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ABSTRACT
[bookmark: _GoBack]Present study was carried out in a saline agricultural soil during July-October 2024 at Thandavarayan Sozhaganpettai village adjacent to Pichavaram mangrove forest (11o 21' N Latitude and 79o 50' E Longitude). This study was aimed to evaluate the optimal use of halophytic composts on the microbial population and enzymes activity of Vigna unguiculata (L.) Walp. cultivated soil in east coastal agricultural soil of Tamil Nadu. This study was designed with six treatments viz, T1-Sesuvium portulacastrum compost alone (6.25 ton / ha). T2-Suaeda maritima compost alone (6.25 ton / ha), T3-Sesuvium portulacastrum compost (3.13 ton / ha) + Cow dung manure (3.13 ton / ha), T4-Suaeda maritima compost (3.13 ton / ha) + Cow dung manure (3.13 ton / ha), T5-Sesuvium portulacastrum compost (3.13 ton / ha) + Cow dung manure (3.13 ton / ha) + Azospirillum (2kg / ha) , T6-Suaeda maritima compost (3.13 ton / ha) + Cow dung manure (3.13 ton / ha) + Azospirillum (2kg / ha) and T0–control and laid out in a randomized block design in three replications. The experimental results showed that application of Suaeda maritima compost (3.13 ton / ha) + Cow dung manure (3.13 ton / ha) + Azospirillum (2kg / ha) significantly enhanced the soil microbial population and enzymes activity such as, bacteria (68.33 %), fungi (66.70 %), actinomycetes (67.50 %) and dehydrogenase activity (74.44 %) and cellulase activity (62.04 %) compared to other halophytic compost and control. The outcome of such studies will greatly benefit the farmers adjacent to coastal agricultural land to utilize the halophytic composts as cost effective manure for crop cultivation and improved soil fertility.
Consider replacing this paragraph with: "The application of the results obtained will greatly benefit farmers adjacent to coastal farmland, by allowing them to use halophyte compost as a cost-effective fertilizer for their crops and to improve the fertility of these soils."
Keywords: Halophytic Compost, Soil Microbial Dynamics, Cow dung manure and Azospirillum
1- INTRODUCTION
Soil quality is a key factor for the growth of crop plants and the deciding factor for the availability of plant nutrients (Singh et al., 2016). Overuse of chemical fertilizers reduces soil aggregate structure, inhibits soil microbial and enzyme activity, and reduces the soil's ability to retain water and nutrients (Kashyap et al., 2025). Organic farming is one of the way to address this problem that assures the safety of food production, maintains the soil biodiversity and maintains the ecological equilibrium (Megali et al., 2013). Numerous studies have shown that using organic fertilizers is the greatest way to improve crop yield and soil fertility (Liu et al., 2021). Dinesh et al. (2010) state that applying organic manures and biofertilizers increased soil microbial and enzyme activity, and these metrics are sensitive enough to detect changes in soil quality. Rhizospheric enzyme activity and soil microbial biomass are known to be reliable markers of soil biological health. The decomposition and mineralization of organic matter in soil are mediated by diverse microbial communities through complex metabolic pathways. Soil enzyme activity and nutrient mineralization processes in agricultural soils have been shown to be significantly positively correlated in earlier research (Shi, 2010).
After cereals, pulses are the second most important agricultural group. The cowpea is the most cosmopolite of the pulse crops and is planted in most parts of India. It has shown very promising results and holds great potential for a breakthrough in pulse production (Joshi et al., 2016). It is used as a vegetable, grain legume, fodder and as a green manure crop. Cowpea seeds rich in protein (24%), carbohydrates (60%), fat (1.26%), dietary fiber (11%), total sugar (6.90%), ash (3.24%), potassium (1112 mg/100 g) and sodium (16 mg/100 g) (U.S. Department of Agriculture [USDA], 2021). Cowpea has important beneficial effects in increasing soil fertility status because of its ability to fix atmospheric nitrogen (Sharma et al., 2024). Cowpea cultivation and production are practiced globally, with a total land area of approximately 15 million hectares annually, with total production averaging 6 million metric tonnes (Kirarei et al., 2024). In India cow pea occupies in an area of 3.24 lakh ha with an annual production of 1.98 lakh tonnes and an average productivity of 822 kg /ha (Harshitha and Prema, 2024).
