



Comprehensive study on growth and yield attributes to the different soil and foliar application on annual moringa (Moringa oleifera L.)
ABSTRACT
An investigation on “Effect of organic amendments on growth and yield of annual moringa (Moringa oliefera L.) var. PKM 1” was carried out at Department of Vegetable Science, Horticultural College and Research Institute, Tamil Nadu Agricultural University, Periyakulam, Theni, Tamil Nadu during 2022-2024. The study was undertaken with an objective to standardize the organic package practices, drying methods, packing materials and storage conditions of moringa value-added products. The experiment was conducted using a factorial randomized block design (FRBD) with three replications at the Western Block Farm, Department of Vegetable Science, Horticultural College and Research Institute, Periyakulam. This investigation focused on the effectiveness of organic manures, including farmyard manure, poultry manure, vermicompost, goat manure, and foliar sprays of chitosan, orthosilicic acid, protein hydrolysate, seaweed extract and fulvic acid, in increasing the biomass yield of moringa leaves. From the experiment, it was evident that the growth parameters such as plant height, number of branches per plant, number of compound leaves per plant, light interception (%), and leaflet area were recorded maximum under the treatments S2 (enriched vermicompost at 5 t/ha), F2 (seaweed extract at 3%), and the combination of S2 and F2 (enriched vermicompost at 5 t/ha + seaweed extract at 3%). In contrast, the minimum values were observed in the treatment S5 + F6 (control + control in interaction effects). Among the soil application, the treatment S2 - Enriched vermicompost (5t/ha) showed best results in yield parameters such as fresh leaf yield per plant (312.70 g ), fresh leaf yield per plot (56.95 kg), fresh leaf yield per hectare (6.27 t/ha), dry leaf yield per plant(57.22 g), dry leaf yield per plot (11.64 kg), dry leaf yield per hectare (1.17 t/ ha) and fresh to dry leaf recovery % (5.44 %). In foliar spray, the treatment of 3% seed weed extract (F2) showed best results in yield parameters viz., fresh leaf yield per plant (314.01 g), fresh leaf yield per plot (60.28 kg), fresh leaf yield per hectare (6.36 t/ha), dry leaf yield per plant (53.09 g), dry leaf yield per plot (11.37 kg), dry leaf yield per hectare (1.24 t / ha) and fresh to dry leaf recovery % (5.51 %). The interaction S2 + F2 (enriched vermicompost (5t/ha) + 3% sea weed extract) recorded higher leaf biomass yield in moringa with 332.05 g fresh leaf yield per plant, 66.41 kg fresh leaf yield per plot, 7.37 t/ha fresh leaf yield per hectare, 66.81 g dry leaf yield per plant, 13.36 kg dry leaf yield per plot, 1.48 t / ha dry leaf yield per hectare and 5.78 % of fresh to dry leaf recovery.
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INTRODUCTION
[bookmark: _Hlk200544257]Moringa oleifera Lam. is the most valued multipurpose fast-growing and versatile evergreen tree commonly referred as “Moringa” and it is also called as horse radish tree, drumstick tree and miracle tree, found to be categorized under the family Moringaceae (Morton 1991, Steinitz et al., 2009). Moringa is native to India had been acclimatized to many tropical and sub-tropical regions of the world. Under the Moringaceae family, about 13 species have been identified and Moringa oleifera Lam. is an outstanding tree throughout the world for its promising nutritional and medicinal properties (Rajangam et al., 2021). Due to its multipurpose usage in the culinary, medicinal, and nutritional aspects, the moringa tree is referred as “Miracle tree” or “Tree of life”. Indian subcontinent is the primary region for cultivating moringa as a vegetable crop with an annual production of 2.3 million tonnes of tender pods from 43,600 hectares, with a productivity of 51 tonnes per hectare. Among the various states, Andhra Pradesh leads in both area and production, covering 15,665 hectares followed by Tamil Nadu with 13,042 hectares and Karnataka with 10,280 hectares (NHB 2023). According to the 8th Global Moringa Meet held in Jaipur, India is the leading supplier of moringa, accounting for 80% of global demand. Consequently, the moringa market was valued at an estimated $5.5 billion in 2018, with expectations to exceed $10 billion by 2025 (APEDA 2018). Moringa has valuable properties, including high protein content in its leaves and significant oil content in its seeds. The leaves contain several minerals, including calcium, zinc, potassium, iron, magnesium and copper (Owusu et al., 2008). Because of these health benefits, several pharmaceutical formulations derived from this plant have been created and are now available in both domestic and international markets. Moring leaves contain high iron content than spinach. The nutrient components like, Vitamins C, D and E, nicotinic acid, beta‐carotene, pyridoxine and folic acid are present in moringa leaves (Mustaffer and Jalani, 2025). The anticarcinogenic compounds like Glucosinolates, glycosides, glycerol‐1‐9‐octadecanoate, and isothiocyanates are present in moringa, along tannins, anthraquinones sterols, anthracenediones, terpenoids, saponins, and flavonoids (Dora et al., 2024). The one kilogram of leaves contains 25.5 to 31.03 mg zinc, which is closely equal to the daily recommended allowance. The leaves also contain polyunsaturated fatty acids that regulate cholesterol levels, such as linoleic, linolenic and oleic acid (Ijarotimi et al., 2013).
