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ABSTRACT 

	[bookmark: OLE_LINK1]Aims: To investigate the effects of green manures (GMs) combined with inorganic nitrogen (N) fertilizer on N use efficiency, and the yield of Sinn-thu-kha rice, as well as on soil nutrient contents, field experiments were conducted at the Department of Agronomy, Yezin Agricultural University from December to June during the summer and monsoon seasons of 2023 and 2024.
Study design and Methodology:  The study employed a split-plot design with three replications. Different rates of inorganic N fertilizer were assigned as the main plot factor, including N0%, N25%, N50%, N75%, and N100%, based on the recommended N rate of 102 kg ha-1. GM crops served as the subplot factor, which included no GM (G0), rice bean (GRB), sunn hemp (GSH), and dahincha (GDC). GMs were cultivated and incorporated into the soil at the time of flowering, followed by rice cultivation.
Results: The results indicated that the N100% yielded the highest dry matter, N uptake, N use efficiency, and rice yield. Among the GM treatments, GSH performed the best. The combination of GSH with N100% achieved the highest N use efficiency and rice yield. Similarly, GSH combined with N75% resulted in greater dry matter, higher N uptake, N use efficiency, and yields compared to GRB or GDC combined with N75%, N100%, or the inorganic N treatment alone. Over two years, soil nutrient contents such as total N (%), available phosphorus (ppm), available potassium (ppm), and organic carbon (%) all increased.
Conclusion: Green manure enhances the N use efficiency of rice and improves the nutrient content of paddy soil. With either 75% or 100% of the recommended inorganic N, sunn hemp (GSH) promotes soil nutrient content, dry matter production, N uptake, N use efficiency, and rice yield. This combination allows for a reduction of 25% in inorganic N fertilizer without compromising rice yield. Consequently, this practice can help lower fertilizer costs, reduce environmental pollution, and promote both soil health and long-term rice production.
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1. INTRODUCTION

Rice is a staple food for more than 50% of the world's population (Fageria et al., 2010). As people's living standards improve and awareness of food safety and health increases, rice consumption has shifted from merely addressing food shortages to also focusing on its nutritional quality (Gizaw, 2019; Mridha et al., 2022). 
In recent years, consumer interest in organic foods has increased, leading to a greater emphasis on using organic manure as a sustainable source of plant nutrients. This approach not only produces high-quality food grains but also enhances soil health for future generations (Vineela et al., 2024). However, the quest for higher crop yields through intensive farming and the use of modern rice varieties can deplete soil fertility. Intensive agricultural practices using inorganic fertilizers alone may result in nutrient deficiencies due to increased cropping intensity, reduced organic matter inputs, high rainfall, soil erosion, and nutrient leaching. Furthermore, the rapid decomposition of organic matter and inadequate additions of organic material can lead to low soil organic content (Safiqul Islam et al., 2015).
Organic materials are essential for maintaining and improving soil fertility, which ultimately results in higher crop yields. The application of organic manure benefits subsequent crops by leaving residual nutrients in the soil. Various organic sources, such as farmyard manure, vermicompost, poultry manure, green manures, neem cake, and biofertilizers, play crucial roles in the organic cultivation of crops.
Cultivating green manure (GM) as an alternative to organic manure in agroecosystems offers a practical solution for reducing excessive N fertilizer use (Zhang et al., 2016) while also enhancing rice production (Lee et al., 2010; Zhu et al., 2012). Growing GM crops and incorporating them into the soil can help decrease reliance on synthetic N fertilizers and improve the productivity of subsequent crops (Liu et al., 2017). Although the use of green manure alone can promote soil fertility, it may not significantly increase rice yields on its own. Therefore, it is essential to combine green manure with N fertilizers to further boost rice yields, enhance N availability, and improve the uptake of potassium (K) and phosphorus (P), ultimately increasing the nutrient absorption capacity of rice plants (Tiwari et al., 1980).
In this study, we cultivated and incorporated three types of green manure crops such as rice bean (Vigna umbellata), sunn hemp (Crotalaria juncea L.), and dhaincha (Sesbania bispinosa (Jacq.)), before planting Sinn-thu-kha rice (Oryza sativa L.), a high-yielding indica variety from Myanmar that matures in approximately 140 days. The aim of this study is to evaluate the effects of GMs on N uptake, N use efficiency, and rice yield, and compare the effects of GMs and inorganic N fertilizers on soil nutrient changes under field conditions, with the goal of optimizing inorganic N fertilizer doses combined with GMs to enhance soil properties and achieve sustainable rice yields.

