


Initial Vegetative Growth Performance of Moringa oleifera varieties at two locations in Rautahat district


Abstract 
An experiment was carried out in a randomized complete block design (RCBD) in two locations (Terai and Churia) in Nepal to assess the vegetative growth performance of five Moringa varieties (PKM1, PKM2, ODC3, MOMAX, and Local). Measured growth parameters are plant height, root collar diameter, diameter at breast height (DBH), and number of branches at 90, 120, 150, and 180 days after transplanting (DAT). Analysis of Variance (ANOVA) was used to assess differences across varieties and locations. The results showed significant differences in the plant height and root collar diameter among Moringa varieties. ODC3 variety was the tallest (2.75 meters), and MOMAX exhibited the highest root collar diameter (13.15 centimeters). Moreover, the Terai area favored better growth performance compared to the Chure area in all measured parameters, which could be attributed to favorable soil quality, nutrient availability, and climatic conditions. Survival rate analysis revealed that the Terai area had a 100% survival rate, while the Chure area showed 70%. It was found that ODC-3 had greater survivability (89%) compared to other varieties in the Chure region. The findings suggest the importance of selecting suitable Moringa varieties for site-specific conditions to optimize Moringa production.
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Introduction
The vegetative growth performance of any tree species is a crucial factor in establishing the felling rotation for that particular species (Thapa and Gautam, 2005; Onefeli and Adesoye, 2014; Bhattarai et al., 2025). The growth of individual tree species depends on a combination of factors, including the inherent genetic qualities inherited from their parent trees, site quality, and the local microclimate (Barnes and Wagner, 2004). Hence, when considering the cultivation of tree species, it is crucial to make sure that the specific plant requirements match the environmental conditions of the site (Samuel and Daba, 2016).
Moringa oleifera, belonging to the Moringa genus, is the most extensively cultivated among the 13 species of this genus (Fuglie, 2005). The plant is known by various names such as Drumstick, Horseradish, Sitalchini, and Sahijan (Oyeyinka and Oyeyinka, 2018). It is a small perennial tree with a delicate and feathery canopy that grows to a height of 5–10 m, sometimes reaching 15 m (Fahey, 2019). It is indigenous to the Himalayan region of Nepal, India, Bangladesh, and Pakistan (Somali et al., 1984; Mughal et al., 1999; Devkota et al., 2025). However, it has been cultivated and adapted to environments far beyond its original habitat, spreading across South Asia, numerous Southeast Asian nations, the Arabian Peninsula, Tropical Africa, Central America, the Caribbean, and Tropical South America (Roloff et al., 2009; Ojha & Mahara, 2022). Uprety et al. (2012) and Ghimire et al. (2022), in their assessment of the cultivation of Moringa trees in Nepal, recommended that optimum areas for growing Moringa trees include the Terai, Siwalik, and Middle Mountain regions, attributed to their elevation and favorable climatic factors. It thrives well in a range of climates, from warm tropical conditions at sea level to sub-tropical environments, reaching heights of up to 3,000 ft (Li and Siddique, 2018; Thapa et al., 2019). The ideal soil for Moringa cultivation is well-drained sandy loam or loam soil; however, it can adapt to various soil types, except for dense clay in shallow hill regions (Omonhinmin et al., 2020; Subedi et al 2022c; Subedi et al., 2025). It can flourish well in soil with a pH ranging from slightly acidic to alkaline (5.0-9.0), accompanied by an annual rainfall between 250 and 3000 mm (Kumar et al., 2019; Khadka et al., 2023). It cannot survive under prolonged flooding and poor drainage. It is propagated sexually through direct seeding, seedling transplanting, and vegetatively through stem cuttings (Palada and Chang, 2003).
It is esteemed as a versatile plant due to its multiple uses (Siddhuraju and Becker, 2003). Different parts of this plant, comprising the leaves, seeds, roots, flowers, fruits, barks, and immature pods, have different pharmacological and biotechnological potentials and can be used as a source of proteins, vitamins, and minerals. It is said to provide 7 times more vitamin C than oranges, 10 times more vitamin A than carrots, 17 times more calcium than milk, 9 times more protein than yogurt, 15 times more potassium than bananas, and 25 times more iron than spinach (Rockwood et al., 2013). It also has anti-inflammatory, antitumor, diuretic, anti-ulcer, cholesterol-lowering, antihypertensive, antidiabetic, antibacterial, antioxidant, hepatoprotective, and antifungal properties (Walia et al., 2022; Joshi et al., 2022; Dahal et al., 2025). It is promoted by WHO as an alternative food source to treat malnutrition (Sreelatha et al., 2009; Ojha et al., 2023; Subedi et al., 2022a) and regarded as a significant food during famines, because of its tuberous roots, which give it a great tolerance to drought and arid conditions (Kunyanga et al., 2013; Subedi et al., 2022b; Mahara et al., 2022). Moreover, it plays a crucial role in mitigating climate change and raising the smallholders' earnings. 
In the Churia region of Nepal, moringa might be a suitable choice for reclaiming marginal lands with little rainfall and growing in poor soil conditions. The Moringa tree can absorb carbon 50 times more compared to the Japanese cedar tree and also twenty times (20x) higher than that of general vegetation (Villafuerte & Villafurte-Abonal, 2009). It has a lot of potential from an agro-forestry perspective as well. According to Shode & Amanuel (2016), agroforestry systems that integrate Moringa with other crops demonstrated higher profitability compared to monocropping. The promotion of Moringa is of great concern from the perspectives of biodiversity, ethnobotanical, dietary, and bioprospecting (Katherine et al., 2004; Devkota et al., 2025). Globally, it has been commercially cultivated, and many research institutions are involved in research work for its promotion. But in Nepal, this plant is neglected and underutilized. In the Terai regions of Nepal, the Moringa plant has been cultivated traditionally from generation to generation. The time has come to transform this age-old practice of cultivating this "tree for life" into a thriving commercial enterprise. Though many improved varieties of M. oleifera have been released by various plant breeding programs in India and elsewhere, their varietal performance has not been tested in Nepal. Therefore, this study aimed to evaluate the varietal vegetative growth performance and survival of M. oleifera at two different locations, representing the Terai and Chure regions within the Rautahat district. The findings can be used as relevant information for mass production and commercial cultivation of high-performing Moringa variety on a site with similar ecology.
