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Abstract— Cassava (Manihot esculenta Crantz) is a vital staple crop for over 800 million people globally, yet its early growth 

stages are highly vulnerable to weed infestation due to slow canopy development and low initial nutrient uptake. Soil-weed 

interactions play a central role in determining cassava growth and yield, as soil physical, chemical, and biological properties 

influence weed emergence, growth, and competitiveness. Climate change further complicates weed management by 

accelerating weed phenology and favouring drought-adapted species, potentially reducing cassava yields by up to 59% under 

unmitigated scenarios. Key soil factors include texture, moisture, bulk density, pH, nutrient availability, and microbiome 

composition, which affect both crop performance and herbicide efficiency. Dominant cassava weeds such as Cyperus rotundus, 

Imperata cylindrica, and Commelina benghalensis exhibit specific soil affinities. Mechanisms of interference include 

asymmetric nutrient competition, allelopathic effects mediated by soil microbes, and serving as pathogen reservoirs. Their 

aggressive growth can reduce cassava yields by 30–80% if unmanaged. Integrated soil–weed–cassava management strategies 

— including soil texture-specific herbicide application, cover crops, mulching, conservation agriculture, and decision support 

tools — enhance crop competitiveness while improving soil health. Future research priorities include microbiome-mediated 

allelopathy, precision herbicide application, seed bank modelling under variable tillage, soil health indices predictive of weed 

pressure, and climate-smart cover crop mixtures. Advancing these integrated and site-specific approaches is essential to 

sustainably mitigate weed impacts, improve cassava productivity, and enhance agro-ecosystem resilience under changing 

environmental conditions. 

Keywords— Allelopathy, weed competitiveness, soil properties, herbicide–soil dynamics, integrated weed management, 

cassava. 

I. INTRODUCTION 

Understanding soil-weed interactions is crucial for developing resilient, site-specific weed management strategies that go 

beyond the prescriptive approach of simply keeping the field productive (Behera, 2024; Monteiro and Santos, 2022; Korres, 

2023). Integrated strategies that manage soil physical, chemical, and biological properties are necessary for improving crop 

productivity, given the increasing pressures of climate change and resource limitations (Ikeh et al., 2012; Van Chuong et al., 

2025; Ghafoor, 2025). 

Cassava (Manihot esculenta Crantz) is an important food crop that serves as a primary source of calories for over 800 million 

people. It is the third most important staple food (after maize and rice), consumed by hundreds of millions, and supports the 

livelihoods of smallholder farmers across regions from Nigeria in West Africa to parts of South America (Otekunrin, 2024; 

Adebayo, 2023; FAO, 2021). Despite its global economic importance, cassava is highly susceptible to weed competition during 

the early stages of growth due to its slow canopy development, wide intra-row spacing, and low initial nutrient uptake. 
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Several field studies have consistently identified the first 8 to 12 weeks after planting (WAP) as the most critical period of 

weed interference, during which uncontrolled weed infestation significantly reduces crop establishment and yield (Li et al., 

2017; Silva et al., 2025; Adebayo, 2023; Ekeleme et al., 2004; Anikwe, 2018; Ramella et al., 2020). Conventional reviews 

have mostly focused on direct competition between crops and weeds for sunlight, water, and nutrients (Nath et al., 2024; 

Sultana et al., 2024). However, recent research emphasizes the role of soil as an active mediator in crop-weed interactions 

(Rojas-Sánchez, 2025; Sahoo, 2025). 

For instance, soil texture influences the sorption and mobility of herbicides (Jensen et al., 2019); organic matter content affects 

microbial degradation of herbicide residues (Farenhorst, 2008); bulk density affects root growth and resource uptake (Adekiya 

et al., 2022); and the soil microbiome can influence allelopathic interactions between cassava and competing weed species 

(Eslami, 2025; Massenssini et al., 2014; Revillini et al., 2023). These interactive roles necessitate investigation into the complex 

interactions between soils and weeds affecting cassava production. 

II. DEFINITION AND KEY ELEMENTS OF SOIL–WEED INTERACTION 

Soil-weed interaction refers to the dynamic relationship between soil properties (morphological, physical, chemical, and 

biological) and weeds, as well as other variables such as rainfall, sunshine, and human activities. This encompasses how soil 

characteristics influence weed seed germination, herbicide efficacy, nutrient availability, and competitive ability against crops. 

