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ANALYSIS OF SOIL FERTILITY IN RELATION TO POOR MAIZE YIELDS


Abstract  
[bookmark: _Toc199513171]Maize production in Maso Village, Kericho County has declined despite favorable climatic conditions, raising concerns about soil fertility limitations. This study investigates the relationship between key soil parameters and poor maize yields to guide sustainable soil management practices.  Composite soil samples (0–20 cm depth) were collected from 3 maize farms with yield variations. Samples were analyzed for pH, macronutrients (N, P, K), micronutrients (Zn, Mg, Fe, Ca, Mn).   Low phosphorus (P (≤10 ppm) and acidic pH (<5.5) were prevalent.   Nitrogen deficiency (N < 20ppm) significantly correlated with stunted growth (R² = 0.99, p >0.05).  Micronutrient imbalances (< 1.5 ppm) exacerbated yield gaps in 40% of cases.  Soil fertility degradation driven by nutrient depletion, acidity is a primary constraint to maize productivity in the study area. Targeted interventions (e.g., lime application, P-fertilization and manure incorporation) are recommended to restore soil health and improve yields.  This study provides evidence-based recommendations for smallholder farmers and policymakers to address soil-specific yield limitations, enhancing food security in maize-dependent communities. 	Comment by Joao Rufino: Replace with :This study set out to determine the chemical properties of soils in Maso village in Kericho county where declining maize yields have been observed.	Comment by Joao Rufino: Suggestion: Keywords.

Introduction
Maize (Zea mays L., also commonly known as corn) was domesticated more than 9,000 years ago in southern Mexico/Meso America (Awika, 2011; Kennett et al., 2020). It is a leading global staple cereal in terms of annual production exceeding 1 billion metric tons (García-Lara & Serna- Saldivar, 2019). The global maize area (for dry grain) amounts to 197 M ha, including substantive areas in sub-Saharan Africa (SSA), Asia and Latin America (FAOStat, 2021). It is an established and important human food crop in a number of countries, especially in SSA, Latin America, and a few countries in Asia, where maize consumed as human food contributes over 20 % of food calories (Shiferaw et al., 2011). 
Maize is the most widely produced staple crop in Kenya, consumed by majority of households in both urban and rural areas (Kenya National Bureau of Statistics, 2024). It is grown in nearly all agro-ecological zones, with more than half of household land dedicated to its production every season. It is estimated that about 75% and 25% of Kenya’s total production is done by small-scale and large-scale maize farmers, respectively (Kang’ethe, 2011).

