


MICROPROPAGATION UNDER COMMERCIAL SCALE FOR REFORESTATION 
OF PRECIOUS WOODY SPECIES OF TEAK (TECTONA GRANDIS LINN.F.) 




ABSTRACT

Introduction: Teak tree is a precious wood species, due to its durable wood quality, widely used in construction and industry, ranked first in the world. 
Aim: An improved micropropagation system has been developed for teak in pilot scale 
Method: Shoot tips placed on WPM medium supplemented with 0.1 - 0.05 mg/l BA for shoot induction. Shoots were used as culturing materials for far micropropagation studies
Result: WPM is basic media cultivation for this purpose. The admenments of BA (0.1 mg/l), and others as Tyrosin (10 mg/l), Adenine sulfate (10 mg/l), coconut water (10 %), position of internode, volume of cultivated plastic box (500 ml), lighting intensity (34,2 mol/m2/s) and increasing air exchange leading high efficiency for in vitro raised micro shoots. Its reaches 100 % for rooting and 96.5 % for hardiness acclimatization
Conclusion: A rapid micropropagation technology for teak under pilot scale was set up.
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1. INTRODUCTION

Teak tree is naturally distributed at latitudes 9o-26oN and longitudes 73o-104oN in the tropical forests of central and southern India, Myanmar, northern Thailand and Laos (White, 1991 [36]). The tree is also widely grown in other countries in Southeast Asia (Indonesia, Sri Lanka, Vietnam, Malaysia, Solomon), Africa (Ivory Coast, Nigeria, Togo), Central and South America (Costa Rica, Brazil) (William Feinberg, 2013 [37]; Verhaegen etal., 2010 [33]; Vaishnaw etal., 2015 [32]; Tewari, 1992 [28]). This is a precious wood species (Brian, 2001 [4]), due to its durable wood quality, widely used in construction and industry, ranked first in the world. However, production did not satisfy the demand (Dupuy, 1990 [7]; Dah and Baw 2001 [5]). This led to the development of high quality teak cultivation with purebred seedlings (Wellendorf etal., 1988 [35]; Kaosa-ard, 1986 [17]; Mascarenhas and Muralidharan, 1993 [20]; ). In traditional, teak is propagated by seeds and stumps (Nautiyal etal. 1991 [24])

Seed propagation of the tree has many quality limitations (Mascarenhas etal., 1988 [19]; Kaosa-ard, 1986 [15]; Gyves etal., 2007 [12]; Slator etal., 2013 [27]) such as: The seed production capacity of the plant is low (Wellendorf and Kaosa-ard, 1988 [35]; White, 1991 [36]). When the plant flowers, the stem branches strongly, the stem is straight and long, the wholesale price depends largely on the ability to maintain the apical bud for a long time (White, 1991 [36]). Germination rate is low (Kaosa-ard, 1986 [15]; Mascarenhas etal., 1987 [19]; White, 1991 [36]). Genetic diversity reduces wood quality (Dupuy and Verhaegen, 1993 [8]; Mascarenhas & Muralidharan, 1993 [20]). To date, human knowledge of the genetics of traits remains limited (Wellendorf and Kaosa-ard, 1988 [35]).

Propagation by cuttings, also known as stumps in the teak tree (Kadambi, 1972 [13]; Robertson, 2002 [25]), is the asexual propagation of a large number of mixtures of different genotypes without maintaining any individual characteristics. This method allows an increase in the number of genotypes that are rejuvenated, but also increases the heterogeneity in the wood-producing population and this leads to increased variability in the teak tree (Slator etal. 2013 [27]; Krishnapillay, 2000 [14]). But maintaining the characteristics of each genotype and depending on the propagation speed to produce suitable teak shoots with good potential for rooting.
	