It also includes how this relationship affects the growth, yield, and productivity of crops (Muhammad et al., 2025; Udoh et al., 

2007a; Patzold et al., 2020). The key elements of this interaction are presented in Table 1. 

TABLE 1 

KEY ELEMENTS OF SOIL-WEED INTERACTION 

Interaction 

Element 
Definition Selected References 

Soil as habitat for 

weed germination 

and growth 

Soil characteristics such as moisture levels, pH, texture, 

temperature, and nutrient availability play a crucial role in the 

germination, emergence, and establishment of weed seeds. For 

example, Cyperus rotundus thrives in sandy soils, while 

Commelina benghalensis does well in heavy, moist soils. 

Koti et al. (2010); Holm et al. 

(1977); Abd El-Hamid et al. 

(2019) 

Competition for 

nutrients 

Both crops and weeds absorb nutrients from the same soil strata. 

Fast-growing weed species often have more aggressive root 

systems, allowing them to outcompete crops like cassava, rice, 

and maize for key nutrients such as nitrogen (N), phosphorus 

(P), and potassium (K). 

Liebman and Mohler (2001); 

O'Neil et al. (2021) 

Herbicide-soil 

interactions 

Soil properties significantly influence the performance of 

herbicides used for weed control. Soils rich in organic matter or 

clay can bind herbicides, lowering their activity, while sandy 

soils may increase leaching and reduce herbicide persistence. 

Jensen et al. (2019); Farenhorst et 

al. (2008); Walpola and 

Hettiarachchi (2020) 

Soil disturbance 

and weed seed 

bank dynamics 

Tillage and land preparation practices affect how weed seeds are 

distributed vertically within the soil profile. Frequent soil 

disturbance can bring buried seeds to the surface, stimulating 

their germination and intensifying weed competition with crops. 

Mohler (2001); Swanton et al. 

(2000) 

Biological 

interactions 

Soil microorganisms influence interactions between weeds and 

crops. Some soil microorganisms can degrade allelopathic 

chemicals released by weeds that could otherwise inhibit crop 

root growth. 

Inderjit and Weston (2003); Rice 

(1984) 

Effect on crop 

yield 

When specific soil conditions favour weeds, their growth can be 

aggressive, resulting in reduced crop growth through 

competition for water, light, and nutrients. If weed-soil 

interactions are not managed effectively, yield reductions of 

30% to 80% can occur, depending on crop species and weed 

infestation severity. 

Oerke (2006); Pimentel (2007) 

Integrated soil, 

crop, and weed 

management 

Integrated management practices (IMP) foster soil health, 

productivity, and agro-ecosystem resilience. Understanding 

crop-weed-fertilizer-water interactions and their implications for 

weed management enhances soil fertility, disrupts weed life 

cycles, and strengthens crop competitiveness. 

Liang et al. (2025); Kaur et al. 

(2018); Liebman and Gallandt 

(1997); Swanton et al. (2015); 

Singh (2024); McGranahan and 

Swanton (2015) 
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III. DOMINANT WEEDS IN CASSAVA AND THEIR SOIL AFFINITIES 

Across several regions of Africa, certain weed species such as Ageratum conyzoides, Cyperus rotundus, Digitaria horizontalis, 

Rottboellia cochinchinensis, and Commelina benghalensis commonly occur at densities exceeding 800 seeds per square metre; 

their distribution is strongly influenced by soil properties. For example, C. rotundus thrives in coarse, well-aerated sandy soils 

where its tubers face little resistance during growth, while D. horizontalis is more prevalent in heavier Ultisols that are 

susceptible to surface sealing. 

