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Selection of Optimal 6-Benzylaminopurine (BAP) and 1-Naphthaleneacetic Acid (NAA) Combination for In Vitro Propagation of ‘Solanum tuberosum L. cv. Cardinal’ Under Nepalese Laboratory Conditions

ABSTRACT
Potato (Solanum Tuberosum L.) is an important crop in nutritional security and income generation. Despite its importance, Nepal's average productivity is only about 14.7 t/ha, which is significantly lower than the global average of 21 t/ha. This study evaluated the effects of different concentrations of 6-benzylaminopurine (BAP) and 1-naphthaleneacetic acid (NAA) on the in vitro propagation of the widely cultivated ‘Cardinal’ variety under Nepalese laboratory conditions. Shoot initiation was achieved on full-strength MS medium with 0.5 mg/L BAP + 0.01 mg/L NAA, while maximum leaf production occurred at the same concentration. Node proliferation was highest on 1.5 mg/L BAP + 0.1 mg/L NAA, and rooting was most effective with 0.25 mg/L BAP + 0.3 mg/L NAA. Although distinct combinations favored individual traits, the study identifies 1.5 mg/L BAP + 0.1 mg/L NAA as the overall optimal medium for rapid shoot and node proliferation, the most critical step for generating uniform, pathogen-free mother plants. This genotype-specific protocol for the ‘Cardinal’ variety has not previously been found under local laboratory conditions in Nepal. The outcomes offer an economically viable, optimal hormonal concentration that is adapted according to the physiological response of the Cardinal variety in limited-resource environments, which can be applicable for the large-scale production of high-quality, pathogen-free plantlets for pre-basic seed tuber production.
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1. [bookmark: _Toc149810069][bookmark: _Toc150088985]INTRODUCTION
Potato (Solanum tuberosum L.) is the world's third most significant food crop, after rice and wheat; it is the staple diet for 1.3 billion people (Beals, 2019; Devaux et al., 2021).  It is produced in over 350 million tons annually(Dongyu, 2022), which demonstrates its significant contribution to the food supply. Potatoes offer high nutrients at a low price in comparison to many other vegetables. The ‘Cardinal’ potato (Solanum tuberosum L.) is a tetraploid table potato that was originally bred in the Netherlands by F. Brands and was introduced in 1972 (Van Berloo et al., 2007). The red skin pigmentation of ‘Cardinal’ is associated with anthocyanin accumulation, which gives antioxidant properties(Ben Jeddou et al., 2021). Agronomic studies report good yields (27–35 t/ha) comparable to high-yielding cultivars such as Diamant and Granola (Eaton et al., 2017; Howlader & Hoque, 2018)
Traditional tuber propagation has low yield, high disease risk, and declining seed quality. The in vitro propagation method has the merit of producing virus-free plants, which reduces the risk of pathogen growth and ensures larger crop yields and better-quality tubers regardless of the seasons in a very short period (de MORAIS et al., 2018; Khan & Rabbani, 2001; Pradana et al., 2021; Singh et al., 2019; Smith & Drew, 1990). Tissue culture's adaptability and efficacy make it a viable approach in modern plant science and agriculture, providing solutions to a wide range of propagation and disease management issues (Akin-Idowu et al., 2009). This is especially important in locations where potato diseases are common, since it helps to ensure food production and increase food (P. Singh, 2012; Umaro, 2022). 