[bookmark: _Hlk200544492]In Tamil Nadu, various ecotypes of M. oleifera are being growing in different regions namely, Valayapatti murungai, Kodikkalmurungai, Palmurungai, Jaffna type, Kattumurungai, Punamurungai, Moolanur murungai, Palamedu murungai, Chavakacheri murungai and  Chemmurungai. Some of the most important commercial varieties of M. oleifera released from TNAU were PKM 1, PKM 2 and KM 1. Due to their adaptability to various soil and climatic conditions, annual moringa varieties have rapidly replaced around 60% of the perennial moringa types in south India. These annual varieties make up a large share of moringa production in small and marginal farms. Besides the Horticultural College and Research Institute, Periyakulam released PKM 3, a perennial variety for leaf and pod purpose. Organic manures serve as a vital source of plant nutrients, enriching the soil while being cost-effective and environmentally friendly. Organic manures are usually from plant and animal sources and were used as complex organic forms. Nutrients are released to plants after decomposition and also improves the soil-health. Over 48.54 % increase in biomass yield was observed as a result of application of farm yard manure (Haouvang et al., 2017). Earlier researches showed that the use of organic inputs such as poultry manure, vermicompost, goat manure, fulvic acid, seaweed extract etc., can improve leaf biomass yield in moringa and other leafy vegetables (Barela et al., 2019) The demand for fresh moringa leaves as well as moringa leaf products is increasing in India and also in other countries during both on and off season (Amaglo et al., 2010). As a result of the perishable nature of this green leafy vegetable, the trade faces continuous post-harvest losses. To introduce certain stability in the trade, adoption of new technologies which reduce the spoilage of fresh leaves is vital. Moringa leaves are dried by shade drying, tunnel drying, solar drying, cabinet drying, heat pump drying and fluidized bed drying (Khatoniar et al., 2019).
[bookmark: _Hlk200544566]The production of natural herbal food supplements from dried moringa leaves such as leaf powder, tablets and capsules is in the lime light. Moringa powder in capsule/ tablet form serves as an alternative to iron tablets, highlighting the need to develop essential nutrient-rich vitamins and mineral-packed plant nutraceuticals. The objective of converting moringa leaf into a conventional tablet is to create a simple, convenient and aesthetically pleasing form that is easy to handle and dispense (Sona et al., 2019).  In this context, to maintain the quality of moringa leaves standardization of organic inputs for crop production is essential. Considering the above requirements, a study entitled “Effect of organic amendments on growth and yield of annual moringa (Moringa oleifera L.)”.
MATERIALS AND METHODS
This experimental study was carried out in the Department of Vegetable Science, Horticultural College and Research Institute, Periyakulam, Theni District, Tamil Nadu, during the year 2022-2024. The experimental site received rainfall from both the South-West and North-East monsoons, with an average annual rainfall of 755.00 mm. The annual moringa var. PKM 1 seed required for the research study was collected from the Department of Vegetable Science, Horticultural College and Research Institute, Periyakulam and planted in the organic leaf production plot of one acre located at Western Block (10.130° N, 77.590° E). A total of 3.5 kg of annual moringa variety PKM 1 seed were used in the experiment, according to the treatments. The seeds germinated 10 to 15 days after sowing, and pinching was performed at 30 DAS to encourage lateral branching. Harvesting of leaves were done by electric pruning shears (Electrocoup Infaco). Fresh weight of the compound leaves and leaflets were taken in all the treatments and accordingly dry weight is also recorded by drying the fresh leaves in solar drier for 2- 3 days. First harvest was taken at 90 DAS subsequently the further harvest was made at 45 days after each harvest.
The field trial was conducted using Factorial Randomized Block Design (FRBD) with 30 different treatments, each replicated three times. In each replication block, 10 trees were randomly selected and tagged for data collection and moringa leaf sample for analysis. The details of the treatments were as follows:
Treatments 
List 1: Details of Soil and Foliar application factors 
	Factor 1
Soil application (S)
	Factor 2
Foliar application (F)