2. material and methods 

2.1 Experimental site, design, and treatments
 	The experiments were designed as a split-plot design with three replications and conducted at the Department of Agronomy, Yezin Agricultural University, from December to June during the summer and monsoon seasons of 2023 and 2024. Inorganic N fertilizer rates were applied as main plots at five levels: 0%, 25%, 50%, 75%, and 100%, based on a recommended rate of 102 kg N ha⁻¹. Phosphorus (P) at 27 kg ha⁻¹ and potassium (K) at 117 kg ha⁻¹ were applied uniformly across all plots. The inorganic fertilizers included urea for N and muriate of potash for potassium (K₂O). These fertilizers were applied in three equal splits: one-third was applied at the basal stage before transplanting, another third at the active tillering stage, and the final third at the panicle initiation stage. The full amount of triple superphosphate (for P₂O₅) was applied as a basal dose.
In this study, four GM treatments were employed: G0 (no green manure), GRB (rice bean), GSH (sunn hemp), and GDC (dhaincha), which were assigned as sub-plots. Initially, different GM seeds were sown at a rate of 60 g plot-1, while the G0 plot (the control) remained unsown. Throughout the cultivation process, no inorganic fertilizers were applied to accurately measure the N content of the GM plants. All plots were maintained under natural conditions without any additional interventions, such as irrigation or weeding.
The green manures were harvested at the flowering stage. The amounts of each GM incorporated, both fresh weight and dry weight, are shown in Table 1. The inorganic composition of each GM, including N, P2O5, K2O, carbon (C), and the C/N ratio, was measured (Table 2). The N content was analyzed using the Kjeldahl distillation method, while carbon was measured using a CHN analyzer (MT-5, Yanaco). To determine the amounts of P2O5 and K2O, samples were digested separately using the Molybdenum-vanadate phosphoric acid method and the wet digestion method with nitric acid (HNO3), respectively (Zheljazkov & Nielson, 1996). Soil preparation for rice sowing was carried out after a period of three weeks.
2.2 Crop management
The Sinn-thu-kha rice (Oryza sativa L.) is an Indica-type, high-yielding variety from Myanmar, with a maturity period of 140 days. The cultivation process took place over four weeks in all plots with the incorporation of GMs. The process began with soaking the seeds in water for 24 hours, followed by a 48-hour incubation period. After the seeds sprouted, they were sown using the wet bed method on a well-prepared seedbed. Eighteen days later, the seedlings were transplanted with a hill spacing of 20 cm x 20 cm, with two seedlings per hill. Each plot measured 4 m x 2.5 m (10 m²). The crop was harvested approximately 120 days after transplanting. Weeding was performed three times during the growth period, and fungicide was applied twice at specific intervals.

Table 1 Application of inorganic N fertilizer and green manures as treatments
	Treatments
	Recommended rate (kg ha-1) of inorganic fertilizer
	Applied green manure
(kg ha-1)

