
 

  

 

Effect of ageing on in vitro true seed and in vivo drupe germination and 

its dormancy mechanism in teak (Tectona grandis Linn.f)  

Poomaruthai Masilamani* 

Anbil Dharmalingam Agricultural College and Research Institute, Tamil Nadu  

Agricultural University, Tiruchirappalli - 27 (Tamil Nadu), India  

Venugopal Rajanbabu 

Anbil Dharmalingam Agricultural College and Research Institute, Tamil Nadu  

Agricultural University, Tiruchirappalli - 27 (Tamil Nadu), India  

Subramanian Venkatesan 

Anbil Dharmalingam Agricultural College and Research Institute, Tamil Nadu  

Agricultural University, Tiruchirappalli - 27  (Tamil Nadu), India  

Arumugam Alagesan 

Agricultural College and Research Institute, Tamil Nadu Agricultural University,  

Keezhvelur-05 (Tamil Nadu), India 

Velanganni Alex Albert 

Krishi Vigyan Kendra, Tamil Nadu Agricultural University, Sirugamani - 15,  

Tiruchirappalli district (Tamil Nadu), India 

K. Nelson Navamaniraj 

Krishi Vigyan Kendra, Tamil Nadu Agricultural University, Krishi Vigyan Kendra, 

Vamban - 03,Pudukkotai (Tamil Nadu), India 

*Corresponding author E-mail: masil_mahesh@yahoo.com 

Article Info 

https://doi.org/10.31018/

jans.v14i3.3501    
Received: May 14, 2022 

Revised: July 17, 2022 

Accepted: July 22, 2022 

 This work is licensed under Attribution-Non Commercial 4.0 International (CC BY-NC 4.0). © : Author (s). Publishing rights @ ANSF.    

ISSN : 0974-9411 (Print), 2231-5209 (Online) 

             journals.ansfoundation.org   

Research Article 

INTRODUCTION  

Teak (Tectona grandis Linn.f) grows naturally in South 

and Southeast Asia, Primarily in India, Indonesia, Ma-

laysia and Burma. It is considered a valuable timber 

because of its adaptability, durability, rapid growth and 

wood (Yahya et al., 2020). Teak is one of the top five 

tropical hardwood species in terms of Plantation areas 

established worldwide (Dah and Baw, 2001). On a larg-

er scale, teak is primarily propagated through seeds 

(Tiwari et al., 2002; Masilamani et al., 2020). Teak 

drupes (fruit with seed) with combined dormancy, con-
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sisting of two or more dormancy mechanisms. The dif-

ferent dormancy mechanisms involved in teak are phys-

ical dormancy (Keiding, 1985), Mechanical dormancy 

(Slator et al., 2013), chemical dormancy (Gupta and 

Pattanath, 1975; Masilamani et al., 2002) and embryo 

dormancy (Hartmann et al., 1997). Seed dormancy is 

the putative cause for delayed and sporadic germina-

tion of teak seed but specific dormancy mechanisms 

have not been proven (Slator et al., 2013; Venkatesan 

et al., 2022). There is a very low rate of germination in 

fresh seed lots compared to those of one year and two-

year-old (Keiding, 1993; Joshi and Kelkar, 1971; 

Suangtho, 1980; Masilamani et al., 2002; Akram and 

Aftab, 2016; Dhaka and Jha, 2017; Ravichand and 

Gunaga, 2021). In practice, the previous year's seed 

collection is used for nursery stock production after su-

perimposing various pre-treatments. The available liter-

ature provides different opinions on the effect of the 

drupe storage period on germination (Troup, 1921; Em-

manual & Dharmasamy, 1991; Masilamani et al., 2002). 

But definite inference has not been drawn so far, proba-

bly due to the discontinuity of the research work on 

seed dormancy.  

Against the stalemate, a study was conducted to deter-

mine the influence of ageing treatments on germination, 

in vitro germination, SEM analysis and biochemical at-

tributes of teak drupes collected from top slip seed pro-

duction areas of Tamil Nadu, India.  