TABLE 2 

TYPES OF WEEDS AND THEIR SOIL AFFINITIES IN CASSAVA PRODUCTION 

Weed Species Soil Affinity Selected References 

Imperata cylindrica (spear 

grass) 

Thrives in poor, acidic, well-drained sandy or 

lateritic soils; aggressive in degraded land 

Udensi and Chikoye (2013); Chikoye 

et al. (2006) 

Chromolaena odorata (Siam 

weed) 

Prefers fertile, moist, well-drained loamy soils, 

often colonizing fallows 

Ojeniyi et al. (2012); Tiamiyu and 

Okunlade (2020) 

Cyperus rotundus (purple 

nutsedge) 

Common in sandy, well-aerated soils with 

moderate moisture; tolerates low fertility 
Akobundu (1987) 

Euphorbia heterophylla 

(wild poinsettia) 

Prefers light, sandy-loam soils with moderate 

fertility; thrives under warm climates 

Rocha et al. (2016); Santos et al. 

(2015) 

Aspilia africana (wild 

sunflower) 

Grows well in sandy to loamy soils, especially in 

well-drained uplands 
Okezie and Okeke (2013) 

Panicum maximum (Guinea 

grass) 

Thrives in fertile, moist, well-drained soils but 

tolerates a range from sandy to clay loam 
Chikoye et al. (2001) 

Rottboellia cochinchinensis 

(itchgrass) 

Grows in fertile, well-drained soils, especially 

sandy loams with high organic matter 

Anusontpornperm et al. (2009); 

Bolfrey-Arku (2011) 

Sida acuta (wireweed) 
Colonizes poor, acidic sandy soils with low 

fertility; drought-tolerant 
Akobundu (1987) 

Ageratum conyzoides (goat 

weed) 

Prefers moist, fertile loamy soils rich in nitrogen; 

common in disturbed fields 
Ekeleme et al. (2003) 

Amaranthus spinosus (spiny 

amaranth) 

Thrives in nitrogen-rich, loose loamy soils; 

indicator of fertile land 
Holm et al. (1977) 

Commelina benghalensis 

(Benghal dayflower) 

Favours moist, clay-loam soils with good organic 

matter; persists in humid zones 
Walker and Evenson (1985) 

Mimosa pudica (sensitive 

plant) 

Thrives in acidic, sandy-loam soils; tolerates low 

fertility and degraded land 
Jayasinghe (2001) 

Tridax procumbens (coat 

button) 

Grows in sandy or gravelly soils of low fertility; 

drought-tolerant 

Okezie and Okeke (2013); Amutha et 

al. (2019); Chauhan and Johnson 

(2008) 

Digitaria horizontalis 

(crabgrass) 

Thrives in sandy soils with moderate fertility; 

germinates well in disturbed topsoil 
Chikoye and Ekeleme (2001) 

Pennisetum polystachion 

(mission grass) 

Grows best in sandy-loam soils of moderate 

fertility and good drainage 
Holm et al. (1977) 

Eleusine indica (goosegrass) 
Prefers compacted, sandy to clay soils; thrives in 

disturbed and well-drained conditions 

Glaspie et al. (2021); Hooda and 

Chauhan (2023) 

Boerhavia diffusa 

(hogweed) 

Common in sandy, dry soils with low fertility; 

drought-adapted 
Tropical Plant Database (2025) 

Parthenium hysterophorus 

(parthenium weed) 

Prefers light, sandy loams with low fertility; 

invades degraded soils 
Kaur et al. (2014) 

Calopogonium mucunoides 

(calopo) 

Thrives in fertile, moist, loamy soils; sometimes 

beneficial as green manure 
IITA (1997) 

Ipomoea triloba (morning 

glory) 

Favours sandy-loam soils with good drainage; 

thrives in moist conditions 
Webster and MacDonald (2001) 
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Imperata cylindrica (speargrass), which is difficult to eradicate due to its rhizomatous root system, performs well in sandy or 

loamy soils with low organic matter, where it competes aggressively for water and nutrients (MacDonald, 2024; Akobundu, 

1987). Chromolaena odorata (Siam weed) grows well in loamy, well-drained soils with high nitrogen content. 

  
FIGURE 1: Soil-weed interaction (AB) FIGURE 2: Soil-cassava interaction (AC) 

  
FIGURE 3: Soil-weed-cassava interaction (ABC) FIGURE 4: Soil-weed-type-cassava interaction 

(ADC) 
 

The dominant weeds in cassava and their soil affinities, as reflected in Figures 1 to 4, can adversely affect cassava production 

if not properly managed. In Figure 1, the role soil plays in cassava production is equal to the role soil plays in weed growth. In 

Figure 2, the effect on soil is greater on cassava due to proper weed management, which brings about productivity. However, 

Figure 3 shows weed dominance leading to poor growth and yield of cassava, while Figure 4 shows the effect of dominant 

weed type on cassava. Under constant conditions, weeds should be managed to avoid low crop growth and yield loss. 

