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Original Research Article

Response of selected pyrethrum genotypes to bud, wilt and crown rot diseases under controlled conditions
Abstract

Fungal infections specifically bud disease, wilt, and crown rot are the major contributors to the reduction in both the quality and quantity of pyrethrin production, affecting many farmers in Kenya and globally. This study aimed to evaluate the pathogenicity of dominant fungal species collected from farmers' fields and assess how selected pyrethrum genotypes respond to these diseases. A greenhouse trial was conducted using completely randomized design in a split-plot layout, where genotypes served as main plots and fungal species as subplots, each replicated three times. Bud disease was evaluated two weeks after inoculation using a 1–3 scale, crown rot was assessed after two months on a 0 – 2 scale, and wilt disease was monitored every two weeks over 126 days using a 0 – 6 scale. Data collected focused on both pathogen aggressiveness and genotype responses. Among the fungi tested, Fusarium oxysporum was the most virulent, causing severe wilt, followed by Fusarium solani and Fusarium avenaceum. Clone 4 demonstrated the highest tolerance to wilt, followed by Clones 3, 1, 2, and lastly P4. In terms of resistance to bud disease, the ranking from most to least tolerant was Clone 4, Clone 1, Clone 2, Clone 3, and P4. For crown rot, susceptibility increased in the order of Clone 4, Clone 3, Clone 1, Clone 2, and P4. The variability in pathogenic aggressiveness is attributed to the genetic diversity among the fungal species. Likewise, differences in resistance levels among genotypes are due to varying genetic traits. Utilizing tolerant genotypes presents a sustainable approach to managing these fungal diseases. Further research is recommended to identify the specific genes responsible for resistance, which could be valuable in future crop improvement programs.
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1.0 Introduction
Pyrethrum is a perennial cash crop cultivated in various regions worldwide for its production of natural insecticides, primarily used in organic farming systems (Sun et al., 2020). Pyrethrins, the active compounds in pyrethrum, are fast-degrading contact insecticides that are effective against a broad spectrum of insects, making them an environmentally friendly pest control option (Hodoșan et al., 2023; Ilinkin et al., 2023). These compounds are concentrated in the flowers of the pyrethrum plant, which are typically harvested and dried manually, especially by small-scale farmers in Kenya. However, the productivity and quality of pyrethrum are significantly affected by biotic stresses, particularly plant diseases (Otieno et al., 2020).

Fungal plant diseases pose a growing threat to global food security and agricultural sustainability, as they contribute to substantial economic losses across multiple crops (Albahri et al., 2023; Singh et al., 2023). One such disease, Fusarium wilt, leads to leaf yellowing, stem damage, and eventual plant death (Koo, Ahsan, & Choi, 2023; Moslemi et al., 2017). In pyrethrum, this disease primarily caused by Fusarium species impedes plant growth and development, resulting in yield losses. It is particularly problematic in lower altitude areas with warm climates (Sanoubar & Barbanti, 2017) and is recognized as a serious concern in Kenya and other pyrethrum-growing regions globally (Pethybridge et al., 2008).

The spread of fungal diseases in Kenya is worsened by the use of low-performing cultivars, favorable conditions for pathogen development, and limited farmer knowledge in selecting resistant varieties. Although several pyrethrum genotypes are available to Kenyan farmers, their resistance levels to pathogens remain largely undocumented. In response, breeding programs have been initiated to develop disease-resistant and high-yielding cultivars. Farmers themselves have also played a role by identifying genotypes with varying yield and quality traits.

This study aimed to evaluate the disease resistance of four farmer-selected pyrethrum clones namely Clone 1, Clone 2, Clone 3, and Clone 4 under controlled greenhouse conditions. These genotypes were tested against multiple fungal diseases, including bud disease, wilt, crown rot, and root rot. The pathogenicity of the inoculated fungal species was also assessed. Findings from this research are intended to inform the selection of disease-resistant cultivars and aid in identifying specific resistance genes for use in future breeding and crop improvement efforts.

2.0 Materials and methods
2.1 Choice of materials and planting design

The study was carried out under greenhouse conditions at the University of Eldoret, within the School of Agriculture and Biotechnology, Department of Seed, Crop and Horticultural Sciences. Fungal inocula were prepared in the Plant Pathology Laboratory using previously identified fungal species: Fusarium oxysporum, Fusarium solani, Fusarium avenaceum, Alternaria alternata, and Rhizoctonia solani.