	
	N
	P2O5
	K2O
	Fresh weight
	Dry weight

	N0 G0
	0.0
	27.0
	117.0
	0.0
	0.0

	N0 GRB
	0.0
	27.0
	117.0
	7500.0
	1137.0

	N0 GSH 
	0.0
	27.0
	117.0
	8500.0
	1146.0

	N0 GDC
	0.0
	27.0
	117.0
	4500.0
	920.0

	N25 G0
	25.5
	27.0
	117.0
	0.0
	0.0

	N25 GRB
	25.5
	27.0
	117.0
	7500.0
	1137.0

	N25 GSH 
	25.5
	27.0
	117.0
	8500.0
	1146.0

	N25 GDC
	25.5
	27.0
	117.0
	4500.0
	920.0

	N50 G0
	51.0
	27.0
	117.0
	0.0
	0.0

	N50 GRB
	51.0
	27.0
	117.0
	7500.0
	1137.0

	N50 GSH 
	51.0
	27.0
	117.0
	8500.0
	1146.0

	N50 GDC
	51.0
	27.0
	117.0
	4500.0
	920.0

	N75 G0
	76.5
	27.0
	117.0
	0.0
	0.0

	N75 GRB
	76.5
	27.0
	117.0
	7500.0
	1137.0

	N75 GSH 
	76.5
	27.0
	117.0
	8500.0
	1146.0

	N75 GDC
	76.5
	27.0
	117.0
	4500.0
	920.0

	N100 G0
	102.0
	27.0
	117.0
	0.0
	0.0

	N100 GRB
	102.0
	27.0
	117.0
	7500.0
	1137.0

	N100 GSH 
	102.0
	27.0
	117.0
	8500.0
	1146.0

	N100 GDC
	102.0
	27.0
	117.0
	4500.0
	920.0

	N0= N omission, N25 = 25% of inorganic N rate, N50 = 50% of inorganic N rate, N75 = 75% of inorganic N rate, N100 = 100% of inorganic N rate, 
G0= no green manure, GRB = rice bean, GSH = sunn hemp, GDC = dhaincha


Table 2. Inorganic composition of green manure crops
	No.
	Green manures
	Analysis (%)
	C:N

	
	
	Moisture 
	N
	P2O5
	K2O
	Organic carbon
	

	1
	Rice bean
	60.67
	2.02
	0.134
	1.89
	50.71
	25:10

	2
	Sunn hemp
	65.51
	2.42
	0.138
	1.37
	63.38
	22:06

	3
	Dhaincha
	57.64
	2.52
	0.207
	2.26
	51.09
	25:10



2.3 Determination of soil nutrient contents 
Soil analysis was conducted both before and after the field experiment. A composite surface soil sample (0-20 cm) was collected from ten different points in the rice cultivation field. The collected soil samples were prepared by combining them, drying at room temperature, removing rocks and coarse organic materials, and grinding them to pass through a 2-cm sieve. A small portion of the soil was then subsampled and sieved using a 2-mm sieve for analysis. The core method was employed to determine soil bulk density, the pycnometer method was used to measure porosity, and the electromagnetic induction method was utilized to assess electrical conductivity.
The classification of soil (including sand, silt, clay, and overall texture) was determined using the international pipette method. Soil pH was measured with a glass electrode (Jason, 1958), while organic carbon content was assessed through wet digestion (Walkley & Black, 1934). Available N was analyzed using extraction and distillation techniques (Bremner, 1965); available P was determined by the Olsen bicarbonate method (Olsen & Sommers, 1982); and available K was analyzed using the ammonium acetate extraction method (Kudsen et al., 1982). Finally, cation exchange capacity (CEC) was determined through the leaching method (Lu et al., 2011).
2.4 Determination of dry matter and N uptakes
At the harvest stage, we measured the dry matter (DM) weight and N uptake of rice. From each plot, two representative hills were cut 2 cm above the ground. The samples were then separated into sheaths, leaves, panicles, and seeds, and oven-dried at 70 °C for 48 hours before being weighed immediately. The total dry matter accumulation was calculated by summing the weights of all plant parts and expressed in tons per hectare (t ha–1).
The oven-dried samples, including sheaths, leaves, and seeds, were thoroughly mixed and ground to a fine powder using a Cyclotec 1093 Sample Mill (100–120 mesh; Tecator AB, Hoedanaes, Sweden). Each plant sample was digested separately using the salicylic acid–H2SO4–hydrogen peroxide (H2O2) method, as described by Ohyama et al. (1991), followed by the analysis of total N using the same procedure as for the soil analysis. Total N uptake was calculated as the sum of the products of biomass and N concentration in the plant samples.
2.5 Determination of yield 
The yields for each treatment were measured by weighing the harvested area of 1 m², which consisted of 25 hills. The rice yield was determined using the weight of the heavier seeds, which was adjusted to 14% moisture content.
2.6 Calculation of N use efficiency
N use efficiency (NUE) refers to the increase in grain yield for each kilogram of total N applied, excluding the N supplied naturally by the soil. The N use efficiency of Sin-thu-kha rice was calculated according to the method described by Novoa and Loomis in 1981:


2.7 Data Analysis 
The data were summarized and analyzed using Analysis of Variance (ANOVA) with the statistical software Statistix (Version 8.0). Treatment means comparison was conducted using the Least Significant Difference (LSD) test at a 5% level of significance.

3. results and discussion

3.1 Changes in nutrient contents of the soil
In the analysis of soil physicochemical properties, specifically total N (N %) and the availability of phosphorus (P, ppm) and potassium (K, ppm), we observed notable changes following the experiment. Among all treatments, the highest total N percentage was recorded in soils treated with a combination of N100 rate alongside GRB at 0.87 and GSH at 0.81. However, the levels of available phosphorus, available potassium, and organic carbon in the soil did not show significant differences across treatments and did not correlate with the amount of N applied (Table 3). The integration of green manure with N fertilizers presents a promising strategy for enhancing N fertilizer management, improving soil fertility and organic matter, reducing N losses from easily accessible sources, increasing the utilization of green manure N, and boosting the yields of grain crops. In the case of legume green manures, this approach also incorporates biologically fixed N into the soil (Cazetta et al., 2008; Scivittaro et al., 2005; Scivittaro et al., 2008; Reis et al., 2008 and Silva et al., 2006).

Table 3 Changes of nutrient content in the soil before and after the field experiment
	Treatments
	Total N (%)
	Available P2O5 (ppm)
	Available K2O (ppm)
	Organic carbon (%)