Weeds hinder crop growth through allelopathy and can dominate young cassava fields if not controlled effectively (Ekeleme 

et al., 2016; Ivens, 1989), as seen in Figure 3. Bidens pilosa (blackjack) is common on well-aerated, moderately fertile loamy 

and sandy-loam soils. It is an annual weed with rapid growth that competes strongly for nutrients and light (Esilaba et al., 2021; 

Akobundu and Agyakwa, 1998). Amaranthus spinosus (spiny amaranth) is prolific in nitrogen-rich, fertile soils where it 

exhibits rapid growth and high seed production (Holm et al., 1977). Commelina benghalensis (Benghal dayflower) thrives on 

moist, fertile clay loams. It grows aggressively in humid environments and is difficult to control because of its rapid vegetative 

propagation and deep root system (Balliu et al., 2021; Awotedu et al., 2021). Aspilia africana is adapted to acidic, low-fertility 

soils, where it competes with cassava seedlings in early growth stages (Syauswa, 2020; Akobundu, 1987). Soil-weed 

interactions also affect disease risk, as broadleaf weeds can host pathogens such as Xanthomonas phaseoli pv. manihotis (Sulley 

et al., 2021). 

IV. SOIL PHYSICAL PROPERTIES INFLUENCING WEED EMERGENCE AND COMPETITIVENESS 

4.1 Soil Moisture Regimes: 

Soil moisture affects weed seed germination and seedling establishment. Wet or poorly drained soils encourage species such 

as Echinochloa crus-galli and Cyperus esculentus (Khadka, 2021; Ameena et al., 2024; Alama et al., 2023), while dry soils 
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favour drought-resistant weeds like Portulaca oleracea (Zhao et al., 2025; Chauhan et al., 2006). Waterlogged soils can reduce 

crop vigour, providing weeds with a competitive advantage (Kongsil et al., 2025; Anikwe and Ikenganyia, 2018; 

Ponnamperuma, 1984) under fluctuating soil moisture conditions. 

4.2 Bulk Density and Penetration Resistance 

Cassava tolerates moderate compaction, but germinating seedlings of some weed species are more sensitive. Soil resistance 

exceeding 2 MPa (megapascal) can reduce the emergence of Amaranthus spp. by up to 50%. Globally, conservation agriculture 

(CA) practices have led to a 0.11 Mg m⁻³ reduction in soil bulk density compared to conventional systems (Galindo et al., 

2022; Alama et al., 2022; Arévalo-Gardini, 2015). CA also increased earthworm numbers by 83% and soil moisture by 5%. 

These soil improvements promoted early cassava root establishment and concurrently suppressed shallow-rooted annual weeds 

(Dettweiler, 2024; Sultana, 2024). This suggests that good soil structure promotes better crop establishment and reduces weed 

competitiveness. However, weeds such as Cynodon dactylon can thrive in compacted conditions due to their aggressive 

rhizome systems (Ameena et al., 2024; Rana and Rana, 2016). 

4.3 Temperature and Thermal Amplitude in the Soil Profile 

In West Java Ultisols, experiments using Arachis pintoi biomulch lowered soil surface temperatures by 3.8°C, which delayed 

the peak emergence of thermophilic weeds by up to 12 days (Chozin, 2018). The combination of the resulting cooler 

microclimate with reduced day-night temperature fluctuations allowed cassava cuttings to develop carbohydrate-producing 

leaves before facing weed competition (Suwitono et al., 2023). 

