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HISTORICAL BACKGROUND OF SCHOOL OF AGRICULTURE AND AGRICULTURAL TECHNOLOGY
[image: ]The School of Agriculture and Agricultural Technology (SAAT) was established in January 1986 with two Departments (Animal Production and Crop Production) With subsequent development, six more departments (i) Soil Science and Land Management (ii) Water Resources, Aquaculture and Fisheries Technology (iii) Agricultural Economics and Farm Management (iv) Agricultural Extension and Rural Development (v) Food Science and Technology, and (vi) Horticulture were created. The Department of Fisheries Technology started in 1987 as a Unit in the Department of Animal Production which transformed to the Department of Animal Production and Fisheries Technology in 1989 and was split into Department of Animal Production and Department of Fisheries Technology in 1991. The Department was repackaged and renamed Department of Water Resources, Aquaculture and Fisheries Technology in 2006.
A new Unit, Agricultural Economics and Extension Technology was created during the 1997/1998 session under the Department of Crop Production. In 2002, the Unit was separated from the mother Department and upgraded to a full-fledged Department which in turn gave birth to Department of Agricultural Economics and Farm Management and Department of Agricultural Extension and Rural Development in 2017. In 1997, the proposed Department of Food Science and Nutrition took off as a Unit in the Department of Animal Production and became a full-fledged Department of Food Science and Technology in 2013. Similarly, the Horticulture Unit in the Department of Crop Production became a separate Department of Horticulture in 2020. In 2019, the Vice-Chancellor approved an interim Centre for Shea Research and Development. Prof. K.M. Baba was appointed as pioneer Centre Coordinator while a Technical Committee which serves as a Board for the Centre was also constituted, with Prof.
M.A.T. Suleiman as Chairman, to provide policy and strategy direction for the Centre.
The student intake into the school at inception in 1986 was two (one student each for Department of Animal Production and Department of Crop Production), and both graduated in 1989. Since then, the school has witnessed tremendous progress in terms of staff recruitment and development, infrastructural development and student enrolment. In the current 2019/2020 session, academic staff strength is 115 and student population stands at 2,895 for undergraduates and 314 for postgraduate students, totaling 3,209 students.
Dr. Z. Stecki was the first Coordinator for the school (January 1986 to September 1988). Dr.
E.A. Salako took over as School Coordinator from October 1988 to 1990 and served later as Acting Dean. When he became the only Professor in the School, he was made the substantive Dean. After his tenure, the school reverted to the position of Acting Deanship since no Professor was on ground then. The Acting Deans were Dr. J.A. Oladiran (1995-1998) and Dr. S.L. Lamai (1998-2001). By September 2001, with more Professors on ground, the Board of School of Agriculture and Agricultural Technology, in accordance with the University regulations, elected Prof. O.O.A. Fasanya as the Dean of the School for a two-year term. Since then, the Deanship position in the school has been filled by election. Prof. E.A. Salako took over from Prof. O.O. A. Fasanya in 2003 and Prof. S.L. Lamai took over from Prof. E.A. Salako in 2005. In January
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2008, following the appointment of Prof. S.L. Lamai as the Dean of Postgraduate School, Prof.
K.M. Baba assumed Deanship of the School. In February 2012, Prof. M.G.M. Kolo succeeded Prof. K.M. Baba who had completed his second two-year term. Professor M.G.M. Kolo was re- elected for another two years from February 2014 but while in his second term, he was appointed Dean of Postgraduate School. In April 2015, Prof. R.J. Kolo was elected as the new Dean of the School and re-elected for second term. Prof. A.J. Odofin assumed the Deanship of the School inApril 2019 and served for only one term of two years. Prof. Job Nmadu took over from Prof. A.J. Odofin as the Dean of School of Agriculture and Agricultural Technology on 9th April, 2021 to April 8th 2023. Prof. Jacob H Tsado is the current Dean of School of Agricultural Technology who assumed duty on 9th April 2023 to date.
Under the leadership of Prof. Faruc Kuta as the Vice Chancellor, the School has witnessed tremendous growth which has resulted in the creation of new departments (Department of Forestry and Wildlife Conservation, and Human Nutrition and Dietetics), also a new programme has been proposed to NUC (Seed Science and Technology) which is awaiting approval.
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	Group Photograph
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Good morning, distinguished Vice Chancellor, members of the university management team, Deans, Professors, HODs, esteemed keynote and plenary speakers, honoured invited guests, colleagues, scholars, students, and friends.
It is a great privilege and a profound honour to stand before you today as we gather for the opening ceremony of the 3rd International Conference of the School of Agriculture and Agricultural Technology, here at the Federal University of Technology, Minna. I warmly welcome each of you and extend my sincere appreciation for making the time to join us in this significant discourse. Your presence here is a testament to your dedication to the advancement of agricultural research and development for a better and more food-secure world.
The theme for this year’s conference, "Integrated Approaches to Achieving Food Security through Artificial Intelligence and Effective Policy Implementation," underscores the urgency and complexity of our collective mission. As we confront mounting challenges, including food scarcity, climate change, and evolving agricultural demands, we must embrace innovative solutions to ensure the availability, accessibility, and sustainability of food for every member of our global community.
Artificial intelligence has emerged as a transformative tool, offering unprecedented opportunities for precision agriculture, predictive analysis, resource optimization, and data-driven decision- making. However, technological innovation is only one piece of the puzzle. Effective policy implementation—grounded in collaboration, inclusivity, and the practical realities of our farmers and stakeholders—will serve as the necessary enabler for meaningful change. It is this dynamic intersection of innovation and governance that we seek to explore and strengthen over the course of this conference.
I am deeply encouraged by the wealth of knowledge and expertise represented here today. Our esteemed keynote and plenary speakers will provide valuable insights that challenge conventional thinking and illuminate new pathways for progress. The diverse range of research presentations, discussions, and networking opportunities will undoubtedly inspire fresh perspectives and collaborative ventures.
I would like to express my heartfelt thanks to our Vice Chancellor, whose unwavering support and leadership continue to propel the Federal University of Technology, Minna, to the forefront of academic excellence. To the university management, the Niger State Government, our