	S1 - Enriched farmyard manure (10t/ha)
S2 - Enriched vermicompost (5t/ha)
S3 - Enriched goat manure (8t/ha)
S4 - Enriched poultry manure (8t/ha)
S5 - Control (without soil application)
	F1 - Protein hydrolysate (0.3%)
F2 - Sea weed extract (3%)
F3 - Fulvic acid (2%)
F4 - Chitosan (750 ppm)
F5 - Orthosilicic acid (0.4%)
F6 - Control (without foliar spray)


List 2: Treatment combinations and their details 
	Treatment
	Treatment combination
	Treatment details

	T1
	S1F1
	Enriched farmyard manure (10t/ha) + Protein hydrolysate (0.3%)                                                                                                                                                                                                                    

	T2
	S1F2
	Enriched farmyard manure (10t/ha) + Sea weed extract (3%) 

	T3
	S1F3
	Enriched farmyard manure (10t/ha) + Fulvic acid (2%) 

	T4
	S1F4
	Enriched farmyard manure (10t/ha) + Chitosan (750 ppm)  

	T5
	S1F5
	Enriched farmyard manure (10t/ha) + Orthosilicic acid (0.4%)  

	T6
	S1F6
	Enriched farmyard manure (10t/ha) + Control (without Foliar spray)

	T7
	S2F1
	Enriched vermicompost (5t/ha) + Protein hydrolysate (0.3%) 

	T8
	S2F2
	Enriched vermicompost (5t/ha) + Sea weed extract (3%) 

	T9
	S2F3
	Enriched vermicompost (5t/ha) + Fulvic acid (2%) 

	T10
	S2F4
	Enriched vermicompost (5t/ha) + Chitosan (750 ppm) 

	T11
	S2F5
	Enriched vermicompost (5t/ha) + Orthosilicic acid (0.4%) 

	T12
	S2F6
	Enriched vermicompost (5t/ha) + Control (without Foliar spray) 

	T13
	S3F1
	Enriched goat manure (8t/ha) + Protein hydrolysate (0.3%) 

	T14
	S3F2
	Enriched goat manure (8t/ha) + Sea weed extract (3%) 

	T15
	S3F3
	Enriched goat manure (8t/ha) + Fulvic acid (2%) 

	T16
	S3F4
	Enriched goat manure (15t/ha) + Chitosan (750 ppm) 

	T17
	S3F5
	Enriched goat manure (8t/ha) + Orthosilicic acid (0.4%) 

	T18
	S3F6
	Enriched goat manure (8t/ha) + Control (without foliar spray) 

	T19
	S4F1
	Enriched poultry manure (8t/ha) + Protein hydrolysate (0.3%) 

	T20
	S4F2
	Enriched poultry manure (8t/ha) + Sea weed extract (3%) 

	T21
	S4F3
	Enriched poultry manure (8t/ha) + Fulvic acid (2%) 

	T22
	S4F4
	Enriched poultry manure (15t/ha) + Chitosan (750 ppm) 

	T23
	S4F5
	Enriched poultry manure (8t/ha) + Orthosilicic acid (0.4%) 

	T24
	S4F6
	Enriched poultry manure (8t/ha) + Control (without foliar spray) 

	T25
	S5F1
	Control (without soil application) + Protein hydrolysate (0.3%) 

	T26
	S5F2
	Control (without soil application) + Sea weed extract (3%) 

	T27
	S5F3
	Control (without soil application) + Fulvic acid (2%) 

	T28
	S5F4
	Control (without soil application) + Chitosan (750 ppm) 

	T29
	S5F5
	Control (without soil application) + Orthosilicic acid (0.4%) 

	T30
	S5F6
	Control (without soil application) + Control (without foliar spray) 



The foliar application of organic inputs was sprayed at two different stages during the moringa growth phase at 30 days after sowing and 21 days after first harvest respectively.