Cuevas (1997) and Ravindran et al. (2007) documented the nutrient values of halophytes were higher than green manures (glycophytes), which were derived from Vigna catjang, Crotalaria juncea, Sesbania aculeate, and Cyamopsis tetragonoloba tetrgonolona. 
In addition, Balakrishnan et al. (2010) and Shaw et al. (2020) found that Ipomoea Ipomea pescaprae, Sesuvium portulacastrum, and Suaeda maritima, had higher micro and macro nutrients than green manures from glycophytes. On the other hand, naturally occurring halophytes have accumulated NaCl in their tissues will breakdown during the composting process. In NaCl, the Na⁺ could chelation with the organic acids in the process of decomposition and leaving out the Cl- in the decline of NaCl. Decomposition nullifies the presence of NaCl content in the plant tissues (Ravindran et al., 2007). 
In this study field experiments were carried out to examine the changes in microbial population, enzymes activity and physio-chemical properties of halophytic compost combined with cow dung manure and Azospirillum amended coastal saline agricultural soil on east coast of Tamil Nadu, India.
2- MATERIALS AND METHODS
2.1- Experimental site
Field experiments were conducted at Thandavarayan Sozhaganpettai village (11o 21' N Latitude and 79o 50' E Longitude), which is 12 km from Annamalai University campus (+5.25 m above mean sea level), during July to October 2024. The physico-chemical characteristics of the experiment soil showed in Table 1.
Consider including a map showing the location of the site where the experiments were conducted.
2.2- Compost preparation 
Based on the reports from previous studies, two commonly growing halophytic herbs such as, Sesuvium portulacastrum L. and Suaeda maritima (L.) Dumort. from east coastal region of Tamil Nadu were selected for preparation of organic compost. Cow dung manure was procured from the Animal Husbandry Department, Annamalai University, was combined with halophytic compost and Azospirillum and applied to the experimental site as per the methodology. Three months old well developed healthy halophytic seedlings were harvested from nursery was used for preparation of halophytic compost based on the protocol outlined by Ravindran et al. (2007). After 90 days the compost was ready for use. It was dark brown and had a soily smell. The well decomposed halophytic compost is shown in (Plates. 1 and 2).
2.3- Treatment
This study was designed with six treatments viz, T1-Sesuvium portulacastrum compost alone (6.25 ton / ha). T2-Suaeda maritima compost alone (6.25 ton / ha), T3-Sesuvium portulacastrum compost (3.13 ton / ha) + Cow dung manure (3.13 ton / ha), T4-Suaeda maritima compost (3.13 ton / ha) + Cow dung manure (3.13 ton / ha), T5-Sesuvium portulacastrum compost (3.13 ton / ha) + Cow dung manure (3.13 ton / ha) + Azospirillum (2kg / ha) , T6-Suaeda maritima compost (3.13 ton / ha) + Cow dung manure (3.13 ton / ha) + Azospirillum (2kg / ha) and T0–control and the experiment was laid out in a randomized block design with three replications.
2.4- Determination of the soil microbial population
	Soil microbial population in halophytic compost treated soils were counted by the serial dilution plate method. Bacteria, fungus, and actinomycetes were isolated and counted using soil extract agar, Martin's Rose Bengal agar, and Kenknight's agar media, respectively, in accordance with the protocol described by Pramer and Schmidt (1965).
2.5- Determination of the soil enzymes activity
The soil Dehydrogenases activity was estimated using Tabatabai (1982) method, while Cellulase activity was measured using Tabatabai's (1982) method.
2.6- Determination of physico-chemical properties of experiment soil
In the experimental field, soil samples were taken at random from the rhizosphere at a depth of 0–20 cm. To calculate bulk density, a 5 cm-diameter soil core was taken from each trench. On undisturbed soil samples that were dried at 105 °C for 48 hours, bulk density was determined using the core method (Meng et al., 2013), and soil porosity was determined using the water saturation method (Klute, 1986). Before examination, the remaining soil samples were air-dried, sieved through a 2 mm mesh screen, and free of plant residues and coarse particles. Soil physico-chemical characteristics were measured as outlined by Dewis and Freitas (1970) prior to the start of the study. The pH and electrical conductivity of the soil samples were measured from a 1:5 soil to water solution using an Elico pH and electrical conductivity meter using the Jackson (1973) method. The modified Walkley and Black method was used to determine the amount of organic carbon (Nelson and Sommers 1982). 

