the potential for ornamental and industrial 

uses and to characterize the genetic variability present in palash trees growing in Jhalawar District, the present 

investigation has been planned to study genetic variability among the Palash trees growing in Jhalawar district. 

 

Abstract 
A field experiment was conducted on 30 trees of palash in 

completely randomized design with five trunk DBH groups 

in and around the Jhalawar and Jhalarapatan cities during 

2011-2012 to study their performance and genetic variability 

expressed among them under Jhalawar (Rajasthan) 

conditions. The performance result of the trees depicted that 

TG5 had the maximum tree height (11.18 m), maximum 

diameter at breast height (44.23 cm), maximum crown 

diameter (7.93 m), maximum number of flowers per panicle 

(19.50), maximum panicles per tree (77.50), panicle length 

(19.04 cm), largest flower size (4.96 cm) and longest 

duration of flowering (93 days). Genetic variability among 

the trees was estimated in terms of GCV, PCV, heritability 

and genetic gain for 12 characters. The value of PCV was 

higher than the GCV for all characters. The maximum PCV 

(34.59 %) was for main scaffold branches and GCV (27.18 

%) was found for diameter at breast height.  

The highest heritability was found for diameter at 

breast height (98.40 %). Genetic gain was found 

highest for diameter at breast height (55.54 %). 

Analysis of variance exhibited significant 

differences for tree height, diameter at breast 

height, main scaffold branches, crown diameter, 

number of flowers per panicle, number of panicles 

per tree, panicle length, flower size and duration 

of flowering. 
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Materials and Methods 

The present investigation entitled “Study of Genetic Variability and Molecular Characterization in Palash [Butea 

monosperma (Lim.) Taub.]” was conducted during the year 2011-12 on palash trees growing in the Jhalawar district. 

The research work was carried out on 30 palash trees growing naturally towards the road side and forest area of 

Jhalawar and its surrounding. The selected trees were categorized in following trunks (diameter at breast height) 

groups for observation of vegetative and flowering characters: 

S. No. D.B.H. group Notation No. of trees in the D.B.H. group 

1. 20-25 cm DBH TG1 T1, T2, T3, T4, T5 and T6 

2. 25-30 cm DBH TG2 T7, T8, T9, T10, T11 and T12,  

3. 30-35 cm DBH TG3 T13, T14, T15, T16, T17 and T18 

4. 35-40 cm DBH TG4 T19, T20, T21, T22, T23 and T24 

5.  40-45 cm DBH TG5 T25, T26, T27, T28, T29 and T30 

The genetic variability of the above mentioned experimental material was studied with respect to the below 

mentioned vegetative and flowering characters. The details of methodologies followed for observing these characters 

and procedures followed for studying the genetic variability are described here. 

Observations Recorded  
Vegetative Characters 

Tree height (m) 

The height of the trees was measured with measuring tape from base to top in meters.  

Bole height (m) 

Bole height was measured in meters with the help of measuring tape by recording the height of base point of first 

branch on the tree trunk from the ground level.  

Diameter at breast height (DBH) (cm) 

Diameter at breast height in centimeters of the selected trees was recorded by measuring diameter of main trunk at 

1.37 m height from the ground level with the help of Tree Calipers at right angles and later on average was calculated.  

Crown diameter (m) 

The crown spread of the tree in North-South and East-West directions was measured with the help of measuring tape 

and its average was expressed as crown diameter of the tree in meters. 

Number of main scaffold branches 

The number of main scaffold branches arising on the main trunk of the tree was counted and noted.  

Flowering Characters 

Number of flowers per panicle 

Five panicles were randomly selected on each tree and number of flowers per panicle was counted and average was 

calculated later. 

Number of panicles per tree 

The total number of panicles produced on each selected tree was counted. 
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Panicle length (cm) 

The five randomly selected panicles on each tree were measured for panicle length with the help of measuring tape 

and later on average panicle length was calculated. 

Number of primary branches per panicle 

The number of primary branches was counted on each of the five randomly selected panicles on each tree and average 

was calculated. 

