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Organic manures and bio-stimulants as Growth Enhancers for improving Tuber Yield in Colocasia (Colocasia esculenta var antiquorum L. Schott) 
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ABSTRACT 

	Aims: To study was carried out to enhance the yield of corms and cormels of colocasia with the application of organic manures and bio-stimulants. 
Study design:  Randomized Block Design
Place and Duration of Study: Dr. B. S. K. K. V., Dapoli, during the kharif season, between June to December, 2024.
Methodology: The experiment had three replications and eight treatments viz., T1 [RDF (80:60:80 NPK kg ha-1) + FYM (15 t ha-1)], T2 [FYM (30 t ha-1)], T3 [Vermicompost  (5 t ha-1)], T4 [FYM (30 t ha-1) + Seaweed Extract (3 ml L-1)], T5 [Vermicompost (5 t ha-1) + Humic Acid (1 ml L-1)], T6 [FYM (30 t ha-1) + Seaweed Extract (3 ml L-1) + Humic Acid  (1 ml L-1)], T7 [Vermicompost (5 t ha-1) + Humic Acid (1 ml L-1) + Seaweed Extract (3 ml L-1)] and T8 (Absolute control). 
Result: According to the experimental data, the treatment T6 [FYM (30 t ha-1) + Seaweed Extract (3 ml L-1) + Humic Acid (1 ml L-1)] exceeded the other treatments with respect to overall corm yield (28.49 q/ ha), cormel yield (150.37 q/ ha), and total yield (178.90 q/ ha) was documented. 
Conclusion: On the other hand, the treatment T4, i.e., FYM @ 30 t ha-1 and Seaweed Extract @ 3 ml L-1 showed significantly equivalent results. Based on the experimental results, it was revealed that the combined effect of organic sources helped in boosting the corm and cormel quality as well as production of colocasia.
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1. INTRODUCTION 

Taro (Colocasia esculenta) is an underutilized crop, grown in the tropics, particularly in the warmer climates which is valued for its tasty cormel, leaves, and petioles. It is a member of the monocotyledonous family Araceae having genus Colocasia of subfamily Colocasioideae. In spite of an extended record of vegetative multiplication, the taxonomy of the genus Colocasia is somewhat unclear. Although the species is thought to be polymorphic, cultivated taro is categorized as Colocasia esculenta. In many Pacific, Caribbean, and Asian nations, it is a staple cuisine. In the southern United States, it is used as a potato substitute. Taro is mostly grown in the northern and eastern states of India (Limisha et al., 2021). It is a perennial herbaceous plant native to the tropics or subtropics that is typically cultivated for its starchy, sweet-tasting corms. Colocasia roots, also known as dasheen and eddoe, are grown in many parts of the world. The corm is huge and cylindrical in dashed taro varieties. It is the primary edible portion of the plant, reaching up to 30 cm in length and 15 cm in diameter. The corm of eddoe varieties is tiny, globoid, and encircled by a number of daughter corms and cormels (stem tubers). Together, the cormels and daughter corms make up a sizable amount of the edible eddoe taro yield. Long-petioled leaves that arise in a whorl from the top of the underground corms are its main constituents (Onwueme, 1999). 70% to 80% of taro corm is made up of starch. Taro corm has a higher starch content than cassava and sweet potatoes (Kaith et al., 2022). Consumed as leafy vegetables, young leaf blades and petioles are high in fibre, vitamins, and minerals (Shekade et al., 2018). According to Miyasaka et al. (2019), taro is the fifth most widely grown root crop worldwide. 
Standardizing the ideal nutrient dosage is necessary to enhance the physico-chemical characteristics of soil, as well as the yield and quality of produce, in order to increase taro yield and quality. In addition to enhancing produce quality, integrated nutrient management (INM) techniques also contribute to increased soil fertility, which benefits the biosphere. They are also reasonably priced, readily accessible, and environmentally beneficial. Alkaline phosphatase activity is increased in soil that has been treated with farmyard manure (FYM). Mostofa et al. (2019) discovered that storage quality parameters enhanced with increasing vermicompost level irrespective of tuber size. Bulky organic manures like FYM and vermicompost may not provide high-quality main nutrients, but they have the capacity to provide all necessary nutrients for extended periods of time (Baghel et al., 2017). The use of humates and the biological enrichment of growing substrate with specific bacteria that promote plant growth resulted in robust seedlings in the greenhouse and mature plants, as well as higher growth and yield in the plot (Canellas et al., 2015). 

