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ABSTRACT:

Teak plays an important role in reforestation in inter-tropical Africa. It is often used for timber and service wood. The species has enjoyed remarkable growth in Côte d'Ivoire thanks to its resistance to the bush fires that occurred in 1980. However, its natural dissemination is a major concern because of its poor ability to take cuttings, and its in vitro regeneration is a barrier because of the lack of a disinfection protocol.  The aim of this study was to determine the best disinfection technique and the best growth regulator for in vitro propagation of teak.  
Apex and nodal segment explants were subjected to four disinfection techniques. These explants were seeded on Murashige and Skoog (MS) basic culture media supplemented with different concentrations of Benzylaminopurine (0.5; 1; 2 and 4 mg/l), Kinetin (0.5; 1; 2 and 4 mg/l) and Thidiazuron (0.01; 0.1; 0.25 and 0.5 mg/l).
The best disinfection technique was 5% fungicide (5 min), followed by 70% alcohol (3 min), 0.05% mercury chloride (10 min) and 50% sodium hypochlorite (5 min). The nodal segment cultured on MS medium supplemented with 2 mg/l Benzylaminopurine was required for teak multiplication.
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1. INTRODUCTION 

Teak is an important species for reforestation in many tropical countries, thanks to its many economic advantages [1].  Its dimensional stability and exceptional aesthetic qualities make it a highly valuable timber for plantation forestry. In addition, its high demand for wood for construction, shipping and furniture are beneficial options for public and private forestry programmes [2]. 
Teak is grown on 5.7 million hectares worldwide, including almost 250,000 ha in tropical Africa [3].
Teak was introduced to Côte d'Ivoire in 1926 in the forest zone (Banco forest), then in 1929 in the sub-Sudanese pre-forest zone (Bouaké region) with a view to producing service wood (poles, poles), firewood and, secondarily, timber. Today, timber production has become a priority [4]. Teak adapts to all types of vegetation, whether forest or savannah [5].
The importance of teak cultivation has increased in recent years due to the low sales of industrial crops and their marketing in Côte d'Ivoire [6]. As a result, teak posts (growth up to 5 years), posts (5-7 years) and posts (10-25 years) are bought from farmers by private individuals and SODEFOR [6]. Aware of the income that teak wood can bring in, farmers are increasingly investing in this area. 
Vegetative propagation by teak cuttings makes it possible to reproduce an individual while preserving its genotype and therefore all its characteristics [7]. It should therefore considerably improve the market value of teak plantations by improving quality and homogeneity. However, this classic technique is limited by the production of planting material in large quantities, due to the species' poor ability to take cuttings. All these considerations severely limit the potential of the plant to renew the forest cover.
To overcome these constraints, in vitro cultivation would be an alternative. In vitro cultivation makes it possible to mass-produce suitable planting material and obtain disease-free plants.
The aim of this study was to determine the best technique for micropropagation seedlings from teak vivoplants in vitro.

