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Introduction 
 

Tectona grandis Linn. f. (family: Lamiaceae) 

is the king of timber due to its durability, 

physical and aesthetic property. Teak is the 

most demanded tropical hardwood for a 

specific market of "luxury" applications 

including furniture, shipbuilding and 

decorative building components (Pandey and  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Brown, 2000), which is resistant to termite 

and insect attacks (Tewari, 1992). It is a 

deciduous diploid tree species with 2n = 36 

chromosomes (Hedegart and Eigaard, 1965) 

up to 40 m tall. It is native to Southeast Asia 

and India; distributed in the states of Kerala, 

Tamil Nadu, Karnataka, Andhra Pradesh, 
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The most valuable timber of the world i.e. teak (king of timber) was widely used due to its 

durability, physical and aesthetic property. It has a high demand in international market 

and distributed throughout India and Southeast Asia. In addition, there are huge gap 

between demand and supply of industrial timber in India. This can be fulfilled by the teak 

plantation with agroforestry systems. Therefore, five provenances i.e. Mandvi, Vyara, 

Vansda, Chikhali and Dharampur from Gujarat natural teak forests had been selected for 

the study to select the better seed source for plantation industry. Our result showed 

significant differences (p≤ 0.01) in all the studied characteristics. Drupe were lengthiest 

(11.14 mm), broadest (12.64 mm) and heaviest (58.38 g) in Mandvi provenance followed 

by Dharampur provenance, whereas smallest (9.69 mm), narrowest (10.48 mm) and 

lightest (35.49 g) in Vansda provenance. Similarlly seed length, seed width, 100 seed 

weight, filling percent, drupe and seed germination were highest in Mandvi provenance 

while lowest in Vansda provenance. Overall, Mandvi and Dharampur provenance were 

performed better than all others. It was interesting to see that seed germination was 

increased 3-4 folds as compare to drupe germination. This showed that there is a physical 

dormancy due to hard or stony hard seed coat in teak fruit for poor drupe germination. 

Heritability was revealed that selection can be made for seed germination (h
2
 = 0.98) as 

further genetic improvement of teak while genetic gain coupled with 100 drupe weight 

(34.55). Strong inter-character correlation was found among all the traits and drupe as well 

as seed traits were influenced on the drupe and seed germination. So, seed germination 

among teak provenances was newly added parameter to confirm the presence of physical 

dormancy which was a major limiting factor for poor drupe or fruit germination for 

deployment of superior genetic materials. 
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Telengana, Maharashtra, Gujarat, 

Chhattisgarh, Madhya Pradesh, Rajasthan, 

Uttar Pradesh, Manipur, Orissa etc. (Tewari, 

1992). Although the Indian state Gujarat have 

natural teak forest in Dangs, Valsad, Navsari, 

Tapi, Vadodara, Panchmahal, Dahod, 

Sabarkantha and Junagarh districts (GFS, 

2012).  

 

There is a huge gap between demand and 

supply of industrial timber i.e. 20 million m
3
 

in 1997 and is projected to be touching 

around 110 million m
3
 by 2090 in India 

(NRCAF, 2007). This demand can be fulfilled 

by teak plantation with agroforestry systems, 

but still, there are two major problems i.e. low 

seed yield and extremely low germination 

rates for the teak plantation industry as well 

as researchers (Kaosa-ard, 1981).  

 

Drupe and seed related traits such as fruit 

weight, seed size, seed mass and germination 

are central components of plant life histories 

(Thompson, 1987), which highly influence on 

reproduction and seedling establishment 

(Grime et al., 1988).  

 

Thus, seed size, seed dormancy and seed 

dispersal has long been conceived significant 

impact on reproductive biology of plants and 

creating fitness interaction with changing 

environment (Venable and Brown, 1988). 

Genetic variation among fruit, seed and 

germination traits has been documented for 

economically useful species such as Tectona 

grandis (Jayasankar et al., 1999; Sivakumar 

et al., 2002), Gmelina arborea (Lauridsen, 

2004; Hodge and Dvorak, 2004), Cordia 

africana (Loha et al., 2006; Loha et al., 

2009), Faidherbia albida (lbrahim et al., 

1997), Khaya senegalensis (Ky-Dembele, 

2014), Millettia ferruinea (Loha et al., 2008) 

etc. in the tropical environment. Therefore, 

the present study has been taken with the 

specific objectives: (1) to determine variation 

of drupe, seed and germination traits among 

teak provenances (2) to select better traits on 

the basis of heritability and genetic gain, and 

(3) to look inter-character association between 

traits.  

