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Role of Aluminium-Alleviating Organic Materials in Improving Growth and Yield of Mungbean (Vigna radiata L.) in Acid Soil of Nagaland

ABSTRACT
A pot experiment was conducted at the Experimental Farm, School of Agricultural Sciences, Medziphema Campus, Nagaland University during 2023 and 2024 using a completely randomized design with three replications and 11 treatments: Control, Absolute Control, Wood Ash (WA), Poultry Manure (PM), Rice Residue (RR), Vermicompost (VC), Soybean Residue (SR), and combinations (WA+PM, WA+RR, WA+VC, WA+SR). Each pot contained 11 kg soil, treated with corresponding organic amendments and incubated for one month before sowing pre-soaked seeds. Results revealed significant positive effects of all organic amendments on growth and yield parameters. T₉ (wood ash + vermicompost) recorded the highest plant height, branches per plant, leaves per plant (25 DAS, 50 DAS, harvest), pods per plant, pod length, seeds per pod, seed yield (g pot⁻¹), and stover yield (g pot⁻¹), statistically at par with T₇ (wood ash + poultry manure). The lowest performance was observed in the absolute control. Among single amendments, vermicompost (T₆) was most effective.  
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INTRODUCTION
[bookmark: _GoBack]Mungbean (Vigna radiata L. Wilczek) is a widely cultivated short-duration legume crops grown predominantly in South and Southeast Asia, sub-Saharan Africa, and several tropical and subtropical regions worldwide (Nair et al., 2013; Pratap et al., 2014). In general, mung bean is a source of high-quality protein which can be consumed as whole grains, dhal, or sprouted form and is an excellent complement to rice in respect to balanced human nutrition. In addition to being the prime source of human food and animal feed, it plays an important role in maintaining the soil fertility by enhancing the soil physical properties and fixing atmospheric nitrogen. However, despite its agronomic and nutritional importance, mungbean productivity remains severely constrained in many regions due to soil-related challenges, most notably soil acidity. Acid soils, generally defined as soils with a pH below 5.5, cover approximately 30% of the global ice- free land surface and represent over 50% of the world’s potentially cultivable agricultural land (von Uexküll and Mutert, 1995; Kochian et al., 2004). They are predominantly found in humid tropical and subtropical regions where prolonged weathering and leaching of base cations occur. In South and Southeast Asia, where mungbean cultivation is widespread, soil acidity is a major constraint to agricultural productivity. A key limitation of strongly acidic soils is the increased solubility of aluminum (Al³⁺), which becomes toxic to plants at pH levels below 5.0 (Kochian et al., 2004). Aluminum toxicity restricts root growth, impairs cell division, and reduces nutrient and water uptake, ultimately decreasing crop growth and yield (Ryan et al., 2001). Mungbean is particularly sensitive to Al toxicity, resulting in poor root development, reduced nodulation, and lower biomass and grain yield under elevated soluble Al conditions (Shamsi et al., 2008). Management of soil acidity and aluminum (Al) toxicity is essential for improving mungbean productivity in acid soils. Although agricultural lime is commonly used to neutralize soil acidity, its effectiveness is often limited by slow reaction, poor soil mobility, high transport costs, and limited