Apical meristem culture has also been successfully used to eliminate viruses and rapidly propagate disease-free clones (Ramgareeb et al., 2010; Wang & Hu, 1982). Consequently, micropropagation has become a cornerstone of seed potato programs in many countries, which is necessary to fulfill the growing demand for seed potatoes, especially in developing nations, where food security is a serious problem (Donnelly et al., 2003; Sajid et al., 2024).
Plant growth regulators (PGRs) are vital for in vitro multiplication of potato (Solanum tuberosum). Cytokinins like 6-benzylaminopurine (BAP) and kinetin stimulate shoot growth, while auxins such as indole-3-butyric acid (IBA) and naphthaleneacetic acid (NAA) promote root induction (Hajare et al., 2021; Modawi & Khalafalla, n.d.). Excessive BAP, although able to induce microtuberization, can delay tuber development and inhibit root growth (Borna et al., 2019; Suharjo et al., 2019; Tuwo et al., 2022). Similarly, high NAA concentrations increase apical dominance by encouraging apical bud growth over axillary buds (Abeuova et al., 2020; Hajare et al., 2021). Conversely, the right combinations of BAP and NAA significantly boost shoot multiplication compared to single-hormone treatments, leading to higher propagation efficiency (Babadjanova et al., 2023; (Bode) XHULAJ & GIXHARI, 2018; Dhital et al., 2012).
Although protocols for in vitro propagation of potato exist, cultivar-specific optimization of PGR concentrations is essential, as responses vary significantly among genotypes. For instance, optimal concentrations of BAP and NAA differ across varieties like Gudiene, Belete, and G × N15 (Arab et al., 2014; Hajare et al., 2021). These findings highlight the importance of developing cultivar-specific protocols to ensure successful propagation outcomes. The ‘Cardinal’ variety’s in vitro response under Nepali conditions remains uncharacterized. This study aimed to identify the optimal BAP and NAA concentrations for efficient in vitro propagation of the ‘Cardinal’ potato, thereby providing a reliable protocol for producing pathogen-free mother plants suitable for pre-basic seed tuber production in Nepal.
2. [bookmark: _Toc150089007][bookmark: _Toc149810088][bookmark: _Hlk205363373]MATERIALS AND METHODS
2.1 Description of research site
The research was conducted in the central laboratory and the Horticulture department laboratory of the Institute of Agriculture and Animal Science (IAAS), Paklihawa Campus, Bhairahawa, Nepal. The location is situated at 27ᵒ28'48.77" N and 83ᵒ26'51.61' E. The potato tuber of the cardinal variety developed at the Potato Crop Development Centre, Nigale, Sindhupalchowk, was chosen as a source plant for acquiring the apical meristem for the experiment.
2.2 Surface sterilization and stock solution preparation
The central lab was sterilized with 5% sodium hypochlorite, and all research equipment was thoroughly cleaned and dried in a hot air oven at 80°C for one hour. For a 1 N HCl stock solution, 83.5 mL of 37% HCl was diluted to 1 liter, with 8.35 mL used to prepare 100 mL. To make a 1 N NaOH stock, 40 g of NaOH was dissolved in 250 mL of water and diluted to 1 liter. Plant growth regulators (BAP, NAA, and IBA) were prepared by dissolving 50 mg of each in NaOH dropwise until a clear solution formed, then diluting to 50 mL to achieve a final concentration of 1 mg/mL.
For phase 1: A packet of MS media (Himedia) was mixed with distilled water to make 100 mL of 10x strength stock solution, and 0.5 mg/L BAP + 0.01mg/L 1-Naphthalene Acetic (NAA) was combined with the prepared MS media, resulting in 1000 mL of media. 
For phase 2: A similar stock solution of MS media was prepared, and 7 different concentrations of BAP and 1-Naphthalene Acetic (NAA) were used to make 2000 ml of media (Table 1).

