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Effect of Seaweed fertilization on productivity and profitability of Chickpea in western Uttar Pradesh
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ABSTRACT 

	A field experiment was conducted during Rabi season of 2021-22 and 2022-23 at agriculture Research Farm, Raja Balwant Singh College, Bichpuri, Agra. The experiment was laid out in Split Plot Design along with two factor viz.,three chickpea varieties V1-Pusa-362, V2- IPC 2004-98, and V3- IPC 2005-62 as main plot and six seaweed treatment combination          T1- Foliar application of seaweed extract @ 750 ml ha-1 at pre-flowering stage, T2- Foliar application of seaweed extract @ 750 ml ha-1 at pre-flowering and pod formation stage,       T3- Foliar application of seaweed extract @ 750 ml ha-1 at pre-flowering, flowering, and pod formation stage,T4- Basal application of seaweed granules @ 25 kg ha-1 + top dressing of seaweed granules @ 25 kg ha-1 after first irrigation, T5- Basal application of seaweed granules @ 25 kg ha-1 + foliar application of seaweed extract @ 750 ml ha-1 at flowering stage, T6- Basal application of seaweed granules @ 25 kg ha-1 + foliar application of seaweed extract @ 750 ml ha-1 at flowering and pod formation stage, as sub-plot factor treatment along with granule and water spray and their combination of 18 treatments replicated four times. The analysis showed that among the different varieties and seaweed treatments variety IPC 2005-62 and foliar application of seaweed extract @ 750 ml ha-1 at pre-flowering, flowering, and pod formation stage, got significantly higher highest yield attributing characters [no. of pod  plant-1, weight of grains (g) plant-1, weight of pod (g) plant-1, no. of grains pod-1, shelling % and seed index], yield [grain yield (kg ha-1), stover yield (kg ha-1), biological yield (kg ha-1) and harvest index] and economics (gross return, net return and B:C Ratio (2.33, 2.49) during 2021-22 and 202-23 respectively.
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1. INTRODUCTION

One of the most significant pulse crops in the world, chickpeas (Cicer arietinum L.) provide millions of people, especially in developing nations, with a significant supply of nutritional protein, minerals, and vital amino acids.  With more than 70% of the world's production, India is the world's greatest producer of chickpeas, which are essential for sustainable agricultural systems, improving soil fertility, and ensuring food security (FAOSTAT, 2023; Singh et al., 2019). Despite its importance, issues including moisture stress, nutritional inadequacies, and poor management techniques continue to limit chickpea yield. Therefore, increasing crop growth and yield potential using economical, environmentally responsible methods is essential to increasing pulse production.
Seaweed-based biostimulants have become a promising organic input for improving agricultural productivity in recent years.  A wide range of bioactive substances, including macro- and micronutrients, amino acids, vitamins, phytohormones (auxins, cytokinins, gibberellins), polysaccharides, and antioxidants, are found in seaweed extracts that are mainly derived from brown algae like Ascophyllum nodosum, Sargassum spp., and Kappaphycus alvarezii. These substances enhance plant physiological processes and stress tolerance (Khan et al., 2009; Shukla et al., 2019).  In leguminous crops, foliar and soil treatments of seaweed extracts have demonstrated improvements in nodulation, nitrogen absorption, photosynthetic efficiency, root growth, and seed germination (Kumar & Sahoo, 2011; Craigie, 2011)

2. Materials and methods

A field experiment was carried out during the Rabi seasons of 2021–22 and 2022–23 at the Agricultural Research Farm of Raja Balwant Singh College, Bichpuri, Agra (27.2° N, 77.9° E), in sandy loam soil to evaluate the performance of chickpea varieties under different seaweed treatments. The study region has a semi-arid subtropical climate with extremely hot summers (46–48°C in May–June), a monsoon season (July–September), and chilly winters (December–February). Nearly neutral pH (8.05–8.08), low organic carbon (0.34–0.36%), medium accessible N (179–183 kg ha-1) and P (26.6–26.9 kg ha-1), and low K levels (281–282 kg ha-1) were all found in the first soil study. The soil of the experimental site was uniform and representative of the region, and all recommended agronomic practices were followed throughout the growing period. The experiment was conducted using a split-plot design with three chickpea varieties—Pusa-362, IPC 2004-98, and IPC 2005-62—assigned to the main plots, while six seaweed-based treatments were allotted to the sub-plots. The seaweed extract was applied as foliar spray at the prescribed growth stages according to the treatment combinations. Each treatment was replicated four times, and plots were separated with adequate spacing to avoid spray drift and ensure independent treatment effects. The crop was sown at the recommended seed rate (75 kg ha-1) and spacing (30×10), and all standard field management practices, including irrigation and plant protection measures, were implemented uniformly across all plots. Observations on growth and yield attributes were recorded at appropriate crop stages, along with final yield measurements after harvest. Data on the number of crop stands per meter row were analyzed, along with quality metrics like protein percentage and nutritional content percentage.  Following the methods outlined by Fisher and Yates (1957), statistical analysis was carried out using ANOVA, and treatment effects were assessed using the critical difference (CD) at the 5% probability level.