sponsors, and all those who have contributed to the organization of this conference, your dedication and hard work are the backbone of this success.
[image: ]As we embark on this important journey together, I encourage every participant to engage openly, exchange ideas, and form connections that extend beyond these sessions. Our shared commitment to food security demands innovation, resilience, and collective action, and I am confident that the deliberations here will leave a lasting impact.
Thank you, and I wish you all a highly successful, enriching, and productive conference.
Professor Jacob Haruna Tsado,
Dean, School of Agriculture and Agricultural Technology December 2, 2024



























INFLUENCE OF INTEGRATED NUTRIENT MANAGEMENT ON SELECTED ENZYME ACTIVITIES IN RELATION TO SELECTED SOIL CHEMICAL PROPERTIES IN RICE FIELD AT BADEGGI NIGER STATE, NIGERIA
Emmanuel, J., Ezekiel-Adewoyin, D.T., Uzoma, A.O. and Osunde, A.O. Department of Soil Science and Land Management
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ABSTRACT
Soil enzyme activities provide an easy, relatively rapid and low cost production to monitor soil health. Integrated soil management effect on urease and acid phosphatase activities was determined by collecting soil samples from four (4) rice farmers field in Badeggi, Niger State. Where; Control, Farmers’ practice (NPK); 150 kg ha-1 NPK (15:15:15), OCP special blend; (NPK 15:15:15 fertilizer fortified with Zn and Ca.), 600 kg ha-1, cow dung; (5-ton ha- 1), ½ cow dung + ½ NPK and ½ cow dung + ½ OCP special blend fertilizer were applied accordingly. The experiment was laid out in a Randomized Complete Block Design (RCBD) replicated four times. Data were collected according to standard and subjected to Analysis of Variance using GenStat (11th Edition). Significant means were separated using Least Significant Difference (LSD) (p ≤ 0.05). Results showed that Cow dung application consistently resulted in the highest urease activity throughout the growth stages of rice production, indicating its significant role in promoting ammonium volatilization. This was evident with urease activities of 665 µg NH4+ N g-1 soil h-1, 511 µg NH4+ N g-1 soil h-1 and 427 µg NH4+ N g-1 soil h-1 at planting, flowering and at harvest respectively, surpassing all other treatments. Similarly, cow dung application and its combination with NPK and OCP showed notable effect on acid phosphatase activities all through the different growth stages. There was positive relationship between urease activity and pH while it negatively correlated with the other observed nutrients. Whereas, acid phosphatase activity had positive relationship with pH, Organic carbon, Total nitrogen and Available Phosphorus. The observed significant response variation among treatments at different growth stages of rice, highlights the dynamic nature of soil as it influenced the existing microbes (enzyme activity) in the rhizosphere in response to the various soil management practices adopted by farmers. Hence altering soil health and its productivity. Therefore, the use of OCP special blend for improvement of soil available phosphorus should be encouraged while the sole use of cow dung should be discouraged on rice field.
Keyword: Urease, Acid phosphatase, Rice, OCP special blend, NPK, Organic manure