MATERIALS AND METHODS 

Seed collection 

Teak drupes were collected from a twenty-year-old teak 

plantation at Agricultural Engineering College and Re-

search Institute, Kumulur, Tiruchirappalli, Tamil Nadu 

(10º4’ N; 78º5 E; 70 msl). Matured drupes fallen from 

the trees were collected, dried, and cleaned. After col-

lection, insect-infected and shrivelled drupes were re-

moved and stored in the gunny bag for ageing at ambi-

ent temperature. Fresh, one-year and two-year drupes 

were used for the present study.   

 

Drupe germination  

Fresh, one-year and two-year stored drupes were pre-

conditioned by alternative soaking and drying at 12-

hour intervals for six days. On the seventh day, the pre-

conditioned drupes were sown in sand media in earthen 

pots along with non-preconditioned control and kept in 

direct sunlight for germination (Masilamani et al., 2020). 

The experiment was carried out using a Completely 

Randomized Block Design with ten replications of 30 

drupes each. After 28 days, germination (%), number of 

seedlings/100 drupes, time taken for emergence, root 

length (cm), shoot length (cm), dry matter production 

(g/10seedlings) and vigour index were recorded by fol-

lowing standard procedures (International Seed Testing 

Association, 1985). The vigour index was calculated as 

per Abdul Baki and Anderson, (1973). 

VI=Percent germination X Total seedling length (cm)         

…Eq.1 

 

Nursery studies 

One kg of Fresh, one-year and two-year-old drupes 

was placed for field emergence study in the nursery 

bed with a size of 1.6 x 4.1 m2. This experiment was 

conducted with four replications. The number of seed-

lings/m2 was recorded for 1, 2, 3, 4, 5 and 6 months 

after sowing (Masilamani et al., 2018). 

 

True seed extraction 

The true seeds were extracted from the different age 

groups of teak drupes with a wooden mallet; the seeds 

located inside the locules of the fruit were removed 

carefully without any damage to the cotyledon and 

seed coat. Those seeds were only used for in vitro ger-

mination studies. 

 

Media preparation for in vitro germination 

To perform in vitro germination, sterilized 0.8% Agar 

medium(M1) and half-strength MS medium containing 

vitamins, 0.8% agar, 3 % Sucrose (M2) as mentioned 

by Murashige and Skoog, (1962). M2 medium with 0.5 

ppm IAA (M3), 1 ppm IAA (M4), 0.5 ppm IBA (M5), 1 

ppm IBA (M6), 0.5 ppm GA3 (M7), 1 ppm GA3 (M8), 0.5 

ppm BAP (M9) and 1 ppm BAP (M10) were prepared to 

assess the influence of plant growth regulators in true 

seed germination. The media with agar along with addi-

tional components was melted and evenly distributed in 

to culture bottles up to 50 ml per vessel. For steriliza-

tion the culture vessels with media were autoclaved at 

121°C plus 15 psi pressure for 20 minutes. 

 

Surface sterilization and inoculation of true seeds 

True seeds separated from the whole drupes of differ-

ent age groups were dried for 1 hour in sunlight prior to 

sterilization. The seeds were placed in distilled water 

containing 0.1 % Bavistin and 0.1 % Tween 20 for five 

minutes with constant shaking. After Bavistin treatment, 

the seeds were washed in tap water for one minute and 

washed in 70 % ethanol for 30 seconds. After ethanol 

wash, the true seeds were washed with sterile distilled 

water. Now the seeds were sterilized in 0.1 % mercuric 

chloride (HgCl2) solution for five minutes with constant 

shaking. After HgCl2 sterilization the true seeds were 

washed three times with sterile distilled water.  

