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Green manuring is the practice of adding cover crops to the soil. The excessive use of chemical 

fertilizers, intensive farming, faulty cultivation practices, and poor soil management have degraded 

soil health, necessitating the use of green manure. This study aimed to evaluate the best-performing 

green manuring crops that enhance soil properties from the first week of April to the first week of 

July in Rampur, Chitwan, Nepal. The experiment was performed under Randomized complete block 

design (RCBD) with five treatments and four replications. The treatments were cowpea (Vigna 

unguiculata L.), black gram (Vigna mungo L.), Sesbania (Sesbania aculeata Wild.), mung bean 

(Vigna radiata L.) and Sudan grass (Sorghum bicolor L.). The biomass yield, soil pH, bulk density, 

soil organic matter, Total nitrogen, and available phosphorus were measured. The data were 

analyzed using R-Studio for mean comparison among significant variables using Duncan’s Multiple 

Range Test (DMRT) at a 5% significance level. Sesbania consistently enriched the soil with higher 

total nitrogen (0.197%), available phosphorus (11.36 kg/ha), soil organic carbon (2.29%), soil 

carbon stock (40.70 t/ha), low bulk density (1.20 g/cm³), fresh biomass yield (8.25 t/ha), and dry 

biomass yield (1.62 t/ha). Cowpea emerged as a reliable alternative when Sesbania was not 

available. However, mung bean and black gram lagged in biomass production and nutrient addition. 

Sudan grass performed poorly, contributing the least organic matter and available phosphorus. 

Sesbania, therefore, stands out as the optimal choice, while cowpea serves as a viable substitute 

when sesbania is unavailable. In addition, leguminous green manuring crops outperformed non-

leguminous crops. 
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Introduction 

Soil plays a fundamental role in supporting ecosystem 

services and ensuring food security and human survival. As 

the global population is expected to reach 9.7 billion by 

2050, the demand for food has driven intensified land use. 

This has resulted in the overexploitation of agricultural 

resources, leading to issues such as soil acidification, 

salinization, pollution, loss of biodiversity, and widespread 

soil degradation. These challenges pose significant risks to 

food production and human well-being (Cao et al., 2023). 

Soil degradation diminishes its capacity to sustain 

ecosystems and agricultural activities, resulting in nutrient 

depletion, reduced water retention, and lower porosity, 

which ultimately leads to soil erosion (Ma et al., 2020). 

Green manuring is the practice of incorporating green 

plants (stems, leaves, twigs, or roots) into the soil to 

improve their health by adding nutrients, thereby 

enhancing soil fertility and boosting productivity and yield. 

Green manure contributes a significant quantity of nitrogen 

and enhances the organic matter content in the soil (Aulakh 

and Pasricha, 1997). Green manuring crops may also 

contain considerable amounts of other nutrients and trace 

elements such as phosphorus and potassium (Mann et al., 

2000). In Nepal, green manuring presents a cost-effective 

and accessible alternative to chemical fertilizers, providing 

a practical solution for resource-limited farmers. Green 

manure holds significant value for small-scale farmers who 

struggle to afford costly mineral fertilizers (Meena et al., 

2014). The increased use of synthetic fertilizers has 

disrupted the natural balance of the nitrogen cycle, leading 

to an accumulation of various oxidized nitrogen oxides 

(NOₓ), nitrous oxide (N₂O), and nitrates (NO₃) and reduced 

ammonia (NH₃) forms (Fagodiya et al., 2017). It is 
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essential to use synthetic fertilizers and insecticides, as 

well as short-duration, high-yielding plants. Removing or 

burning crop residues, minimal use of organic manures, 

and intensive farming depleting soil organic carbon 

(Aulakh, 2011). Inadequate soil management techniques, 

such as tilling along slopes and a lack of crop cover during 

heavy rains, accelerate soil erosion and reduce land 

productivity. Natural disasters and human activities, 

including inappropriate crop management, soil 

preparation, and cultivation methods, can lead to soil 

deterioration (Ramola et al., 2023). Several green 

manuring crops, such as legumes, are believed to add 80-

100 kg/ha nitrogen within 45-60 days (Meena et al., 2018). 

Leguminous green manures, such as cowpeas or Sesbania, 

can be used to grow rice in a rice-wheat system as a 

substitute for mineral nitrogen fertilizer without 

compromising production (Aulakh et al., 2000). The green 

manure crops had an impact on soil densities, porosities, 

textures, field capacities, and soil moisture levels. Green 

manure crops' broad root systems enhanced the physical 

state of the soil (Swarup, 1991, Dudhan et al., 2004). Green 

manuring significantly increased the yield of crops and 

organic carbon, N, P, and K contents (Naz et al., 2023). 

According to Singh et al., (2009), Sesbania green manuring 

surpassed Crotalaria green manuring in terms of organic 

carbon, accessible N, P2O5 and K2O, nitrogen absorption, 

and rice production 60 days after planting. This study 

aimed to enhance soil properties by adding fresh and dry 

biomass to soil. The primary goal was to evaluate the effect 

of different green manuring crops on soil properties in 

sandy loam soil. The study promotes sustainable 

agriculture by using natural methods to enhance soil health 

and fertility, reducing dependence on synthetic inputs and 

fostering long-term environmental balance. 

