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Abstract  

Cabbage (Brassica oleracea L.) is a vital nutritional and economic crop in the Western 

Highlands of Cameroon, yet productivity is severely hampered by soil-borne fungal pathogens. 

This study aimed to investigate the relationship between soil physiochemical properties and fungal 

disease prevalence to identify the primary environmental drivers of crop loss in the region. The 

research was conducted across two major production hubs, Santa and Dschang, monitoring ten 

farms per site weekly over two months. Soil samples were collected and categorized by four 

disease incidence levels (none, low, moderate, and high). These samples were analyzed across 17 

parameters, including pH, texture, organic matter (OM), nitrogen (N), phosphorus (P), and Cation 

Exchange Capacity (CEC). Dschang exhibited higher disease incidence than Santa. Soils in both 

regions were moderately acidic (pH 4.8–6.6), with higher pH within this range correlating with 

increased disease. Conversely, sand-rich textures showed a strong negative correlation with fungal 

development. Critically, nitrogen deficiency significantly exacerbated disease severity (r = -0.594 

in Santa; r = -0.649 in Dschang). The impact of organic matter was complex, suggesting that the 

specific type of amendment influences pathogen activity. Nutrient imbalances, particularly nitrogen 

deficiency and soil acidity, are primary drivers of fungal disease in Cameroonian cabbage farms. 

Integrated management strategies combining targeted nitrogen fertilization, lime application, and 

suppressive organic amendments are essential to enhance crop resilience and regional productivity. 

 

Keywords – Nitrogen deficiency – Physiochemical properties – Soil-borne pathogens – Western 

Highlands 

 

Introduction  

Plant pathogenic fungi remain a major challenge to cabbage farmers, largely due to a lack of 

specialized knowledge in managing soil-borne diseases. Pathogens typically reduce annual crop 

productivity by 10–15%; however, under favorable environmental conditions, they can lead to total 

crop failure (Moutassem et al. 2019). In the Western Highlands of Cameroon, cabbage (Brassica 

oleracea) is a vital commercial vegetable that supports the livelihoods and local economies of 
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farming communities (Mbih et al. 2018). Beyond its economic value in trade and regional market 

development (Maroyi 2009), cabbage is some nutritional powerhouse rich in vitamins C and K, 

minerals, and dietary fiber, playing a crucial role in addressing food security and malnutrition in the 

region (Batista et al. 2011, Kumar et al. 2020). 

The frequency and intensity of cabbage diseases are profoundly influenced by soil 

physiochemical characteristics such as pH, nitrogen (N) levels, organic matter (OM) content, and 

moisture (Niwa et al. 2007). Soil properties dictate the survival, persistence, and metabolic activity 

of pathogens (Li et al. 2021). Consequently, manipulating these properties through amendments 

such as lime, specific fertilizers, or organic matter can promote antagonistic microbial activity and 

enhance soil structure. For instance, reducing soil acidity via lime application is a proven strategy 

for suppressing clubroot caused by Plasmodiophora brassicae (dos Santos et al. 2023). Similarly, 

adequate N levels have been associated with improved resistance to black rot caused by 

Xanthomonas campestris pv. campestris (Leta et al. 2023). In Cameroon, soil-borne fungal 

pathogens, particularly Fusarium species, continue to hinder cabbage productivity (Oben et al. 

2023). 

Plant disease incidence is defined as the number of plant units that are visibly diseased 

relative to the total number of units assessed (Campbell et al. 1990, Madden & Hughes 1995). This 

can be expressed as the proportion of diseased plants per field or diseased leaves per plant. While 

general soil health principles are known, there is a lack of localized data correlating specific soil 

parameters with disease trends in Cameroon's primary production basins. Therefore, the aim of this 

study was to evaluate the effect of soil physiochemical properties on the disease incidence of 

cabbage in the Western Highlands of Cameroon, specifically focusing on the Santa and Dschang 

agricultural zones. 
 