 

In vitro true seed germination  

The surface-sterilized seeds were carefully inoculated 

into sterilized media bottle under a laminar airflow 

chamber by following the ascetic techniques. Six seeds 

were inoculated per bottle and eight replicates were 

made for each treatment. Then the culture vessels 
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were placed in a primary growth room maintaining 25°C 

temperature, 16 hours light and 8 hours dark condi-

tions. Once a day, the in vitro seed inoculates were 

observed for the time taken for initial emergence and 

germination per cent were taken 14 and 28 days after 

sowing (International Seed Testing Association, 1985). 

Three seedlings were selected randomly for the estima-

tion of dry matter production and kept in a hot air oven 

maintained at 85oC for 24 hours after measuring their 

root and shoot length. The vigour index was derived 

from the formula (Abdul Baki and Anderson, 1973). 

VI=Percent germination X Total seedling length (cm)     

             ….Eq.2 

 

Scanning electron microscope (SEM) analysis 

SEM captures the image of the sample’s surface 

through a bombarding beam of high-energy of elec-

trons over the sample in a raster scan pattern. Ran-

domly selected seeds from fresh, one-year and two-

year-old teak true seeds were used for imaging, where 

seeds are applied with an ultra-thin coating of gold onto 

seeds using a sputter coater (EMITECH SC7620). 

Sputtered seeds of teak were mounted rigidly on speci-

men stubs for characterization. Scanning Electron Mi-

croscope (Quanta 250, FEI, Netherlands) was used for 

imaging with an acceleration voltage of 10 kV to study 

the surface features and morphology (Barrera et al., 

2013).  

 

Biochemical studies 

Chemicals and reagents 

Coumarin (≥99%), gibberellic acid (≥98%), abscisic 

acid (≥98%), indole-3-butyric acid (≥99%) and indole-

acetic acid (≥99%) and glacial acetic acid (99.7%) pur-

chased from Sigma Aldrich (Germany) were used. 

Methanol (HPLC grade) was purchased from Fisher 

Scientific (United Kingdom). Disposable syringe filters 

with a pore width of 0.2 μm were purchased from Ther-

mo Scientific (USA). Water for HPLC analysis was puri-

fied using Milli-Q water system (Millipore, St. Louis, 

MO). HPLC mobile phase was prepared freshly at the 

time of analysis and filtered through 0.45 µm mem-

brane filter.  

 

Seed extract for biochemical analysis 

Fresh, one-year and two-year true seeds samples (0.5 

g) were weighed and pulverized with a mortar and pes-

tle with 2.5 ml methanol, followed by centrifugation for 

10 min at 3000 rpm. The supernatant was transferred 

to a 2 ml Eppendorf tube and kept for drying. The final 

volume was adjusted to 1 ml with methanol and mixed 

thoroughly. Prior to injection, an adequate volume (1 

ml) was passed through a 0.2-μm nylon membrane 

filter. 1 mL was collected in a LC sample vial and inject-

ed in Ultra-High-Performance Liquid Chromatography 

(HPLC) (Solaiman & Al-Zehouri, 2017). 

HPLC instrumentation and chromatographic  

conditions 

Biochemical compounds were separated using a C18 

column (UHPLC) (Thermo Scientific Ultimate 3000). 

The instrumental conditions during the analysis: Using 

mobile phase A (Methanol) and mobile phase B (water, 

1% (v/v) acetic acid) in an isocratic programme (50 per 

cent A: 50 per cent B) with a flow rate of 1mL/min, the 

column temperature was set to 30°C. For quantitative 

analysis, the injection volume was 10 L, and the wave-

length with the highest intensity was 270 nm for cou-

marin and gibberellic acid (Solaiman & Al-Zehouri, 

2017). Gibberellic acid, IAA, IBA, ABA and coumarin 

had standard peaks with retention times of 4.4, 6.8, 

16.1, 10.5 and 7.8 minutes, respectively. 

 

Statistical analysis 

The results were subjected to analysis of variance and 

tested (t-test) for significant difference (p=0.05) as sug-

gested (Panse & Sukhatme, 1995). Percentage values 

were transformed into arc sine values prior to statistical 

analysis. 