 

Materials and methods 

 

Research site 

The experimental site was located on the campus of 

Agriculture and Forestry University (AFU), Rampur, Ward 

No. 15, Chitwan district. It is situated 10 km west of 

Bharatpur, the district headquarters of Chitwan, in Nepal's 

inner Terai region (Figure 1). The geographical coordinates 

are 27.64°N latitude and 84.35°E longitude, at an elevation of 

228 m above the mean sea level. The region has a humid 

subtropical climate with cool winters (2-3℃) and hot 

summers (43℃). The annual rainfall exceeds 1500 mm, with 

a distinct monsoon season (>75% of the annual rainfall) 

lasting from mid-June to mid-September. The meteorological 

data were obtained from the Department of Hydrology and 

Meteorology, Nepal. The study was conducted from the first 

week of April to the first week of July. 

 

Initial soil properties 

The initial soil properties before the experiment were 

analyzed (Table 1). The soil pH was slightly acidic, and 

below the neutral range. The soil organic carbon content 

was 1.70%, whereas the soil carbon stock was 35.44 kg/ha. 

Similarly, the bulk density was 1.39 g/cm³, total nitrogen 

was 0.110%, and available phosphorus level was 6.7 kg/ha, 

indicating a low phosphorus content in the soil. The soil 

texture at the experimental site was classified as a sandy 

loam. 

 
Figure 1. Map showing experimental site 

 

 

Figure 2. Weather condition during research period 

 

Weather condition 

The data showed that the temperature decreased 

slightly toward the end of the experiment following the 

onset of precipitation. Initially, the relative humidity was 

low at the beginning of the research period and fluctuated 

significantly throughout. Precipitation was also low at the 

start of the experiment, but increased toward the end of the 

experiment. The average maximum temperature during the 

research period was 38.61°C, while the average minimum 

temperature was 12.74°C. The average relative humidity 

during the research period was 39.06%, and the average 

precipitation was 3.42 mm, as shown in Figure 2. 

 

Experiment Details 

Experimental design 

The experiment was conducted under field condition in 

a randomized complete block design with five treatments 

and four replications. 

Treatment details 

In the experiment, five treatments were used: cowpea 

(Vigna unguiculata L.), Black gram (Vigna mungo L.), 

Sesbania (Sesbania aculeata Wild.), Mung bean (Vigna 

radiata L.) and Sudan grass (Sorghum bicolor L.). Among 

these treatments, four (cowpea, black gram, sesbania, and 

mung bean) were leguminous, while Sudan grass was a 

non-leguminous green manure crop (Table 2). The seeds 

were acquired from the Department of Agronomy at 

Agriculture and Forestry University, Bharatpur, Chitwan. 

The plant species used in this study were identified based 

on morphological characteristics using reference from 

Engel and Phummai (2002). 
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Table 1. Initial soil properties before experimentation 

Parameters Units 
Soil test 

values 
Method Reference 

pH - 6.33 pH meter by making 1:2.5 soil water suspension (Jackson, 1973) 

Soil Organic carbon % 1.70 Walkley and Blacks method (Jackson, 1973) 

Soil carbon stock t/ha 35.44 Walkley and Blacks method (Jackson, 1973) 

Bulk density gm/cm3 1.39 Core sampling method (Blake & Hartge, 1986) 

Total nitrogen % 0.110 Kjeldahl method (Bremner, 1965) 

Available phosphorous Kg/ha 6.7 Bray and Kurtz No.1 (Bray & Kurtz, 1945) 

Soil texture - Sandy loam Dispersion method using hydrometer (Williams-Caudle et al., 2003) 

 

Table 2. Details of treatments 

Treatment Treatment details 

T1 Cowpea 

T2 Black Gram 

T3 Sesbania 

T4 Mung Bean 

T5 Sudan grass 

 

 

Figure 3. Layout of the experimental field 

 

Field layout  

Each plot was 4 m2 in size, and the total number of 

plots in the experiment was 20 (Figure 3). The net 

experimental area was 13 × 12 m (156 m²). The distance 

between the two replications was 1 m, while the distance 

between two plots was 0.5 m. Seeds of different green 

manuring crops were sown in 20 plots at a seed rate of 40 

kg/ha. Gap filling and thinning were carried out to maintain 

a uniform population of 55 plants per plot, resulting in a 

total of 1,100 plants (20 plots × 55 plants) in the 

experimental area. 

 

Cultivation practices 

Land preparation 

The land was plowed twice using a rotavator to achieve 

a fine tilth in the soil. This is followed by harrowing. Pre-

sowing irrigation was performed on the experimental plots 

to create uniform germination conditions. 

Planting details 

Five different crops, cowpea, Black gram, Sesbania, 

Mung bean and Sudan grass, were sown in the first week 

of April at a seed rate of 16 g per plot. The area of the 

individual plots was 4 m². 

Irrigation schedule 

Spring cultivation depends on irrigation. Because the 

crops were grown in the spring season, irrigation was 

provided at 7-10 days intervals. Irrigation requirements 

depend on climatic conditions, soil type, organic matter 

content, and growth stages. 