Maize, a staple crop in Kenya is the dominant food crop grown in Kericho county, Kenya. The area under maize production in this county has largely been constant only
decreasing in 2017 and remaining constant through to 2020. However, maize production (metric tonnes) has fluctuated over the years (Naeku and Irungu, 2024). This fluctuating maize production in could be due to poor soil fertility. This is because soil factors are vital for growth and development of maize during critical yield determination stages (Fischer et al., 2014). Soil nutrient uptake and accumulation in maize plants starts after seedling emergence and increases as the plants advance through the critical yield determination stages, that is, ear initiation, ear determination, silking, and tasseling (O’Keeffe, 2009). Poor soil fertility characterized by a deficiency in essential plant nutrients, adverse physical and chemical properties and reduced biological activity result in low yields.  
This study set out to determine the chemical properties of soils in Maso village in Kericho county where declining maize yields have been observed.  
[bookmark: _Toc199513186]Materials and Method
Reagents
N1 reagent (dissolved 34 g sodium salicylate ,25 g sodium citrate and 25 g sodium tartrate together in 750 ml water, added 0.12 g sodium nitroprusside and made up to 1 liter with distilled water), N2 reagent (dissolved 30 g sodium hydroxide in 750 mL distilled water, allowed to cool, added 10 mL sodium hypochlorite, mixed well and made up to 1 liter). Digestion mixture (0.42 g of selenium powder and 14 g of lithium sulphate were added to 350 mL of hydrogen peroxide and mixed thoroughly), Ascorbic acid, Distilled water	Comment by Joao Rufino: Suggestion: Format paragraph.
[bookmark: _Toc199513187]Equipment & apparatus
UV -Vis spectrophotometer ( NOVASPEC 4049 by BIOCHROM CAMBRIDGE, ENGLAND), AAS, flame photometer, pH meter, vortex meter.
Conical flasks, volumetric flasks, test tubes, measuring cylinders, storage bottles, pipettes, heating mantle, beakers, round bottomed flasks, reflux set up, retort stand, clamps, weighing balance, sieve.	Comment by Joao Rufino: Suggestion: Format paragraph.
[bookmark: _Toc199513188]Description of the study area
The study was carried out at the University of Eldoret, Uasin- Gishu County. The soil samples were collected from three different farms all located in Maso Village, Ainamoi Constituency, Kericho County. The latitude and longitude are approximately 0.3333° S, 35.2833° E respectively at an altitude of 2,000 meters above sea level. The annual rainfall is about 1,500–2,000 mm (high due to proximity to the Mau Forest and tea-growing region).  Average daytime and nighttime temperatures are 20–25 °C and 10–15 °C, respectively.	Comment by Joao Rufino: Suggestion: Format paragraph.
[bookmark: _Toc199513189]Sample collection
Samples were collected from the identified farms randomly by walking in a diagonal pattern collecting five subsamples from different spots. The subsamples from the same farm were then mixed thoroughly to form a composite sample ready for analysis.
Subsamples were collected after digging out soil around 10 cm from the surface.
The samples were stored in separate clean bags transported and taken to laboratory  at the University of Eldoret awaiting analysis.
[bookmark: _Toc199513190]Sample preparation
The soil samples were first air dried to ensure that the samples were completely dry, free from any moisture.
The samples were then sieved to remove roots, larger particles, stones and debris. The fine samples were then digested in preparation for elemental analysis. Digestion was then carried out as follows; 0.3 g of each sample was weighed and put in digestion flasks. 4.4 mL of digestion mixture was then added to each sample. The solutions in the tightly sealed digestion flasks were then heated for 2 hours. The contents were allowed to cool then 25 mL of distilled water was added. The mixtures were transferred to 50 mL volumetric flasks then made up to 50 mL with distilled water and swirled. The samples were ready for analysis.	Comment by Joao Rufino: Suggestion: Format paragraph.
For determination of phosphorous content using UV-VIS, 5 mL of the clear wet ashed digest solution was pipetted into a 50 mL volumetric flask. 20 mL of distilled water was added to each flask followed by 10 mL of ascorbic acid. The mixture was then made to 50 mL using distilled water and shaken well then allowed to stand for 1 hour to allow for full color development. The absorbances (blue color) were measured at 880nm wavelength.
For determination of nitrogen content using UV-VIS, 0.1 mL of the sample digest was micro pipetted into clearly labeled test tubes. 5 mL of the reagent N1 was added and the mixture vortexed. 5ml of the reagent N2 was added and the mixture vortexed. The mixture was allowed to stand for 1 hour for the blue color to form. The absorbency at 650 nm was measured.
The potassium content of the samples were determined using a flame photometer. Whereby 2 mL of the sample digest were introduced to the running instrument and the reading displayed recorded. The remaining sample digest was then taken for more elemental analysis in the AAS. The elements being Fe, Mg, Ca, Zn and Mn. 
