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ABSTRACT 
Injudicious disposal of crop residues, particularly by open burning, remains a widespread practice among 

smallholder farmers in the Guinea Savanna of Nigeria and contributes to the progressive decline of soil 

fertility and maize productivity. This study evaluated the effects of five crop residue management 

practices — conventional practice (no residue, no fertilizer), burning, mulching, incorporation and 

complete clearing — on the yield of maize (Zea mays L., variety SAMMAZ 15) at the College of 

Agronomy Teaching and Research Farm, Joseph Sarwuan Tarka University, Makurdi, Nigeria. The 

experiment was laid out in a Randomized Complete Block Design (RCBD) with three replicates. Data 

were collected on cob length, cob weight, number of rows per cob, number of seeds per row, number of 

cobs per plant, grain yield and 1000-seed weight, and were subjected to analysis of variance (ANOVA), 

with means separated using the Least Significant Difference (LSD) test at p ≤ 0.05. Residue incorporation 

and mulching consistently produced the highest values of yield and yield components, with grain yields 

of 1,923 kg/ha and 1,797 kg/ha, respectively, significantly higher than burning (1,620 kg/ha), clearing 

(1,270 kg/ha) and the conventional practice (1,130 kg/ha) (p ≤ 0.05). Treatments that retained residue on 

or within the soil consistently outyielded those that removed or destroyed it. These findings indicate that 

residue incorporation and mulching are superior, sustainable alternatives to burning and clearing for 

improving maize yield in the Southern Guinea Savanna of Nigeria. Adoption of residue-retention 

practices is recommended as a low-cost strategy for enhancing soil fertility and maize productivity while 

curbing the environmental costs of residue burning. 
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1. INTRODUCTION 
Maize (Zea mays L.) is one of the most important cereal crops in sub-Saharan Africa, serving as a staple 

food for more than 300 million people and underpinning the food security and income of millions of 

smallholder farming households (FAO, 2023). Nigeria is the largest producer of maize in West Africa, 
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with an annual output of about 12 million metric tonnes (FAO, 2023); however, national average yields 

remain far below attainable potential, largely due to declining soil fertility associated with poor crop 

residue management. 

Crop residues represent an important, low-cost source of organic matter and plant nutrients that can be 

recycled back into the soil to sustain productivity. Despite this, the practice of open-field burning remains 

widespread among farmers in the Guinea Savanna zone of Nigeria, where residues are seen mainly as an 

obstacle to land preparation rather than a resource. Soils of this zone are already characterized by 

inherently low organic carbon and nutrient reserves (Akpa et al., 2016; Anikwe, 2010), and burning 

further depletes soil organic matter and volatilizes nitrogen, compounding the problem of declining soil 

fertility, in addition to contributing to air pollution and other environmental and health costs (Tawfeeq et 

al., 2025; Raza et al., 2022). 

In contrast, retaining residues on the soil surface as mulch or incorporating them into the soil has been 

reported to improve soil physical and chemical properties, conserve soil moisture and enhance nutrient 

cycling, with associated gains in crop yield (Battaglia et al., 2023; Dutta et al., 2022; Hiel et al., 2018; 

Steponavičienė et al., 2023). Despite this evidence, there remains limited comparative information on 

how a broad range of residue management options — including conventional practice, burning, mulching, 

incorporation and complete clearing — jointly affect maize yield under the same soil and climatic 

conditions in Makurdi, and, more broadly, in the savanna zones of Nigeria where nutrient and moisture 

constraints on maize production have been widely reported (Kamara et al., 2008; Aliyu et al., 2022). 

This study therefore provides a comparative field evaluation of five crop residue management practices 

on the yield of maize in the Southern Guinea Savanna of Nigeria, with a view to identifying practices that 

can be recommended to farmers as sustainable alternatives to residue burning and clearing. 

1.1 Objective of the Study 
The specific objective of this study was to evaluate the effect of different crop residue management 

practices on the yield and yield components of maize. 

 

2. MATERIALS AND METHODS 

2.1 Study Area 
The field experiment was conducted at the College of Agronomy Teaching and Research Farm, Joseph 

Sarwuan Tarka University (JOSTUM), Makurdi, Benue State, Nigeria. Makurdi lies within the Southern 

Guinea Savanna agro-ecological zone of Nigeria, an area characterized by a unimodal rainfall pattern and 

a distinct wet and dry season, and is representative of the wider maize-producing belt of the Guinea 

Savanna region. 