2. material and methods

The experiment on organic manures and bio-stimulants as growth enhancers for improving tuber yield in colocasia was carried out in the Konkan region of Maharashtra under agroclimatic conditions to study the yield of corms and cormels responding to different organic sources and bio-stimulants. It was conducted at the College of Horticulture, Department of Vegetable Science, Dapoli, during the Kharif of 2024. On the global map, the geological position is located at 17º46'0" north latitude and 73º11'0" east longitude. The variety raised was Konkan Manohar. The layout of the experimental plot was Randomized Block Design (RBD) with three replications and eight treatments, viz., T1 [RDF (80:60:80 NPK kg ha-1) + FYM (15 t ha-1)], T2 [FYM (30 t ha-1)], T3 [Vermicompost  (5 t ha-1)], T4 [FYM (30 t ha-1) + Seaweed Extract (3 ml L-1)], T5 [Vermicompost (5 t ha-1) + Humic Acid (1 ml L-1)], T6 [FYM (30 t ha-1) + Seaweed Extract (3 ml L-1) + Humic Acid  (1 ml L-1)], T7 [Vermicompost (5 t ha-1) + Humic Acid (1 ml L-1) + Seaweed Extract (3 ml L-1)] and T8 (Absolute control). The observations recorded were corm yield per plant (g), corm yield per plot (kg), corm yield per hectare (q), cormel yield per plant (g), cormel yield per plot (kg), cormel yield per hectare (q), total yield (corm and cormels) per plant (g), total yield per plot (kg), and total yield per hectare (q). The application of humic acid and seaweed extract was done by drenching at fortnight intervals. To enhance chlorophyll production and shoot elongation, growth hormones included in seaweed extract may work in concert with nitrogen. Humic acid, on the other hand, is essential in determining how well it works as a soil conditioner and plant growth booster. The observations were recorded at an interval of 30, 60, 90, 120, and 150 DAP. The impact of the organic sources and the bio-stimulants applied during the experiment showed positive effect on the growth parameters as well, promoting the plant’s overall natural form and vigour. 

3. results and discussion

The corm yield at 150 DAP was observed per plant, per plot and per hectare which also indicates the weight of the corm. The data presented in Table 1 showed significantly superior results in the treatment consisting the farm yard manure and humic acid along with seaweed extract solution.

3.1 Corm Yield 

3.1.1 Corm yield per plant (g) 

The data given in Table 1 shows that the maximum corm yield per plant was recorded in T6 (76.93 g) which was at par with treatments T4 (76.43 g), T2 (67.07 g), T7 (66.77 g), T5 (65.03 g) and T3 (62.93 g). The combined effect of seaweed extract and humic acid when applied with farm yard manure gave better yield performance compared with the other treatments. In contrast, the treatment which showed the lowest mother corm yield per plant (43.6 g) was treatment T8, i.e., absolute control. It was observed that T6 was significantly superior in terms of corm production than the other treatments. Farm yard manure played a major role in nourishing the tuber and ultimately improved the vitality of the plant.

3.1.2 Corm yield per plot (kg) 

The corm yield per plot production also observed similar results showing highest yield (2.46 kg) in treatment T6 as shown in Table 1. This was at par with treatments T2 (2.14 kg), T3 (2.02 kg), T4 (2.44 kg), T5 (2.08 kg) and T7 (2.14 kg). The plot consisting of 32 plants resulted in highest production of the corms with T6 and also boosted the overall plant growth by supplementing essential nutrients via different organic sources utilized along with the bio-stimulants. The lowest corm yield per plot was recorded in T8 (1.41 kg). Seaweed extract proved to be supporting the tuber growth along with the herbage production, simultaneously giving good quality yield. The impact of farm yard manure and humic acid contributed effectively in enhancing the plant system and gave profitable outcomes.