RESULTS AND DISCUSSION  

Drupe germination  

The study findings revealed that there was considera-

ble variation between the treatments. Two-year-old 

treated drupes recorded the highest germination of 32 

%, followed by two-year-old control 17 % and fresh 

drupes both control and treated drupes recorded mini-

mum germination of 2 % and 3 %, respectively (Table 

1). These results indicated increases in germination in 

teak drupes with increases in storage period. The im-

provement in germination was a clear reflection of the 

after-ripening effect on germination when other condi-

tions remain equal. This is conforming with the report 

of (Dharmalingam & Masilamani, 1997; Masilamani et 

al., 2002; Anandalakshmi et al., 2005; Akram & Aftab, 

2016; Dhaka & Jha, 2017; Ravichand & Gunaga, 2021) 

in teak. Vichien et al. (1974) reported that the germina-

tion capacity of teak drupes was retained for more than 

7 years. 

Gunaga et al. (2008) found that teak drupes stored for 

one year had higher germination of 43.1% compared to 

fresh drupes (26.2%). Several factors influence seed 

longevity during storage: temperature, nature of the 

seeds, seed moisture content and relative humidity 

(Onyekwelua & Fayose, 2007; Pradhan & Badola, 

2008; Zinsmeister et al., 2020). Proper storage condi-

tions may effectively retain viability in seeds over a 

storage period (Pradhan & Badola, 2008; Butola & 

Badola, 2004; Chen et al., 2007; Solberg et al., 2020).  

Poor embryo maturation and increased mechanical 

dormancy due to tightly bound mesocarp and compact 

endocarp in fresh drupes hinder the germination in 
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fresh drupes. This mechanical dormancy is not present 

in vitro germinated true seeds. Ageing of drupes pro-

motes embryo maturation and causes defibrization of 

mesocarp and cellulose degradation of endocarp loos-

ens the valve, gives way for radicle emergence and 

increases germination percentage when drupes are 

stored for one year or two years. During the ageing 

process it hastens the after-ripening process, which 

results at least in part from rapid and extensive water 

loss because of the conversion of soluble nutrients to 

their stored forms. The mature and bulged embryo was 

observed under a scanning electron microscope in one-

year and two-year-aged true seeds, but it was shriv-

elled and immature in fresh true seeds. The true seeds 

separated from one-year and two-year ageing drupes 

showed a decreased germination percentage. Separa-

tion of true seeds by applying mechanical force affect-

ing the mature bulged embryo may be a reason for the 

decrease in germination per cent of true seeds from the 

ageing of drupes. 

The nursery studies results revealed that two-year-old 

treated drupes recorded a maximum number of seed-

lings (30) up to six months under nursery conditions 

followed by two-year-old untreated control (28) and a 

minimum number of seedlings were recorded in fresh 

drupes of untreated control and treated (16 and 20) 

(Table 2).  

The inability of the seed to swell and form radicle to 

begin growth is the main reason for low germination in 

fresh drupes (Hartmann et al., 1997). The endocarp is 

the main mechanical hindrance in fresh drupe germina-

tion. In fresh drupes, the endocarp is compact and 

tightly covers the true seed may produce a strong me-

chanical barrier against germination. When the seeds 

are stored for one or two years, the cellulose material in 

the cell wall weakens, and gradually the intactness and 

integrity of endocarp around the true seed loosen. This 

leads to the opening of valve structures and facilitates 

the emergence of radicles (Rajput &Tiwari, 2001). 

Hence the teak drupes' poor germination is associated 

with dormancy mechanisms. The impact of mechanical 

dormancy was higher than physical dormancy (Slater, 

2013). Over the period of ageing and pre-treatments, 

this dormancy was released. At least one-year of stor-

age of drupes is necessary to eliminate the dormancy 

mechanisms. The pot culture experiment revealed that 

the germination was very low in freshly collected drupes 

and increased in one year of stored drupes.  

 

In vitro true seed germination 

The true seeds extracted from fresh teak drupes had 

significant (0.05 %) variation between the treatments. 