Materials and methods
Experimental site
The location for the experiment was carefully selected at two sites with distinct climatic, edaphic, and geographical settings in Rautahat district, Nepal.
Site A: Bantole 
It is located in the plain terai region at 27°07'14.7" N, 85°22'50.8" E and 116 m above sea level. The climate is tropical monsoon with distinct wet and dry seasons and the monsoon season brings a significant amount of rainfall. The mean annual temperature is 25°C to 30°C and due to the sediment deposition by rivers flowing down from the Himalayas, the soil type is alluvial which is well-drained and highly fertile making it suitable for agricultural activities. The presence of major rivers like the Bagmati and Lalbakaiya provides ample water for irrigation. Agriculture is a primary land use practice in the Terai, with a focus on cultivating crops such as rice, sugarcane, and jute. The unique ecological setting of the Terai plays a crucial role in maintaining biodiversity and ecological balance.
Site B: Hilekhola 
It is located in the Chure region at 27°10'21.4" N, 85°22'52.2" E and 180 m above sea level.  The climate is subtropical and is slightly cooler than Terai. The region also receives significant rainfall during the monsoon season, although the overall precipitation levels are relatively lower than in the Terai. The annual temperature average between 20°C and 25°C and the soil is loamy to sandy loam with well drained. 
Experimental Design
The experimental setup followed a Randomized Complete Block Design (RCBD) with four replications in Site A and three replications in Site B. The five different varieties of M. oleifera were used as treatments. The total count of experimental plots was 35 with the dimension of each unit plot 9*6 m2. Each experimental plot consisted of 9 Moringa plants in 3*3 row matrix with 3m row-to-row spacing and 2m plant-to-plant spacing. The spacing between replications was maintained 1m while the spacing between treatments was 0.5m. Data was collected in between May 2022 to March 2023.
Treatments
There were five different varieties of M. oleifera, one Local variety and four hybrid varieties developed by the Horticultural Research Station of the Tamil Nadu Agricultural University (TNAU) in India. 
1. Periyakulam1 (PKM1) is widely recognized as a commercially viable annual variety for producing pods (Lalas & Tsaknis, 2002; TNAU, 2017). 
2. Periyakulam2 (PKM2) is an improved version of PKM-1, featuring more lateral branches that make it easier to harvest leaves and pods at a lower height. It has pods with a higher flesh-to-seed ratio (Maharsi, 2020). 
3. Oddanchathiran3 (ODC-3) is preferred for its advantages including reduced water and fertilizer requirements, high pod yield, excellent taste, extended shelf life, and strong consumer preference. 
4. MOMAX is a perennial variety known for being the world's highest-yielding option for seed oil production (Thampalayagowder et al., 2017; TNAU, 2017; Magar et al., ND).
5. Local variety is available in the local areas 
[bookmark: _Toc143607560]Seed collection and Preparation of Seedlings
Local variety seed was collected from the healthy Moringa mother tree at the local level. Matured ripened seeds from the local moringa plants were collected in the month of May.  Seeds of PKM1, PKM2, ODC3, and MOMAX were collected from the Moringa International (India). 2-3 collected seeds were sown at 2 cm depth in each soil mixture polybag of 20 cm depth and 10 cm breadth and watering was done once in every 2 to 3 days. The young Moringa plants were nursed for 1 month before transplanting for a better survival rate and transplanted in the main experimental plots when they were about 30 cm high. The polythene bags were removed when transplanting, ensuring that the roots of the plant were not damaged.
Plantation and cultivation
Planting beds were prepared with 30 cm height, making ridges. All weeds, stones, and gravel were removed. One kilogram of well-decomposed farm yard manure (FYM) was put in each planting pit. One-month-old Moringa seedlings were planted in August. Transplanted seedlings were fixed with tapping surface soil. The field was irrigated properly to ensure moisture availability before planting. Failure of the transplanted seedlings was replaced immediately. Regular weeding/cleaning, irrigation, and top dressing with 160 grams of granular organic fertilizer per tree were done.
Data collection
Five plants were chosen at random and tagged from different rows in each plot as a sample plant for measurement. Plant heights were measured, starting from 90 days after transplanting (DAT) and at 30-day intervals thereafter (120 DAT, 150 DAT, and 180 DAT), from the ground level to the tip of the longest shoot. Root collar diameter, diameter at breast height (DBH), and number of branches were also recorded at an interval of 30 days starting at 90 DAT. The frequency of the initial plantation was recorded and simultaneously, the number of live plants was counted at 180 DAT for all the plants in a plot to calculate the survival rate.
Data analysis
Statistical analysis was conducted on the data using R version 4.3.0, where Analysis of Variance (ANOVA) was used to assess the effect of treatment (Moringa varieties), location (Site A and B), and their interaction. Mean differences were compared through Duncan’s Multiple Range Test (DMRT) at a 5% level of significance. The survival rate was calculated by following formula:
Survival Rate %

