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Abstract. 
Andrographis paniculata is one of the most important therapeutical herbs, widely used in traditional medical systems for the treatment of diverse diseases for thousands of years. This study was carried out to assess the effect of 1-naphthaleneacetic acid (NAA) on adventitious rooting in A. paniculata shoot cuttings. The cuttings were treated with six concentrations of NAA (0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 mM) by applying soaking method and cuttings without hormone (soaking in distilled water) were considered as control. The cuttings were then inoculated into peat moss in the planting tray and incubated under complete shade for root induction. Water was sprayed on peat moss once daily to moisten it. The results showed that different concentrations of NAA significantly () affected the rooting characteristics of A. paniculata and 2.5 mM of NAA was found to be more effective to induce rooting in young apical shoot (YAS) cuttings compared to other concentrations and old apical shoot (OAS). This study also postulates that adventitious rooting response depends on the juvenility of plant material and concentration of growth regulator. This report describes a technique for adventitious rooting in A. paniculata, which could be feasible to use for commercial scale propagation of this plant.



1. Introduction
Medicinal plants are moving from fringe to mainstream uses. Nowadays, medicinal plants are being investigated extensively worldwide to find alternative remedies and health approaches free from side effects caused by synthetic chemicals [1]. Moreover, the indication of healing power of plants to cure diseases and their importance depicted in the religious books also highly motivated people to take natural remedy as well as researchers to study their pharmacology [2]. Andrographis paniculata (Burm.f.) Wall. ex Nees from the Acanthaceae family is one of the highly potential therapeutical herbs traditionally used for the treatment of diverse diseases such as cancer, diabetes, high blood pressure, ulcer, leprosy, bronchitis, skin diseases, flatulence, colic, influenza, dysentery, dyspepsia, and malaria for thousands of years [3]. It is widely found over a broad ecogeographical range in tropical Asian countries. A. paniculata has a broad spectrum of pharmacological effects such as hepatoprotective, antihyperglycemic, antihypertensive, antimicrobial, anti-inflammatory, antipyretic, anti-HIV, anti-H1N1, anticancer, and antihepatitis effects [3]. This plant possesses more than 55 ent-labdane diterpenoids, 30 flavonoids, 8 quinic acids, 4 xanthones, and 5 rare noriridoids, of which 46 showed unique and interesting pharmacological effects [3]. Nowadays, this plant is in high demand and its extract and bioactive compound (andrographolide) have been commercialized. For example, KalmCold™ is a commercially available product of A. paniculata extract, which is used for the patients with uncomplicated upper respiratory tract infection. The efficacy of this product has been proven through randomized double blind placebo controlled clinical evaluation where they found 2.1 times or 52.7% higher effectiveness than placebo [4]. Moreover, good quality dried leaves cost US$ 5.0 per kg and the purified andrographolide from specialist chemical suppliers could be sold for as much as US$ 100,000 per kg [3]. Considering the high medicinal and commercial value, this plant needs to be grown commercially to meet the high industrial demand.
The propagation of A. paniculata generally occurs through shattered seeds in nature. However, seed dormancy is a major constrain in A. paniculata propagation for commercial purposes and detailed agronomic study is also extremely lacking [3]. Moreover, conventional propagation of A. paniculata via seeds is curbed due to variability among the seed-derived progenies and scanty and delayed rooting of seedlings [5]. Therefore, finding an alternate way for commercial scale propagation of this plant would be effective to meet the commercially required quantity.