 

Materials and Methods 

 

The present research was conducted to 

evaluate the five provenances for drupe, seed 

and germination traits of teak in Gujarat state. 

Fruits/ drupes were collected during April to 

July, 2015 from five provenances i.e. Mandvi, 

Vyara, Vansda, Chikhali and Dharampur (Fig. 

1; Table 1). The Latitude, longitude and 

altitude was recorded with the help of GPS 

(Table 1).  

 

400 fruits/drupes of 10 trees from each 

provenance in four replications (100 fruits/ 

replications) were measured for analysis of 

the drupe and seed attributes. Drupe and seed 

traits viz. length (mm), width (mm) and mass 

(g) were recorded for all the provenances and 

average was computed.  

 

Then drupe was broken by using Falcon 

Pruning Secateur to observe number of seed 

filling drupe (with one or more seed/kernel in 

a drupe). Drupe and seed were sown 

separately in the nursery beds with sand: soil: 

FYM (2:1:1) and germination was recorded 

up to 6 months. All standard nursery practices 

followed such watering, weeding etc. time to 

time. 

 

These data were subjected to statistical 

analysis using MS excel 2007 and ANOVA 

was constructed for studied parameters. 

Genetic components like heritability (Zobel 

and Talbert, 1984; Falconer and Mackay, 

1996), genetic advance and genetic gain 

(Johnson et al., 1955) were measured. Simple 

correlation coefficients were worked out to 

know the association among characters as per 

the method is given by Panse and Sukhatme 

(1978). 
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Results and Discussion 

 

Phenotypic variation for drupe, seed and 

germination attributes among provenances 

 

There were significant differences (p≤ 0.01) 

in all the studied traits among five 

provenances of T. grandis (Table 2). 

 

Drupe was lengthiest in Mandvi provenance 

(11.14±0.23 mm) followed by Dharampur 

provenance (10.93±0.28 mm) and smallest in 

Vansda provenance (09.02±0.11 mm) of teak 

(Table 3). The drupe was broadest in the 

Mandvi provenance (12.64±0.38 mm) and 

narrowest in Vansda provenance (10.48±0.13 

mm). The 100 drupe weight was heaviest in 

the Mandvi provenance (58.38±4.59 g) 

whereas, the lightest drupe mass was 

observed in Vansda provenance (35.49±0.76 

g). Highest drupe filling percentage was 

recorded in Mandvi provenance (77.00±1.08 

%), while lowest in Vansda provenance 

(68.75±1.25 %). Similarly, longest, thickest 

and heaviest seed of teak was observed in 

Mandvi provenance followed by Dharampur 

provenance, whereas shortest in Vansda 

provenance (Table 3). Drupe and seed 

germination percentage was highest in 

Mandvi provenance (18.00±1.68, 64.25±1.55 

%) whereas lowest in Vansda provenance 

(10.25±0.85, 44.75±1.80 %). Overall, Mandvi 

and Dharampur provenance were performed 

better than all others. It was interesting to see 

that seed germination was increased 3-4 folds 

as compare to drupe germination (Table 3). 

This showed that there is a physical dormancy 

due to hard or stony hard seed coat in teak 

fruit. This physical dormancy was also 

reported by Slator et al., (2013) for the cause 

of poor germination in teak. Jayasankar et al., 

(1999) studied variation in teak drupe 

characters of different seed sources in seven 

provenances. Variation in different physical 

drupe traits such as drupe diameter, drupe 

weight, shell weight, mesocarp weight among 

30 seed sources from three countries was 

observed by Sivakumar et al., (2002). Sojan 

and Indira (2010) also analyzed variability of 

seed related characters in teak from western 

ghat region among 10 provenances and found 

that the mean value of drupe diameter length, 

drupe diameter width and 100 drupe weights 

were 12.3 mm, 13.6 mm and 53.01g, 

respectively. There are several other tropical 

tree species where such type seed related 

variation found to be useful for tree 

improvement such as Gmelina arborea 

(Lauridsen, 2004; Hodge and Dvorak, 2004); 

Faidherbia albida (lbrahim et al., 1997); 

Millettia ferruinea (Loha et al., 2008); Cordia 

africana (Loha et al., 2006; Loha et al., 

2009); Khaya senegalensis (Ky-Dembele, 

2014). Thus, this variation should be captured 

and used for tree improvement programme of 

teak in the Gujarat state. 