Result and Discussion
Vegetative growth performance
Variety ODC3 exhibited the tallest plant height, reaching up to 275 cm at 180 DAT, while the Local variety had the shortest plant height, measuring only 199 cm at the same stage (Table 1). In terms of root collar diameter, variety MOMAX displayed the maximum of 10.80 cm at 90 DAT, while PKM1 had the minimum of 7.91 cm at the same stage (Table 2). These significant variations in plant height and root collar diameter suggest that different Moringa varieties possess distinct growth traits, with ODC3 excelling in plant height and MOMAX in root collar diameter. This may be due to the fact that these varieties differ in exhibiting a high efficiency in utilizing space, air, water, and sunlight. The differences in plant height and diameter among the varieties are also influenced by both plant genetics and the quality of the plant material (Eaton et al., 2017; Thapa, 2022). The plants in the Terai Area were taller than those in the Chure Area. At 90 DAT, the heights ranged from 133 cm to 152 cm in the Terai Area, while in the Chure Area they ranged from 77 cm to 90 cm (Table 1). Similarly, the root collar diameter was also larger in the Terai Area compared to the Chure Area. At 90 DAT, the root collar diameters ranged from 5.68 cm to 7.10 cm in the Terai Area, while in the Chure Area they ranged from 3.56 cm to 4.59 cm (Table 2). The Terai area exhibited the largest diameter at breast height (DBH) with measurements of 2.84 cm, 3.18 cm, 3.69 cm, and 4.13 cm at 90, 120, 150, and 180 days after transplantation (DAT) respectively, surpassing the DBH values obtained from the Chure area, which were 1.84 cm, 1.97 cm, 2.37 cm, and 2.79 cm at the same time intervals (Table 3). As a result, there were significantly more branches obtained from the Terai area (8.77) at 180 DAT compared to the Chure area (2.52) (Table 4). The results show noteworthy difference in growth parameters between the two study locations. The Terai area consistently exhibited superior performance compared to the Chure area in terms of plant height, root collar diameter, DBH, and number of branches. The favorable growth conditions in the Terai region, including fertile soil, enhanced nutrient availability, and warmer climatic conditions, probably played a crucial role in the remarkable growth performance observed at this site. According to Ahmed et al. (2020), fertile soil and higher nutrient availability are crucial factors influencing plant growth.