Flower size (cm) 

Ten flowers were randomly selected on each tree and flower diameter was measured in centimeters with measuring 

scale and average was calculated. 

Days to flower opening 

The number of days taken to first flower opening on each panicle after emergence was noted for first five panicles on 

each tree and later on average was calculated.  

Duration of flowering (Days) 

The duration of flowering was calculated by counting the number of days from opening of first flower to the cessation 

of flowering on each selected tree.  

Estimation of variability parameters 

Genetic variance 

It is the variance which is contributed by genetic makeup of the genotypes (individual trees). It was calculated using 

the following formulae: 

Vg = 
MSV - VE 

r 

Where,  Vg = Genotypic variance; MSV = Mean square for varieties; VE = Error mean square and r = Number of 

replications  

Phenotypic variance 

It is the sum of variance contributed by genetic causes and environmental factors and was computed with the 

following formulae: 

Vp = Vg + Ve 

Where,  Vp = Phenotypic variance; Vg = Genotypic variance, and  Ve = Error variance 

Genotypic coefficient of variation (GCV) 

The magnitude of genetic variation existing in a character was estimated by the following formula. 

 GCV = √Vg X 100 
X 

Where,  Vg = Genotypic variance, and X = General mean of the character under study 
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Phenotypic coefficient of variation (PCV) 

The magnitude of phenotypic variation existing in a character was estimated by the following formulae: 

PCV = 
√Vp 

X 100 
X 

Where,  Vp = Phenotypic variance and X = General mean of the character under study 

Heritability 

Heritability in the broad sense was calculated by the following formula.  

 H = 
Vg 

X 100 
Vp 

Where, H = Heritability (in broad sense); Vg = Genotypic variance; Vp = Phenotypic variance  

Expected genetic advance 

Expected genetic advance was measured by the formula. 

 GA = 
Vg 

x K 
√Vp 

Where, GA = Genetic advance; Vg = Genotypic variance; Vp = Phenotypic variance, and K = Selection differential 

(constant) i.e. 2.06 at 5 % selection intensity  

Genetic gain 

Genetic gain was calculated by the following formula. 

 Genetic gain = 
GA 

x 100 
X 

Where, GA = Genetic advance; X = General mean of the character under study 

Result and Discussion 

The data recorded for various vegetative and floral characters of palash were subjected to statistical analysis for 

comparison and workout of variability parameters, and results have been interpreted. 

Vegetative Characters 
Tree height (m) 

The analyzed data pertaining to tree height of different tree groups have been presented in Table 1. The variation in 

height of trees of different trunk DBH groups was highly significant with a range of 7.67 m to 11.18 m and a mean 

height of 9.40 m. The TG5 recorded the tallest trees (11.18 m) followed by TG4 (11.08 m). It may be due to the 

genotypic variations and environmental conditions which could have contributed to different genotype-environmental 

interactions [5, 6]. 

Bole height (m) 

The data for bole height of trees in different trunk DBH groups have been presented in Table 1. The variation in bole 

height of trees under different DBH groups was found to be non-significant. However, the TG5 recorded the 

maximum bole height (2.73 m) which was followed by TG4 (2.60 m). The minimum bole height was recorded in TG3 
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(2.12 m) and TG1 (2.12). The variations observed in bole height could be attributed to the genetic makeup of the trees 

and heterogeneous nature of DBH groups comprising seedling trees influencing the expression of bole height [6]. 

Table 1 Tree height, bole height, diameter at breast height, number of main scaffold branches and crown diameter of 

Palash as recorded under different trunks of DBH groups. 

S. 

No. 