3. results and discussion

3.1 Yield attributing characters 

Data on yield attributing characteristics, such as ., No. of pod plant-1, Weight of grains (g) plant-1, Weight of pod (g) plant-1, No. of grains pod-1, Shelling % and Seed index presented on a mean basis. The yield attributing characteristics under different treatments are shown in Table 1.

3.1.1 Effect on yield attributing characteristics of different verieties.

The yield attributes of chickpea varieties varied significantly, influenced by genetic potential and environmental conditions. Among the various varieties, variety IPC 2005-62 had demonstrated significantly higher No. of pod plant-1 (40.34 and 42.67), Weight of grains (g) plant-1 (8.89 and 10.01), Weight of pod (g) plant-1 (11.77 and 13.10), No. of grains pod-1 (1.64 and 1.71) and Shelling % (75.60 and 76.50) as compared to Pusa-362 and IPC 2004-98 mainly due to better adaptability, resistance to stress, efficient nutrient utilization and higher number of branches during 2021-22 and 2022-23. Seed index (29.38 and 29.51) was significantly higher with variety IPC 2004-98 as compared to Pusa-362 and IPC 2004-98 IPC 2005-62 during 2021-22 and 2022-23. Seed index was higher due to genetic character of the variety. Similar findings were given by Sekhar et al., (2015), Ali et al., (2018) and Rawat et al., (2023).

3.1.2 Effect on yield attributing characteristics of different seaweed teratments.

Seaweed bioactive compounds enhance chickpea physiology by stimulating photosynthesis, root nodulation, and nutrient uptake. Improved osmotic balance and hormonal regulation elevate number of branches branches, pod initiation, seed filling, and grain weight. Varietal differences in sink strength and assimilate partitioning determine yield attributes, reflecting seaweed-mediated modulation of carbon metabolism and stress resilience. Result reveled about to the seaweed, foliar application of seaweed extract @ 750 ml ha-1 at pre-flowering, flowering and pod formation stage, (T3) recorded significantly higher No. of pod plant-1 (40.34 and 42.67), Weight of grains (g) plant-1 (8.89 and 10.01), Weight of pod (g) plant-1 (11.77 and 13.10), No. of grains pod-1 (1.64 and 1.71) and Shelling % (75.60 and 76.50) as compared to another treatment but treatment T6 was at par with T3 during 2021-22 and 2022-23. The different levels of Seaweed treatment did not affect significantly Seed index during 2021-22 and 2023. All the treatments were sequentially followed as T3> T6> T2> T5> T4> T1. Similar result reported in Mahajan et al., (2016) and Reddy and Rai (2020).

3.2 Yield result

In relation with yield data (Grain yield, Stover yield, Biological yield and Harvest index) of chickpea crop under different varieties and levels of seaweed treatment has been presented in Table 2.

3.2.1 Effect on yield of different verieties.

Different chickpea varieties exhibited notable variation in their yield attributes, reflecting their distinct genetic potential and adaptability to growing conditions. Among the tested varieties, variety IPC 2005-62 with superior growth vigour and better pod formation capacity consistently recorded higher numbers of pods per plant, seeds per pod, and 100-seed weight. These variations suggest that varietal traits play a decisive role in determining yield performance. Overall, the results highlight the importance of selecting high-performing varieties to maximize productivity under given agro-climatic conditions. Variety IPC 2005-62 had best among three verieties of chickpea. it was significantly higher yield as compared to Pusa-362 and IPC 2004-98 during 2021-22 and 2022-23. Variety IPC 2005-62 got grain yield 2340 and 2479 kg ha-1, stover yield 4690 and 4896 kg ha-1, biological yield 7030 and 7374 kg ha-1 and harvest index 33.25 and 33.61. Similar outcomes displayed by Sethi et al., (2016) and Yadav et al., (2023).