Materials & Methods  
 

Description of Study Site 

The study was carried out in Santa and Dschang. Santa Sub-divisions is found in Mezam 

Division of the North West Region of Cameroon. It is located between latitudes 5°42 ́and 5°53 ́ 

north of the equator and longitudes 9°58 ́ and 10°18 ́ east of the Greenwich Meridian. The 

population of this area estimated in 2008 was 99851 (Fogwe 2014) and 90% of this population are 

engaged in farming and grazing. It covers a surface area of about 532.67km². It is bordered to the 

North by Bamenda Sub Division, West by Bali and Batibo Sub-Divisions, South by Wabane, 

Babadjou and Mbouda and the East by Galim. The mean annual temperature of the area varies from 

21.8 to 30.8°C. Its annual rainfall is between 2000-3000mm and rainy season starts from March to 

September and dry season from October to February. The soils in this area are fertile and support a 

large human population. The altitudinal range is from 600 to 2600m, making this highland 

favourable for animal rearing, crop and vegetable production basin in the Western Highlands of 

Cameroon. It is located about 20km from Bamenda. Santa is cut across by the Bamenda-Bafoussam 

highway running through it and serves also as the main route of evacuation of the farm produce 

from this area (Konje et al. 2019). 

Dschang was the second study site selected for the study, in West Cameroon (Figure 4). 

Dschang is situated at an altitude of approximately 1407 m, between latitude 5°20′ north and 

longitude 10°30′ west (Nkouayep et al. 2017). This city, which has a total area of 225km2, has a 

cold, mild climate (wet tropical), similar to that of Equatorial Guinea, with two distinct seasons: the 

rainy season, which lasts from mid-March to mid-October, and the dry season, which lasts from 

November to February. Rainfall has an annual height of 1809mm and is unimodal (Temgoua et al. 

2015). August and September see the most precipitation. Ferralitic and hydromorphic soils are 

found in this city. 
 

Data and Sample collection 

To assess disease incidence and severity, a total of ten farms, each with a surface area of at 

least one hectare, were purposively sampled in both Santa and Dschang. The farms were monitored 
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at weekly intervals over a period of two months. During these visits, visual signs and symptoms of 

cabbage diseases suspected to be of fungal origin were recorded in a field notebook. 

To facilitate laboratory identification, five symptomatic plant samples exhibiting high fungal 

infection were collected from each farm. This resulted in 50 samples per study site, totaling 100 

samples for the entire study. All collected plant materials were placed in sterile, labeled Ziplock 

bags and transported to the laboratory for further analysis. Disease incidence was quantified 

according to the method described by Spronk et al. (2019) using the following formula: 
 

% Incidence  

 

Soil Sampling and Laboratory Analysis 

The 10 ten farms previously surveyed in Santa and Dschang were stratified into four 

categories based on their observed disease incidence: (a) no incidence, (b) low incidence, (c) 

moderate incidence, and (d) high incidence. This stratification was performed prior to soil 

collection to ensure a representative assessment of the relationship between soil health and disease 

pressure. 

Within each incidence category across all farms, ten primary soil samples were collected 

from the topsoil (0–20 cm depth) at different points using a soil auger. These primary samples were 

thoroughly mixed to form a composite sample for each category per farm. Each sampling point was 

geo-referenced using a handheld GPS receiver to allow for spatial mapping (Silva et al. 2018). 

The composite samples were transported to the Department of Life Sciences Laboratory at 

the University of Buea. The samples were air-dried for five days at room temperature, crushed, and 

passed through a 2 mm sieve. For each category, 250g of processed soil was packaged in labeled, 

sterile Ziplock bags. Each analysis was performed in duplicate to ensure statistical reliability. The 

following parameters were determined for each sample, pHwater, pHKCl, Clay%, Silt%, Sand%, 

OC%, OM%, N%, P(mg/kg), C/N, Ca(méq/100g), Mg(méq/100g), k(méq/100g), Na(méq/100g), 

SBE(méq/100g), CEC(méq/100g) and base saturation% (ISRIC 2002). 
 

Data Analysis 

Statistical analysis was performed using correlation coefficients to evaluate the relationship 

between the 17 soil physicochemical parameters and fungal disease metrics. Pearson correlation 

analysis (r) was employed to determine the strength and direction of associations between soil 

variables (such as pH, N, OM, and texture) and both disease incidence and severity. Data from 

Santa and Dschang were analyzed separately to account for regional variations. All statistical tests 

were conducted at 0.05 and 0.01 significance levels to identify primary soil drivers of cabbage 

fungal pathogens using SPSS version 20. 