2.7- Statistical analysis
The experiment was carried out with three duplicates, and the findings are shown as mean ± standard error (S.E.). Statistical analysis was performed using GraphPad Prism version 8. One-way ANOVA analysis was performed followed by Tukey’s HSD (Honestly Significant Difference) test at 5% level of significance (P<0.05).
Table 1. Physico-chemical characteristics of the experimental field soil
	Soil characteristics of the experimental field

	Properties
	Value

	Mechanical Composition
	

	Coarse sand (%)
	46.54

	Silt (%)
	36.68

	Clay (%)
	9.81

	Texture class
	Sandy loam

	Physical properties
	

	Bulk density (g cm-2)
	1.29

	Porosity (%)
	44.21

	Chemical properties
	

	pH
	8.1

	Electrical conductivity (dsm-1)
	1.28

	Organic carbon (%)
	0.38

	Available Nitrogen (Kg ha-1)
	123.2

	Available Phosphorus (Kg ha-1)
	63

	Available Phosphorus (Kg ha-1)
	317.6




Plate 1. Sesuvium portulacastrum L. compost (after 90 days.)
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Plate 2. Suaeda maritima L. compost (after 90 days.)
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3- RESULT



The study was carried out to investigate whether the organic matter breakdown of halophytes declined the NaCl amounts in compost. The findings indicated that after 90 days of composting, the NaCl content decreased significantly, with Sesuvium portulacastrum compost showing reductions to 35.9% Na⁺ and 44.13% Cl⁻, while Suaeda maritima compost exhibited reductions to 41.58% Na⁺ and 50.33% Cl⁻. Furthermore, the study revealed that Suaeda maritima compost, when combined with cow dung manure and Azospirillum, contained higher nutrient levels compared to other halophytic composts. Specifically, this combination showed increased concentrations of macronutrients (N, P, K, Ca, and Mg) and micronutrients (Zn, Fe, Mn, and Cu). Additionally, a decline in pH, C: N ratio and organic carbon was observed in Suaeda maritima compost integrated with cow dung manure and Azospirillum. (Table 2).



Table 2: Nutrient contents of different halophytic compost at maturity period (90 days)

	
	

Treatments
	

pH
	

C
(%)
	

N
(%)
	

C: N
Ratio
	

P
(%)
	

K
(%)
	

Ca
(ppm)
	

Mg
(ppm)
	

Zn
(%)
	

Fe
(%)
	

Mn
(%)
	

Cu
(%)
	mg/g fr. wt

	
	
	
	
	
	
	
	
	
	
	
	
	
	Before composting
	After composting
	Percentage of reduction

	
	
	
	
	
	
	
	
	
	
	
	