RESULTS AND DISCUSSION
The plant height of moringa was measured at 90 days after sowing. Among the different soil application, the maximum plant height was observed in enriched goat manure S3 (187.72 cm) and the minimum plant height was recorded in S5 control (172.26 cm). The foliar spray of moringa with F3 sea weed extract (3%) recorded the maximum plant height of 201.74 cm whereas, the minimum (174.28 cm) was recorded in F6 control (table 1). Significant difference was observed for interaction effect of soil application of organic manures and foliar spray of bio stimulants. From the data, the interaction S2 (Enriched vermicompost (5t/ha)) + F2 (sea weed extract (3%)) recorded the maximum plant height (206.45 cm) whereas, the lowest plant height (146.86 cm) was recorded in S5 control + F6 control. 
Among the different organic inputs, the maximum number of branches per plant (6.23) was observed in S2 Enriched vermicompost (5t/ha) and the lowest number of branches (4.93) was observed in S5 control. In foliar spray of bio stimulants, the maximum number of branches per plant (6.20) was recorded in F2 sea weed extract (3%) and the minimum number of branches (4.73) was recorded in F6 control. The interaction between organic inputs and bio stimulants showed significant differences in values and the interaction S2 enriched vermicompost (5t/ha) + F2 sea weed extract (3%) recorded the maximum number of branches per plant (6.75) and the lowest number of branches per plant (3.23) was recorded in S5 control + F6 control (table 1).
The number of compound leaves per plant was highest in S2 Enriched vermicompost (5t/ha) (81.47) and the lowest number of compound leaves per plant (58.23) was recorded in S5 control. Among the bio stimulants, the highest number of compound leaves per plant (81.54) was recorded in F2 sea weed extract (3%) and the lowest number of compound leaves per plant (55.49) was recorded in F6 control. Significant differences were observed between the interactions and the highest number of compound leaves per plant was observed in S2 enriched vermicompost (5t/ha) + F2 sea weed extract (3%) (88.25) and the least number (35.79) was recorded in S5 control + F6 control (table 2). 
The fresh leaf yield per plant was recorded highest in S2 enriched vermicompost (5t/ha) (312.70 g) and the lowest yield was recorded in S5 control (207.63 g). Comparing the bio stimulants foliar spray, the maximum yield was observed in F2 sea weed extract (3%) (314.01 g) and the minimum yield was recorded in F6 control (204.69 g) (table 2). Significant differences were observed between the interaction organic inputs and bio stimulants spray. The interaction between S2 enriched vermicompost (5t/ha) + F2 sea weed extract (3%) was found to be highest in yield (332.05 g) and the lowest in S5 control + F6 control (145.24 g). Significant differences were observed among the soil application of organic inputs in the fresh leaf yield per plot (kg). The maximum fresh leaf yield per plot was recorded in S2 enriched vermicompost (5t/ha) (56.95 kg) and the minimum fresh leaf yield per plot in S5 control (41.53 kg). Among the bio stimulants spray given, the foliar spray of F2 sea weed extract (3%) yielded maximum of 60.28 kg and the F6 control yielded minimum (40.18 kg). The interaction between organic inputs and bio stimulants showed significant differences in fresh leaf yield per plot. The interaction S2 enriched vermicompost (5t/ha) + F2 sea weed extract (3%) was found to be highest in fresh leaf yield per plot (66.41 kg) and the interaction S5 control + F6 control recorded minimum fresh yield per plot (29.05 kg) (table 3).