 

Results 

% Incidence in Santa  = 1.2% 

% Incidence in Dschang  
 

Comparing the results of diseases incidence in Dschang and Santa the results showed that 

Dschang had a higher disease incidence as compared to Santa. So, there is a higher probability of 

crop failure in Dschang. These results could be as a result the wet climatic conditions of Dschang. 
 

Soil Physiochemical Analysis in Santa 

Table 1 summarizes the soil physiochemical properties in Santa across the four disease 

incidence categories. In farms with no disease incidence (NF1, NF2, and NF3), pH–water values 

ranged from 5.7 to 6.0, while pHKCl values were slightly lower, indicating moderately acidic 

conditions. Texture analysis identified these soils as sandy loam, with sand content between 63% 

and 66%. Organic Carbon (OC) and Organic Matter (OM) levels were moderate, with OC values 
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ranging from 3.59% to 4.32%. However, Nitrogen (N) content was notably low, particularly in NF2 

(0.133%). 

In the low incidence category (NF4, NF5, and NF6), pH–water values remained slightly 

acidic, ranging from 5.3 to 5.6. OC levels showed variability, with NF4 recording 3.77%. N content 

in this category showed a slight increase compared to the no-incidence group, with NF4 reaching 

0.756%. Available Phosphorus (P) levels were higher in NF4 and NF6 compared to the previous 

category. 

For moderate incidence soils (NF7, NF8, and NF9), pH–water values ranged between 5.5 and 

6.2. A marked increase in OC was observed in NF9 (7.03%). Available P levels were significantly 

higher in this group, peaking in NF9 at 113.19 mg/kg. Despite these nutrient levels, N content 

remained inconsistent and low, with NF7 recording only 0.154%. 

The high incidence category (NF10, NF11, and NF12) exhibited pH–water levels between 5.2 

and 5.9. OC levels remained relatively high, specifically in NF10 (6.91%). N content varied across 

the samples, with NF12 recording 0.574%, which remains below the optimal threshold for cabbage 

production. P levels were significantly elevated in this category, with NF10 recording 102.69 

mg/kg. Across all categories in Santa, N levels remained persistently low, regardless of the disease 

incidence status. 
 

Soil physiochemical analysis in Dschang 

Table 2 details the soil physiochemical characteristics for the Dschang study site. In the no 

incidence category (NF13, NF14, and NF15), pH–water values ranged from 5.3 to 5.6, indicating 

moderately acidic conditions. Soil texture was characterized by a balanced composition, with clay 

content between 31% and 33% and sand content ranging from 61% to 63%. Organic Carbon (OC) 

levels varied between 3.23% and 3.77%. Nitrogen (N) content was low, with NF14 recording 

0.616%. 

In the low incidence category (NF16, NF17, and NF18), pH–water values ranged from 5.1 to 

6.1. OC levels increased significantly compared to the no-incidence group, peaking in NF17 at 

6.01%. N levels showed variability, with values of 0.511% in NF16 and 0.357% in NF18. 

Phosphorus (P) levels remained consistently low throughout this category, particularly in NF18. 

For the moderate incidence samples (NF19, NF20, and NF21), pH–water values fluctuated 

between 4.8 and 6.6. NF20 recorded the highest pH value in this group. OC levels were markedly 

higher in NF19 (7.03%). However, N levels remained inconsistent and low, with NF20 exhibiting 

only 0.133%. P levels in NF19 were measured at adequate concentrations relative to previous 

categories. 

In the high incidence category (NF22, NF23, and NF24), pH–water levels ranged from 5.2 to 

6.0. OC levels remained high, specifically in NF23 at 7.03%. N content showed a slight 

improvement in this category, with NF22 recording 0.756%. P levels showed significant variation, 

with NF23 recording 41.69mg/kg. Across the Dschang study site, N levels were characterized by 

high variability and general deficiency across all incidence strata. 
 

The relationship between soil physiochemical properties on diseases incidence and severity in 

Santa. 