Tree of 

DBH group 

Tree 

height (m) 

Bole 

height (m) 

Diameter at 

breast height (cm) 

Number of main 

scaffold branches 

Crown 

diameter (m) 

1. TG1 7.67 2.12 21.75 2.17 4.67 

2. TG2 8.37 2.18 26.47 2.67 5.33 

3. TG3 8.68 2.12 32.22 3.17 5.88 

4. TG4 11.08 2.60 36.98 3.00 6.78 

5. TG5 11.18 2.73 44.23 4.33 7.93 

 Mean 9.40 2.35 32.33 3.07 6.12 

 SEm± 0.46 0.25 0.46 0.31 0.31 

 C.D. (0.05) 1.33 NS  1.33 0.90 0.91 

 C.V. (%) 11.90 26.50 3.47 24.69 12.48 

Diameter at breast height (DBH) cm 

A close view of the data presented in Table 1 illustrate that the palash trees of different DBH groups had highly 

significant differences for tree trunk diameter at breast height (DBH). The range was observed from 21.75 cm to 

44.23 cm with a mean DBH of 32.33 cm. The tees in TG5 had the maximum (44.23 cm) DBH while the minimum 

diameter of 21.75 cm was observed in TG1. Trees of medium DBH were recorded in TG3 (32.22 cm). The variation in 

diameter at breast height amongst the trees comprising various DBH groups could be attributed to their varied growth 

stages and the genotype differences in phenotypic expression of diameter at breast height [7].  

Number of main scaffold branches 

The analyzed data for number of main scaffold branches have been presented in Table 1. A closer sight of the data 

reveals that the trees under various DBH groups demonstrated highly significant differences for number of main 

scaffold branches which ranged from 2.17 to 4.33 with the mean of 3.07. However, the variations in number of main 

scaffold branches per tree could be attributed to genotypic variations [8]. 

Crown diameter (m) 

Perusal of the data illustrated in Table 1 reveals that variation in crown diameter was highly significant with a range 

of 4.67 m to 7.93 m with a mean of 6.12 m. TG5 recorded the largest diameter of crown (7.93 m) whereas TG1 

recorded the minimum crown diameter of (4.67 m). It could be stated that variations crown diameter of trees might 

have resulted due to the genotypic differences resulting in different growth forms of trees and varied growth stages 

and rates of the trees along with contribution of different genotype-environmental interactions [9]. 

Flowering Characters 
Number of flowers per panicle 

The analyzed data for number of flowers per panicle have been presented in Table 2 which shows highly significant 

differences. A perusal of the data reveals that the maximum number of flowers per panicle was recorded in TG5 

(19.50) followed by TG4 (17.50) and TG3 (15.00) with the least number of flowers per panicle (14.17) in TG2 and in 

TG1 (12.83). The differences in number of flowers produced per panicle appeared to be related with DBH of the trees 

as well as their genotypic variations that might have been further influenced by the environmental conditions [10, 11]. 

Number of panicles per tree 

The numbers of panicles produced per tree Table 2 showed highly significant differences that varied from 41.50 to 

77.50 with a mean value of 59.90. The maximum number of panicles per tree was recorded in TG5 (77.50) which 
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were followed in descending order by TG4 (62.50), TG3 (61.83) and TG2 (56.17) with the least number of panicles 

(41.50) in TG1. The differences in number of panicles produced per tree could be primarily attributed to the 

differential branching at different levels in the trees, as normally trees with more branches and sub-branches had more 

number of panicles per trees on the shoot apices [12]. 

Table 2 Number of flowers per panicle, number of panicles per tree, panicle length, number of primary branches per 

panicle, flower size, days to flower opening and duration of flowering of palash as recorded under different trunksof 

DBH groups 

S. 

No. 

Tree of 

DBH 

group 

Number 

of flowers 

per 

panicle 

Number 

of 

panicles 

per tree 

Panicle 

length 

(cm) 

Number of 

primary 

branches per 

panicle 

Flower 

size 

(cm) 

Days to 

flower 

opening 

Duration 

of 

flowering 

(days) 

1. TG1 12.83 41.50 14.69 3.67 4.69 16.50 83.50 

2. TG2 14.17 56.17 15.54 3.67 4.83 17.67 85.33 

3. TG3 15.00 61.83 15.85 4.00 4.72 17.00 85.50 

4. TG4 17.50 62.50 16.02 4.17 4.63 17.33 84.67 

5. TG5 19.50 77.50 19.04 4.50 4.96 19.50 93.00 

 Mean 15.80 59.90 16.23 4.00 4.76 17.60 86.40 

 SEm± 0.73 3.70 0.57 0.27 0.05 0.73 1.64 

 C.D.(0.05) 2.14 10.78 1.65 NS 0.19 1.50 4.79 

 C.V. (%) 11.37 15.13 8.57 16.58 2.43 7.16 4.66 

Panicle length 

The variation in panicle length amongst the various tree DBH groups was found to be highly significant Table 2. 