Agar medium (M1) recorded maximum germination per 

cent of 41.6 and 58.3 14 and 28 days after sowing with 

a vigour index of 159.9. Extracted true seeds from one 

year old drupes significantly varied between treatments. 

IAA 1ppm recorded maximum germination per cent of 

25.0 and 33.3 and 14 and 28 days after sowing with 

vigour index of 125.2 followed by all other treatments. 

Extracted true seeds from two-year-old had significant 

variation between the treatments. IAA 1ppm, ½ MS 

medium, GA3 1ppm and BAP 1ppm recorded maximum 

germination per cent of 8.3 and 28 days after sowing, 

followed by all other treatments (Table 3,4,5). 

True seeds inoculated in different nutrient medium re-

sults indicated that true seeds extracted in fresh drupes 

recorded more germination in all nutrient media than in 

one- and two-year-old seeds. These results clearly indi-

cated that true seeds extracted from drupes viability 

were lost when storage was increased. Dhaka and Jha 

(2017) also found that teak drupes collected from all 

five different provenances showed that only 13.55 per-

Treatments 
Germination 
(%) 

Number of 
seedlings/100 
drupes 

Root 
length (cm) 

Shoot 
length (cm) 

Dry matter pro-
duction (mg/10 
seedlings) 

Vigour 
index 

T1-Fresh-drupes 
2.0 
(8.13) 

3.0 2.0 3.5 40 9 

T2-Fresh drupes -
S-D for 6 days 

3.0 
(9.97) 

4.0 2.2 3.4 42 12 

T3- One year-old 
drupes 

6.0 
(14.17) 

10.0 2.5 1.8 36 13 

T4- One year-old 
drupes -S-D for 6 
days 

14.0 
(21.97) 

24.0 3.0 3.4 38 50 

T5-Two year-old 
drupes 

17.0 
(24.35) 

30.0 2.7 3.5 36 62 

T6-Two year-old 
drupes -S-D for 6 
days 

32.0 
(34.45) 

38.0 2.9 4.0 37 130 

Mean 
12.3 
(20.26) 

18.1 2.5 3.2 38.1 46.0 

SEd 0.119 0.464 0.075 0.069 1.099 1.294 
CD (P=0.05) 0.255 0.990 0.168 0.154 2.450 2.884 

S-D – Soaking and Drying (Values in parentheses are arc sine transformed values) 

Table 1. Effect of fresh, one-year and two-year stored drupes on in vivo germination of teak  
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cent germination, but in the case of true seeds, 54 per-

cent germination was observed, which was four times 

higher than drupes germination but the remaining 46 

percent of true seeds were not germinated. These re-

sults clearly indicate that teak propagating material had 

physical, mechanical dormancy and also morphological 

dormancy. Yasodha et al. (2005) also reported that in 

vitro method of seedling production from teak true seed 

was a promising method for producing high-quality teak 

seedlings. True seed germination was only 40 per cent 

in this study, and the remaining ungerminated true 

seeds may possess morphological dormancy. The 

seed with morphological dormancy requires conducive 

conditions after harvest to make the embryo attain full 

growth (De Sousa Soares et al., 2017). 

The increasing demand for teak plantation purposes by 

forest departments and private companies has necessi-

tated research on unconventional methods for improv-

ing productivity. The potential benefits of using clonal 

planting stock in reforestation programs have long been 

recognized. However, to achieve the maximum possi-

ble genetic gain for teak improvement, both sexual re-

production and vegetative multiplication must be fol-

lowed. This can be accomplished through micropropa-

gation using seeds as explants by germinating them 

under in vitro conditions. The present result showed 

Treatments 
Number of seedlings/m2 

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

T1-Fresh-drupes 5 11 15 15 15 16 

T2-Fresh drupes -S-D for 6 
days 

9 16 18 18 20 20 

T3- One year-old drupes 11 15 16 18 16 17 

T4- One year-old drupes -S-D 
for 6 days 

16 19 20 21 24 24 

T5-Two year-old drupes 16 17 22 26 28 28 

T6-Two year-old drupes -S-D 
for 6 days 

24 26 27 29 30 30 

Mean 13.5 17.3 19.6 21.1 22.1 22.5 

SEd 0.242 0.318 0.293 0.313 0.362 0.364 

CD (P=0.05) 0.515 0.679 0.626 0.667 0.772 0.776 

Table 2. Effect of fresh, one-year and two-year stored drupes on number of seedlings/m2 under nursery conditions 