[bookmark: _Ref206167844][bookmark: _Ref206167840]Table 1: Composition of media used in different treatment combinations of 6-benzylaminopurine (BAP) and 1-Naphthalene Acetic Acid (NAA) for in vitro culture
	Treatments
	Media composition

	   1
	MS media (Control)

	2
	MS Media +1mg/L BAP + 0.1 mg/L NAA

	3
	MS Media +0.5mg/L BAP + 0.2 mg/L NAA

	4
	MS Media +0.25mg/L BAP + 0.3 mg/LNAA

	5
	MS Media +1.5mg/L BAP + 0.1 mg/L NAA

	6
	MS Media +2mg/L BAP + 0.01 mg/L NAA

	7
	MS Media +2.5mg/L BAP + 0.25mg/L NAA

	8
	MS Media +0.5mg/L BAP + 0.01 mg/L NAA

	


The pH of the medium was adjusted to 5.8 with Hydrochloric Acid (HCl) or Sodium Hydroxide (NaOH), and the pH meter was calibrated using buffer solutions 4.0 and 7.0 as standards. After pH correction, 8 g of agar was added to the medium, which was then cooked on a hot plate. Following that, 30 mL of the produced medium was placed into culture jars and sterilized in an autoclave at 121°C, 15 psi for 25-30 minutes. The laminar airflow cabinet had been sterilized with 70% ethanol before any additional aseptic activities.
2.3 [bookmark: _Toc150089012][bookmark: _Toc149810093][bookmark: _Hlk205363462]Explant preparation
Potato tubers were grown in a semi-dark environment at 35-37°C for 2-3 weeks. Fresh sprouts were surface sterilized by washing them in tap water for 10 minutes, then treated with 70% ethanol for 30 seconds, 2% sodium hypochlorite for 5-7 minutes, and then washed three times with double-distilled water. Meristem cells (0.3-0.5 mm) were excised in a sterile laminar air flow cabinet and injected into a liquid MS medium containing varying concentrations of the appropriate phases.
2.4 [bookmark: _Toc149810094][bookmark: _Toc150089013][bookmark: _Hlk205363615]Shoot proliferation and rooting
[bookmark: _Hlk205363756][bookmark: _Toc149810095][bookmark: _Toc150089014]Following shoot establishment, subculture was conducted over 24 days using single-node segments with up to two leaves per node. During the subculture, eight treatments (different concentrations of BAP and NAA, including control) were replicated twice; each replication included five explants, totaling 80 explants (8 treatments × 2 replications × 5 explants = 7\80 explants). Data on the number of leaves, nodes, and roots were collected on days 6, 11, 14, and 24. Meristem cultures grew in a sterile environment at 23±2°C, with 80-90% relative humidity, a 14-hour photoperiod, and moderate light intensity. The pathogen-free status of the explants was confirmed through visual observation, as laboratory limitations prevented access to virus-detection instruments and reagents. 
2.5 Data analysis and experimental design
[bookmark: _Hlk205363836]The experiment was arranged in a Completely Randomized Design (CRD). Data was collected using MS Excel (2016) and processed and analyzed with R Studio software (4.3.1). Before conducting ANOVA, the data were tested for normality using the Shapiro-Wilk test and for homogeneity of variances using Levene’s test. These tests were performed in R to ensure the validity of ANOVA assumptions. The processed data were evaluated using a one-way ANOVA (Analysis of Variance) table, and the mean across treatments was determined using DMRT (Duncan's Multiple Range Test) at a 5% level of significance.
3 [bookmark: _Toc150089015][bookmark: _Toc149810096]RESULTS AND DISCUSSION
3.1 Effect of different concentrations of 6-benzylaminopurine (BAP) and 1-Naphthalene Acetic Acid (NAA) on leaves, roots, and nodes of cardinal varieties of potato
3.1.1 [bookmark: _Toc150089018][bookmark: _Toc149810099]Effect of different concentrations of 6-benzylaminopurine (BAP) and 1-Naphthalene Acetic Acid (NAA) on leaves of cardinal varieties of potato
[bookmark: _Hlk184235177][bookmark: _Hlk184235212][bookmark: _Toc150088772]Various concentrations of BAP and NAA had a statistically significant effect on the leaf number of the Cardinal variety (Table 2). The maximum number of leaves was observed in MS Media +1.5mg/L BAP + 0.1 mg/L NAA, and a minimum number of leaves was observed in MS Media +2.5mg/L BAP + 0.25mg/L NAA ( Figure 1 Figure 2). According to research, lower concentrations of BAP (usually about 1-2 mg/L) tend to be optimum for producing a larger number of shoots and improving shoot proliferation (Dilshad et al., 2021; Hajare et al., 2021). Multiple studies on Solanum tuberosum report that a high cytokinin: low auxin ratio, specifically ~1–2 mg/L BAP with ~0.1 mg/L NAA, optimizes shoot proliferation; leaf number generally tracks shoot vigor. For example, 2.0 mg/L BAP + 0.1 mg/L NAA produced the largest number of axillary shoots per main shoot in potato, a direct proxy for more leaves (Ghaffoor et al., 2003) Similarly, in Brassica oleracea, (Ahmad & Spoor, 1998) found that low auxin levels combined with increased cytokinin concentrations stimulate shoot morphogenesis, which is compatible with our findings on the efficacy of certain BAP and NAA levels. Conversely, higher concentrations of BAP (more than 4 mg/L) might cause a decrease in shoot quantity and overall growth vigor, most likely due to the inhibitory effects of excessive cytokinin on plant development (Arab et al., 2014; Gunther & Fermino Junior, 2021). This effect is corroborated by data that showed a reduction in shoot growth and an increase in callus development at increased BAP levels (Arab et al., 2014). 
[bookmark: _Ref206167914]