3.1.3 Corm yield per hectare (q)

The maximum corm yield per hectare was also recorded in the same treatment T6 (28.49 q) which was statistically at par with treatments T4 (28.26 q), T2 (24.81 q), T7 (24.69 q), T5 (24.07 q) and T3 (23.33 q). On the contrary, the lowest corm yield per hectare was recorded in treatment T8 (16.17 q). Similar findings were observed with Abuzeed et al. (2019) who studied the effects of foliar spraying with seaweed extract, potassium silicate, and abscisic acid, as well as irrigation levels, on the growth, corm yield, and quality of taro. It was observed that adding potassium silicate at 2 g L-1 and seaweed extract at 0.5 g L-1 produced the most corms (21.199 tha-1). Similar findings were observed by Suja et al. (2009) in tannia, Sahoo (2015) and Nedunchezhiyan et al. (2017) in elephant foot yam and Sarita et al. (2023) in colocasia.
                    Table 1. Impact of organic manures and bio-stimulants on corm yield
	Treatments
	Corm Yield

	
	Per plant
(g)
	Per plot (kg)
	Per hectare (q)

	T1  [RDF (80:60:80 NPK kg ha-1) + FYM (15 t ha-1)]
	45.77
	1.46
	16.91

	T2  [FYM (30 t ha-1)]  
	67.07
	2.14
	24.81

	T3  [Vermicompost (5 t ha-1)]   
	62.93
	2.02
	23.33

	T4  [FYM (30 t ha-1) + Seaweed Extract (3 ml L-1)]
	76.43
	2.44
	28.26

	T5  [Vermicompost (5 t ha-1) + Humic Acid (1 ml L-1)]
	65.03
	2.08
	24.07

	T6  [FYM (30 t ha-1) + Seaweed Extract (3 ml L-1) + Humic Acid (1 ml L-1)]
	76.93
	2.46
	28.49

	T7  [Vermicompost (5 t ha-1) + Humic Acid (1 ml L-1) + Seaweed Extract (3 ml L-1)]
	66.77
	2.14
	24.69

	T8  [Absolute control]
	43.67
	1.41
	16.17

	Range
	43.67-76.93
	1.41-2.46
	16.17-28.49

	S.E m ±
	7.00
	0.226
	2.59

	CD at 5%
	21.24
	0.684
	7.87
























                      (Note: RDF, Vermicompost and Farm yard manure were applied at the time of planting only.)

3.2 Cormel Yield

3.2.1 Cormel yield per plant (g)

The data represented in Table 2 shows maximum cormel yield per plant in treatment T6 (406.00 g) and it was statistically at par with treatments T1 (312.93 g), T2 (382.75 g), T4 (405.71 g), T5 (333.12 g) and T7 (376.99 g). Farm yard manure boosted the plant’s growth and resulted in healthy tuber production. The application of seaweed extract nurtured the cormels growth giving the sizeable tuber yield while humic acid helped in the production of a healthy root system. The lowest cormel yield per plant was recorded in absolute control in treatment T8 (176.48 g). 

3.2.2 Cormel yield per plot (kg)

The highest cormel yield per plot of colocasia was observed in treatment T6 (12.99 kg) which was statistically at par with treatments T4 (12.91 kg), T2 (12.27 kg), T7 (12.06 kg), T5 (10.56 kg) and T1 (10.03 kg). The combined effect of the farm yard manure, seaweed extract and humic acid played significant role in improving the cormel yield simultaneously maintaining the quality of the tubers. The cormels showed the shape and size which were not large enough as expected but resulted in superior yield in terms of quality as compared to other treatments. On the contrary, the minimum yield recorded was in T8 (5.76 kg), i. e. Absolute control. This revealed that although colocasia has low nutrient requirement, the application of additional organic sources and bio-stimulants helps to boost the production of the cormels.

3.2.3 Cormel yield per hectare (q)

The data represented in Table 2 revealed that the maximum cormel yield per hectare recorded was in treatment T6 (150.37 q). It was statistically at par with treatments T4 (149.38 q), T2 (141.97 q), T7 (139.62 q), T5 (122.22 q) and T1 (116.05 q). The lowest cormel yield recorded per hectare was in treatment T8 (66.67 q). The results were in accordance with Mahalakshmi et al. (2021) and Verma, et al. (2012) in taro.