S-D - Soaking and drying; MAS - Month after sowing 

Treatments 
Days taken 
for initial 
emergence 

14 DAS 
germina-
tion (%) 

28 DAS 

Germina-
tion (%) 

Root 
length 
(cm) 

Shoot 
length 
(cm) 

Dry matter  
production 
(g/10 seedlings) 

Vigour 
index 

M1 - (Agar) 8 
41.6 
(39.8) 

58.3 
(49.6) 

2.5 2.7 0.05 160 

M2 - ( ½ MS) 8 
25.0 
(30.0) 

25.0 
(30.0) 

1.8 2.0 0.03 52 

M3- (M2+IAA 0.5 
ppm) 

9 
8.3 
(16.4) 

25.0 
(30.0) 

1.6 2.0 0.06 52 

M4 - (M2+IAA 1 
ppm) 

10 
25.0 
(30.0) 

25.0 
(30.0) 

1.8 3.7 0.07 94 

M5 - (M2+IBA 0.5 
ppm) 

8 
33.3 
(35.0) 

33.3 
(35.0) 

3.8 2.0 0.05 70 

M6 - (M2+ IBA 1 
ppm) 

15 
0.0 
(0.28) 

8.3 
(16.4) 

1.7 1.5 0.03 14 

M7 - (M2 +GA3 0.5 
ppm) 

8 
16.6 
(23.5) 

16.6 
(23.5) 

2.2 2.4 0.03 42 

M8 - (M2 +GA3 1 
ppm) 

12 
16.6 
(23.5) 

16.6 
(23.5) 

2.0 2.5 0.02 75 

M9 - (M2 +BAP 0.5 
ppm) 

9 
16.6 
(23.5) 

16.6 
(23.5) 

2.5 1.7 0.03 31 

M10 - (M2 +BAP 
1ppm) 

14 
16.6 
(23.5) 

16.6 
(23.5) 

1.7 1.5 0.02 27 

Mean 10.1 
19.96 
(25.8) 

24.13 
(29.3) 

2.16 2.2 0.039 61.622 

SEd 0.197 0.397 0.377 0.065 0.053 0.0003 1.299 

CD (P=0.05) 0.412 0.828 0.786 0.136 0.112 0.0005 2.710 

Table 3. Effect of different growth medium on in vitro germination and seedling vigour of fresh true seeds 

DAS – Days after sowing (Values in parentheses are arc sine transformed values) 
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that agar medium is best for producing more seedlings 

than nutrient medium. In teak, after extraction of true 

seeds from fresh teak drupes, it maintains high germi-

nation percentage when compared to one and two-year

-olds. In vitro germination can be successfully applied 

in teak and it has become an alternative tool to over-

come problems occurring in mechanical dormancy.  

 

Testing under SEM 

SEM image of teak true seeds showed that embryo tip 

is shrivelled. It needs after ripening for embryo matura-

tion in fresh true seeds. Compared to one and two-year

-old true seeds embryo tip was bulged embryo was fully 

matured. It does not need after-ripening requirements 

(Fig. 1). 

SEM is one of the most versatile instruments available 

for examining and analysing the microstructure mor-

phology (Zhou et al., 2006). SEM benefits from a large 

depth of field so most of the specimen surface is simul-

taneously in focus whatever the surface roughness. 