Table 2: Effect of different concentrations of 6-benzylaminopurine (BAP) and 1-Naphthalene Acetic Acid (NAA) on leaves of cardinal varieties of potato
	Treatment

	No of Leaves 
 (6th Day)
	No. of Leaves
(11th Day)
	No of Leaves 
 (14th Day)
	No of Leaves 
 (24th Day)

	MS Media
 (Control)
	2.00 ± 0.42 c
	2.67 ± 0.47 c
	3.00 ± 0.47 c
	3.50 ± 0.52 c

	MS Media + 1mg/L BAP + 0.1 mg/L NAA
	3.75 ± 0.42 ab
	4.42 ± 0.47 bc
	4.75 ± 0.47 ab
	6.42 ± 0.52 bc

	MS Media +0.5mg/L BAP + 0.2 mg/L NAA
	3.75 ± 0.42 ab
	4.42 ± 0.47 bc
	5.42 ± 0.47abc
	5.50 ± 0.52bc

	MS Media +0.25mg/L BAP + 0.3 mg/LNAA
	3.17 ± 0.42 b
	3.25 ± 0.47 c
	3.83±0.47bc

	3.93 ± 0.52 c

	MS Media +1.5mg/L BAP + 0.1 mg/L NAA
	3.42 ± 0.42 ab
	4.96 ± 0.47 ab
	6.67 ± 0.47 ab
	8.92 ± 0.52 b

	MS Media +2mg/L BAP + 0.01 mg/L NAA
	6.17 ± 0.42 a
	7.00 ± 0.47 a
	7.25 ± 0.47 a
	7.45 ± 0.52 bc

	MS Media +2.5mg/L BAP + 0.25mg/L NAA
	1.42 ± 0.42 b
		2.42 ± 0.47c



		2.42 ± 0.47c



		2.45 ± 0.47c




	MS Media +0.5mg/L BAP + 0.01 mg/L NAA
		3.83 ± 0.42ab



		3.90 ± 0.42 ab





		4.00 ± 0.42ab



		4.83 ± 0.42ab




	LSD
	2.58
	2.58
	3.83
	4.39


	SEM
	0.42
	0.47
	0.47
	0.52


	CV
	8.08
	8.84
	14.97
	18.15


	Grand Mean
	3.44
	4.13
	4.67
	5.38


	F- value
	3.91*
	4.22**
	3.14*
	15.80***


Significance levels: NS = not significant; * = p < 0.05; ** = p < 0.01; *** = p < 0.001
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[bookmark: _Ref206168106]
Figure 1: Representative in vitro shoots of Solanum tuberosum var. Cardinal showing differential leaf formation under varying concentrations of 6-benzylaminopurine (BAP) and 1-Naphthalene Acetic Acid (NAA) on Day 24. (A) Maximum leaf proliferation under MS medium supplemented with 0.5 mg/L BAP + 0.01 mg/L NAA. (B) Minimum leaf development under MS medium supplemented with 2.5 mg/L BAP + 0.25 mg/L NAA.