Pyrethrum genotypes used in the experiment (P4, Clone 1, Clone 2, Clone 3, and Clone 4) were two months old at the time of the study. The genotypes were uprooted and divided into individual clones for planting. Clone 1 through Clone 4 represent farmer-selected varieties sourced from the ongoing Kentegra Crop Improvement Project in partnership with the University of Eldoret. The P4 variety, a widely cultivated commercial type in Kenya, is known to be highly susceptible to fungal infections based on field observations and was included for comparison with the selected clones.

The clones were planted in black polythene bags measuring 35 cm in diameter and depth, filled to the top with a sterilized planting medium. This medium was a well-mixed combination of forest soil, manure, and sand in a 3:1:1 ratio. 

The experiment was arranged in a Completely Randomized Design (CRD) following a split-plot layout. The five genotypes served as main plots, while the six treatments (five fungal isolates and one fungus-free control) formed the subplots. Each treatment was replicated three times.

2.2 Inoculum preparation and inoculation

Pure cultures of the identified fungal isolates were sub-cultured on Potato Dextrose Agar (PDA) under sterile conditions to promote optimal spore production. The culture plates were incubated for 10 to 14 days at temperatures between 18–22 °C, with a 12-hour light/12-hour dark cycle to encourage sporulation. After incubation, each plate was flooded with 10 ml of demineralized water and gently scraped using a sterile glass rod to dislodge and disperse the spores.

The resulting spore suspension was transferred into a 100 ml measuring cylinder and filtered through muslin cloth to remove excess mycelial fragments. To determine spore concentration, 1 ml of the suspension was pipetted onto a haemocytometer and examined under a light microscope. The spore concentration was then adjusted to 2.5 × 10⁶ spores/ml, a level previously reported as sufficient for successful plant infection (Were, 2018).

Spore viability was assessed using image analysis by placing spores on freshly prepared PDA and incubating them for 24 hours at room temperature. Spores were deemed viable if the germ tube observed under the microscope had grown to at least half the length of the spore within the 24-hour period (Paul et al., 1993).

2.3 Host plant inoculation in the greenhouse

Two months after planting, the pyrethrum plants were inoculated with the identified fungal isolates to evaluate their response to pathogen infection. Each isolate was applied to the specific plant part from which it had originally been isolated. For soil-borne pathogens responsible for crown rot, root rot, and wilt, inoculation followed the drenching method outlined by Morcillo et al. (2020). A furrow approximately 10 cm deep and 2 cm away from the plant base was made around each potted plant. Then, 10 ml of the spore suspension was evenly poured into the furrow and subsequently covered with loose soil.

For foliar pathogens, the inoculum was sprayed onto the leaves and stems using a hand sprayer until runoff occurred, following the method described by Were (2018). Flower buds were inoculated by immersing them in a 25 ml beaker containing the spore suspension, ensuring complete coverage of all floral parts, as per the procedure described by Huang et al. (2022).

Control treatments in each replicate were treated with an equal volume of sterile distilled water in place of the fungal suspension. Following inoculation, all pots were placed in an inoculation chamber for two days under controlled conditions—temperature maintained between 20°C and 25°C, and relative humidity above 80%—to promote pathogen infection. 

After this period, the plants were moved back to standard greenhouse benches and monitored for disease symptoms, which were assessed 14 days post-inoculation. To confirm successful infection, pathogens were re-isolated using the same procedures, fulfilling Koch’s postulates (Were et al., 2016).
2.4 Data collection 

The pathogenicity of the fungal isolates was evaluated by assessing both the incidence and severity of the diseases they caused. Observations began 14 days after inoculation and continued at two-week intervals. Additionally, the number of days taken for initial symptoms to appear was recorded. Disease incidence for each treatment was calculated following the method described by Nafula et al. (2021), as the proportion of infected plant parts relative to the total number of plants, expressed as a percentage using the following formula:

Disease Incidence (%) = Number of infected pyrethrum parts; leaves/flower/buds/ stems x 100

                                           Total number of parts inoculated: leaves/flowers/buds/stems

Data on disease incidence was used to classify the resistance status of each genotype based on its interaction with the pathogens. This classification followed a 1–4 rating scale adapted from Manandhar et al. (2016), with scores assigned according to the level of disease incidence: 1–10% incidence was rated as 1 (Resistant), 11–30% as 2 (Moderately Resistant), 31–60% as 3 (Moderately Susceptible), and 61–100% as 4 (Highly Susceptible).