The soil application of organic inputs showed significant differences in fresh leaf yield per hectare (tonnes/hectare). The fresh leaf yield per hectare was recorded maximum in S2 enriched vermicompost (5t/ha) (6.27 t/ha). The minimum fresh leaf yield per hectare was recorded in S5 control (4.61 t/ha). The foliar spray of sea weed extract (3%) F2 recorded maximum fresh leaf yield per hectare (6.36 t/ha) whereas F6 control recorded minimum fresh leaf yield per hectare (4.28 t/ha). Among the interactions, S2 enriched vermicompost (5t/ha) + F2 sea weed extract (3%) recorded maximum fresh leaf yield per hectare (7.37 t/ha) and the minimum fresh yield per hectare in S5 control + F6 control (3.22 t/ha) (table 3). The dry leaf yield per plant was maximum (57.22 g) in S2 enriched vermicompost (5t/ha) and the minimum in S5 control (41.56 g) whereas, in foliar spray of bio stimulants the dry leaf yield per plant was maximum in F2 sea weed extract (3%) (53.09 g) and the minimum in F6 control (38.82 g). The interaction effect revealed the significant differences between the treatments. The maximum dry leaf yield per plant was recorded in S2 enriched vermicompost (5t/ha) + F2 sea weed extract (3%) (66.81 g) and the lowest in S5 control + F6 control (29.22 g) (table 4).
Significant differences were observed among the soil application of organic inputs in the dry leaf yield per plot (kg). The maximum dry leaf yield per plot was recorded in S2 enriched vermicompost (5t/ha) (11.64 kg) and the minimum dry leaf yield per plot in S5 control (8.36 kg). Among the bio stimulants spray given, the foliar spray of F2 seaweed extract (3%) yielded maximum of 11.37 kg and the F6 control yielded a minimum (8.24 kg). The interaction between organic inputs and bio stimulants showed significant differences in dry leaf yield per plot. The interaction S2 enriched vermicompost (5t/ha) + F2 sea weed extract (3%) was found to be highest in dry leaf yield per plot (13.36 kg) and the interaction S5 control + F6 control recorded minimum dry yield per plot (6.31 kg) (table 4).
Among the organic inputs, the treatment S2 enriched vermicompost (5t/ha) recorded maximum dry leaf yield per hectare (1.17 t/ ha) and the minimum dry leaf yield per hectare was recorded in S5 control (0.93 t / ha). In foliar spray, the treatment F2 sea weed extract (3%) recorded maximum dry leaf yield per hectare (1.24 t / ha) and the minimum dry leaf yield per hectare was recorded in F6 control (0.86 t /ha). Upon observing the interaction treatment values, it was found that the interaction between S2 enriched vermicompost (5t/ha) + F2 sea weed extract (3%) recorded maximum dry leaf yield per hectare (1.48 t / ha) and the minimum in S5 control + F6 control (0.65 t / ha) (table 5). The fresh to dry leaf recovery percentage was noted maximum in the treatment S2 enriched vermicompost (5t/ha) (5.44 %) and it was minimum in S5 control (5.26 %). Among the foliar spray treatments, the fresh to dry recovery percentage was noted maximum in F2 sea weed extract (3%) (5.51 %) and minimum in F6 control (5.25 %). Significant differences were observed in the interactions. The interaction S2 enriched vermicompost (5t/ha) + F2 sea weed extract (3%) (5.78 %) was maximum in fresh to dry leaf recovery % and minimum in the interaction S5 control + F6 control (5.09 %) (table 5).
Among the various treatments tested, S2F2 the plant which received both the application of enriched vermicompost (5t/ha) + sea weed extract (3%) increased the plant height to maximum values (206.45 cm) at 90 days after sowing. Whereas, the plants are dwarf in S5F6 control.This increase in plant height is due to the adequate supply of nutrients that enhanced the cell division and cell enlargement might be resulting in increased extension growth and thus, contribute for the robust growth. The increase in the growth may also be due to N from the organic manures which would be responsible for promoting plant height (Kujur et al., 2016).  