                    Table 2. Impact of organic manures and bio-stimulants on cormel yield
	Treatments
	Cormel Yield

	
	Per plant
(g)
	Per plot (kg)
	Per hectare (q)

	T1  [RDF (80:60:80 NPK kg ha-1) + FYM (15 t ha-1)]
	312.93
	10.03
	116.05

	T2  [FYM (30 t ha-1)]  
	382.75
	12.27
	141.97

	T3  [Vermicompost (5 t ha-1)]   
	281.76
	9.07
	104.94

	T4  [FYM (30 t ha-1) + Seaweed Extract (3 ml L-1)]
	405.71
	12.91
	149.38

	T5  [Vermicompost (5 t ha-1) + Humic Acid (1 ml L-1)]
	333.12
	10.56
	122.22

	T6  [FYM (30 t ha-1) + Seaweed Extract (3 ml L-1) + Humic Acid (1 ml L-1)]
	406.00
	12.99
	150.37

	T7  [Vermicompost (5 t ha-1) + Humic Acid (1 ml L-1) + Seaweed Extract (3 ml L-1)]
	376.99
	12.06
	139.62

	T8  [Absolute control]
	176.48
	5.76
	66.67

	Range
	176.48-406.00
	5.76-12.99
	66.67-150.37

	S.E m ±
	33.76
	1.08
	12.53

	CD at 5%
	102.41
	3.28
	37.99
























                      (Note: RDF, Vermicompost and Farm yard manure were applied at the time of planting only.)

3.3 Total Yield
The total yield recorded by combining the corm as well as cormel yield from Table 1 and Table 2 in presented in Table 3. The data recorded discussed that the highest total yield was observed in treatment T6, i.e., 482.93 g/ plant, 15.45 kg/ plot and 178.90 q/ ha, whereas the lowest observations were recorded in absolute control treatment. The impact of farm yard manure along with the bio-stimulants gave higher yield of the corms and the cormels under the Konkan climatic conditions and resulted in maximum economic outcomes.
                     
                    Table 3. Impact of organic manures and bio-stimulants on total yield
	Treatments
	Total Yield

	
	Per plant
(g)
	Per plot (kg)
	Per hectare (q)

	T1  [RDF (80:60:80 NPK kg ha-1) + FYM (15 t ha-1)]
	359.00
	11.49
	132.96

	T2  [FYM (30 t ha-1)]  
	450.33
	14.41
	166.79

	T3  [Vermicompost (5 t ha-1)]   
	346.33
	11.09
	128.27

	T4  [FYM (30 t ha-1) + Seaweed Extract (3 ml L-1)]
	479.67
	15.35
	177.65

	T5  [Vermicompost (5 t ha-1) + Humic Acid (1 ml L-1)]
	395.00
	12.64
	146.29

	T6  [FYM (30 t ha-1) + Seaweed Extract (3 ml L-1) + Humic Acid (1 ml L-1)]
	482.93
	15.45
	178.90

	T7  [Vermicompost (5 t ha-1) + Humic Acid (1 ml L-1) + Seaweed Extract (3 ml L-1)]
	443.33
	14.19
	164.20

	T8  [Absolute control]
	223.67
	7.16
	82.84

	Range
	223.67-482.93
	7.16-15.45
	82.84-178.90

	S.E m ±
	35.65
	1.14
	13.20

	CD at 5%
	108.13
	3.46
	40.05
























                       (Note: RDF, Vermicompost and Farm yard manure were applied at the time of planting only.)
4. Conclusion

The results showed that the corm and cormel yield was influenced by different organic sources used in the experiment. It was revealed that treatment T6, i.e., FYM (30 t ha-1) + Seaweed Extract (3 ml L-1) + Humic Acid (1 ml L-1) showed significant results with respect to plant growth ultimately boosting the yield of corms and cormels. The effect of seaweed extract proved crucial in maximising the tuber yield along with the application of farmyard manure and humic acid. This combination led to higher yield production as compared to the other treatments applied.
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