	
	Na
	Cl
	Na
	Cl
	Na
	Cl

	T1
	 7.12
	49.88
	1.85
	26.96
	0.73
	1.51
	1829
	  1432
	8.39
	10178
	31.22
	 175
	18.9
	14.5
	6.8
	6.4
	35.9
	44.13

	T2
	6.89
	48.23
	1.96
	24.60
	0.79
	1.59
	1864
	1451
	8.51
	10202
	31.98
	189
	21.4
	14.9
	8.9
	7.5
	41.58
	50.33

	T3
	6.81
	45.27
	2.73
	14.98
	1.35
	1.96
	3345
	2595
	10.75
	10615
	34.88
	415
	---
	---
	---
	---
	---
	---

	T4
	6.73
	44.77
	2.81
	13.53
	1.43
	2.12
	3369
	2647
	10.81
	10643
	35.17
	498
	---
	---
	---
	---
	---
	--

	T5
	6.61
	40.29
	2.82
	11.35
	1.49
	2.21
	3374
	2669
	10.87
	10669
	36.04
	526
	---
	---
	---
	---
	---
	---

	T6
	6.53
	39.94
	2.85
	11.07
	1.58
	2.38
	3381
	2685
	10.98
	10694
	36.21
	569
	---
	---
	---
	---
	---
	---





The results further revealed that the soil microflora exhibited a marked increase in bacterial, fungal, and actinomycete populations in plots treated with halophytic compost compared to the unmanured control during the first 45 days of cultivation. Likewise, soil enzyme activities, particularly dehydrogenase and cellulase, were substantially enhanced under halophytic compost treatments. Among the treatments, the combination of Suaeda maritima compost along with cow dung manure and Azospirillum (T6) recorded the highest microbial counts and enzyme activities in soil. Overall, all halophytic compost treatments showed superior performance over unmanured soil in improving soil biological properties.	
Nearly 68.33 % in bacteria, 66.70 % in fungi and 67.50 % in actinomycetes populations (Figures 1 to 3) were increased in Suaeda maritima compost combined with cow dung manure and Azospirillum treated soil (T6). However, reduction in microbial population was noticed in the experimental plots after 45 day to harvest stage. Nearly 18.40 % in bacteria, 19.68 % in fungi and 19.44 % in actinomycetes populations were observed in Suaeda maritima compost in incorporation with cow dung manure and Azospirillum (T6) when compared to the other compost treatments and control. (Figures 1 to 3). 
Figure 1. Impact of halophytic compost application on soil Bacteria population. (n=3) p<0.05. Values shown are mean ± S.E. 
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Figure 2. Impact of halophytic compost application on soil fungi population. (n=3) p<0.05. Values shown are mean ± S.E. 
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Figure 3. Impact of halophytic compost application on soil Actinomycetes population. (n=3) p<0.05. Values shown are mean ± S.E. 
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Similar to soil microbial populations, Suaeda maritima compost combined with cow dung manure and Azospirillum (T6) was found to have a significant impact on enzyme activities, with a 74.44 % increase in dehydrogenases and  62.04 % increase in cellulase activity (Figures 4 and 5). Similar to microbial populations, a reverse trend in enzymes activities was observed from 45th day to harvest stage in all the compost treatments.
Figure 4. Impact of halophytic compost application on soil dehydrogenase activity. (n=3) p<0.05. Values shown are mean ± S.E. 
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Figure 5. Impact of halophytic compost application on soil cellulase activity. (n=3) p<0.05. Values shown are mean ± S.E. 
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The application of halophytic compost notably reduced the pH and electrical conductivity of the soil at the end of harvest stage (Figures 6 and 7). Soil amended with Suaeda maritima compost mixed with cow dung manure and Azospirillum (T6) showed the greatest pH reduction (7.37 %) when compared with other compost amended soils (T1 to T5) and unmanured control (T0). Similar to pH, soils treated with halophytic compost showed a significant decrease in electrical conductivity. The greatest reduction (27.41 %) was seen in Suaeda maritima compost mixed with cow dung manure and Azospirillum (T6) treatment. Similarly, soil bulk density (Figure. 8) showed a marked reduction (18.88 %) under halophytic compost treatments, indicating an improved soil structure. 