However, it was found to be the maximum in TG5 (19.04 cm) and the minimum in TG1 (14.69 cm). The differences in 

length of panicle produced on trees of different DBH groups could be attributed to the vigour of trees as well varied 

genotypic responses due to their possible differential endogenous hormonal levels leading to varied cell division and 

cell sizes [13].  

Number of primary branches per panicle 

The data presented in Table 2 clearly reveals that the differences for number of primary branches per panicle amongst 

the various DBH groups of palash trees were non-significant. However, it was found to be the highest in TG5 (4.50) 

and the lowest in TG2 (3.67) and also in TG1 (3.67). The differences in number of primary branches per panicle could 

be due to the variation in genotypes and their phenotypic expression of growth rates, vigour and carbohydrate reserves 

of the trees leading to ultimate size of panicles [14]. 

Flower size (cm) 

The data related to flower size have been presented in Table 2. A perusal of the data represents highly significant 

differences amongst the DBH groups with respect to flower size that ranged from 4.63 cm to 4.96 cm with a mean 

value of 4.76 cm. The largest sized (4.96 cm) flowers were recorded in TG5 while TG2 (4.83 cm), TG3 (4.72 cm) and 

TG1 (4.69cm) recorded medium sized flowers and TG4 (4.63 cm) recorded the smallest sized flowers. Variation in size 

of flowers in the trees of different DBH groups might be due to their genetic constitutes and variation in phenotypic 

expressions of flower size due to sum and products of genotypes and environmental conditions [14]. 

Days to flower opening 

Perusal of the data illustrated in Table 2 reveal that number of days to flower opening was found to be highly 

significant. However, the maximum number of days to flower opening was recorded in TG5 (19.50) and the minimum 

(16.50) days in TG1 with the mean of 17.60 days. The variation in number of days to flower opening of trees of 

different ages may be attributed to genotypic variations for accumulation of carbohydrates, ultimately resulting in 

flower buds developing into flowers [15]. 
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Duration of flowering (days) 

The data pertaining to duration of flowering have been presented in Table 2. A perusal of the data elucidates highly 

significant differences amongst the DBH groups for duration of flowering with a range of 83.50 to 93.00 days and 

average of 86.40 days. The duration of flowering was longest in TG5 (93.00 days) which was significantly longer over 

rest of the DBH groups. It was followed in decreasing order by TG3 (85.50 days), TG2 (85.33 days), TG4 (84.67) 

days) and TG1 (83.50 days). The differential duration of flowering showed in trees of various DBH groups could be 

attributed to different carbohydrate reserves of the trees due to differences in photosynthetic areas of the trees 

resulting from genotypic and environmental effects. 

Genetic Variability 

The data presented in Table 3 reveal that tree height ranged between 7.67 m (TG1) and 11.18 m (TG5) with a mean of 

9.40 m + 0.46. Phenotypic and genotypic coefficients of variation were 20.45 and 16.33 percent, respectively. 

Heritability and genetic gain recorded for this trait were 66.14 and 27.86 percent, respectively. 

Table 3 Range, mean, standard error, PCV, GCV, ECV, heritability and genetic gain in Palash. 