In micropropagation, genetic characteristics are maintained through asexual multiplication cycles and preserved for centuries (Gupta etal., 1980 [11]; Tiwari etal., 2002 [28]; Krishnapillay, 2000 [[14]). Ensuring the genetic characteristics of the mother plant and creating a uniform forest tree population (Zobel and Talbert, 1984 [39]; Timmis, 1985 [30]; Ahuja and Libby, 1993a [1], Ahuja and Libby, 1993b [2]). Furthermore, the genotype selected for micropropagation exhibits physiological maturity such as reduced or complete loss of branch rooting potential (Timmis, 1985 [30]; Wareing, 1987 [34]). A young physiological characteristic, is a necessary state for rooting cuttings. Adventitious rooting ability (Monteuuis etal., 1995 [21]) in micropropagation of teak tree leads to seedlings that are similar to the mother plant and uniform in shape. The valuable characteristics of the current variety of the tree need to be widely developed: fast growth, slow flowering, straight trunk and other valuable wood properties (Zobel and Talbert, 1984 [39]; Wellendorf and Kaosa-ard, 1988 [35]; Kumar and Kumar,  2016 [16]). Uniformity is not achieved when propagating by seed or stump (María Elena Aguilar etal., 2019 [18])

2. MATERIALS AND METHODS

2.1 Materials: 

Culture sample: Culture sample is young shoot from stump of Golden Teak tree sourced from Myanmar

Culture conditions: Culture medium and tools are sterilized at 121 oC and 1 at for 25 minutes. Cultured flask is a 300 ml Erlenmeyer flask containing 65 ml culture medium and is sealed with a rubber cap or paper lib; and  is inoculated into a 500 ml plastic box containing 100 ml culture medium and is sealed with a plastic cap. Culture room temperature is 28+1oC. Illumination intensity is 34.2 mol/m2/s. Illumination time is 8 hours/day.

Culture medium: MS medium (Murashige-Skoog, 1962 [23]) or WPM [17] medium (Lloyd & McCown, 1981 [9]), supplemented with coconut water (CW), Tyrosine, Adenine sulfate (AS) and growth regulators such as BA (6-benzyl amino acid), IAA (-indole acetic acid), IBA (-indole butyric acid), NAA (-naphthalene acetic acid), PVP (polyvinylpyrrolidone 10,000MW, Sigma 9003-39-8)

2.2 Experimental designs:

In vitro culture of shoot tips of teak: Seven-day-old shoot tips in size 10-15 mm were washed with soap. Then its were put in javel water (25 %) and placed on shaker at speed of 80 rpm in a half of hour to release of red resin and repeat 2-time. Finally, samples were sterilized with HgCl2 for 15 minutes and washed by steriled water 3 times. After being sterilized, the culture sample is prepared into small piece which contained the growing apical parenchyma in size of 3-5 mm and cultured on on MS [23] and WPM [17] basal media supplemented with BA (0.1 and 0.5 mg/l) and PVP (200 mg/l).

Effect of nutrient medium on micropropagation of teak: Samples were shoot tips (N) and stem nodes (N)  cultured on MS and WPM media supplemented with BA (0.1 mg/l).

Effects of macronutrients WPM and BA on micropropagation of teak: Samples are shoot tips (N) and stem nodes (D) cultured on WPM and 1/2xWPM media supplemented with BA (0 - 0.05 - 0.1 mg/l)

Effect of Tyrosine on micropropagation of teak: Samples were shoot tips (N) and stem nodes (D) cultured on WPM medium supplemented with BA (0.1 mg/l) and Tyrosine (10 mg/l)

Effect of Adenine sulfate (AS) on micropropagation of teak: Samples were shoot tips (N) and stem nodes (D) cultured on WPM medium supplemented with BA (0.1 mg/l) and Adenine sulfate (0 – 10 – 30 – 50 – 70 - 100 mg/l)

Effects of BA and coconut water (CW) on micropropagation of teak: Samples were shoot tips (N) and stem nodes (D) cultured on WPM medium supplemented with BA (0.05 and 0.1 mg/l), CW coconut water (0 – 5 – 10 - 15 %)

Effect of culture vessel volume and ventilation on micropropagation of teak: Samples were the shoot tip (N) and stem node (D). They were cultured on WPM medium supplemented with BA (0.1 mg/l), 5 % coconut water, and 3 culture vessels: a conical flask (300 ml) covered with a rubber cap, a conical flask (300 ml) covered with a paper cap, and a plastic box (500 ml).