Thinning, weeding, and gap filling 

Three hand weeding’s were done at 15, 25 and 35 days 

after sowing (DAS). Earthing up was performed 

simultaneously with weeding without damaging the plants. 

A single seed per hill was maintained by thinning out extra, 

unwanted, and unhealthy plants during the third week of 

sowing. 

 

Incorporation of Biomass into the Soil 

Crops were incorporated into the field 50 days after 

sowing, and irrigation was applied to speed up 

mineralization. 
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Observation and Measurement 
Biomass yield data were recorded at the time of crop 

incorporation. To calculate the dry matter yield, plants 
were kept in an oven at 70°C for 48 h. Data on the physical 
and chemical properties of the soil were collected 50 days 
after crop incorporation by collecting soil samples at a 
depth of 15 cm. 

 
Soil Sampling, Preparation and Analysis Methods 
For soil sampling, soil at a depth of 0-15 cm was 

collected from all 20 plots using a screw auger in a Z-
pattern. Samples were taken both prior to and after the 
incorporation of green manuring crops. The collected soil 
was air-dried, ground, and sieved through a 2 mm mesh for 
further analysis. Subsequently, the samples were analyzed 
for soil pH, bulk density, organic matter content, Total 
nitrogen (N), and available phosphorus (P).  

The methods of these analyses are given in Table 3. 
 
Data analysis 
Various statistical packages were used to analyze the 

data obtained during the experiment. Raw data obtained 
during the experiment were assembled using an MS Excel 
spreadsheet. Analysis of variance (ANOVA) was 
employed to determine the significance of treatment 
effects, and the significance of the treatment was tested 
using Duncan’s Multiple Range Test (DMRT) at a 5% 
level of significance.  
 
Results and Discussion 

 
Biomass Yield of Green Manuring Crops 
Biomass yield across all treatments was statistically 

significant at P ≤ 0.05 (Table 4), indicating notable 
differences in the performance of green manuring crops. 
The highest fresh biomass yield was observed in Sesbania 
(8.25 t/ha), which was significantly higher than that of all 
other treatments. Sudan grass also produced a high yield 
(6.81 t/ha), which was statistically similar to cowpea (6.2 
t/ha) but significantly higher than mung bean (2.65 t/ha) 

and black gram (1.91 t/ha), which were statistically similar. 
The lowest fresh biomass yield was observed for mung 
bean and black gram. 

The dry biomass yield varied across different green 
manuring crops. Sudan grass (2.23 t/ha) showed the highest 
dry biomass yield. Cowpea (1.40 t/ha) and sesbania (1.62 
t/ha) had statistically similar but lower dry biomass yields 
than Sudan grass. Similarly, Mung bean (0.63 t/ha) and 
black gram (0.38 t/ha) had statistically similar but lowest 
dry biomass yields among all the treatments. 

The higher fresh biomass yield in Sesbania might be 
due to its rapid and determinate growth pattern, which 
improves soil nutrient availability and biomass addition 
(Singh & Shivay, 2014). According to Chand et al. (2015), 
in their two subsequent studies, sesbania outperformed 
cowpea as a summer green manure crop in terms of total 
fresh and dry matter accumulation. A similar result was 
obtained in research conducted by Irin et al. (2019), who 
found that Sesbania had the highest fresh matter yield 
among the green manuring crops. The higher dry biomass 
yield in Sudan grass might be due to its ability to thrive 
under drought conditions, efficiently uptake nutrients from 
the soil, and exhibit a rapid growth rate (Enchev, 2021). 
Sudan grass produced a larger dry matter yield, which may 
be attributed to its deep root structure that allows for better 
water and nutrient absorption (Glamoclija et al., 2011). 
Similar results were obtained in research conducted by 
Sassi et al. (2016), who found that Sudan grass had the 
highest dry matter yield. Similarly, significantly lower dry 
biomass yields have been recorded in black grams and 
mung beans (Irin et al., 2019). 

 
Effect of Green Manuring Crops on Soil pH. 
The use of various green manure species had a 

significant impact on soil pH (P≤0.05). Among the 
treatments, Sesbania produced a notably lower soil pH of 
6.02 compared to the other species, which exhibited similar 
pH values ranging from 6.21 to 6.29. This indicates that 
Sesbania may have a more pronounced acidifying effect on 
the soil than the other species tested (Table 5). 