Figure 6. Impact of halophytic compost application on soil pH. (n=3) p<0.05. Values shown are mean ± S.E. 
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Figure 7. Impact of halophytic compost application on soil electrical conductivity. (n=3) p<0.05. Values shown are mean ± S.E. 
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Figure 8. Impact of halophytic compost application on soil bulk density. (n=3) p<0.05. Values shown are mean ± S.E. 
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In contrast, soil porosity (Figure. 9) exhibited a substantial enhancement thought the study period. The Suaeda compost enriched with cow dung manure and Azospirillum resulted in 25.92 % increase in porosity when compared to other halophytic compost treatments and the unmanured soil. Soil analysis during the harvest stage revealed that soil organic carbon (Figure. 10) was increased significantly in all halophytic compost treatments, with the maximum enhancement of 72.34 % recorded in the soil amended with Suaeda maritima compost combined with cow dung manure and Azospirillum. 

Figure 9. Impact of halophytic compost application on soil porosity. (n=3) p<0.05. Values shown are mean ± S.E. 
[image: C:\Users\pc\OneDrive\Desktop\3rd paper graphs\porosity.jpg]






Figure 10. Impact of halophytic compost application on soil organic carbon. (n=3) p<0.05. Values shown are mean ± S.E. 
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4- DISCUSSION
In the current investigation, the incorporation of halophytic compost notably enhanced the soil microbial count compared to the unmanured control. Among the six halophytic compost treatments, the combination of Suaeda maritima compost with cow dung manure and Azospirillum (T6) recorded the highest bacterial, fungal, and actinomycetes populations, demonstrating its superior ability to stimulate microbial activity. These findings are in accordance with several reports, particularly Patel et al. (2024) noticed that the combined amendment of farmyard manure, jeevamrit?, Rhizobium, and PSB significantly increased soil microbial populations, resulting in a 61.50% rise in bacteria, 57.33% in fungi, and 58.52% in actinomycetes. Similarly, Gorski et al.  (2024) reported that green manure with biofertilizers increased 76.0 per cent in bacteria, 58.0 per cent in fungi and 39.0 per cent in actinomycetes. Shah et al. (2020) also documented that halophytic compost applications significantly elevated microbial populations in black gram soil, with increases Bacterial (66.67%), fungi (62.5%), and actinomycetes (63.62%) during the first 45 days, followed by a gradual decline toward harvest (23.84%, 28.33%, and 30% reduction, respectively). Collectively, these studies support the present findings, emphasizing the positive influence of halophytic compost on soil microbial dynamics.
	Application of halophytic compost led to a notable increase in soil dehydrogenase activity in the present study. Similar trends have been reported by El-Sawah et al. (2021) observed a 48.8% enhancement in dehydrogenase activity in guar-cultivated soils following biofertilizer application compared with the control. Singh et al. (2015) also documented a 43.60 % increase in dehydrogenase activity in rice soils treatment with vermicompost and biofertilizers. Similar results were noted by Balakrishnan et al. (2007), reported nearly a 20% reduction in dehydrogenase activity 60 days after halophytic compost application. Since dehydrogenase activity largely reflects the metabolic status of soil microorganisms, it is strongly associated with soil microbial biomass carbon, particularly in organically treated soils (García-Gil et al., 2000).
In this research, halophytic compost also enhanced soil cellulase activity. Comparable findings were reported by Al-Khalidi and Al-Taweel (2024) demonstrated a 68% increase in cellulase activity in broccoli-cultivated soils treated with biofertilizers and seaweed extract. Lu and Zhow (2023) also noticed that application of organic manures significantly enhanced cellulase activity in soil of maize field in mountain red soil. Although Balakrishnan et al. (2007) noted a 20.6% decline in cellulase activity following halophytic compost application at 60 days. The improvement in cellulase activity is strongly correlated with enhanced soil microbial populations, as documented by (Kshattriya et al., 1992 and Aziz et al., 2018). 
From the study, it is also observed that soil microbial and enzyme activities usually increased upto first 45 days due to the availability of easily decomposable organic matter and during the harvest time these organic substances were completely decomposed, resulting in lower microbial activities which resulting in reductions in enzymes activities. (Liu et al., 2017).