Effect of light intensity on micropropagation of teak: Culture samples are shoot tips (N) and stem nodes (D) cultured on WPM medium supplemented with BA (0.1 mg/l), coconut water (5 %), and 3 light intensities: 11.4 - 22.8 - 34.2 - 45.6 mol/m2/s

Effect of internode position on micropropagation of teak: The culture samples were the shoot tip (N) and stem node (D). They were cultured on WPM medium supplemented with BA (0.1 mg/l), coconut water (5 %) and 5 culture sample positions: shoot tip, node 1, 2, 3, 4.

Growth and development of in vitro teak plantlets: Culture samples are shoot tip (N) and stem node (D) cultured on WPM medium supplemented with BA (0.1 mg/l), coconut water (5 %). Survey of teak shoot growth in vitro after 8 weeks

Effect of auxin on rooting of teak plantlets: Culture samples are shoot tips (N) and stem nodes (D) cultured on WPM medium supplemented with coconut water (5 %) and root stimulating auxin IAA, IBA, NAA (0.01 and 0.05 mg/l)

Acclimatization of tissue cultured teak plantlets: In vitro shoots having healthy of stems, leaves and roots were placed in the acclimatization compose: Misting + soil, Misting + soil + rice husk ash, Misting + soil + rice husk ash + coconut fiber, Misting + coconut fiber in 1/2 month

2.3 Data analysis: 

The experiments were arranged according to the RCBD method (1 factor) and RCD (2-3 factors), with 4 replications, each time culturing 5 flasks (triangular flasks or plastic boxes), each flask culturing 5 samples. Data were measured on the 60th day after culturing for all experiments. The obtained data were processed using MSTAT statistical software according to M, CV%, LSD (0.05). 

The monitored indicators were: stem height (mm), number of nodes (no), number of leaves (no), leaf length (mm), leaf development (+/-), leaf width (mm), rooting rate (%), number of roots (no), root length (mm), time to root appearance (days).

3. RESULTS AND DISCUSSION

3.1 In vitro culture of shoot tips of teak 

Both MS and WPM basal media were suitable for the cultivation of shoot tips of the sapling (Muhammad Fuad Yahya etal., 2020 [22]). On both media, BA (0.1 and 0.5 mg/l) had an effect on the ability to induce shoots. The interaction between culture medium and BA was not statistically significant. In absolute terms, WPM medium proved to be more suitable for the process of bud induction than MS through shorter shoot regeneration time, at both BA concentrations (Table 1) (Gill etal., 1991 [9]; Goswani, 1999 [10]; Devi etal., 1994 [6], Akram and Aftab,  2009 [3]).

Table 1: In vitro culture of shoot tips of teak tree

	Media
	BA
(mg/l)
	Stem height (mm)
	Internode
(no)
	Leaf
(no)
	Leaf length
(mm)
	Leaf width
(mm)
	Shoot appearance (day)

	MS
	0.1
	21.5
	2.6
	5.7
	21.2
	9.4
	15

	
	0.5
	18.3
	2.3
	4.3
	9.6
	3.6
	17

	WPM
	0.1
	33.2
	3.2
	6.9
	19.4
	7.8
	13

	
	0.5
	21.2
	2.8
	5.8
	15.2
	5.9
	16

	LSD (0.05)
	ns
	ns
	ns
	ns
	ns
	ns



3.2 Micropropagation of teak plantlets

Effect of nutrient medium on micropropagation of teak: Culture medium (A) did not significantly affect the growth indicators: stem height, number of nodes, number of leaves, leaf length. However, it was very significant on the leaf width development index. With MS culture medium (María Elena Aguilar etal., 2019 [18]), the cultured sample of shoot tip (N) developed more than the cultured sample of stem node (D); this did not show any difference between the two samples when cultured on WPM medium (Table 2). On MS medium, cultured sample N developed wider leaves than cultured sample D; on WPM medium, there was no difference between the two cultured samples. Cultured sample D developed better on WPM medium than MS. The stem node (D) was the unit of propagation and WPM medium was chosen for subsequent micropropagation experiments (Gill etal., 1991 [9]; Goswani, 1999 [10]; Devi etal., 1994 [6]; Tiwari etal., 2002 [29])