V. SOIL CHEMICAL PROPERTIES INFLUENCING NUTRIENT COMPETITION BETWEEN WEEDS AND CASSAVA 

5.1 Macronutrient Dynamics 

  

FIGURE 5: Soil-weed nutrient interaction — 

conceptual diagram showing weeds exploiting 

nutrient-rich zones more efficiently than crops 

FIGURE 6: Soil-weed-cassava nutrient interaction 

— conceptual diagram showing competitive 

dynamics for nutrients among all three 

components 

 

Weeds often exploit nutrient-rich zones in the soil more efficiently than crops (Figure 5). Species like Chenopodium album have 

high nutrient use efficiency, allowing them to outcompete crops for nitrogen, phosphorus, and potassium (Namatsheve et al., 

2024; Liebman et al., 2001). In Paraná, Brazil, weed infestation resulted in reductions of up to 85% in cassava leaf nitrogen 

and phosphorus uptake under both no-till and conventional farming, corresponding with a 15% decline in root dry weight 

(Soares et al., 2022; Ramella et al., 2020). This nutrient loss is primarily due to the dense, shallow root systems of weeds, 

which dominate the surface (15 cm) soil horizons — the zone where surface-applied fertilizers tend to accumulate. 
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Management practices such as split fertilizer applications or deep band placement can redirect nutrients to deeper layers, 

thereby enhancing cassava root access to available nutrients (Onasanya, 2020; Gonzales et al., 2020; Soares et al., 2022). Soil-

weed interaction is unavoidable because the crop is an integral part of the plant community alongside weeds, and both depend 

on nutrient availability according to crop requirements (Figure 3). Soil-weed interaction is thus a product of farm management 

quality. 

5.2 Soil pH and Herbicide Ionization 

Soil pH influences herbicide effectiveness. Weak acids such as atrazine bind more strongly in acidic soils, which reduces their 

bioavailability. Field trials indicate that atrazine efficacy is reduced in acidic soils but can be significantly improved by lime 

amendments that increase soil pH (Meng et al., 2025; Aladesanwa and Akinbobola, 2008). Similarly, soil pH affects the 

behaviour of herbicides such as sulfentrazone and flumioxazin commonly used in cassava cultivation. In clay-rich soils with 

high organic matter content, pH buffering and increased adsorption capacity allow for the use of higher application rates 

without crop injury. Sandy Lixisols increase the risks of leaching and phytotoxicity (Maciejewska et al., 2024; Li et al., 2021; 

Obiazi, 2024b). 

Soil pH also influences nutrient solubility and soil microbial activity, both of which affect weed prevalence. Some weed species 

exhibit preference for acidic or alkaline soils. For example, many Rumex species are common in acidic soils, while Conyza 

bonariensis thrives in neutral to alkaline soils (Rao, 2000). Changes in soil pH can alter weed flora and enhance crop 

competitiveness (Liebman and Davis, 2000). 

5.3 Cation Exchange Capacity (CEC) and Weed Nutrient Uptake 

Cation Exchange Capacity (CEC) is an important soil property that affects the availability and uptake of nutrients by both crops 

and weeds (Khadim et al., 2024; Ćirić et al., 2023; Alama et al., 2025). Although cassava can produce appreciable yields even 

in marginal soils, it ultimately thrives and gives better yields in balanced soils with optimum nutrient conditions (Ossai et al., 

2024; Alama et al., 2022). CEC influences nutrient retention and availability to cassava and competing weeds. 

In low CEC soils, nutrients remain near the soil surface, where weeds can outcompete cassava. High CEC soils retain nutrients 

better (Emmanuel et al., 2025; Alama et al., 2023), especially when combined with mulching or deep fertilizer placement, 

which gives cassava a competitive advantage due to its deeper root system. Strategies such as using cover crops and organic 

amendments can improve CEC, thereby enhancing cassava nutrient uptake while reducing weed infestation (Soares et al., 2022; 

Adekiya et al., 2023). Experiments showed that Brachiaria ruziziensis mulch increased levels of exchangeable potassium and 

calcium by 12–18%. Cassava was reported to absorb a higher proportion of these nutrients compared to weeds (Soares et al., 

2022). This suggests that the timing of nutrient release from mulches can be aligned with cassava uptake patterns, thereby 

improving its ability to compete with weeds (Ravi et al., 2021; Lubis et al., 2023). 