Number of branches per plant was also found to be influenced by various treatments. The treatment S2 enriched vermicompost (5t/ha) and F2 sea weed extract (3%) recorded the maximum number of branches per plant (6.75) and the highest number of compound leaves per plant (88.25) and the least number (35.79) was recorded in S5 control + F6 control. This outcome coincides with the research findings Akanbi et al., (2009). The increase in branches per plant resulting from the availability of N from organic inputs may be linked to enhanced metabolic activities within the plant. The leaflet area was found to be the highest the plants which received along vermicompost (5t/ha) + F2 sea weed extract (3 %) (1.49 cm2) and (0.93 cm2) in moringa. This could be because of the plant's enhanced intake of its main nutrients, which causes nutrients to be translocated to the plant portion. This is consistent with research by Jadhav et al., (2015), who found that vermicompost directly affects plant development by supplying plant growth regulating chemicals (PGR), which leads to nutrient uptake. Rao et al., (2010) in onions and Kumar et al., (2013) in broccoli similarly reported similar results. Hasan and Solaiman (2012) study in cauliflower also showed similar results and usage of organics increased the plants growth and development and ensures that nutrients are always available to them.
Among the interaction, S2F2 which comprises enriched vermicompost (5t/ha) and F2 sea weed extract (3%) of foliar application showed the highest number of branches (6.75), compound leaves per plant (88.25), fresh leaf yield per plant (332.05 g), dry leaf yield per plant (66.81 g) and leaflet area (1.49 cm2). The ability of the plant roots to absorb available nutrients from the soil is responsible for the plant's yield. The possible reason could be that the vermicompost has a high proportion of organic manure because it contains bioactive principles. Besides, the organic manure, a large population of earthworms forms a symbiotic relationship with the soil and plant rhizosphere zone, which affects the rate at which nutrients enter the soil and has an effect on the growth and development of the  roots and shoots. Ansari et al., (2020) also observed similar in onion where they noticed improved plant growth and increased onion output by releasing nutrients and gradually for absorption along with other nutrients and growth promoting substances including gibberellin, cytokinin and auxins whereas, seaweed extract promotes yield by the presence of nutrients like micro, macro and carbohydrate components.
These findings are similar with the work of Abirami et al., (2010) and Bhardwaj et al., (2021) and these findings are also consistent with those of Ramya et al., (2015) in cluster bean plants. In the soil using liquid marine extracts, saw maximal influence on growth and yield indices such shoot length, root length, total fresh and dry weight and leaf area. The ability of seaweed extract is to promote growth may be explained by the presence of macro, micro, and carbohydrate components. Similar results were reported by Pise and Sabale (2010) wherein 50% of Ulva increased the fresh and dry weights of fenugreek. A similar finding by Shehata et al., (2011) showed that spraying the celery plants at a higher rate of amino acids and seaweed extract significantly increased plant height and fresh and dry leaf weight. Additionally, the presence of macro- and micronutrients as well as the presence of some substances that promote growth may be responsible for the seaweed extract's capacity to enhance growth due to application of seaweed extract. 
Table 1. Effect of different organic treatments on plant height (cm) and Number of branches per plant in moringa
	Treatment
	Plant height (cm)
	Number of branches per plant