Character Range Mean S.Em+ PCV (%) GCV (%) ECV (%) H (%) GG (%) 

X1 7.67 – 11.18 9.40 0.46 20.45 16.33 11.90 66.14 27.86 

X2 2.12 – 2.73 2.35 0.25 27.24 6.29 26.50 5.34 3.00 

X3 21.75 – 44.23 32.33 0.46 27.40 27.18 3.47 98.40 55.54 

X4 2.17 – 4.33 3.07 0.31 34.59 24.22 24.69 49.04 34.94 

X5 4.67 – 7.93 6.12 0.31 23.76 20.22 12.48 72.43 35.45 

X6 12.83 – 19.50 15.80 0.73 19.87 16.30 11.37 67.28 27.55 

X7 41.50 – 77.50 59.90 3.70 25.68 20.75 15.13 65.28 34.54 

X8 14.69 – 19.04 16.23 0.57 12.83 9.56 8.57 55.45 14.66 

X9 3.67 – 4.50 4.00 0.27 17.53 5.68 16.58 10.51 3.79 

X10 4.63 – 4.96 4.76 0.05 3.50 2.52 2.43 51.74 3.73 

X11 16.50 –19.50 17.60 0.51 9.23 5.82 7.16 39.81 7.57 

X12 83.50 – 93.00 86.40 1.64 6.10 3.93 4.66 41.53 5.22 

Maximum bole height was recorded in TG5 (2.73 m) while minimum bole height was exhibited in TG1 and TG3 

(2.12 m) with a mean value of 2.35 m + 0.25. The phenotypic coefficient of variation recorded for this trait was 27.24 

percent whereas genotypic and environmental coefficients of variation were 6.29 and 26.50 percent, respectively. 

Heritability and genetic gain recorded for this trait were 5.34 and 3.00 %, respectively. 

Diameter at breast height (DBH) varied from 21.75 cm in TG1 to 44.23 cm in TG5 with a mean value of 32.33 cm 

+ 0.46. The genotypic coefficient of variation (27.18 %) for this trait was lower than phenotypic coefficient of 

variation (27.40 %) and environmental coefficient of variation (3.47 %). Heritability and genetic gain recorded for 

this trait were 98.40 % and 55.54 %, respectively. 

The data presented in Table 3 illustrate that number of main scaffold branches ranged between 2.17 (TG1) and 

4.33 (TG5) with a mean of 3.07 + 0.31. The phenotypic coefficient of variation (34.59 %) was higher than genotypic 

coefficient of variation (24.22 %) and with an environmental coefficient of variation 24.69 % for the character. 

Heritability and genetic gain recorded for this trait were 49.04 % and 34.94 %, respectively. 

Maximum crown diameter was recorded in TG5 (7.93 m) while minimum crown diameter was exhibited by TG1 

(4.67 m) with a mean value of 6.12 m + 0.31. The phenotypic coefficient of variation (23.76 %) was higher than 

genotypic coefficient of variation (20.22 %) and with an environmental coefficient of variation 12.48 %. The 

heritability and genetic gain recorded for this trait were 72.43 % and 35.45 %, respectively. 

Number of flowers per panicle varied from 12.83 in TG1 to 19.50 in TG5 with a mean value of 15.80 + 0.73. The 

character showed 19.87 % phenotypic coefficient of variation, 16.30 % genotypic coefficient of variation and 

environmental coefficient of variation 11.37 % for the character. Heritability and genetic gain recorded for this trait 

were 67.28 % and 27.55 %, respectively. 

The number of panicles per tree ranged between 41.50 (TG1) and 77.50 (TG5) with a mean of 59.50 + 3.70. The 

phenotypic coefficient of variation (25.68%) recorded for this trait was higher than genotypic coefficient of variation 
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(20.75 %) and environmental coefficient of variation (15.13 %) with a heritability (65.28 %) and genetic gain (34.54 

%), respectively. 

Maximum panicle length (19.04 cm) was exhibited in TG5 while minimum (14.69 cm) was recorded in TG1 with 

an average of 16.23 cm + 0.57. The genotypic coefficient of variation of this trait (9.56 %) was lower than phenotypic 

coefficient of variation (12.83 %) and environmental coefficient of variation (8.27 %). The trait showed heritability 

(55.45 %) and genetic gain (14.66 %). 