2. material and methods 
STUDY SITE
The experiments took place in the Biology and Plant Production Improvement laboratory, more specifically in the in vitro culture unit of the Nangui Abrogoua University (UNA) in Abidjan (southern Côte d'Ivoire).
2.1 Plant material
The material was nodal segments and apexes taken from young teak plants at least one year old. These seedlings come from SODEFOR in the town of Adzopé in south-east Côte d'Ivoire and were planted in a nursery on the Nangui Abrogoua University site.
2.2 Methods
2.2.1 Preparation of the bud induction medium
The base medium consisted of [8] in proportions (1/2 and 1), to which 30 g/L sucrose was added. This base medium was supplemented with different concentrations of Benzyl-aminopurine (BAP) (0.5, 1, 2 and 4 mg/l), kinetin (0.5, 1, 2 and 4 mg/l) and Thidiazuron (TDZ) (0.01, 0.1, 0.25 and 0.5 mg/l), making up twelve culture media. The control medium was devoid of cytokinins. The pH of the medium was adjusted to 5.7 using NaOH (0.1 N) or HCL (0.1 N), then 8 g/l agar was added for solidification. The media were autoclaved at 121°C for 20 min at a pressure of 1 bar.
1.2.2 Preparation of plant material
The shoots were taken with a pair of scissors from the regrowth of young plants in the nursery. They were then kept on ice to prevent drying out. The branches were rinsed thoroughly under the laboratory tap for 30 minutes to remove any dead soil. They were then soaked in soapy water for 20 min and rinsed thoroughly with tap water.
1.2.3 Surface disinfection of explants 
Double disinfection with hypochlorite solutions
Explants were immersed in 3% calcium hypochlorite containing two drops of Tween 20 for 3 min, followed by three rinses with sterile distilled water under a laminar flow hood. They were then immersed in 70% alcohol for 1 min and rinsed thoroughly with sterile distilled water. These explants were soaked in 10% sodium hypochlorite (2.6% active chlorine) containing two drops of tween for 3 minutes. They were then rinsed three times with sterile distilled water to remove the disinfectant. 
Disinfection using calcium hypochlorite and mercury chloride
The explants were soaked in 3% calcium hypochlorite (containing 2 drops of tweens) for 3 min followed by a successive rinse with sterile distilled water under a laminar flow hood. These explants were then immersed in 1% mercury chloride solution for 10 min followed by three thorough rinses with distilled water to remove the disinfectants.
Disinfection using sodium hypochlorite and mercury chloride plus alcohol
Disinfection was performed under a laminar flow hood. Explants were soaked in 70% alcohol for 3 min, rinsed three times with sterile distilled water and then immersed for 10 min in a 10% sodium hypochlorite solution (containing three drops of tween 20). They were rinsed with sterile distilled water. In addition, these explants were immersed in 0.2% mercury chloride solution for 7 min followed by a thorough rinse. 
Disinfection using sodium hypochlorite, mercury chloride, alcohol and a fungicide
Explants were soaked in 5% fungicide (Bancoplus) for 30 min and rinsed with tap water. The explants were then transferred to a laminar flow hood and immersed in 70% alcohol for 3 min. After three rinses with sterile distilled water, the explants were immersed in a 0.05% mercury chloride solution for 10 min followed by three successive rinses with sterile distilled water. Finally, the explants were soaked in 50% calcium hypochlorite for 5 min in the presence of two drops of tween 10 followed by three rinses with sterile distilled water under a laminar flow hood.
1.2.4. Culture and multiplication of explants
After eight weeks of culture, explants that had induced at least two leafy shoots on a culture medium were selected for the following culture. The leafy shoots from this medium were cut into apexes and nodal segments. The 30 apex and nodal segment explants were cultured on the same medium. This experiment was carried out in order to identify the best type of explants, the appropriate number of cultures and the partial production of leafy shoots by each concentration of cytokinin. The experiment was repeated until a leafy shoot was obtained on this bud induction medium.
1.3 Parameter evaluation
· Contamination rate
The contamination rate was assessed after three weeks of culture. It is used to assess the effectiveness of the type of disinfectant used in this study. The contamination rate (CT) was expressed as a percentage (%) using the following formula:

· Survival rate of explants
The explant survival rate (ESR) is used to assess the toxicity of the disinfectant. It is determined by the following formula :

· Average budding time 
The average budding time (ABT) is defined as the average time taken to obtain bud break. It is determined by the following formula:

· Rate of budding
The budding rate (BR) was determined after one month of cultivation. It is determined according to the following formula :

· Average number of shoots per explant (NMPF)
The number of buds was counted on each explant depending on the treatment. The number of buds was assessed after eight weeks of cultivation. It was calculated using the following formula:

· Average size of leafy shoots (TMPF)
After eight weeks of cultivation, the size of the buds was measured using a graduated ruler. The average size was calculated using the formula below :


1.4 Statistical analysis
Analysis of variance (ANOVA) was used to calculate the means of the various variables studied. These averages were classified by the Newman-Keuls test using STATISTICA 7.0 software at the 5% threshold.

3. results and discussion

3.1 Effect of disinfection technique on contamination and survival of explants
The results on the effect of disinfection techniques are shown in Table 1. Analysis of the results in this table showed a highly significant effect of disinfection techniques on the contamination rate (P < 0.001). In fact, this contamination rate is lower (22.97%) with double disinfection in the presence of fungicide. The highest contamination rates were 83.75% and 90% respectively with calcium hypochlorite and mercury chloride, and double disinfection with hypochlorites.
Analysis of this table showed that disinfection techniques had a very high significant influence (P <0.001) on teak explant necrosis. Double disinfection in the presence of fungicide induced a low rate of necrosis (31.58%) in teak explants in vivo. In contrast, the highest rates of necrosis (73.75% and 75.83%) of explants were obtained with double disinfection of hypochlorites and calcium hypochlorite and mercury chloride. 
The survival rate of apex and nodal segment explants was assessed after one month of culture. The rate was recorded in Table 1. Analysis of the results in this table showed a highly significant effect of disinfection techniques on explant survival (P<0.001). The highest survival rate (68.42%) of explants was observed with double disinfection in the presence of fungicide. On the other hand, the lowest survival rate (26.25%) of explants was obtained with double disinfection with hypochlorites. 
Furthermore, taking into account parameters such as the rate of contamination and the rate of follow-up of explants, double disinfection in the presence of a fungicide was designated for effective disinfection of teak explants taken from seedlings in the nursery.

