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Abstract
The study was carried out to analyze the cost of remediation of arable crops farmland from sand mining in Ondo State, Nigeria to ensure availability of land for farming. This will enhance the achievement of SDGs 2 of food security and zero hunger. A total of 120 respondents using multistage sampling technique were sampled. Data were analyzed using descriptive statistics, soil analysis and Net Present Value (NPV). The study showed that there is a severe nutrient depletion of the physical and chemical properties of farmland due to sand mining activities. The study further revealed that arable crop farmers are losing money by giving out their farmland to the sand miners in the study area. From the study, it will cost N2,586,000 ($1,668.39) to remediate a hectare of farmland that has been mined by sand miner for at least two years. The result of the NPV revealed that in the long run, the arable crop farmers who continue with their arable crop farming for five years will make N12,377,023 ($7,985.18) while their counterpart who lease their farmland to sand miners will only earn N7,245,240 ($4,674.35). The study therefore recommends that agricultural landowners should stop leasing out their land to sand miners in the study area. Government and other stakeholders should aim to regulate the activities of sand miners and assist the arable crop farmers to diversify their income especially during off season farming.
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Introduction
Sand mining which involves the extraction of sand mainly from an open pit. It is a process of open-cast mining that provides materials for the construction sector of the economy [1]. Sand and gravel make up the sizeable amount of mining materials in different parts of the world. Sand and gravel are the most extracted materials in the world, about 32 and 50 billion tons extracted all over the world each year. Their rate of extraction is faster than replacement. However, studies revealed that environmental and livelihood costs of sand mining on emerging countries have been largely ignored [2]. Sand is one of the natural resources that should be manage properly, hence, the need to regulate the mining its mining and ensure its effective and efficient management. Likewise, black sand which is often use for planting flowers for beautification of individual houses, private and public edifice which are extracted from farmland falls within this concept. Estimating the total amount of sand on Earth is an immense challenge, but the most accurate estimates suggest there are approximately 7.5 x 10^18 kilograms, or 7.5 quintillion kilograms, of sand [3].
Rapid urbanization is putting pressure on demand for sand and making demand for sand-based products becoming inevitable. By 2024, the worldwide construction industry is valued at approximately $12 trillion, making it one of the biggest economic sectors all over the world. The appraisal shows the industry’s empirical contributions to the entire world economy and its important in economic development. The construction sector contributes about 6% to the global Gross Domestic Product (GDP) [4]. The importance of sand mining to the entire world economic advancement cannot be overemphasized. However, this is seriously affecting the agricultural sector, especially the arable crop farmers whose farm sand miners are collecting the agricultural productive sand [5].  This is affecting the achievement of Sustaining Development Goals (SDGs) 2 of food security and zero hunger. SDG-2 aims to “End hunger, achieve food security and improved nutrition and promote sustainable agriculture” [6]. Unfortunately, sand mining is negatively affecting the success of SDG-2. The implication of sand mining is that it tends to show greater lack of reliance on farming activities and food production [7]. 
Currently in most developing countries in Sub-Sarahan Africa (SSA), and precisely Nigeria, sand mining is a main means of livelihood for some people [8]. Worldwide, a lot of  people are getting involved in sand mining on every day. This s becoming a great concern for people living around the sand mining communities especially the arable crop farmers [9]. The demand for sand (laterite and black sand) for building, backfill, road construction and beautification are on the increase as a result of increase in the number of projects in Ondo State, Nigeria and most developing countries. Sand mining has invariably, become a primary activity that is competing with farming in Ondo State, Nigeria and other emerging countries [10]. 



Sand mining activities in these communities are done on farmlands and places with vegetation cover. The effect of sand mining on food crop production has not been researched in the State and Nigeria as a whole, hence the need for further investigations into it. It is against this background that the manuscript was designed to analyze how to achieve Sustainable Development Goals (SDGs) 2 of food security and zero hunger in Ondo State, Nigeria through remediation of farmland from land mining by examining the effect of sand milling on arable crop farmers’ income in Ondo State. Therefore, the manuscript identifies the perceived factors influencing lease of agricultural land to sand miners, evaluate soil management requirements for remediating mined agricultural land and estimate the opportunity cost of leasing agricultural land to sand miners by arable crop farmers in the study area.