Vegetative propagation through cutting is extensively used in agriculture, horticulture, and forestry for mass-multiplication of economically important plants selected from natural populations or obtained in breeding programs [6]. The proper formation of adventitious rooting at the base of shoot cuttings is an essential step for the successful vegetative propagation. This process involves the initiation of several new meristematic areas in different tissues of shoot cuttings [7]. The process is regulated by external (e.g., temperature, light, medium, and mineral salts) and internal factors (e.g., hormones, especially auxin, carbohydrates, and other molecules) [8]. Normal cuttings without treatment of plant growth regulators (PGRs) are difficult and usually take long time. PGRs have direct (i.e., involved in cell division or cell growth) or indirect (i.e., interacting with other hormones or molecules) effects on plants. Haissig and Davis [9] introduced new rooting treatments and examined the effects of PGRs by a short exposure to a solution with a high concentration of auxin or by dipping in rooting powder. Auxin is widely applied in the vegetative propagation of various plants [10, 11], and there are many deviations in the range of effectiveness of 1-naphthaleneacetic acid (NAA) dosages on cuttings of different plant species [12]. Most of the studies reported in the past on the adventitious rooting in medicinal plants and woody plants were mainly focused on Indole-3-butyric acid (IBA), while other auxins (i.e., Indole-3-acetic acid (IAA) and NAA) received less consideration. In 2011, Raji and Osman [13] showed that hormonal factors greatly influence the adventitious rooting in Stevia rebaudiana, a commercially important sweetening medicinal herb and higher concentration (2.3 mM) of IBA induces maximum number of roots within short time. In another study, Azad and Matin [14] concluded that the use of 0.4% IBA for rooting in juvenile leafy branch cutting of Swietenia macrophylla would be effective for mass propagation. Yan et al. [12] investigated significant role of NAA in the adventitious rooting in Hemarthria compressa. In the comparative study of the role of different auxins in Saraca asoka for the root development, IBA showed more positive response on rooting as compared to IAA and NAA within 4 weeks of transfer to growing medium under mist condition [8]. Auxin synthesized mainly in young leaves plays a major role in controlling growth and development of plants, early stages of embryogenesis, organization of apical meristem (phyllotaxy) and branching of the plant aerial parts (apical dominance), formation of main root, and lateral and adventitious root initiation by active transportation to other tissues [6]. Since the effectiveness of auxin varies species to species and rooting success differs with different concentrations of individual auxins [15–17], in this study we focused on NAA and in the consecutive study other auxins will be investigated. In addition, age of the plant is also an important influential factor over the rooting ability of cuttings and usually juvenile cuttings showed greater success in rooting [18–20].
Although there are many in vitro studies demonstrating the effect of auxin in in vitro regenerated plants by adding micromole of auxin in the medium [5, 20–24], to date to our knowledge, no study has been conducted in A. paniculata using soaking method in high concentration of PGR. Therefore, the present study was conducted to assess the effect of NAA on adventitious rooting in shoot cuttings of A. paniculata with the aim of fastening the cultivation process.
2. Materials and Methods
2.1. Plant Materials and Treatments
The apical shoots of A. paniculata were selected from five different individuals each of younger plants around 2-3 months old (YAS) and older plants around 8 months old (OAS). The YAS and OAS cuttings of 4–6 cm length with 3 nodes and 6–8 leaves were obtained from vigorously growing A. paniculata off flowering stage. The cuttings were slant cut (approximately 45°) and were rinsed with distilled water for few minutes to remove external dust. The basal ends (~1 cm) of each cutting were then soaked in different concentrations (0, 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 mM) of NAA for 4 seconds. The cuttings without NAA were considered as control. After soaking, the cuttings were allowed for 10 minutes before finally being transferred to planting tray. There were three replicates from both YAS and OAS for each treatment and the experiment was repeated twice. The treated cuttings were then inoculated immediately into peat moss (Peltacom, Poland) in the planting tray (well dimension 3.25 × 4.5). The trays were then incubated under complete shade for root induction for 15 days. The recorded temperature was °C and relative humidity was %. Water was sprayed to moisten peat moss once daily. After recording data, the cuttings were transferred to poly bags containing garden top soil. The plants were under observation until full maturity and irrigated water once daily, and fertilizer was used biweekly.