Table 2: Effect of MS and WPM nutrient media on micropropagation of teak

	Media
(A)
	Sample 
(B)
	Stem height (mm)
	internode
(no)
	Leaf
(no)
	Leaf length
(mm)
	Leaf width
(mm)
	Leaf dev.
(+/-)

	MS
	N
	41.2
	3.2
	6.5
	26.5
	13.5
	+

	
	D
	38.0
	3.5
	7.2
	14.2
	7.2
	+

	WPM
	N
	53.0
	4.0
	7.7
	24.7
	12.5
	+

	
	D
	41.7
	3.5
	6.5
	20.0
	10.4
	+

	LSD (0.05)       A
                        A x B
	ns
	ns
	ns
	ns
	3.9
	

	
	ns
	ns
	ns
	ns
	ns
	


N: shoot  D: Internode

Effects of macronutrients WPM and BA on micropropagation of teak: The macronutrient content of WPM medium (A) significantly affects the indexes of number of nodes, leaf length and leaf width development. On standard mineral medium WPM has a better effect on the above indexes compared to 1/2xWPM. In the interaction (A x B), WPM has a significant effect on stem height index compared to 1/2WPM at BA concentrations (0 - 0.05 - 0.1 mg/l). In the interaction (A x B x C), WPM has a significant effect on stem height and leaf width index compared to 1/2WPM at BA concentrations (Table 3). With standard mineral content WPM and concentration of 0.1 mg/l BA, the results are significant for the indexes of stem height, number of nodes, leaf length and leaf width on both N and D culture samples (Van Minh, 2020 [40])
.
Table 3: Effects of macro nutrients WPM and BA on micropropagation of teak 

	Macro nutrients (A)
	BA
(mg/l) (B)
	Sample (C) 
	Stem height (mm)
	Internode
(no)
	Leaf 
(no)  
	Leaf length
(mm)
	Leaf width (mm)
	Leaf development (+/-)

	WPM
	0
	N
	53.0
	4.0
	7.7
	24.7
	12.5
	+

	
	
	D
	41.7
	3.5
	6.5
	20.0
	10.5
	+

	
	0.05
	N
	49.0
	3.5
	7.2
	24.7
	11.7
	+

	
	
	D
	54.2
	4.0
	7.5
	23.7
	13.0
	+

	
	0.1
	N
	56.3
	3.7
	7.7
	23.7
	12.0
	+

	
	
	D
	58.5
	4.0
	8.2
	26.2
	13.7
	+

	1/2xWPM
	0
	N
	47.2
	3.7
	6.7
	15.7
	6.5
	+

	
	
	D
	37.2
	3.2
	6.5
	12.2
	6.2
	+

	
	0.05
	N
	56.7
	3.2
	8.2
	18.7
	9.0
	+

	
	
	D
	49.7
	3.7
	7.0
	16.2
	7.7
	+

	
	0.1
	N
	41.2
	3.7
	7.0
	18.2
	8.0
	+

	
	
	D
	44.5
	3.5
	7.2
	16.5
	7.5
	+

	LSD (0.05)     A
                      A x B
                      A x B x C
	ns
	0,8
	ns
	5.9
	3.1
	

	
	12.4
	ns
	ns
	ns
	ns
	

	
	12.7
	ns
	ns
	ns
	1.8
	



Effect of Tyrosine on micropropagation of teak: On WPM medium, Tyrosine (10 mg/l) has a clear effect on growth indicators of height, number of leaves, leaf length and width development. In the interaction (A x B) affects the leaf number index. The absolute value of the leaf number index in the two types of culture samples is significant at the concentration of 10 mg/l Tyrosine compared to 0 and 30 mg/l (Table 4). Tyrosine is an amino acid widely used in micropropagation to stimulate shoot formation and enhance stem and leaf development (Van Minh, 2020 [40])