76


[bookmark: _Toc69331303][bookmark: _Toc69370628]Materials and Methods
Study Area 
The study was carried out in Ondo State, Nigeria due to sand and gravel excavations in Ondo State in the recent times as a result of urbanization in the State. As mining is a primary activity that is competing with farming in the State [11]. This is in the Southwest Nigeria. The location of the state between latitude 752’N and longitudes 420’ and 605’E. The land area of the state is about 15,500 km. Its shares boundary with Kwara and Kogi States to the North, Edo State to East, Delta State to the Southeast, Osun and Ogun States to the West and the Atlantic Ocean to the South. The annual rainfall varies from 1,150 mm in the northern parts to 2,000 mm in the southern area; the State  has luxuriant vegetation [11].
Ondo State is made up of eighteen (18) Local Government Areas. The population of Ondo State according to the National Population Commission (NPC) is 3,460,877 [12]. Agriculture is the major occupation of Ondo people with 65% of the population involved in various forms of agriculture. Ondo State is the leading cocoa producing state in Nigeria; other crops grown include rice, yam, maize, cassava and oil palm. They are mainly subsistence farmers, fishermen and traders. They are lovers of arts, music and literature. The State is also one of the oil-producing states in Nigeria [11]. 
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Figure 1: Map of Ondo State Showing the Study Areas. 
[bookmark: _Toc69370629][bookmark: _Toc69331304](Source: Ondo State Surveys, 2025)

Data Collection and Sampling Methods
The respondents for study were selected through a multi-stage sampling technique. In the first stage, four (4) locations in Ondo State noted for sand mining activities were purposely selected. In the second stage, thirty (30) farmers who lease their farmland to sand miners were randomly sampled. This led to a total of 120 respondents. Three sample locations were selected for detailed studies of the mined farmland soil nutrients using American Society for Testing and Materials (ASTMD) standard [13]. 

Analytical Tools
The socio-economic characteristics of landowners was described using the descriptive statistics. The perceived factors influencing lease of agricultural land to sand miners in the study area by the arable crop farmers was identified using Likert scale. Soil analysis was conducted for soil samples collected from the sample sites using ASTMD standard. The analysis gives detailed information about the physio-chemical properties of the mined land to proffer the appropriate soil management requirement for the sand. Soil auger and shovel were used to collect soil samples randomly from the fields at depths of 0-20cm to have a good sample representation. The collected soils were air-dried for three days, ground and sieved through a 2 mm sieve. They were stored in labeled crucibles in the laboratory for analysis. 

Analyses of Some Physical and Chemical Parameters of Soil Samples  
In line with [11], particle size distribution analysis was determined by the hydrometer method using sodium hexametaphosphate as a dispersant. The texture class was also determined using the texture triangular diagram [14].  The soil pH was measured using the glass electrode coupled pH meter. The Cation Exchange Capacity (CEC) was determined by extracting the cations with 10ml Ammonium Acetate (NH4OAC (aq)) added to 10g of soil sample. The suspension was stirred for one hour filtered and the filtrate collected. After centrifugation and filtration, the filtrate was transferred into a 100 ml flask of ammonium acetate solution.  Calcium (Ca2+) and Magnesium (Mg2+) were determined by Ethylene De-amine Tetra Acetic (EDTA) titration while Potassium (K) and Sodium (Na) were determined by flame photometer.   The percent Organic matter (% OM) was calculated from the organic carbon (OC) measured using Walkely-Black wet oxidation method. Total Nitrogen (TN) was determined using the modified Kjeldahl distillation methods.
Percentage Nitrogen content on the soil was calculated as follows: 
 									    (1)
Where; T is the titre value and M is the molarity of HCL. 
Percentage % Organic Carbon (C) in the soil is thus calculated using the formula:
 						  	  (2)
Where, F, is the correction factor which is 1.33 and
Me, is the Normality of solution + Volume of solution used in ml. 
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Estimating the Opportunity Cost of Leasing Land by Farming Household
The streams of income were discounted to ascertain the Net Present Value (NPV) in comparison with the amount gotten from leasing land to sand miners and using it for arable crops farming. NPV was used because it is the standard financial measure by which an investment firm’s profitability can be assessed. The merits of employing NPV theory include that it accounts for the time value of money [15]. 
The mathematical Equation underlying the computation of NPV is given below. The NPV i.e., the present value of the benefits minus the present value of costs where cash flows are summed up. Hence,
   						    (3)

Where, = Net Present Value of the scheme (N),
= revenue in year, t (N), 
= costs in year, t (N), 
r = discount rate, 
t…n = year t to nth of the project time horizon, 
∑= the sum of each of the years’ discounted net benefit stream. 