 

Table 3. Soil analysis methods 

Parameters Units Method Reference 

pH - pH meter by making 1:2.5 soil water suspension (Jackson, 1973) 

Soil Organic carbon % Walkley and Blacks method (Jackson, 1973) 

Soil carbon stock t/ha Walkley and Blacks method (Jackson, 1973) 

Bulk density gm/cm3 Core sampling method (Blake & Hartge, 1986) 

Total nitrogen % Kjeldahl method (Bremner, 1965) 

Available phosphorous Kg/ha Bray and Kurtz No.1 (Bray & Kurtz, 1945) 

 

Table 4. Biomass yield of green manuring crops at Rampur, Chitwan, Nepal   

Treatment Fresh biomass yield(t/ha) Dry biomass yield(t/ha) 

Cowpea 6.20b 1.40b 

Black gram 1.91c 0.38c 

Sesbania 8.25a 1.62b 

Mung bean 2.65c 0.63c 

Sudan grass 6.81b 2.23a 

LSD(0.05) 0.89 0.25 

SEm(±) 0.13 0.03 

F-probability <0.001 <0.001 

CV(%) 11.25 13.01 

Grand Mean 5.16 1.25 
Note: Treatment means separated by DMRT and columns represented by the same letter(s) are non-significant at the 5% level of significance; LSD: 
Least Significant Difference; SEm : Standard error of the mean deviation; CV: Coefficient of Variation 
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The production of CO₂ and organic acids during the 

decomposition of added green manure may have 

contributed to the slightly lower soil pH in plots treated 

with green manure compared to the initial soil pH (Swarup, 

1991; Salahin et al., 2013). After incorporating leguminous 

green manure, soil pH decreased relative to its initial level. 

This reduction may be attributed to the anions produced 

during the decomposition of organic residues by the 

legumes. Additionally, biological nitrification processes 

could have contributed to the release of hydrogen ions, 

further influencing the soil acidity (Abera et al., 2012). 

According to Singh et al. (2009), Sesbania was observed to 

decrease soil pH more than any other green manure crop 

relative to the initial soil pH. 

 

Effect of Green Manuring Crops on Soil Bulk Density 

The bulk density of the soil differed significantly 

among green manuring crops (Table 6). Sesbania (1.20 

g/cm³) had the lowest bulk density among all treatments, 

which was 13.66% lower than the initial value. Cowpea 

(1.26 g/cm³) and mung bean (1.25 g/cm³) showed 

statistically similar results, both having lower bulk 

densities than the initial value (Table 1). Cowpea, black 

gram, and mung bean were statistically similar. Black gram 

(1.30 g/cm³) had a slightly higher bulk density than cowpea 

and mung beans but remained lower than the initial value 

(Table 1), indicating a moderate improvement in soil 

structure. Sudan grass (1.35 g/cm³) had the highest bulk 

density among the treatments, although it was still 2.87% 

lower than the initial value. 

The reduction in bulk density of the treated plots was 

mainly due to the incorporation of green manure, which 

increased the total pore space and, in turn, decreased the 

bulk density of the soil (Mandal et al., 2003). A similar 

result was reported in research conducted by Sultani et al. 

(2007), where Sesbania had the lowest bulk density 

compared with the other treatments. 

  

Effect of Green Manuring Crops On Soil Organic 

Carbon and Carbon Stock 

Green manuring crops had significant differences in the 

soil organic carbon (Table 7). Sesbania contributed the 

highest soil organic carbon (2.29%) among all the 

treatments, which was 34.70% higher than the initial value. 

Cowpea (2.09%) and mung bean (2.01%) formed a 

statistically homogeneous group (P ≤ 0.05), both 

contributing less than Sesbania, yet still above the baseline 

level. Sudan grass (1.26%) and black gram (1.9%) were 

also statistically similar, but Sudan grass resulted in the 

lowest soil carbon addition in the soil among the 

treatments, although it was still 3.52% higher than the 

initial value (Table 1). 

The soil carbon stocks varied significantly across all 

treatments (Table 7). In this study, sesbania (41.70 t/ha) 

and cowpea (39.66 t/ha) were statistically similar, with 

sesbania contributing the highest soil carbon stock among 

all treatments, 14.84% higher than the initial value. black 

gram (37.40 t/ha) and mung bean (37.96 t/ha) were also 

statistically similar, both having lower carbon stock than 

sesbania but still above the initial value (Table 1). Sudan 

grass (35.65 t/ha) resulted in the lowest soil carbon stock 

addition among the treatments, although it was still 0.56% 

higher than the initial value (Table 1).  

 

 

Table 5. Various physical and chemical properties of soil affected by green manuring crops at Rampur, Chitwan, Nepal 

Treatment pH 

Cowpea 6.22a 

Black gram 6.21a 

Sesbania 6.02b 

Mung bean 6.21a 

Sudan grass 6.29a 

LSD(0.05) 0.15 

SEm(±) 0.021 

F-probability <0.05 

CV(%) 1.58 

Grand Mean 6.19 
Note: Treatment means separated by DMRT and columns represented by the same letter(s) are non-significant at the 5% level of significance; LSD: 

Least Significant Difference; SEm : Standard error of the mean deviation; CV: Coefficient of Variation 

 

Table 6. Green manuring crops effect on bulk density of soil at Rampur, Chitwan, Nepal 

Treatment Bulk density(g/cm3) 

Cowpea 1.26b 

Black gram 1.30ab 

Sesbania 1.20c 

Mung bean 1.25b 

Sudan grass 1.35a 

LSD(0.05) 0.05 

SEm(±) 0.007 

F-probability <0.001 

CV(%) 2.60 

Grand Mean 1.27 
Note: Treatment means separated by DMRT and columns represented by the same letter(s) are non-significant at the 5% level of significance; LSD: 
Least Significant Difference; SEm : Standard error of the mean deviation; CV: Coefficient of Variation 
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Table 7. Soil organic matter affected by green manuring crops at Rampur, Chitwan, Nepal 