The maximum number of primary branches per panicle (4.50) was recorded in TG5 while the minimum number of 

primary branches (3.67) per panicle was noted in TG1 and TG2, respectively, with an average of 4.00 + 0.27. The 

phenotypic coefficient of variation (17.53 %) recorded for this trait was higher than genotypic coefficient of variation 

(5.68 %) and environmental coefficient of variation (16.58 %). It also had low heritability (10.51 %) and genetic gain 

(3.79 %). 

The largest flower size recorded in TG5 (4.96 cm) and shortest in TG4 (4.63 cm) with an average of 4.76 cm + 

0.05. The phenotypic, genotypic and environmental coefficients of variation observed for this trait were 3.50 %, 2.52 

% and 2.43 %, respectively. The trait demonstrated moderate heritability (51.74 %) and low genetic gain (3.73 %). 

The number of days to flower opening ranged from 16.50 days in TG1 to 19.50 days in TG5 with an average of 

17.60 days + 0.51. The phenotypic, genotypic and environmental coefficients of variation recorded were 9.23 %, 5.82 

and 7.16 %, respectively. The trait had heritability (39.81 %) and genetic gain (7.57 %). 

Duration of flowering ranged from 83.50 days (TG1) to 93.00 days (TG5) with a mean of 86.40 days + 1.64. The 

phenotypic coefficient of variation noted for this trait was 6.10 %, whereas genotypic coefficient of variation and 

environmental coefficient of variation were 3.93 and 4.66 %, respectively. This trait showed heritability (41.53 %) 

and genetic gain (5.22 %).  

Where, X1 = Tree height (m), X2 = Bole height (m), X3 = Diameter at breast height (cm), X4 = Number of main 

scaffold branches, X5 = Crown diameter (m), X6 = Number of flowers per panicle, X7 = Number of panicles per tree, 

X8 = Panicle length (cm), X9 = Number of primary branches per panicle, X10 = Flower size (cm), X11 = Days to flower 

opening, X12 = Duration of flowering (Days). Coefficients of variation were 1.80 and 1.65 percent, respectively. 

Heritability and genetic gain recorded for this trait were 54.47 and 2.74 %, respectively. 

Analysis of variance revealed that mean square due to DBH groups were significant for tree height, diameter at 

breast height, number of main scaffold branches, crown diameter, number of flowers per panicle, number of panicle 

per tree, panicle length, flower size and duration of flower opening indicating considerable variability present in 

Palash trees. In general, phenotypic coefficient of variation was greater than the corresponding genotypic coefficient 

of variation for all the characters, indicating the importance and influence of environment on expression of the 

characters [16, 17].  

The highest genotypic coefficients of variation values were recorded for number of diameter at breast height and 

number of main scaffold branches denoting wide range of genetic variation amongst the trees of different trunk of 

DBH groups for these characters [5, 11]. The characters tree height and diameter at breast height, crown diameter, 

number of panicle per tree expressed the moderate values for heritability and genetic gain indications. Selection 

would be ineffective for these traits because high heritability shall have been exhibited due to favorable influence of 

environment rather than genotype [8, 14]. 

Conclusion 

On the basis of results of the present investigation it may be concluded out of the 30 trees studied in and around the 

Jhalawar and Jhalarapatan cities of Rajasthan, TG5 showed the maximum tree height (11.18 m), maximum diameter at 

breast height (44.23 cm), maximum crown diameter (7.93 m), maximum number of flowers per panicle (19.50), 

maximum panicles per tree (77.50), maximum panicle length (19.04 cm), largest flower size (4.96 cm), longest 

duration of flowering (93 days). The value of PCV was higher than the GCV for all characters. The maximum PCV 

(34.59 %) was for main scaffold branches and GCV (27.18 %) was found for diameter at breast height. The highest 

heritability was found for diameter at breast height (98.40 %) followed by crown diameter (72.43 %), number of 

flower per panicles (67.28 %) and tree height (66.14 %). Genetic gain was found highest for diameter at breast height 

(55.54 %) followed by crown diameter (35.45 %) and number of panicle per tree (34.94).  
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