Table 1: Plant height by Moringa variety and location at different time intervals
	Treatment/Location
	                                           PLANT HEIGHT (cm)

	
	90 DAT
	120 DAT
	150 DAT
	180 DAT

	Treatment
	
	
	
	

	Local
	160b
	169b
	180b
	199b

	PKM1
	201ab
	210ab
	220ab
	232ab

	PKM2
	208a
	216ab
	224ab
	239ab

	ODC3
	246a
	256a
	264a
	275a

	MOMAX
	239a
	247 a
	258a
	267a

	Location
	
	
	
	

	Terai
	133a
	138a
	144a
	152a

	Chure 
	77b
	81b
	85b
	90b 

	F-test
	

	
	
	

	Replication
	*
	*
	*
	.

	Treatment (T)
	**
	**
	**
	*

	Location (L)
	***
	***
	***
	***

	T*L
	ns
	ns
	ns
	ns

	LSD for T (0.05)
	44.49
	45.30
	46.92
	50.30

	SEm(+-)
	6.78
	6.91
	7.16
	7.67

	CV, %
	19.04
	18.60
	18.47
	18.72

	Grand mean
	210.74
	219.6
	229.08
	242.34


Note: DAT, Days After Transplanting; *** Represent Significant at 0.1% level; ** Represent Significant at 1% level; * Represent Significant at 5% level of Significance; ns, non-significant. Treatment means followed by the same letter(s) within a column are non-significance difference on the Duncan multiple range test at 0.05 level of significance, Letters a, and b represents the ranking of treatment.
    
Table 2: Root collar diameter by Moringa variety and location at different time intervals
	Treatment/Location
		   Root Collar Diameter (cm)

	
	90 DAT
	120 DAT
	150 DAT
	180 DAT

	Treatment
	
	
	
	

	Local
	8.60ab
	9.50a
	10.78a
	11.96a

	PKM1
	7.91b
	8.48a
	9.40a
	10.20a

	PKM2
	8.57ab
	9.08a
	10.01a
	10.92a

	ODC3
	10.29ab
	10.60a
	11.39a
	12.24a

	MOMAX
	10.80a
	11.25a
	12.20a
	13.15a

	Location
	
	
	
	

	Terai
	5.68a
	6.04a
	6.58a
	7.10a

	Chure
	3.56b
	3.74b
	4.18b
	4.59b

	F-test
	

	
	
	

	[bookmark: _Hlk138847819]Replication
	**
	 *
	*
	*

	Treatment (T)
	.
	ns
	ns
	ns

	Location (L)
	**
	**
	**
	**

	T*L
	ns
	ns
	ns
	ns

	LSD for T (0.05)
	 2.36
	2.55
	2.55
	2.55

	SEm(+-)
	0.36
	0.39
	0.39
	0.39

	CV, %
	23.09
	23.53
	21.40
	21.44

	Grand mean
	9.23
	9.78
	10.75
	10.754


Note: DAT, Days After Transplanting; ** Represent Significant at 1% level; * Represent Significant at 5% level of Significance; ns, non-significant. Treatment means followed by the same letter(s) within a column are non-significance differences on the Duncan multiple range test at 0.05 level of significance, Letters a, and b represent the ranking of treatment.




Table 3: DBH of Moringa varieties by locations at different time intervals
	Treatment/Location
	                                   Diameter at Breast Height(cm)

	
	90 DAT
	120 DAT
	150 DAT
	180 DAT

	Treatment
	
	
	
	

	Local
	3.83a
	4.33a
	5.29a
	6.31a

	PKM1
	4.23a
	4.74a
	5.69a
	6.57a

	PKM2
	4.31a
	4.75a
	5.68a
	6.50a

	ODC3
	5.50a
	5.84a
	6.71a
	7.41a

	MOMAX
	5.53a
	6.09a
	6.97a
	7.80a

	Location
	
	
	
	

	Terai
	2.84a
	3.18a
	3.69a
	4.13a

	Chure
	1.84b
	1.97b
	2.37b
	2.79b

	F-test
	

	
	
	

	Replication
	*
	*
	.
	.