availability to smallholder farmers (Bolan et al., 2003). Consequently, organic materials are increasingly considered as alternative or complementary amendments. Organic materials such as compost, vermicompost, farmyard manure, biochar, and crop residues can alleviate Al toxicity by increasing soil pH, releasing base cations, forming organo-Al complexes, improving cation exchange capacity, and enhancing microbial activity (Haynes and Mokolobate, 2001). However, their effectiveness varies depending on composition and decomposition characteristics (Teutscherova et al., 2017). Despite growing research on acid soil management, comparative studies on Al-ameliorating organic materials for mungbean are limited, with most work focused on cereals (Fageria and Baligar, 2008). Therefore, the present study was conducted to evaluate the role of different Al-alleviating organic materials on the growth and yield of mungbean in acid soil, with the aim of identifying cost-effective and sustainable management strategies.	Comment by JYOTI PANDEY: et al should be in Italics throughout the paper
MATERIALS AND METHOD
The experiment was conducted during two consecutive summer seasons of 2023 and 2024 at the Department of Soil Science, School of Agricultural Sciences, Nagaland University, Medziphema (20°45’43” N and 93°53’04” E), Nagaland, India, under pot culture conditions. Surface soil (0–15 cm) was collected from the experimental field of the SAS, Medziphema, Nagaland. The soil was air-dried, gently crushed, and passed through a 2-mm sieve to obtain a uniform sample, and subsequently analysed for its initial chemical properties following standard analytical procedures. The experimental soil was acidic in nature, with pH values of 4.76 and 4.78 and electrical conductivity of 0.06 and 0.07 dS m⁻¹ during 2023 and 2024, respectively. The soil exhibited cation exchange capacity (CEC) of 10.8–10.9 cmol(p⁺) kg⁻¹ and effective CEC (ECEC) of 4.76–4.85 cmol (p⁺) kg⁻¹. Exchangeable Al, exchangeable acidity, and exchangeable H ranged from 2.00–2.13, 2.63–2.75, and 0.62–0.63 cmol(p⁺) kg⁻¹, respectively. Total potential acidity and reserve acidity varied between 14.0–14.2 and 11.37–11.57 cmol (p⁺) kg⁻¹, with Al saturation of 41.2–44.7%. Exchangeable Ca, Mg, K, and Na ranged from 1.3–1.4, 0.5–0.6, 0.13, and 0.08–0.09 cmol (p⁺) kg⁻¹, respectively, while base saturation and soil organic carbon were 18.61–20.37% and 1.17–1.20%. The experiment was laid out in a Completely Randomized Design (CRD) with 11 treatments and three replications. The treatments included recommended dose of fertilizers (RDF) as control, absolute control, wood ash (WA), poultry manure (PM), rice residue (RR), vermicompost (VC), soybean residue (SR), and their combinations, namely WA + PM, WA + RR, WA + VC, and WA + SR. Organic amendments were thoroughly mixed with soil and incubated for 4 weeks prior to sowing. Mungbean (Vigna radiata L. Wilczek) variety HUM-12 was grown as the test crop, with pre-soaked seeds sown after the incubation period. Observations on growth and yield parameters were recorded at appropriate growth stages. Growth parameters including plant height, number of branches per plant, and number of leaves per plant were recorded at 25 DAS, 50 DAS, and at harvest. Yield attributes such as number of pods per plant, pod length (cm), number of seeds per pod, seed yield (g pot⁻¹), stover yield (g pot⁻¹), and harvest index (%) were recorded at harvest. The observed data were analysed using analysis of variance (ANOVA).