Optical microscopes operating at high magnification 

have a very small depth of field so image quality is very 

dependent on the surface being smooth. Much higher 

magnifications can be achieved (up to 1,000,000x), 

with an ultimate resolution of 1 nm. The maximum use-

ful magnification in an optical microscope is around 

1000x (Vernon-parry, 2000). It needs an in-depth study 

for interpreting SEM image of the embryonic axis on 

embryo dormancy of teak.  

The bulged and well-developed appearance of the em-

bryo in aged true seeds showed that the embryo of 

fresh drupe needs time for maturation (Fig. 1). The 

poor embryo maturation leads to poor germination of 

fresh drupes. When the drupes were stored for one 

year/two years, the embryo matured enough and the 

germination per cent also increased. The germination 

per cent was increased when the true seeds of freshly 

collected drupes were cultured under in vitro condi-

tions. This might be due to the reliving of mechanical 

damage prevailed by the endocarp. Hence the germi-

nation of fresh true seeds was high under in vitro condi-

tions. This report evidenced that the storage of drupes 

may be avoided by germinating true seeds under in 

vitro conditions (Table 1, 2, 3). 

 

Biochemical parameters 

In the biochemical analysis of methanolic extracts of 

teak true seeds from fresh, one year and two-year-old 

drupes, gibberellic acid was found in fresh, one year 

and two-year-old true seeds. Two-year-old true seeds 

had the highest gibberellic acid level of 0.65 mg/kg, 

while teak fresh true seeds had the lowest gibberellic 

acid content of 0.22 mg/kg (Fig. 2, 3; Table 6). The 

growth regulators IAA, IBA, ABA and Coumarin, are not 

present in fresh, one year and two-year-old true seeds. 

Gibberellins (GA) are essential plant regulators for mul-

tiple plant development processes, including seed ger-

mination, stem elongation, leaf extension, pollen matu-

ration, and flowering induction (Cornea-Cipcigan et al., 

2020). In the present study, one and two-year-old 

drupes had the highest germination and it had highest 

GA3 content of 0.65mg/kg. Hence, GA3 play a major 

role in germinating old teak drupes (Table 6). But, GA3 

does not play a role in in vitro germination (Table 3, 4, 

5). Where, in vitro germination test had the highest ger-

mination recorded fresh and one-year-old true seed. 

Studies on in vitro germination with different growth 

regulators showed that sterile agar medium itself is 

sufficient for true seed germination under in vitro condi-

tions (Table 3).  

A                                                                B  

C 

Fig.1. Embryo growth observed by Scanning Electron Microscope: A- Teak fresh true seeds, B- Teak one-year old true 

seeds and C-Teak two-year old true seeds 
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Treatments 
Days taken for 
initial emer-
gence 

14 DAS 
germina-
tion (%) 

28 DAS 

Germina-
tion (%) 

Root 
length 
(cm) 

Shoot 
length 
(cm) 

Dry matter  
production 
(g/10 seedlings) 

Vigour 
index 

M1 (Agar) 11 
8.3 
(16.4) 

8.3 
(16.4) 

1.5 1.0 0.06 10 

M2 ( ½ MS) 11 
8.3 
(16.4) 

16.6 
(23.5) 

1.5 2.5 0.02 43 

M3 (M2 +IAA 0.5 
ppm) 

12 
8.3 
(16.4) 

16.6 
(23.5) 

2.1 1.5 0.04 27 

M4(M2+IAA 1 
ppm) 

11 
25.0 
(30.0) 

33.3 
(35.0) 

2.0 3.7 0.03 125 

M5(M2+IBA 0.5 
ppm) 

0 
0 
(0.28) 

0 
(0.28) 

0 0 0 0 

M6(M2+ IBA 1 
ppm) 

11 
16.6 
(23.5) 

25.0 
(30.0) 

3.0 1.2 0.05 33 

M7 (M2 +GA3 0.5 
ppm) 

11 
25.0 
(30.0) 

25.0 
(30.0) 

2.0 1.5 0.03 40 

M8 (M2 +GA3 1 
ppm) 

12 
16.6 
(23.5) 

25.0 
(30.0) 