Results and Discussion
[bookmark: _Hlk69371436]Descriptive Statistics of the Respondents
[bookmark: _Hlk69330300]Table 1 shows the socio-economic characteristics of the respondents. From the Table, the mean age of the landowners was 59.6 years. This shows that many of the respondents are old farmers who are very close to 60 years or above. So, they may not be active in farming activities like the young farmers. This may account for one of the reasons why they area leasing out their farmland to sand miners. This support the findings of  [16] that older farmers tend to be discourage from farming due to a lot of factors such as climate change effect on agricultural produces and pest attack on crops, like the case in China. This may account for one of the reasons why they decided to lease their farmland to the sand miners. 
Sex distribution of the respondents shows that 95% were males while 5% were females. This shows that the majority of the farmland owners in the locations are mostly males.  This buttresses the findings of [17] that in most of Nigeria and other African countries, most women do not have farmland title, few who has one may widow who inherited their husband farmland. So, most times, women cannot lay claim to ownership of farmland in such countries. As shown in the Table, 20% had higher institution education (B.Sc/HND). This reflects the low level of education of the respondents, hence, such may not have other means of livelihood, because level of education positively influences livelihood diversification among smallholder arable crop farmers. Therefore, most farmers who are often involve in farmland leasing are those who have limited livelihood diversification opportunities [18]. Also, it is ascertained that the formal sector of the economy demands high level of education and skill from job applicant and unlike informal sector of the economy that sand miners belong to [19].
The mean household size of six (6) reflects the compact family size of the respondents and 95% of them were married. Thus their involvement in farmland leasing to sand miners may likely be out of family financial pressure. This align with the assertion of [20] like the situation in southern Bulgaria that most farmers are abandoning farming to look for alternative meaning of livelihood, hence, leading to food insecurity and hunger. The Table equally showed that mean farming experience of the respondents was 30.9 years. This shows that most of the arable crop farmers interviewed had over 25 years farming experience. This lay credence to the fact that they are old farmers with several years of farming experience. Several years of farming without alternative means of livelihood can make farming boredom chore and this could be very discouraging [21].


[bookmark: _Hlk69374266]Table 1: Socioeconomic Characteristics of Respondents 
	[bookmark: _Hlk69371626][bookmark: _Hlk69371586]Variable
	Aquaculture Fish Farmers’ Key Socioeconomic Characteristic Values 

	
	Mean
	Dominant Indicator

	Age
	59.6 years
	55% falls above or equals 55 years 

	Gender
	
	95.0% were male

	Education Level
	
	20.0% had Higher Institution education (B.sc/HND)

	Household Size (Number) 
	6
	60.0% were above 5 persons

	Marital Status
	
	95.0% married

	Farming Experience (Years)
	30.9
	88.3% more or equal 25 years


Source: Author’s estimations based on data from survey 2025.
[bookmark: _Hlk78718430]
Perceived Factors Influencing Farmland Owners to Lease Land to Sand Miners
In determining perceived factors influencing arable crop farmers to lease their farmland to sand miners in the area of study, the study showed that the responses of the farmland farmers to the perception statement of what influences them into leasing their farmlands as shown in Table 2 reveals that farmers had positive perception towards the first reason that leasing their farmland is economically more rewarding than farming (4.96). The notion that income received from leasing their farmland is higher compare to farming is a critical factor that is influencing most arable crop farmers to lease their farmland to the sand miner in the study area. This buttresses the finding of [22] of  that due to shortsightedness of most arable crop farmers, they often consider immediate income that will destroy their farmland as more lucrative to steady income from farming that will preserve their farmland for the next generation. 
Second is farmers perceive leasing their farmland to sand miners provides quick access to income (4.91). Most farmers want immediate income to take care of their economic responsibility. This is in line with [12], most arable crop farmers who lease their land to sand miner do that for immediate income. Third is income from leasing farmland can be used to start another small scale business  that is less risky and tedious like farming (4.71). Due to various shock experience by most arable crop farmers especially climate change shock over time, most of  them are discourage from farming. They see leasing out their farmland to the sand miners as an easy way out from rigorous farming activities. This tally with the findings of [23] that most smallholders arable crop farmers are looking for easy way out of farming and this is a threat to the achievement of SGDs 2 of food security and zero hunger.
 Fourth is  seasonal nature of arable crop farming often create unemployment/underemployment during off season for most farmers compelling them to lease their farmland to sand miners (4.56). Farming is highly seasonal in some developing countries like Nigeria, so, during off season, most arable crop farmers prefer to lease out their farmland to the sand miners [10]. During off season, many smallholder arable crop farmers are often jobless, this often compel them to lease their farmland to sand miners to ensure they have income to sustainable their family.   
[bookmark: _Hlk69374428] Table 2: Perceived Factors Influencing Farmland Owners To Lease Land To Sand Miners
	Perception Statements
	SA