[bookmark: _Ref206168113]Figure 2: Effect of different concentrations of 6-benzylaminopurine (BAP) and 1-Naphthalene Acetic Acid (NAA) on leaves of cardinal varieties of potato
3.1.2 [bookmark: _Toc149810101][bookmark: _Toc150089020]Effect of different concentrations of 6-benzylaminopurine (BAP) and 1-Naphthalene Acetic Acid (NAA) on the nodes of cardinal varieties of potato
[bookmark: _Hlk184235473][bookmark: _Hlk184235508]Various concentrations of BAP and NAA had a statistically significant effect on the node number of the Cardinal variety (Table 3). The maximum number of nodes was observed in MS Media +1.5mg/L BAP + 0.1 mg/L 1-Naphthalene Acetic Acid (NAA), and a minimum number of nodes was observed in MS Media +2.5mg/L BAP + 0.25mg/L NAA (Figure 3, Figure 4). High BAP and NAA concentrations can negatively impact node proliferation due to hyper-hydricity, a condition characterized by excessive tissue hydration and abnormal physiological conditions, potentially leading to abnormal callus development.  Moreover, in Eustoma grandiflorum (Raf.), the greater concentrations of cytokinin (N6-Benzyladenine (BA) and kinetin) resulted in good shoot development but large percentages of hyperhydrated shoots(Paek & Hahn, 2000). Research on Alstroemeria showed that the greater concentrations of plant growth regulators such as BAP and NAA can have a negative impact on micropropagation outcomes, such as node proliferation. The study found that supplementing MS medium with moderate doses of BAP (0.5-1.5 mg/L) and NAA (0.2-1.0 mg/L) improved shoot and root growth(Seyyed Rahim Seyyedyousefi, 2013; Yoong et al., 2017).This was most likely owing to cytokinin-induced imbalances that influenced cell division and elongation.
[bookmark: _Ref206168375]









Table 3: Effect of different concentrations of 6-benzylaminopurine (BAP) and 1-Naphthalene Acetic Acid (NAA) on nodes of cardinal varieties of potato
	Treatments

	No. of Nodes (6th Day)
	No. of Nodes (11th Day)
	No. of Nodes (14th Day)
	No. of Nodes (24th Day)

	
	
	
	
	

	MS (Control)
	0.67 ± 0.25 b
	0.83 ± 0.26 b
	0.75 ± 0.26 c
	0.83 ± 0.25 cd

	MS + 1 mg/L BAP + 0.1 mg/L NAA
	1.33 ± 0.25 ab
	1.33 ± 0.26 a
	1.35 ± 0.26 ab
	1.58 ± 0.25abc

	MS + 0.5 mg/L BAP + 0.2 mg/L NAA
	1.75 ± 0.25 a
	1.83 ± 0.26 a
	2.00 ± 0.26 a
	2.33 ± 0.25bc

	MS + 0.25 mg/L BAP + 0.3 mg/L NAA
	1.17 ± 0.25 ab
	1.58 ± 0.26 ab
	1.83 ± 0.26 bc
	1.97 ± 0.25 cd

	MS + 1.5 mg/L BAP + 0.1 mg/L NAA
	1.75 ± 0.25 a
	1.92 ± 0.26 a
	2.00 ± 0.26 a
	2.88 ± 0.25 a