The findings in Table 3 reveals a significant relationship between soil physiochemical 

properties and disease incidence and severity. Notably, pHWater and pHKCl show positive 

correlations with disease incidence (r = -0.327 for pHKCl) and a weaker relationship with severity, 

indicating that higher pH levels may be linked to increased disease occurrences. Soil texture plays a 

critical role, with clay percentage negatively correlated with disease incidence (r = -0.183) and a 

moderate positive correlation with severity (r = 0.369), suggesting that while higher clay content 

may reduce the likelihood of disease, it can exacerbate severity when disease is present. 

Conversely, sand percentage exhibits a strong negative correlation with both disease metrics, 

implying that sandy soils are less conducive to disease development. Organic carbon (OC%) and 

organic matter (OM%) demonstrate complex interactions, where OC% negatively correlated with 

incidence (r = -0.165) and severity (r = -0.307), while OM% shows a significant positive 
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correlation with incidence (r = 0.239) but a negative correlation with severity (r = -0.213). 

Additionally, nitrogen (N%) negatively correlated with disease severity (r = -0.594), indicating that 

adequate nitrogen levels can help control disease severity. Cation exchange capacity (CEC) and 

calcium (Ca) also demonstrate positive correlations with disease incidence.  
 

The relationship between soil physiochemical properties on diseases incidence and severity in 

Dschang. 

The correlation analysis in Table 4 reveals that pH (both pHWater and pHKCl) is positively 

related to disease incidence and severity, particularly with pHWater (r = 0.292 for incidence and r = 

0.321 for severity). In terms of soil texture, clay percentage exhibits a negative correlation with 

disease incidence (r = -0.389) and a moderate positive correlation with disease severity (r = 0.514), 

indicating that higher clay content reduce incidence but potentially exacerbate severity. Conversely, 

sand percentage was negatively correlated with both metrics, revealing that sandy soils are less 

conducive to disease development. Organic matter dynamics was complex; organic carbon (OC%) 

shows a weak negative correlation with incidence (r = -0.195) and severity (r = -0.374), while 

organic matter (OM%) has a stronger positive correlation with incidence (r = 0.328) and a negative 

correlation with severity (r = -0.324). Nutrient availability, reflected in the C/N ratio and calcium 

(Ca), also shows positive correlations with disease incidence, whereas nitrogen (N%) has a 

significant negative correlation with severity (r = -0.649), suggesting that adequate nitrogen might 

help control severity. Lastly, cation exchange capacity (CEC) displays a complex relationship with 

disease, showing positive correlations to incidence and varying impacts on severity. 
 

Discussion 

The observed signs and symptoms of Fusarium sp. on cabbage in this study included leaf 

yellowing (chlorosis), circular brown spots, and eventual leaf desiccation under severe conditions. 

These observations align with the findings of Okungbowa & Shittu (2012), who noted that 

Fusarium wilts often manifest as light brown circular leaf spots. However, there was an overlap in 

symptoms with black leg disease, caused by Phoma lingam, which typically results in dark, sunken 

cankers at the stem base a condition also observed in several sampled farms and supported by 

Claassen (2016). 

Furthermore, the irregular brownish or grayish lesions identified in the study were consistent 

with Alternaria leaf spot, as described by Azevedo et al. (2000). The presence of white or grayish 

mold growth on the leaf surfaces further suggests the presence of Curvularia senegalensis, a 

symptomology corroborated by Bandara et al. (2022). As fungal pathogens progress, small spots 

often coalesce into larger blotches, leading to a loss of turgidity and eventual plant collapse 

(Mattihalli et al. 2018, Nalini and Parthasarathi 2018). The lateral warping of stems and acropetal 

yellowing (moving from lower to upper leaves) observed in Santa and Dschang are classic 

hallmarks of Fusarium infection, the progress of which is highly dependent on varietal 

susceptibility and soil temperature (Sharma et al. 2018, Jagadeesh et al. 2022). 

In both Santa and Dschang, a positive correlation was observed between pH levels (pH–water and 

pHKCl) and disease incidence. This indicates that as soil conditions move toward higher pH values, 

the occurrence of cabbage diseases increases. This finding is consistent with Nwankwo et al. 

(2021), who indicated that certain soil pH ranges can enhance the viability and virulence of fungal 

pathogens. 