	A

	U

	D

	SD
	Mean Score (X)
	Remark

	Leasing their farmland is economically more rewarding than farming
	(96.0)
	(4.0)
	-
	-
	-
	4.96
	SA

	Leasing their farmland to sand miners provides quick access to income
	(94.0)
	(5.0)
	-
	-
	(1.0)
	4.91
	SA

	Income from leasing farmland can be used to start another small scale business  that is less risky and tedious like farming
	(71.0)
	(29.0)
	-
	-
	-
	4.71
	SA

	Seasonal nature of arable crop farming often create unemployment/underemployment during off season for most farmers compelling them to lease their farmland to sand miners
	(82.0)
	(7.0)
	-
	(7.0)
	(4.0)
	4.56
	SA


Figures in parenthesis are percentages.
Note: Strongly Agree (SA), Agree (A), Undecided (U), Disagree (D), Strongly Disagree (SD)
SA (>4.50), A (3.50-4.49), U (2.50-3.49), D (1.50-2.49), SD (<1.50)
[bookmark: _Hlk69372380]Source: Author’s estimations based on data from survey 2025.

Determination of Soil Nutrient Balances of The Respondents' Locations in The Study Area
[bookmark: _Hlk34806183]The soil chemical and physical properties of the mined farmland locations are presented in Table 3 (dept 0 to 30 cm). This guided in determine the cost of replacing lost soil nutrients of mined farmland.  As shown in Table 3, the soil pH on the respondents' locations were below the critical level. The implication of this is that the soils of the respondents' locations were acidic after sand mining from the locations. The organic carbon of the soils was less than 2%. The total nitrogen content of soils was slightly higher than the critical value. This finding showed that there is no enough Nitrogen (N) content that the soil is capable of supplying to plants through mineralization. Exchangeable potassium (K) is below the desirable range which indicated that potassium was depleted from the soil. exchangeable sodium (Na) for the locations was far below the critical level. The level of calcium (Ca) in the soils of respondents' locations was below the critical range. This low level of calcium was attributed to the low level of pH in the study areas. Cation Exchange Capacity (CEC) of the soils respectively were very low (having a value less than 3). 
[bookmark: _Hlk69374514]Soil Organic Matter (SOM) content was below the critical value. This reduction in SOM will likely reduce the Nitrogen content that may be available to plant growth. Table 3 also showed that all the soils under study still have higher nutrient stocks from which nutrient-depleted from the soil tended to be replenished naturally for the depths considered. This supports the assertion of [20] that sand mining always depletes soil nutrients. So, it makes it difficult for farmers to regain their farmland for farming for several years. This is one of the major problem of farmers leasing their farmland to sand miners. It takes several years for the soil nutrients to replenish except there is a deliberate effort by the farmers to do that.  
Table 3: Mean Values of Selected Soil Chemical and Physical Properties of Locations in the Study Area
	Soil Characteristics
	Eleyewo
	Ilu-Abo
	Kajola
	Shagari
	Critical Value