	MS + 2 mg/L BAP + 0.01 mg/L NAA
	1.58 ± 0.25 a
	1.84 ± 0.26 a
	1.88 ± 0.26 ab
	1.92 ± 0.25 bc

	MS + 2.5 mg/L BAP + 0.25 mg/L NAA
	0.33 ± 0.25 b
	0.33 ± 0.26 b
	0.77 ± 0.26 c
	0.83 ± 0.25 d

	MS + 0.5 mg/L BAP + 0.01 mg/L NAA
	1.08 ± 0.25 ab
	1.56 ± 0.26 a
	2.11 ± 0.26 a
	2.42 ± 0.25 ab

	LSD (0.05)
	0.94
	0.91 
	0.94
	0.89

	SEM
	0.25
	0.26
	0.26
	0.25

	CV (%)
	6.82
	5.76
	4.68
	4.54

	Grand Mean
	1.21
	1.40
	1.59
	1.85

	F-values
	2.81*
	3.25*
	5.26**
	6.81***

	


Significance levels: NS = not significant; * = p < 0.05; ** = p < 0.01; *** = p < 0.001
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[bookmark: _Ref206168545]
Figure 3: Representative in vitro shoot of Solanum tuberosum var. cardinal showing shoot proliferation and node formation under different concentrations of BAP and NAA on day 24. (A) Maximum node proliferation under MS medium supplemented with 1.5 mg/L BAP + 0.1 mg/L NAA. (B) Minimal shoot development under MS medium supplemented with 2.5 mg/L BAP + 0.25 mg/L NAA.



[bookmark: _Ref206168547]Figure 4: Effect of different concentrations of 6-benzylaminopurine (BAP) and 1-Naphthalene Acetic Acid (NAA) on the nodes of cardinal varieties of potato
3.1.3 [bookmark: _Toc149810100][bookmark: _Toc150089019]Effect of different concentrations of 6-benzylaminopurine (BAP) and 1-Naphthalene Acetic Acid (NAA) on the root of cardinal varieties of potato
[bookmark: _Toc150088773]Different concentrations of BAP and NAA had a statistically significant influence on the root number of the Cardinal variety (Table 4). The highest number of roots was found in MS Media + 0.25 mg/L BAP + 0.3 mg/L 1-Naphthalene Acetic Acid (NAA), and minimum rooting occurred in MS media with 2.5 mg/L BAP and 0.25 mg/L NAA (Figure 5, Figure 6). Most potato micropropagation studies report the best rooting on hormone-free or low-cytokinin media.  Studies show that rooting is reduced by BAP and improves when BAP is minimized or absent. For example, hormone-free MS sometimes outperformed BAP/NAA mixes, and other cultivar studies routinely root on IBA with little or no cytokinin (A Abido & A jabal, n.d.; Chandana Javvadi Scholar et al., n.d.). Previous research found that a balanced administration of cytokinins and auxins improved root and shoot proliferation in a variety of plant species (George et al., n.d.). If the auxin-cytokinin ratio is not properly controlled, it might result in inferior root development. For instance, extremely high and low doses of growth regulators can disturb the endogenous hormone balance required for adventitious root development, resulting in unsatisfactory rooting results (Quan et al., 2022; Sun et al., 2023). 
[bookmark: _Ref206168662]Table 4: Effect of different concentrations of 6-benzylaminopurine (BAP) and 1-Naphthalene Acetic Acid (NAA) on the roots of cardinal varieties of potato
	Treatment


	No of Roots 
 (6th Day)
	No. of Roots
(11th Day)
	No of Roots 
 (14th Day)
	No. of Roots (24th Day)
	
	
	

	MS Media
 (Control)
	0.08 ± 0.19 b
	0.08 ± 0.21 b
		0.57 ± 0.19 b



	



	0.8 ± 0.19 b
	
	
	

	MS Media + 1mg/L BAP + 0.1 mg/L NAA
		0.17 ± 0.21 b



		0.17 ± 0.21 b



		0.25 ± 0.21 b



	0.55 ± 0.25 b
	
	
	