	
	S1
	S2
	S3
	S4
	S5
	Mean
	S1
	S2
	S3
	S4
	S5
	Mean

	F1
	194.45
	201.97
	202.47
	161.02
	174.23
	186.83
	5.98
	6.28
	4.67
	4.98
	6.05
	5.59

	F2
	199.03
	206.45
	204.64
	200.23
	198.35
	201.74
	5.99
	6.75
	6.26
	5.95
	6.03
	6.20

	F3
	174.44
	157.68
	198.36
	195.06
	192.33
	183.57
	5.96
	5.88
	4.85
	5.58
	3.97
	5.25

	F4
	159.06
	192.05
	200.21
	182.56
	159.42
	178.66
	4.12
	5.97
	5.87
	3.95
	5.29
	5.04

	F5
	165.76
	190.96
	199.82
	165.86
	162.38
	176.96
	6.03
	6.34
	3.88
	5.45
	4.33
	5.21

	F6
	183.11
	177.23
	201.25
	162.97
	146.86
	174.28
	3.23
	6.14
	5.55
	3.69
	3.23
	4.73

	Mean
	179.31
	187.72
	201.13
	177.95
	172.26
	183.67
	5.22
	6.23
	5.18
	4.93
	5.12
	5.34

	
	S
	F
	S x F
	S
	F
	S x F

	SE (d)
	2.634
	2.886
	6.454
	0.101
	0.111
	0.248

	CD (p=0.05)
	5.275**
	5.778**
	12.921**
	0.203**
	0.222**
	0.498**



Table 2. Effect of different organic treatments on No. of compound leaves (rachis) per plant and Fresh leaf yield per plant (g) in moringa
	Treatment
	No. of compound leaves (rachis) per plant
	Fresh leaf yield per plant (g)

	
	S1
	S2
	S3
	S4
	S5
	Mean
	S1
	S2
	S3
	S4
	S5
	Mean

	F1
	73.41
	84.87
	78.32
	60.24
	52.97
	69.96
	294.75
	326.42
	174.91
	263.92
	221.36
	256.27

	F2
	80.45
	88.25
	82.85
	79.84
	76.32
	81.54
	298.11
	332.05
	300.34
	313.25
	326.28
	314.01

	F3
	84.43
	77.28
	45.38
	39.25
	72.88
	63.84
	238.06
	301.58
	225.71
	173.97
	182.04
	224.27

	F4
	67.12
	82.14
	74.62
	83.77
	36.47
	68.82
	199.95
	299.57
	267.92
	237.80
	216.83
	244.41

	F5
	80.32
	79.34
	66.02
	43.05
	74.93
	68.73
	262.34
	318.21
	220.45
	320.24
	154.03
	255.05

	F6
	71.03
	76.93
	38.47
	55.23
	35.79
	55.49
	156.87
	298.36
	168.03
	254.94
	145.24
	204.69

	Mean
	76.13
	81.47
	64.28
	60.23
	58.23
	68.07
	241.68
	312.70
	226.23
	260.69
	207.63
	249.78

	
	S
	F 
	S x F
	S
	F 
	S x F

	SE (d)
	1.160
	1.271
	2.842
	4.877
	5.343
	11.948

	CD(p=0.05)
	2.323**
	2.544**
	5.690**
	9.765**
	10.697**
	23.919**



Table 3. Effect of different organic treatments on Fresh leaf yield per plot (kg) and Fresh leaf yield per hectare (tonnes/hectare) in moringa 
	Treatment
	Fresh leaf yield per plot (kg)
	Fresh leaf yield per hectare (tonnes/hectare)

	
	S1
	S2
	S3
	S4
	S5
	Mean
	S1
	S2
	S3
	S4
	S5
	Mean

	F1
	58.95
	49.97
	44.27
	52.78
	34.98
	48.19
	6.54
	5.64
	4.91
	5.86
	3.88
	5.37

	F2
	62.23
	66.41
	62.84
	58.67
	55.26
	60.28
	6.32
	7.37
	6.89
	5.97
	4.24
	6.36

	F3
	47.61
	52.13
	45.14
	36.41
	34.79
	43.22
	5.28
	5.79
	5.01
	4.04
	3.86
	4.80

	F4
	39.99
	61.34
	53.58
	47.56
	43.37
	49.17
	4.44
	7.04
	5.95
	5.28
	4.81
	5.50

	F5
	52.47
	55.97
	44.09
	64.05
	30.81
	49.48
	5.82
	6.47
	4.89
	6.22
	3.42
	5.36

	F6
	31.37
	55.89
	33.61
	50.99
	29.05
	40.18
	3.48
	4.32
	3.73
	4.66
	3.22
	4.28

	Mean
	46.44
	56.95
	45.71
	51.47
	41.53
	48.42
	5.31
	6.27
	4.73
	5.48
	4.61
	5.28

	
	S
	F 
	S x F
	S
	F 
	S x F

	SE (d)
	0.877
	0.961
	2.149
	0.096
	0.105
	0.236

	CD(p=0.05)
	1.756**
	1.924**
	4.302**
	0.193**
	0.212**
	0.474**



Table 4. Effect of different organic treatments on Dry leaf yield per plant (g) and Dry leaf yield per plot (kg) in moringa
	Treatment
	Dry leaf yield per plant (g)
	Dry leaf yield per plot (kg)