3.1 1.4 0.03 113 

M9 (M2 +BAP 0.5 
ppm) 

17 
0 
(0.28) 

8.3 
(16.4) 

2.0 1.0 0.05 10 

M10 (M2 +BAP 
1ppm) 

16 
0 
(0.28) 

8.3 
(16.4) 

1.0 1.7 0.06 15 

Mean 11.2 
10.81 
(18.43) 

16.64 
(23.5) 

1.82 1.55 0.037 41.54 

SEd 0.207 0.246 0.302 0.040 0.035 0.0003 1.022 

CD (P=0.05) 0.433 0.514 0.630 0.083 0.074 0.0005 2.133 

Table 4. Effect of different growth medium on in vitro germination and seedling vigour of one-year old true seeds 

DAS – Days after sowing (Values in parentheses are arc sine transformed values) 

Treatments 
Days taken 
for initial 
emergence 

14 DAS 
germina-
tion (%) 

28 DAS 

Germina-
tion (%) 

Root 
length 
(cm) 

Shoot 
length 
(cm) 

Dry matter  
production 
(g/10 seedlings) 

Vigour 
index 

M1 - (Agar) 0 
0 
(0.28) 

0 
(0.28) 

0 0 0 0 

M2 - ( ½ MS) 15 
8.3 
(16.4) 

8.3 
(16.4) 

1.0 1.5 0.05 21 

M3- (M2 +IAA 0.5 
ppm) 

0 
0 
(0.28) 

0 
(0.28) 

0 0 0 0 

M4 - (M2+IAA 1 
ppm) 

12 
8.3 
(16.4) 

8.3 
(16.4) 

2.0 1.0 0.03 25 

M5 - (M2+IBA 0.5 
ppm) 

0 
0 
(0.28) 

0 
(0.28) 

0 0 0 0 

M6 - (M2+ IBA 1 
ppm) 

0 
0 
(0.28) 

0 
(0.28) 

0 0 0 0 

M7 -(M2 +GA3 0.5 
ppm) 

0 
0 
(0.28) 

0 
(0.28) 

0 0 0 0 

M8 -  (M2 +GA3 1 
ppm) 

17 
0 
(0.28) 

8.3 
(16.4) 

1.7 2.0 0.04 31 

M9- (M2 +BAP 
0.5 ppm) 

0 
0 
(0.28) 

0 
(0.28) 

0 0 0 0 

M10- (M2 +BAP 
1ppm) 

14 
8.3 
(16.4) 

8.3 
(16.4) 

1.3 1.1 0.02 20 

Mean 5.8 
2.49 
(8.1) 

3.32 
(9.9) 

0.6 0.56 0.014 9.62 

SEd 0.211 0.085 0.116 0.011 0.030 0.0006 0.413 

CD (P=0.05) 0.440 0.177 0.243 0.023 0.064 0.0013 0.862 

Table 5. Effect of different growth medium on in vitro germination and seedling vigour of two-year old true seeds 

DAS – Days after sowing(Values in parentheses are arc sine transformed values) 
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Conclusion 

This study concluded that two-year-old treated teak 

drupes recorded the highest germination of 32 % com-

pared to fresh drupes. In the case of in vitro germina-

tion, true seeds obtained from fresh teak drupes with 

an agar medium recorded maximum germination of 

58.3 per cent. It was evident that physical and mechan-

ical dormancy were mainly involved in lowering fresh 

teak drupes germination. On the other hand, fresh teak 

true seeds had 58.3 per cent, but the remaining 41.7 

per cent of true seeds did not germinate. This might be 

because morphological dormancy was involved in true 

seeds to lower germination. Furthermore, SEM images’ 

results also verified the presence of morphological dor-

mancy. It is recommended that when forester/nursery 

men need seedling production from the drupes collect-

ed from the same year, in vitro germination of true 

seeds is an advisable method. However, it needs in-

depth study for efficient and cost-effective hardening 

procedures for better establishment in the main field is 

necessary for the in vitro germinated seedlings.  
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