Table 1: Values for different disinfection techniques
	Disinfecting agents
	Contamination rate (%)
	Necrosis rates (%)

	Rate followed (%)


	Hypo ca+hypo sodium
hypo ca+mer
hypo sodium+mer
fg+mer+hypo cal
P
	90±31,43a
83,75±22,841a
26,22±4,11b
22,97±4,08b
0,0000124
	73,75±19,09a
75,83±21,12a
67,92±10,04a
31,58±2,63b
0.000251
	26,25±2,63b
29,17±4,59b
33,08±19,09b
68,42±19,47a
0.000187


In the same column, means followed by the same letter are significantly identical at the 5% threshold (Student Newman-Keuls test). Mean ± standard error, P: Proability, Hypo ca+hypo sodium: calcium hypochlorite and sodium hypochlorite, hypo ca+mer: calcium hypochlorite and mercury chloride, hypo sodium+mer: sodium hypochlorite and mercury chloride, fg+mer+hypo cal: fungicide, mercury chloride and calcium hypochlorite.

The provenance of plant material could be one of the valid reasons for explant infection. However, the use of good disinfection techniques, depending on the plant organ or tissue considered and the provenance of the explants, should allow the elimination of microbial contamination [9].
In this study, four chemical solutions were used to assess their effectiveness on the microorganisms affecting teak explants. The lowest rates of contamination (disinfected explants) and necrosis were obtained after mixing 5% fungicide, then 70% alcohol, dipping in 0.05% mercury chloride, and dipping in 50% sodium hypochlorite. This high rate of survival of explants with these disinfectants shows that this mixture is effective for surface disinfection of teak explants. These disinfectants seem to penetrate inside the cells and act more effectively on the endogenous pathogens of the cells and are less aggressive to the explants. These results are similar to those of [10] during the disinfection of the date palm by the number of disinfectants used. These authors showed that the presence of four disinfectants considerably reduced chlorosis, contamination and explant death. However, long exposure to disinfectants led to browning and death of explants. 
Disinfection of the explants taken may differ depending on the environmental conditions in the area where the explants are taken. Different locations may harbour different microflora with different intensity. This finding is similar to that of [11], who reported effective surface sterilisation of Jatropha curcas nodal explants by treating them with 0.1% HgCl2 for 10 minutes.

3.2 Influence of explant type and cytokinin concentrations on bud induction
Analysis of these results revealed that all these parameters were influenced by explant type, cytokinin concentrations and the explant type-cytokinin concentration interaction (P < 0.001).
The highest budding rate (51%) was obtained on the medium supplemented with 2 and 4mg/l BAP respectively from the nodal segment culture. However, the lowest level was expressed by the apex on medium supplemented with 0.5 mg/l TDZ.
Budding times were relatively shorter with apexes (between 11.27 and 11.47 days) than with nodal segments (12.29 to 12.73 days) on medium containing 0.5 mg/l BAP and 4 mg/l Kin. The highest number of buds was obtained in nodal segments on medium supplemented with 2 mg/l BAP. However, the lowest number was induced by the apex and nodal segment on medium supplemented with concentrations greater than 0.01 mg/l of TDZ. 
The height of the leafy shoots varied from 1.14 to 5.13 cm. The tallest shoots were observed on medium supplemented with 4 mg/l BAP in the nodal segment. 
The smallest shoots were observed in the nodal segment on the medium containing 0.5 mg/l TDZ. 

Table 2: Rate and time of budding and average number and size of buds as a function of explant type and cytokinin concentrations
	Type of explants
	Conc cyto
	Settlement rate (%)
	Settlement time (D)
	No. Shoot Leaves
	Height (cm)

	