VI. SEED BANK ECOLOGY AND SOIL DISTURBANCE 

Weed seed banks in the soil are the primary sources of weed emergence, and their composition is influenced by land 

management practices (Ahmad, 2025; Hossain and Begum, 2015). A six-year seed bank study in southwestern Nigeria reported 

that viable weed seed densities were reduced by 86% under Acacia auriculiformis fallows compared to continuously cultivated 

plots. Mounding further suppressed seed density by 47–66% by burying seeds too deep to germinate. Minimum tillage 

preserved more diverse weed seed banks but may also contribute to increased weed persistence (Choudhary, 2023; Akobundu 

and Ekeleme, 2005). Redundancy analysis showed that interactions between soil disturbance and soil cover shifted weed 

communities from grass-dominated to broadleaf-dominated types (Ren et al., 2024; She et al., 2024). This is an important 

consideration when selecting appropriate herbicide formulations. 

VII. MECHANISMS AND PATHWAYS OF SOIL–WEED–CASSAVA INTERACTION 

7.1 Resource-Based Competition 

One of the primary pathways through which weeds interfere with cassava development is asymmetric competition for soil 

nutrients, particularly nitrogen (Garcia-Barrios, 2003; Rocha et al., 2016). Results from isotopic ¹⁵N tracing studies showed 

that weeds rapidly absorb early nitrate flushes, while cassava nitrogen demand intensifies around 60 days after planting (DAP), 

corresponding with its physiological shift from fibrous root proliferation to the initiation of tuberous storage roots. This early 

nutrient depletion by weeds extends the critical weed-free period of cassava (CWFP) by approximately 20 days, depending on 

soil fertility and weed infestation (Phaphenit and Poonpaiboonpipat, 2023). Field study reports also indicate that an additional 
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manual weeding cycle may be required to maintain cassava productivity under such conditions, especially in nutrient-poor 

Alfisols (Obiazi et al., 2024a; Obiazi et al., 2024b; Eni and Alama, 2025; Alama et al., 2023). 

7.2 Allelopathy and Soil Microbial Mediation 

An important mechanism in soil-weed interactions involves allelopathy. Some weeds, such as Cyperus rotundus, release root 

exudates containing phenolic compounds that can inhibit cassava enzyme activity, specifically cassava root peroxidase activity 

(Singh et al., 2003; Kostina-Bednarz et al., 2023). Suppression of these enzymes hinders cassava growth. However, this 

allelopathic suppression is not uniform across all soil types. Soils rich in phenol-degrading microorganisms show reduced 

allelopathic effects (Han et al., 2025). Inoculating soils with lignin-degrading fungi, such as those isolated from Mucuna cover 

crop rhizospheres, can detoxify these allelochemicals and mitigate their negative impact on cassava (Wang et al., 2024). This 

represents a biocontrol strategy with strong potential that is currently under-researched. 

7.3 Pathogen Reservoir Dynamics 

In addition to competing with cassava for resources, weeds also serve as alternative hosts for pathogens that spread diseases in 

cassava fields. Weed species such as Ageratum conyzoides, Bidens pilosa, and Commelina benghalensis have been reported to 

act as alternative hosts for Xanthomonas phaseoli pv. manihotis, the pathogen responsible for cassava bacterial blight 

(Yameogo et al., 2023). These weeds sustain the pathogen during off-seasons, leading to higher disease incidence in subsequent 

cropping cycles. Soil surface moisture levels exceeding 60% field capacity promote pathogen survival on weed root surfaces, 

suggesting that improved drainage can simultaneously suppress weed populations and soil-borne pathogen survival (Yan and 

Nelson, 2022; Yameogo et al., 2023). 

VIII. QUANTIFYING YIELD LOSSES: FROM OBSERVATION TO PREDICTION 

A review of several field studies showed that yield losses due to season-long weed infestation range from 30% to 80%, with 

an average loss of approximately 52%, contingent on weed species present and management practices (Akobundu, 1987; 

Chikoye et al., 2001). The level of loss differs based on soil type, ranging from approximately 30% in fertile Vertisols to as 

high as 80% in degraded Oxisols. This emphasizes the effect of soil properties on weed-crop competition (Kumar, 2016). 