2.2 Experimental Design and Treatments 
The experiment was laid out in a Randomized Complete Block Design (RCBD) with five treatments 

replicated three times, giving a total of fifteen (15) experimental plots. The treatments were as follows: 

T1: Conventional practice (no residue retained, no fertilizer applied) 

T2: Burning of crop residue 

T3: Mulching (surface application of residue at 3 t/ha) 

T4: Incorporation of residue into the soil (to a depth of 15 cm) 

T5: Complete clearing (removal of all residue from the plot) 

2.3 Crop Establishment and Agronomic Practices 
Maize (variety SAMMAZ 15, a hybrid) was planted at a spacing of 25 cm × 75 cm and fertilized with 

NPK at the rate of 120-60-40 kg/ha. Standard agronomic practices, including weeding and pest 

management, were followed uniformly across all treatments throughout the cropping season. 

2.4 Soil Sampling and Laboratory Analysis 
Prior to land preparation, composite soil samples were collected from the experimental site at a depth of 

0–20 cm and analyzed for particle size distribution (sand, silt and clay content, and textural class), soil 

pH, organic carbon, organic matter, total nitrogen, available phosphorus, exchangeable bases (potassium, 

sodium, calcium and magnesium), exchangeable acidity, cation exchange capacity and base saturation, 

using standard laboratory procedures. [Author to insert the specific analytical methods and standard 
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references used for each soil parameter, e.g., hydrometer method for particle size, Walkley–Black method 

for organic carbon, Bray-1 method for available phosphorus, etc.] 

2.5 Crop Data Collection 
At harvest, data were collected on cob length, cob weight, number of rows per cob, number of seeds per 

row, number of cobs per plant, grain yield and 1000-seed weight. 

2.6 Statistical Analysis 
Data collected were subjected to Analysis of Variance (ANOVA) appropriate for a Randomized 

Complete Block Design, and treatment means were separated using the Least Significant Difference 

(LSD) test at the 5% (p ≤ 0.05) probability level. 

 

3. RESULTS 

3.1 Physical and Chemical Properties of the Study Soil 
The pre-planting soil of the experimental site was loamy sand in texture, composed of 77.52% sand, 

9.28% silt and 7.20% clay (Table 1). The soil was slightly acidic (pH 6.31) and generally low in organic 

carbon (1.18%), organic matter (2.03%) and total nitrogen (0.171%). Available phosphorus was 6.35 

mg/kg, while exchangeable potassium, sodium, magnesium and calcium were 0.30, 0.15, 1.48 and 4.45 

cmol/kg, respectively. The cation exchange capacity was 7.41 cmol/kg, and base saturation was 86.10% 

(Table 1). 

Table 1: Physical and Chemical Properties of the Soil of the Study Site 

Soil Property Value 

Sand (%) 77.52 

Silt (%) 9.28 

Clay (%) 7.20 

Textural class Loamy sand 

pH (H2O) 6.31 

Organic carbon (%) 1.18 

Organic matter (%) 2.03 

Total nitrogen (%) 0.171 

Available phosphorus (mg/kg) 6.35 

Exchangeable potassium (cmol/kg) 0.30 

Exchangeable sodium (cmol/kg) 0.15 

Exchangeable magnesium (cmol/kg) 1.48 

Exchangeable calcium (cmol/kg) 4.45 

Total exchangeable bases (cmol/kg) 6.38 

Exchangeable acidity (cmol/kg) 1.03 

Cation exchange capacity (cmol/kg) 7.41 

Base saturation (%) 86.10 
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3.2 Effect of Crop Residue Management Practices on Yield and Yield Components of Maize 
Residue management practice had a significant effect (p ≤ 0.05) on cob length, cob weight, number of 

rows per cob, number of seeds per row and grain yield, but not on number of cobs per plant or 1000-seed 

weight (Table 2). Incorporation produced the highest cob length (7.70 cm), cob weight (198.9 g), rows 

per cob (17.33) and seeds per row (39.33), followed by mulching. Grain yield followed the same trend, 

with incorporation (1,923 kg/ha) and mulching (1,797 kg/ha) significantly outyielding burning (1,620 

kg/ha), clearing (1,270 kg/ha) and the conventional practice (1,130 kg/ha) (Table 2). 