Apex
	Témoin 
	29,87±3,46bcd
	12,69±3,16ab
	1,62±0,62bc
	3,66±1,34abcd

	
	B0,5
	30,00±1,60bcd
	11,47±3,33b
	1,53±0,64bc
	4,18±2,85abc

	
	B1
	36,61±3,64bc
	14,31±3,55ab
	1,44±0,51cd
	2,19±1,33bcd

	
	B2
	50,00±5,63ab
	15,47±3,87ab
	1,59±0,51bc
	3,28±1,92abcd

	
	B4
	49,28±5,34ab
	15,00±1,82b
	1,00±0,00d
	3,14±0,24abcd

	
	K0,5
	32,79±8,03bd
	12,40±2,13ab
	1,53±0,52bc
	2,69±0,86abcd

	
	K1
	38,40±6,55b
	14,40±2,50ab
	1,30±0,48cd
	2,57±0,65abcd

	
	K2
	37,36±6,96bc
	13,91±0,70ab
	1,36±0,50cd
	2,76±0,87abcd

	
	K4
	33,45±6,95bd
	11,27±1,79b
	1,27±0,47cd
	3,30±2,06abcd

	
	T0,01
	28,78±6,26d
	12,50±1,91ab
	1,50±0,52bc
	3,17±1,38abcd

	
	T0,1
	23,28±5,34e
	14,86±4,81ab
	1,00±0,00d
	2,30±1,53abcd

	
	T0,25
	15,25±4,56fg
	14,75±0,89ab
	1,00±0,00d
	1,94±0,60bcd

	
	T0,5
	9,50±0,55g
	17,17±0,98a
	1,00±0,00d
	1,29±0,26cd

	


Segment nodal
	Témoin 
	30,53±3,84bcd
	13,47±3,14ab
	1,80±0,41b
	3,17±1,18abcd

	
	B0,5
	30,53±0,87bcd
	12,29±2,11ab
	1,59±0,71bc
	3,42±2,15abcd

	
	B1
	38,00±5,87b
	13,36±2,82ab
	1,78±0,80b
	3,76±2,12abcd

	
	B2
	51,27±7,27a
	16,31±3,70ab
	2,96±1,18a
	3,46±3,14abcd

	
	B4
	51,08±4,86a
	15,28±0,95cd
	1,28±0,49cd
	5,13±2,92a

	
	K0,5
	31,80±6,90bd
	12,73±2,84ab
	1,60±0,74bd
	2,77±1,37abcd

	
	K1
	37,20±7,39bd
	16,30±2,75a
	1,30±0,48cd
	2,72±0,59abcd

	
	K2
	36,54±7,45bd
	15,54±2,25ab
	1,36±0,50cd
	2,65±0,71abcd

	
	K4
	34,54±7,84bd
	13,91±3,50ab
	1,54±0,82bc
	4,47±2,31ab

	
	T0,01
	28,86±7,01cd
	13,50±3,59ab
	1,71±0,47b
	2,60±1,15abcd

	
	T0,1
	20,00±0,00ef
	12,00±0,00ab
	1,00±0,00d
	3,20±0,00abcd

	
	T0,25
	17,71±7,22ef
	16,57±0,53ab
	1,00±0,00d
	2,06±1,20bcd

	
	T0,5
	10,00±1,91g
	16,57±1,40ab
	1,00±0,00d
	1,14±0,05d

	
	P
	˂0,0001
	˂0,0001
	˂0,0001
	˂0,0001


In the same column, means followed by the same letter are significantly identical at the 5% threshold (Newman-Keuls test). Mean ± standard deviation, MS0: control medium; B0.5 to B4 medium containing 0.5, 1, 2 and 4 mg/l of BAP; K0.5 to K4 medium containing 0.5, 1, 2 and 4 mg/l of kinetin; T0.01 to T0.5: medium containing 0.01, 0.1, 0.25 and 0.5; Conc cyto : cytokinin concentrations; Budding rate: budding rate; Budding time: budding time; P: Probability of cytokinin concentration-explant type interaction.

The short budding time of the apex on the complete MS medium could be explained by the fact that the buds present in the apex would need more nutrients to trigger their budding. This work confirms that of [12]. These obtained a short budding time when Cryptocoryne wendtii apices were cultured on complete MS medium. However, the long budding time of nodal segments on MS medium could be explained by the incorporation time of the quantity of nutrients in the buds present in the nodal segments. 
The high number of shoots obtained in the culture of nodal segments on MS medium could be explained by the presence of a larger meristematic zone at the level of nodal segments, from which a quantity of nutrients would stimulate these buds to respond to nutritional stresses. This result corroborates that of [13] on the regeneration of shea nodal segments. These authors showed that the MS medium is the best medium for bud initiation. Similarly, [14] showed that the nodal segment is ideal for in vitro proliferation of teak from an in vivo plant. 
In this study, the different concentrations of benzylaminopurine (BAP), kinetin and thidiazuron (TDZ) incorporated into the culture media used all promoted the formation of at least one bud on the surface of the explants. Indeed, cytokinins are used in microbudding for their effectiveness in inducing explant budding [15]; [16]. BAP and kinetin have been used as cytokinins for shoot regeneration in Jatropha, with BAP proving more effective [17]. The short bud break time observed in MS medium supplemented with BAP at 0.5 mg/l could be explained by the latency time required for the receptors to perceive the signal, which is induced by the endogenous substances. This signal should then be transferred to the nucleus, which will formulate a response to activate bud propagation. The rate of bud break and the number of leafy shoots is higher from MS medium. In fact, the explants would need a small exogenous quantity of nutrient to stimulate budding. This result is similar to that of [18] for Dacryodes edulis microbudding.
The high number of shoots and budding rate were obtained on MS medium supplemented with 2 mg/l BAP. Indeed, explants would require a small exogenous amount of nutrient and this amount of Benzylaminopurine to stimulate bud induction. This result is similar to that of [19] for teak microbudding. This author obtained this same result during bud induction.