	pH (H2O)
	5.05†
	5.78†
	5.18†
	5.10†
	6.0-8.0

	Organic C (%)
	0.25†
	0.21†
	0.15†
	0.43†
	2

	Total N (%)
	0.21±
	0.10†
	0.13†
	0.32±
	0.16-0.20

	Total P (%)
	8.60‡
	8.10‡
	8.10‡
	7.60‡
	7-20

	Exch.   K (cmol/kg)
	0.17†
	0.18†
	0.17†
	0.19†
	0.31-0.60

	Exch. Na
	0.17†
	0.16†
	0.18†
	0.51†
	2.5

	Exch. Ca
	3.10†
	3.20†
	2.60†
	2.50†
	5.01-5.85

	Exch. Mg
	1.10‡
	0.80†
	1.30‡
	1.20‡
	1.01-3.00

	CEC
	2.16†
	2.43†
	2.56†
	
	10

	Organic matter %
	0.50†
	0.10†
	0.60†
	1.30†
	3.4%

	Sand%
	60
	57
	65
	46
	-

	Clay%
	26
	25
	22
	25
	-

	Silt%
	14
	17
	13
	39
	-


[bookmark: _Hlk69372418]† = below critical level; ‡ = within critical level; ± = above critical level

Source: Author’s Laboratory Analysis 2025.
[bookmark: _Hlk69372447]
Cost of Replacing Lost Soil Nutrients of Mined Farmland
Based on Table 3 that presents the mean values of selected soil chemical and physical properties of the study locations, Table 4 presents the cost of replacing the soil nutrients of mined farmland in the study area. The type and quantity of animal manures that will be used to replenish the soil nutrients of mined farmland are presented (per hectare). According [24], animal manures have soil amendment and plant nutrient values. Animal manures also can improve soil's physical properties. Hence, the value of manure in restoring productivity to eroded soils, soils with topsoil removed, and generally marginal, low fertility soils has been recognized for some time. The costs of replacing the reduced amounts of soil nutrients were estimated in the Table 4. 
[bookmark: _Hlk69374576]From the Table, it will cost N2,586,000 ($1,668.39) to remediate a hectare of farmland that has been mined by sand miner for at least two years which is the most year of sand mining leasing agreement by the arable crop farmers in the area of study. This cost is expensive and could be avoided by farmers. This is in line with the findings of [19], that is expensive to replenish the soil nutrients of farmland that has been mined by sand miners. 

Table 4: Naira Value of Primary Nutrients from Selected Animal Manures and Handling Systems Per Hectare/Year To Remediate the Mined Farmland
	Type of Livestock
	Waste System
	Naira/25kg bag ($)
	Number of 25kg bags   Require
	Rate (months)
	Total Value (#) ($)

	Broiler litter
	Solid
	10,000 (6.45)
	5
	12 
	600,000 (387.10)

	Hen litter
	Solid
	10,000 (6.45)
	5
	8
	400,000 (258.06)

	Hens
	Battery
	11,000 (7.10)
	6
	8
	528,000 (340.64)

	Swine
	FYM
	9,500 (6.13)
	8
	8
	608,000 (392.26)

	Beef/Dairy
	Feedlot/FYM
	12,500 (8.06)
	6
	6
	450,000 (290.32)

	
	
	
	
	
	2,586,000 (1,668.39)