	
	S1
	S2
	S3
	S4
	S5
	Mean
	S1
	S2
	S3
	S4
	S5
	Mean

	F1
	59.31
	49.92
	44.54
	53.10
	35.19
	48.41
	11.86
	9.86
	7.04
	10.62
	8.91
	9.66

	F2
	42.19
	66.81
	65.65
	54.09
	36.69
	53.09
	10.25
	13.36
	9.31
	10.82
	13.13
	11.37

	F3
	47.90
	59.61
	36.63
	35.00
	45.41
	44.91
	9.58
	10.49
	9.08
	7.00
	7.33
	8.70

	F4
	40.23
	62.45
	43.63
	47.85
	53.91
	49.61
	8.05
	12.84
	10.78
	9.57
	8.73
	9.99

	F5
	52.78
	56.31
	30.99
	64.43
	44.36
	49.77
	10.56
	11.26
	8.87
	12.89
	6.20
	9.96

	F6
	31.56
	48.23
	29.22
	51.30
	29.22
	38.82
	6.31
	12.05
	6.76
	10.26
	6.31
	8.24

	Mean
	45.66
	57.22
	41.78
	50.96
	41.56
	47.44
	9.44
	11.64
	8.64
	10.19
	8.36
	9.65

	
	S
	F 
	S x F
	S
	F 
	S x F

	SE (d)
	0.856
	0.937
	2.096
	0.174
	0.190
	0.426

	CD(p=0.05)
	1.713**
	1.877**
	4.197**
	0.348**
	0.381**
	0.853**



Table 5. Effect of different organic treatments on Dry leaf yield per plant (g) and Fresh to dry leaf recovery (%) in moringa
	Treatment

	Dry leaf yield per hectare (tonnes/hectare)
	Fresh to dry leaf recovery (%)

	
	S1
	S2
	S3
	S4
	S5
	Mean
	S1
	S2
	S3
	S4
	S5
	Mean

	F1
	1.32
	0.92
	0.78
	1.18
	0.99
	1.04
	5.34
	5.47
	5.46
	5.27
	5.21
	5.35

	F2
	1.74
	1.48
	1.12
	1.20
	0.86
	1.24
	5.48
	5.78
	5.62
	5.34
	5.34
	5.51

	F3
	1.06
	1.22
	1.01
	0.78
	0.81
	0.98
	5.39
	5.34
	5.75
	5.54
	5.21
	5.45

	F4
	0.89
	1.09
	1.20
	1.06
	0.97
	1.04
	5.21
	5.64
	5.31
	5.34
	5.21
	5.34

	F5
	1.17
	1.25
	0.98
	1.43
	0.69
	1.10
	5.31
	5.30
	5.24
	5.47
	5.34
	5.33

	F6
	0.70
	1.04
	0.75
	1.14
	0.65
	0.86
	5.47
	5.10
	5.09
	5.36
	5.09
	5.25

	Mean
	1.01
	1.17
	0.97
	1.13
	0.93
	1.04
	5.37
	5.44
	5.41
	5.39
	5.26
	5.37

	
	S
	F 
	S x F
	S
	F 
	S x F

	SE (d)
	0.019
	0.021
	0.047
	0.088
	0.097
	0.217

	CD(p=0.05)
	0.039**
	0.042**
	0.095**
	0.177**
	0.194**
	0.434**



CONCLUSION
The present investigation clearly demonstrates that the combined application of enriched vermicompost at 5 t/ha and foliar spray of 3% seaweed extract (S2 + F2) significantly enhanced the growth and yield performance of annual moringa (Moringa oleifera L.) var. PKM 1. Among the individual treatments, enriched vermicompost (S2) and seaweed extract (F2) alone also showed notable improvements in various growth attributes such as plant height, number of branches, compound leaves per plant, leaflet area, and light interception percentage. However, the synergistic interaction of S2 + F2 resulted in the maximum leaf biomass yield, both in terms of fresh and dry weight, across all measured parameters including per plant, per plot, and per hectare yields. Furthermore, this treatment also recorded the highest fresh to dry leaf recovery percentage. These findings indicate that the integration of enriched organic manure with biostimulant-based foliar sprays is a promising strategy for enhancing the productivity and quality of moringa leaves. Therefore, adopting this organic package could serve as an effective, eco-friendly approach for sustainable moringa cultivation and value-added product development.
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