3.2.2 Effect on yield of different seaweed teratments.

Different seaweed treatments showed a positive influence on the yield of chickpea, with treated plots consistently outperforming the untreated control. Foliar application of seaweed extract enhanced plant growth, nutrient uptake, and pod development, resulting in higher seed yield. Among the treatments, those receiving higher or combined doses produced the most significant improvement, indicating that seaweed extract acts as an effective biostimulant for yield enhancement. Result explain that foliar application of seaweed extract @ 750 ml ha-1 at pre-flowering, flowering and pod formation stage, (T3) recorded significantly higher yield as compared to another treatment but treatment T6 was at par with T3 during 2021-22 and 2022-23. The different levels of Seaweed treatment did not affect significantly Seed index during 2021-22 and 2023. Treatment T3 got higher grain yield 2426 and 2566 kg ha-1, stover yield 4836 and 5054 kg ha-1, biological yield 7262 and 7621 kg ha-1 and harvest index 33.38 and 33.72. All the treatments were sequentially followed as T3> T6> T2> T5> T4> T1. Similar result given by Layek et al.,(2018) and Reddy and Rai (2021).

3.3 Economics result

Economics data (Gross return, Net return and B:C ratio) of chickpea crop under different varieties and levels of seaweed treatment has been presented in Table 2.

3.3.1 Effect on economics of different verieties.

Variety IPC 2005-62 had best among three verieties of chickpea. it was significantly higher Economics as compared to Pusa-362 and IPC 2004-98 during 2021-22 and 2022-23. Variety IPC 2005-62 got Gross return 147276 and 159958 Rs/ha, Net return 83804 and 95436 Rs/ha and B:C ratio 2.33 and 2.49. Due to higher seed output, the higher-yielding variety IPC 2005-62 produced higher gross and net returns, whereas varieties with moderate yield potential offered relatively lower profitability.  Farmers can greatly increase their overall financial returns by choosing superior types. Similar result reported by Rawat et al., (2023) and Sandeep et al., (2023).

3.3.2 Effect on economics of different seaweed teratments.

	The best benefit-cost ratios were obtained from low-cost, consistently effective treatments that foliar application of seaweed extract @ 750 ml ha-1 at pre-flowering, flowering and pod formation stage, (T3). Expensive or variable treatments were only profitable when they resulted in significant, consistent yield or quality gains.  Farmers should base their treatment decisions on market pricing, anticipated yield response, and local treatment costs. Result explain that foliar application of seaweed extract @ 750 ml ha-1 at pre-flowering, flowering and pod formation stage, (T3) recorded significantly higher economics as compared to another treatment but treatment T6 was at par with T3 during 2021-22 and 2022-23. The different levels of Seaweed treatment did not affect significantly Seed index during 2021-22 and 2023. Treatment T3 got higher Gross return 151520 and 166447 kg ha-1, Net return 89530 and 103406 kg ha-1 and B:C ratio 2.44 and 2.64. All the treatments were sequentially followed as T3> T6> T2> T5> T4> T1. Farm economics were primarily impacted by various seaweed treatments through variations in crop quality, production, and input costs.  Additionally, from an economic perspective, using seaweed frequently results in higher profitability by raising production while keeping input costs relatively low, which enhances the cost-benefit ratio and farmer income Zodape et al., (2011), Prakhyath, K. M. (2025).

Conclusion
The study of three chickpea varieties under six seaweed treatments revealed that varietal selection, along with correct biostimulant application, may significantly improve yield characteristics, total seed production, and economic returns. The study showed that the foliar application of seaweed extract @ 750 ml ha-1 at pre-flowering, flowering and pod formation stage, (T3) resulted in better yield attributing characteristics, yield, and economic value. Variety IPC 2005-62 had the greatest yield attributing characteristics, yield, and economics of all of the cultivars tested. Overall, the study shows that combining an enhanced chickpea variety with appropriate seaweed-based foliar nutrition is a viable method for increasing output and ensuring farmers' superior economic success.
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	Table 1.  Mean yield attributing characters of chickpea influenced by various varieties and different seaweed treatments.