	
	Before
	After
	Before
	After
	Before
	After
	Before
	After

	N0G0
	0.09
	0.12
	2.80
	0.98
	6.25
	28
	0.76
	0.76

	N0GRB
	0.09
	0.49
	2.80
	4.30
	6.25
	30
	0.76
	0.78

	N0GSH 
	0.09
	0.37
	2.80
	1.79
	6.25
	31
	0.76
	0.77

	N0GDC
	0.09
	0.35
	2.80
	3.52
	6.25
	33
	0.76
	0.98

	N25G0
	0.09
	0.17
	2.80
	2.18
	6.25
	30
	0.76
	0.78

	N25GRB
	0.09
	0.62
	2.80
	2.31
	6.25
	32
	0.76
	0.95

	N25GSH
	0.09
	0.53
	2.80
	1.87
	6.25
	35
	0.76
	0.96

	N25GDC
	0.09
	0.51
	2.80
	1.85
	6.25
	33
	0.76
	0.71

	N50G0 
	0.09
	0.23
	2.80
	1.05
	6.25
	32
	0.76
	0.78

	N50GRB
	0.09
	0.74
	2.80
	1.65
	6.25
	34
	0.76
	0.83

	N50GSH 
	0.09
	0.58
	2.80
	1.44
	6.25
	35
	0.76
	0.86

	N50GDC
	0.09
	0.56
	2.80
	1.95
	6.25
	32
	0.76
	0.75

	N75G0
	0.09
	0.35
	2.80
	0.82
	6.25
	34
	0.76
	0.79

	N75GRB
	0.09
	0.83
	2.80
	0.98
	6.25
	36
	0.76
	0.87

	N75GSH 
	0.09
	0.75
	2.80
	1.84
	6.25
	35
	0.76
	0.78

	N75GDC
	0.09
	0.71
	2.80
	1.54
	6.25
	34
	0.76
	0.79

	N100G0
	0.09
	0.41
	2.80
	0.84
	6.25
	30
	0.76
	0.85

	N100GRB
	0.09
	0.87
	2.80
	0.88
	6.25
	32
	0.76
	0.90

	N100GSH 
	0.09
	0.81
	2.80
	1.23
	6.25
	35
	0.76
	0.80

	N100GDC
	0.09
	0.78
	2.80
	0.96
	6.25
	34
	0.76
	1.96


N0= N omission, N25 = 25% of inorganic N rate, N50 = 50% of inorganic N rate, N75 = 75% of inorganic N rate, N100 = 100% of inorganic N rate, 
G0= no green manure, GRB = rice bean, GSH = sunn hemp, GDC = dhaincha

3.2 Dry matter accumulation 
During the harvest, the highest dry matter value for inorganic N levels was recorded in N100 (Figure 1). For GM crops, the use of GSH resulted in the maximum dry matter production. All GM crops outperformed the control treatment (N0G0) in terms of dry matter. When assessing the combined effects of GM crops and inorganic N fertilizer, N100GSH achieved the highest dry matter yield at 13.69 and 13.33 t ha-1 in both 2023 and 2024, respectively. This result was comparable to N75GSH, which produced 12.71 t ha-1 in 2023 and 12.54 t ha-1 in 2024, and N50GSH, with yields of 12.07 t ha-1 in 2023 and 11.98 t ha-1 in 2024. 
The study found that the dry matter production of rice increased with the application of higher amounts of inorganic N fertilizer. However, treatments N0G0, N25G0, N50G0, N75G0, and N100G0, which did not include GM crops, resulted in lower dry matter production at all stages throughout the experimental period. Thus, combining various inorganic N fertilizers with GM crop incorporation can significantly enhance dry matter accumulation in the Sinn-thu-kha rice variety. These findings are consistent with the research of Saha et al. (2007), which reported that higher levels of N, when used alongside green manures, lead to increased straw yields.

	

	



Figure 1. Dry matter (t ha-1) of Sinn-thu-kha rice variety at the harvesting stage in field conditions, 2023 and 2024

[bookmark: _Toc180667766]3.3 N uptake
In this study, the N uptake of rice plants showed varying responses based on the levels of inorganic N and GM crops (Figure 2). At the time of harvest, N100GSH demonstrated the highest N uptake, recording 144.54 kg ha⁻¹ in 2023 and 166.43 kg ha⁻¹ in 2024. In comparison, N75GSH achieved a similar N uptake of 132.90 kg ha⁻¹ in 2023 and 149.81 kg ha⁻¹ in 2024. However, treatments involving GRB and GDC resulted in lower N uptake values. In the absence of GM crops, treatments N25G0, N50G0, and N100G0 did not reach optimal N uptake levels. The plots labeled N0G0 recorded the lowest N uptake across both years.
The combined application of inorganic N fertilizer and GM crops has proven effective in enhancing N uptake during the study period. GM crops, particularly sunn hemp (GSH), can improve soil nutrient content and the N uptake of rice plants due to their high N composition and greater biomass yield from decomposition. This process supports the nutritional needs of the plants throughout their growth cycle. The increased N uptake in rice crops may be attributed to the availability of N, as well as the higher grain and straw yields reported by Pooniya & Yashbir (2015). Muntasir et al. (2001) also highlighted that the biological N fixed in the soil can be augmented by incorporating green manure, leading to a continuous, phased supply of nutrients to the soil solution and, ultimately, to the rice crop. Similarly, Tiwari et al. (1980) reported that the incorporation of green manure increases N immobilization and mineralization in the soil, which can enhance organic matter addition and improve N uptake by rice plants.
	