[bookmark: _Toc199513191]Sample analysis
The samples were analyzed by use of atomic absorption spectrophotometry, flame photometry and UV-VIS spectrophotometry.
[bookmark: _Toc199513192]Data analysis
The data obtained was analyzed using ANOVA.
[bookmark: _Toc199513194]
[bookmark: _Toc199513195]Results and Discussion
The pattern pH among the three sampled farms
[bookmark: _Toc199513196]Soil pH is a foundational indicator of the soil's chemical, biological, and physical environment, influencing nutrient availability and the soil's ability to support healthy plant life (Brady & Weil, 2016). pH influences the solubility and mobility of nutrients, microbial activity, and the availability of potentially toxic elements such as aluminum and manganese (Kisinyo et al., 2014).
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[bookmark: _Toc199512669]Fig.  1: pH values across the three farms
The soil from all three farms was very acidic. It had a value between 4.8 and 5.3 (Fig 1). This is much lower than the range of 6.0 to 7.0 that organizations like FAO, KALRO and KEBS say is best for growing maize. These organizations, including FAO, KALRO and KEBS recommend this range for maize productivity as seen in the work of Okalebo and others in 2006 and also in the FAO report from 2015. The soil conditions on these farms are similar to what other studies have found in parts of Kenya where it rains a lot. The main reasons for this are the way people farm and the climate, which make the soil more acidic as seen in the studies, by Kisinyo and others in 2014. Nekesa et al., 2005).	Comment by Joao Rufino: Suggestion: Format paragraph.
Soil that is too acidic with a level below 5.5 does not have enough nutrients like phosphorus, calcium, magnesium and molybdenum for plants to grow well. At the time soil acidity increases the amount of aluminium and manganese in the soil, which can be bad for plants because these metals can be toxic. Aluminium in soil can hurt the roots of plants and stop them from getting the nutrients they need which means the plants will not grow well and will not produce as much as they should.
This is a problem, for farmers because soil acidity and aluminium toxicity can reduce the amount of crops they can grow. The soil in the study area is very acidic. This could be because of a few things. One reason is that the area gets a lot of rain every year around 1,500 to 2,000 mm. This heavy rainfall washes away things like calcium and magnesium and potassium from the top layer of the soil. When these good things are gone the soil becomes acidic. People like Jama and others found this out in 1998. Opala and others also found the same thing in 2010. Another reason for the soil is that farmers keep using fertilizers like urea and ammonium-based products without adding anything to stop the soil from becoming acidic. This makes the soil more acidic over time as Kisinyo and others said in 2014.
The soil acidity is a problem and it is caused by the high rainfall and the wrong use of fertilizers, like urea and ammonium-based products. The acidic soils observed in this study is a critical constraint to maize production in Maso Village and requires immediate intervention through liming and improved soil management practices.
 Concentrations of Nitrogen and Phosphorus in Soil Samples
To figure out how much Phosphorous and Nitrogen are in the soil samples we made calibration curves. We did this by measuring how light the known standards absorbed. The calibration standards are really important for getting measurements. They help make sure the instruments give us precise results that we can count on. Phosphorous calibration curves were made by using solutions and measured using UV-Vis spectrophotometer. We set the machine to 880 nm. The molybdenum blue colorimetric method was used to get the results. This method was first used by Murphy and Riley in 1962. We also looked at what Skoog and his team found out in 2017 about how to get measurements.
The nitrogen calibration curve was developed using standard solutions analyzed at 650 nm wavelength following the salicylate-hypochlorite colorimetric method (Mulvaney, 1996). Nitrogen and phosphorus are really important for plants to grow and develop. Nitrogen is responsible to make plants green due to development of chlorophyll and it is also in the proteins and nucleic acids of plants. On the hand, phosphorus is important for plants to make energy and for photosynthesis, which is how plants make food from sunlight and it also helps plants grow strong roots. Nitrogen and phosphorus are essential, for plant growth, development and yield formation as noted by Marschner in 2012. Similarly, nitrogen and phosphorus play roles in plant development as discussed by Brady and Weil in 2016. The optimal concentration ranges for nitrogen and phosphorus required for maximum maize yields, as established by FAO, KALRO, and other agricultural bodies, are 20–40 ppm for nitrogen and 15–30 ppm for phosphorus (Okalebo et al., 2006; FAO, 2015).
 