Table 4: Effect of Tyrosine on micropropagation of teak
	
	Tyrosin
(mg/l) 
(A)
	Sample 
(B)
	Stem height (mm)
	Internode
(no)
	Leaf
(no)
	Leaf length
(mm)
	Leaf width
(mm)
	Leaf development
(+/-)

	0
	N
	71.5
	4.0
	8.5
	19.5
	9.5
	+

	
	D
	55.7
	4.0
	7.5
	20.2
	12.2
	+

	10
	N
	80.0
	4.5
	9.7
	26.7
	11.2
	+

	
	D
	77.2
	4.7
	8.7
	28.2
	11.5
	+

	30
	N
	40.5
	4.2
	8.0
	16.0
	7.7
	-

	
	D
	25.0
	3.2
	6.7
	7.0
	4.5
	-

	LSD (0.05)       A
	22.2
	ns
	1.7
	6.3
	2.7
	

	                        A x B
	ns
	ns
	1.5
	ns
	ns
	



Effect of Adenine sulfate (AS) on micropropagation of teak: Adenine sulfate has a significant effect on leaf elongation. At a concentration of 10 mg/l, it has a significant effect on leaf elongation on two types of culture samples, especially with stem nodes. The interaction (A x B) is significant in the development of node number (Table 5). The presence of Adenine sulfate has led to the same effect as BA addition to the culture medium (when the Adenine sulfate concentration is control). BA or Adenine sulfate has played a role in stimulating shoot formation and normal leaf development in broadleaf species (Van Minh, 2020 [40])

Table 5: Effect of Adenine sulfate (AS) on micropropagation of teak

	AS 
(mg/l) 
(A)
	Sample
(B)
	Stem height (mm)
	Internode
(no)
	Leaf
(no)
	Leaf length
(mm)
	Leaf width
(mm)
	Leaf development 
(+/-)

	0
	N
	49.5
	3.7
	7.0
	21.0
	9.7
	+

	
	D
	52.2
	4.0
	7.5
	19.2
	8.5
	+

	10
	N
	53.2
	4.0
	8.0
	23.0
	10.2
	+

	
	D
	58.7
	5.0
	8.2
	22.7
	9.5
	+

	30
	N
	51.2
	4.7
	8.5
	22.7
	10.2
	+

	
	D
	38.2
	3.7
	7.2
	17.0
	8.0
	+

	50
	N
	56.0
	4.7
	7.7
	24.0
	10.5
	+

	
	D
	45.7
	4.7
	7.7
	18.2
	8.7
	+

	70
	N
	46.2
	4.0
	8.0
	20.2
	9.5
	+

	
	D
	46.0
	3.7
	7.5
	18.2
	7.7
	+

	100
	N
	45.2
	4.0
	8.2
	18.2
	8.0
	+

	
	D
	46.7
	4.7
	7.7
	14.7
	7.0
	+

	LSD (0.05)       A
	ns
	ns
	ns
	3.7
	ns
	

	                        A x B
	ns
	0.6
	ns
	ns
	ns
	



Effects of BA and coconut water (CW) on micropropagation of teak: BA (A) has a profound effect on growth indicators of stem height, number of nodes, number of leaves, and leaf length development; the results are recorded as in experiment 3 (Table 3). The concentration of 0.1 mg/l BA gives better growth and development indicators than the concentration of 0.5 mg/l BA (Table 6). The interaction (AxB) has a significant effect on growth indicators of stem height, leaf length development, and leaf width through the combination [BA (0.1 mg/l) + CW (5%)]. The interaction (A x B x C) has a significant effect on the indicators of number of nodes, number of leaves, and leaf length. With two types of culture samples, shoot tip (N) and stem node (D), the results were significant in the combination of [BA (0.1 mg/l) + CW (5%)] when comparing the two types of culture samples (Table 6). With appropriate concentrations of BA, coconut water did not have a clear role, on the contrary, the impact of coconut water was high when the BA concentration used was low (Van Minh, 2020 [40])


Table 6: Effects of BA and coconut water (CW) on micropropagation of teak

	BA 
(mg/l) 
(A)
	CW
(%l) (B)
	Sample (C) 
	Stem height (mm)
	Internode 
(no)
	Leaf 
(no)  
	Leaf length (mm)
	Leaf width (mm)
	Leaf development (+/-)