Table 2: Effect of Crop Residue Management Practices on the Yield and Yield Components of 

Maize 

Treatment 

Cob 

length 

(cm) 

Cob 

weight 

(g) 

Rows/cob Seeds/row Cobs/plant 
Yield 

(kg/ha) 

1000-seed 

weight (g) 

Conventional 5.00 108.6 12.00 28.67 1.67 1130 227 

Burning 6.37 147.3 14.00 31.67 1.67 1620 284 

Mulching 7.07 160.1 15.33 34.33 1.67 1797 279 

Incorporation 7.70 198.9 17.33 39.33 1.33 1923 303 

Clearing 6.43 148.9 12.67 31.00 1.33 1270 260 

LSD (p ≤ 0.05) 0.98 47.18 2.61 3.51 NS 354.5 NS 

Note. NS = not significant; LSD = least significant difference. 

 

4. DISCUSSION 

4.1 Soil Fertility Status of the Study Area 
The loamy sand texture, slightly acidic pH and generally low organic carbon, organic matter and nitrogen 

status recorded at the study site (Table 1) are typical of soils in the Guinea Savanna zone of Nigeria, 

which are inherently low in fertility owing to intense weathering, low clay activity and continuous 

cultivation without adequate replenishment of organic inputs (Akpa et al., 2016; Anikwe, 2010). Such 

soils are known to respond strongly to nutrient and organic matter inputs (Aliyu et al., 2021, 2022; 

Ojeniyi et al., 2024), underscoring the importance of residue-based soil amendment practices such as 

mulching and incorporation, which can supply organic matter and nutrients that the native soil cannot 

sustain on its own. 

4.2 Effect of Residue Management on Yield and Yield Components 
The significantly higher cob length, cob weight, rows per cob, seeds per row and grain yield recorded 

under incorporation and mulching relative to burning, clearing and the conventional practice (Table 2) 

confirm that residue-retention practices improve the reproductive and yield performance of maize. 

Incorporated residues decompose closer to the root zone, improving nutrient synchrony with crop demand 

during the critical grain-filling period, while surface mulch conserves soil moisture that would otherwise 

limit assimilate partitioning to the cob. This agrees with Battaglia et al. (2023) and Steponavičienė et al. 

(2023), who reported improved soil physical quality under residue incorporation relative to residue 

removal, and with Dutta et al. (2022) and Hiel et al. (2018), who linked long-term residue retention to 

greater soil organic carbon and improved crop performance than residue burning or removal, conditions 

that favour more efficient nutrient supply to the growing crop. 

The comparatively poor performance of burning and clearing reflects the immediate and long-term 

nutrient losses associated with these practices. Burning volatilizes nitrogen and depletes soil organic 

carbon and other nutrient reserves, in addition to imposing wider environmental and health costs 

(Tawfeeq et al., 2025; Raza et al., 2022), while clearing removes any potential organic matter input 

altogether, leaving soils more vulnerable to erosion, moisture stress and nutrient mining (Akpa et al., 

2016; Anikwe, 2010). The non-significant effect of treatment on number of cobs per plant and 1000-seed 
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weight suggests that these particular traits may be more strongly controlled by genotype (SAMMAZ 15) 

and by other management inputs such as fertilizer nutrient balance and phosphorus supply (Aliyu et al., 

2022; Kamara et al., 2008) than by residue management practice alone, whereas traits directly linked to 

nutrient and moisture supply — such as cob size and grain yield — were more responsive to treatment. 

Overall, the results support the view that residue retention, whether through mulching or incorporation, is 

agronomically superior to residue burning, clearing or continuing with the conventional no-residue, no-

fertilizer practice, and offers a practical, low-cost pathway to improving maize yield while reducing the 

soil degradation associated with residue burning in the Southern Guinea Savanna of Nigeria. 

 

5. CONCLUSION 
This study demonstrated that crop residue management practice significantly influenced the yield of 

maize in Makurdi, Nigeria. Management practices that retained more residue in the field, namely 

incorporation and mulching, consistently improved yield components relative to burning, complete 

clearing and the conventional no-residue, no-fertilizer practice. Residue incorporation and mulching 

produced the highest grain yields, at 1,923 kg/ha and 1,797 kg/ha respectively, confirming that residue 

retention is a more sustainable and productive alternative to burning and clearing under the prevailing soil 

and climatic conditions of the Southern Guinea Savanna of Nigeria. 

 

6. RECOMMENDATIONS 

Based on the findings, the following recommendations were made: 

i.  Residue-retention practices, particularly incorporation and mulching, should be adopted by maize 

farmers in Makurdi and similar agro-ecological zones to improve soil fertility and crop productivity. 

ii.  Practices that leave the soil bare, such as complete clearing and burning of crop residue, should be 

discouraged, and extension programmes should promote residue retention as a low-cost soil fertility 

management option among farmers. 
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