INTRODUCTION

In larger parts of Badeggi, rice is being grown under flooded conditions. Rice-rice cropping system is the most dominant cropping system adopted by rice farmers in Zone – A, of Niger State. Submerged soils ecosystems are predominantly anaerobic and are different from upland soils in several physical and biological properties (Adhya and Rao, 2005). The growth rate of world agricultural production and crop yields have slowed, raising fears that the World may not be able to grow enough foods to meet the needs of the present and future population, and generation (Lal, 2015). Declining trend in productivity due to continuous use

of chemical fertilizers alone has been observed in several long term experiments all over Nigeria, which could be attributed to the use of inappropriate agricultural practices and higher dependency on synthetic fertilizers, leading to constant decline in factors of productivity and low yield of crops; hence an adoption of integrated nutrient management (Liu et al., 2021).

[image: ]For soil health/fertility sustainability, integrated soil fertility management (ISFM) is one of the reliable technologies farmers are encouraged to adopt of recent, which implies the combination of different sources of soil amendments in small quantities; to complement the limitations of each component (Ezekiel-Adewoyin et al., 2023). Organic manures used in rice cultivation serve as carbon and energy source for proliferation of microorganisms, which may alter the activities of different soil enzymes (Srinivas and Sridhar (2022). Use of chemical fertilizers and organic manures has been found promising in arresting the decline trend in soil-health and productivity through the correction of marginal deficiencies of some macro- nutrients, micro-nutrients, micro-flora and fauna and their beneficial influence on physical and biological properties of soil (Nath et al., 2015). Kumar (2018) stated that Integrated Nutrient Management (INM) increased soil urease, phosphatase activities and soil available nutrients. Soil enzymatic activities have been proposed as appropriate indicators because of their intimate relationship to soil biology and rapid response to changes in nutrient management. However, interactions between INM practices, soil chemical properties (nutrient availability, pH), and soil biological properties (microbial communities, enzyme activities) in rice fields are intricate and can vary depending on specific local conditions (Fageria et al., 2011; Mandal et al., 2019). Urease and phosphatase activity is responsible for N- and P-metabolism in the soil (Nwankwo, 2018). Therefore, the activities of urease and phosphatase play crucial role in N and P cycling, respectively (Garcia-Ruiz et al., 2008). Farmers need continuous access to improved rice technologies to boost their rice productivity in Niger State. Enhancing productivity of rice is the major concern to meet the demand for food by the increasing human population. Therefore, addressing the knowledge gap related to INM's influence on soil properties as affected by enzyme activity is vital for sustainable rice production in Baggegi, Niger State, Nigeria.

MATERIALS AND METHODS
Study Area
Soil samples were collected from four (4) rice farmers’ field in Badeggi according to the applied treatments. Badeggi is situated in the Southern Guinea Savanna ecological zone of Nigeria with: Latitude: 9º 33' 22.68''N, and Longitude: 6º 08' 36.83' E with an elevation of 120 m, above sea level. With a mean annual rainfall of about 1128 mm with mean annual minimum and maximum temperature of 26 ºC and 32 ºC respectively.
Experimental Design and Treatments
The trial was established on four (4) farmers’ fields in the study area. The experiment was laid out in a Randomized Complete Block Design (RCBD) with each of the farmers’ field serving as a replicate. The treatments were; Control, Farmers’ practice of 150 kg ha-1 NPK 15:15:15, OCP special blend (NPK 15: 15:15 fertilizer, fortified with Zn and Ca.) 600 kg ha-1 was divided into two equal halves for application at 2 and 4 weeks after transplanting (WATP). Cow dung (5 tons ha-1/ 2 weeks after transplanting (WATP)), ½ Cow dung {2.5 tons ha-1) + ½ Farmers practice (75 kg ha -1 NPK 15:15:15) and ½ Cow dung (2.5 tons ha-1) +
½ OCP special blend fertilizer (300 kg ha-1).