Disease severity caused by the major fungal pathogens was assessed using various scales tailored to the specific disease and the affected plant parts. Wilt severity was rated on a modified 0–6 scale adapted from Abdulai et al. (2020) and Barimani et al. (2013), which included stem symptoms where 0 = Healthy plant, 1 = Yellowing of lower leaves, 2 = Chlorosis and wilting of leaves, 3 = Wilting of leaves and yellowing of one stem, 4 = Wilting of one stem, yellowing of other stems, and leaf wilting, 5 = Wilting of multiple stems and leaves, 6 = Plant completely dead.

For crown rot disease caused by Rhizoctonia solani, destructive sampling was conducted two months post-inoculation. Plants were gently uprooted, rinsed with tap water, and examined for discoloration of crowns and roots. Disease severity was rated on a 0–2 scale (Moslemi, 2017) where 0 = No discoloration, 1 = Mild discoloration, 2 = Severe discoloration.

Bud disease severity was evaluated using a modified version of Jack’s (2013) 0–3 scale where 0 = All buds healthy, 1 = Less than 10% of buds showing symptoms, 2 = 10–30% of buds infected and 3 = More than 30% of buds affected

2.5 Data analysis and presentation of results

Data on the pathogenic effects of various fungal isolates on different parts of the pyrethrum plant were analyzed using Analysis of Variance (ANOVA) at a 5% significance level, conducted with GenStat Release 16.1 (VSN International Ltd). Mean differences among treatments were compared using Duncan’s Multiple Range Test (DMRT). The findings were presented through tables of means, line graphs with standard error bars, box-and-whisker plots, as well as figures and photographic plates.

3.0 Results

3.1 Response of pyrethrum genotypes to wilt disease (Fusarium species)
The time taken for initial disease symptoms to appear varied among the genotypes, reflecting differences in susceptibility. Clone 1, Clone 2, and P4 showed early signs of infection just 14 days after inoculation, indicating higher susceptibility. In contrast, Clone 3 exhibited resistance to all inoculated isolates, with symptoms appearing only after 42 days. Clone 4 demonstrated the highest level of tolerance, with symptoms emerging after 72 days, suggesting that its resistance mechanisms were slower to be overcome by the pathogens.

All genotypes showed statistically significant differences (p < 0.05) in their responses to pyrethrum wilt severity when exposed to the same level of inoculum. Across all genotypes, disease severity increased steadily over time, with the lowest average severity (0.8) recorded on the first assessment day and the highest (3.8) on the final day. This pattern was consistent across all Fusarium species tested and revealed clear distinctions between tolerant and susceptible responses.

Among the genotypes, Clone 4 had the lowest average severity score (1.1), while P4 exhibited the highest (3.8). In terms of overall ranking based on disease response, Clone 4 was the most tolerant, followed by Clone 3, Clone 1, and Clone 2. P4 was the most susceptible, ranking lowest with the highest severity score. Disease severity was assessed using a 0–6 scale (Table 1).
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Regardless of the Fusarium species involved, severity ratings on a 0–4 scale identified P4 as the most susceptible genotype, while Clone 4 and Clone 3 showed the highest levels of tolerance, respectively. The genotypes were grouped based on their average disease severity following inoculation with various Fusarium species. These findings indicate clear genetic differences among the selected genotypes, as they displayed varied responses to infection (Figure 1).

[image: image5.jpg]



The observed morphological symptoms corresponded closely with the severity scores for the different Fusarium species on the pyrethrum genotypes. For example, Fusarium oxysporum caused complete drying of the entire plant in P4 and Clone 2 by day 126, whereas Clone 1, Clone 3, and Clone 4 demonstrated tolerance to this pathogen. In contrast, Fusarium solani and Fusarium avenaceum did not lead to total drying of any of the clones, including P4, by the end of the 126-day period post-inoculation (Plate 1).
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3.2 Response to bud disease