 

Genetic components, heritability, genetic 

advances and genetic gain in teak 

 

Highest heritability value was found for seed 

germination (0.98) trait followed by seed 

width (0.89) while minimum for drupe 

germination (0.63) trait. This is clearly 

indicated that seed germination trait was 

strong genetically controlled as compared to 

drupe germination trait. Genetic advance 

(16.16) and genetic gain (34.55) was highest 

for 100 drupe weight whereas minimum for 

seed width (0.80) and drupe filling percentage 

(8.63), respectively. Therefore, the genetic 

gain as percentage of mean give better 

selection criteria such as 100 drupe weight in 

teak for choose better provenance (Table 4). 

Rawat and Bakshi (2011) estimate the genetic 

component for cone, seed and germination 

traits in Pinus wallichiana. They reported 

highest heritability for 1000 seed mass in P. 

wallichiana and highest genetic gain for cone 

weight. Similar genetic variation for fruit, 

seed and germination traits has been 

accounted such as Millettia ferruinea (Loha et 
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al., 2008); Cordia africana (Loha et al., 2006; 

Loha et al., 2009). Thus, drupe mass is the 

best trait where selection can be made for 

further genetic improvement and better option 

for maintaining genetic diversity from 

selection. 

 

Table.1 Geo-climatic variables of different provenances of Tectona grandis 

 

Provenance  
Latitude 

(N) 

Longitude 

(E) 

Altitude 

(m) 

Annual Rainfall 

(mm) 

Annual Temperature 

(°C) 

Mandvi 21°14'51.0" 73°18'54.8" 110 1539 27.4 

Vyara 20°59'26.4" 73°28'12.2" 120 1705 27.2 

Vansda  20°45'41.3" 73°28'32.1" 155 2154 26.9 

Chikhali 20°37'56.2" 73°12'38.4" 135 1999 27.1 

Dharampur 20°30'52.1" 73°15'58.6" 130 2303 26.8 

 

Table.2 Analysis of variance for drupe, seed and germination traits in T. grandis 

 

Traits 
Provenance (df = 4) 

 
Mean Square F Value P > F 

Drupe Length 3.079 16.515 <0.01 

Drupe Width 2.974 9.293 <0.01 

100 Drupe Weight 342.369 14.09 <0.01 

Drupe Filling 45.175 22.873 <0.01 

Seed Length 1.685 16.077 <0.01 

Seed Width 0.712 43.142 <0.01 

100 Seed Weight 1.465 27.127 <0.01 

Drupe Germination 36.425 7.709 <0.01 

Seed Germination 244 243.568 <0.01 

 

Table.3 Mean variation for drupe, seed and germination traits among provenances of T. grandis 

 

Provenance 

Drupe  

Length  

(mm) 

Drupe  

Width  

(mm) 

100 Drupe  

Weight  

(g) 

Drupe  

Filling  

(%) 

Seed  

Length  

(mm) 

Seed  

Width  

(mm) 

100 Seed  

Weight  

(g) 

Drupe  

Germination  

(%) 

Seed  

Germination  

(%) 

Mandvi 11.14±0.23 12.64±0.38 58.38±4.59 77.00±1.08 6.03±0.25 4.01±0.15 6.00±0.16 18.00±1.68 64.25±1.55 

Vyara 09.69±0.20 11.45±0.25 39.87±1.75 70.75±1.11 4.72±0.12 3.27±0.13 4.71±0.11 11.50±0.65 48.25±1.93 

Vansda 09.02±0.11 10.48±0.13 35.49±0.76 68.75±1.25 4.50±0.14 2.91±0.15 4.54±0.14 10.25±0.85 44.75±1.80 

Chikhali 10.20±0.14 12.13±0.23 47.69±1.97 71.25±1.38 5.03±0.07 3.46±0.14 4.98±0.11 13.25±0.85 54.25±1.80 

Dharampur 10.93±0.28 12.33±0.35 52.41±1.82 75.00±1.58 5.70±0.16 3.72±0.16 5.54±0.15 14.75±0.63 58.50±1.44 