The results also indicate a significant reduction in soil pH, EC, Bulk density and increased porosity and organic carbon. Our result accordance with several other findings also reported that application of farmyard manure significantly reduced soil pH (7%) and electrical conductivity (32.14%) of quinoa and Jew’s mallow cultivated soil compared to chemical fertilizers (Youssef and farag, 2021). Shah and Ravindran et al (2020) also reported that application of halophytic compost significantly decreased pH (7.8 %) and electrical conductivity (29 5%) of Black gram cultivated soil. This reduction in soil pH under halophytic compost treatments may be attributed to the release of H⁺ ions and various organic and inorganic acidic compounds generated during the continuous decomposition of the compost. Additionally, the CO₂ released during organic matter mineralization can dissolve in soil water to form carbonic acid, which further contributes to the acidification and subsequent neutralization of soil pH and reduced soil electrical conductivity (Candemir et al., 2011). 
From the result observed that halophytic compost application reduced the soil bulk density. Similar findings were made by several workers and 11 % reduction was observed with application of green manure and farmyard manure (Mujdeci et al., 2020), 11.76% with farmyard manure and combination of Biofertilizers (Gopinath et al., 2011) and 16.17 with saw dust compost and farmyard manure (Jain and Kalamdhad, 2020). Additionally, applying organic manures to soils causes the release of polysaccharides and bacterial gums, which improve aggregation of soil and lower bulk density (Rayne and Aula, 2020). 
The current study also confirmed that halophytes derived compost application significantly enhanced soil porosity. Similar to our results with 47.94 per cent increase was noticed in soil treated with crop residues + farmyard manure + biofertilizers in soil (Jyoti sharma et al., 2023), 16 per cent with green manure + poultry manure in soil of cassava (Bilong et al., 2022). The improvement in soil total porosity due to halophytic compost application can be associated to the role of organic matter in promoting the formation of stable soil aggregates, which create more pore spaces and enhance soil porosity (Lehmann et al., 2020). Decomposed organic matter increases the proportion of macropores and micropores, facilitating better air circulation and water infiltration. Additionally, earthworm and microbial activity contribute to porosity by burrowing and breaking down organic materials (Bilong et al., 2022).
[bookmark: _Hlk204548566]In this research, it is shown that incorporation of both halophytes derived composts enhanced the organic carbon in Vigna unguiculata cultivated soil when compared to untreated control. Similar reports are available that incorporation of various organic amendments increased the organic carbon to 24.57 per cent with organic compost in soil of Solanum lycopersicum (Piya et al., 2018) and  application of farmyard manure enhanced 45% organic carbon in soil (Abdalla et al., 2022). The increase in soil organic carbon in the current study may have been caused by both direct incorporation of organic matter through organic manures, which subsequent decomposed to raise the soil's organic carbon content, and increased root development, which collects organic leftovers (Shah and Ravindran, 2023). 
5- CONCLUSIONS 
The current study demonstrated that applying Suaeda maritima compost along with cow dung manure and Azospirillum greatly enhanced the physical, chemical, and biological characteristics of the soil. 
This integrated nutrient management approach enhanced soil microbial population and enzymatic activities, indicating an improved microbial functioning and nutrient cycling. Although soil pH, electrical conductivity, and bulk density declined, soil porosity and organic carbon content increased concurrently, suggesting an improved soil fertility and structure.  
Overall, the combined use of halophytic compost along with cow dung manure, and Azospirillum proved to be an effective and sustainable strategy for improving coastal salt affected agricultural soil. 
I recommend including a couple of final paragraphs highlighting how the application of the results obtained would benefit farmers of coastal agricultural lands in the short term (economic savings) and in the medium term (improving fertility), promoting the use of halophytic compost.
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