RESULTS AND DISCUSSION
The results presented and discussed are based on pooled analysis of data obtained over two consecutive years (2023 and 2024).
Effect of Organic Amendments on Growth of Mungbean
Growth parameters of mungbean were significantly influenced by the application of different organic amendments under acid soil conditions (Table 1). Plant height recorded at 25 DAS, 50 DAS and at harvest showed a similar trend across treatments. The maximum plant height was recorded under T₉ (Wood ash + Vermicompost) with values of 14.33 cm, 32 .86 cm and 44.65 cm at 25 DAS, 50 DAS and harvest, respectively. Among the single organic amendments, T₆ (Vermicompost) recorded the highest plant height (12.59, 27.51 and 41.05 cm, respectively). The lowest plant height at all stages was observed under T₂ (Absolute control) (6.71, 16.66 and 24.12 cm, respectively). The number of branches per plant at 25 DAS was found to be non-significant among treatments. However, at 50 DAS and at harvest, the maximum number of branches per plant was recorded in T₉ (WA + VC) (4.28 and 4.72 branches plant⁻¹, respectively), which was statistically at par with T₇ (WA + PM) (4.17 and 4.39 branches plant⁻¹). Among individual amendments, T₆ recorded the highest number of branches (3.17 and 3.94 branches plant⁻¹), while the minimum was recorded under T₂ (2.28 and 2.78 branches plant⁻¹). Similarly, the number of leaves per plant was significantly affected by organic amendments. At 25DAS, 50DAS and at harvest treatment T₉ (WA + VC) recorded the maximum number of leaves per plant (4.50, 8.50 and 7.50 leaves plant⁻¹), which remained at par with T₇ (WA + PM) (4.33, 8.28 and 7.17 leaves plant⁻¹). Among single amendments, T₆ (VC) recorded the highest number of leaves (3.44, 7.05 and 6.16 leaves plant⁻¹), whereas the lowest number was obtained under T₂ (Absolute control) (2.17, 4.16 and 3.83 leaves plant⁻¹). Enhanced growth under combined organic amendments was attributed to the liming effect of wood ash, which increased soil pH and reduce aluminium toxicity and nutrient supply from vermicompost, together creating favourable conditions for vegetative development. Similar improvement in growth of green gram under organic nutrient management compared to control treatments were also reported by Rambuatsaiha et al. (2017) under rainfed conditions. Likewise, the superior growth recorded under vermicompost treatments corroborates the results of Ezung et al. (2020), who observed significant improvement in mungbean growth parameters following the application of vermicompost under organic management practices.	Comment by JYOTI PANDEY: justify this in data table
Effect of Organic Amendments on Yield Attributes and Yield of Mungbean
Yield attributes and yield were significantly influenced by different organic amendments (Table 2 and 3). The highest number of pods per plant (18.27), pod length (7.66 cm), and number of seeds per pod (11.72) were recorded under T₉ (wood ash + vermicompost). Among individual amendments, T₆ (vermicompost) produced the maximum values (15.22, 6.86 cm, and 9.78, respectively), whereas the lowest values were observed under the absolute control (T₂) (10.72, 5.25 cm, and 5.27). A similar trend was observed for seed yield and stover yield, where T₉ recorded the highest seed yield (26.29 g pot⁻¹) and stover yield (29.30 g pot⁻¹). Among sole amendments, T₆ resulted in the maximum seed yield (19.11 g pot⁻¹) and stover yield (21.76 g pot⁻¹), while the minimum yields were recorded under T₂ (7.01 g pot⁻¹ and 9.37 g pot⁻¹, respectively). However, the highest harvest index (49.11 %) was recorded under T₁₁ (wood ash + soybean residue). Among single amendments, T₃ (wood ash) registered the maximum harvest index (46.92 %), whereas the lowest value (42.81 %) occurred in T₂. The improvement may be attributed to the liming effect of wood ash, which increased soil pH and reduced Al³⁺ toxicity, along with nutrient supply and chelation of aluminium ions by vermicompost, which together promoted reproductive efficiency and biomass partitioning. These findings corroborate earlier reports by Haynes and Mokolobate (2001) and Fageria and Baligar (2008). Similar improvement in yield attributes and yield of mungbean under vermicompost application was also reported by Ezung et al. (2020). 
CONCLUSION
From the results obtained from the two-year research investigation, it can be concluded that the application of Al-alleviating organic amendments significantly improved the growth, yield and yield attributes of mungbean under acid soil conditions. Combined application of organic materials proved more effective than individual amendments in enhancing crop performance. Among the treatments, T₉ (wood ash + vermicompost) was found to be the most effective in improving growth and yield parameters of mungbean, while among the single amendments, T₆ (vermicompost) recorded superior performance. The findings indicate that integrated application of wood ash and vermicompost can serve as an effective and sustainable strategy for improving mungbean productivity in acid soils.	Comment by JYOTI PANDEY: write full name or add abbreviation in keywords 	Comment by JYOTI PANDEY: data is not saying that, please cross check
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Table 1. Effect of aluminum-alleviating organic amendments on growth of mungbean in acid soil. (Pooled mean of 2 years)