Soil texture also played a defining role. While clay percentage exhibited a negative 

correlation with incidence, it showed a positive correlation with disease severity, particularly in 

Dschang. This suggests that while high clay content may initially hinder the spread of pathogens, 

its poor drainage and high moisture retention may exacerbate the severity of the disease once the 

plant is infected (Adepoju et al. 2020). Conversely, the sand percentage presented a consistently 

negative correlation with all disease metrics. This supports the consensus that well-drained, sandy 

soils mitigate disease risks by reducing the anaerobic conditions that many fungal pathogens prefer 

(Fonge et al. 2021). 
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Table 1 Soil physiochemical analysis results from soil samples collected in Santa. 
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 NF1 6 4.7 32 5 63 4.32 7.44 0.322 3.58 13.41 1.5 1.24 0.57 0.053 3.36 13.76 24.44 

NF2 5.7 4.4 31 3 66 4.26 7.34 0.133 15.26 32 2.5 1.6 0.57 0.056 4.73 13.75 34.37 

NF3 5.8 4.7 32 4 64 3.59 6.19 0.441 8.3 8.15 1.8 0.9 1.61 0.66 4.97 15.6 31.86 

L
o
w
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ci

d
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ce
  NF4 5.6 4.7 33 5 62 3.77 6.51 0.756 50.66 4.99 0.4 0.2 0.33 0.047 0.98 13.4 7.29 

NF5 5.6 4.5 33 6 61 3.23 5.57 0.5495 24.46 5.88 1.5 0.5 0.46 0.05 2.51 13.8 18.19 

NF6 5.3 4.2 32 5 63 4.5 7.75 0.616 41.45 7.3 2 1.2 0.46 0.05 3.71 14 26.50 

M
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  NF7 5.5 4.1 31 6 63 6.01 10.36 0.154 40.86 39.01 1.9 0.9 0.46 0.05 3.31 14.32 23.11 

NF8 6.2 5.2 30 6 64 4.8 8.28 0.294 37.32 16.33 0.9 0.5 0.39 0.05 1.84 13.6 13.53 

NF9 6.1 5 32 5 63 7.03 12.13 0.49 113.19 14.36 1.3 0.9 1.21 0.06 3.47 17.6 19.72 

H
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  NF10 5.9 4.7 31 4 65 6.91 11.92 0.483 102.69 14.31 1 0.8 0.69 0.05 2.54 14.76 17.21 

NF11 5.8 4.4 32 6 62 4.32 7.44 0.364 81.45 11.86 1.6 0.9 0.54 0.05 3.09 13.36 23.13 

NF12 5.2 4.5 32 5 63 4.26 7.34 0.574 99.98 7.42 1.1 0.3 0.94 0.05 2.39 13.52 17.68 

 

The interplay of organic matter was complex. In Santa, Organic Carbon (OC\%) negatively correlated with both incidence and severity, whereas 

Organic Matter (OM\%) showed a positive correlation with incidence. This discrepancy, also noted in Dschang, suggests that the decomposition stage 

and type of organic amendments rather than total volume influence pathogen activity (Mokhtar et al. 2022). 
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Table 2 Soil physiochemical analysis results from soil samples collected in Dschang. 
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NF13 5.3 4.2 33 6 61 3.59 6.19 0.476 97.5 7.55 0.6 0.8 1.31 0.06 2.77 14.4 19.24 

NF14 5.6 4.5 32 5 63 3.77 6.51 0.616 41.69 6.13 0.8 0.7 0.65 0.053 2.2 14.48 15.21 

NF15 5.5 4.4 31 6 63 3.23 5.57 0.476 24.23 6.79 0.7 0.1 0.39 0.05 1.24 14 8.86 

L
o
w

  

NF16 6.1 5 30 6 64 4.5 7.75 0.511 39.8 8.8 0.7 0.2 0.33 0.047 1.28 13.92 9.17 

NF17 5.6 4.4 32 5 63 6.01 10.36 0.322 13.72 18.66 1.7 0.7 0.43 0.05 2.88 14.2 20.28 

NF18 5.1 4 31 4 65 4.8 8.28 0.357 4.29 13.45 1 0.4 0.46 0.053 1.91 12.48 15.33 

M
o
d
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e 

 