	0,1
	0
	N
	53.0
	4.0
	7.7
	24.7
	12.5
	+

	
	
	D
	41.7
	3.5
	6.5
	20.0
	10.5
	+

	
	5
	N
	78.5
	4.5
	8.0
	28.7
	11.2
	+

	
	
	D
	73.5
	3.0
	6.0
	26.0
	10.5
	+

	
	10
	N
	61.0
	4.0
	8.2
	25.7
	11.2
	+

	
	
	D
	59.7
	3.5
	7.0
	20.7
	9.5
	+

	
	15
	N
	48.7
	3.5
	7.0
	26.5
	10.5
	+

	
	
	D
	53.0
	3.5
	6.7
	21.0
	9.5
	+

	0,05
	0
	N
	49.0
	3.5
	7.2
	22.0
	1.0
	+

	
	
	D
	54.0
	4.0
	7.5
	26.0
	13.0
	+

	
	5
	N
	68.2
	4.0
	7.5
	27.5
	10.7
	+

	
	
	D
	57.7
	3.7
	6.7
	19.5
	8.7
	+

	
	10
	N
	48.7
	3.5
	6.5
	28.5
	12.5
	+

	
	
	D
	71.2
	3.5
	7.2
	27.2
	11.7
	+

	
	15
	N
	59.2
	3.7
	7.5
	24.5
	10.0
	+

	
	
	D
	61.2
	3.7
	7.0
	19.7
	7.7
	+

	LSD (0.05)    A
                     A x B
                     A x B x C
	16.2
	1.1
	1.3
	1.6
	ns
	

	
	18.8
	ns
	ns
	4.6
	1.6
	

	
	ns
	0.8
	1.4
	4.3
	ns
	




Effect of culture vessel volume and ventilation on micropropagation of teak: Culture vessel volume (A) affects the indexes of number of nodes, number of leaves, leaf length and leaf width development. Culture vessels with better ventilation, shown by paper lids or plastic boxes (large volume) give better growth indexes than closed systems (covered with rubber lids). The interaction (A x B) has a profound impact on the growth indexes of stem height, number of nodes, number of leaves and leaf width development (Table 7). Culture vessel volume and enhanced gas exchange have a profound impact on in vitro plantlet growth (Figure 1) (Van Minh, 2020 [40])

Table 7: Effect of culture vessel volume and ventilation on micropropagation of teak

	Vassel 
(A)
	Sample 
(B)
	Stem height (mm)
	Internode
(no)
	Leaf
(no)
	Leaf length
(mm)
	Leaf width
(mm)
	Leaf development 
(+/-)

	 300ml +
	N
	56.0
	3.7
	3.7
	23.7
	12.0
	+

	Rubber cap
	D
	58.5
	4.0
	8.2
	26.2
	13.2
	+

	 300ml +
	N
	61.2
	4.7
	8.7
	26.2
	13.0
	+

	Paper lid
	D
	64.0
	5.0
	9.5
	28.2
	14.2
	+

	500ml
	N
	47.2
	4.0
	7.5
	36.2
	16.7
	+

	Plastic box
	D
	55.5
	3.0
	5.7
	31.0
	13.5
	+

	LSD (0.05)        A
	ns
	0.5
	1.4
	3.6
	2.1
	

	                         A x B
	14.0
	0.5
	0.8
	ns
	1.7
	



[image: ]    

Figure 1: Teak plantlets after 6 weeks of culture in plastic box (500 ml, left) and in triangle (300 ml, right) with rubber cap
Effect of light intensity on micropropagation of teak: Light intensity (A) had a profound impact on growth indicators. With a light intensity of 22.8 mol/m2/s, growth and development indicators were better than the other two light intensities. Low (11.4 mol/m2/s) and high (34.2-45.6 mol/m2/s) light intensities did not improve growth. The interaction between (A x B) had a significant impact on growth indicators such as stem height, number of nodes, number of leaves, leaf length and width development (Table 8). Light intensity of 11.4-22.8 mol/m2/s was suitable for the growth and development of the sapelet shoots compared to the need for high light intensity >34.2mol/m2/s in most other plant species. This shows the efficiency of light use in teak shoots (Van Minh, 2020 [40])