A significant difference (p < 0.05) was observed among the pyrethrum genotypes in their response to bud disease. Clone 4 showed greater tolerance, with fewer buds affected at the time of evaluation, followed by Clone 1. Conversely, Clone 2, Clone 3, and P4 were more susceptible, exhibiting higher disease severity according to the 1–3 severity scale shown in Figure 2.
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In ascending order to susceptibility of pyrethrum clones to bud disease, Clone 4 was the most tolerant followed by Clone 1, Clone 2 and Clone 3 respectively. In contrast, P4 showed highest susceptibility despite being the currently grown variety for commercial purposes (Plate 2).
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3.3 Response to crown rot disease

Selected genotypes differed significantly in their response to crown rot disease p <0.05. P4 exhibited severe crown discoloration followed closely by Clone 2 whereas Clone 1 and Clone 3 did not differ significantly and with minor crown discoloration. However, Clone 4 proved tolerant to crown rot disease with approximately sixty days after inoculation as displayed in the box-and-whisker plot on a 0-2 severity scale (Figure 3).  
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In terms of phenotypic expressions, P4 was the most susceptible to crown rot disease while clone 4 proved tolerant 60 days post-inoculation (Plate 3).
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4.0 Discussion 

The fungal pathogens inoculated onto five different pyrethrum genotypes caused symptoms consistent with Fusarium wilt, crown rot, and bud disease after 14, 60, and 10 days respectively, confirming their pathogenic nature. These symptoms closely resembled those initially observed in the field, although the severity of infection varied significantly among the pathogens. Fungal isolates recovered from the infected plants matched the original isolates both microscopically and macroscopically, thereby satisfying Koch’s postulates as outlined by Bhunjun et al. (2021). All tested isolates were pathogenic, capable of infecting and causing disease on the tested genotypes to varying degrees, supporting previous findings from studies by Moslemi et al. (2017b), Pethybridge et al. (2004, 2008), and Pethybridge & Wilson (1998), which confirmed these fungi’s ability to infect pyrethrum in both pot and field trials.

Among the isolates, Fusarium oxysporum was the most aggressive, causing the highest severity of wilt disease across all genotypes, while Fusarium avenaceum showed the least aggressiveness, and Fusarium solani exhibited moderate aggressiveness. These differences may be attributed to genetic variations influencing spore production, reproduction rates, toxin production, and adaptation to host resistance mechanisms (Sakr, 2022). Disease severity increased progressively over time, likely due to ongoing pathogen growth and colonization within host tissues, as well as secondary infections from other pathogens that accelerate tissue damage and oxidative stress (Simko & Piepho, 2012).

Genetic variation among the pyrethrum genotypes resulted in differing responses to pathogen attack under greenhouse conditions. For example, Clone 4 was more tolerant to most fungal inoculations, while P4 was more susceptible. This variation may be explained by the production of pathogenesis-related proteins with antifungal properties that induce systemic resistance in the host. Differences in tolerance levels could therefore relate to the quantity or effectiveness of these proteins. The time taken for Fusarium wilt symptoms to appear also varied between genotypes, possibly because some possessed stronger antifungal compounds with bonds that took longer to break down (Shoresh et al., 2010; Were, 2018).
The fungal pathogens with the highest isolation frequencies were confirmed to be pathogenic, causing wilt, bud, and crown rot diseases as initially observed in the field, although their severity levels varied under greenhouse conditions. The selected pyrethrum genotypes showed differing degrees of tolerance; for example, Clone 4 exhibited greater tolerance, while P4 was more susceptible to nearly all the pathogens. Further research is needed to identify the specific genes responsible for the observed tolerance and the variations in response to different pathogenic strains.
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Table 1: Response of selected pyrethrum genotypes to different species of Fusarium at an interval of two weeks after inoculation. The disease was based on a severity scale of 0-6
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Figure 1: Response of selected genotypes to Fusarium wilt disease. Error bars represent standard error








Plate 1: Response of different pyrethrum genotypes to infection by different species of Fusarium causing pyrethrum wilt disease under greenhouse conditions. Source: Author, 2023.
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Figure 2: Severity responses and distribution of pyrethrum clones to bud disease








Plate � SEQ Plate \* ARABIC �2�: Response of different pyrethrum genotypes to infection by Alternaria alternata causing bud disease under green house conditions. Source: Author, 2023.
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Figure 3: Mean differences and distribution of pyrethrum Clones in their response to crown rot disease








Plate � SEQ Plate \* ARABIC �3�: Response of different pyrethrum genotypes to infection by Rhizoctonia solani (crown rot disease) under green house conditions. Source: Author, 2023.
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