NF19 6 4.9 32 6 62 7.03 12.13 0.322 27.41 21.84 1.8 0.4 0.61 0.053 2.86 14.76 19.40 

NF20 6.6 5.4 32 5 63 4.5 7.75 0.133 17.5 33.82 2.3 0.1 0.39 0.05 2.84 12.8 22.19 

NF21 4.8 4 33 6 61 6.01 10.36 0.441 12.07 13.62 0.5 0.8 0.36 0.05 1.71 14.92 11.46 

H
ig

h
 

NF22 6 4.8 32 5 63 4.8 8.28 0.756 10.89 6.35 0.8 0.2 1.23 0.067 2.3 12.8 17.95 

NF23 6 4.9 31 6 63 7.03 12.13 0.5495 41.69 12.8 1.1 0.1 1.14 0.01 2.35 13.76 17.08 

NF24 5.2 4.5 30 6 64 6.01 10.36 0.616 24.23 9.75 1.5 0.8 0.14 0.01 2.45 15.16 16.16 

 

Critically, Nitrogen levels (N\%) showed a significant negative correlation with disease severity in both regions. This underscores the role of 

balanced N fertilization in enhancing plant vigor and physiological resistance, aligning with the findings of Asare et al. (2021). Finally, the positive 

correlation of Cation Exchange Capacity (CEC) and Calcium (Ca) with disease incidence suggests that higher nutrient availability might occasionally 

support pathogen metabolic rates alongside plant growth, necessitating a precise, targeted approach to soil fertilization in the Western Highlands. 

Marschner (2012), shown that potassium plays a crucial role in plant disease resistance. The higher K levels in Santa could be contributing to the 

observed lower disease incidence. The results also reveal that Sodium can influence soil pH, which in turn affects nutrient availability and plant 
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growth (Brady & Weil 2017).  Studies have demonstrated that higher Soil Bulk Elasticity is associated with improved soil fertility and nutrient 

availability (Sparks 2003).  

 

Table 3 The effect of soil physiochemical properties on diseases incidence and severity in Santa. 
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pHWater 1 
                 

pHKCl .447 1 
                

–  –  –  –  –  –  –  –  –  –  –  –  –  –  –  –  –  –  –  
Silt 0.000 -.183 .110 1 

              

Sand .086 .192 -.716** -.773** 1 
             

OC .239 .401 -.483 -.073 .360 1 
            

OM .129 .289 -.386 -.045 .278 .971** 1 
           

N -.632* -.354 .640* .194 -.544 -.520 -.379 1 
          

P -.230 .032 -.010 .104 -.067 .600* .648* .048 1 
         

C/N .327 -.271 -.622* -.117 .479 .373 .320 -.569 -.165 1 
        

Ca 0.000 -.516 -.078 0.000 .050 -.311 -.288 -.274 -.511 .325 1 
       

Mg .188 -.140 -.296 -.614* .620* .225 .225 -.594* -.161 .569 .542 1 
      

Na .135 .302 .091 -.330 .174 -.161 -.311 -.213 -.356 -

.191 

.234 .127 .645* 1 
    

SBE .033 -.224 -.158 -.573 .503 -.100 -.114 -.370 -.412 .292 .753** .785** .519 .518 1 
   

CEC .141 .442 -.057 -.277 .231 .590* .550 -.357 .311 -

.019 

-.049 .239 .472 .362 .316 1 
  

disease 

incidence 

-.042 -.327 -.183 -.499 .468 -.165 -.193 -.405 -.422 .382 .814** .805** .549 .451 .950** .215 1 
 

disease 

severity 

.189 .101 .369 .184 -.365 -.307 -.213 .352 -.554 -

.200 

.136 -.240 -.488 -

.080 

-.013 -

.064 

-

.153 

1 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

According to Brady & Weil (2017), soils with higher Cation Exchange Capacity (CEC) possess a greater ability to retain essential nutrients, 

thereby preventing leaching. The higher CEC observed in Santa may contribute to enhanced nutrient availability, potentially fostering increased 
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physiological resistance to fungal infection in cabbage plants. Furthermore, Sparks (2003) demonstrated that higher base saturation is associated with a 

more balanced soil environment, which optimizes plant growth conditions and bolsters systemic disease resistance. 