	Treatments
	Plant height (cm)
	No. of branches per plant
	No. of leaves per plant

	
	25DAS
	50DAS
	Harvest
	25DAS
	50DAS
	Harvest
	25DAS
	50DAS
	Harvest

	T1 : Control
	8.08
	19.59
	31.78
	1.55
	2.50
	2.94
	2.44
	5.05
	4.16

	T2: Absolute control
	6.71
	16.66
	24.12
	1.55
	2.28
	2.78
	2.17
	4.16
	3.83

	T3: WA @ 2t ha-1
	12.25
	25.93
	40.07
	1.66
	3.00
	3.89
	3.39
	6.83
	5.83

	T4: PM @ 2t ha-1
	11.70
	23.93
	38.52
	1.66
	2.88
	3.72
	3.28
	6.61
	5.61

	T5: RR @ 2t ha-1
	8.99
	21.60
	36.50
	1.66
	2.67
	3.39
	3.00
	6.22
	5.05

	T6: VC @ 2t ha-1
	12.59	Comment by JYOTI PANDEY: ?????
	27.51
	41.05
	1.83
	3.17
	3.94
	3.44
	7.05
	6.16

	T7: WA @2t ha-1 + PM @ 2t ha-1
	13.51
	31.20
	42.93
	2.00
	4.17
	4.39
	4.33
	8.28
	7.17

	T8: WA @ 2t ha-1 + RR @ 2t ha-1
	12.30
	26.19
	40.71
	1.89
	3.28
	4.05
	3.89
	7.28
	6.44

	T9: WA @ 2t ha-1 + VC @ 2t ha-1
	14.33
	32.86
	44.65
	2.11
	4.28
	4.72
	4.50
	8.50
	7.50

	T10: SR @ 2t ha-1
	10.49
	22.95
	37.56
	1.66
	2.77
	3.50
	3.11
	6.28
	5.16

	T11: WA @ 2t ha-1 + SR @ 2t ha-1
	12.65
	27.62
	41.81
	2.00
	3.44
	4.22
	4.05
	7.61
	6.72

	Sem±
	0.15
	0.30
	0.30
	0.13
	0.13
	0.13
	0.10
	0.12
	0.14

	CD at 5%
	0.44
	0.85
	0.86
	NS
	0.37
	0.38
	0.27
	0.33
	0.39








Table 2. Effect of aluminum-alleviating organic amendments on yield attributes of mungbean in acid soil. (Pooled mean of 2 years)
	Treatments
	No. of Pods per Plant
	Pod Length (cm)
	No. of seeds per pod

	T1 : Control
	11.39
	5.72
	6.50

	T2: Absolute control
	10.72
	5.25
	5.27

	T3: WA @ 2t ha-1
	15.38
	6.81
	9.55

	T4: PM @ 2t ha-1
	14.61
	6.73
	8.83

	T5: RR @ 2t ha-1
	12.72
	6.32
	7.22

	T6: VC @ 2t ha-1
	15.22
	6.86
	9.78

	T7: WA @2t ha-1 + PM @ 2t ha-1
	17.38
	7.32
	10.77

	T8: WA @ 2t ha-1 + RR @ 2t ha-1
	16.05
	6.94
	9.89

	T9: WA @ 2t ha-1 + VC @ 2t ha-1
	18.27
	7.66
	11.72

	T10: SR @ 2t ha-1
	13.16
	6.39
	7.61

	T11: WA @ 2t ha-1 + SR @ 2t ha-1
	16.50
	7.09
	10.33

	Sem±
	0.20
	0.03
	0.11

	CD at 5%
	0.56
	0.07
	0.32














Table 3. Effect of aluminum-alleviating organic amendments on yield of mungbean in acid soil. (Pooled mean of 2 years)
	[bookmark: _Hlk222840427]Treatments
	Seed yield (g/pot)

	
Stover yield (g/pot)

	
Harvest index (%)


	T1 : Control
	9.98
	12.19
	45.03

	T2: Absolute control
	7.01
	9.37
	42.81

	T3: WA @ 2t ha-1
	18.80
	21.27
	46.92

	T4: PM @ 2t ha-1
	16.83
	19.79
	45.97

	T5: RR @ 2t ha-1
	12.71
	14.26
	47.13

	T6: VC @ 2t ha-1
	19.11
	21.76
	46.76

	T7: WA @2t ha-1 + PM @ 2t ha-1
	24.09
	27.16
	47.01

	T8: WA @ 2t ha-1 + RR @ 2t ha-1
	21.24
	22.89
	48.13

	T9: WA @ 2t ha-1 + VC @ 2t ha-1
	26.29
	29.30
	47.29

	T10: SR @ 2t ha-1
	13.44
	14.83
	47.55

	T11: WA @ 2t ha-1 + SR @ 2t ha-1
	22.24
	23.05
	49.11	Comment by JYOTI PANDEY: maximum  value data can be heighlighted

	Sem±
	0.12
	0.12
	0.23

	CD at 5%
	0.36
	0.35
	0.66