Treatment Soil organic carbon(%) Soil carbon stock(t/ha) 

Cowpea 2.09b 39.50b 

Black gram 1.90bc 37.05bc 

Sesbania 2.29a 41.22a 

Mung bean 2.01b 37.68b 

Sudan grass 1.76c 35.64c 

LSD(0.05) 0.30 0.30 

SEm(±) 0.044 0.044 

F-probability <0.001 <0.001 

CV(%) 5.72 5.72 

Grand Mean 2.01 38.21 
Note: Treatment means separated by DMRT and columns represented by the same letter(s) are non-significant at the 5% level of significance; LSD: 
Least Significant Difference; SEm : Standard error of the mean deviation; CV: Coefficient of Variation 

 

Table 8. Effect of green manuring crops on total nitrogen available content of soil at Rampur, Chitwan, Nepal 

Treatment Total Nitrogen (%) 

Cowpea 0.179b 

Black Gram 0.164bc 

Sesbania 0.197a 

Mung Bean 0.173b 

Sudan grass 0.151c 

LSD(0.05) 0.015 

SEm(±) 0.00002 

F-probability <0.001 

CV(%) 5.79 

Grand Mean 0.173 
Note: Treatment means separated by DMRT and columns represented by the same letter(s) are non-significant at the 5% level of significance; LSD: 

Least Significant Difference; SEm : Standard error of the mean deviation; CV: Coefficient of Variation 

 

 

The relatively hard stem of Sesbania may hinder its 

rapid decomposition (Mandal et al., 2003). Green manure 

that decomposes slowly and releases little nitrogen for the 

first crop has a large effect on the amount of organic matter 

and some residual effects on the supply of nitrogen to 

subsequent crops (Bouldin, 1988). A similar result was 

obtained from a study conducted by Sultani et al. (2007), 

in which Sesbania increased the soil organic matter 

compared to other treatments. Mandal et al. (2003) 

reported similar results. Sarwar et al. (2017) found that 

adding Sesbania to the soil increased the organic matter 

content and total nitrogen percentage. 

 

Effect of Green Manuring Crops on Soil Total 

Nitrogen 

Nitrogen content across all treatments exhibited 

statistically significant differences (Table 8). The highest 

total nitrogen (0.197%) was observed in soil treated with 

Sesbania, with a mean value of 79.09% higher than that of 

the initial soil (Table 1). Cowpeas (0.179%) and mung 

beans (0.173%) were statistically similar, with nitrogen 

levels 62.72% and 57.27% higher than the initial soil, 

respectively. Black gram (0.164%) and Sudan grass 

(0.151%) were statistically similar; however, the lowest 

total nitrogen was obtained in soil treated with Sudan grass, 

which was still 37.27% higher than the initial value. 

Due to the high nitrogen content in their biomass, the 

green manuring of Sesbania likely improved the soil’s 

nitrogen fertility (Irin et al., 2020). The increase in 

available nitrogen content in the soil could be attributed to 

the direct contribution of nitrogen from decomposed green 

manures and the enhanced activity of soil microbes that 

convert organically bound nitrogen into its inorganic form 

(Panwar, 2008). Similar findings were reported by Mann et 

al. (2000), who observed that Sesbania incorporation 

increased soil nitrogen from 0.48% to 0.60%. Similarly, 

Rahman et al. (2013) found that incorporating Sesbania 

over three years led to an increase in soil nitrogen content 

from its initial level. These findings were consistent with 

those of Sandhya Rani et al. (2022). 

 

Effect of Green Manuring Crops on Soil Available 

Phosphorous 

Phosphorus content across all treatments exhibited 

statistically significant differences (Table 9). Sesbania 

(11.36 kg/ha) and cowpea (10.30 kg/ha) showed 

statistically similar results and had the highest available 

phosphorus in the soil, with mean values exceeding the 

initial soil phosphorus levels by 69.55% and 53.73%, 

respectively (Table 1). Black gram (8.0 kg/ha) and mung 

bean (8.34 kg/ha) were statistically similar, but the highest 

available phosphorus was recorded in soil treated with 

mung bean. The addition of phosphorus from these crops 

was lower than that from sesbania and cowpea. Black gram 

(8.05 kg/ha) and Sudan grass (6.88 kg/ha) were also 

statistically similar and showed the lowest available 

phosphorus levels among all the green manuring crops 

used, but their values were still higher than the initial 

phosphorus content by 20.14% and 2.68%, respectively. 
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Table 9. Effect of green manuring crops on availble phosphorus content of soil at Rampur, Chitwan, Nepal 

Treatment Phosphorus(kg/ha) 

Cowpea 10.30a 

Black Gram 8.05bc 

Sesbania 11.36a 

Mung Bean 8.34b 

Sudan grass 6.88c 

LSD(0.05) 0.93 

SEm(±) 0.135 

F-probability <0.001 

CV(%) 12.73 

Grand Mean 8.98 
Note: Treatment means separated by DMRT and columns represented by the same letter(s) are non-significant at the 5% level of significance; LSD: 
Least Significant Difference; SEm: Standard error of the mean deviation; CV: Coefficient of Variation 

 

 

The incorporation of green manuring crops enhances 

biological phosphorus cycling in the soil and improves the 

dissolution and availability of less-soluble phosphates for 

plant uptake (Cavigelli & Thien, 2003; Kamh et al., 1999). 