Table 8: Effect of light intensity on micropropagation of teak

	Light intensity (A)
	Sample (B)
	Stem height (mm)
	Internode
(no)
	Leaf
(no)
	Leaf length
(mm)
	Leaf width
(mm)
	Leaf development 
(+/-)

	11,4
	N
	47.2
	4.0
	7.5
	36.2
	16.7
	+

	mol/m2/s
	D
	55.5
	3.0
	5.7
	31.0
	13.5
	+

	22.8
	N
	72.2
	5.0
	9.7
	20.0
	10.0
	+

	
	D
	51,0
	4.5
	8.0
	15.5
	7.5
	+

	34.2
	N
	50.2
	3.7
	7.7
	22.2
	10.0
	+

	
	D
	33.5
	3.2
	5.7
	15.2
	6.7
	+

	45.6
	N
	54.2
	4.5
	9.0
	18.7
	8.2
	+

	
	D
	38.0
	4.0
	7.2
	16.5
	7.5
	+

	LSD (0.05)            A
	19.3
	0.8
	1.1
	4.8
	2.8
	

	                             A x B
	22.8
	0.9
	1.5
	7.0
	3.1
	



Effect of internode position on micropropagation of teak: Most of the cultured samples developed shoots and had good growth and development indicators. The cultured samples were the apical shoot, node 1, node 2 for growth and development indicators that were not significantly different. Similar results were recorded at node 3 and node 4 (Table 9). Shoots developed at any position on the stem demonstrated physiological homogeneity in the cultured sample positions (Shirin etal., 2005 [26])

Table 9: Effect of internode position on micropropagation of teak

	Internode position
	Stem height (mm)
	Internode
(no)
	Leaf 
(no)
	Leaf length (mm)
	Leaf width (mm)
	Leaf development
(+/-)

	Shoot-tip
	43.8
	3.6
	7.3
	17.6
	7.5
	+

	Internode 1
	44.8
	3.6
	7.3
	17.6
	7.5
	+

	Internode 2
	47.6
	3.1
	5.4
	17.1
	7.9
	+

	Internode 3
	32.7
	2.8
	5.3
	13.0
	5.5
	+

	Internode 4
	37.5
	3.0
	5.3
	12.0
	5.5
	+

	LSD (0.05)
	10.0
	0.6
	0.8
	ns
	2.3
	



Growth and development of in vitro teak plantlets: With the cultured sample being the shoot tip, the growth indexes increased until the 6th week and gradually slowed down to almost no statistical significance after the 6th week. The same is true for the cultured sample being the stem node. The 6th week is the appropriate time for inoculation (Table 10), which is a fast cycle in woody plants, similar results were recorded in agarwood, rosewood, mahogany, hybrid acacia, eucalyptus, etc. The culture cycle determines the multiplication coefficient and the plan for producing seedlings (Van Minh, 2020 [40])




Table 10: Growth and development of in vitro teak plantlets

	Sample
	Weeks after culture (W)
	Stem height (mm)
	Internode
(no)
	Leaf
(no)
	Leaf length
(mm)
	Leaf width
(mm)
	Leaf development 
(+/-)