	 Treatments
	No. of pod  plant-1
	Weight of grains (g) plant-1
	Weight of pod (g)  plant-1
	No. of grains pod-1
	Shelling %
	Seed index

	
	2021-22
	2022-23
	2021-22
	2022-23
	2021-22
	2022-23
	2021-22
	2022-23
	2021-22
	2022-23
	2021-22
	2022-23

	Main plot (Varieties)

	V1
	35.74
	38.08
	7.69
	8.81
	10.96
	12.29
	1.36
	1.43
	69.53
	71.42
	23.35
	23.42

	V2
	30.28
	32.61
	6.23
	7.44
	9.77
	11.26
	1.13
	1.19
	63.57
	66.10
	29.38
	29.51

	V3
	40.34
	42.67
	8.89
	10.01
	11.77
	13.10
	1.64
	1.71
	75.60
	76.50
	18.50
	18.55

	SEm±
	0.74
	0.77
	0.18
	0.15
	0.21
	0.21
	0.03
	0.03
	1.69
	1.78
	0.53
	0.53

	CD (P=0.05)
	2.55
	2.67
	0.61
	0.51
	0.74
	0.74
	0.09
	0.10
	5.86
	6.15
	1.84
	1.84

	Sub plot (Seaweed treatment)

	T1
	29.89
	32.39
	5.68
	6.90
	9.30
	10.83
	1.18
	1.23
	61.14
	63.83
	23.61
	23.69

	T2
	36.15
	38.37
	7.59
	8.76
	10.94
	12.35
	1.38
	1.46
	69.19
	70.94
	23.76
	23.84

	T3
	40.42
	42.78
	9.38
	10.44
	12.25
	13.47
	1.55
	1.63
	76.27
	77.47
	23.94
	24.02

	T4
	32.99
	35.21
	6.80
	8.00
	10.15
	11.56
	1.28
	1.35
	66.88
	69.17
	23.63
	23.71

	T5
	34.41
	36.69
	7.21
	8.37
	10.49
	12.00
	1.35
	1.41
	68.66
	69.88
	23.75
	23.83

	T6
	38.87
	41.28
	8.96
	10.07
	11.88
	13.09
	1.50
	1.59
	75.28
	76.75
	23.77
	23.86

	SEm±
	0.87
	0.83
	0.17
	0.18
	0.24
	0.24
	0.03
	0.03
	1.83
	1.97
	0.41
	0.52

	CD (P=0.05)
	2.47
	2.36
	0.48
	0.51
	0.67
	0.67
	0.09
	0.09
	5.21
	5.62
	NS
	NS



	Table 2. Mean Yield and Economics of chickpea influenced by various varieties and different seaweed treatments.

	Treatments
	Grain yield (kg ha-1)
	Stover yield (kg ha-1)
	Biological yield (kg ha-1)
	Harvest index
	Gross Return (Rs. ha-1)
	Net Return (Rs. ha-1)
	B:C Ratio

	
	2021-22
	2022-23
	2021-22
	2022-23
	2021-22
	2022-23
	2021-22
	2022-23
	2021-22
	2022-23
	2021-22
	2022-23
	2021-22
	2022-23

	Main plot (Varieties)

	V1
	2085
	2231
	4390
	4580
	6476
	6812
	32.03
	32.61
	131887.68
	144223.75
	68415.75
	79701.49
	2.08
	2.24

	V2
	1824
	1979
	4083
	4272
	5907
	6251
	30.78
	31.61
	116628.07
	129073.53
	53156.14
	64551.27
	1.84
	2.01

	V3
	2340
	2479
	4690
	4896
	7030
	7374
	33.25
	33.61
	146769.73
	159161.36
	83297.81
	94639.10
	2.32
	2.47

	SEm±
	40.32
	43.18
	78.32
	82.59
	109.36
	121.31
	0.31
	0.25
	2398.83
	2698.77
	2398.83
	2698.77
	0.04
	0.04

	CD (P=0.05)
	139.52
	149.43
	271.01
	285.81
	378.43
	419.80
	1.09
	0.88
	8301.03
	9338.98
	8301.03
	9338.98
	0.13
	0.14

	Sub plot (Seaweed treatment)