Increased microbial populations and nutrient 

mineralization in the soil result in the solubilization of 

inorganic soil compounds and higher phosphorus 

availability (Zoysa et al., 1990). The release of more 

phosphorus into the soil is attributed to the breakdown of 

organophosphorus compounds, the secretion of organic 

acids, and the conversion of organic phosphate to an 

inorganic form (Evangelia et al., 2002). A similar result 

was obtained from research conducted by Singh et al. 

(2009), in which sesbania significantly increased soil 

phosphorus levels compared to other treatments. Similar 

findings were observed from research conducted by 

Thakur et al. (1995). 

 

Conclusion 

 

The study demonstrated statistically significant 

differences in the dry biomass yield, fresh biomass yield, 

and various soil properties. Sesbania consistently 

demonstrated the highest nitrogen, phosphorus, and 

organic matter content in the soil, with the lowest bulk 

density and higher fresh matter and dry matter yield. The 

study also revealed that cowpea has the potential to be used 

as a green manure crop when sesbania is not available. 

While showing moderate performance, mung bean and 

black gram, lagged in biomass production and the addition 

of organic matter, nitrogen, and phosphorus to the soil. On 

the other hand, Sudan grass showed the least favorable 

outcomes in terms of addition of organic matter, nitrogen, 

and phosphorus into the soil, failed to reduce the bulk 

density of soil like others and performed the poorest 

overall. These findings suggested that sesbania is the most 

suitable crop for use as a green manuring crop and 

leguminous green manuring crops were found to be more 

effective in improving various soil properties than non-

leguminous green manuring crops such as Sudan grass. 

This study answered the research question by identifying 

Sesbania as the optimal green manuring crop for improving 

soil properties in sandy loam soils, with cowpea serving as 

an alternative. The findings underline the importance of 

natural practices in sustainable agriculture, reducing 

dependence on synthetic inputs, and promoting 

environmental balance. These results contribute both 

scientifically by expanding knowledge on crop-specific soil 

enrichment and practically, by offering solutions to resource 

limited farmers. Future research could explore the long-term 

effects of incorporating green manure on soil properties, 

assess its impact across diverse soil types, and investigate 

the potential for combining green manuring with other 

sustainable agricultural practices.  

 

Declarations 

 

Acknowledgement 

We wish to express our deep gratitude to Associate 

Professor Babu Ram Khanal, Agriculture and Forestry 

University for providing the necessary guidelines. We 

thank Agriculture and Forestry University for providing 

the laboratory. 

 

Author approval statement 

All authors have approved the final version of the 

manuscript to be published. 

 

Ethics statement 

Not applicable as the study does not require any ethical 

approval. 

 

Author contributions statement 

Conceptualization: M.P.; Data curation: M.P., S.P.; 

Formal analysis: M.P., S.P.; Investigation: M.P., S.P.; 

Methodology: M.P., S.P.; Resources: M.P., S.P., R.C., 

T.D., R.B.; Software: M.P., S.P., R.C., T.D., R.B.; 

Supervision: M.P.; Validation M.P., S.P., R.C., T.D., R.B.; 

Visualization: M.P., S.P., R.C., T.D., R.B.; Writing – 

Original Draft Preparation: M.P., S.P., R.C., T.D., R.B.; 

Writing – Review & Editing: M.P., S.P., R.C., T.D., R.B. 

 

Funding statement 

The authors declare that no funds, grants, or other 

support was received during the preparation of this 

manuscript. 

 

References 
 

Abera, G., Wolde-Meskel, E., & Bakken, L. R. (2012). Carbon 

and nitrogen mineralization dynamics in different soils of the 

tropics amended with legume residues and contrasting soil 

moisture contents. Biology and Fertility of soils, 48, 51-66. 

https://doi.org/10.1007/s00374-011-0607-8 

 



Pant et al. / Turkish Journal of Agriculture - Food Science and Technology, 13(7): 1880-1888, 2025 

1887 

 

Aulakh, M. S. (2011). Integrated soil tillage and nutrient 

management–the way to sustain crop production, soil-plant 

animal-human health, and environment. Journal of the Indian 

Society of Soil Science, 59, 34. 

Aulakh, M. S., & Pasricha, N. S. (1998). The effect of green 

manuring and fertilizer N application on enhancing crop 

productivity in mustard—rice rotation in semi-arid 

subtropical regions. European journal of agronomy, 8(1-2), 

51-58. 

Aulakh, M. S., Khera, T. S., & Doran, J. W. (2000). Yields and 

nitrogen dynamics in a rice–wheat system using green 

manure and inorganic fertilizer. Soil Science Society of 

America Journal, 64(5), 1867-1876. 

https://doi.org/10.2136/sssaj2000.6451867x  

Blake, G. R., & Hartge, K. H. (1986). Bulk density. Methods of 

soil analysis: Part 1 Physical and mineralogical methods, 5, 

363-375. https://doi.org/10.2136/sssabookser5.1.2ed.c13 

Bouldin, D. R. (1988). Effect of green manure on soil organic 

matter content and nitrogen availability. Sustainable 

agriculture: Green manure in rice farming, 151-164. 