	


Figure 2. N uptake (kg ha-1) of Sinn-thu-kha rice variety as affected by the incorporated green manures and inorganic N fertilizer in field conditions, 2023 and 2024
3.4 N use efficiency
N use efficiency (NUE), specifically Agronomic N Use Efficiency (AUE), is calculated by subtracting the grain yield in the N control plot (kg ha-1) from the grain yield in the N-fertilized plot (kg ha-1), then dividing by the amount of N applied in the fertilized plot (kg ha-1). According to the calculated data, the N0 treatment with three green manure (GM) crops demonstrated the highest NUE in both years. This study found that NUE for all treatments improved each year, as shown in Figure 3.
In 2023, the highest NUE values were observed with the N0 level across all green manure treatments, specifically N0GRB (39.0), N0GSH (37.7), and N0GDC (43.3), followed by the N50, N75, and N100 with GSH, GDC, and GRB. However, in 2024, the treatments with N0GSH (57.1), N0GDC (56.7), and N0GRB (47.0) showed higher NUE values, followed by N25, N50, N75, and N100 with GSH among the green manure crops (Figure 3).
It can be concluded that applying green manures at various N levels (0, 25, 50, 75, and 100%) can improve the NUE of paddy soil and positively impact the yield of the tested rice variety (Sinn-thu-kha) from year to year. Other researchers have reported that the use of GM crops in soil can reduce the need for synthetic N fertilizers and enhance the productivity of subsequent crops (Liu et al., 2017). Overall, among the green manures, sunn hemp particularly enhances the NUE of paddy soil when combined with different levels of inorganic N fertilizer during the production of Sinn-thu-kha rice in both 2023 and 2024.
	

	


Figure 3. N use efficiency (kg kg-1) of Sinn-thu-kha rice variety as affected by the GMs and inorganic N fertilizer in field conditions, 2023 and 2024.

3.4 Yield
The yield varied significantly across different N levels and GM crops (P ≤ 0.01). However, there were no significant differences observed in the interaction effect between these variables (Table 4).
Among the various inorganic N levels, the highest yield recorded was 6.03 t ha⁻¹ in 2023 from treatment N100, and 6.56 t ha⁻¹ in 2024. In 2023, treatment N50 achieved a yield of 5.53 t ha⁻¹, while in 2024 it was slightly lower at 5.54 t ha⁻¹. Treatment N75 yielded 5.26 t ha⁻¹ in 2023 and increased to 6.13 t ha⁻¹ in 2024.
In terms of GM crops, GSH demonstrated the highest yields, producing 5.70 t ha⁻¹ in 2023 and 6.31 t ha⁻¹ in 2024. This was attributed to a greater number of panicles and a higher filled grain percentage. GDC yielded 5.13 t ha⁻¹ in 2023 and increased to 5.56 t ha⁻¹ in 2024. Similarly, GRB reached a yield of 5.05 t ha⁻¹ in 2023 and improved to 5.61 t ha⁻¹ in 2024. While GSH yielded more than GRB, it outperformed G0, which only produced 4.51 t ha⁻¹ in 2023 and slightly increased to 4.53 t ha⁻¹ in 2024.
Considering the combined effects of inorganic N levels and GM crops, N100 combined with GSH resulted in the highest yield of 6.78 t ha⁻¹ in 2023 and 7.84 t ha⁻¹ in 2024 (Figure 4). These yields were comparable to those of N75GSH, which yielded 6.40 t ha⁻¹ in 2023 and 6.97 t ha⁻¹ in 2024, and N50GSH, which produced 6.19 t ha⁻¹ in 2023 and 6.43 t ha⁻¹ in 2024. This indicates that utilizing 75% or 50% of inorganic N fertilizer in combination with GM crops did not negatively impact rice yields during the experimental period.
This study has demonstrated that the recommended inorganic N fertilizer, when used alone, produced lower yields compared to treatments where inorganic N was combined with various GMs, such as GRB, GSH, and GDC. The incorporation of GMs has proven effective in enhancing the overall yield of the tested rice variety across both years of study. Among the GMs, GSH was particularly effective in supplying N to rice plants, leading to higher grain yields when 50%, 75%, and 100% of the recommended inorganic N rate were applied. 
Therefore, our findings suggest that using GMs alongside inorganic N fertilizer can result in higher rice yields and allow for a reduction of 50% in the recommended inorganic N fertilizer application. Meng et al. (2019) reported that green manure application enhanced the growth and N use efficiency of rice. According to Biswas et al. (1996), incorporating green manure crops into the soil can reduce the necessary application of N levels by 50% for subsequent rice crops.
The nutrients provided through green manuring and N addition may explain the increase in grain yield observed. These results are consistent with the findings of Saha et al. (2007) and Islam et al. (2014). However, it is important to note that the combination of green manure and N addition did not have a significant effect on the harvest index in either year, as reported by Pramanik (2006).