	T1
	1703
	1853
	3887
	4037
	5590
	5890
	30.26
	31.31
	109279.57
	121082.00
	50069.31
	60821.74
	1.85
	2.01

	T2
	2103
	2241
	4431
	4649
	6534
	6890
	32.10
	32.45
	133033.30
	145124.18
	72433.04
	83471.92
	2.20
	2.35

	T3
	2426
	2566
	4836
	5054
	7262
	7621
	33.38
	33.72
	152037.33
	164715.53
	90047.07
	101675.27
	2.45
	2.61

	T4
	1917
	2072
	4163
	4334
	6080
	6406
	31.45
	32.27
	121891.22
	134388.88
	52870.96
	64318.62
	1.77
	1.92

	T5
	2012
	2160
	4296
	4490
	6308
	6651
	31.84
	32.42
	127574.38
	139946.36
	62764.12
	74086.10
	1.97
	2.12

	T6
	2337
	2484
	4714
	4933
	7051
	7417
	33.09
	33.48
	146755.15
	159660.33
	81554.89
	93410.07
	2.25
	2.41

	SEm±
	48.32
	50.05
	90.99
	94.76
	130.63
	137.08
	0.34
	0.33
	2892.34
	3089.39
	2892.34
	3089.39
	0.05
	0.05

	CD (P=0.05)
	137.64
	142.56
	259.16
	269.92
	372.09
	390.44
	0.97
	0.94
	8238.46
	8799.72
	8238.46
	8799.72
	0.13
	0.14









Fig. 1 Mean yield attributing characters of chickpea varieties influenced by different seaweed treatments.







Fig. 2 Mean grain, stover and biological yield of chickpea varieties influenced by different seaweed treatments.




Fig. 3 Mean harvest index of chickpea varieties influenced by different seaweed treatments.










Fig. 4 Mean gross and net returns of chickpea varieties influenced by different seaweed treatments.




Fig. 5 Mean B:C ratio of chickpea varieties influenced by different seaweed treatments.
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Grain yield  2021-22	V1	V2	V3	T1	T2	T3	T4	T5	T6	2085	1824	2340	1703	2103	2426	1917	2012	2337	Grain yield  2022-23	V1	V2	V3	T1	T2	T3	T4	T5	T6	2231	1979	2479	1853	2241	2566	2072	2160	2484	Stover yield 2021-22	V1	V2	V3	T1	T2	T3	T4	T5	T6	4390	4083	4690	3887	4431	4836	4163	4296	4714	Stover yield 2022-23	V1	V2	V3	T1	T2	T3	T4	T5	T6	4580	4272	4896	4037	4649	5054	4334	4490	4933	Biological yield  2021-22	V1	V2	V3	T1	T2	T3	T4	T5	T6	6476	5907	7030	5590	6534	7262	6080	6308	7051	Biological yield  2022-23	V1	V2	V3	T1	T2	T3	T4	T5	T6	6812	6251	7374	5890	6890	7621	6406	6651	7417	
Harvest index 2021-22	V1	V2	V3	T1	T2	T3	T4	T5	T6	32.03	30.78	33.25	30.26	32.1	33.380000000000003	31.45	31.84	33.090000000000003	Harvest index 2022-23	V1	V2	V3	T1	T2	T3	T4	T5	T6	32.61	31.61	33.61	31.31	32.450000000000003	33.72	32.270000000000003	32.42	33.479999999999997	
Gross Return 2021-22	V1	V2	V3	T1	T2	T3	T4	T5	T6	131987.82999999999	116265.13	147275.79	110112.7	133403.19	151520.21	122573.1	126950.27	146498.04	Gross Return 2022-23	V1	V2	V3	T1	T2	T3	T4	T5	T6	145890.41	131240.14000000001	159957.92000000001	122664.69	145953.37	166446.72	136505.07	142706.04999999999	159901.01999999999	Net Return 2021-22	V1	V2	V3	T1	T2	T3	T4	T5	T6	68515.91	52793.21	83803.86	50902.44	72802.929999999993	89529.95	53552.84	62140.01	81297.78	Net Return 2022-23	V1	V2	V3	T1	T2	T3	T4	T5	T6	81368.149999999994	66717.88	95435.66	62404.43	84301.11	103406.46	66434.81	76845.789999999994	93650.76	
B:C Ratio 2021-22	V1	V2	V3	T1	T2	T3	T4	T5	T6	2.08	1.84	2.33	1.86	2.2000000000000002	2.44	1.78	1.96	2.25	B:C Ratio 2022-23	V1	V2	V3	T1	T2	T3	T4	T5	T6	2.2599999999999998	2.04	2.4900000000000002	2.04	2.37	2.64	1.95	2.17	2.41	