To support more predictive agronomic decisions, dose–response models were calibrated with field data from Nigeria (Sileshi, 

2022; Tovihoudji et al., 2019). Results from field-tested models suggest that integrating pre-emergence applications of 

indaziflam and isoxaflutole, followed by a single post-emergence glyphosate spray, can increase cassava root yields by 11–14 

t ha⁻¹ compared to conventional farmer practices, which typically involve late or incomplete weeding. The efficiency of this 

herbicide regime depends on a minimum soil organic matter content of 1.5%, which is essential to maintain adequate herbicide 

persistence and efficacy (Nosratti et al., 2023). 

IX. SOIL–WEED INTERFACE MANAGEMENT STRATEGIES 

9.1 Herbicide Optimisation by Soil Texture 

The efficacy and safety of soil-applied herbicides are strongly influenced by soil texture. For example, flumioxazin applied at 

rates above 75 g ha⁻¹ in both clay and sandy soils resulted in a minimum of 70% weed control but caused significantly lower 

phytotoxicity in clay soils (Glaspie et al., 2021). In contrast, sulfentrazone, another commonly used pre-emergence herbicide, 

exhibited a narrower safety margin in sandy soils. Application rates higher than 250 g ha⁻¹ in these lighter soils caused cassava 

root yield losses of up to 30%, likely due to increased herbicide mobility and root absorption. These findings emphasize the 

importance of calibrating herbicide rates based on soil texture analysis. This approach allows for more site-specific and 

environmentally safe recommendations, reducing the risk of crop injury while maintaining effective weed suppression (Costa 

et al., 2023). 

9.2 Cover Crops, Biomulches, and Live Mulches 

Cover crops and live mulches are biological strategies for weed suppression (Nath et al., 2024). These methods are increasingly 

recognized for their beneficial roles in weed management and soil health. For instance, planting Arachis pintoi eight weeks 

before cassava reduced weed dry matter by 47%. Their decomposition contributed significantly to soil organic matter buildup, 

increasing organic carbon (7.6%) and total nitrogen up to 0.41%. This improved soil fertility and structure in ways that 

herbicides alone cannot achieve (Suwisono et al., 2023). Intercropping cassava with Mucuna pruriens in central Nigeria also 
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produced the lowest weed densities among five tested legumes, though it slightly reduced tuber yields due to short-term 

competition for assimilates (Gbanguba et al., 2020). 

9.3 Mulch and Weed Mat Technologies 

Mulching strategies are promising alternatives to recurrent herbicide applications (Nath et al., 2024). Weed control ground 

cover (WCGC) mats, though relatively expensive, resulted in similar performance to four manual weedings in terms of root 

yield. They also improved soil microbial activity and organic carbon content compared to glyphosate-treated plots (Shah et al., 

2025; Nedunchezhiyan et al., 2017). Organic mulches, such as rice straw, cassava peel, or maize stover, can provide similar 

benefits but break down quickly in humid tropical conditions. Incorporating high-lignin biomass, such as sugarcane trash, has 

been shown to significantly suppress weeds throughout the crop life cycle (Bassey et al., 2021). 

9.4 Tillage and Soil Structure Management 

Techniques such as conservation agriculture (CA), especially reduced tillage combined with ridging and mulching, have 

exhibited positive effects on cassava physiology by improving the physicochemical properties of soils (Emmanuel et al., 2025; 

Raimondi, 2024). These practices were reported to improve physiological traits such as leaf area index and stomatal 

conductance, particularly under drought. These physiological improvements were accompanied by reduced weed infestation 

due to improved canopy closure and moisture conservation (Ocaña-Reyes et al., 2024). However, long-term CA practices can 

eventually lead to the build-up of perennial weeds, necessitating rotational tillage or strategic use of cover crops to disrupt 

weed seed banks (Basch et al., 2020; Raimondi, 2024). 

9.5 Decision Support Tools 

Digital tools are now aiding site-specific weed management. The "Six Steps to Cassava Weed Management" app developed by 

IITA provides decision support on site selection, herbicide options, crop spacing, and timing of post-emergence sprays, and 

has been associated with cassava yield increases of 15–50% across smallholder fields in Nigeria (IITA, 2024). Incorporating 

rapid soil tests — such as pH, organic matter levels, and texture-dependent herbicide behaviour — into such toolkits could 

make herbicide and management recommendations more precise (Fohrafellner et al., 2024). 