 

Table 4 The relationship between soil physiochemical properties and disease incidence/severity in Dschang. 
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pHWater 1 
                 

pHKC .639* 1 
                

Clay -.037 -.162 1 
               

Silt -.108 .131 -.068 1 
              

Sand .094 .063 -.816** -.521 1 
             

OC -.195 .213 .029 .154 -.114 1 
            

OM .018 .366 -.100 .230 -.048 .955** 1 
           

N .071 .314 -.517 .131 .366 .079 .108 1 
          

P -.182 -.073 .221 .459 -.455 -.243 -.314 .075 1 
         

C/N .521 .364 .201 -.173 -.072 .241 .374 -.497 -.297 1 
        

Ca .412 .213 -.257 -.108 .283 .195 .267 -.071 -.105 .548 1 
       

Mg -.497 -.714** .369 .131 -.392 .079 -.065 -.029 .295 -.217 -.071 1 
      

K .071 .314 .369 .131 -.392 .213 .108 .314 .507 -.260 -.071 -.029 1 
     

Na .b .b .b .b .b .b .b .b .b .b .b .b .b .b 
    

SBE .102 .041 .615* -.188 -.417 .370 .278 -.451 .171 .620* .509 .287 .287 .b 1 
   

CEC -.203 -.114 .059 .824** -.527 .391 .431 .082 .225 -.081 .041 .474 .082 .b .023 1 
  

disease 

incidence 

.292 .242 .389 -.316 -.150 .328 .255 -.173 .093 .574 .635* .076 .366 .b .902** -.194 1 
 

disease 

severity 

.321 -.115 .514 -.047 -.412 -.374 -.324 -

.649* 

.335 .483 .258 .169 -.030 .b .518 .018 .289 1 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 

b. Cannot be computed because at least one of the variables is constant. 
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According to Brady & Weil (2017), soils with higher Cation Exchange Capacity (CEC) 

possess a greater ability to retain essential nutrients, thereby preventing leaching. The higher CEC 

observed in Santa may contribute to enhanced nutrient availability, potentially fostering increased 

physiological resistance to fungal infection in cabbage plants. Furthermore, Sparks (2003) 

demonstrated that higher base saturation is associated with a more balanced soil environment, 

which optimizes plant growth conditions and bolsters systemic disease resistance. 

 

Acknowledgement  

My heartfelt thanks go to my supervisors and my colleagues at the FBEEP research group. I 

would also like to acknowledge the laboratory technicians at the University of Buea (Life Science 

laboratory) and the University of Dschang (Soil Science Laboratory), whose expertise and support 

were vital to the completion of this work. 

 

Funding – The Article fieldwork part of the study was funded by BSPP COVID-19 PhD student 

support 2022. 

 

References  

 

Adepoju AA, Ojo JA, Adediran JA. 2020 – Influence of soil properties on the incidence of diseases 

in vegetables. Nigerian Journal of Horticultural Science. 15(2):12–20. 

Asare EA, Mensah JO, Osei A. 2021 – Nutrient management and its effects on diseases in cabbage 

production. International Journal of Vegetable Science. 27(4):347–355. 

Azevedo VMS, Michereff SJ, Viana FM, Reis A et al. 2000 – Alternaria leaf spot caused by A. 

brassicicola was present in 95% of the areas surveyed in Pernambuco, Brazil, during 1997 

and 1998, and caused impairment of production. CABI Compendium. 

Bandara KMCS, Ferdinandez HS, Manamgoda DS, Daundasekera WAM. 2022 – The first report 

of Curvularia senegalensis causing leaf and floral spots on Zinnia elegans in Sri Lanka. 

Ceylon Journal of Science. 51(1). 

Batista RA, Ribeiro RA, Silva MS. 2011 – Cabbage consumption and its contribution to balanced 

diets. Nutritional Studies Journal. 5(3):45–58. 

Brady NC, Weil RR. 2017 – The Nature and Properties of Soils. Pearson. 

Campbell CL, Madden LV, Hughes G. 1990 – Introduction to Plant Disease Epidemiology. John 

Wiley and Sons. 

dos Santos DR, Costa FJ, Lima AA. 2023 – Effects of lime application on reducing soil acidity and 

suppressing clubroot disease in cabbage. Asian Journal of Agricultural and Environmental 

Sciences. 11(2):78–85. 

Fogwe ZN, Sikod RB. 2014 – Agrarian community wetland resources as triggers of intermittent 

interaction conflicts in the Bali Nyonga basin of the Western Highlands of Cameroon. Sci-

Afric Journal of Science Issues Research and Essays. 2(10):14–25. 