		Source of Experimental Materials
Improved seeds of rice (FARO 44) from National Cereals Research Institute (NCRI), farm yard manure (cow dung) from Teaching and Research Farm, Federal University of Technology, Minna and the Nigeria Institute of Soil Science (NISS), Abuja, provided bags of NPK (15:15:15) fertilizer and "Office Cherefien des Phosphates" (OCP) special mix NPK fertilizer (20:10:5+1Zn+2Ca), which is supplemented with calcium and zinc.
[image: ]Soil Sampling and Analysis
Prior to the commencement of the experiment, soil samples from each farmers’ field were randomly collected at a depth of 0 – 15 cm using soil auger. The soil samples were carefully collected at intervals of 5 m, in a plastic bucket, bulked and mixed thoroughly with hand- trowel to form a composite from which sub-sample was collected and labelled according to treatments. Before planting at flowering and after harvest. Chemical and biological analysis was done in Soil Science and Land Management Laboratory, Federal University of Technology, Minna.
pH was determined in 1:2 wt/v mixture of soil and water according to Anderson and Ingram (1993). The organic carbon content was determined using according to Walkley - Black wet oxidation method (Walkley and Black, 1934). Total nitrogen was determined by micro- Kjeldahl digestion method. Available phosphorus was extracted using BrayP-1 method of extraction and determined calorimetrically. Also, laboratory characterization was conducted on the collected cured manure (cow-dung) that was used using the standard methodology. For the release of NH4-N from the hydrolysis of urea as described by Tabatabai and Bremner (1972) and acid phosphatase by Tabatabai method (1994).
Statistical Analysis
Data collected was subjected to Analysis of Variance (ANOVA) using GenStat (11TH Edition). Significant differences between treatment means were separated using Least Significant Differences (LSD) at 5 % level of significance. Soil enzyme activities were correlated with the selected soil chemical properties using Pearson correlation.

RESULTS

Initial soil analysis of the study site

The soil of the study site was slightly acidic in nature with pH 6.1. Total Nitrogen (0.04g kg- 1), Available Phosphorus (5.24 g kg-1) and Organic Carbon (g kg-1) were all low in the soil of the study area according to Chude et al. 2011.

Effect of integrated nutrient management on urease activity in rice field
The effect of organic and inorganic fertilizer on soil urease activity is presented in Table 1. The treatments significantly affected urease enzyme activity (p ≤ 0.05). Application of cow dung recorded the highest urease activity of 661, 511 and 534 µg NH4+-N g-1 dw soil, before planting, at flowering and at harvest of rice respectively. Followed by ½ cow dung + ½ NPK (392, 371, 321 µg NH4+-N g-1 dw soil) respectively. However, OCP special blend also recorded high activity of 469, 301 and 306 µg NH4+-N g-1 dw soil) respectively, followed by control (294, 175 and 184 µgg-1) respectively, ½ cow dung + OCP special blend (175, 154 and 147 µg NH4+-N g-1 dw soil) respectively, then NPK (77, 112, 77 µg NH4+-N g-1 dw soil) respectively in that arrangement. Urease activity as a result of ½ cow dung + NPK was


		significantly higher than that due to the control and application of ½ cow dung + ½ OCP special blend and NPK.
[image: ]Table 1: Effect of Organic and Inorganic Fertilizer on Soil Urease activity (µg NH4+-N g-1 dw soil h-1)

	Treatments	Before planting	At flowering	At harvest

	Control	294d	175d	184d
NPK	77f	112f	77f
OCP	469b	301c	305.7c
Cowdung	665a	511a	534a
½ Cowdung + ½ NPK	392c	371b	329b
½ Cowdung + ½ OCP	175e	154e	147e


Means with same letter in a column are not significantly different at 5 % level of probability.
Effect of integrated nutrient management on acid phosphatase in rice field
Table 2 presents the effect of integrated nutrient management on acid phosphatase in rice field. Control treatment recorded the highest phosphatase activity before planting and at harvest, at flowering 5 tons ha-1 cow dung recorded (2.35 and 22.7 µg p-nitrophenol released g-1 soil h-1) at harvest, while ½ cow dung + ½ OCP special blend had 2.26 µg p-nitrophenol g-
1 soil h-1, NPK had (2.24 µg p-nitrophenol released g-1 soil h-1) before planting and OCP special blend had the lowest activity before planting and at harvest even at flowering it had about the lowest phosphatase activity.