X. CLIMATE CHANGE AND FUTURE SCENARIOS 

Projected increases in mean global temperatures of 1.5 to 2°C by 2050 (Lee et al., 2014; Rogelj et al., 2018; Li et al., 2022) are 

anticipated to accelerate weed phenological development, reduce the cassava crop weed-free period (CWFP) (Phaphenit and 

Poonpaiboonpipat, 2023; Peressin and da Costa, 2024), and lead to a compositional shift in weed communities toward drought-

adapted C4 grass species (Lee et al., 2014). Simulation models indicate that, in the absence of adaptive management 

interventions, cassava root yields could decline by approximately 9–59% (Srivastava et al., 2022). These projected yield losses 

may be effectively reduced through the combination of drought-resilient cassava genotypes with conservation agriculture 

practices, including the application of mulch (Srivastava et al., 2023). Such integrated management approaches improve soil 

moisture retention and suppress heat-induced weed flushes, thereby sustaining cassava productivity under projected climate 

change impacts (Ekeleme et al., 2003; Anikwe, 2018; Suwitono et al., 2023). 

XI. CURRENT RESEARCH GAPS AND FUTURE PROSPECTS 

11.1 Soil Microbiome-Mediated Allelopathy 

Allelochemicals — biochemicals released by plants (roots, leaves, residues) that impact the germination, growth, or survival 

of nearby plants — are influenced by the soil microbial community (bacteria, fungi, archaea, and other microorganisms) that 

regulates their production, transformation, and activity (Fadiji et al., 2025; Bhattacharyya and Furtak, 2022). Soil microbiome-

mediated allelopathy is a promising but under-researched field requiring advanced systems biology tools such as metagenomics 

and metabolomics to study how soil microbes influence weed-produced allelochemicals. Understanding these interactions 

could lead to microbiome-based biocontrol methods that reduce synthetic herbicide use (Thakur et al., 2023; Compant et al., 

2025). 

11.2 Precision Herbicide Placement 

Soil texture mapping and band spraying are recent advancements in precision herbicide application technology that can reduce 

chemical use and environmental impact (Huang et al., 2025). Further research is required to increase sensor precision, 
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strengthen assessments of soil variability, and develop trustworthy decision-support systems that efficiently translate soil data 

into practical herbicide application plans (Aarif et al., 2025). 

11.3 Seed Bank Modelling Under Variable Tillage 

Seed bank modelling in the context of varying tillage practices represents a significant area for further investigation (Santín-

Montanyá et al., 2016; Mahé et al., 2021). Tillage redistributes weed seeds in the soil, affecting germination and emergence. 

Improved seed bank models need to be adapted for tropical soils to better predict seed behaviour and design tillage systems 

that disrupt weed cycles (Norsworthy et al., 2012). 

11.4 Soil Health Indices Predictive of Weed Pressure 

Developing soil health indicators that predict weed risk could help target weed control efforts. This requires integrating CEC, 

active carbon, and microbial respiration, and calls for interdisciplinary research (Goel and Kumar, 2024; Obiazi et al., 2024b). 

11.5 Climate-Smart Cover Crop Mixtures 

Tailored cover crop blends can suppress weeds and improve soil health, especially when adapted to specific soil conditions 

and climate variability. Further research is needed on species choice, planting strategies, and timing. Addressing these research 

gaps will greatly enhance sustainable weed management strategies amid growing environmental and climate-related challenges 

(Melis, 2025). 

XII. CONCLUSIONS 

Soil-weed interactions have a significant and complex impact on cassava cultivation. The physical characteristics of the soil 

determine the specific conditions under which weeds can sprout, while chemical properties affect competition for nutrients and 

herbicide efficacy. Additionally, the biological characteristics of the soil influence both weed competition and disease 

prevalence. 

The evidence presented in this review indicates that integrated approaches — such as applying herbicides suited to soil texture, 

using cover crops to enhance soil fertility, and implementing conservation tillage strategies — often achieve better results than 

single-method approaches. These combined strategies can increase cassava tuber yield by up to 14 tons per hectare while 

improving soil health. 

Future research and extension services should focus on developing decision-making tools that combine rapid soil testing, 

climate predictions, and adaptive weed management strategies to ensure that cassava production remains productive and 

sustainable under increasing environmental and climate pressures. 
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