2.3 Influence of 2 mg/l BAP on the multiplication of leafy shoots
MS medium supplemented with 2 mg/l BAP was combined with the type of explants and the number of cultures to optimise the production of leafy teak shoots. The results relating to the effect of the number of cultures and the type of explants on shoot induction after eight weeks of culture are shown in Table 3.
The results show that the rate and time of explant budding; the average number of buds; and the average number of nodes of leafy shoots were influenced (P˂0.05) by the number of cultures performed and the type of explant placed on MS medium containing 2 mg/l of BAP. However, the number of cultures and the type of explants grown on MS medium supplemented with 2 mg/l BAP did not influence (P˃0.05) shoot height. 
The highest budding rates (over 50%) were obtained in the first culture of the apex and nodal segment on MS medium supplemented with 2 mg/l BAP. The lowest levels were observed in the second culture of apexes and nodal segments on MS medium containing 2 mg/l of BAP. 
Budding time was shorter in the second culture of explants than in the first culture. This precociousness was more pronounced in the second culture of apexes on MS medium supplemented with 2 mg/l BAP. 
The highest number of buds (3 buds) was obtained in the first culture of nodal segments on MS medium supplemented with 2 mg/l BAP. The lowest number (1.20 buds) was observed in the second culture of nodal apices and segments on MS medium containing 2 mg/l BAP. 
The height of leafy shoots was identical between cultures of apexes and segments on MS medium supplemented with 2 mg/l BAP.

Table 3: Rate and time of budding and average number and size of buds as a function of the type of explants and the number of cultivations
	Number of crops
	Type of explants
	Town rate (%)
	time rate (J)
	NPF
	Height (cm)

	C1
	AP
	52,10±2,73a
	17,40±2,84a
	2,00±0,67b
	3,56±0,74

	
	SN
	53,10±3,60a
	17,40±3,63a
	3,30±0,67a
	3,14±0,72

	C2
	AP
	45,20±0,79b
	11,00±1,15b
	1,20±0,42c
	2,55±0,05

	
	SN
	45,60±0,52b
	16,10±3,57a
	1,20±0,42c
	1,77±0,08

	
	F
	0,17
	7,368
	13,460
	0,119

	
	P
	0,034394
	0,010126
	0,000783
	0,731941


In the same column, means followed by the same letter are significantly identical at the 5% threshold (Newman-Keuls test). Mean ± standard deviation, AP: apex; SN: nodal segment; C1: first crop and C2: second crop; bud rate: budding rate; bud time: budding time; NPF: number of leafy shoots; NN: number of nodes. P: Probability of the interaction number of crop-type explant

For the propagation of this species, the reduction in budding rate, number of shoots, number of nodes and shoot height was obtained at the second culture of nodal segments on MS medium enriched with 2 mg/l BAP. This result could be explained by the early exhaustion of cells in this zone. In fact, an exogenous hormonal input of the same quantity on the nutrient-depleted medium would cause asphyxiation of these buds. This result is similar to that of [20] for pineapple subculture. [21] found a different result when subculturing Hagenia abyssinica. They showed that the number of leafy shoots increased more in the second culture than in the first culture.

4. Conclusion

Disinfection techniques have shown that teak explants require surface disinfection. This can be done by soaking the explants in fungicide (5%), then 70% alcohol followed by 0.05% mercury chloride, then 50% sodium hypochlorite for 5 minutes.
Cytokinins (BAP, Kinetin, TDZ) used at different concentrations favoured the induction of teak buds. BAP at 2 mg/l induced the greatest number of leafy shoots and high budding rates compared with the other two cytokinins.
Nodal segments grown on MS medium were favourable for the induction of teak buds.
Induction of multiple buds requires culture of nodal segments on MS medium supplemented with 2 mg/l BAP. The number of buds decreased as the number of explant cultures increased.
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