	

	


Figure 4. Yield (t ha-1) of Sinn-thu-kha rice variety by the combined effect of GMs and inorganic N fertilizer in field conditions, 2023 and 2024
Table 4 Yield of Sinn-thu-kha rice variety in field conditions, 2023 and 2024
	[bookmark: _Toc180667770][bookmark: _Toc180672229]Treatments
	[bookmark: _Toc180667776][bookmark: _Toc180672235]Yield (t ha-1)

	
	[bookmark: _Toc180667787][bookmark: _Toc180672246]2023
	[bookmark: _Toc180667788][bookmark: _Toc180672247]2024

	Nitrogen
	
	

	[bookmark: _Toc180667790][bookmark: _Toc180672249]N0                 
	[bookmark: _Toc180667801][bookmark: _Toc180672260]4.23 b
	[bookmark: _Toc180667802][bookmark: _Toc180672261]4.43 d

	[bookmark: _Toc180667803][bookmark: _Toc180672262]N25
	[bookmark: _Toc180667814][bookmark: _Toc180672273]4.47 b
	[bookmark: _Toc180667815][bookmark: _Toc180672274]4.82 d

	[bookmark: _Toc180667816][bookmark: _Toc180672275]N50
	[bookmark: _Toc180667827][bookmark: _Toc180672286]5.53 a
	[bookmark: _Toc180667828][bookmark: _Toc180672287]5.54 c

	[bookmark: _Toc180667829][bookmark: _Toc180672288]N75
	[bookmark: _Toc180667840][bookmark: _Toc180672299]5.26 a
	[bookmark: _Toc180667841][bookmark: _Toc180672300]6.13 b

	[bookmark: _Toc180667842][bookmark: _Toc180672301]N100
	[bookmark: _Toc180667853][bookmark: _Toc180672312]6.03 a
	[bookmark: _Toc180667854][bookmark: _Toc180672313]6.56 a

	[bookmark: _Toc180667855][bookmark: _Toc180672314]LSD0.05
	[bookmark: _Toc180667866][bookmark: _Toc180672325]0.78
	[bookmark: _Toc180667867][bookmark: _Toc180672326]0.42

	[bookmark: _Toc180667868][bookmark: _Toc180672327]Green manure
	
	

	[bookmark: _Toc180667869][bookmark: _Toc180672328]G0
	[bookmark: _Toc180667880][bookmark: _Toc180672339]4.51 c
	[bookmark: _Toc180667881][bookmark: _Toc180672340]4.53 c

	[bookmark: _Toc180667882][bookmark: _Toc180672341]Rice bean
	[bookmark: _Toc180667893][bookmark: _Toc180672352]  5.05 bc
	[bookmark: _Toc180667894][bookmark: _Toc180672353]5.61 b

	[bookmark: _Toc180667895][bookmark: _Toc180672354]Sunn hemp
	[bookmark: _Toc180667906][bookmark: _Toc180672365]5.70 a
	[bookmark: _Toc180667907][bookmark: _Toc180672366]6.31 a

	[bookmark: _Toc180667908][bookmark: _Toc180672367]Dhaincha 
	[bookmark: _Toc180667919][bookmark: _Toc180672378]  5.13 ab
	[bookmark: _Toc180667920][bookmark: _Toc180672379]5.56 b