Bray, R. H., & Kurtz, L. T. (1945). Determination of total, 

organic, and available forms of phosphorus in soils. Soil 

science, 59(1), 39-46. 

Bremner, J. M. (1965). Total nitrogen. Methods of soil analysis: 

part 2 chemical and microbiological properties, 9, 1149-

1178. https://doi.org/10.2134/agronmonogr9.2.c32  

Cao, Y., Li, X., Qian, X., Gu, H., Li, J., Chen, X., & Shen, G. 

(2023). Soil health assessment in the Yangtze River Delta of 

China: Method development and application in 

orchards. Agriculture, Ecosystems & Environment, 341, 

108190. https://doi.org/10.1016/j.agee.2022.108190  

Cavigelli, M. A., & Thien, S. J. (2003). Phosphorus 

bioavailability following incorporation of green manuring 

crops. Soil Science Society of America Journal, 67(4), 1186-

1194. https://doi.org/10.2136/sssaj2003.1186  

Chand, S., Kumar, S., & Gautam, B. P. (2015). Enhance the soil 

health, nutrient uptake and yield of crops under rice-wheat 

cropping system through green manuring. International 

Journal of Tropical Agriculture, 33(3), 2075-2079.  

Dudhan BS, Grewal KS, Dahiya SS and Singh N 

2004.Comparative efficiency of different green manure in 

improving and nutrition of rice Haryana Agric. Univ.& Res. 

34: 71-74 

Enchev, S. (2021). Productivity and feed quality of Sudan grass 

(Sorghum sudanense (Piper) Stapf.) and sweet sorghum 

forms. Agricultural Science & Technology (1313-

8820), 13(1). https://doi.org/10.15547/ast.2021.01.011  

Engel, D. H. (2002). A field guide to tropical plants of Asia/David 

H. Engel and Suchart Phummai. Singapore: Times Editions, 

2000. 

Evangelia, V., Anthoula, D., Pericles, P., Avramides Elizabeth, 

J., & Dimitris, A. (2002). Comparative study for the control 

of organic agriculture in a region of Greece. 

Fagodiya, R. K., Pathak, H., Kumar, A., Bhatia, A., & Jain, N. 

(2017). Global temperature change potential of nitrogen use 

in agriculture: A 50-year assessment. Scientific reports, 7(1), 

44928. http://doi.org/10.1038/srep44928     

Glamoclija, D., Jankovic, S., Rakic, S., Maletic, R., Ikanovic, J. 

E. L. A., & Lakic, Z. (2011). Effects of nitrogen and 

harvesting time on chemical composition of biomass of 

Sudan grass, fodder sorghum, and their hybrid. Turkish 

Journal of Agriculture and Forestry, 35(2), 127-138. 

https://doi.org/10.3906/tar-0911-58  

Irin, I. J., Biswas, P. K., Ullah, M. J., & Roy, T. S. (2020). Effect 

of in situ green manuring crops and chemical fertilizer on 

yield of T. Aman rice and mustard. Asian Journal of Crop, 

soil science and plant nutrition, 2(02), 68-79. 

https://doi.org/10.18801/ajcsp.020220.10  

 

 

Irin, I. J., Biswas, P. K., Ullah, M. J., Roy, T. S., & Khan, M. A. 

(2019). Influence of green manuring crops on dry matter 

production and soil health improvement. Bangladesh 

Agronomy Journal, 22(1), 39-45. 

https://doi.org/10.3329/baj.v22i1.44929  

Jackson, M. L. (1973). Soil chemical analysis, pentice hall of 

India Pvt. Ltd., New Delhi, India, 498, 151-154. 

Kamh, M., Horst, W. J., Amer, F., Mostafa, H., & Maier, P. 

(1999). Mobilization of soil and fertilizer phosphate by cover 

crops. Plant and Soil, 211, 19-27. 

https://doi.org/10.1023/A:1004543716488  

Ma, X., Asano, M., Tamura, K., Zhao, R., Nakatsuka, H., & 

Wang, T. (2020). Physicochemical properties and 

micromorphology of degraded alpine meadow soils in the 

Eastern Qinghai-Tibet Plateau. Catena, 194, 104649. 

https://doi.org/10.1016/j.catena.2020.104649  

Mandal, U. K., Singh, G., Victor, U. S., & Sharma, K. L. (2003). 

Green manuring: its effect on soil properties and crop growth 

under rice–wheat cropping system. European Journal of 

Agronomy, 19(2), 225-237. https://doi.org/10.1016/S1161-

0301(02)00037-0  

Mann, R.A., M.S.  Zia and M.  Saleem. (2000).  An improved 

green manuring technology for sustaining  the wheat  rice  

system. Quarterly  Science  Vision. 6(2): 53.   