[bookmark: _Toc199512672]Fig. 2: Concentrations of N and P in ppm in soils collected from the three farms in maso village, Kericho County 
The soil samples that were looked at in this study had little nutrients in them. The amount of nitrogen in the soil samples was between 8.2 and 14.5 parts per million (Fig. 2). The amount of phosphorus in the soil samples was between 4.8 and 9.3 parts per million. The maize does not grow well because the soil samples have less than 20 parts per million of nitrogen. This is what is limiting maize productivity in the Maso area. Nitrogen deficiency manifests in several physiological disorders, including yellowing of leaves, delayed growth, reduced leaf area, and premature maturity, all of which contribute to diminished grain yields (Uhart & Andrade, 1995; Ciampitti & Vyn, 2012).
Phosphorus deficiency (P ≤ 10 ppm) was equally low across all the three sampled farms. Phosphorus is essential for root development, energy transfer (ATP), flowering, and grain formation (Marschner, 2012). Deficiency symptoms include purplish discoloration of leaves, poor root growth, delayed maturity, and reduced grain set (Brady & Weil, 2016).

Phosphorus availability is particularly problematic in acidic soils due to fixation by aluminium and iron oxides, which bind phosphorus into insoluble forms unavailable to plants (Fageria & Baligar, 2008). In soils with pH below 5.5, as observed in this study, more than 80 % of applied phosphorus can be rapidly fixed, necessitating higher application rates or the use of amendments such as lime to improve phosphorus availability (Opala et al., 2010).
The combined deficiencies of nitrogen and phosphorus represent critical bottlenecks to achieving optimal maize yields in the study area. Addressing these nutrient limitations through balanced fertilization, liming, and organic matter management is essential for improving soil fertility and crop productivity. The phosphorus deficiency in Maso could be attributed to high concentrations of aluminium and iron in acidic soils precipitate phosphorus into unavailable forms (Fageria & Baligar, 2008).
[bookmark: _Toc199513197]Concentration of micronutrients in the soil samples
Micronutrients are required in small quantities; However, they are essential catalysts for numerous biochemical reactions, including enzyme activation, photosynthesis, nitrogen fixation, and disease resistance (Alloway, 2008). Limited supply of micronutrients can significantly limit crop growth and yield, even when macronutrients are adequately supplied (Marschner, 2012).
The fig. 3 shows the concentrations of micronutrients, that is Mn, Fe, Zn, Ca, Mg in the soil samples from the three farms. 



[bookmark: _Toc199512673]Fig.3: Micronutrients’ concentration in ppm 

[bookmark: _Toc199512661]Table 1: ANOVA test for significant differences in micronutrient concentrations
	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	Df
	MS
	F
	P-value
	F crit

	Between Groups
	2097.434
	2
	1048.717
	0.647842
	0.540534
	3.885294

	Within Groups
	19425.42
	12
	1618.785
	
	
	

	Total
	21522.86
	14
	 
	 
	 
	 



[bookmark: _Toc199513198]The test results from the ANOVA show that the P-value is 0.54 which is than 0.05. This means that the levels of micronutrients in the soil from the three farms did not differ significantly. The micronutrient levels on all three farms are really low compared to what they should be according to the Food and Agriculture Organization and the Kenya Agricultural and Livestock Research Organization.
The Food and Agriculture Organization and the Kenya Agricultural and Livestock Research Organization have established what the optimal ranges should be. The farms are not meeting these ranges as seen in the reports from the Food and Agriculture Organization, in 2015 and the work of Okalebo and others. 2006). The optimal micronutrient concentration ranges for maximum maize yields are: Zinc (Zn): 2–5 ppm, Iron (Fe): 10–50 ppm, Manganese (Mn): 5–20 ppm, Calcium (Ca): 500–1000 ppm, and Magnesium (Mg): 120–180 ppm
 Potassium concentrations of the soil samples
[bookmark: _Toc199512674]Potassium is an important macronutrient that regulates water balance, enzyme activation, photosynthesis, protein synthesis, and disease resistance in plants (Marschner, 2012). It plays a crucial role in osmoregulation, maintaining turgor pressure in cells, and facilitating the opening and closing of the stomata (Brady & Weil, 2016). The fig. 4 shows the potassium concentrations of the soil samples from the three farms respectively.