	[bookmark: _Toc180667921][bookmark: _Toc180672380]LSD0.05
	[bookmark: _Toc180667932][bookmark: _Toc180672391]0.61
	[bookmark: _Toc180667933][bookmark: _Toc180672392]0.22

	[bookmark: _Toc180667934][bookmark: _Toc180672393]Pr>F
	
	

	[bookmark: _Toc180667935][bookmark: _Toc180672394]N (N)
	[bookmark: _Toc180667946][bookmark: _Toc180672405]**
	[bookmark: _Toc180667947][bookmark: _Toc180672406]**

	[bookmark: _Toc180667948][bookmark: _Toc180672407]Green manure (GM)
	[bookmark: _Toc180667959][bookmark: _Toc180672418]**
	[bookmark: _Toc180667960][bookmark: _Toc180672419]**

	[bookmark: _Toc180667961][bookmark: _Toc180672420]N × GM
	[bookmark: _Toc180667972][bookmark: _Toc180672431]ns
	[bookmark: _Toc180667973][bookmark: _Toc180672432]ns

	[bookmark: _Toc180667974][bookmark: _Toc180672433]CV% (a)
	[bookmark: _Toc180667985][bookmark: _Toc180672444]16.21
	[bookmark: _Toc180667986][bookmark: _Toc180672445]8.05

	[bookmark: _Toc180667987][bookmark: _Toc180672446]CV% (b)
	[bookmark: _Toc180667998][bookmark: _Toc180672457]16.03
	[bookmark: _Toc180667999][bookmark: _Toc180672458]5.31


N0 = N omission, N25 = 25% of organic N rate, N50 = 50% of inorganic N rate, N75 = 75% of inorganic N rate, N100 = 100% of organic N rate, G0= No green manure. 
** significant at 0.01 level, * significant at 0.05 level, ns = non-significant
Means followed by the same letter in each column are not significantly different in LSD tests (p < 0.05).

4. Conclusion

Our research shows that using green manures (GMs) along with inorganic N fertilizer effectively enhances soil nutrient content, growth, yield, N uptake, and N use efficiency (NUE) in the Sinn-thu-kha rice variety across both years of study. Specifically, sunn hemp (GSH) provides the necessary N for the rice plants; however, it is still recommended to supplement it with inorganic N fertilizers such as N50, N75, and other specified rates based on a recommended application of 102 kg N ha-1. Additionally, rice beans (GRB) and dahincha (GDC) can also achieve satisfactory rice yields when used with inorganic N fertilizers. By incorporating sunn hemp, it is possible to reduce the rate of inorganic N fertilizer by 50% without negatively impacting rice yield. Consequently, utilizing GMs, particularly sunn hemp, not only enhances rice production but also lowers production costs associated with inorganic N fertilizers. Furthermore, this practice improves soil health and promotes sustainable agriculture.
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0.13370917445460981	0.2912361641921094	8.7879026697689891E-2	0.30527956040324772	0.31270348207207416	0.16895811117946713	0.32804591650153708	4.4961353775585293E-2	0.31798744210005109	0.68179444360696628	0.44515499008772175	0.42260042100468065	0.36855328425253997	0.40052439376397497	0.25571516054652194	0.29407195667047203	0.29977503231590219	0.72487437051763226	0.51236895953990047	8.3912192995615129E-2	1	G0	GRB	GSH 	GDC	G0	GRB	GSH	GDC	G0 	GRB	GSH 	GDC	G0	GRB	GSH 	GDC	G0	GRB	GSH 	GDC	N0	N25	N50	N75	N100	3.4388666666666663	4.5187333333333326	5.023133333333333	4.5075000000000003	4.08033	4.7334333333333332	5.7501666666666678	4.7255666666666665	4.7687333333333335	5.605833333333333	6.4256199999999994	5.380983333333333	4.9856333333333334	6.2911999999999999	6.9699333333333335	6.2827299999999999	5.3607000000000005	6.8939633333333328	7.3417299999999992	6.6446733333333334	Combination of green manure and N levels


Yield (t ha-1)