2.2. Data Scoring
The induction of rooting was observed daily from day 3 onwards. The observation of rooting was done carefully by using forceps to lift up peat moss at a lower level below the depth of insertion of cuttings. After counting first day of rooting, the cuttings were returned back into the peat moss carefully to prevent injury of the tissue. Finally, rooting percentage, numbers of adventitious roots per cuttings, and length of roots were recorded on day 15. The average rooting time (days) of each concentration was also calculated to assess the fastest root induction effect of NAA concentration.
2.3. Statistical Analysis
The experiment was completely randomized block design and each experiment was repeated twice. Means of 6 replicates for each concentration were calculated. All data were analyzed using one-way analysis of variance (ANOVA) and the Games-Howell test at  for comparisons among NAA dosages using the PASW Statistics 18 (SPSS Inc., Chicago).
3. Results
The present investigations revealed a significant influence of different concentrations of NAA on adventitious root development in shoot cuttings of A. paniculata compared to control after 15 days (Table 1, Figure 1). The responses of YAS and OAS cuttings differed significantly in terms of duration of rooting, number of adventitious roots per cutting, and length of roots. The present study showed that, with the increasing concentrations of NAA, the responses of rooting characteristics in terms of number of roots/explant were increased up to the highest concentration of NAA for YAS (Figure 1), but rooting time and length of root (3.31 cm) were the best at 2.5 mM of NAA (Table 1, Figure 2(b)), and higher concentrations suppressed these s). On the other hand, OAS cuttings showed longest roots at 3.0 mM of NAA and root length decreased significantly at lower dosages (Table 1). The rooting time for OAS was statistically insignificant in all dosages of NAA; however, 1.0 mM of NAA produces roots comparatively faster. Average number of roots/explant was highest at 2.5 mM of NAA (Figure 2(c)). In all cases, the rooting was highly successful and the response of root induction was 100%.
Table 1: Rooting response in young and old apical shoot cuttings of A. paniculata under treatment of NAA dosages.
	

	NAA (mM)	YAS	OAS
	Duration of rooting (day)	Length of roots (cm)	Duration of rooting (day)	Length of roots (cm)
	

	0	11.17 ± 0.30	1.61 ± 0.15	10.83 ± 0.47	1.12 ± 0.1
	0.5	9.17 ± 0.70	1.52 ± 0.26	10.33 ± 0.88	1.67 ± 0.22
	1.0	9.00 ± 1.18	2.53 ± 0.42	9.00 ± 0.52	2.11 ± 0.15
	1.5	8.17 ± 0.48	2.77 ± 0.20	12.00 ± 0.68	1.16 ± 0.14
	2.0	10.16 ± 0.54	1.65 ± 0.17	10.50 ± 0.62	1.2 ± 0.19
	2.5	7.83 ± 0.48	3.31 ± 0.26	10.00 ± 0.63	1.18 ± 0.12
	3.0	8.17 ± 0.30	1.47 ± 0.11	9.50 ± 0.22	3.29 ± 0.28
	


Values within a column followed by different letters indicate significant differences among treatments of different concentrations of NAA at  of Games-Howell test (). Each value represents a mean  ±  standard error of mean.






	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
		
		
			
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
		
	


Figure 1: Effect of NAA in adventitious root development in A. paniculata. YAS = young apical shoot microcutting and OAS = old apical shoot microcutting. Different letters indicate the significant difference among the treatment of different concentrations of NAA at  of Games-Howell test (). Each value represents a mean ± standard error of mean.






	
	
		
			
				
			
		
	


(a)




	
	
		
			
		
	


(b)




	
	
		
			
				
			
		
	


(c)




	
	
		
			
		
	


(d)




	
	
		
			
		
	


(e)
Figure 2: Representative photos of rooted plantlets: (a) control group, (b) 2.5 mM NAA treated young apical shoot microcutting, (c) 3.0 mM NAA treated old apical shoot microcutting, (d) hardening in poly bag, and (e) representative photos of matured plants grown in poly bags placed in the field under partial shade.