	Shoot
	1
	11.9
	1.9
	3.8
	16.8
	8.8
	+

	
	2
	15.8
	2.3
	4.6
	18.4
	8.8
	+

	
	3
	18.9
	2.7
	5.4
	18.6
	8.2
	+

	
	4
	22.5
	3.2
	6.5
	19.5
	9.0
	+

	
	5
	23.9
	3.4
	6.8
	19.3
	9.0
	+

	
	6
	29.2
	4.0
	6.8
	20.8
	10.0
	+

	
	7
	30.2
	4.1
	5.9
	20.7
	10.1
	+

	
	8
	31.2
	4.1
	3.3
	19.7
	10.1
	+

	Internode
	1
	-
	-
	-
	.
	-
	-

	
	2
	9.1
	1.4
	2.7
	75
	3.4
	-

	
	3
	13.4
	1.9
	3.7
	12.9
	6.0
	+

	
	4
	16.9
	2.1
	4.2
	14.3
	6.8
	+

	
	5
	19.3
	2.5
	4.8
	16.0
	7.0
	+

	
	6
	21.4
	2.6
	4.8
	16.2
	8.0
	+

	
	7
	22.5
	3.0
	5.2
	16.6
	8.2
	+

	
	8
	22.3
	3.2
	3.9
	15.1
	7.9
	+

	LSD(0.05)
	
	3.2
	0.5
	0.7
	2.5
	1.2
	



Effect of auxin on rooting of teak plantlets: Most treatments with auxin supplementation stimulated root induction (100%) and had a higher rooting rate than the control (62.5%). Low concentrations of auxin were also sufficient to stimulate root induction (100%) (Table 11).

Table 11: Effect of auxin on rooting of teak plantlets

	Auxin
(mg/l)
	Stem height (mm)
	Internode
(no)
	Leaf
(no)
	Leaf length (mm)
	Leaf width (mm)
	Root 
(no)
	Root length (mm)
	Rooting
(%)

	control
	36.6
	2.9
	5.6
	13.4
	6.3
	1.8
	28.2
	62.5

	IAA(0,01)
	38.2
	3.1
	5.5
	14.9
	6.9
	1.8
	32.0
	100.0

	IAA(0,05)
	45.2
	3.1
	6.1
	17.5
	7.7
	2.5
	28.2
	100.0

	IBA(0,01)
	46.3
	3.6
	6.6
	15.9
	7.2
	2.3
	35.3
	100.0

	IBA(0,05)
	43.6
	3.4
	6.5
	17.5
	8.0
	2.2
	30.5
	100.0

	NAA(0,01)
	37.6
	3.2
	5.9
	13.1
	5.7
	1.6
	21.3
	100.0

	NAA(0,05)
	48.6
	3.3
	6.0
	14.8
	6.7
	1.5
	25.3
	100.0

	LSD(0.05)
	8.1
	0.4
	0.9
	3.3
	1.2
	0.9
	9.2
	12.2



3.3 Acclimatization

Acclimatization of tissue cultured teak plantlets: The standard mode in acclimatization is misting to maintain humidity and reduce air temperature. In addition, the substrate plays an important role; the substrate needs to be porous, drain quickly, maintain humidity and not be waterlogged to be used. The results show that [mist + coconut fiber] is suitable for acclimatization of tissue cultured teak (Table 12) (Figure 2,3,4,5,6) (Yasodha etal. 2005 [38]; Umachandran & Sawicka, 2017 [31])

Table 12: Acclimatization of teak plantlets

	Acclimatization mode
	Survival rate after 21 days (%)

	Misting + soil
	36.8

	Misting + soil + rice husk ash
	42.2

	Misting + soil + rice husk ash + coconut fiber
	68.7

	Misting + coconut fiber
	96.5



[image: ][image: ]
Figure 2: Teak plantlets after 1 month in nursery
Figure 3: Teak plants after 3 months in nursery
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Figure 4: In vitro Teak plants after 3-4 months in plantation
Figure 5: Teak stumps of in vitro plants 3-4 months prepared for reforest planting
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Figure 6: Teak plant after 4-year old
CONCLUSION

The imported shoot tips of the teak tree were used as the initial culture material. The culture medium for the shoot tips was MS and WPM. The young shoots were used as the material for the following experiments. The basic medium suitable for micropropagation of teak was WPM supplemented with BA (0.1 mg/l). Tyrosine, Adenine sulfate, coconut water, the location of the culture sample, the volume of the culture vessel, gas exchange, and light intensity have a profound influence on the in vitro propagation process. The in vitro culture cycle was 6 weeks. The in vitro teak plantlets developed roots with low auxin concentration (0.01 mg/l). It was effectively acclimatized on a loose and humid medium [mist + coconut fiber]. The technology for rapid micropropagation of teak tree under pilot scale was set up.
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