Table 2: Effect of Organic and Inorganic Fertilizer on Soil Acid Phosphatase activity (µg p-nitrophenol g-1 soil h-1)
	Treatments	Before planting	At flowering	At harvest

	Control	2.29a	2.30b	2.29a
NPK	2.24c	1.87e	2.12d
OCP	1.93e	2.21d	2.09e
Cowdung	2.22d	2.35a	2.27b
½ Cowdung + ½ NPK	2.24c	2.27c	2.25c
½ Cowdung + ½ OCP	2.26b	2.27c	2.25c


Means with same letter in a column are not significantly different at 5 % level of probability
Relationship between Selected Enzymes’ Activities and Selected Soil Chemical Properties Table 3 presents the results of the correlation analysis, the result obtained depicted positive relationship between urease activities, acid phosphatase and pH (H2O) but urease activity was negatively correlated with Organic carbon (OC), Total nitrogen (TN) and Available phosphorus (AP), and were significantly different (P ≤ 0.05). While there was a positive relationship between acid phosphatase activity with pH, OC, TN, AP and significant at P ≤ 0.05.
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Table 1: Correlation analysis of Enzyme activities with selected soil chemical properties

	Soil
	UA
	ACP
	pH
	OC
	TN

	UA ACP
	
0.310*
	
	
	
	

	pH
	0.261*
	0.233*
	
	
	

	OC
	-0.086*
	0.805
	0.000
	
	

	TN
	-0.537*
	0.290*
	1.182*
	0.524
	

	AP
	-0.574*
	0.324*
	0.429
	0.544
	0.908

	NS: Not significant, *Significant, @p<0.05, UA: Urease activity, ACP: Acid phosphatase, OC: Organic carbon, AP: Available phosphorus, TN: Total nitrogen.



[image: ]DISCUSSION
Initial soil analysis of the study site

Slightly acidic soil nature (pH 6.1) is within the pH limit of 5.8 to 6 recommended for availability of most soil nutrients (Onyekwere et al., 2023). The low organic carbon, total N and available P is an indication of high nutrient mining of the soil of the study site due to continuous cultivation of rice year in year out and use of inorganic fertilizer. Therefore, rice Farmers need continuous access to improved rice management technologies to boost rice yield and still sustain soil health: hence the adoption of integrated nutrient management for soil fertility and productivity sustainability cannot be ignored.

Elemental composition of the organic fertilizer (cow dung)
The high alkaline pH of the organic fertilizer was due to high presence of exchangeable bases. The high total N (1.75%) and phosphorus (2.15%) content might be attributed to high proportion of nitrogen and phosphorus as plant nutrients in organic manures. This finding agrees with that of (Onyekwere et al., 2023) who reported in their studies that organic manures are always richly high in Nitrogen, Phosphorus and Potassium. The C:N and C:P ratio of 14:1 and 11:1 could be as a result of high content of carbon over low N and high content of carbon over P in the feed taken up by the cow. This finding is in accordance with that of (Midya et al., 2021) whose studies stated that feed with high proportion of carbon content is required as energy sources for livestock and its by product always high in carbon. This study also conformed with that of (Lal, 2015) who stated that organic matter serves as a nutrient reservoir, holding essential elements like nitrogen (N), phosphorus (P), and potassium (K) as well as trace elements. As organic materials decompose, nutrients are gradually released, ensuring a steady supply to growing plants. This slow-release mechanism helps prevent nutrient leaching and runoff, thereby reducing the risk of environmental pollution.
Effect of integrated nutrient management on urease activity in rice field
Urease is an extracellular enzyme involved in the breakdown of soil organic matter into smaller compounds and their measurement has proven to be a powerful tool in evaluating the functionality of soils. The importance of urease in N cycle generating accessible N for plant growth is of necessity for quantifying the efficient use of fertilizer applied. Application of cow dung recorded significantly highest urease activity on rice plot, followed by its combination with NPK which was at par with the value recorded on the plot treated with OCP Special Blend. The use of ½ Cow dung + 1/2 OCP and NPK had the lowest urease activity value which was not significantly different from the control.
		