Fig. 4: Concentrations of K in ppm
The soil samples analyzed in this study showed extreme low potassium deficiencies, with concentrations ranging from 2.3 to 5.8 ppm, significantly below the critical threshold. The optimum potassium concentration range for maximum maize yields is 100–150 ppm (Okalebo et al., 2006; FAO, 2015).
Potassium deficiency symptoms in maize include scorching and curling of leaf margins, weak stalks, poor grain filling, and increased susceptibility to diseases and lodging (Pettigrew, 2008). The low potassium levels observed in this study can be attributed to leaching of potassium caused by heavy rainfall witnessed in Kericho County and continued cropping without adequate replenishment.
Integrated Discussion: Soil Fertility Constraints and Maize Yield Limitations
Integrated Discussion: Soil Fertility Constraints and Maize Yield Limitations

The soil analysis that was done in this study shows that the soil in Maso Village, Kericho County is not very good for growing Maize. The soil is very acidic with a pH of 4.8 to 5.3 which's a big problem. The soil in Maso Village also lacks nutrients like nitrogen, phosphorus, potassium, calcium and magnesium. And that is not all the soil in Maso Village also does not have zinc, iron and manganese which are also very important for plants to grow well. The soil analysis really highlights the fertility limitations of the soil, in Maso Village, Kericho County. These findings are consistent with previous studies in high-rainfall regions of Kenya, where intensive agricultural practices, continued cropping, and inadequate soil management have led to progressive soil degradation (Kisinyo et al., 2014; Nekesa et al., 2005; Opala et al., 2010).
Soil Acidity
Soil acidity is the most important factor limiting maize productivity in the study area. At pH levels below 5.5, aluminum and manganese solubility increases dramatically, leading to aluminum toxicity, a condition that inhibits root growth, disrupts nutrient uptake, and reduces crop yields (Kochian et al., 2004; Fageria & Baligar, 2008). Aluminium toxicity manifests as stunted root systems, reduced biomass accumulation, and hinders water and nutrient absorption (Von Uexküll & Mutert, 1995).
Furthermore, soil acidity reduces the availability of essential nutrients such as phosphorus, calcium, magnesium, and molybdenum while increasing the solubility of toxic elements (Sanchez & Salinas, 1981). The strong correlation between nitrogen deficiency and stunted growth observed in this study (R² = 0.99, p > 0.05) highlights the cascading effects of soil acidity on nutrient cycling and crop performance.
Nutrient deficiencies and yield gaps
The big lack of nitrogen, phosphorus and potassium in this study is a reason for the difference between the actual amount of crops we get which is three tons or less per hectare and the amount of crops we could get which is eight to ten tons per hectare in the area we studied. Nitrogen is very important for plants to grow big and strong it helps plants grow leaves and use sunlight to make food. If plants do not get nitrogen they will not grow well.
Phosphorus is also very important, for plants it helps plants grow roots make flowers and produce grains. If plants do not get phosphorus their roots will not grow well they will not make flowers and they will not produce grains. Potassium deficiency weakens stalk strength, reduces water use efficiency, and increases susceptibility to lodging and diseases (Pettigrew, 2008).
Micronutrient deficiencies, although less visually apparent, further exacerbate yield limitations by disrupting important enzymatic processes and metabolic pathways (Alloway, 2008). The finding that micronutrient imbalances contributed to yield gaps in 40 % of cases underscores the importance of balanced nutrition in maize production.

Synergistic Effects of Multiple Nutrient Deficiencies
The multiple nutrient deficiencies creates synergistic negative effects that amplify yield losses which exceeds the sum of individual deficiencies (Vanlauwe et al., 2010). For instance, phosphorus deficiency limits nitrogen uptake efficiency, while deficiency of calcium and magnesium leads to poor root growth and low nutrient uptake (Marschner, 2012). The low organic matter content in acidic soils leads to poor nutrient retention, microbial activity, and soil structural stability, causing a cycle of declining soil fertility (Bationo et al., 2007).
Environmental and Management Factors
The area of Kericho County gets a lot of rain every year around 1,500 to 2,000 mm. This is good for growing maize. It also means that the soil loses nutrients like nitrogen and potassium. Maize growth in Kericho County is helped by the annual rainfall in Kericho County. However, the high annual rainfall in Kericho County also causes the soil to lose nutrients.
When maize is grown in the field every year without rotating crops or leaving the field empty for a while the soil in Kericho County loses its nutrients and the variety of microorganisms in the soil decreases. This happens because of maize monocropping in Kericho County without crop rotation or adequate fallow periods, in Kericho County. The long-term use of acidifying nitrogen fertilizers (e.g., urea, ammonium sulfate) without complementary liming accelerates soil acidification and aluminum toxicity (Kisinyo et al., 2014).