Source: Author’s estimations based on data from survey 2025.
* $1 = N1550

[bookmark: _Toc69370635][bookmark: _Toc69331310][bookmark: _Hlk69372477]Estimating the Opportunity Cost of Leasing Farmland to Sand Miners by Farming Household
The 5 presents the opportunity cost of leasing farmland to sand miners in the area of study. It should be noted that sand miners on the average mine the farmland for at most two years and after that they go to another farmland to mine. Hence, the stream of income from leasing farmland to sand miners is only for two years at most. While most of the arable crop farmers in the area of study practice farm rotation within five years, so, they will leave the farm for five years to replenish again for at least two years to improve soil health. 
Therefore,  five years financial streams of net income from arable crops farmland per hectare in the study area is presented in the Table and two years financial streams of revenue from a hectare of arable crop farmland that was mined in the study area are equally presented in the Table. The cost of remediating the mined land was subtracted from the income of farmland that was mined, because is a cost of remediation of the farmland to replenish its soil nutrients. 9% discount rate was used to determine the Net Present Value (NPV) because that is the approved rate for an agricultural loan by the Central Bank of Nigeria (CBN).
Therefore, in the short run (i.e. two years), arable crop farmers who lease out their farmland to the sand miners are gaining compare to their counterpart (N7,245,240 ($4,674.35) who are using the farmland for arable crops farming (N5,777,195 ($3,727.22). So, those who gave their farmland to sand miners gained N1,468,045 ($947.12) compare to their counterpart who were farming on their farmland within two years. This support the assertion of  [7] that farmers should not be induced by temporary gain of leasing out their farmland to sand miners. In the long run, the arable crop farmers who continue with their arable crop farming for five years will make N12,377,023 ($7,985.18) while their counterpart who lease their farmland to sand miners will only earn N7,245,240 ($4,674.35). Thus, at the end, the arable crop farmers who continue with his/her farming will  be gaining N5,131,783 ($3,310.82) within the five years of their continuous arable crop farming. Again, if those who lease their farmland intend to remediate their land for farming after two years of leasing, they will spend N2,586,000 ($1,668.39). In line with the assertion of [18] that arable crop farmers should stop leasing their farmland to sand miners in the developing countries. They should always count the cost and do the proper analysis before leasing their farmland to the sand miners. 
It has been confirmed that sand mining removes the top soils that is useful for agricultural activities. This is impairing such lands for crops production [14]. In spite of sand mining ability to create wealth, it has a negative impact on the livelihoods of people’s, notably the farmers [2] . Majorly because sand mining is often carried out on farmlands in the area of study. [6] corroborated the impression that sand mining leads to the decrease of farmlands. Therefore, the overall impact of sand mining is that farmlands are lost reducing food crops availability, hence, the affected farmers become desperate and poorer. The source of livelihood of the affected farmer becomes threaten and  impact their living standards negatively. 
This confirms the findings of [25] that, frequent mining of sand leads to conflicts among land-users. Many farmlands are lost due to sand mining activities and which mostly lead to unemployment among the farmers. This scenario is causing increased poverty in the communities involved. With the activities of sand miners, deforestation becomes inevitable, sand mining activities mostly cause loss of vegetation and forest cover [26]. 
[bookmark: _Hlk69374644]
Table 5: Net Present Value Calculation of Income from Leasing Farmland to Miners Compare to Using it for Farming Per/Hectare
	Year
	Farm Net Income N/$

	Discounting Factor Using 9%
	Actual Value of Income N/$

	Income to Farmland Owner from Sand mining N/$
	Discounting Factor
	Actual Value of Income N/$


	1
	3,452,500
(2,227.42)
	0.917
	3,165,942.50
(2,042.54)
	4,320,000
(2,787.10)
	0.917
	3,961,440
(2,555.77)

	2
	3,101,250
(2,000.81)
	0.842
	2,611,252.50
(1,684.68)
	3,900,000
(2,516.13)
	0.842
	3,283,800
(2,118.58)

	3
	3,051,500
(1,968.71)
	0.772
	2,355,758.00
(1,519.84)
	Total Actual Value of Income Without Remediation Cost
	
	

	4
	3,102,500
(2,001.61)
	0.708
	2,196,570.00
(1,417.14)

	
	
	

	5
	3,150,000
(2,032.26)
	0.650
	2,047,500.00
(1,320.97)
	
	
	

	Total Actual Value of Income
	12,377,023
(7,985.18)
	7,245,240
(4,674.35)


Source: Author’s estimations based on data from survey 2025.
* $1 = N1550
* Figures in bracket are dollar equivalent of naira  

4.0	Conclusion and Recommendations 
[bookmark: _Hlk69372784]The study concluded that there was a severe soil nutrient depletion in the study areas. The depletion was caused by sand mining. The study revealed that in the long run renting farmland to the sand miners in the study area is not profitable taking into cognizance the cost of remediation of the land. The result of the NPV from leasing the land to sand mining activities as against remediating the land for agricultural practices revealed that is not empirically economical for arable crop farmers to rent their farmland to sand miners. 
Also, findings revealed that arable crop farmers should be encouraged to diversify their income, especially during off farming season. This is to guide against leasing their farmland to sand miners because of livelihood sustainability.  Likewise, all stakeholders should make concerted efforts to rehabilitate the degraded agricultural land due to sand mining activities. Furthermore, active involvement and collaboration among institutions to control sand mining activities and assist the communities where necessary to guide against the activities of sand miners on agricultural land.
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Fig 3 : Map of Ondo State showing the study areas.
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