In comparison to YAS with OAS, it can be concluded that YAS showed the most rapid response at 2.5 mM of NAA (7.83 days) compared to OAS, which showed the quickest responses to 1.0 mM of NAA at day 9. This indicates that high dosages were more efficient for rapid rooting in YAS and low dosages were more effective for fast rooting in OAS. However, for number of roots/explants and root length characteristics, higher dosages were highly effective for both YAS and OAS. YAS produced a maximum of 25.33 roots/explant at 3.0 mM of NAA and OAS induced a maximum 20.33 roots/explant at 2.5 mM of NAA. In addition, total number of roots/explant was significantly reduced to 13.17 roots at 3.0 mM of NAA for OAS. Similarly, YAS induced the longest roots (3.31 cm) at 2.5 mM of NAA and OAS produced 3.29 cm roots at 3.0 mM of NAA. Overall, YAS was the most efficient to induce roots at the higher concentration of NAA.
After 15 days of inoculation, all rooted plantlets were transferred to poly bags and successfully grown under field condition (Figure 2(d)). The observation was continued until the full maturity of the plants (Figure 2(e)) and we did not observe any deleterious morphology or death of plants over the 2-3-month-observation periods. However, in visual inspection, the growth and development of all plants were not similar.
4. Discussion
The objective of this study was to evaluate the effect of NAA on adventitious rooting in shoot cuttings of A. paniculata. We observed that adventitious root formation was influenced by NAA greatly on adventitious rooting in shoot cuttings obtained from young and old plants, but the value of rooting characteristics was higher for the YAS cuttings than the OAS cuttings. This may happen because the YAS cuttings were more responsive to external treatment of NAA, which stimulates root development. Moreover, the rooting ability of cuttings varied among clones, node positions, and plant maturity [12].
Adventitious rooting system is a high energy requiring process that requires more reserve of food material for root initiation. Because, this system involves cell division, in which predetermined cells turn to mother cells for the root primordia by following morphogenetic pathways [25]. Besides reserve food material, plant growth regulators such as auxin (i.e., IBA, IAA, and NAA) play an important role in adventitious rooting as well as growth and morphological diversity in plants [26, 27]. Although the endogenous auxin level has great influence on root induction, application of plant growth regulators significantly increases either low or high concentration of auxin. The applied auxin increases the concentration of endogenous auxin and accumulates itself in the basal region of the cuttings, which act as a metabolizing agent that induces signal for rooting [28]. For example, Yan et al. [12] reported that lower level of NAA significantly increased the adventitious rooting in Hemarthria compressa; however, in our study we observed that higher concentration of NAA resulted in an increased number of adventitious rooting per cutting (Figure 1). Similarly, Raji and Osman [13] and Dash et al. [8] reported that higher dosages of auxins induced increased number of roots within a short time. In developing stage, the endogenous auxin was increased compared to other stages. In this study, we investigated the quick responses of adventitious rooting in YAS compared to OAS cuttings (Table 1); the results indicate that the treatment of auxin influenced more the root induction in young plants than the old ones. Our result was also in agreement with Kibbler et al. [29] who reported that the rooting potential of the cuttings is a juvenile characteristic that decreases after maturation, resulting in reduced capacity to induce rooting in mature shoot cuttings.
Of the NAA dosages tested, higher dosages caused a significant increase in adventitious rooting ability in YAS cuttings as compared with OAS (Figure 1). The treatment of 3.0 mM NAA was found to be the best at enhancing rooting ability in YAS. However, the dosage 2.5 mM of NAA induced the highest number of adventitious roots in OAS instead of 3.0 mM (Figure 1), which supports the theory of Hentig and Grüber [30] who reported that hormonal dosages could induce the best rooting when just below the toxic level. In several in vitro studies on adventitious rooting during micropropagation of A. paniculata, higher concentrations of auxin were found to be more effective in adventitious rooting in microshoots [21, 22]. Moreover, plant growth hormones also have effects on cell elongation and cell division thereby boosting root length, thus enhancing overall growth of cuttings [31].
In the present study, we also found adventitious rooting response in control treatment over the 15-day observation, but it was less effective for further growth of plantlets. The production of roots in the control group may be caused by endogenous auxin, which might influence and play important role for root primordia formation in the cuttings. Ascough et al. [32] reported that adventitious rooting was best in the control group compared to NAA and IAA treatment in Sisyrinchium laxum. The key importance of our study is that this technique is very simple, easy, less expensive, and very rapid. Moreover, no experience is required which is a compulsory factor for plant tissue culture for large scale propagation. To skip the high cost and contamination problem in in vitro study, this method could be applicable for commercial scale cultivation as an alternative.
5. Conclusion
In this study, it is found that YAS is more competent to induce roots compared to OAS and 2.5 mM of NAA is highly effective in increasing root formation in A. paniculata shoot cuttings of young plants. This study also shows that adventitious rooting response to PGR in a juvenility of plant and a concentration dependent manner. Considering the overall results, it is suggested that 2.5 mM of NAA could be used for commercial scale production of this commercially and medicinally important herb, A. paniculata. High dosages of NAA should be employed for mature plant if juvenile plant is not available. Further study may be conducted to examine the effect of other auxins such as IBA and IAA on rooting in A. paniculata shoot cuttings as well as duration of soaking since it has significant effect on adventitious rooting [12] and substrate type.
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