	MS Media +0.5mg/L BAP + 0.2 mg/L NAA
		0.5 ± 0.19 b



		1.5 ± 0.19 b



		2.83 ± 0.19 b



	4.23 ± 0.19 b
	
	
	

	MS Media +0.25mg/L BAP + 0.3 mg/LNAA
		4.17 ± 0.19 b



		4.25 ± 0.19 b



		4.27 ± 0.19 b



	4.83 ± 0.19 b
	
	
	

	MS Media +1.5mg/L BAP + 0.1 mg/L NAA
		0.75 ± 0.19 b



		0.75 ± 0.19 b



		0.79 ± 0.19 b



	1.00 ± 0.19 b
	
	
	

	MS Media +2mg/L BAP + 0.01 mg/L NAA
		0.08 ± 0.19 b



		0.08 ± 0.19 b



		0.57 ± 0.19 b



	0.80 ± 0.19 b
	
	
	

	MS Media +2.5mg/L BAP + 0.25mg/L NAA
		0.08 ± 0.19 a



		0.08 ± 0.19 a



		0.08 ± 0.19 a



	0.09 ± 0.19 a
	
	
	

	MS Media +0.5mg/L BAP + 0.01 mg/L NAA
		0.08 ± 0.19 b



		0.08 ± 0.21 b



		0.17 ± 0.25 b



	0.25 ± 0.25 a
	
	
	

	LSD
	1.89

	2.07
	2.66
	2.75
	
	
	

	SEM
	0.19

	0.21
	0.25
	0.25
	
	
	

	CV
	16.14

	15.29
	13.94
	14.88
	
	
	

	Grand Mean
	0.77

	0.92
	1.16
	1.49
	
	
	

	F- value
	5.29**
	6.73***
	5.45**
	6.95***
	
	
	



Significance levels: NS = not significant; * = p < 0.05; ** = p < 0.01; *** = p < 0.001
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[bookmark: _Ref206168752]Figure 5: Representative In vitro root development of Solanum tuberosum var. Cardinal under different concentrations of BAP and NAA on day 24. (A) Maximum root proliferation under MS medium supplemented with 0.25 mg/L BAP + 0.3 mg/L NAA. (B) Minimal root development under MS medium supplemented with 2.5 mg/L BAP + 0.25 mg/L NAA.


[bookmark: _Ref206168754]Figure 6: Effect of different concentrations of 6-benzylaminopurine (BAP) and NAA on the roots of cardinal varieties of potato
4 [bookmark: _Toc149810106][bookmark: _Toc150089025]CONCLUSION
The ideal amounts of BAP and NAA for shoot proliferation were found to be 0.5 mg/L BAP + 0.01 mg/L NAA, which produced the most leaves, and 1.5 mg/L BAP + 0.1 mg/L NAA, which maximized node growth. For rooting, 0.25 mg/L BAP + 0.3 mg/L NAA was the most effective combination. While distinct hormonal combinations maximized individual traits, the combination of 1.5 mg/L BAP + 0.1 mg/L NAA is recommended as the overall optimal medium for large-scale multiplication of pathogen-free mother plants intended for pre-basic seed tuber production. This concentration provided the highest shoot and node proliferation, thereby ensuring rapid multiplication, a critical step for generating sufficient, uniform mother stock. Rooting can be subsequently achieved through transfer to a suitable auxin-rich and less or no cytokinin medium before acclimatization. This cost-effective, reproducible protocol uses standard reagents and techniques that can be implemented in small-scale laboratories without specialized equipment, making it well-suited for decentralized tissue culture efforts. It also contributes a scalable foundation for disease-free seed potato production through genotype-specific hormonal optimization. Future research should explore genotype-specific responses and optimize these techniques for large-scale commercial application.
[bookmark: _GoBack]
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