Meena, B. L., Fagodiya, R. K., Prajapat, K., Dotaniya, M. L., 

Kaledhonkar, M. J., Sharma, P. C., ... & Kumar, S. (2018). 

Legume green manuring: an option for soil sustainability. 

Legumes for soil health and sustainable management, 387-

408. https://doi.org/10.1007/978-981-13-0253-4_12  

Meena, B. L., Meena, R. L., Ambast, S. K., & Pandey, M. (2014). 

Impact assessment of agriculture technological interventions 

in sunami affected south andaman-a case study. Bhartiya 

Krishi Anusandhan Patrika, 29(3), 141-148. 

Naz, A., Rebi, A., Naz, R., Akbar, M. U., Aslam, A., Kalsom, A., 

... & Zhou, J. (2023). Impact of green manuring on health of 

low fertility calcareous soils. Land, 12(3), 546. 

 Panwar, A. S. (2008). Effect of integrated nutrient management 

in maize (Zea mays)-mustard (Brassica campestris var toria) 

cropping system in mid hills altitude. Indian Journal of 

Agricultural Sciences 78:27–31. 

Rahman, M. H., Islam, M. R., Jahiruddin, M., Rafii, M. Y., 

Hanafi, M. M., & Malek, M. A. (2013). Integrated nutrient 

management in maize-legume-rice cropping pattern and its 

impact on soil fertility. J. Food Agric. Environ, 11(2), 648-

652. 

Ramola, G. C., Sahu, L., Rathod, D., & Kukreti, A. (2023). Soil 

degradation and deterioration: causes, effects and case 

studies. Soil restoration: assessment and reclamation, 107-

123. 

Salahin, N., Alam, M. K., Islam, M. M., Naher, L., & Majid, N. 

M. (2013). Effects of green manuring crops and tillage 

practice on maize and rice yields and soil 

properties. Australian Journal of Crop Science, 7(12), 1901-

1911. 

Sandhya Rani, Y., Jamuna, P., Triveni, U., Patro, T. S. S. K., & 

Anuradha, N. (2022). Effect of in situ incorporation of 

legume green manuring crops on nutrient bioavailability, 

productivity and uptake of maize. Journal of Plant Nutrition, 

45(7), 1004-1016. 

https://doi.org/10.1080/01904167.2021.2005802  

Sarwar, A. K. M. G., Hossain, S. Z., & Chanda, S. C. (2017). 

Effect of Dhaincha accessions on soil health and grain yield 

of rice. Journal of Bioscience and Agriculture 

Research, 13(02), 1140-1145. 

https://doi.org/10.18801/jbar.130217.139  

Sassi, A., Védie, H., & Mazollier, C. (2016). Summer green 

manuring in organic greenhouses under French 

Mediterranean climate. In III International Symposium on 

Organic Greenhouse Horticulture 1164 (pp. 143-150). 

https://doi.org/10.17660/ActaHortic.2017.1164.18  



Pant et al. / Turkish Journal of Agriculture - Food Science and Technology, 13(7): 1880-1888, 2025 

1888 

 

Singh, R. P., Singh, P. K., & Singh, A. K. (2009). Effect of green 

manuring on physico-chemical properties of soil and 

productivity of rice. ORYZA-An International Journal on 

Rice, 46(2), 120-123 

Singh, A., & Shivay, Y. S. (2014). Enhancement of growth 

parameters and productivity of basmati rice through summer 

green manuring and zinc fertilization. International Journal 

of Bio-resource and Stress Management, 5(4), 486-494. 

Singh, R. P., Singh, P. K., & Singh, A. K. (2009). Effect of green 

manuring on physico-chemical properties of soil and 

productivity of rice. ORYZA-An International Journal on 

Rice, 46(2), 120-123. 

Sultani, M. I., Gill, M. A., Anwar, M. M., &Athar, M. (2007). 

Evaluation of soil physical properties as influenced by 

various green manuring legumes and phosphorus fertilization 

under rain fed conditions. International Journal of 

environmental Science & Technology, 4, 109-118. 

https://doi.org/10.1007/BF03325968  

Swarup, A. (1991). Long term effect of green manuring (Sesbania 

aculeata) on soil properties and sustainability of rice and 

wheat on a sodic soil. 

Thakur, R. C., Bindra, A D., & Bhargava, R. S. P. M. (1995). 

Effect of fertilizer application and green-manuring on 

physico-chemical properties of soil and grain yield in rice 

(Oryza sativa)-wheat (Titicum aestivum) crop 

sequence. Indian Journal of Agronomy, 40(1), 40_1-40_1. 

Williams-Caudle, L., Brye, K., & Rutledge, E. M. (2003). Soil 

particle-size analysis: A comparison of two 

methods. Discovery, The Student Journal of Dale Bumpers 

College of Agricultural, Food and Life Sciences, 4(1), 89-94. 

Zoysa, A. K. N., Keerthisinghe, G., & Upasena, S. H. (1990). 

Effect of Leucaena leucocephala (Lam) de Wit. as a green 

manure on nitrogen uptake and yield of rice. Biology and 

Fertility of soils, 9, 68-70. 

https://doi.org/10.1007/BF00335864  

 

 

 

 