Mean 10.20 11.80 46.77 72.55 5.19 3.47 5.15 13.55 54.00 

SE(m)± 0.22 0.28 2.47 0.70 0.16 0.06 0.12 1.09 0.50 

C.D. 0.67 0.88 7.68 2.19 0.50 0.20 0.36 3.39 1.56 

C.V. 4.24 4.79 10.54 1.94 6.24 3.70 4.51 16.04 1.85 
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Table.4 Variance and genetic component for drupe, seed and germination traits in T. grandis 

 

Traits 
Phenotypic 

Variance 

Genotypic 

Variance 
Heritability 

Genetic advance 

(K=2.06) 

Genetic gain 

(%) 

Drupe Length 0.91 0.72 0.79 1.55 15.20 

Drupe Width 0.98 0.66 0.67 1.37 11.61 

100 Drupe Weight 103.82 79.52 0.77 16.16 34.55 

Drupe Filling 12.78 10.80 0.85 6.26 8.63 

Seed Length 0.50 0.40 0.80 1.17 22.54 

Seed Width 0.19 0.17 0.89 0.80 23.05 

100 Seed Weight 0.41 0.35 0.85 1.12 21.75 

Drupe Germination 12.65 7.93 0.63 4.62 34.10 

Seed Germination 61.75 60.75 0.98 15.86 29.37 

 

Table.5 Inter-character correlation matrix among drupe, seed and 

germination traits of T. grandis 

 

Traits 
Drupe 

Length 

Drupe 

Width 

100 Drupe 

Weight 

Drupe 

Filling 

Seed 

Length 

Seed 

Width 

100 Seed 

Weight 

Drupe 

Germination 

Seed 

Germination 

Drupe Length 1 
        

Drupe Width 0.96** 1 
       

100 Drupe Weight 0.98** 0.95* 1 
      

Drupe Filling 0.96** 0.88* 0.96** 1 
     

Seed Length 0.97** 0.89* 0.97** 0.99** 1 
    

Seed Width 0.98** 0.96** 0.98** 0.97** 0.97** 1 
   

100 Seed Weight 0.95* 0.87NS 0.97** 0.99** 0.99** 0.96** 1 
  

Drupe Germination 0.94* 0.90* 0.98** 0.97** 0.97** 0.97** 0.98** 1 
 

Seed Germination 0.97** 0.94* 0.99** 0.97** 0.98** 0.98** 0.98** 0.98** 1 

Note: * Significant at P < 0.05; ** Significant at P < 0.01; 
NS

 is Non-significant 

 

Fig.1 Geographic locations of the diff erent provenances of T. grandis represented  

in the research study 
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Association between characters 

 

All the drupe, seed and germination traits 

showed a strong significant (p <0.01) positive 

correlation with each other except drupe 

width with 100 seed weight (Table 5). Drupe 

length showed a strong correlation with drupe 

width (r=0.98) and all others. Then drupe 

width exhibited a strong correction with seed 

width (r=0.96) and all others except 100 seed 

weight. 100 drupe mass showed very strong 

association with all the traits. Similarly all 

seed and germination traits were closely 

associated to each others (Table 5). 

Sivakumar et al., (2002) was studied inter-

character among drupe and seed traits. They 

found that drupe diameter, drupe weight, seed 

weight, filling percent and germination 

parameters were strongly intercorrelated to 

each other. Seed width was positively 

correlated with seed weight in Millettia 

ferruinea (Loha et al., 2008). Seed length, 

width and weight of Cordia africana seed 

were showed strongly positive correlation to 

each other (Loha et al., 2009). Thus, all the 

drupe, seed and germination traits closely 

related to each other and drupe/seed traits 

influenced on drupe and seed germination 

according to their bigger size. 

 

The most valuable timber of the world known 

as king of timber was distributed throughout 

India, where Gujarat state has natural teak 

forests. Five teak provenances were studied 

for drupe, seed and germination traits. All the 

characters were showed significant 

differences among five provenances of T. 

grandis. Overall, Mandvi and Dharampur 

provenances were performed better than all 

others. Physical dormancy is the major factor 

for poor germination in teak for deployment 

of superior genetic materials. Heritability was 

revealed that selection can be made for seed 

germination as further genetic improvement 

of teak while genetic gain coupled with 100 

drupe weight. Strong inter-character 

correlation was found among all the traits and 

drupe as well as seed traits were influenced 

on the drupe and seed germination. 
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