The lack of organic matter inputs, such as compost, farmyard manure, or crop residue incorporation, further limits the soil's buffering capacity, nutrient-supplying capacity, and biological activity (Okalebo et al., 2006). Smallholder farmers' limited access to soil testing services, quality fertilizers, and agricultural extension support exacerbates these challenges, perpetuating poor soil management practices and low yields (Tittonell & Giller, 2013).
Implications for Sustainable Maize Production

The findings of this study underscore the urgent need for integrated soil fertility management strategies that address both acidity and nutrient deficiencies. Liming is the most effective intervention for raising soil pH, neutralizing aluminum toxicity, and improving nutrient availability (Fageria & Baligar, 2008). However, liming must be complemented by balanced fertilization that provides adequate quantities of nitrogen, phosphorus, potassium, and micronutrients tailored to specific soil conditions and crop requirements (Bationo et al., 2007).

Organic matter enrichment through compost application, crop residue incorporation, and integration of leguminous cover crops can improve soil structure, enhance nutrient retention, promote microbial activity, and increase the soil's buffering capacity against pH changes (Vanlauwe et al., 2010). Crop rotation with nitrogen-fixing legumes (e.g., beans, cowpeas) can replenish soil nitrogen reserves while breaking pest and disease cycles (Bationo et al., 2007).
Farmer capacity building through training programs, soil health cards, and agricultural extension services is essential for promoting the adoption of improved soil management practices (Okalebo et al., 2006). Policy interventions, such as subsidies for lime and blended fertilizers, can reduce cost barriers and encourage widespread adoption of soil amendment technologies (Kisinyo et al., 2014).

           
[bookmark: _Toc199513199]
Conclusion
[bookmark: _Toc199513200]This study reveals serious soil fertility constraints in Maso Village, Kericho County, where severe acidity (pH < 5.5) and widespread nutrient deficiencies limit maize productivity. Soil analysis demonstrated that nitrogen, phosphorus, potassium, calcium, magnesium, and zinc concentrations fall significantly below optimal ranges established by FAO, KALRO, and local agricultural standards. Soil acidity emerged as the main factor restricting nutrient availability and crop performance. High rainfall, continuous maize monocropping, leaching of base cations, and prolonged use of acidifying fertilizers have accelerated soil degradation, resulting in aluminum toxicity, nutrient imbalances, and suppressed microbial activity. These conditions impair root development, reduce nutrient uptake efficiency, and diminish photosynthetic capacity, contributing resulting substantial decline in maize production. To restore soil health and enhance maize productivity, strategic interventions are essential, including liming to neutralize acidity, balanced fertilization addressing both macro- and micronutrient deficiencies, and organic matter enrichment to improve soil structure and nutrient retention. Implementing these integrated soil fertility management practices holistically will improve maize yields, enhance farmer livelihoods, and promote long-term agricultural sustainability in Maso Village and similar high-rainfall maize-growing regions of Kenya.
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N & P concentrations in ppm
N	Farm 1	Farm 2	Farm 3	15.31	8.9849999999999994	9.8670000000000009	P	Farm 1	Farm 2	Farm 3	1.476	2.2799999999999998	1.6	



Concentration of Micronutrients in Different farms in ppm
FARM 1	Mn	Fe	Zn	Ca	Mg	7.6257999999999999	152.62	0.1144	0	0.13070000000000001	FARM 2	Mn	Fe	Zn	Ca	Mg	6.6637000000000004	32.642800000000001	3.2000000000000001E-2	0.4088	0.14330000000000001	FARM 3	Mn	Fe	Zn	Ca	Mg	4.8959999999999999	24.447600000000001	9.8299999999999998E-2	1.1544000000000001	0.1507	



 K concentration in ppm

Farm 1	Farm 2	Farm 3	2.48	5.01	5.14	
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