	Treatment (T)
	ns
	ns
	ns
	ns

	Location (L)
	*
	*
	*
	*

	T*L
	ns
	ns
	ns
	ns

	LSD for T (0.05)
	1.71
	1.71
	1.78
	1.87

	SEm(+-)
	0.26
	0.28
	0.27
	0.29

	CV, %
	32.96
	31.65
	26.59
	24.40

	Grand mean
	4.68
	5.14
	6.065
	6.91


Note: DAT, Days After Transplanting; * Represent Significant at 5% level of Significance; ns, non-significant. Treatment means followed by the same letter(s) within a column are non-significance differences on the Duncan multiple range test at 0.05 level of significance, Letters a, and b represent the ranking of treatment.

 


Table 4: Number of branches of Moringa varieties by location at different time intervals 
	Treatment/Location
	                                       No. of Branches(cm)

	
	90 DAT
	120 DAT
	150 DAT
	180 DAT

	Treatment
	
	
	
	

	Local
	9.29a
	12.14a
	18.72a
	17.95a

	PKM1
	6.48a
	7.14a
	10.19a
	9.43a

	PKM2
	6.14a
	6.86a
	9.95a
	9.81a

	ODC3
	6.91a
	8.05a
	10.29a
	9.71a

	MOMAX
	6.29a
	7.81a
	12.81a
	9.57a

	Location
	
	
	
	

	Terai
	3.53a
	4.33a
	7.89a
	8.77a

	Chure 
	3.49b
	4.07b
	4.50b
	2.52b

	F-test
	

	
	
	

	Replication
	ns
	ns
	ns
	ns

	Treatment (T)
	ns
	ns
	ns
	ns

	Location (L)
	ns
	ns
	ns
	***

	T*L
	ns
	ns
	ns
	ns

	LSD for T (0.05)
	4.57
	6.01
	8.93
	8.08

	SEm(+-)
	0.70
	0.92
	1.36
	1.23

	CV, %
	58.85
	64.62
	65.05
	64.53

	Grand mean
	7.01
	8.39
	12.39
	11.29


Note: DAT, Days After Transplanting; *** Represent Significant at 0.1% level of Significance; ns, non-significant. Treatment means followed by the same letter(s) within a column are non-significance differences on the Duncan multiple range test at 0.05 level of significance, Letters a, and b represent the ranking of treatment.


Survival rate
In the Terai area, there was a 100% survival rate of Moringa plants, while in the Chure area the survival rate was 71% (Figure 1). This difference could be attributed to several factors, including favorable climatic and soil conditions, as well as better management practices such as weeding, fertilizing, and watering. Furthermore, within the Chure area, the specific Moringa variety ODC3 showed the highest survival rate at 89%, while the local variety had the lowest at 59% (Figure 2). This is a significant finding and could have far-reaching implications for future plantation efforts. Additionally, it's interesting to note that the transplanted Moringa plants in the Chure area were frequently subjected to pest attacks, for example, leaf caterpillars, sap feeders and stem borer, but ODC3 demonstrated greater survivability due to its characteristics such as drought tolerance and less susceptibility to pest attacks (Thampalayagowder, 2017). These findings not only shed light on the survival rates of Moringa plants in different areas but also highlight the importance of planting the right variety in specific environmental conditions.


[bookmark: _Toc141958598]                             Figure 1: Location-wise survival of Moringa plants.


[bookmark: _Toc141958599]                               Figure 2: Varietal survival of Moringa plants at Chure area  
Overall, these findings highlight the importance of genetic and environmental factors in influencing Moringa growth and survival. Understanding these dynamics can lead to improved cultivation practices and facilitate the selection of suitable varieties for specific locations, ultimately enhancing Moringa production.



Conclusion
This study demonstrates the significant influence of varietal selection and location on the vegetative growth and survival of Moringa plants in the Rautahat district, Nepal. The ODC3 variety consistently showed superior growth in terms of plant height and survival, while the MOMAX variety displayed greater root collar diameter. Additionally, the Terai area provided better growth conditions compared to the Chure area, leading to a higher survival rate. These findings underscore the importance of choosing suitable Moringa varieties based on growth stage and specific site conditions to optimize crop productivity.
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Location wise Survival Rate

Initial	
Bantole	Hilekhola	180	135	Survived	
Bantole	Hilekhola	180	95	
No. of Moringa plants




Varietal Survival at Chure Area

INITIAL	
LOCAL	PKM1	PKM2	ODC3	MOMAX	27	27	27	27	27	SURVIVED	
LOCAL	PKM1	PKM2	ODC3	MOMAX	16	17	19	24	19	
No. of Moringa plants