[image: ]Soil treatment with cow dung produced the highest urease activity while the treatment with 150 kg ha-1 of NPK produced the lowest activity. This is an indication that cow dung supported the reduction in nitrogen availability due to N loss as a result of NH4+ volatilization in the form of ammonia (NH3). Previous studies have shown that the application of NH4 fertilizer to basic soil converts the NH4 salt to NH3 gas thereby increasing NH4 + volatilization. Applying cow dung with basic pH of 9.40 most likely moved the initial soil pH of 6.1 to an alkaline/basic value thereby converting NH4+ N to NH3. . More so, addition of organic materials brings about proliferation of microorganisms leading to increased enzyme activity (Lloyd and Sheaffe, 1973). The application of NPK (15-15-15) which produced the lowest urease activity invariably produced the highest nitrogen availability or the lowest NH4+ N volatilization. This was probably achieved by lowering the pH of soil and minimizing NH + N volatilization. On the other hand, the addition of OCP special blend to the soil must have altered the initial soil pH of 6.1 to slightly basic value which resulted in urease activity of 306 µg NH4+ N g-1 dw soil that was comparable to urease activity of 329 µg NH4+-N g-1 dw soil due to the application of ½ cow dung + ½ NPK.4

Effect of integrated nutrient management on acid phosphatase activity in rice field
Soil contains acid phosphatase activity in variable amounts depending on microbial count, types of organic materials, other macroscopic living organisms and their activities, the amount of phosphatase released into the soil can then be directly co-related to soil fertility. This study revealed significant differences in the soil phosphatase of the study area with and without the treatments applied. The control plot had the highest value which was however not significantly (P ≤ 0.05) different from the plot treated with cow dung, possibly because phosphorus is unavailable in the form of Aluminum and Iron hydroxy phosphates as a result of the soil reaction (pH (6.1)) and less degradation of the substrate in cow dung at the point in time, thereby increasing the acid phosphatase activity (Wu and Ma 2015). This is similar to the report of Anwesha et al., (2012). Who reported that phosphatase which are present in soil must be heterogeneous because they are generated from various macro and microscopic organisms.

The control plot was higher in acid phosphatase indicating that the inherent available P content of 5.24 mg kg-1 was the lowest compared to all other treatments. Studies have shown that high phosphatase activity is an indicator of low phosphorus availability (Onyekwere et al., 2023). An inclusion of cow dung lowered phosphatase activity compared to the control as a result of the solubilization or mineralization of soil organic and inorganic P, which could make phosphorus more available compared to the control. The C:P ratio of cow dung (11:1) explains partly why phosphorus was solubilized or mineralized (Onyekwere et al., 2023).
Correlation of selected soil enzyme activity with selected chemical properties
Correlation of Urease activity with selected chemical properties in a negative manner signifies an inverse relationship. This means that as urease activity increases, the concentration of the chemical elements decreases. The result demonstrated that urease activity correlated negatively with total nitrogen implying that increase urease activity resulted in decrease in total Nitrogen content of soil due to Ammonium salt volatilization. These agree with the finding of Uzoma et al., (2018) who reported a negative correlation between urease activity and total nitrogen. Similarly, a negative correlation was also observed between acid phosphatase and available phosphorus implying that as phosphatase activity


		

[image: ]increases, available phosphorus decreases. Since rice grows in the interactive ecosystem involving soil – microorganism – rice and atmosphere, rice development consequentially affected soil microorganisms and soil enzymatic activities. Among the various enzymes, phosphatase speeds up soil organic phosphorus decomposition and improves soil phosphorous concentration, which is an important index to assess soil phosphorus bio – availability. Phosphatases are capable of catalyzing hydrolysis of esters and hydrides of phosphoric acid. In soil ecosystem, these enzymes are believed to play critical roles in ‘P’ cycle as evidence shows that they are correlated to ‘P’ stress and plant growth. Apart from being good indicators of soil fertility, phosphatase enzymes play key role in the soil system. Acid phosphatase provides a potential index of mineralization of soil organic P.
The results emphasize the importance of integrating organic amendments like cow dung alongside balanced inorganic fertilizers (NPK and OCP) to optimize soil health and enhance enzymatic activities crucial for nutrient availability. Understanding these interactions provides valuable insights for sustainable agricultural practices aimed at improving soil fertility, crop productivity, and environmental stewardship. The use of OCP special blend for improvement of soil available phosphorus should be encouraged while discouraging the use of cow dung only. Likewise, NPK or the combination of ½ cow dung + ½ OCP special blend should be used to reduce NH4+ N loss.
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