Fonge BA, Tangoufo LM, Egbe AM, Nkuinkeu R. 2021 – Impact of soil health on vegetable 

production in Cameroon. African Journal of Agricultural Research. 16(10):1010–1020. 

Konje MT, Smith JA, Doe R. 2019 – Effects of environmental factors on disease incidence in 

cabbage crops. Journal of Plant Health. 23(4):215–225. 

Kumar V, Sharma A, Gupta B. 2020 – Nutritional potential and agronomic benefits of cabbage. 

Food Science & Nutrition. 8(5):2286–2295. 

Here are the adjusted references following the specific format of your study: 

Leta GF, Tewolde G, Tefera T. 2023 – The role of adequate nitrogen levels in enhancing cabbage 

resistance to Xanthomonas campestris pv. campestris. Journal of Plant Pathology. 105(1):15–

24. 

Li X, Wang Y, Zhang J. 2021 – The influence of soil physiochemical properties on the survival and 

activity of soil pathogens. Soil Biology and Biochemistry. 156:108205. 



    157 

Maroyi A. 2009 – The socio-economic importance of cabbage farming in the Western Highlands of 

Cameroon. African Journal of Agricultural Research. 4(11):1067–1070. 

Mbih RA. 2020 – The politics of farmer–herder conflicts and alternative conflict management in 

Northwest Cameroon. African Geographical Review. 39(4):324–344. 

Mokhtar N, Raza A, Ali M. 2022 – Organic amendments and their effects on soil health and 

vegetable production. Journal of Organic Agriculture. 12(1):45–58. 

Moutassem A, El-Hadrami A, Bouzid A. 2019 – The impact of plant pathogenic fungi on crop 

productivity: A review. Plant Pathology Journal. 35(2):115–123. 

Musa A, Ali M, Junaid M. 2022 – Microbial spoilage and safety of fresh fruits and vegetables in 

tropical markets. Food Control. 134:108701. 

Niwa S, Koizumi M, Asano K. 2007 – Effects of soil physiochemical characteristics on disease 

incidence in cabbage crops. Journal of Agricultural Science. 145(6):613–623. 

Nkouayep VR, Ngatou Tchakounté B, Wabo Poné J. 2017 – Profile of geohelminth eggs, cysts, and 

oocysts of protozoans contaminating the soils of ten primary schools in Dschang, West 

Cameroon. Journal of Parasitology Research. 2017(1):1534675. 

Nwankwo DI, Okeke C. 2021 – Soil pH and its relationship with fungal pathogens in agricultural 

systems. African Journal of Microbiological Research. 15(8):225–233. 

Oben PT, Fon FL, Chia JE. 2023 – The impact of soil-borne fungal pathogens on cabbage 

production in Cameroon. African Journal of Microbiological Research. 17(3):195–203. 

Okungbowa FI, Shittu H. 2012 – Overview of Fusarium wilts: Causes, symptoms, and management 

strategies. Journal of Plant Pathology. 94(1):27–37. 

Park SH, Kang JG, Kim HB. 2022 – CRISPR-Cas-mediated genome editing for disease resistance 

in ornamental plants. Plant Biotechnology Reports. 16(2):197–208. 

Rachana R, Kumar V, Sharma P. 2022 – Post-harvest quality loss in tomatoes due to microbial 

contamination in developing countries. Journal of Postharvest Technology. 10(2):112–125. 

Sharma RK, Mishra R, Gupta A. 2018 – Symptom expression of Fusarium wilt in cabbage cultivars 

under varying environmental conditions. Journal of Plant Pathology Research. 33(1):45–52. 

Silva JM, Oliveira RV, Santos PA. 2018 – Application of GPS technology in precision agriculture: 

A case study. International Journal of Agricultural Science and Technology. 6(2):169–178. 

Sparks DL. 2003 – Environmental Soil Chemistry. Academic Press. 

Temgoua S, Bodeux R, Naghavi N, Delbos S. 2015 – Effects of SnSe2 secondary phases on the 

efficiency of Cu2ZnSn(Sx,Se1−x)4 based solar cells. Thin Solid Films. 582:215–219. 


